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Foreword

Earth is teeming with life. No one knows exactly how many
distinct organisms inhabit our planet, but more than 5 mil-
lion different species of animals and plants could exist, rang-
ing from microscopic algae and bacteria to gigantic elephants,
redwood trees and blue whales. Yet, throughout this won-
derful tapestry of living creatures, there runs a single thread:
Deoxyribonucleic acid or DNA. The existence of DNA, an
elegant, twisted organic molecule that is the building block
of all life, is perhaps the best evidence that all living organ-
isms on this planet share a common ancestry. Our ancient
connection to the living world may drive our curiosity, and
perhaps also explain our seemingly insatiable desire for in-
formation about animals and nature. Noted zoologist, E.O.
Wilson, recently coined the term “biophilia” to describe this
phenomenon. The term is derived from the Greek bios mean-
ing “life” and philos meaning “love.” Wilson argues that we
are human because of our innate affinity to and interest in the
other organisms with which we share our planet. They are,
as he says, “the matrix in which the human mind originated
and is permanently rooted.” To put it simply and metaphor-
ically, our love for nature flows in our blood and is deeply en-
grained in both our psyche and cultural traditions.

Our own personal awakenings to the natural world are as
diverse as humanity itself. I spent my early childhood in rural
Iowa where nature was an integral part of my life. My father
and I spent many hours collecting, identifying and studying
local insects, amphibians and reptiles. These experiences had
a significant impact on my early intellectual and even spiri-
tual development. One event I can recall most vividly. I had
collected a cocoon in a field near my home in early spring.
"The large, silky capsule was attached to a stick. I brought the
cocoon back to my room and placed it in a jar on top of my
dresser. I remember waking one morning and, there, perched
on the tip of the stick was a large moth, slowly moving its
delicate, light green wings in the early morning sunlight. It
took my breath away. To my inexperienced eyes, it was one
of the most beautiful things I had ever seen. I knew it was a
moth, but did not know which species. Upon closer exami-
nation, I noticed two moon-like markings on the wings and
also noted that the wings had long “tails”, much like the ubiq-
uitous tiger swallow-tail butterflies that visited the lilac bush
in our backyard. Not wanting to suffer my ignorance any
longer, I reached immediately for my Golden Guide to North

viii

American Insects and searched through the section on moths
and butterflies. It was a luna moth! My heart was pounding
with the excitement of new knowledge as I ran to share the
discovery with my parents.

I consider myself very fortunate to have made a living as
a professional biologist and conservationist for the past 20
years. I've traveled to over 30 countries and six continents to
study and photograph wildlife or to attend related conferences
and meetings. Yet, each time I encounter a new and unusual
animal or habitat my heart still races with the same excite-
ment of my youth. If this is biophilia, then I certainly possess
it, and it is my hope that others will experience it too. I am
therefore extremely proud to have served as the series editor
for the Gale Group’s rewrite of Grzimek’s Animal Life Ency-
clopedia, one of the best known and widely used reference
works on the animal world. Grzimek’s is a celebration of an-
imals, a snapshot of our current knowledge of the Earth’s in-
credible range of biological diversity. Although many other
animal encyclopedias exist, Grzimek’s Animal Life Encyclopedia
remains unparalleled in its size and in the breadth of topics
and organisms it covers.

The revision of these volumes could not come at a more
opportune time. In fact, there is a desperate need for a deeper
understanding and appreciation of our natural world. Many
species are classified as threatened or endangered, and the sit-
uation is expected to get much worse before it gets better.
Species extinction has always been part of the evolutionary
history of life; some organisms adapt to changing circum-
stances and some do not. However, the current rate of species
loss is now estimated to be 1,000-10,000 times the normal
“background” rate of extinction since life began on Earth
some 4 billion years ago. The primary factor responsible for
this decline in biological diversity is the exponential growth
of human populations, combined with peoples’ unsustainable
appetite for natural resources, such as land, water, minerals,
oil, and timber. The world’s human population now exceeds
6 billion, and even though the average birth rate has begun
to decline, most demographers believe that the global human
population will reach 8-10 billion in the next 50 years. Much
of this projected growth will occur in developing countries in
Central and South America, Asia and Africa—regions that are
rich in unique biological diversity.
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Finding solutions to conservation challenges will not be
easy in today’s human-dominated world. A growing number
of people live in urban settings and are becoming increasingly
isolated from nature. They “hunt” in super markets and malls,
live in apartments and houses, spend their time watching tele-
vision and searching the World Wide Web. Children and
adults must be taught to value biological diversity and the
habitats that support it. Education is of prime importance now
while we still have time to respond to the impending crisis.
There still exist in many parts of the world large numbers of
biological “hotspots”—places that are relatively unaffected by
humans and which still contain a rich store of their original
animal and plant life. These living repositories, along with se-
lected populations of animals and plants held in profession-
ally managed zoos, aquariums and botanical gardens, could
provide the basis for restoring the planet’s biological wealth
and ecological health. This encyclopedia and the collective
knowledge it represents can assist in educating people about
animals and their ecological and cultural significance. Perhaps
it will also assist others in making deeper connections to na-
ture and spreading biophilia. Information on the conserva-
tion status, threats and efforts to preserve various species have
been integrated into this revision. We have also included in-
formation on the cultural significance of animals, including
their roles in art and religion.

It was over 30 years ago that Dr. Bernhard Grzimek, then
director of the Frankfurt Zoo in Frankfurt, Germany, edited
the first edition of Grzimek’s Animal Life Encyclopedia. Dr.
Grzimek was among the world’s best known zoo directors and
conservationists. He was a prolific author, publishing nine
books. Among his contributions were: Serengeti Shall Not Die,
Rbinos Belong to Everybody and He and I and the Elephants. Dr.
Grzimek’s career was remarkable. He was one of the first
modern zoo or aquarium directors to understand the impor-
tance of zoo involvement in in situ conservation, that is, of
their role in preserving wildlife in nature. During his tenure,
Frankfurt Zoo became one of the leading western advocates
and supporters of wildlife conservation in East Africa. Dr.
Grzimek served as a Trustee of the National Parks Board of
Uganda and Tanzania and assisted in the development of sev-
eral protected areas. The film he made with his son Michael,
Serengeti Shall Not Die, won the 1959 Oscar for best docu-
mentary.

Professor Grzimek has recently been criticized by some
for his failure to consider the human element in wildlife con-
servation. He once wrote: “A national park must remain a pri-
mordial wilderness to be effective. No men, not even native
ones, should live inside its borders.” Such ideas, although con-
sidered politically incorrect by many, may in retrospect actu-
ally prove to be true. Human populations throughout Africa
continue to grow exponentially, forcing wildlife into small is-
lands of natural habitat surrounded by a sea of humanity. The
illegal commercial bushmeat trade—the hunting of endan-
gered wild animals for large scale human consumption—is
pushing many species, including our closest relatives, the go-
rillas, bonobos, and chimpanzees, to the brink of extinction.
The trade is driven by widespread poverty and lack of eco-
nomic alternatives. In order for some species to survive it will
be necessary, as Grzimek suggested, to establish and enforce
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a system of protected areas where wildlife can roam free from
exploitation of any kind.

While it is clear that modern conservation must take the
needs of both wildlife and people into consideration, what will
the quality of human life be if the collective impact of short-
term economic decisions is allowed to drive wildlife popula-
tions into irreversible extinction? Many rural populations
living in areas of high biodiversity are dependent on wild an-
imals as their major source of protein. In addition, wildlife
tourism is the primary source of foreign currency in many de-
veloping countries and is critical to their financial and social
stability. When this source of protein and income is gone,
what will become of the local people? The loss of species is
not only a conservation disaster; it also has the potential to
be a human tragedy of immense proportions. Protected ar-
eas, such as national parks, and regulated hunting in areas out-
side of parks are the only solutions. What critics do not realize
is that the fate of wildlife and people in developing countries
is closely intertwined. Forests and savannas emptied of wildlife
will result in hungry, desperate people, and will, in the long-
term lead to extreme poverty and social instability. Dr.
Grzimek’s early contributions to conservation should be rec-
ognized, not only as benefiting wildlife, but as benefiting lo-
cal people as well.

Dr. Grzimek’s hope in publishing his Animal Life Encyclo-
pedia was that it would “...disseminate knowledge of the ani-
mals and love for them”, so that future generations would
“...have an opportunity to live together with the great diver-
sity of these magnificent creatures.” As stated above, our goals
in producing this updated and revised edition are similar.
However, our challenges in producing this encyclopedia were
more formidable. The volume of knowledge to be summa-
rized is certainly much greater in the twenty-first century than
it was in the 1970’s and 80’s. Scientists, both professional and
amateur, have learned and published a great deal about the
animal kingdom in the past three decades, and our under-
standing of biological and ecological theory has also pro-
gressed. Perhaps our greatest hurdle in producing this revision
was to include the new information, while at the same time
retaining some of the characteristics that have made Grzimek’s
Animal Life Encyclopedia so popular. We have therefore strived
to retain the series’ narrative style, while giving the informa-
tion more organizational structure. Unlike the original
Grzimek’s, this updated version organizes information under
specific topic areas, such as reproduction, behavior, ecology
and so forth. In addition, the basic organizational structure is
generally consistent from one volume to the next, regardless
of the animal groups covered. This should make it easier for
users to locate information more quickly and efficiently. Like
the original Grzimek’s, we have done our best to avoid any
overly technical language that would make the work difficult
to understand by non-biologists. When certain technical ex-
pressions were necessary, we have included explanations or
clarifications.

Considering the vast array of knowledge that such a work
represents, it would be impossible for any one zoologist to
have completed these volumes. We have therefore sought spe-
cialists from various disciplines to write the sections with
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which they are most familiar. As with the original Grzimek’s,
we have engaged the best scholars available to serve as topic
editors, writers, and consultants. There were some complaints
about inaccuracies in the original English version that may
have been due to mistakes or misinterpretation during the
complicated translation process. However, unlike the origi-
nal Grzimek’s, which was translated from German, this revi-
sion has been completely re-written by English-speaking
scientists. This work was truly a cooperative endeavor, and I
thank all of those dedicated individuals who have written,
edited, consulted, drawn, photographed, or contributed to its
production in any way. The names of the topic editors, au-
thors, and illustrators are presented in the list of contributors
in each individual volume.

"The overall structure of this reference work is based on the
classification of animals into naturally related groups, a disci-
pline known as taxonomy or biosystematics. Taxonomy is the
science through which various organisms are discovered, iden-
tified, described, named, classified and catalogued. It should be
noted that in preparing this volume we adopted what might be
termed a conservative approach, relying primarily on tradi-
tional animal classification schemes. Taxonomy has always been
a volatile field, with frequent arguments over the naming of or
evolutionary relationships between various organisms. The ad-
vent of DNA fingerprinting and other advanced biochemical
techniques has revolutionized the field and, not unexpectedly,
has produced both advances and confusion. In producing these
volumes, we have consulted with specialists to obtain the most
up-to-date information possible, but knowing that new find-
ings may result in changes at any time. When scientific con-
troversy over the classification of a particular animal or group
of animals existed, we did our best to point this out in the text.

Readers should note that it was impossible to include as
much detail on some animal groups as was provided on oth-
ers. For example, the marine and freshwater fish, with vast
numbers of orders, families, and species, did not receive as

detailed a treatment as did the birds and mammals. Due to
practical and financial considerations, the publishers could
provide only so much space for each animal group. In such
cases, it was impossible to provide more than a broad overview
and to feature a few selected examples for the purposes of il-
lustration. To help compensate, we have provided a few key
bibliographic references in each section to aid those inter-
ested in learning more. This is a common limitation in all ref-
erence works, but Grzimek’s Encyclopedia of Animal Life is still
the most comprehensive work of its kind.

I am indebted to the Gale Group, Inc. and Senior Editor
Donna Olendorf for selecting me as Series Editor for this
project. It was an honor to follow in the footsteps of Dr.
Grzimek and to play a key role in the revision that still bears
his name. Grzimek’s Animal Life Encyclopedia is being published
by the Gale Group, Inc. in affiliation with my employer, the
American Zoo and Aquarium Association (AZA), and I would
like to thank AZA Executive Director, Sydney J. Butler;
AZA Past-President Ted Beattie John G. Shedd Aquarium,
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How to use this book

Gzimek’s Animal Life Encyclopedia is an internationally
prominent scientific reference compilation, first published in
German in the late 1960s, under the editorship of zoologist
Bernhard Grzimek (1909-1987). In a cooperative effort be-
tween Gale and the American Zoo and Aquarium Association,
the series is being completely revised and updated for the first
time in over 30 years. Gale is expanding the series from 13
to 17 volumes, commissioning new color images, and updat-
ing the information while also making the set easier to use.
The order of revisions is:

Vol 8-11: Birds I-IV

Vol 6: Amphibians

Vol 7: Reptiles

Vol 4-5: Fishes I-11

Vol 12-16: Mammals I-V

Vol 1: Lower Metazoans and Lesser Deuterostomes
Vol 2: Protostomes

Vol 3: Insects

Vol 17: Cumulative Index

Organized by order and family

The overall structure of this reference work is based on
the classification of animals into naturally related groups, a
discipline known as taxonomy—the science through which
various organisms are discovered, identified, described,
named, classified, and catalogued. Starting with the simplest
life forms, the protostomes, in Vol. 1, the series progresses
through the more complex animal classes, culminating with
the mammals in Vols. 12-16. Volume 17 is a stand-alone cu-
mulative index.

Organization of chapters within each volume reinforces
the taxonomic hierarchy. Opening chapters introduce the
class of animal, followed by chapters dedicated to order and
family. Species accounts appear at the end of family chapters.
To help the reader grasp the scientific arrangement, each type
of chapter has a distinctive color and symbol:

A= Family Chapter (yellow background)
@ = Order Chapter (blue background)
0O = Monotypic Order Chapter (green background)
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As chapters narrow in focus, they become more tightly for-
matted. General chapters have a loose structure, reminiscent
of the first edition. While not strictly formatted, order chap-
ters are carefully structured to cover basic information about
member families. Monotypic orders, comprised of a single
family, utilize family chapter organization. Family chapters
are most tightly structured, following a prescribed format of
standard rubrics that make information easy to find and un-
derstand. Family chapters typically include:

Thumbnail introduction
Common name
Scientific name
Class
Order
Suborder
Family
Thumbnail description
Size
Number of genera, species
Habitat
Conservation status

Main essay
Evolution and systematics
Physical characteristics
Distribution
Habitat
Behavior
Feeding ecology and diet
Reproductive biology
Conservation status
Significance to humans

Species accounts
Common name
Scientific name
Subfamily
Taxonomy
Other common names
Physical characteristics
Distribution
Habitat
Behavior
Feeding ecology and diet
Reproductive biology
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Conservation status

Significance to humans
Resources

Books

Periodicals

Organizations

Other

Color graphics enhance understanding
Grzimek’s features approximately 3,500 color photos, in-
cluding approximately 480 in four Birds volumes; 3,500 total
color maps, including almost 1,500 in the four Birds volumes;
and approximately 5,500 total color illustrations, including
1,385 in four Birds volumes. Each featured species of animal
is accompanied by both a distribution map and an illustration.

All maps in Grzimek’s were created specifically for the pro-
ject by XNR Productions. Distribution information was pro-
vided by expert contributors and, if necessary, further
researched at the University of Michigan Zoological Museum
library. Maps are intended to show broad distribution, not
definitive ranges, and are color coded to show resident, breed-
ing, and nonbreeding locations (where appropriate).

All the color illustrations in Grzimek’s were created specif-
ically for the project by Michigan Science Art. Expert con-
tributors recommended the species to be illustrated and
provided feedback to the artists, who supplemented this in-
formation with authoritative references and animal skins from
University of Michgan Zoological Museum library. In addi-
tion to species illustrations, Grzimek’s features conceptual
drawings that illustrate characteristic traits and behaviors.

About the contributors

The essays were written by expert contributors, including
ornithologists, curators, professors, zookeepers, and other
reputable professionals. Grzimek’s subject advisors reviewed
the completed essays to insure that they are appropriate, ac-
curate, and up-to-date.

Standards employed

In preparing these volumes, the editors adopted a conser-
vative approach to taxonomy, relying primarily on Peters
Checklist (1934-1986)—a traditional classification scheme.
Taxonomy has always been a volatile field, with frequent ar-
guments over the naming of or evolutionary relationships be-
tween various organisms. The advent of DNA fingerprinting
and other advanced biochemical techniques has revolution-
ized the field and, not unexpectedly, has produced both ad-
vances and confusion. In producing these volumes, Gale
consulted with noted taxonomist Professor Walter J. Bock as
well as other specialists to obtain the most up-to-date infor-
mation possible. When scientific controversy over the classi-
fication of a particular animal or group of animals existed, the
text makes this clear.

Grzimek’s has been designed with ready reference in mind
and the editors have standardized information wherever fea-
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sible. For Conservation status, Grzimek’s follows the TUCN
Red List system, developed by its Species Survival Commis-
sion. The Red List provides the world’s most comprehensive
inventory of the global conservation status of plants and an-
imals. Using a set of criteria to evaluate extinction risk, the
TUCN recognizes the following categories: Extinct, Extinct
in the Wild, Critically Endangered, Endangered, Vulnerable,
Conservation Dependent, Near Threatened, Least Concern,
and Data Deficient. For a complete explanation of each cat-
egory, visit the IUCN web page at http://www.iucn.org/
themes/ssc/redlists/categor.htm

In addition to IUCN ratings, essays may contain other con-
servation information, such as a species’ inclusion on one of
three Convention on International Trade in Endangered
Species (CITES) appendices. Adopted in 1975, CITES is a
global treaty whose focus is the protection of plant and ani-
mal species from unregulated international trade.

Grzimek’s provides the following standard information on
avian lineage in Taxonomy rubric of each Species account:
[First described as] Muscicapa rufifions [by] Latham, [in] 1801,
[based on a specimen from] Sydney, New South Wales, Aus-
tralia. The person’s name and date refer to earliest identifi-
cation of a species, although the species name may have
changed since first identification. However, the organism de-
scribed is the same.

Other common names in English, French, German, and
Spanish are given when an accepted common name is avail-

able.

Appendices and index

For further reading directs readers to additional sources
of information about birds. Valuable contact information for
Organizations is also included in an appendix. While the en-
cyclopedia minimizes scientific jargon, it also provides a Glos-
sary at the back of the book to define unfamiliar terms. An
exhaustive Aves species list records all known species of birds,
categorized according to Peters Checklist (1934-1986). And
a full-color Geologic time scale helps readers understand pre-
historic time periods. Additionally, each of the four volumes
contains a full Subject index for the Birds subset.
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What is a bird?

Birds

Everyone recognizes birds. They have feathers, wings, two
legs, and a bill. Less uniquely, they have a backbone, are
warm-blooded, and lay eggs. All but a few birds can fly. Birds
have much in common with reptiles, from which they have
evolved. They share several skeletal characteristics, nucleated
red blood cells, and their young develop in cleidoic eggs. The
main difference is feathers, which are modified scales. Not
only do feathers allow flight, they are insulated, more so than
mammalian hair, enabling birds to maintain steady internal
temperatures and stay active even in extreme climates. The
acquisition of flight and homeothermia has influenced the
evolution of other anatomical and physiological changes in
birds and led to increased cerebral and sensory development.
It has freed them to travel the globe, colonizing most envi-
ronments and diversifying to fill many ecological niches. Con-
sequently, it is not surprising that birds are the most successful
of the vertebrates, outnumbering the number of mammal
species twofold.

Evolution and systematics

The fossil record of birds is patchy and their evolutionary
history is poorly known. The first feathered animal, Ar-
chaeopteryx, has been identified in Upper Jurassic deposits,
from 150 million years ago (mya). However, while it does ap-
pear intermediate between early reptiles and birds, there is
some disagreement over whether it is a direct ancestor of pre-
sent day birds. Fossils unequivocally of birds do not appear
until the Cretaceous period, 80-120 mya, although the num-
ber of species suggests that they radiated earlier. The earliest
remains are of large flightless diving birds, Hesperornis spp.,
with primitive teeth. Other toothed sea birds also lived dur-
ing the Cretaceous, including the flighted ichthyosaurs. Also
appearing in the Early Cretaceous were the Enantiornithes, a
little understood group of seemingly primitive birds. At the
end of the period, the toothed birds disappeared with the di-
nosaurs. Since then, only toothless birds have been found in
the record and it is not clear how or when they arose, though
it is thought that it was during the Cretaceous. By the Eocene
(c. 50 mya), many modern forms were recognizable. These
are non-passerines, including ostriches, penguins, storks,
ducks, hawks, cuckoos, and kingfishers. The passerines (small
songbirds) appear to have diversified 36-45 mya, along with
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flowering plants and insects. Several other forms, mostly large
birds, were also present in the Eocene but died out. Other gi-
ant birds such as the larger moas of New Zealand and the ele-
phant birds of Africa and Madagascar survived until about
10,000 years ago when they were exterminated by humans.

The evolutionary success of birds is evidenced by the wide
variety of present-day forms. They have long been popular
subjects of study for taxonomists. Traditional classifications
are based mainly on morphological and anatomical differences
in structure, plumage, and so forth. More recently, behavioral
traits, song, and biochemical techniques (including DNA)
have been employed. Yet, while there is general agreement as
to the families to which the 9,000 or so extant bird species
belong, a variety of opinions exists on the relationships within
and between families.

Structure and function

General structure

Birds have adapted to a multitude of situations. For this
reason, they occur in a wide diversity of shapes, sizes, and col-
ors. Weighing up to 285 lbs (130 kg), and reaching 9 ft (2.75
m), the flightless ostrich is the largest of the living birds. At
a mere 0.7 oz (2 g) and around 2.4 in (6 cm), the tiny bee
hummingbird is the smallest. Even closely related forms can
look very different (adaptive radiation). A famous example is
the enormous range of bill shapes and sizes in Charles Dar-
win’s Galdpagos finches; a single over-water colonizing
species is thought to have undergone repeated evolutionary
divergence to produce the 14 or so contemporary species on
the different islands. Conversely, unrelated species can closely
resemble each other (convergent evolution) because they have
evolved for the same lifestyle. Examples of this are the Old
World and New World vultures, which belong to the diur-
nal birds of prey and storks, respectively.

Body shapes vary enormously, from the flexible, long-
necked form of the cranes and ibises to short-necked, stiff-
backed falcons and penguins. These latter species, the speedy,
predatory hunters of the air and the seas, have torpedo-shaped
bodies to minimize drag. Bills and beaks take a variety of forms
that generally reflect their major function in feeding: from the
sturdy, seed-cracking bills of finches to the long, soil-probing
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Embryonic development in birds. (lllustration by Jacqueline Mahannah)
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Dorsal and ventral views of a birds wing, showing the different feather groups. (lllustration by Marguette Dongvillo)
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Eagle

Woodcock

Fields of view: an eagle has about 45° of frontal binocular vision, with
147.5° of monocular vision on both sides and 20° behind out of its vi-
sual range. A pigeon has about 24° of frontal binocular, 158° of monoc-
ular on each side, and 20° behind out of its visual range. The woodcock
has 10° of frontal binocular vision, 15° of binocular behind it, and 167.5°
of monocular vision to either side. (lllustration by Bruce Worden)

bill of a kiwi, the delicate curve of a nectar feeder’s bill and
the massive bone-shearing beak of a large vulture. In a few
species, bills also serve as signals of breeding condition and
sexual ornaments to attract the opposite sex. For example, the
bills of cattle egrets turn from yellow to orange-yellow in the
breeding season and the huge gorgeously rainbow-hued bills
of the sulphur-breasted toucans may separate species. Simi-
larly, birds’ feet and legs suit their lifestyle: webbed for swim-
ming; short and flat for ground dwellers; longer and grasping
for perching species; powerful and heavily taloned for rapto-
rial species. Stilt-like legs and spider-like toes with a span the
length of the bird’s body are a feature of the lily-pad walking
jacanas. The legs are almost nonexistent in swifts and other
birds that spend much of their lives on the wing, and long
and muscular in ostriches and emus that stride and run across
the plains. The ostrich has two toes, and a few species such
as those that run on hard surfaces have lost the first (hind)
toe or it is very small. Most species have four toes but their
arrangement differs: in most perching birds, toes two, three,
and four point forward and the hind toe opposes them; some
species have two toes pointing forward, two back; others can
move a toe to have either arrangement; swifts have all four
toes pointing forward.

Wings are less variable than lower limbs, although their
different forms can be extreme: much reduced in the flight-
less ratites, put to good use as fins in penguins, and at their
most extended in gliding species that spend much of their
lives riding air currents. Not only are there differences be-
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tween species, variation can be quite marked within species,
either geographically or between the sexes.

Species often vary in size clinally (with environmental or
geographic change), usually increasing in size between from
hotter to cooler parts of their range (Bergman’s rule); races at
either end of the cline can be remarkably different. A few
species even have different forms, for example, the large- and
small-beaked snail kites. Males are often larger (sexual dimor-
phism), but in some species, including birds of prey, some
seabirds, and game birds, the female is larger.

The senses

Birds’ active lifestyles require highly developed senses. For
the vast majority of species, sight is the dominant sense and
the eyes are relatively large. The eyes are generally set to the
sides of the head, allowing a wide field of view, (about 300°),
presumably useful for detecting approaching predators. For
predatory birds (insectivores and raptors), the eyes are set

Running on
floating
vegetation

Birds’ feet have different shapes and uses. (lllustration by Jacqueline
Mahannah)
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more forward to give a greater overlap in the field of vision
of the two eyes. This increase in binocular vision is impor-
tant for depth perception. Compared with mammals’ eyes,
birds’ eyes are relatively immobile. They compensate by be-
ing able to rotate the head by as much as 270° in species such
as owls, which have the most forward facing eyes. Their eyes
are protected by a nictitating membrane, which closes from
the inside to the outside corner, and a top and bottom eye-
lid. Birds can focus their eyes rapidly, which is important in
flight and when diving underwater. In general, they may not
have exceptional visual acuity compared with humans. How-
ever, birds have a larger field of sharp vision, good color per-
ception, and can also discriminate in the ultraviolet part of
spectrum and in polarized light. Nocturnal species have more

6

rods than cones in their retinas to enhance their vision in dim
light.

The ear of birds is simpler than that of mammals, but their
sense of hearing appears to be at least as sensitive. Some
species, such as some of the owls, have a disc of stff feathers
around the face that directs sound to the ears, and asymmet-
rically placed ear openings and enlarged inner ears to enhance
discrimination of direction and distance of the source of the
sound. Oilbirds and some swiftlets that live in caves use
echolocation. They emit audible clicks to help them navigate
and locate prey in the dark.

The great number of sensory receptors and nerve endings
distributed about the body indicate that birds’ sense of touch,
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A collection of eggs from British birds. (Photo by E. & D. Hosking. Photo Researchers, Inc. Reproduced by permission.)

A bird cares for its feathers by grooming and preening. (lllustration by Jonathan Higgins)
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What Archaeopteryx may have looked like. (lllustration by Brian Cressman)

pain, and temperature is keen. By contrast, the olfactory sys-
tem is poorly developed and few birds seem to make great use
of smell. Exceptions include the New World vultures and the
kiwi, which can detect prey by its scent.

Plumage

Feathers distinguish birds from all other living animals
(there is recent evidence that some dinosaurs were feathered
but this remains controversial). Light, strong, and colorful,
feathers are extraordinarily multifunctional. They provide
warmth, protection from the elements, decoration and cam-
ouflage, and are specialized for aerodynamics and flight (most
birds), hydrodynamics and diving (e.g., penguins), or to cope
with both elements (e.g., cormorants). A few species use them
to make sound (e.g., snipe) or carry water to their young (e.g.,
sandgrouse). Not least, they identify species and subspecies,
may vary with age, sex and breeding condition, and signal
emotion.

Feathers are made of keratin and, once grown, are entirely
dead tissue. They are of six main types. The most obvious are
the long, stiff feathers of the wings and tail that provide the
flight surfaces; more flexible, contour feathers make the
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sculpted outer covering for the body; and down makes a soft
insulative underlayer. Semi-plumes, which are between down
and contour feathers in form, help to provide insulation and
fill out body contours so that air (or water) flows easily over
the body. Two types of feathers are mainly sensory in func-
tion: stff bristles that are usually found around the face
(around the feet in the Tyto owls) like the whiskers of a cat
or a net around the gape of some insect-eating species, and
filoplumes, which are fine, hair-like feathers with a tuft of
barbs at the tip that lie beside contour feathers and monitor
whether the plumage is in place. In some species, modified
feathers form features such as crests, ornamental bristles,
cheek tufts, plumes, and tail flags and trains.

The contour, flight feathers, and semi-plumes have a cen-
tral shaft, and a vane made up of barbs and barbules that in-
terlock with each other and sometimes with neighboring
feathers. The bird carefully maintains these links by nibbling
and pulling the feathers through its bill. Many birds bathe
regularly, most in water, but a few in dust. Some such as
herons and elanine kites have powder down that grows con-
tinuously and crumbles into a fine powder that is spread
through the feathers for cleaning and water resistance. Other
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When a bird perches, its ankle bends and contracts the tendons in its
foot, forcing its foot to close around the perch (B). (lllustration by
Jacqueline Mahannah)

birds have oil glands at the base of the tail for the same pur-
pose. Sunbathing also helps to maintain the health and cur-
vature of feathers. Some birds, including many passerines,
appear to use biting ants in feather maintenance, perhaps to
control ectoparasites, either by wallowing among the swarm
or by wiping individual ants through their plumage.

Over time, feathers become worn and bleached, and dam-
aged by parasites. They are completely replaced annually in
most except very large birds such as eagles and albatrosses,
which spread the molt over two or so years. Some species,
notably those that change from dull winter plumage into
bright breeding colors (e.g., American goldfinch), have two
molts a year: a full molt after breeding, and a partial body
molt into breeding plumage. Most species shed their feathers
sequentially to maintain their powers of flight. However, a
few, particularly waterbirds that can find food in the relative
safety of open water, replace all their flight feathers at once
and are grounded for about five weeks.

Spectacular colors are a feature of birds, from the soft, mot-
tled leaf patterns of nightjars (cryptic) to the gaudy, ornate
plumes of a peacock (conspicuous). Cryptic colors conceal the
bird from predators or rivals; conspicuous colors are used in
courtship or threat. The colors themselves are produced by
pigments in the feathers themselves or by structural features
that interact with the pigment and the light to produce iri-
descent color, which can only be seen from certain angles, or
non-iridescent color, that can be seen from any angle. In many
species, the sexes are similar in color. In others, the sexes dif-
fer, and usually the male is showier and the female resembles
a juvenile bird. In these species, sexual selection is thought to
have favored dichromatism (and dimorphism) through female
preference for partners with bright colors (and extravagant
ornamentation). In the few polyandrous species, the reverse
is that case and the females are more vibrant. Plumage may
also vary geographically, with races from warm, humid cli-
mates tending to be more heavily pigmented than those from
cool, dry regions (Gloger’s rule).

Anatomy and physiology

The skeleto-muscular system of birds combines light
weight with high power for flight. Muscle mass is concen-
trated near the center of gravity—around the breast and bases
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of the wings and legs—which gives a compact, aerodynamic
form. Long tendons control movements at the ends of the
limbs. Flighted birds have more massive breasts and wing
muscles; in terrestrial birds, much of the muscle mass is in
the upper legs. In perching birds, the tendon from the flexor
muscle loops behind the ankle; when the ankle bends on land-
ing, the toes automatically close around the perch and main-
tain the grip without effort, anchoring the bird even in sleep.
In many species, the toe tendons have ridges, which also help
to lock the feet around the perch.

In contrast to the mammalian skeleton, birds’ bones are
hollow and less massive and several have fused to form a
strong, light frame. A bird’s skeleton constitutes only about
5% of its mass. Another distinctive feature is that the bones,
including the skull, are pneumatized: their core is filled with
air via a system of interconnecting passages that connect with
the air sacs of the respiratory system and nasal/tympanic cav-
ities. Flighted species tend to have extensive pneumatization
but it is reduced or lacking in diving birds, which would be
hindered by such buoyancy. Even birds’ bills are light—the
horny equivalent of the heavy, toothed muzzle of mammals.

Respiration, circulation, and body temperature

Unlike mammals, birds lack a diaphragm. Instead, air is
drawn into the rigid lungs by bellow-like expansion and con-
traction of the air sacs surrounding the lungs and another
group in the head, which is driven by muscles that move the
ribs and sternum up and out and back again. Features of birds’
circulatory and respiratory systems make their respiration
more efficient than that of most mammals, allowing them to
use 25% more oxygen from each breath. This enables them
to sustain a high metabolic rate and, among other benefits, as-

An ostrich (Struthio camelus) shades its chicks in Etosha National
Park, Namibia. (Photo by Nigel Dennis. Photo Researchers, Inc. Re-
produced by permission.)
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Bill morphology differs with use: 1. Greater flamingo filters microorganisms from water; 2. Peregrine falcon tears prey; 3. Roseate spoonbill sifts
water for fish; 4. Dalmation pelican scoops fish in pouch; 5. Anna’s hummingbird sips nectar; 6. Brown kiwi probes soil for invertebrates; 7.
Green woodhoopoe probes bark crevices for insects; 8. Rufous flycatcher captures insects in flight; 9. Java sparrow eats seeds; 10. Papuan frog-
mouth trawls for insects; 11. Bicornis hornbill eats fruit; 12. American anhinga spears fish; 13. Rainbow lorikeet cracks nuts. (lllustration by

Jacqueline Mahannah)

sists those high-flying migrants that cross the world’s tallest
mountains and reach altitudes up to 29,500 ft (9,000 m), where
the oxygen content of the air is low.

Birds and mammals both generate their own body heat, but
birds” high metabolic rate helps to maintain theirs at around
100°F (38-42°C), depending on species; 5-7°F (3-4°C) hotter
than most mammals. When it becomes difficult to obtain
enough energy to stay warm and active, a few species become
torpid (lower their body temperature and become inactive) on
the coldest days or during bad weather, usually for a few days
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or overnight. Other birds cope with cold by increasing their
metabolic rate slightly, growing denser feathers, having a layer
of fat, or by behavioral means such as huddling with others,
tucking up a leg to decrease the heat loss surface, and fluffing
out the feathers to trap more air. Lacking sweat glands to shed
body heat, they may pant, lower their metabolic rate, seek
shade, or raise their feathers to catch the breeze in hot weather.

Digestion and excretion
To provide the energy needed for flight, and so that they
are not weighed down for a long time by the food they have
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1. Downstroke; 2. Wings sweep forward at the end of the downstroke; 3. Feathers fan open on the upstroke; 4. Each primary becomes a small
propeller in the upstroke; 5. Primaries swoop back, ready for a new downstroke. (lllustration by Patricia Ferrer)

consumed, birds have a high metabolic rate and digest food
rapidly and efficiently. Their digestive tract is modified ac-
cordingly, and many species have the second part of their two-
part stomach modified into a muscular gizzard where hard food
is physically ground down so that gastric juices can penetrate
easily. Some species swallow pebbles to assist with this break-
down. The digestive tract tends to be long in grazers, fish-
eaters, and seed-eaters, and short in meat- and insect-eaters.

Birds have three ways to rid themselves of excess water,
salts, and waste products: through breathing and the skin; the
renal system; and salt glands. The salt glands are located in
the orbit of each eye. They secrete sodium chloride and,
therefore, are well developed in seabirds that have a salty diet,
and non-functional in some other groups. Birds’ kidneys are
more complex than those of mammals: they produce con-
centrated urine with nitrogen waste in the form of insoluble
uric acid, rather than urea. Such a water-efficient system does
not require a (heavy) bladder, with obvious advantages for
flight. It also enables many species, especially those with a
moist diet (carnivores, insectivores, and frugivores), to drink
seldom or not at all. Both the white urine and dark fecal mat-
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ter are voided through the anus, and bird droppings often
contain both.

Life history and reproduction

Life history features

To a large extent, body size determines life history. Com-
pared with smaller species, larger species tend to live longer,
breed at a later age, have a longer breeding cycle, and, at each
breeding attempt, produce fewer young with a greater chance
of survival. There are always exceptions, and climate and risk
of predation and other factors impinge on this overlying pat-
tern. For example, some small temperate zone Australian
passerines live up to 18 years and have small clutches, whereas
ground-nesting grouse may live a few years and have large
clutches. For convenience, species may be classed as fast-
breeders (r-selected), which have many large clutches and short
periods of nestling care, and slow-breeders (K-selected) that
have a few small clutches and extended periods of offspring
care. In reality, there is a continuum between the two extremes.
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Birds’ feather tracts—types of feathers on a bird’s body have different functions. (lllustration by Marguette Dongvillo)

Mating systems

The majority of bird species are at least socially monog-
amous, that s, a pair of birds cooperates to raise young. They
may stay together for the breeding attempt or mate for life.
However, many other arrangements exist. Some birds have
a polygynous mating system, particularly species that use
rich resources that are clumped, so that a male can support
more than one female (e.g., New World blackbirds, some
harriers). Successive polygyny is less common, mainly prac-
ticed by species in which the female alone raises the chicks
and visits a lek where males display. The female may mate
with several (e.g., black grouse and some birds of paradise)
males. Less frequent again is polyandry, where the females
mate with various males and leave them to care for the eggs
and chicks (e.g., emus, buttonquail, and jacanas). Within
these systems, there is also scope for cheating, and the ad-
vent of DNA fingerprinting has revealed that in many
monogamous species, there are broods of mixed paternity.
At its extreme are species such as the superb fairy-wren in
which about three-quarters of the chicks are raised by males
that are not the biological father.

Most birds nest as solitary pairs, but some 13% of species
are colonial, particularly seabirds. Colonies may be a few pairs
(e.g., king penguin) or millions (e.g., queleas). In between are
species that nest in loose colonies, either regularly or when
conditions are favorable. Nest spacing varies enormously from
a few inches/centimeters in some colonies to several
miles/kilometers in species that have large territories. Spac-
ing is linked to food and nest sites; nests are closer together
where resources are plentiful.
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Breeding seasons and nests

Most birds have a regular breeding season, timed to coincide
with the most abundant season of the year, but some, particu-
larly those adapted to unpredictable climates, are opportunistic,
only breeding when conditions allow. The largest species may
breed every two years, but most attempt to breed at least annu-
ally, some raising several broods over the breeding season.

Birds build their nests of several substrates; the most im-
portant issues are protection from predators and the elements.
Therefore, species that nest on predator-free islands often
build close to the ground but, on the mainland, species build
in higher locations. The nest itself must hold and shelter the
eggs; in form, they vary enormously from simple scrapes in
the dirt to large complex stick nests and hanging structures,
woven together or glued with cobwebs or mud, and lined with
soft material. Tree holes and holes in banks or cliffs also make
good nests but competition for them may be fierce. The
megapodes construct a mound in which they bury their eggs
and maintain the temperature at about 90-95°F (32-35°C) by
scratching soil on or off. Many species use the same nest area,
nest site, or actual nest year after year.

Eggs and incubation

Birds’ eggs are beautiful in their variety. They may be plain
or colored, marked or unmarked, oval or round. All are slightly
more pointed at one end so that the egg tends to roll in a cir-
cle. Species that lay in the open where eggs may roll tend to
have long-oval, cryptically colored eggs, and those that lay in
holes tend to have rounder, unmarked eggs. Egg laying can
be energetically costly, especially for small birds: for a hum-
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mingbird, each egg (0.01 0z/0.3g) represents 25% of the bird’s
mass; for an ostrich, the 50 oz (1,500 g) egg is 1% of the hen’s
weight. Birds that have precocial chicks tend to have large eggs
(about 35% yolk compared with 20% in altricial [more help-
less] species) because the chick must be advanced and well-
developed when it hatches. Clutch size varies enormously both
within and between species. Nevertheless, most species have a
typical number of eggs; one in the kiwi, perhaps 20 in some
ducks. Larger species tend to have fewer eggs. In some species,
two are laid but only one ever hatches. Across species, there
tends to be a trade-off between egg-size and clutch-size, some
species lay a few large eggs, others many smaller eggs. In some
species, the clutch size is fixed (determinate layers), in others,
if the eggs are lost or removed within the breeding season, the
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bird will go on laying eggs (indeterminate layers). The major-
ity of species lay every second day until the clutch is complete;
in a few of the largest species, the interval is four days. In the
vast majority of species incubation is carried out by one or both
of the parents, but a few species, such as some ducks, nest-dump
(lay some of their eggs in a neighbor’s nest), and some such as
the cuckoos are parasites and lay their eggs in the nest of an-
other species. Incubation varies little within species. Among
species, it ranges in length from 10 days for some woodpeck-
ers to about 80 days for albatross and the very large-egged kiwi.

Egg formation and embryo development
To most people, eggs and birds go together. Certainly all
bird species lay shelled eggs, but so too do some reptiles. In
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most bird species, only the left ovary develops. The ovary
holds a large number of oocytes. During the breeding season,
a few oocytes (immature eggs) start to develop. They are cov-
ered in a follicle that lays down yolk, which is manufactured
in the liver and carried in the blood. The one with the most
yolk is shed first; the follicle ruptures and the oocyte moves
into the first part of the oviduct where it may be fertilized
from sperm stored in the sperm storage glands. During about
20 hours it passes down the oviduct where it is covered in al-
bumin and, towards the end, the outer layer calcifies to form
the shell and any markings are laid down from blood (red-
brown) or bile (blue-green) pigments. About this time, if an-
other egg is to be laid, another oocyte is released. In a few
large species, the process may take longer.
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The egg contains nutrients for the developing embryo.
There is some exchange of gases and water across the shell,
and waste from the embryo is stored in a sac that develops
outside of the embryo, but within the shell (the allantois). An-
other sac develops into an air sac for ventilation. Once incu-
bation begins, development is rapid, triggered by heat either
from a brooding parent, as in most birds, or the environment,
as in mound builders, which bury their eggs to capture heat
from the sun. Within days, the embryo has large eyes and rudi-
mentary organs. As it develops, the yolk sac is absorbed and
the embryo fills more of the shell. By hatching, the yolk is
fully absorbed and the embryo has moved its bill into the air
sac and begins to breathe air. By this time, mainly through wa-
ter loss, the egg is about 12-15% lighter than at the start of
incubation. The embryo uses an egg tooth on the tip of its bill
to chip away a ring around one end of the shell (already thinned
by loss of calcium to the embryo) and hatch. If it is altricial
(e.g., songbirds and seabirds), the chick will be naked or downy,
and helpless; the chick of a precocial species (e.g., ostriches,
ducks, and game birds) will be feathered, able to regulate its
own body temperature, and can follow its parent and feed it-
self almost immediately. The chicks of precocial species hatch
synchronously (at the same time), those of other species are
sometimes asynchronous, resulting in a mixed-age brood.

Growth and care of young

Most birds grow remarkably fast and, in many altricial
species, are more or less fully grown by the time they leave the
nest. At the extremes, chicks stay in the nest about 10-20 days

Archaeopteryx (Archaeopteryx lithographica) fossil from the late Juras-
sic period, found in Bavaria, Germany limestone in 1860. (Photo by
Francois Gohier. Photo Researchers, Inc. Reproduced by permission.)
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in passerines and 150-250 days in albatrosses. Precocial species,
which are free of the nest, are slower growing—their rate of
growth is approximately one-third that of altricial species.

The amount and type of care given is diverse. Nidicolous
species, in which the chicks stay in the nest, put in considerable
effort bringing food to the nest, either bringing many small items
(e.g., insectivores) or a few large ones (raptors). Some species
regurgitate food for the chicks (e.g., seabirds). These species
must also keep the chicks warm and dry and protect them from
predators, and may also keep the nest free of droppings. Nud-
ifugous species, in which the chicks follow adult(s), are either
fed by the adult (some seabirds) or, more commonly, feed them-
selves on plant material (e.g., many waterfowl and game birds).
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Parental care varies accordingly. As protection against preda-
tors, some waterfowl carry their young on their backs and, in
colonial species, several neighbors unite to try to drive off an in-
truder. In some species, the breeding pair is accompanied by
“helpers,” which may be offspring from earlier breeding at-
tempts or unrelated individuals, males or females or both sexes,
juveniles or adults. Helpers help particularly in those species in
which prey is difficult to find or catch.

Ecology
All species have a niche—the range of environmental con-
ditions under which they can survive and reproduce. The
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Emperor penguin (Aptenodytes forsteri) adult and chick, Antarctica.
(Photo by Art Wolfe. Photo Researchers, Inc. Reproduced by permission.)

niche may be broad and unspecialized or narrow and highly
specialized. Coexisting species tend not to overlap much in
their niche requirements. This is particularly obvious with
food: the type and where, when, and how it is collected. For
example, three hawks coexist in some Australian woodlands
and they roughly segregate by species and sex: the small male
sparrow hawk takes passerines in the canopy; the medium-
sized brown goshawk hunts birds and small mammals in the
air and on the ground in more open spaces; and the largest,
the female gray goshawk, captures medium-sized birds and
mammals on or near the ground.

To provide energy for flight, birds need highly nutritive
food. For this reason, most birds eat at least some arthro-
pods, especially insects. They may do this incidentally, for
example, mixed in with nectar, but mostly they are actively
captured. In addition to this, there are four basic diet groups:
the carnivores (those that eat other vertebrates, including the
fish-eaters); berry- and seedeaters; eaters of non-flowering
plants (fungi, mosses, algae, and so forth); eaters of flower-
ing plants (roots, tubers, leaves, nectar). Grasses and herbage
are low in nutritive value and must be consumed in too-large
quantities to be of major importance to many species, and
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few birds have the ability to digest cellulose. Not surpris-
ingly, birds are pollinators and seed dispersers for a great va-
riety of plants. Some species specialize, others are more
varied in their diet. Methods of collecting food are numer-
ous, but most involve sight.

Birds are infected by a variety of diseases, both internal
and external, caused by bacteria, viruses, and parasites. Some
of these can also affect humans and their livestock. In gen-
eral, healthy birds can carry both internal and external para-
sites without obvious harm. Nevertheless, disease outbreaks
occur; for example, following floods, outbreaks of insect-
borne pox can occur in wild birds. Birds can also suffer from
exposure to toxic substances of both natural (e.g., toxic algal
blooms) and human-made origin (e.g., oil spills, pesticides,
lead-shot, and other pollutants). Predation is a fact of life for
the majority of bird species, particularly for their eggs and
young. Their life history has evolved to allow for losses, which
are naturally high. For example, in passerines, perhaps 5% of
eggs result in adult birds and annual mortality of adults may
be as high as 60%. For larger species, the rate of mortality
tends to be lower. Provided that they are not too prolonged
or severe, starvation, predation, disease, and other causes of

Down feathers form part of a bird’s insulating underplumage. The cen-
tral axis, or rachis, bears the flat vane of the feather made up of many
slender barbs. Feathers allow a bird to fly, and provide waterproofing,
camouflage, and color and shape to attract mates. (Photo by Gusto
Productions/Science Photo Library. Photo Researchers, Inc. Repro-
duced by permission.)
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mortality are compensatory and, in general, bird populations
recover quickly.

Distribution and biogeography

Birds are distributed across all continents and on most is-
lands, and in all major habitats from caves to mountaintops,
deserts to rainforests. Many factors limit the distribution of
species, all relating to their ecology: climate, habitat avail-
ability, and the presence of predators, competitors, and food.
There may also be physical barriers such as mountain ranges,
oceans, and impassable expanses of unsuitable habitat. The
breeding range often differs from the nonbreeding range be-
cause of seasonal or other movements to remain in the most
favorable conditions. There are broad patterns to general dis-
tribution; for example, woodpeckers are found in many re-
gions of the world but are absent from Australia, New
Zealand, and Madagascar. The ratites are southern in distri-
bution, pointing to their early evolution in Gondwana (the
huge southern super-continent that split into the southern
continents). These patterns reveal six major biogeographical
realms: Neotropical, Nearctic, Ethiopian, Palearctic, Orien-
tal, and Australian. The greatest number of species is found
in the Neotropics (South and Central America, the West In-
dies, and southern Mexico) with roughly 3,000 species, and
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31 endemic families. The Nearctic (North America, Greenland,
Iceland), with about 1,000 breeding species and no endemic
bird families, is among those areas with the fewest species.

Bird populations vary enormously in their abundance and
density. Some species are widely scattered across the land-
scape (e.g., the solitary eagles), others live in crowded colonies
of millions (queleas). There are several general patterns: pop-
ulation density is related to body size (smaller species tend to
be more numerous); the number of species and of individu-
als tends to be greatest in complex habitats (e.g., forest com-
pared with grassland) and where several habitats meet
(ecotones); the number of species increases with the size of
the habitat patch; and, the number of species and overall den-
sities tend to increase from the poles to the equator.

Behavior

Bird species can be social or solitary; they may nest, roost,
and feed in small or large groups for part of their lives (e.g.,
when young or in the nonbreeding season) or their entire
lives. Some form feeding flocks with other bird species or nest
near more powerful species for protection. Some associate
loosely with other vertebrates, such as following monkey
troops to catch the insects they flush. A few live more or less
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commensally, for example, by feeding on ticks from ungu-
lates. Some species spend much of their lives on the ground
(terrestrial species), others in the air, in water, or in various
combinations. The majority of species are active by day (di-
urnal), but many are crepuscular (active in twilight) or truly
nocturnal. During inactive periods, most retire to a safe roost
where they socialize, preen, relax, or sleep. They appear to
need to sleep several hours a day.

Birds have developed complex communication systems, in-
cluding various calls and song and visual signals involving pos-
ture, movements, facial expressions, display of certain
characteristics of plumage, and, in some species, flushing of
the skin (e.g., vultures) or popping of the eyes (Australian
choughs). Some behaviors, like the dance of brolgas and sy-
chronized swimming of swans, is ritualized, others appear
more spontaneous. Courtship is a highly ritualized sequence
of displays, on the ground or in the air, and can involve court-
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ship feeding, which may be a way for females to judge the
quality of their partner.

As a group, birds are cerebrally advanced. Much of their
behavior is innate but they also learn by experience through-
out life. They have good memories, such as retrieving cached
food items from several stores several weeks after they were
hidden. Some species appear to be particularly adaptable if not
intelligent. Certainly, their behavior can be complex and in-
teresting. Individual rooks wait to cache nuts if a non-hoarding
rook is passing by, yet are unconcerned by rooks that are also
hoarding. Jays that steal food are more likely to move their
caches to prevent theft than are jays that are not thieves. Par-
rots have a complex social system and enjoy playing with each
other and with found objects. Black kites and green-backed
herons have learned to place bread on water to attract fish.
One of the Galdpagos finches uses a cactus thorn to probe bark
crevices for insects that it cannot reach with its short tongue.
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Birds and humans

Introduction

Why are we so fascinated with birds? From the earliest
cave paintings and ceramic effigies of prehistoric humans to
the present, we find close links between birds and ourselves.
Those links are related to several things that draw us together:
(1) our fascination with and envy of the ability of birds to fly;
(2) the meat and eggs they provide us; (3) their colorful
plumage that we admire and often use to decorate our own
attire; (4) their down feathers that we use for insulation, and
other feathers that we’ve used as writing instruments, to fletch
arrows, to fan royalty, and to dust our homes; (5) their beau-
tiful voices; (6) their hollow bones which we have at times
used to produce tools and even flutes with which to emulate
their songs; (7) their ritualistic courtship behavior; (8) their
attentive parental care; (9) the vigor of their territorial de-
fense; (10) their seasonal migrations; and (11) their diversity.

Certainly the utilitarian aspects of our association with birds
would remain even if birds were less conspicuous. Our fasci-
nation with birds might be found in many seemingly simple
things we share with them: perception of color, song, concern
for the decor of our homes, parental care, the awkwardness of
adolescence, territorial defense—the list could go on. Our fas-
cination with birds might also be found in things deeper within
our psyche—things we don’t really share with birds, but that
we can imagine as sharing: emotional things such as love, hate,
fear, pride, sadness, and hope. Yes, as one recent book title has
it, “Hope is the thing with feathers.”

Cultural significance of birds

We, like most birds, are most active in the light of day—
a time when the light-sensitive cone cells of our respective
eyes allow our brains to interpret the world in color. Color
has a common basic value to primitive humans and to birds.
It allows both to identify ripe fruit from that which is not ripe,
poisonous fruits from those that are edible. With the ability
to see color come a number of gifts—lagniappe—something
a little extra. From the human perspective we might think of
them as aesthetic, but from the birds’ perspective they seem
utilitarian as well. The diversity of patterns and colors in the
plumages of birds facilitate recognition of members of their
own species, just as colors of uniforms allow us to recognize
players for the home team. We use color we find pleasing as

Grzimek’s Animal Life Encyclopedia

decoration for ourselves and our surroundings—to please our-
selves and those we wish to please. Birds do the same thing.
The bowerbirds of Australia have drab plumage, but decorate
their courtship bowers with objects of specific hues. Natural
selection has favored the development of colors and patterns
that help fulfill needs among birds for the attraction of a mate
and defense of a territory, and camouflage for protection from
enemies. In many ways we share such needs and such bene-
fits of color. We differ from most mammals in being able to
see color, a trait we share with most birds. The beauty we
recognize in the colors of birds might be looked upon as a
celebration of our uniqueness.

Birds and music

The purity of tones, diversity of melody, and the pre-
dictability of the rhythms of bird songs and mechanical sounds
are music to our ears. For birds the sounds are messages: “This
territory is occupied,” “I'm an available and desirable suitor.”
We have intercepted—no, merely eavesdropped—on their
conversations. We have borrowed them for our own uses and
embellishment. For us the songs are messages as well, reflec-
tions of our well-being and desires. Bird songs have influenced
the works of great composers. The common cuckoo (Cuculus
canorus), nightingale (Luscinia megarbynchus), and common
quail (Corurnix cotwrnix) can all be heard in Beethoven’s Sixth
Symphony, the “Pastoral Symphony.” Béla Barték recorded
bird songs in musical notation and included them in his com-
positions. His final work, “Piano Concerto no. 3” includes bird
songs he heard during his stay in North Carolina. Antonin
Dvorik also used bird songs and the red-winged blackbird’s
(Agelaius phoeniceus) territorial “oak and leo” call can be heard
in his Opus 96 from his days in Spillville, Iowa.

Birds imitate us as we imitate them; they have borrowed
sounds from our musical repertoire. My African gray parrot
(Psittacus erithacus), whose name is “Smoky” dutifully sings
“On Top of Old Smoky”—but his rendition is no better than
mine. In a possible turn about of truly musical influence,
Mozart was passing a pet store near his home in May of 1784
when he heard the strains of the allegretto theme from his G
major concerto which he had written just five weeks earlier.
He immediately went into the store and purchased the Eu-
ropean starling (Sturnus vulgaris) that was singing it!
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Hundreds of turkeys are raised for food at the Givat Hayim kibbutz near Natanya, Israel. (Photo by Rick Browne. Photo Researchers, Inc. Repro-

duced by permission.)

We have not only borrowed from the music of birds, but
around the world various cultures have also incorporated ele-
ments of bird courtship displays in their own dances. The
Blackfoot Indians of the northwestern United States mimic-
ked the foot-stomping and strutting of displaying male sage
grouse (Centrocercus urophasianus) and even wore feathered cos-
tumes that mimicked the birds’ plumage. The Jivaros of Ama-
zonia, perhaps best known for shrinking human heads, mimic
the courtship displays of the brilliant orange cock-of-the-rock
(Rupicola rupicoln). The people of Monumbo of Papua New
Guinea mimic the courtship of the cassowary (Casuarius sp.).

The behavior of birds has always provided the basis for
metaphors, symbolism, mythology, and lessons to be learned.
The courtship cooing of doves has long been symbolic of hu-
man love and courtship, the powerful beak and talons of ea-
gles have similarly served as a metaphor for strength and a
symbol of our armies. The silence, stillness, attentiveness to
our presence, and human-like expression created by the
forward-facing eyes and facial disc of feathers on an owl have
led to owls becoming symbolic of wisdom. Yet owls are not
wise, but highly instinctive in their behavior, the symbolism
resulting from the accident of their diurnal inactivity and the
convergence of their binocular vision with our own—an adap-
tation that gives both of us the ability to judge distance and
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size—critical abilities for an animal to possess if leaping from
limb to limb as our ancestors did or if diving suddenly to
pounce on a mouse in near darkness, as an owl does.

Many expressions in human languages draw symbolism
from the language and actions of birds. At times visual
metaphors are obvious, such as our association of the peacock
(Pavo cristatus) with vanity—or with the kaleidoscope of col-
ors on a television network. At other times the links are fan-
ciful, such as the notion that white storks (Ciconia ciconia) bring
babies or that ravens (Corvus corax) foretell death. The link
between magpies (Pica pica) and talkative humans is a clear
reference to the chatter of the birds, as is the use of the word
“parrot” to refer to an individual who repeats what has been
said. “Eagle-eye” is a reasonable descriptor for a human who
picks up on details. To have one’s “ducks in a row” is a ver-
bal expression of the visual impression of organization pro-
vided by a view of a duck being followed by a brood of
ducklings in single file behind her. The impact of “bird words”
on our language and culture is immense, though at times the
link to birds has been lost and only the expression remains.
Have you ever been “goosed?” Really? If you’ve walked across
a pasture that was patrolled by a vigilant gander you might
understand. Yes, they do come up from behind in a surprise
attack with a sharp “goose.”
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Saker falcon (Falco cherrug), a bird used in falconry. (Photo by Eric &
David Hosking. Photo Researchers, Inc. Reproduced by permission.)

Birds used to hunt and fish

Falconry, using a falcon or other bird of prey to hunt, was
the sport of kings in the Middle Ages. It was practiced from
the steppes of Asia to the sands of the Middle East and the
British Isles. Social position not only allowed time for the
sport, but also dictated which species of bird could be used.
The techniques and vocabulary of falconry were ritualized.
Falconry persisted through the centuries and in the twenti-
eth century experienced a popularity that, without regulation,
contributed to the decline of such prized species as the pere-
grine (Falco peregrinus) and gyrfalcon (F. rusticolus). By the
mid-twentieth century laws were in place to protect falcons,
but raiding of traditional nest sites continued. Then came the
pesticide years when birds of prey suffered as a result of bio-
magnification of organochlorines in their tissues and popula-
tions of birds like the peregrine plummeted. In the last
decades of the twentieth century, following bans on the pes-
ticides, the tools of falconry were used to save the birds.

Other birds have also played the role of hunter for humans.
For more than 1,000 years, Japanese and Chinese fishermen
have used trained cormorants to capture fish for them. A ring
is often placed around a cormorant’s neck to prevent it from
swallowing large fish, but well-trained birds need no such ring.

Domestication of birds/artificial selection
Domestication of birds has occurred in several human
cultures, typically involving species kept for meat or eggs,
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but at times birds were domesticated for other reasons first.
Chickens were likely the earliest domesticated birds; ar-
chaeological evidence suggests domestication in the Indus
Valley more than 5,000 years ago. There is no historic
record of the domestication of the red jungle fowl (Gallus
gallus), a bird native to Southeast Asia, but by the early days
of the Roman Empire it was already a commonly kept bird
throughout the civilized world. No bird has been so impor-
tant to humans as the chicken—nor so selectively bred. Va-
rieties have been developed not only for meat and egg
production and for fighting, but also for eggs of specific shell
color, ability to tolerate crowding, and for a diversity of fancy
plumages.

As urban human populations have grown, so have needs
for mass production of foods. Factory farming of poultry now
provides considerable protein to populations around the
world. During the last two decades of the 20th century the
production of chicken meat increased by an average of 6%
per year and by the year 2000, factory farming of chickens
was producing more than 20 billion broiler chickens per year.

While we have developed chickens that produce more
meat and eggs, there are consequences to such efforts. An-
imal rights advocates question conditions under which the
chickens are kept, charging that we maximize production in
minimal space, processing chickens as if they were widgets
at a manufacturing plant. Confinement of birds in high-
density populations makes them more susceptible to disease,
a problem we have addressed by dosing industrial flocks with
antibiotics. These are often the same or similar antibiotics
used by humans, and widespread use for poultry production
has led to development of bacterial resistance to antibiotics.
Now these resistant strains of bacteria are making humans
sick and treatment difficult. Industrial poultry farming in-
volving millions of chickens produced per farm has also re-
sulted in high nitrogen runoff into rivers and streams,
contaminating water supplies and contributing to other en-
vironmental problems.

Turkeys (Meleagris gallopavo) were domesticated in Mex-
ico about 2,000 years ago and were first taken to Europe in
the sixteenth century. They spread rapidly through Europe
as a domesticated bird and were taken back to the New World
early in the seventeenth century. The turkeys served by the
Pilgrims on that first Thanksgiving were likely descendants
of the Mexican birds rather than the native wild turkeys. Mod-
ern commercial turkeys are the result of hybridization of the
domesticated Mexican form with the wild turkey of the east-
ern United States.

Ducks (the mallard, Anas platyrbynchos) and the greylag
goose (Anser anser) were domesticated centuries ago in tem-
perate Eurasia for meat, eggs, and down. Mute swans (Cygnus
olor) were domesticated in Britain for their meat and, had they
not been domesticated, might have become extinct as a result
of overhunting. Two species of guineafowl (Numida spp.)
were domesticated in Africa for meat and eggs.

The only South American bird to be truly domesticated is
the muscovy duck (Cairina moschata). The ostrich (Struthio
camelus), emu (Dromaius novaehollandiae), and rhea (Rbea
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Temple of Horus, a god represented by a falcon, in Egypt. (Photo by
C.J. Collins. Photo Researchers, Inc. Reproduced by permission.)

americana) are kept for meat, feathers, skins, and eggs. Os-
trich eggs were made into elaborately carved and decorated
cups by Egyptians centuries ago, and in the late twentieth
century as ostrich farming grew in popularity, there has been
a rebirth of artistic uses of ostrich eggs.

Birds as companions

Although the first association of birds and humans almost
certainly included birds in the role of lunch, they have also
been kept as messengers, for the sport of racing, for fighting,
hunting, and as pets. The origins of these associations are lost
in prehistory. The early Greeks and Romans kept birds for
meat and for mail service. Early armies—and even armies of
the twentieth century—used homing pigeons to send word of
the tide of battle home from the front lines.

One 2002 estimate suggests that there are over 31 million
pet birds in the United States alone. Companion animals such
as birds long have been recognized as making us “feel good”
and as helping to relieve our stress. Medical specialists now
recognize the therapeutic role that pet birds can have.
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Birds in entertainment

Our recognition of the behaviors and voices of birds have
become so much a part of our culture that some have become
stylized as icons of entertainment and sports that have been
enjoyed now by several generations of humans. Donald
Duck’s waddle may not quite be that of a real bird, but the
caricature fits, as does Donald’s human-duck hybrid voice.
Woody Woodpecker’s appearance and voice are movie icons
borrowed in stylized form from the North American pileated
woodpecker. Big Bird is much more generic, but a lovable
character recognized by young and old. The role of birds as
mascots for athletic teams is really big business—and some-
times contentious. When the University of Central Florida
opened its doors in the 1970s, the student body twice voted
for “Vincent the Vulture” as their mascot, conjuring up
images of a trained turkey vulture (Cathartes aura) circling
the opponents’ bench. But the administration overruled the
choice, settling instead for Pegasus, a mythical winged horse.

Real birds have had roles in human entertainment as well,
ranging from both staged and real cock fights, to the many
birds in Alfred Hitchcock’s “The Birds,” to pets that have
helped define a star’s screen persona, such as the television
private investigator, Beretta, who had a cockatoo named
Fred, and the African gray parrot in the movie Being Fobn
Malkovich.

Modern birding

The interest that humans have shown in birds has evolved
from seeing them as a source of food, feathers, or other prod-
ucts and as a source of awe, to keeping birds for sport or as
pets, to collecting the skins and eggs of birds, to attracting
wild birds to feeders, to observing birds as a pastime, to tal-
lying observations of birds as a sport—sometimes even under
competitive circumstances. Like the collectors of old, birders
today find thrill in seeking birds. Unlike them, the culmina-
tion of the hunt is not measured in skins and eggs, but in lists
of species seen or heard. Among the earliest of organized bird-
ing efforts are Christmas Bird Counts, initiated by the Na-
tional Association of Audubon Societies in 1900 to replace the
traditional “after Christmas dinner” shooting of birds. Bird-
ers keep life lists, year lists, state lists, and yard lists. Many
birders do “Big Days” in which they strive to see as many
species as possible within a 24-hour period. A “World Series
of Birding” in New Jersey pits teams against one another in
a grand 24-hour hunt through the state.

Some modern birders pursue their sport from an easy chair
in front of a television set, carefully listing those caught,
sometimes deliberately, sometimes by accident, on film or
sound tracks in the background of movie sets. As an or-
nithologist, I have often smiled at old westerns that always
seem to include a view of a turkey vulture circling high over
a dead or dying desperado. Directors of those films always
seemed compelled to include the “skreee” cry of a red-tailed
hawk dubbed in as if produced by the naturally mute vulture.
Equally amusing are the Star Trek episodes with scenes on
far off planets that have Carolina wrens (Thryothorus ludovi-
cianus) calling in the background. Identifying those televsion

Grzimek’s Animal Life Encyclopedia



Vol. 8: Birds |

Birds and humans

Aborigine emu dancers in Northern Territory, Australia. (Photo by Gordon Gaman. Photo Researchers, Inc. Reproduced by permission.)

and movie birds is often a challenge and can reveal just how
intimately some birders come to know birds. The challenge
contributes to learning more, and it’s all part of the lure of
the list.

Old Tarzan movies with the story set in Africa often had
the loud call of a pileated woodpecker in the background.
These were not all chance recordings. Some were likely the
result of deliberate dubbing in of a call that had been
recorded in the 1930s by Arthur A. Allen, an ornithologist
at Cornell University. Allen collaborated with Hollywood
filmmakers in developing techniques for recording natural
sounds. The results of those efforts not only added “realism”
to movies, but also contributed much to the scientific study
of bird sounds.

The contributions of birders to the science
of ornithology

Amateurs have often made important contributions to sci-
ence through their avocations, but there are few sciences where
amateurs have made as many contributions as in ornithology.
The bird-finding and bird-identification expertise of modern
birders has contributed greatly to our knowledge and under-
standing of birds through both independent research and
through organized research programs that enlist the aid of am-

Grzimek’s Animal Life Encyclopedia

ateurs. The Christmas Bird Count was not initiated as a re-
search program, but over the years data from it have been used
in efforts to monitor bird populations. The Breeding Bird Sur-
vey of the United States Fish and Wildlife Service makes use
of this large cadre of skilled amateurs. So too does Project
Feeder Watch and other programs through the Cornell Lab-
oratory of Ornithology. While watching birds has grown from
a simple pastime to a competitive sport for some, we are now
seeing an emphasis on “birding with a purpose”—furthering
our knowledge and abilities to conserve birds and their habi-
tats through collaborative scientific studies.

Feeding wild birds

Feeding backyard birds became popular at the close of the
nineteenth century and at the close of the twentieth century
it was enjoying further resurgence, especially in temperate ar-
eas of developed nations, developing into a multi-billion-dol-
lar a year industry. In 1980-81, about 20% of North American
adults purchased seed to feed wild birds; by 1997, about 30%
of North Americans over age 16 were involved in feeding wild
birds. Bird feeding was long ignored by scientists, viewed with
apathy, or even viewed as harmful to bird populations, but in
the late twentieth century it became the subject of several sci-
entific studies. Clearly, feeding backyard birds has tremen-
dous educational potential, bringing birds to within easy
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A fancy domestic pigeon—O0Id Dutch Capuchine breed. (Photo by Ken-
neth W. Fink. Photo Researchers, Inc. Reproduced by permission.)

viewing distance for young and old. Range expansion of many
North American bird species has likely been facilitated by bird
feeding. Such expansions may include the northward move-
ments of the tufted titmouse (Parus bicolor) and red-bellied
woodpecker (Melanerpes carolinus), the southward expansion
of the evening grosbeak, and the eastward expansion of win-
tering rufous hummingbirds (Selasphorus rufus). The extent to
which such range expansions can be attributed to bird feed-
ing, versus the extent to which it is simply easier to document
the expansions as a result of bird feeding, is not clear. Many
factors are usually involved in range expansions, including
such things as habitat modifications, changing climate, and
elimination or reduction of predators or competitors, as well
as increased or more dependable food supplies.

Introduced species

North America has been the “melting pot” not only for im-
migrant humans from many nations, but also for more than
120 bird species that have been deliberately or accidentally re-
leased in sufficient numbers to establish breeding populations.
About 40 of those have been successful; some, such as the Eu-
ropean starling, rock dove (Columba livia), and house sparrow
(Passer domesticus), have been incredibly successful. Each has
its own story. Rock doves were brought with early immigrants
as semi-domesticated birds that were kept for food and sport.
House sparrows were brought to control insect pests in the
gardens of immigrants, and though not prone to long distance
dispersal, succeeded in conquering North America and many
other areas as a result of deliberate introductions. For exam-
ple, many wagon trains heading west from St. Louis took along
a cage of house sparrows to assure pest control in gardens at
the end of the journey. Early attempts to introduce the Euro-
pean starling apparently failed, but an attempt in 1890 suc-
ceeded beyond all expectations. That effort was for the sole
purpose of introducing a bird that had been mentioned in
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Shakespeare’s Henry IV! Today the European starling is
touted as the most abundant bird in North America.

The greatest diversity of successfully introduced exotic birds
can be found in warmer areas. Florida, southern California, and
Hawaii all have significant exotic bird populations. The most
successful of these birds are ones that can live in association
with humans. Indeed, many have been inadvertent introduc-
tions as a result of escape of pet birds and birds destined for
the pet trade. Some, such as the Eurasian tree sparrow (Passer
montanus) and crested myna (Acridotheres cristatellus) in North
America have established small, relatively stable breeding pop-
ulations and such small populations are rarely linked to prob-
lems. As numbers increase, however, competition with native
species and other problems have often become evident. Many
of the introduced exotics are secondary cavity nesters that com-
pete with native cavity nesters—birds that nest in cavities such
as a hole in a tree. Populations of many native North Ameri-
can birds have suffered as a result of competition with house
sparrows and European starlings. The budgerigar (Melopsitta-
cus undulatus) has been reported competing with purple
martins (Progne subis) for nest sites in Florida. Aside from com-
petition with native species, European starlings, house spar-
rows, and rock doves are often a nuisance in making messy nests
on buildings, have the potential for dispersing diseases and par-
asites to poultry, other birds, and humans. Their droppings have
damaged buildings and monuments and have created health
hazards for humans. While the monk parakeet (Myiopsitta
monachus) is considered a serious agricultural pest in Argentina,
it has for many years been imported into the United States for
the pet trade. In 1972, a crate of monk parakeets destined for
the pet trade was dropped as it was being unloaded during a
snowstorm in New York. The birds survived and began nest-
ing in the area. Other escaped monk parakeets have likely aug-
mented their population and the species now nests along the
Adantic coast from New York to Florida and west to Louisiana.
In Florida the species has become a serious problem as a result
of building its large stick nests on electric transformers.

In the last years of the twentieth century the Eurasian
collared dove (Strepropelia decaocto) made it to south Florida
after escaping captivity in the Bahamas. It succeeded in es-
tablishing breeding populations there and by 2002 was nest-
ing in much of eastern North America. Other exotic doves
have become locally established, such as the ringed turtle
doves (Streptopelia risoria) in several North American cities,
but have shown no tendency for wide dispersal.

Some introduced birds have been moved about the world
not only with government approval, but also by various gov-
ernments. Exotic game bird programs of the United States
Fish and Wildlife Service and various state and provincial gov-
ernments have resulted in the introduction of many species,
few of which have been successful and most of which have
left us with continuing questions. Even for the ring-necked
pheasant (Phasianus colchicus), often touted as a highly suc-
cessful introduction, questions have been raised about com-
petition with native species. In at least some areas, populations
have not been sustained and more pheasants are released from
game farms than are shot by hunters each year. These pro-
grams have fallen out of favor because of the recognition of
problems with such introductions, but the “potential” for new
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game birds is continually discussed and there have been past
subsidence and resurgence in interest in introducing exotic
game birds. Memory of the problems and failures often seems
short-lived.

Among the famous failures were repeated introductions to
North America of the European common quail (Corurnix co-
turnix), a migratory species that simply disappeared following
introductions. Some apparently followed migration pathways
long incorporated into their genetic make-up. Instinct seems
to have programmed them to head a certain direction, and fly
a certain distance or length of time to reach wintering areas.
But when moved from Europe to North America, following
that genetic roadmap at least sometimes dumped them in the

Gulf of Mexico.

Birds as vectors of human disease

In the summer of 1997, a particularly lethal form of in-
fluenza appeared in Hong Kong and chickens were identified
as an intermediate link in its transmission to humans. Thou-
sands of chickens were killed and a human catastrophe was
averted. One of the consequences of maintaining high num-
bers of birds near human population centers is the hazard
posed by their role as intermediate hosts for human diseases.

In August 1999, Americans were shaken by the news of a
new disease in North America—one that was killing humans,
horses, and birds. West Nile virus, originally discovered in
Africa, had spread to Europe, then to North America, and
wild birds were part of the transmission cycle. This mosquito-
borne virus in its most serious form causes encephalitis, an
often fatal inflammation of the brain. As of July 2001, more
than 70 species of North American birds have tested positive
for the disease, though most were crows (Corvus spp.). Birds
don’t “cause” the disease, but their role as an intermediate
host, and the potential for rapid spread of the disease through
bird migrations, have generated some negative attitudes to-
wards birds. As of 2002 the disease has been found along the
Atlantic coast from New York to Florida and as far west as
Louisiana. The threat to humans is important, and the threat
to wild birds is very serious. Since members of the crow and
jay family (Corvidae) seem particularly vulnerable, an increased
incidence of the disease in Florida could seriously threaten
the endangered Florida scrub-jay (Aphelocoma coerulescens).
Thus far there is no evidence that West Nile virus can be
transmitted directly from birds to humans, though those han-
dling dead birds are urged to take appropriate cautions. In
this case, chickens serve us in the fight to prevent the disease.
Penned chickens have been placed in many areas and their
blood is regularly checked for evidence of the virus, thus these
sentinel chickens serve as an early warning system.

Other bird-human disease links have generated concern in
the past, although most of the diseases involved are not com-
monly found in humans. Psittacosis also known as parrot
fever, is a rare human disease caused by a chlamydia, a para-
site closely related to bacteria. Humans usually get the dis-
ease by inhaling spores in dust from dried bird droppings or
from handling infected birds. In humans the disease causes
flu-like or pneumonia-like symptoms and it is usually not fa-
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Totem poles in Vancouver, Canada, carved by Native Americans of that
area. (Photo by Porterfield/Chickering. Photo Researchers, Inc. Re-
produced by permission.)

tal. We know now that birds other than parrots can transmit
the disease and the disease is increasingly referred to by the
more appropriate names “chamydiosis” or “ornithosis.”

Aside from publicity associated with the discovery of West
Nile virus in North America, one of the most frequently re-
ported “disease links” between birds and humans in the
United States is with the fungal disease histoplasmosis. In this
case, birds do not deserve the negative association made: they
neither harbor nor carry the disease. The disease-causing or-
ganism, Histoplasma capsulatum, is a fungus that grows in
nitrogen-rich soils in the southeastern United States. It is
spread to humans when such soil is disturbed and generally
when spores or bits of the fungus are blown by the wind and
inhaled by humans. The link with birds is related to the mil-
lions of blackbirds that are sometimes found in individual win-
ter roosts in the Southeast. Excrement from the roosting birds
enriches the soil and provides optimum conditions for the
growth of the fungus. But many other sources of soil enrich-
ment also occur: including cattle feed lots, poultry farms,
heavily fertilized agricultural fields, and roosting concentra-
tion of bats (which also get blamed for the disease). The prob-
lem comes when such enriched soil is disturbed, dries out,
and the fungus becomes airborne.

Problems between birds and humans have always included
bird consumption of foods we might otherwise eat or feed to
livestock. Flocking birds such as crows, starlings (Sturnidae),
doves (Columbidae), blackbirds (Icteridae), gulls (Laridae),
and parrots (Psittacidae) are among the primary offenders.
The same and other flocking birds also create problems in ur-
ban centers, around airports, and other areas. Whole indus-
tries have built up around the development, sale, and
deployment of devices and chemicals to thwart depredation
of crops by birds. Yet in some areas the problem remains very
serious. In parts of Argentina, for example, the monk para-
keet is said to consume about 50% of the annual grain crop.
Such figures, however, must be viewed with a skeptical eye.
There is no doubt that the birds take grain, some of which
would otherwise make it to human tables. But how much of
the grain taken is spilled grain coming from the ground? And
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Metal bands are often used to track endangered birds, such as this
Victoria crowned-pigeon (Goura victoria), found on the island of New
Guinea. (Photo by Robert J. Huffman. Field Mark Publications. Repro-
duced by permission.)

how many weed seeds and harmful insect pests do these same
birds take? The charges against birds are rarely presented in
the form of a “cost-benefit” analysis, but they should be. Here
is a challenge for economists and where greater understand-
ing is needed.

Ornamental uses of bird feathers and bills

Native cultures around the world have employed bird
feathers in art and decorative efforts. Some of these efforts
have contributed to the extinction of species. For example,
the first humans to reach the Hawaiian Islands made cloaks
for their royalty of the yellow-feathered skins of the Kauai oo
(Moho braccatus). It took feathers from thousands of birds to
make a single cloak. Similarly, the Maoris of New Zealand
made use of the skins and feathers of the huia (Heteralocha
acutirostris), contributing to their extinction.

In the late 1800s feathers—and even whole birds—became
popular ornamentation for ladies’ hats in Western cultures.
At one point the aigrette feathers of egret species sold for as
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much as 32 dollars an ounce; they were literally worth their
weight in gold. The decline in populations of species such as
the snowy egret (Egretta thula) was recognized before it was
too late and became a cause that led to the Audubon move-
ment in North America and a new era of conservation activ-
ity around the world.

Birds as religious symbols

In most cultures, birds have always played major roles as
symbols. A few of these include the sacred ibis (Threskiornis
aethiopicus) of Egypt symbolized the moon god, Thoth, a de-
ity of wisdom, apparently because its curved bill resembled
the crescent moon. Cranes were symbolic of Apollo, the
Greek god of the sun. The hoopoe (Upupa epops) plays a ma-
jor role in the “The Conference of the Birds” in Islamic mys-
ticism. Doves are well recognized as symbols of love and
peace, and the Holy Spirit in Judeo-Christian cultures is
often symbolized as a dove.

Birds in myths, literature, and art

The legend of the Roc brought back from Marco Polo’s
travels may well have a basis in fact in the elephant birds
(Aepyornithidae) that appear to have survived into historic
times on Madagascar. These birds were flightless, stood 11
feet tall 335 cm) and laid an egg that was large enough to
hold the contents of seven ostrich eggs—or as one author sug-
gested, 10,000 hummingbird eggs! Elephant bird eggs are still
occasionally found buried on Madagascar and have at times
been salvaged by native peoples for use as buckets. A more
profitable use has been their sale to eclectic collectors.

The causes of endangerment

Certainly the single most important cause of endanger-
ment of modern birds is habitat destruction. Deforestation
and conversion of natural habitats to landscaped, irrigated,
and fertilized areas dominated by exotic species not only re-
place native habitats, but also fragment remaining natural en-
vironments, thus limiting movement of habitat-limited birds
among populations. Exotic animals often compete with or
prey on native birds. Particularly on islands, the impacts of
exotics can be devastating. On the island of Guam, for ex-
ample, the brown tree snake was accidentally introduced in
the 1950s. Without natural controls, it has increased in abun-
dance and has decimated native forest birds. At least twelve
species of birds have disappeared from the island. For a brief
time from the 1940s into the early 1970s, organochlorine pes-
ticides were an incredibly serious threat to birds high on the
food chain such as herons, egrets, hawks, falcons, eagles, pel-
icans, and their relatives. These pesticides were entirely
human-made and had been developed to be persistent—to
stay around and continue to control insect pests without fre-
quent spraying. The developers succeeded in their efforts only
to learn that vertebrates could not break down the chemicals
and they were stored in fatty tissue, becoming more concen-
trated, “biomagnified,” with every meal.
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Studies of the accumulation of toxins in bird tissues taught
us that humans too were vulnerable to these chemicals and
birds became recognized as “environmental barometers” ca-
pable of providing us an early warning of serious environ-
mental problems. In the mid-twentieth century, we learned
that heavy metals such as lead and mercury were biomagni-
fied in living tissues. So too was another class of human-made
compounds, the polychlorinated biphenyls—known as PCBs.
PCBs had been developed for use in electrical transformers,
but are now recognized as posing serious threats to both birds
and humans.

Hope for a feathered future

By the early twenty-first century, nearly every state in the
United States had a state Ornithological Society or state
Audubon Society that published a journal including results of
original observations and research with birds. Most developed
nations of the world have at least one national ornithological
journal—some have several. In North America The Auk, The
Wilson Bulletin, The Condor, and The Fournal of Field Ornithol-
ogy are international journals focusing primarily on the results
of original research with birds. The list merely begins with
these because they encompass the whole field of ornithology.
We could continue with specialty journals such as Waterbirds,
Birding, and The Fournal of Raptor Research. In the United King-
dom, The Ibis, and in Germany, the Fournal fiir Ornithologie,
stand among the oldest of continuously published scientific
journals. In short, our knowledge and understanding of birds
is increasing at a geometric rate. This knowledge is no longer
remaining within the realm of science, but is now quickly
passed on to a growing birding public through the pages of
such popular magazines as Birder’s World, Bird Watcher’s Di-
gest, and WildBird in North America, and literally scores of
popular bird magazines published around the world.

In the first half of the twentieth century motion pictures
brought birds to audiences around the world, often through
organized programs such as the Audubon Screen Tours in
North America. Then television brought such programming
into our homes. Then satellites sent such programming
around the world. In the early twenty-first century, the In-
ternet has further revolutionized the way we disseminate
knowledge about birds. This information age has, of course,
also brought growth of human populations and accelerated
destruction of habitats. But with new understanding of birds
and their needs, and the ability for individuals around the
world to band together on behalf of troubled species, con-
servation efforts have reached new levels and provide us with
great hope. Efforts to conserve birds and their habitats and
to reduce the rate of human-induced extinction of species
grew immensely in the closing decades of the twentieth cen-
tury. These endeavors are intimately linked not only to re-
search and dissemination of information, but to the approval
and implementation of laws such as the Endangered Species
Act of 1973 in the United States. This monumental piece of
legislation has a primary focus on North America’s endan-
gered species, but ramifications that are global. In concert
with the Convention on International Trade in Endangered
Species (CITES), and endangered species laws in other coun-
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tries around the world, a framework for global protection of
the diversity of birds and other living creatures has been put
in place. The key is to keep the momentum going, but for
many species and in many areas of the world, it is a close race
with extinction.

There are many successes and signs of hope in this race.
Following the banning of many organochlorine pesticides in
the 1970s, there have been major increases in populations of
species such as the double-crested cormorant (Phalacrocorax
auritus) and other fish-eating birds whose numbers had de-
clined precipitously. It was a sad day when the last free-
living California condors (Gymnogyps californicus) were taken
into captivity in a partnership involving zoos, federal and
state agencies, and conservation organizations. It was a last
ditch effort to save the species through captive breeding, but
the effort paid off. Condor numbers grew through careful
stewardship and, though still critically endangered, the
species once again flies free. Along the way a great deal was
learned that has been applied to conservation efforts for other
species.

Other captive breeding and release programs have brought
nesting peregrine falcons back to North American cities, and
increased bald eagle (Haliaeetus leucocephalus) populations
dramatically. Combinations of captive-breeding, habitat-
restoration, nest-box, and educational programs in the early
twenty-first century are assisting many species on the brink
of extinction. In Hawaii, captive rearing of the ‘alala, or
Hawaiian crow (Corvus hawaiiensis) is underway. In Puerto
Rico the Puerto Rican parrot (Amazona vittata) teeters on the
edge of extinction, aided by captive breeding and nest boxes,
but so low in numbers that hurricanes, predators, and poach-
ers continually threaten it. In Mauritius, captive breeding and
nest boxes saved the Mauritius kestrel (Falo punctatus) from
imminent extinction, bringing a low of only six known indi-

viduals in 1974 to nearly 300 birds by 1994.

Other unique, often high-technology, tools have con-
tributed to conservation efforts at the beginning of the
twenty-first century. These include biochemical tools such as
DNA-DNA hybridization to look at relationships among
birds and examination of trace minerals in feathers to deter-
mine site of origin of individuals. Miniature transmitters and
satellite radio-tracking have been used to monitor movements
of some species. Ultralight aircraft have been used to teach
whooping cranes (Grus americana) a new migratory pathway.

The ultimate keys to conservation of biodiversity rest nei-
ther with laws and their enforcement, nor with captive breed-
ing and other costly and labor-intensive manipulations of the
creatures. All of these are good, and at times critically nec-
essary. But they are not inherently sustainable. The keys to
conservation of biodiversity are to be found in providing the
habitats needed for naturally reproducing populations and in
understanding the values of biodiversity. What does each
species contribute to that diversity? How does each interact
with its world and with us? Sound research and education
are the ultimate keys, because to know is to love—and we
protect what we love. If we know the wonders of these feath-
ered beings we share our world with, we will want to pro-
tect them.
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Avian migration and navigation

What is migration?

Ornithologists typically think of migration in terms of the
dramatic round-trip journeys undertaken by species that move
between high and low latitudes. Even in birds, however, mi-
grations of many types occur that vary in regularity of oc-
currence, duration, and distance covered. The theme that ties
the various types of migration together is that they are all
evolved adaptations to fluctuating environmental conditions
that render some areas uninhabitable during some portion of
the year.

The adaptations to fluctuating environmental conditions
that render some areas uninhabitable range from irruptive
movements to true migration. Irruptive movements involve
irregular dispersal from an unfavorable area to a more favor-
able area. In contrast, true migration characteristically in-
volves return to the place of origin when conditions improve.

Bird migration includes a broad spectrum of movements
by individuals that range from irregular eruptions of individ-
uals to the long-distance round-trip flights that we typically
think of when migration is mentioned. There are between
9,000 and 10,000 species of birds and more than half of these
migrate regularly. Billions of individual birds are involved in
these migrations. Depending upon species, the migration
might comprise a journey on foot up and down a mountain
(as in some grouse), or it might involve a flight that literally
spans the globe. Some species fly by day, others almost ex-
clusively at night; some migrate alone, others in flocks that
may reach immense size; many migrations involve a return,
often with uncanny precision, to localities previously
occupied.

In terms of sheer magnitude, the migrations of many
seabirds are the most impressive. The famous Arctic tern
(Sterna paradisea) nests as far north as open ground exists and
migrates the length of the oceans to spend the winter in
Antarctic waters, a round-trip of some 25,000 mi (40,000 km)
performed every year of the bird’s life. Some of the great al-
batrosses, such as the wandering albatross (Diomedia exulans),
circumnavigate the globe by moving west to east over the tur-
bulent oceans within the “roaring forties” latitudes south of
the tips of the southern continents. Sooty shearwaters (Puffi-
nus griseus) are extremely abundant seabirds that breed on is-
lands deep in the Southern Hemisphere, mostly around New
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Zealand and the southern tip of South America. In late spring
and throughout the northern summer, sooty shearwaters mi-
grate northward and circle the basins of the northern Pacific
and northern Atlantic Oceans. Flocks of many thousands of
individuals may be seen along the Pacific coast of North
America. By late summer they are headed back across the
ocean to their distant nesting islands, having circled the ocean
in the process.

Many shorebirds nest at high latitudes in the Arctic and
spend the winter far into the Southern Hemisphere. Their
chicks are precocial and thus require relatively little parental
care. Adult birds often depart on autumn migration before ju-
veniles, leaving the inexperienced youngsters to make their
way to the wintering grounds on their own. Typically, shore-
birds migrate in flocks, often at night, but also during the day
when crossing large ecological barriers such as oceans, gulfs,
or deserts requires extremely long flights. American golden-
plovers (Pluvialis dominica) make a non-stop flight from the
Maritime Provinces of Canada across the western Atlantic
Ocean to South America, often flying at altitudes that exceed
20,000 ft (6,000 m). In spring, the species follows a different
route northward, crossing the Caribbean and Gulf of Mexico
and then heading north through the interior of North Amer-
ica. Its western cousin, the Pacific golden-plover (P. fulva),
departs its Alaskan nesting areas and flies over the Pacific to
Hawaii and beyond, performing single flights of 25,000 mi
(7,500 km) or more.

Most waterfowl (swans, geese, and ducks) are shorter-
distance migrants, typically nesting and overwintering on the
same continent. They tend to migrate in cohesive flocks that
often contain family groups and repeatedly use traditional
stop-over locations to rest and refuel. Often flying both day
and night, migrating waterfowl are strongly influenced by
weather conditions. When the conditions are right, they can
cover many hundreds of miles in a single, high-altitude flight.

Soaring birds can take advantage of a free energy-subsidy
from the atmosphere. Warming of the earth’s surface induces
columns of rising warmer air (thermals). Hawks, eagles, vul-
tures, storks, and cranes use this atmospheric structure by
finding a thermal and then circling within the column of ris-
ing air, gaining altitude with almost no expenditure of energy.
Once a substantial altitude has been reached, the birds glide
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South
America

Migration route of the blackpoll warbler (Dendroica striata). (lllustra-
tion by Emily Damstra)

off, covering ground as their path slowly descends. After cov-
ering a considerable distance, often without the need to flap
their wings, the birds need to locate another thermal and re-
peat the process. Under the right weather conditions, large
distances over the ground can be covered with very little en-
ergetic cost. Because thermals are present only during the
warmer portions of the day, soaring migrants are almost ex-
clusively diurnal and selective in terms of the weather condi-
tions under which they migrate.

Some common landbirds (including the passerines) mi-
grate during daylight hours. These include swifts, some
woodpeckers, swallows, some New World flycatchers, jays,
crows, bluebirds, American robin (Turdus migratorius), New
World blackbirds, European starling (Sturnus vulgaris), larks,
pipits, some buntings, cardueline finches, and others. Most
songbirds, however, migrate almost exclusively at night.
Nocturnal migrants include many thrushes, flycatchers,
sylviid and parulid warblers, vireos, orioles, tanagers, and
many buntings and New World sparrows. Night migrants
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typically fly alone or in only very loosely organized flocks
and because of their lesser powers of flight, most make
shorter individual flights and overall migrations than larger,
stronger fliers. A typical night migration under good flying
conditions might encompass 200 mi (320 km) and be fol-
lowed by two or three days on the ground during which the
birds rest, feed, and deposit fat supplies that will fuel the next
leg of the migration. Some small songbirds regularly cross
the Gulf of Mexico and the Mediterranean Sea-Sahara
Desert. Such flights, initiated at dusk, often require more
than the night to complete, thus the birds continue to fly
into the following day until a suitable landing place is
reached. If bad weather is encountered, especially over wa-
ter, many birds may become exhausted and perish.

The blackpoll warbler (Dendroica striata) of North Amer-
ica is exceptional. Weighing about 0.4 oz (11 g) at the end of
its breeding season, blackpolls may accumulate enough sub-
cutaneous fat in autumn to increase its body weight to ap-
proximately 0.7 oz (21 g) before departing from northeastern
North America on a non-stop flight over the western Atlantic
Ocean. The trip takes from three to four days to complete,
and with an in-flight fat consumption rate of 0.6% of its body
weight per hour, the blackpoll has enough added fuel for ap-
proximately 90 hours of flight. There is essentially no place
to stop enroute and most individuals overfly the Antilles and
make first landfall on the continent of South America. Their
autumn journey is surely among the greatest feats of en-
durance in the bird world.

Why migrate?

Despite the obvious diversity in migration strategies
among birds, they all represent adaptations to variability in
resources and the predictability of that variability. These two
variables determine to a large extent what kind of migratory
behavior will evolve. Resources are the necessities of life: food,
water, shelter, etc. Many animals respond to the seasonal dis-
appearance of some essential resource by entering an inactive
or dormant state (e.g., hibernation). Most birds, however,
preadapted by the ability to fly long distances, have responded
to variable resources by moving to more hospitable areas.

The more variable the resources on which a bird depends,
the stronger will be the selection pressure favoring the evo-
lution of migration. Another important consideration is the
predictability with which the resources fluctuate. There is no
option for an insectivorous bird such as the blackpoll warbler
to spend the winter in its breeding range. Selection favoring
obligatory migratory behavior will be strong because any in-
dividual that fails to migrate will not survive the winter. In
more temperate areas, differences in the severity of winter
from year to year might make it possible for a bird to over-
winter in some years, but not in others. Selection in these less
predictable environments should favor the evolution of more
flexible strategies such as partial migration in which some in-
dividuals of a population migrate whereas others remain year
round in the breeding area. Some fluctuations in resources do
not always follow regular seasonal changes in climate. The
coniferous seeds and buds eaten by various cardueline finches,
such as crossbills, fluctuate not only seasonally, but also from
year to year and region to region. These fluctuations may be
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Arctic Tern

Avian migration and navigation

Sooty Shearwater

Wandering Albatross

Migration routes of the arctic tern (Sterna paradisaea), sooty shearwater (Puffinus griseus), and the wandering albatross (Diomedea exulans).

(HNlustration by Emily Damstra)

quite unpredictable, so migration in these species must be fac-
ultative, responding directly to local conditions. These move-
ments are termed irruptive because large numbers of birds
emigrate from the boreal forests in some years, but remain
there in others. Nomadism implies that individuals are per-
petually on the move. It is not clear that any bird species are
truly nomadic, although birds of the desert interior of Aus-
tralia are often cited as examples.

Origin and evolution of migration

Seasonal migration is found on all the continents and
among species as diverse as penguins, owls, parrots, and
hummingbirds. Evidence of the first origins of migration are
probably lost forever, but recent phylogenetic reconstructions
suggest that migratory behavior has appeared and disappeared
repeatedly in avian lineages. Its first appearance may well have
coincided with the acquisition of efficient long-distance flight
capability. Although present patterns of migration may have
been influenced by global climatic events such as glaciation,
migration on a large scale probably predated these events.
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There is considerable evidence that migratory behavior can
appear and disappear quite rapidly in populations. House
finches (Carpodacus mexicanus) introduced into the more sea-
sonal climate of the northeastern United States from a seden-
tary population in southern California have evolved full-scale
partial migration in fewer than 50 years. Experiments with a
sylviid warbler, the blackcap (Sylvia atricapilla), have demon-
strated strong genetic control over several aspects of migra-
tory behavior. The blackcap is widespread in western Europe
from Scandinavia south to areas around the Mediterranean,
and island populations live on the Canary and Cape Verde Is-
lands. This single species exhibits a wide range of migratory
behavior from obligate long distance migrants in the north to
non-migratory populations on the Cape Verdes. Cross-
breeding of Canary Island birds with northern obligate mi-
grants produced individuals that showed almost exactly in-
termediate levels of migratory activity in captivity. This
activity, known as Zugunrube or migratory restlessness, is ex-
hibited twice a year in captive migratory birds. It is charac-
terized by a daily rhythm in which these birds rest for a short
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During daylight, birds can tell direction as the sun moves through the
sky from east to west. (lllustration by Emily Damstra)

period in the evening and then awaken and flutter vigorously
on their perches throughout much of the night.

Control of the annual cycle

Migratory behavior is an integral part of the annual cycle
of those species that are obligate migrants. Like other events
that occur during each year of a bird’s life (e.g., molt, breed-
ing), migration is under the control of an endogenous clock
called a circannual rhythm, a clock that runs with a periodic-
ity of approximately one year. In birds held under constant
environmental conditions (constant temperature, constant
dim light), the events of the annual cycle, including migra-
tory behavior, continue to recur in the proper sequence for
years. Thus, although migration in the real world is certainly
influenced by ambient environmental conditions (climate,
weather, food supply, changes in photoperiod), the underly-
ing stimulus comes from within. In nature, circannual
rhythms are synchronized with the real world changes in sea-
sons through the associated systematic changes in day-length
(photoperiod).

Energetics of migration

Birds are remarkably adapted to flight by virtue of a
lung and air-sac system that permits maximal oxygen up-
take, hollow bones and other weight-reduction adaptations,
and extraordinarily efficient hemoglobin. Nonetheless, long
migratory flights are extremely strenuous and energy-
demanding. Gram for gram, fat is the most calorie-rich sub-
stance that animals can sequester in their bodies. It provides
about twice the calories per gram as a carbohydrate or pro-
tein, and oxidation of fat is a more efficient metabolic process.
Fat deposition prior to migration results from changes in diet,
increases in food intake, and changes in metabolism. Migra-
tory fat is deposited throughout a bird’s body, including
within internal organs such as the heart and liver, but most
is laid down in subcutaneous “fat bodies.” The amount of fat
deposited varies greatly among migratory species. Long-
distance migrants and those that must cross large ecological
barriers (e.g., the blackpoll warbler) deposit larger amounts
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of fat prior to initiating flight. Typical nonmigratory birds
carry 3-5% of fat-free mass as fat; in passerine migrants this
figure may reach 60-100% at the beginning of a long flight.

Once in flight, the migrant’s fat deposits are depleted. Fuel
stores must be replenished during a migratory stop-over be-
fore the bird will be able to execute another flight segment.
The rate of fuel recovery will depend upon the quality of the
habitat in which the bird lands and lays over. Typically, song-
birds are able to deposit fat at rates of 2-3% per day and un-
der optimal conditions the rate may reach 10% of fat-free
body mass. Given the obvious importance of stored fat to the
success of a continuing migration, finding stop-over habitat
in which fuel supplies can be quickly replenished is critical to
a migrant’s success.

Altitude of migration and flight speed

Most bird migration proceeds at rather low altitudes, as
has been revealed by radar studies. Larger, faster-flying
species such as shorebirds and waterfowl tend to fly at the
highest altitudes. It is usual to find them up to 15,000 ft (4,500
m) or higher when migrating over land. Shorebirds on a trans-
oceanic flight have been detected passing over Puerto Rico at
23,000 ft (7,000 m). Bar-headed geese (Anser indicus), regu-
larly migrate over the tops of the highest Himalayas. Song-
birds migrate at substantially lower altitudes. At night, most
typically fly below 2,000 ft (600 m) and nearly all will be be-
low 6,500 ft (2,000 m).

The speed at which a migrating bird makes progress over
the ground depends upon how fast it flies (its air speed) and
the wind direction and speed where it is flying. Most passer-
ine migrants fly at relatively slow air speeds of 20-30 mph
(32-48 km/hr). Flying in a tail wind could easily double their
speed over the ground; likewise a head wind could substan-
tially retard progress and a cross-wind could cause the bird
to drift from its preferred heading direction. Waterfowl and
shorebirds fly faster, with air speeds in the 30-50 mph (48-80
km/hr) range. Given the potential influence of winds on the
progress and success of migration, it is not surprising that mi-
grating birds show quite refined selectivity in terms of the
weather conditions under which they initiate flight.

Orientation and navigation

One of the most remarkable things about birds, and mi-
grating birds in particular, is their ability to return to specific
spots on the earth with amazing precision. This phenomenon
is termed homing. Many different kinds of animals exhibit
homing ability, but the behavior reaches its pinnacle in birds
where the scale of homing flights may reach thousands of
miles in a long-distance migrant. Not all migratory species
show strong fidelity to previously occupied places, but many
do, returning year after year to exactly the same place to nest
and to exactly the same place to spend the winter. How they
are able to navigate with such precision over great distances
is a question that we still cannot answer completely.

Many young birds on their first migration travel alone,
without the potential aid of more experienced parents or other
older birds. Having never been to the winter range of their
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population before, they are not navigating toward a precise
locality, but rather toward the general region in which their
relatives spend the winter. But, how do they know in which
direction the wintering place lies and how far it is from their
birthplace? At least some of this information is genetically
coded and controlled by the endogenous circannual rhythms
discussed above. This migratory program provides the young
bird with information about the direction it should fly on its
first migration. This can be demonstrated readily by captive
nocturnal migrants during the seasons of migration when the
birds become restless and active at night. Displaying a be-
havior known as Zugunrube, birds placed in a circular orien-
tation cage will exhibit hopping that indicates the direction
in which they would migrate if free-flying. Cross-breeding
experiments with European blackcaps from populations with
quite different migration directions have shown that the bear-
ing taken up by inexperienced first-time migrants is strongly
heritable and controlled by a small number of genes. Some
species have complicated migration routes involving large
changes in direction. The garden warbler (Sylvia borin) and
blackcap are examples that have been studied. Western Eu-
ropean populations initially migrate southwestward toward
the Iberian Peninsula and then change direction to a more
southward heading that takes them into Africa. Hand-raised
warblers kept in Germany for the entire season and tested re-
peatedly in orientation cages showed this change in direction
at approximately the right time during the migration season.

It is less clear how the distance of the first migration might
be coded. It is known that the amount and duration of mi-
gratory restlessness exhibited by different species and popu-
lations is correlated with the distances that they migrate and
the lengths of their migration seasons, suggesting that some
component of the endogenous time-based program also con-
trols the distance migrated. However, migrants are often
stopped and held up by bad weather and it is not clear how
the endogenous program might adjust for these changes.

Once having bred or spent the winter in a specific place,
many birds will show strong site fidelity to those places. To
home to a specific site requires more than a simple direction
and distance program. The animal must be able to navigate
to a particular goal, compensating for errors made along the
way or for departures from course caused by wind. This has
been demonstrated with individuals of many species that have
homed after being artificially transported to places where they
have never been before. In the case of various seabirds, hom-
ing distances were thousands of miles. Animals employ a va-
riety of different mechanisms in order to home. For short
distances, a number of relatively simple strategies will work:
laying down a trail that is retraced; maintaining sensory con-
tact with the goal by sight, sound, or smell; inertial naviga-
tion; referring to learned landmarks; or even random or
systematic search. But for the very large distances involved in
some cases of goal navigation in birds, including long-distance
homing by pigeons, some other explanation is required. The
best evidence suggests that birds employ a navigational mech-
anism based on possessing an extensive map that provides the
individual with information about its spatial location relative
to its goal (home), and a compass that is used to identify the
course direction indicated by the map. Obviously, neither
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Birds tell direction at night by using the stars as a guide. (lllustration
by Emily Damstra)

component will work by itself. A compass will be useless with-
out information about the direction toward home from the
map. Likewise, the map, telling the bird that home lies to the
north of its present location, will also be ineffective in the ab-
sence of a compass to indicate the direction “north.”

Homing pigeons, and probably other birds as well, employ
a number of strategies when attempting to return to a spe-
cific goal. There is good evidence that they use information
perceived during the displacement journey to the release site
to determine the direction of displacement (route-based nav-
igation). They probably also use familiar landmarks when nav-
igating close to home. These means will be of limited
effectiveness at great distances, yet even when released at un-
familiar sites hundreds of miles from their home loft, pigeons
with some homing experience return directly and rapidly.
Therefore, whereas pigeons may make use of various strate-
gies when homing, it appears that a map based solely on stim-
uli perceived at a distant and unfamiliar location are sufficient
to provide the requisite homing information.

During the last half of the twentieth century, a great deal
of experimental effort was devoted to discovering the phys-
ical basis of the compass and map employed in homing nav-
igation by birds. Interestingly, compasses have been studied
primarily in migratory birds, especially those species that
migrate at night, whereas the map component of navigation
has been studied almost exclusively in nonmigratory hom-
ing pigeons.

Bird compasses

A compass is involved not only in map and compass navi-
gation such as occurs when a homing pigeon is taken away
from its loft; it is also a fundamental component of orienta-
tion by migrating birds. Two main experimental approaches
have been used to study bird compasses. First, various manip-
ulations have been performed on homing pigeons and their
effects monitored by observing the initial flight direction taken
by pigeons when they were released at distant sites. Second,
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orientation in migratory birds has been studied by observing
captive birds in a migratory condition. These birds will hop
and flutter in the intended migratory direction when placed
in a circular orientation cage (a behavior known as Zugunrube).
The studies on pigeons and captive migrants revealed that
birds possess several different compass capabilities.

Magnetic compass

The ability to detect the earth’s magnetic field is wide-
spread among animals and microbes. The magnetic compass
in birds has been demonstrated by predictably altering the
migratory orientation of birds through manipulating the mag-
netic field within their cages, and by altering the initial hom-
ing bearings of pigeons by changing the magnetic field around
a bird’s head with miniature magnetic coils. By independently
manipulating the horizontal and vertical components of an
earth-strength magnetic field, it has been shown that the mag-
netic compass of birds is not based on the polarity of the field
as is our technical compass. Rather, the bird compass relies
on the inclination or dip angle of magnetic field lines to de-
termine the direction toward the pole or toward the equator.
Within both the Northern and Southern Hemispheres, mag-
netic lines of force dip downward toward the poles, so the
same magnetic compass mechanism is effective for species liv-
ing within either hemisphere. Birds that cross the magnetic
equator will face a problem and in two species of trans-
equatorial migrants it has been shown that the birds’ direc-
tional response, with respect to magnetic inclination, reverses
after they experience a period in a magnetic field without in-
clination, simulating an equatorial field.

A magnetic orientation capability develops spontaneously
in young birds. The mechanism by which birds perceive the
magnetic field remains uncertain. There is experimental evi-
dence to support a receptor based on tiny particles of mag-
netite located in the anterior region of the head and evidence
suggesting that photoreceptive pigments in the eye provide
the sensor.

Sun compass

The sun compass is found in many animals. To use the
sun as a compass, of course, one must take time of day into
account. Animals accomplish this because the sun compass is
linked to the internal circadian clock possessed by all animals.
With this time-compensation mechanism in place, a bird can
orient in a given compass direction at any time of day. The
link between the circadian clock and sun-compass orientation
can be demonstrated by changing the bird’s internal clock by
confining it in a room with a light:dark cycle that differs by
several hours from that outside. If this is done with a hom-
ing pigeon that is then released on a sunny day, it will make
a predictable error in identifying the direction in which to fly.
It will take the time indicated by its internal clock to be cor-
rect and thus misinterpret the direction of the sun. With this
sort of experiment it can be shown, for example, that a pi-
geon will mistake a midday sun, high in the sky, for a rising
or setting sun that would be near the horizon. This is because
only the azimuth direction of the sun is used in sun compass
orientation; the sun’s elevation is ignored. Birds apparently
have to learn the sun’s path across the sky and that path varies
considerably with latitude and with season. Once the path is
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learned, compass directions must be assigned to it, i.e., the
pigeon must learn that the sun rises in the east, etc. There is
evidence that the magnetic compass provides the compass di-
rections that are then associated with the azimuths of the sun’s
path. The sun compass is the primary compass employed by
homing pigeons to identify the direction that its map indi-
cates is homeward. Its role in migratory birds is less clear, but
it may be important for species that migrate at very high lat-
itudes in the Arctic where daylight is nearly continuous and
magnetic directions often unreliable.

Star-pattern compass

Night-migrating birds are the only animals known to use
the stars as a compass. Once learned, orientation is based on
the fixed spatial relationships among stars and groups of stars:
birds can orient even under the fixed sky of a planetarium.
Young birds learn the relationships among star patterns by
observing the rotation of the night sky that results from the
earth’s rotation on its axis. In this way they are able to local-
ize the center of rotation (Polaris) and thus true north. The
innate migratory direction is coded with respect to stellar ro-
tation in young birds.

Polarized-light compass

Most nocturnal migrants initiate flights shortly after sun-
set and diurnal migrants often take flight around sunrise. At
these times of day, patterns of polarized skylight, resulting
from the sun’s light passing through the earth’s atmosphere
are very conspicuous across the vault of the sky. Because it is
sunlight that is being polarized, the patterns of polarized light
in the sky change in parallel with the movement of the sun
and rotate around the celestial pole similar to stars at night.
Thus observation of celestial rotation via polarized light in
the sky can also reveal true north. Experiments with migrants
in orientation cages in which polarized light has been ma-
nipulated and skylight polarization patterns have been elimi-
nated show that the birds employ a polarized light compass.

Multiple compasses and interactions

It is impossible to know why evolution has endowed birds
with so many compasses, but presumably it is advantageous
to have back-up systems available when navigational problems
such as overcast skies or magnetic anomalies are encountered
enroute. The compasses appear to be related to one another
hierarchically. In homing pigeons, for example, the sun com-
pass is used preferentially whenever the sun is visible; the mag-
netic compass seems to provide an overcast sky back-up. In
adult migrants, the relationship among compasses is some-
what less clear and there may be differences among species.
Based on the information available as of 2001, the magnetic
compass appears to be central to migratory orientation, pro-
viding the primary directional information. When an imme-
diate choice of direction needs to be made, visual compasses
may be used, but ultimately the birds seem to rely on their
magnetic compass.

In many areas, especially at high latitudes, magnetic and
geographic compass directions may differ substantially (mag-
netic declination). In these situations, the true or geographic
compass directions will be the more reliable indicators of the
directions that birds need to travel. During the development
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of compass capabilities in young songbirds, true compass di-
rections identified by observing celestial rotation of stars at
night and skylight polarization patterns during the day are
used to calibrate the preferred magnetic migratory direction.
In this way, the visual and non-visual compasses are brought
into conformity.

Navigational maps

The search for the physical basis of the navigational map
sense has been one of the more controversial issues in the
study of animal behavior. There are currently two hypothe-
ses to explain the map sense of birds. They may not be mu-
tually exclusive and as is the case with the compass, birds
may have more than one map to consult when faced with a
navigational problem. Experimental studies of the naviga-
tional map have been confined almost exclusively to hom-
ing pigeons.

The olfactory map hypothesis is based almost entirely on
work done with homing pigeons. It states that pigeons learn
an odor map of the region by associating different odors with
the different directions from which winds carry them past the
loft. A large body of experimental evidence involving both
manipulations of the pigeon’s olfactory system and manipu-
lations of the odor environment supports the odor map. Ex-
perienced pigeons seem to be able to use an odor-based map
over surprisingly large distances (up to 250 mi [400 km]). How
odorous substances could provide reliable spatial information
while being transported in an often turbulent atmosphere has
been a contentious issue. Very recently, analysis of trace gases
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in the atmosphere has shown that spatially stable patterns of
odorants sufficient to account for the known levels of preci-
sion exhibited by homing pigeons do exist, although the odors
actually used by the pigeons remain unknown.

The other hypothesis is that birds might use the earth’s
magnetic field as a map. Components of the magnetic field
vary systematically over the earth, particularly as a function
of latitude. There is good evidence that homing pigeons can
detect very small differences in magnetic fields that would be
required to use the information as a map (a much more chal-
lenging task than using the magnetic field as a compass). The
best evidence supporting the idea of a magnetic map is indi-
rect. Homing pigeons are often disoriented when released at
magnetic anomalies—places where the earth’s field is dis-
turbed, usually as a result of large iron deposits underground.
The effect occurs only when the pigeons are forced to make
their navigational decisions right at the anomaly: if released
outside the anomaly, they are not disturbed by flying across
it on the way home. That the pigeons are disturbed even un-
der sunny skies when their sun compass is readily available
further suggests that the magnetic anomalies are somehow af-
fecting the map step of navigation rather than the compass.

We know that migratory birds exhibit striking site accu-
racy and therefore must possess sophisticated homing abili-
ties. However, very little is known about navigational maps
in these species. Although many migrants return with preci-
sion to previously occupied places, we do not know whether
they are really goal-orienting throughout the migratory jour-
ney or only when they get closer to the destination.
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Avian song

Introduction

Many people have been captivated by the soaring melodies
of a singing bird, or have been amazed by the diversity of
sounds and the sheer noisiness of a dawn chorus in the rain-
forest. Keen birdwatchers soon realize that listening more
closely leads to an appreciation not only of the aesthetic
beauty of song, but also of differences between songs: the
whistles, warbles, trills, chirrups, squeaks, and buzzes that dis-
tinguish species. Following a single bird reveals even more; it
may sing different songs when it interacts with its mate com-
pared to to those it uses when it interacts with a neighbor, or
give shrieking alarm calls when danger threatens. Detailed
scientific studies of bird song have revealed the intricate com-
plexity of communication in birds, and contributed to diverse
fields such as ethology (study of animal behavior), neurobiol-
ogy, evolutionary biology, and bioacoustics (study of sound
and living systems).

There is tremendous variation in the sounds that birds pro-
duce. Some species produce non-vocal sounds in addition to
vocalizations. Woodpeckers use their bills to drum loudly and
rhythmically on tree trunks. Snipes have modified tail feath-
ers that vibrate to produce a bleating sound as the bird plum-
mets downward. The oscines, or songbirds, which comprise
nearly half of all the species of birds in the world, are known
for their well-developed singing abilities. Songs vary consid-
erably, not only between species, but also at a finer level be-
tween different populations of the same species, between
different individuals in the same population, and even within
a single individual that sings a repertoire of different song
types. Songs are sometimes distinguished from calls, a differ-
ence that is obvious in some species but not in others. Gen-
erally, calls are short, simple, stereotyped, and innate, while
songs are longer, more complex and varied, and have to be
learned. However, in some species, calls are also learned; two
non-oscine groups, the parrots and hummingbirds, learn their
vocalizations.

Bird species vary in who does the singing. In some species,
only male birds sing. This is the case in many of the long-
studied birds of the north temperate regions like Europe and
North America, but it is not true of many tropical and south
temperate species where it is quite common for females to
sing as well. In some of the species where both sexes sing,
breeding partners may coordinate their songs to produce
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duets that can be so precisely coordinated that it sounds as if
only one bird is singing. Duetting is particularly common
among the Thryothorus wrens of South America and the
shrikes of Africa. Differences in the singing behavior of males
and females are reflected in their brain structure. In species
where only males sing, the song control regions in the brain
are much larger in males than females, but in duetting species,
females also have well-developed song control regions.

There are some patterns in when and where birds sing that
are common to many species, and that hint at the function of
song. Many species have what is known as a dawn chorus,
where they start the day with high song rates, and some also
have a smaller chorus at dusk. As well as this daily variation
in song rates, there are also seasonal fluctuations. Spring is
heralded in many parts of the world by a profusion of bird-
song. This peak in song rates coincides with the time that
many birds are establishing territories and finding mates, sug-
gesting that song has a role in these activities. Birds often sing
from a song post, where they have a clear view and may be
near the border of their territory. When one bird sings, its
neighbor often sings immediately afterwards, also suggesting
that song is used in maintaining territory boundaries.

Methods of studying bird song

Looking and listening

Much can be learned about bird song using nothing more
than a keen pair of eyes and ears, and a notebook. Many dif-
ferent vocalizations can be distinguished from one another by
careful listening, though specialized sound analysis equipment
may be necessary to detect some of the more subtle variation
in form. Counting the number of songs given in different con-
texts allows variation in song rates associated with time of day,
season, and stage of the breeding season to be identified. Ob-
serving the social context of singing can indicate whether song
is directed at a partner, a neighbor, or an intruder, and what
kind of response it elicits.

Recording song

Tape recorders and microphones are used to record bird-
song so that it can be analyzed or used for playback in more
detailed studies. Anyone can record the songs of a bird,
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Marsh wren (Cistothorus palustris) singing in Alpena County, Michi-
gan. (Photo by Rod Planck. Photo Researchers, Inc. Reproduced by
permission.)

though getting a high quality recording can be challenging.
Getting as close as possible to the bird without disturbing it
is a good start. It is also important to choose a time when
song rates are high and there is little other noise around; dawn
is often best. Parabolic reflectors or highly directional mi-
crophones focused on the singing bird help to reduce
background noise. Advanced recording techniques such as
microphone arrays involve recording the songs of several birds
simultaneously onto a series of microphones, and using
differences in the time it takes a sound to reach each micro-
phone to map the position and movements of the birds as they
interact.

Analyzing song

Analyzing birdsong requires an understanding of some of
the properties of sound. Sound consists of alternating waves
of high and low pressure generated by a vibrating object,
and the length of one complete cycle of high and low pres-
sure is known as the wavelength of a sound. The number of
cycles reaching an observation point per second depends on
the wavelength and is called the frequency, measured in
hertz (Hz). Frequency differences are heard as differences
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in pitch; for example, middle C has a frequency of 261 cy-
cles per second while the C an octave higher has a frequency
of 783 Hz. The amplitude, or intensity, of the pressure in
the sound waves determines how loud the sound is. Geor-
gia State University’s Hyperphysics Web site (<hyperphysics
.phy-astr.gsu.edu/hbase/hframe.html>) has more about the
properties of sound.

For sound analysis, sound spectrograph machines and
sound analysis computer software measure the physical prop-
erties of sound and convert them into pictures. These images
allow different song types to be categorized by visual inspec-
tion of patterns, or by measuring particular features of the
song such as length, frequency range, or maximum amplitude.
Sonograms are images that show changes in frequency over
time, while “waveforms” graph amplitude against time. Look-
ing at a sonogram can give an idea of what a song sounds like,
remembering that the vertical axis shows the pitch of the
sound. A whistle at a single pitch appears as a horizontal line
on a sonogram, while a descending whistle appears as a de-
scending line. A very short sound spanning a wide frequency
range appears as a vertical line, and sounds like a click, while
buzzing sounds consist of a series of these clicks given in rapid
succession.

Experimenting

Experiments are an important component of the scientific
study of birdsong. One of the techniques used most com-
monly is playback, in which recorded songs are broadcast
through a speaker and the response of birds to the song is
monitored. Playback experiments allow responses to the song
itself to be measured without any influence of other effects,
like the behavior of the singing bird. Many birds respond
dramatically to playback, flying toward the speaker and
singing as if there were an intruder. Differences in the in-
tensity of response to different playback suggest different
levels of threat. The closer the speaker is to the center of
their territory, the more aggressive the response. Even on
the territory boundary, if an unfamiliar song is broadcast, it
will elicit a more aggressive response than songs of a famil-
iar neighbor. Also, if a neighbor’s songs are not played from
the appropriate territory boundary but from the opposite
boundary, then they too will elicit a more aggressive re-
sponse. Playback experiments have thus been used to show
that birds can recognize different neighbors solely on the ba-
sis of their songs.

Innovative technology allows more advanced, interactive
playback experiments to be conducted. Experimenters link a
computer to the speaker and choose which songs to broad-
cast, depending on the behavior of the bird being tested. For
example, the experimenter might choose to play a song that
is the same length or the same type as the song the bird it-
self has just sung, to see how that influences its response.

The approach

Niko Tinbergen, a pioneer in the study of animal behav-
ior, highlighted four approaches to answering questions about
animal behavior. First, there are causal factors that can be
studied, including both internal mechanisms and external fac-
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tors such as the environment. Second, there is the develop-
mental perspective, for example how birds learn to sing and
who they learn from. Third, the survival value, or function,
of a behavior can be studied, such as the role of birdsong in
territorial defense and mate attraction. Fourth, the evolution
of the behavior over time can be investigated.

Causes and mechanisms

Song production

Birds sing using an organ called the syrinx, which operates
in much the same way as the mammalian larynx. Both are as-
sociated with the windpipe, or trachea; the larynx is at the top
of the trachea, while the syrinx is at the bottom where it splits
into two bronchi before entering the lungs. When they sing,
birds push thin tympaniform membranes into the flow of air
passing through the syrinx, causing the membranes to vibrate
and generate sound waves. Because of the location of the syr-
inx at the junction of the bronchi, birds have two voices and
can produce two harmonically unrelated sounds at once.
Suthers implanted tiny devices for measuring air oscillations
in each side of the syrinx to show that gray catbirds (Dumze-
tella carolinensis) and brown thrashers (Toxostorma rufum) use
both sides of the syrinx in producing their songs, while some
birds, like the canary (Serinus canaria), use predominantly one
side or the other.

Sounds generated in the syrinx are modified as they pass
through the trachea and bill higher up in the vocal tract. The
vocal tract selectively filters overtones produced by the syrinx,
emphasizing some frequencies and filtering out others. Now-
icki found that birds in helium-enriched air, which is less
dense and allows sound to travel faster, produce songs with
more harmonic overtones. So, like humans, higher pitched
components of the sound that are normally filtered out by the
vocal tract become audible in helium. Postural changes also
affect song. When birds sing, they move their bills, puff out
their throats, and stretch their necks, modifying the effective
length of the trachea and influencing the resonance proper-
ties of their vocal tract and the frequencies of the sounds they
produce. Trumpet manucodes (Manucodia keraudrenii) have
greatly elongated trachea coiled in their breasts that give res-
onance to their loud, deep, trumpet-like vocalizations.

The production of diverse and complex sounds by the
syrinx is achieved by an integrated system involving muscles,
nerves, and hormones. The muscles of the syrinx control the
tympaniform membranes to finely modify the physical prop-
erties of the sound. Syringeal muscles, in turn, are controlled
by nerve impulses from specialized areas of the brain includ-
ing the higher vocal center (HVC). Individual nerve cells in
these areas are specialized and active only when particular
songs are sung. Seasonal changes in song production are as-
sociated with seasonal changes in the size of the HVC, and
also with changes in testosterone levels. Implanting males
with testosterone in the nonbreeding season causes them to
sing more, and females in species that do not normally sing
can be induced to sing by injections of testosterone. The re-
lationship between birdsong and hormones goes both ways;
as well as hormones inducing song, hearing the song of male
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birds causes hormonal changes in females that induce them
to start building nests.

Transmission of birdsong

The farther away the singer is, the fainter its song sounds.
This attenuation (weakening) of sound is partly just because
of a physical principle, the inverse square law. This states that
sound radiates out in all directions from a source, so doubling
the distance from the source causes a four-fold decrease in
sound intensity, while trebling the distance decreases inten-
sity nine-fold, and so on. The air itself also absorbs sound,
thus windy, hot, or humid weather conditions cause sound to
be attenuated more rapidly. Obstacles in the environment,
such as vegetation, reflect and scatter sound waves, causing
further attenuation. This attenuation by air and obstacles in
the environment is frequency dependent; longer wavelengths
do not attenuate as quickly, so lower frequency sounds travel
farther than high frequency sounds. As well as becoming at-
tenuated as it passes through the environment, sound is also
degraded and the different elements of a song start to blur as
sound is reflected off the ground, canopy, and tree trunks.
Songs that have rapidly changing amplitudes or frequencies
are especially susceptible to this degradation, known as re-
verberation.

These various constraints on sound transmission affect
how, when, and where birds sing. Birds seem to have songs
that are structured to transmit most effectively in their envi-
ronment; for example, forest-dwelling birds have songs with
acoustic properties that minimize the effects of reverberation
due to vegetation. Song structure is also related to function,
so species with larger territories have territorial songs that are
louder and will travel farther. Many birds do a lot of their
singing from special song posts in their territories, choosing
a perch well above the ground with not much vegetation
around, so that interference from these obstacles is minimized
and the song will carry farther. Birds tend to sing less on
windy days when their songs are less likely to be heard. They
also avoid singing at the same time as other birds, and inter-
actions between neighboring birds often take the form of
countersinging where the song of one bird is followed almost
immediately by a song from its neighbor, and then the first
bird may sing again as soon as its neighbor finishes. In some
species, overlapping a neighbor’s song is a sign of aggression
that can escalate into conflict.

Hearing songs

Bird ears are not very obvious because there is no outer
ear funneling sound waves into the inner ear, and feathers
cover the opening of the ear. Some birds have special feather
structures that serve a similar purpose to an outer ear; the
dish-shaped faces of owls concentrate sound waves on their
ear openings. Internally, bird ears are similar to other verte-
brates, with a thin tympanic membrane that detects sound
waves. Vibrations of the tympanic membrane are transferred
via a small bone, the columella, to the fluid-filled cochlea of
the inner ear. Movements of fluid in the cochlea stimulate
underlying hair cells that are sensitive to different sound fre-
quencies. Generally, birds are most sensitive to frequencies in
the range of 1-5 kHz, but there is variation between species
that influences the design of signals. Prey species can produce
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vocalizations that take advantage of subtle differences in the
hearing abilities of their predators, enabling them to com-
municate with members of their own species using frequen-
cies that predators are less sensitive to, and reducing the risk
of eavesdropping.

Signals from the inner ear are transferred by the nervous
system to specialized areas of the brain that extract all sorts
of information about the sound. Different frequencies acti-
vate different nerve cells so that certain song types only acti-
vate particular cells. The location of the sound is worked out
by integrating the signals from each ear; comparing differ-
ences in arrival time and intensity of sound at each ear tells
what direction it came from. Relative intensity, reverberation,
and degree of attenuation of different frequencies provide in-
formation about the distance of a sound. Barn owls (Tyto alba)
hunt in the dark, pinpointing prey by listening. A special
arrangement of their ears, with one slightly higher than the
other, and one pointing downward while the other points up-
ward, increases the detectability of the differences between
ears that the brain uses to locate the source of the sound with
extreme precision in three dimensions. Again, mechanisms of
sound perception have implications for signal design because
aspects of the structure of a song, like timing and frequency
range, influence how easily listeners can locate it. Song struc-
ture, whether its acoustic properties reveal or hide the loca-
tion of the singer, can therefore reveal something about song
function.

Learning to sing

Nature and nurture

Like human speech, birdsong in the songbirds (Oscines) is
something that has to be learned. The way in which song de-
velops is one of the most well studied processes in animal be-
havior, and illustrates the complex interactions between
nature and nurture, or instinct and learning, that are involved
in the development of behavior. Young songbirds make only
simple begging noises at first to solicit food from their par-
ents, but later they begin trying to produce adult-sounding
songs that initially are wobbly and not very precise. This “sub-
song” gradually improves with practice to become “plastic
song,” which sounds more like adult song but is still quite
variable, before crystallizing to the stereotyped adult song.

Experiments have been used to identify various compo-
nents of the normal song-learning process. Young birds raised
in isolation in captivity develop songs that are crude approx-
imations of normal adult song. Only if they hear adult song
do they develop normal adult song. Some species copy songs
heard from tapes, while others only copy songs heard from
live tutors. Some species will copy adult songs of other species,
but only if it is similar to that of their own. It seems that
young birds hatch with a genetically determined template of
song that enables them to recognize species-specific songs.
The innate template allows them to produce something re-
sembling a species-specific song even if they have never heard
one, but memorizing songs they hear refines the template and
enables them to produce normal songs. The second compo-
nent in the process of song development is lots of practice,
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known as the sensorimotor phase because it involves both
sound production and perception. Young birds deafened be-
fore they begin singing are unable to produce anything re-
sembling a normal adult song. Auditory feedback is essential
at this stage; in other words, they have to hear themselves sing
to be able to match the sounds they produce to the songs they
are copying.

When do they learn?

The timing of song learning varies considerably among
species. Some have only a very short sensitive period, and if
they do not hear adult songs during this period, they never
develop normal songs. Other species, open-ended learners,
continue learning new songs throughout their lives. Social in-
fluences are very important for facilitating learning. White-
crowned sparrows (Zonotrichia leucophrys) exposed to taped
song are sensitive only during the period from 10 to 50 days
old, and do not copy songs of other species. However, when
housed with live tutors, they learn songs after 50 days of age,
and copy songs of other species. Changes in social circum-
stances at later stages in life can also lead to learning; captive
budgerigars (Melopsittacus undulatus) moved to a new flock
modify the structure of their calls to more closely match those
of their new flock mates.

What do they learn?

Most birds copy the songs of their fathers or neighbors.
Who birds learn from depends partly on when they learn. If
they learn only after leaving the territory where they were
born, then they may learn from other males in the neigh-
borhood where they settle. Sharing song types with neigh-
bors is important for communication in song sparrows
(Melospiza melodia), and Beecher and his colleagues found that
young males learn the songs of three or four neighboring
males, selecting song types that are shared by the neighbors.
In another population, where song sharing is less important,
Hughes and her colleagues found that young birds copy parts
of songs and recombine song segments, rather than copying
whole songs.

The number of songs that each individual learns varies
considerably among species, with some learning only a single
song type, while others sing hundreds or even thousands of
different songs. The number of song types that birds can learn
seems to be related to brain space. Individuals with large
repertoire sizes have larger song-control areas in the brain.
Brenowitz argues that, rather than the size of song control
areas being determined by the number of songs learned, it is
likely that other factors such as genetic differences or early
development may cause differences in the size of song-control
areas that determine how many song types can be learned.

Some species are virtuosos when it comes to learning; they
sing not only species-specific songs, but also the songs of other
species. A survey by Baylis showed that a diverse range of
birds engage in vocal mimicry. The function of vocal mim-
icry is not well understood, and may vary between species.
Some mimicry is associated with brood parasitism, where fe-
males of one species lay their eggs in nests of another species,
the host that then provides parental care. Male indigo birds
(Vidua spp.) learn the songs of their host species. Single
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nestling cuckoos (Cuculus canorus) mimic nestling begging
calls of a whole brood of host chicks to stimulate their host
parents to feed at high rates, though this deceptive mimicry
is innate rather than learned. Many accomplished mimics are
not brood parasites. Lyrebirds (Menura novaehollandiae) sing
the songs of many different species, and even incorporate
other sounds into their repertoires. Once these sounds have
been incorporated into a repertoire, they are learned along
with species-specific songs by young birds. Male lyrebirds
have display areas where they try to attract females with spec-
tacular visual as well as vocal displays. It is possible that mim-
icry increases their repertoire sizes and makes them more
attractive to females.

Functions of song

Signaling

Song is one of the most obvious and important ways that
birds communicate with one another. Although birds also use
visual signals like bright colors and displays, acoustic signals
can often be heard from farther away than visual signals can
be seen, and can be used to either avoid or mediate closer
contact. Signals, of whatever variety, are used to convey in-
formation to others, and induce a change in behavior that
benefits the signaler. Birds use song to convey information
about themselves, such as identity or location. Birds may also
convey information about the environment, for example, by
using alarm calls to warn of approaching danger. Because song
facilitates recognition, it plays an important role in mediat-
ing social interactions, hence what is known as the dual func-
tion of song in territorial defense and mate attraction.

Recognition

The immense variation in the structure of songs allows
birds to recognize others as belonging to the same species, to
identify their sex, and even to recognize particular individu-
als, be it a neighbor, mate, or offspring. Recognition at all
these levels is vital for survival and successful reproduction.
Sound analysis and playback experiments have been used to
identify the features of song that permit recognition, and to
show that recognition occurs. For example, in some species,
males and females sing different song types, or there may be
subtle differences in male and female renditions of the same
song types. Birds respond differently to playback of their
neighbors, their mate, and unfamiliar birds, indicating that
they can distinguish between them on the basis of song alone.
Vocal recognition is particularly important for parent-
offspring recognition in species that breed in large colonies.

Defending a territory

Song is vital as a first line of defense for birds that hold
territories. Many species defend a territory during their
breeding season, and some species defend a territory through-
out the year. Song serves as a long-distance proclamation of
territory ownership, and as a threat to intruders that, if un-
heeded, may be followed up by physical aggression. The fact
that birds respond to playback by singing suggests that song
has a role in territorial defense. More direct evidence comes
from experiments where birds have been removed from their
territories and replaced by a speaker. Far fewer intruders are
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seen in territories where the speaker is playing their songs
than where the speaker is playing control songs of a different
species. Clearly, song alone, even without the physical pres-
ence of the bird, serves to deter intruders. A different type of
experiment, involving temporarily muting birds, also shows
that birds that are unable to sing are slower to establish ter-
ritories and suffer more intrusions by other birds. Most stud-
ies on song have focused on male song, but research on song
by female birds, reviewed by Langmore, indicates that their
song also has a territorial function. It seems therefore that
song is used to repel birds of the same sex.

Studies on interactions between birds occupying territo-
ries adjacent to one another have revealed some interesting
details about the way songs are used in territorial defense.
Birds save time and energy in defense by recognizing the
songs of individuals living around them. In playback experi-
ments, birds respond less aggressively to playback of their
neighbors’ songs than strangers’ songs. Nevertheless, birds
may direct song at neighbors, approaching the common
boundary and singing in reply to their neighbor’s songs, or
countersinging. Birds also use their repertoires to communi-
cate with neighbors; when individuals share song types with
neighbors, they can direct songs to specific birds by match-
ing song types. Burt and his colleagues used interactive play-
back experiments with song sparrows to show that song-type
matching (replying with the same song type) elicits a more
aggressive response than repertoire matching (replying with
a shared song type other than the one just sung), and can es-
calate conflict between neighbors.

Although birds have ways of indicating that a song is in-
tended for a particular recipient, McGregor and Dabelsteen
argue that, because sound is transmitted in all directions, com-
munication networks are set up where individuals can eaves-
drop on signals between others. By eavesdropping on
neighbors and listening to their vocal interactions with in-
truders, birds obtain an early warning if the intruder comes
their way. They may also learn something about the com-
petitive ability of the intruder by listening to how it fares in
an interaction with a neighbor whose competitive ability is
known. Females may also eavesdrop on singing interactions
between males to assess their relative competitive abilities.

Attracting a mate

Male song rates are highest in spring, suggesting that song
has a mate-attracting function. Consistent with this, males of
some species stop singing once they have a partner, and ex-
periments removing the female of a mated pair cause an in-
crease in male song rates until the female is returned. More
direct evidence that song attracts females comes from exper-
iments on birds that breed in nestboxes. Nestboxes fitted with
a trap to catch prospecting females and with speakers broad-
casting male song catch more females than nestboxes from
which no song is broadcast.

Male song can be quite elaborate, and it appears that fe-
males are not only attracted by song, but may choose between
males on the basis of the amount or variety of song they pro-
duce. Males that have the time and energy to sing at high rates
often have a good territory with a plentiful supply of food. Fe-
males also seem to prefer males with larger repertoires of song
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types. Female great reed warblers (Acrocephalus arundinaceus)
pair with males that have better territories and bigger reper-
toires. They also sometimes mate with a male other than their
social partner, and these males have larger repertoires. Has-
selquist and his colleagues found that the offspring of males
with larger repertoires of song types generally have higher sur-
vival rates, so it seems as if females are getting better quality
males when they choose males that sing more song types.

As well as attracting females, male song also stimulates fe-
males to reproduce. Kroodsma played male song to captive
female canaries, stimulating them to build nests and lay eggs.
Again, larger repertoires seem to be better, because when he
played large song repertoires to some females and small song
repertoires to others, those hearing the larger repertoires
built nests faster and laid more eggs than those hearing small
repertoires.

Evolution of song

Regional variation

Fine-scale geographic variation is most obvious in species
where each individual sings only one or two song types and
neighbors share song types. Boundaries between song types
are often sharp, creating dialect areas where males all sing the
same song. Differences between areas are less obvious in
species where each individual has large repertoires. Neverthe-
less, because birds generally learn their songs from parents or
neighbors, songs tend to differ more between populations than
within populations. Differences between populations can also
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be due partly to adaptations for sound transmission in differ-
ent environments. Social influences might also contribute to
differences between areas if individuals modify their songs to
be more similar to their neighbors because there are benefits
from sharing songs with neighbors.

Cultural change

Because there are slight changes every time birds learn
songs, the songs in a population undergo a process of cul-
tural evolution over time that is similar to genetic evolution.
Also, because copying errors occur more frequently in the
song-learning process than mutations occur in genetic evo-
lution, birdsong provides an excellent system for studying
evolutionary processes. Movement of birds between popula-
tions introduces new songs to a population and increases di-
versity within populations. Selection can act on song if
habitats limit transmission of some songs, or if females pre-
fer some songs.

Song and speciation

Because song is important in mate choice, it can be a pow-
erful isolating mechanism leading to the formation of new
species. Gradual changes in the form of songs could accu-
mulate to the point where individuals no longer recognize one
another as being from the same species, and therefore do not
reproduce. In Darwin’s finches of the Galdpagos Islands, nat-
ural selection caused changes in bill size and shape, which in
turn influenced the acoustics of song production. Podos sug-
gested that these changes in the temporal and frequency struc-
ture of songs may have caused reproductive isolation and
facilitated the rapid speciation that occurred.
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Advantages of flight

Birds have developed the power of flight to an extraordi-
nary degree that sets them apart from other vertebrates, and
they have done it with minimal loss of other forms of loco-
motion. Unlike bats, most birds can walk and run, and many
can swim and dive well enough to catch fish and squid. Mi-
grating birds fly airline distances over mountains, seas, and
deserts, and thus gain access to remote habitats such as the
arctic tundra, which are highly productive during a short sea-
son, but uninhabitable for several months of the year. On a
shorter time scale, wading birds can exploit tidal mudflats,
which are inaccessible on foot. Many food sources are acces-
sible only to flying animals, from the “aerial plankton” of fly-
ing invertebrates to the fruits of forest trees that rely on birds
and bats for dispersal of seeds. Trees, cliffs, and islands pro-
vide flying animals with nesting and roosting places where
terrestrial predators cannot reach them. Although bats are
supreme at catching insects in the dark, birds have the ad-
vantage in most other respects, thanks to a unique set of mor-
phological and physiological adaptations.

The bird body plan

All birds share the same basic body plan, with relatively mi-
nor variations, despite being adapted to a tremendous range
of habitats and lifestyles. Birds have inherited the bipedal body
plan of the Archosaur branch of the reptiles, which also in-
cludes dinosaurs, pterosaurs, and crocodiles, but they have a
number of distinctive modifications to the basic plan. The loss
of the long balancing tail of bipedal dinosaurs means that the
weight of the upper body no longer acts through the hip joint,
but far ahead of it. Bipedal standing and walking with this “un-
balanced hip” is made possible by the characteristic bird syn-
sacrum. This is an expanded and elongated pelvis that is fused
rather than articulated to the vertebrae. Postural muscles pull
downward and forward on the rear end of the synsacrum,
which acts as a lever holding the forward part of the body up.
The bird ancestor’s bipedal stance left the forelimb free to
evolve into a wing that is structurally independent of the legs.
Unlike bats and pterosaurs, in which the leg supports the in-
ner end of a wing membrane, birds have been free to evolve
the legs for perching, walking, running, and swimming, while
also being able to use them for other functions altogether, es-
pecially catching and manipulating prey.
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Birds have no diaphragm like that of mammals. Instead the
curved synsacrum and sternum form the two halves of a bel-
lows, which pumps air in and out of the body cavity. The
lungs are small and compact, with “air capillaries” through
which air is drawn into a system of air sacs beyond the lungs.
The air and blood capillaries are arranged transversely to each
other to form a “cross-current” arrangement, which is more
effective than the dead-end pouches (alveoli) of mammal lungs
for extracting oxygen from air at high altitudes.

The bird wing

The evolution of the small archosaur forelimb into a glid-
ing wing required the wing span and surface area to be greatly
increased, while retaining sufficient bending and torsional
strength to support the weight of the body, suspended from
the shoulder joints. The arm skeleton, consisting of the up-
per arm (humerus) and forearm (radius and ulna) provides the
bending strength for the inner half of the wing only. Beyond
the hand skeleton, the keratin shafts of the primary flight
feathers provide the bending strength of the hand wing. Their
bases are tightly bound by connective tissue to the reduced
and rudimentary hand skeleton, with no freedom of move-
ment in any direction. The bases of the secondary flight
feather shafts are bound to bumps on the back side of the
ulna, with some freedom to rotate downward and inward, but
not upward or outward. The surface area of the hand wing is
made up of the expanded vanes of the primary feathers, while
the secondaries make up the area of the inner part of the wing.
A leading-edge tendon with an elastic section in the middle
joins the shoulder to the wrist, and supports a small triangu-
lar membrane ahead of the elbow joint. Smaller covert feath-
ers smooth over the bases of the flight feather shafts, and seal
the gaps between them. The free ends of each row of coverts
overlap the feathers behind, in the manner of a tiled roof.

All of the aerodynamic force acting on a bird’s wing is ul-
timately collected at the humerus, which has to support bend-
ing and twisting loads, with little or no compression or
tension. The humerus shaft is a thin-walled, hollow cylinder
of large diameter, adapted to carry these loads with a mini-
mum amount of material. The central cavity is connected to
the air sac system, and filled with air. Internal struts (tra-
beculae) prevent buckling of the load-bearing bony wall.
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Bird adaptations for flight. (Illustration by Emily Damstra)

Likewise, the primary and secondary feather shafts are hol-
low, and filled with a keratin foam (parenchyma) which main-
tains the shape of the load-bearing keratin walls. The tail
feathers are structurally similar to the flight feathers, with
their bases attached to the rudimentary tail skeleton (py-
gostyle). They can be spread fanwise, forming an auxiliary
lifting surface, which has been likened to an expandable delta
wing, behind the main wing.

Comparison with pterosaurs

Both birds and pterosaurs originated in early Mesozoic
times from the ancestral archosaur stock, which also gave rise
to crocodiles and dinosaurs. They represent radically differ-
ent solutions to the mechanical problems of flight, each mod-
ifying the basic archosaur body plan in a different way,
unrelated to the other. All of the bending loads in a pterosaur’s
wing were carried by the bones of the arm and hand, ending
in one enormously elongated “wing finger” (digit 4). There
were no load-bearing keratin structures corresponding to the
flight feather shafts of birds. Even those who interpret the
parallel ridge patterns on pterosaur wing impressions as “stiff-
ening fibers” concede that these ridges were not connected
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to the wing skeleton, and therefore could not transmit bend-
ing loads to the humerus. Unlike the vanes of flight feathers,
the wing membrane had no bending strength, and had to be
stretched between two bony supports, the wing finger and the
leg. Like modern birds, later pterosaurs (pterodactyls) re-
duced the tail so that it lost its original function of balancing
the weight of the upper body about the hip joint, but unlike
birds, pterodactyls did not expand the pelvis to provide an al-
ternative balancing mechanism for bipedal standing and walk-
ing. On the ground they must have been quadrupedal,
somewhat like vampire bats, although the front “foot” was the
end of the metacarpus rather than the wrist, as in bats. As
judged by the wing span, pterosaurs ranged from sparrow-
sized forms to 20 ft (6 m) pterodactyls. These thrived through-
out the Cretaceous period, with even larger forms just at the
end. However, all of them had slender bodies and large wings,
somewhat like frigate birds. None were heavy-bodied like
ducks or auks.

Comparison with bats

Bats are mammals, unrelated to either birds or pterosaurs,
and are first known from the Eocene mammal radiation. They
have a membrane wing somewhat similar to that of pterosaurs,
but with all five digits contributing to the wing structure.
Digit 1 (the thumb) projects forward from the wrist and is
used for climbing. Digits 2 and 3 together form a stiff panel
that allows the outer part of the wing to be pulled forward,
creating tension that runs through the membrane to pull
against the legs. Digit 3 supports the wing tip, and digits 4

Greater flamingo (Phoenicopterus ruber) in flight. (Photo by Art Wolfe.
Photo Researchers, Inc. Reproduced by permission.)
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Wing comparisons of a bird (top left), pterosaur (middle right), and a bat (bottom left). (lllustration by Jonathan Higgins)

and 5 control the profile shape of the wing membrane. The
ankle joints and feet are quite similar to those of pterosaurs,
and are used to curl the posterior edge of the wing membrane
downward. There are muscles running fore-and-aft in the
membrane, which are not attached to the skeleton but are
used to flatten the profile shape of the wing. Few bat species
are active in full daylight, perhaps because the wing mem-
brane is susceptible to sunburn, or because of bats’ depen-
dence on convective cooling. Many bats make seasonal
migrations within continental areas, proceeding in many short
stages, but bats are apparently not capable of flying as high
as birds, nor of covering such long nonstop distances.
Whether pterosaurs could match the performance of birds in
these respects is unknown.
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Flight muscles and sternum

In both birds and bats, the spherical head of the humerus
articulates with the shoulder girdle, and is free to swing for-
ward, back, up, and down, and also to rotate about its own
axis, within limits set by a complicated arrangement of liga-
ments. The pectoralis or “breast” muscle of both birds and
bats does most of the work in powered flight, by pulling the
humerus downward. It inserts on the underside of a ridge that
projects forward from the base of the humerus. In birds, the
inner end of the pectoralis muscle is attached to the body
skeleton along a prominent keel, which projects from the mid-
line of the sternum (breastbone), and also along the outer edge
of the sternum where it joins the ribs. The humerus is raised
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Comparison of muscles used for flight in birds (top) and bats (bottom).
(lllustration by Jonathan Higgins)

by the supracoracoideus muscle, which is attached to the ster-
num along the base of the keel, where it is entirely surrounded
and covered by the pectoralis muscle. Its tendon runs up the
coracoid, through a channel between the bones of the shoul-
der girdle, and curves over the shoulder joint, to insert on the
top side of the humerus.

"This arrangement is found only in birds, not in bats, which
fly very well without an expanded keel on the sternum. In
their case the two pectoralis muscles pull directly against one
another, with only a small keel between them, or none at all.
This shows that the keel, which is such a prominent and char-
acteristic feature of the bird skeleton, is not a requirement for
flapping flight. In bats the humerus is raised by the deltoid
group of muscles on the dorsal side, as in other mammals and
also in reptiles.

Heat disposal in flight

The flight muscles generate a large amount of heat in flap-
ping flight, and this heat has to be disposed of in a controlled
manner to maintain the body temperature within the required
limits. Provided that the air temperature is well below the
blood temperature, most or all of the excess heat can be lost
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by convection. Birds do this by passing a copious blood flow
just below thinly insulated areas of skin that are exposed to
the air flow, especially the sides of the body and the under-
sides of the inner parts of the wings. These areas are covered
when the wings are folded, thus avoiding loss of heat when
the bird is not flying. If the air temperature is too high for
convective cooling, the bird opens its beak and flutters the
throat pouch, thereby cooling the blood by evaporating wa-
ter from the upper respiratory tract. Evaporation also takes
place from the lining of the air sacs, which penetrate many
organs, including the interior of the pectoralis muscles. The
keel of the sternum keeps these cavities open when the mus-
cles contract, and its function is probably to permit direct
evaporative cooling of the interior of the muscles.

In bats, the huge area of skin exposed to the air flow is
ready-made for convective heat disposal. The wing membrane
contains a system of blood vessels in which the flow is con-
trolled to regulate body temperature. Most bats rely mainly
or wholly on convective cooling, and only resort to evapora-
tive cooling in emergencies.

Muscle power for level flight

Because a bird’s body is much denser than air, the flight
muscles have to work continuously, accelerating air down-
ward so as to produce an upward reaction that balances the
weight. The rate at which work is required (power) to sup-
port the weight is highest when the air speed is zero (hover-
ing), and decreases at medium and high speeds. However,
additional power is required to overcome the drag of the body,
and this increases with speed. Because of their opposite trends,
these two components of power produce a characteristic U-
shaped curve when added together. There is a well-defined
“minimum power speed” at which the mechanical power re-
quired to fly is lower than at either slower or faster speeds.

Canadian geese (Branta canadensis) fly during courting. (Photo by Jack
A. Barrie. Bruce Coleman Inc. Reproduced by permission.)
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A bald eagle (Haliaeetus leucocephalus) soaring. (Photo by Joe Mc-
Donald. Bruce Coleman Inc. Reproduced by permission.)

The margin of power available over power required dwindles
as the size of the bird increases, eventually defining an upper
limit to the mass of viable birds, which appears empirically to
be in the region of 35 1b (16 kg). Modern flying birds are re-
stricted to small sizes, when compared with the much wider
size range of walking and swimming animals. Antelope-sized
birds, such as ostriches and emus, exist but are necessarily
flightless. Small birds have sufficient muscle power to fly over
a wide range of speeds, but large birds like swans have only
just enough power to fly very near the minimum power speed.
Birds heavier than any living forms might have been possible
under special circumstances in the past, for instance in a com-
bination of landscape and climate that allowed reliable soar-
ing, taking off from slopes in hang-glider fashion.

Metabolic power and aerobic capacity

Physiological experiments measure the metabolic power,
which is the rate of consumption of fuel energy, as distinct
from the mechanical power, which is the rate at which the
muscles do work. A bird’s “aerobic capacity” is the maximum
sustained metabolic power of which it is capable, and this is
determined by the capacity of the heart and lungs, not by the
muscles. Only hummingbirds have sufficient aerobic capacity
to hover continuously, although many small and medium-
sized birds can hover anaerobically for short periods. Some
very large birds such as condors have insufficient aerobic ca-
pacity for sustained level flight at any speed, and are forced
to resort to soaring for sustained flight.

Water birds

Gulls and ducks float on the surface of the water and use
their feet in a fore-and-aft rowing motion, whereas more ex-
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tremely adapted water birds such as loons and grebes have the
legs set far back, and swing them in a more lateral motion,
using the feet as hydrofoils. Auks and diving-petrels have
wings of reduced size, forcing them to fly rather fast, with
high wingbeat frequencies, but they also use their wings for
propulsion under water. The aquatic wing motion is quite
similar to flight, but at a much reduced frequency, with the
wings partly folded. Gannets, petrels, and some albatrosses
can also swim under water in this manner to a limited extent,
diving a few meters below the surface. Penguins and the great
auk (Pinguinus impennis) carried this line of evolution further,
with wings too small to fly, but optimized as hydrofoils. The
wings of penguins beat up and down (not in a rowing mo-
tion) and are convergent on the flippers of sea lions and ma-
rine turtles. Frigate birds do not swim or alight on the water
at all, although their dispersal movements show that they
spend weeks or months at a time over the open ocean, flying

day and night.

Takeoff and landing

To take off, a bird has to acquire sufficient air speed over
the wings to sustain its weight, either from forward motion,
or by flapping the wings relative to the body, or (usually) by
a combination of both. Birds up to the size of pigeons or small
ducks can jump into the air from a standing start, and accel-
erate into forward or climbing flight, but larger birds have to
run to get flying speed on a level surface. Swans use their large
webbed feet alternately in a running motion to help them ac-
celerate over a water surface, while cormorants and pelicans
more often use both feet together. Large birds taking off from
a tree or cliff drop to convert height into air speed. All birds
head into the wind when taking off from the ground or wa-
ter, as the wind then supplies part of the air speed that they
have to acquire. If the wind is strong enough, petrels and al-
batrosses simply spread their wings and levitate into the air
from the crest of a wave.

Landing into wind is obligatory, but newly fledged birds
have to learn this, and often make spectacular errors by at-
tempting to land across or down wind. In light winds, most
birds slow down when preparing to land, by increasing the
frequency and amplitude of the wing beat, tilting the wing-
beat plane until the wings are beating nearly horizontally, and
spreading and lowering the tail. Any residual downward and
forward velocity (relative to the ground) is absorbed by the
legs. Glide landings are often possible in moderate wind
strengths, even for large birds. The body and wings are tilted
up as the bird flares, with one final wing beat sweeping the
wings forward almost horizontally, just before the wings are
folded. Auks and loons land on water at rather high speeds,
lowering their bellies into the water with the feet trailing be-
hind, whereas ducks and swans swing their feet forward and
use them like water skis. Gannets often enter the water in a
shallow dive rather than alighting on the surface, while pe-
trels and albatrosses slow down while gliding, and drop gen-
tly onto the surface. Guillemots (murres) nest on cliff ledges
although they are not capable of flying slowly enough to land
safely in such places. Their landing technique involves diving
toward the cliff at high speed, then pulling up into a near-
vertical climb. If this is accurately judged, the guillemot’s
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Mallard duck (Anas platyrhynchos) in flight. (Photo by Neal & MJ Mish-
ler. Photo Reseearchers, Inc. Reproduced by permission.)

speed drops to zero just above the landing ledge, but if not,
it has to dive away from the cliff, fly out to sea, and repeat
the whole procedure.

Migration

The longest known nonstop migration is that of the
Alaskan bar-tailed godwit (Limosa lapponica), which flies from
the Alaskan Peninsula across the equator to the North Island
of New Zealand, a distance of about 6,400 mi (10,300 km).
The godwits build up fat before they depart, at the same time
reducing the mass of organs such as the digestive system and
liver, until about 55% of the total mass consists of fat. Like
all long-distance migrants, they supplement the primary fuel
(fat) by progressively consuming protein from the flight mus-
cles in the course of the flight, “burning the engine” as the
power required decreases. Although the fuel reserves are am-
ple for the distance, this migration is remarkable because it is
a formidable feat of navigation, requiring at least eight days
and nights of continuous flight. The red knot (Calidris canu-
tus) is another arctic breeding wader that migrates across the
equator to high southern latitudes, with nonstop stages last-
ing several days on some routes. Many small passerine species
cross the Mediterranean Sea and the Sahara Desert without
stopping, while their American counterparts fly directly from
the New England coast to the Caribbean Islands. Even longer
distances are flown by species that are able to feed along the
way, notably the Arctic tern (Sterna paradisaea), in which some
individuals migrate from arctic to antarctic latitudes and back
again each year.

Soaring over land

“Soaring” should not be confused with “gliding,” which
means flight without flapping the wings. The term “soaring”
refers to behavior whereby the bird extracts energy from
movements of the atmosphere, and uses this in place of work
done by the flight muscles. Soaring birds do usually glide, but
it is also possible to soar while flapping. Soaring is obligatory
for many large birds, because of marginal muscle power. Slope
soaring is the simplest method, in which the bird exploits ris-
ing air that is deflected upward as the wind blows against a
hillside, or some smaller obstruction such as a tree or build-
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ing. Thermals are vortex structures that float along balloon-
like with the wind, containing an updraft in the central core
and downdrafts around the outside. A gliding bird can gain
height by circling in the core, but is carried along by the wind
while doing so. At the top of the thermal, the bird glides off
in a straight line, losing height until it finds another thermal
and repeats the climb. When thermals are marked by cumu-
lus clouds, soaring birds climb up to the cloudbase level. Away
from sea coasts, this may be as high as 7,000 ft (2,000 m)
above sea level in temperate latitudes, and higher in drier parts
of the tropics and subtropics. Thermal soaring is the charac-
teristic method of cross-country flight in large soaring birds
such as storks, pelicans, and migratory eagles, while many rap-
tors also use thermals to patrol in search of food. Lee waves
are stationary wave systems that form downwind of hills. They
can be exploited to higher altitudes than slope lift or ther-
mals, but the technique is difficult. Canada geese (Branta
canadensis) are known to use lee waves when migrating, and
it is possible that some migratory swans may also occasion-
ally use this method. Being slower than direct flapping flight,
soaring migration is most advantageous to large birds, in
which basal metabolism is only a small fraction of the power
required for flapping flight. In small birds the energy cost of
basal metabolism offsets any direct gains from soaring, be-
cause of the longer flight time.

Soaring over the sea

The trade wind zones of the tropical oceans cover a vast
area in which the weather is predominantly fair with small,
regularly spaced cumulus clouds. These are the visible signs
of thermals, which are caused by the air mass being convected
toward the equator over progressively warmer water. Al-
though weaker than thermals caused by direct solar heating
of a land surface, trade-wind thermals continue reliably at all
hours of the day and night, and provide frigate birds with the
means to disperse across the oceans without ever alighting on
the surface. The middle latitudes, where stronger winds pre-
vail, are the home of the petrels and albatrosses, especially in
the southern hemisphere. The medium-sized and large mem-
bers of this group skim with no apparent effort in and out of
the wave troughs, sometimes very close to the surface, some-
times pulling up to 50 ft (15 m) or so, seldom flapping their
wings. A petrel or albatross replenishes its air speed with a
pulse of kinetic energy each time it pulls up out of the shel-
tered zone in the lee of a wave, into the unobstructed wind
above. As the energy comes from the relative motion between
the air and the waves, birds that use this technique are con-
fined to the interface between air and water, just above the
surface. Albatrosses can also slope-soar in zero wind by glid-
ing along the leading slopes of moving waves. Pelicans, boo-
bies, and other pelecaniform birds soar over slopes and cliffs
when they come ashore to breed, but use mainly flapping
flight at sea, as do gulls and auks.

Altitude of bird flight

Most birds fly near the earth’s surface most of the time,
except for soaring species, which climb to cloudbase or as high
as convection allows. With the exception of frigate birds, most
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seabirds spend their entire lives within 100 ft (30 m) of the
sea surface, except when they come to land, and soar in slope
lift or thermals. Radar studies reveal that passerines typically
fly at heights up to 10,000 ft (3,000 m) above sea level on long
migration flights, while waders may fly as high as 20,000 ft
(6000 m). The reduced air density at high altitudes requires
birds to fly faster than at sea level, and to produce more mus-
cle power, but there may be a small increase in range due to
reduced wastage on basal metabolism, caused by the shorter
flight time. The “cross-current” lungs of birds appear to give
them an advantage over mammals (including bats), when it
comes to extracting oxygen from low-density air. Lower air
temperatures aloft reduce or eliminate the need for evapora-
tive cooling, but reports of swans migrating at 27,000 ft (8,200
m) are apocryphal. Such large birds cannot climb to great
heights by muscle power alone. It is conceivable that they
could do so by exploiting lee waves, but air temperatures be-
low —58°F (—50°C) would present physiological problems.

Origin of flight

Scientists realized in the nineteenth century that both birds
and pterosaurs belong to the same branch of the reptiles as di-
nosaurs, and it is a matter of definition whether birds actually
“are” dinosaurs, or whether they developed as one or more
distinct strands of the original archosaur stock. Among living
mammals, cobegos, flying squirrels, and their marsupial coun-
terparts suggest an obvious route for the evolution of flying

Avian flight

forms from arboreal ancestors. Pterosaurs and birds could have
originated in a similar way, if we suppose that there were two
parallel groups of small, arboreal archosaurs early in the Meso-
zoic. One such group, ancestral to the pterosaurs, would ini-
tially have resembled a flying squirrel, with a membrane
stretched between the fore and hind limbs, and would then
have extended the wing span by lengthening the wing finger.
The other group, ancestral to birds, would have developed
flight feathers from modified scales, extending the wing span
and area without involving the legs in the wing support struc-
ture. Whether or not this is exactly what occurred, the two
groups must have diverged in Triassic times, long before any
of the known Jurassic birds or birdlike reptiles.

Flight in past times and on other planets

The two physical factors that most strongly constrain fly-
ing animals are gravity and air density. On a planet with
stronger surface gravity than Earth, the maximum size of fly-
ing animals would be even more restricted than it is here,
while a higher air density would ease this limit, irrespective
of the atmospheric composition. It is likely that the Mesozoic
atmosphere was indeed denser than the modern one, and this
helps to explain the prolonged success of pterosaurs with 20
ft (6 m) wing spans. However, the largest pterodactyls, which
flourished briefly in the last days of the Cretaceous period,
would appear to require a reduction in gravity to make them
feasible, and that is more difficult to explain.
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Struthioniformes

(Tinamous and ratites)

Class Aves
Order Struthioniformes
Number of families 6 families of living birds

Number of genera, species 15 genera; 58
species

Photo: Southern cassowaries (Casuarius casuar-
ius). (Photo by Eric Crichton. Bruce Coleman Inc.
Reproduced by permission.)

Evolution and systematics

While most birds fly, there are several groups of birds that
do not fly and have anatomical adaptations for a life on land.
Some of the largest living birds make up the group of flight-
less birds generally called the ratites. Historically, some tax-
onomists have placed most of these large birds in the order
Struthioniformes. Many recent taxonomists have divided the
ratite group into separate orders and others into separate sub-
orders or families. Most recently the Handbook of the Birds of
the World has once again placed these birds in one large or-
der, Struthioniformes, with several families: Struthionidae,
the ostriches; Rheidae, the rhea; Casuariidae, the cassowaries;
Dromaiidae, the emus; and Apterygidae, the kiwis. Addition-
ally, the extinct moas, genus Dinornis (Dinornithidae), from
New Zealand and the elephant birds, genus Aepyornis (Aepy-
ornidae), from Madagascar and Africa were probably closely
related and have been placed in separate orders or families as
well. The tinamous, which are included with the Struthioni-
formes here, may now be considered to be in the group called
Tinamiformes. Unlike ratites, tinamous have a keeled ster-
num and can fly, although weakly. Ratites are mostly located
in central and southern Africa, central and southern South
America, New Guinea and surrounding achipelagos, Aus-
tralia, and New Zealand.

Ratites were considered to be very ancient birds, more
primitive than most other birds. Their anatomical features,
once thought to be primitive, led early taxonomists to believe
that ratites descended from birds prior to the development of
flight. However, if this were true, many of the anatomical fea-
tures of these birds would not make much sense. The current
interpretation is that these birds evolved from birds that could
fly, but have developed a number of special adaptations for a
non-flying existence. Ratites have wing skeletons that are not
fundamentally different from those of flying birds, but are
used for purposes other than flying. Ostriches and rheas, for
example, use their wings for both courtship and distraction

Grzimek’s Animal Life Encyclopedia

displays. Other ratites such as cassowaries, emus, and kiwis
have various degrees of degeneration of the basic wing struc-
tures, but their wings are still derived from the basic wing
structure of flying birds. Ratite wings still bear flight feath-
ers and coverts in some groups, thus clearly suggesting an ori-
gin from flying birds and not directly from bipedal dinosaurs.
The increase in size of most ratites has resulted in significant
changes in bones, muscles, and plumage. The long, muscular
legs of large ratites are well adapted for running.

Early taxonomists considered ratite birds to be a good ex-
ample of convergent evolution on all the southern continents,
but as the theory of continental drift emerged and evolved into
plate tectonics, it became much easier to assume that ratites
arose from common ancestors which became isolated as the
continents drifted apart. Most families have evolved in isola-
tion from the others. The only exception to this are the cas-
sowaries and emus, which evolved on the same continent,
Australia, but separately in different habitats, so they did not
evolve in direct competition with each other. The emu, fol-
lowing the pattern of the ostrich and rhea, lives in more open
grassland, while the cassowary lives primarily in dense rain-
forest. The debate on the origin and relationship of ratites
continues, focusing on the exact level of relationship at the or-
der or a higher level. Taxonomists generally agree that ratites
are closer to each other and to tinamous than they are to any
other bird groups. One question that has not been adequately
answered is why these large flightless birds evolved in only the
Southern Hemisphere. The answer to this question may well
lie in the fact that major mammal predators evolved mostly in
the Northern Hemisphere. Small flightless birds are very vul-
nerable as has been demonstrated when predators are intro-
duced to islands with flightless birds. Ancestors of ratites had
to evolve into larger and faster animals since they could not
escape by flying, and this would have been much easier with
a minimal number of large mammalian predators. The one ex-
ception to this is the kiwi, which evolved as a secretive forest
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The emu (Dromaius novaehollandiae) is found throughout Australia.
(Photo by Janis Burger. Bruce Coleman Inc. Reproduced by permission.)

bird in New Zealand, where the lack of large mammals may
have allowed it to maintain its small size. The large number
of moa species that also developed in New Zealand, and fol-
low the pattern of ostriches, rheas, and emus, fell prey to hu-
mans when they arrived, just as the elephant birds did in
Madagascar. The evolution of ratites in the absence of large
mammalian predators seems to make sense. However, as with
everything there is one major exception, the ostrich. Ostriches
must have evolved in Africa with large mammal predators, but
to compensate, they developed very large size, acute eyesight,
and great speed. However, the ostrich may have evolved in
very arid areas where the numbers and varieties of large preda-
tors were greatly reduced. Ostriches are also the only ratite to
have spread into the Northern Hemisphere even though they
have since disappeared from most of their range north of the
equator. Fossil records show that ostriches once occurred from
Greece to southern Russia, India, and Mongolia.

Physical characteristics

The basic characteristics of the ratite group include the fol-
lowing: degenerated breast muscles, lack of a keel of the ster-
num, an almost absent wishbone (furcula), a simplified wing
skeleton and musculature, strong legs, leg bones without air
chambers except in the femur, flight and tail feathers that have
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retrogressed or have been converted to decorative plumes, and
a loss of feather vanes, which means that oiling the plumage is
not necessary, and as a result there is no preen gland. There is
also no separation of skin bearing contour feathers, or feather
tracts (pterylae), and the area of skin devoid of contour feath-
ers (apteria). Ratites have a palacognathous (ineaning “old jaw”)
palate which is found in no other bird groups except the tina-
mous, which are considered to be the closest phylogenetically
to the ratites and probably evolved from a common ancestor.

Ostriches show the greatest dimorphism with males being
generally black with white plumes and the females being
brown instead of black. Rheas show some dichromatism dur-
ing the breeding season when the males’ color grows darker
black and their posture also changes. Emus have little di-
morphism except the males are usually a little larger than fe-
males and their posture during the breeding season can be
used to identify the sex. Cassowaries are dimorphic in size
with the females being larger and more aggressive than the
males. Kiwis have little dimorphism other than a small size
difference.

While ratites share features such as the strong develop-
ment of feather aftershafts that are often nearly as large as the
main shaft, there are also many differences between families
and species as well. Ostriches have their toe number reduced
to two, and one is much more prominent than the other. Os-
triches are also the tallest and heaviest of modern ratites. Cas-
sowaries have developed long inner toenails that can be used
defensively. While the largest cassowaries can weigh almost
as much as some ostriches, they are not nearly as tall. Os-
triches and rheas both have prominent wings, which, along
with flight feathers, play a significant role in courtship dis-
plays. They also use their wings in distracting displays and
maneuvers to evade predators or draw them away from their
nests. These behaviorisms are shared with a number of
ground-nesting birds that can fly, which also probably sug-
gests their ancestry among flying birds.

Feeding ecology and diet

Ratites also share a number of other similar behavioral and
ecological adaptations. Ratite eggs are very thick-shelled and
difficult for most predators to break. Chicks are well devel-
oped and can walk or run within a very short time after hatch-
ing. The diets of chicks are much more insectivorous and
omnivorous than are the diets of adults. While the ostrich,
rhea, and emu seem to share similar ecological habitats, the
digestive tract of each shows a basic difference in diet. The
ostrich has the longest digestive tract, up to 46 ft (14 m) in
length, suggesting an almost exclusive vegetarian diet. Os-
triches are noted for eating almost anything if they have an
opportunity, including stones or pebbles to help grind up the
plant material in their diet. The rhea’s digestive tract is the
second longest, up to 25-30 ft (8-9 m) in length with the ad-
dition of large caeca (tubes branching off the junction of the
small and large intestines). They are largely vegetarian as
adults and eat a great variety of broad-leafed plants, includ-
ing thistles and other “weeds.” However, they also eat almost
all varieties of agricultural crops, making them unpopular with
farmers. Rhea chicks eat mostly insects in the first few days
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This elegant crested tinamou (Eudromia elegans) is found in Argentina.
(Photo by Jeff Foott. Bruce Coleman Inc. Reproduced by permission.)

of life and over the course of several months convert to a
largely vegetarian diet, but will eat insects and a variety of
other things when the opportunity arises. The emu’s intes-
tine is of medium length, under 22 ft (7 m), suggesting a more
varied but largely vegetarian diet. Emu chicks are also largely
insectivorous when small and become more vegetarian as they
grow older, but all emus eat insects and other small creatures
when given the chance. The cassowary has the shortest di-
gestive tract, under 12 ft (4 m), and is clearly much more om-
nivorous in its diet. As chicks, cassowaries eat largely insects
and fruits but will eat nearly anything as chicks and as adults.
Kiwis are adapted to feeding on earthworms, insects, and
other similar creatures, and as a result they also have rela-
tively short digestive tracts.

Order: Struthioniformes

Reproductive biology

The social structures of these groups have similarities and
differences, but generally support the close relationship
among groups. Ostriches have a social system wherein one
dominant pair has a nest, but additional females may lay eggs
in it and assist with incubation and chick rearing. Males in-
cubate at night and females during the day. Both parents
rear the chicks although the females dominate in the care of
young. Rheas show a reversal of sex roles where the male
incubates and cares for the chicks, even though the male ini-
tally gathers a harem of up to 10 or 12 females. Female
rheas move from one male to the next during the breeding
season. Emus are relatively close to rheas in their system
where several females, usually two to four, lay eggs in one
nest for a male who incubates and rears the chicks. Cas-
sowaries are similar, with the male incubating the eggs and
rearing the chicks, but usually only one or two females lay
in each male’s nest. Tinamous are quite similar to rheas in
this reversed role of the sexes. Kiwis are monogamous and
nocturnal, which differentiate them from other ratites. How-
ever, like other ratites, the males generally incubate the eggs.
The larger ratites—ostriches, rheas, and emus—tend to con-
gregate in flocks during the non-breeding season and some
yearling birds remain in flocks until they become sexually
mature.

Significance to humans

Ratite eggs have been used by humans for centuries. Os-
trich eggs have been used as water containers by local bush-
men and Sudanese. They are also used to make bracelets and
necklaces and are considered to have mystical powers by some
local peoples. Ratite eggs are carved and decorated by artists
around the world. People also have used feathers of ratites for
centuries. During the eighteenth century the soft white feath-
ers of the male ostrich wings and tail came into fashion for
ladies hats. This led to widespread hunting of the wild birds,
and as a result, large declines in populations. Ostrich farms
developed in southern Africa and many remain today. Ostrich
farming spread to Australia, North America, and eventually
around the world as use of the feathers, eggs, meat, and hides
became popular. Emu farms also sprang up for similar rea-
sons and for emu oil as well. Rhea feathers have long been
used for feather dusters, and their eggs and meat are used to
feed chickens and pets in South America. Hides of ratites are
used to produce shoes and other leather products. Ostriches
that have escaped from farms in Australia have thrived in some
arid habitats there.
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Tinamous
(Tinamidae)

Class Aves

Order Struthioniformes
Suborder Tinami
Family Tinamidae

Thumbnail description

Small to medium-sized ground-dwelling birds
with fully developed wings and capable of flight;
cryptically colored in grays and browns, with
three or four toes

Size
8-21 in (20-53 cm), 0.09-5 Ib (43-2,300 g)

Number of genera, species
9 genera; 47 species

Habitat
Rainforest, secondary forest, savanna woodland,
montane steppe, grassland, and cropland

Conservation status
Critically Endangered: 2 species; Vulnerable: 5
species; Near Threatened: 4 species

Distribution

South and Central America, as far north as Mexico

Evolution and systematics

In older natural history books, the description of birds
usually began with ratites, including rheas, ostriches, cas-
sowaries, kiwis, and the extinct moas and elephant birds of
Madagascar. Because these large flightless birds have no keel
on the sternum (breastbone), they are known as flat-chested
birds, in contrast to all modern keel-breasted (Carinatae)
birds. Today we know that the ratites descended from flying
keel-breasted ancestors. Tinamous (Tinamidae) are a still-
living primitive bird family that may be close to the ances-
tral group of ratites.

Physical characteristics

Length 8-21 in (20-53 cm), weight 0.09-5 Ib (43-2,300
g). Tinamous are ground birds with a compact form, a slen-
der neck, a small head, and a short, slender bill that curves
slightly downward. The wings are short and capacity for flight
is poor. The feet are strong; there are three well-developed
forward toes, and the hind toe is in a high position and ei-
ther retrogressed or absent. The tail is very short and in some
species it is hidden under tail coverts; this and abundant rump
feathering give the body a rounded shape. Powder down and
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a preen gland are present. In contrast to gallinaceous birds,
they do not scratch for food with their feet, but do use their
feet to dig nest scrapes. A copulatory organ is present. The
plumage is inconspicuous, although crown feathers of some
species can be raised as a crest. Males and females have sim-
ilar plumage, or females may be somewhat brighter in color
and often larger than males.

Distribution

The range of tinamous has not changed significantly in
recorded time. They live in tropical parts of Central and
South America. In the north they live only slightly beyond
the tropic of Cancer (Zimttao in northwest Mexico), but in
South America they are widespread, distributed throughout
the continent. One species has been successfully introduced
to Easter Island in the Pacific.

Habitat

Many species live in dense forest, especially those in the
genera Tinamus, Nothocercus, and Crypturellus. Other species
live in savanna, on grassland, and in the montane or puna re-
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gions, at high altitudes. Some grassland forms have established
themselves successfully in cropland; others can live on ranches
among grazing cattle.

Behavior

Walking or running, tinamous move almost exclusively
on the ground. When approached by people, they hide in
thick ground cover or steal away unobserved. When hard-
pressed in open country, they crawl into holes dug by other
animals. Some species are very reluctant to fly. When sur-
prised by a larger animal or when followed too closely, they
rise suddenly with loud, frightening wing beats, and often
they call. They disappear swiftly and alight in thick vegeta-
tion. Before a surprised hunter can bring up his gun, they
have disappeared.

The initial burst of wing fluttering is often followed by a
long glide and again by renewed wing beats. Although many
tinamous cover long distances on foot rather than in flight,
D. A. Lancaster observed a brushland tinamou (Nothoprocta
cinerascens) that regularly flew 660 ft (200 m) from nest to
feeding place. In other species, flights of 660-4,900 ft
(200-1,500 m) have been observed. In Patagonia, the elegant
crested tinamou (Eudromia elegans) forms strings of six to 30
or more birds. But most adult tinamous live singly except dur-
ing the reproductive season. Many tinamous roost on the
ground, but in some—especially those in the genus Tinamus—
the hind surface of the tarsus is rough. These birds roost in
trees, squatting with the tarsus across a branch rather than
gripping the branch with their toes as songbirds do.

Hearing tinamou calls is one of the most unforgettable
experiences one can have in tropical America. In contrast to
most tinamous, the male highland tinamou (Nothocercus bona-
partei) utters a rough crowing or barking call that can be
heard for several miles (kilometers) through mountain
forests. In some species, males and females are distinguish-
able by their calls. Tinamous sing mainly during the breed-
ing season; they are noisiest in early morning and late
evening. When startled, they fly off or follow one another,
hoarsely shrieking or crowing.

Feeding ecology and diet

Tinamous eat mainly small fruits and seeds that they pick
from the ground or from plants they can reach from the
ground; they may jump up 4 in (10 cm) to reach a particu-
larly tempting fruit. Seeds with wing-like appendages that
make swallowing difficult are beaten against the ground or
vigorously shaken. They also eat opening buds, tender leaves,
blossoms, and even roots. For variety they catch insects and
their larvae, worms, and, in moist places, mollusks. They swal-
low small animals whole; they first peck at larger ones, then
shake them or beat them against the ground. When search-
ing for food, they scatter fallen leaves and other ground cover
with their bills, but do not scratch with their feet. When
searching for worms or larvae in moist places, many species
fling the earth aside with their bills, digging down 0.7-1.2 in
(2-3 cm).
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A puna tinamou (Tinamotis pentlandii) nest in the high Andes of Peru.
(Photo by F. Gohier. Photo Researchers, Inc. Reproduced by permission.)

Reproductive biology

In ornate and highland tinamous, and in taos and many
other species, there are about as many females as males. But
in the variegated tinamou there may be four times as many
males as females.

Reproductive behavior differs from that of most other
birds. Only males care for eggs and young. In the few species
that are adequately studied, males live in polygyny and fe-
males in polyandry. A male in breeding condition attracts two,
three, or more females by continually calling. Females lay in
the same nest and leave incubation to the male. Females leave
to lay eggs in the nests of other males. When the male has
raised his young or lost the eggs, he begins to call again and
attracts new hens that supply him with another nest full of
eggs. This breeding behavior has been observed in such dif-
ferent species as the highland tinamou, the brushland
tinamou, and the slaty-breasted tinamou (Crypturellus bou-
cardi). 'The variegated tinamou (Crypturellus variegatus) cares
for only a single egg; the clutch of four to nine eggs incu-
bated by the male ornate tinamou (Nothoprocta ornata) seems
to come from a single female. In this mountain species, the
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Highland tinamou (Nothocercus bonapartei) with hatching chicks in
Costa Rica. (Photo by Michael Fogden. Bruce Coleman Inc. Reproduced
by permission.)

larger and more aggressive female defends the breeding ter-
ritory; in other tinamous this is done by males.

Tinamous almost always nest on the ground, often in dens-
est herbage or between projecting root buttresses of large
trees. Many tinamous lay their eggs directly on the ground
or on leaves that happen to be on the chosen spot. Ornate
tinamous build a proper nest base of dry earth, or a mixture
of earth and moss turf. On this they erect a firm structure of
grass that is worked into the base to form a circle. Shiny
tinamou eggs are among the most beautiful natural products
known. They may be green, turquoise blue, purple, wine red,
slate gray, or a chocolate color, and often have a purple or vi-
olet luster. They are always uniformly colored, without spots
or blotches. Their shape is oval or elliptical.

Incubating male tinamous sit continuously on eggs for
many hours. In most species they leave the clutch once a day
to look for food, usually during mornings or in the afternoon,
depending on the weather, and are away from the nest for 45
minutes up to five hours.

Although the eggs are conspicuous and have no protective
coloration, some tinamous do not cover the eggs when leav-
ing the nest. A brushland tinamou covers its eggs only when
they are about to hatch. The ornate tinamou regularly cov-
ers the eggs with feathers, giving them some protection from
the harsh climate in the 13,000-ft (4,000-m) Peruvian puna.
In the warm forests of Central America, a slaty-breasted
tinamou always threw leaves toward the nest quite carelessly;
often more than half the eggs were left uncovered.

Incubating tinamous sit so firmly on the nest that one can
approach very closely. Although they will not let themselves
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be touched by a hand, an observer can sometimes touch them
with the end of a long stick. If someone approaches, some
species—including the ornate tinamou and several Crypturel-
lus species—press head and body close to the ground and raise
the hind end, sometimes until the stumpy tail and lower tail
coverts stand almost vertically. This posture resembles that
assumed by certain tinamous in courtship display or when
they are alarmed while walking. It seems to serve no special
purpose in the incubating cocks, because raising the hind end
may expose the shiny eggs. If one approaches an incubating
tinamou cock too closely, it flies off the nest and out of sight
in a burst of speed. An exception is the tataupa (Cryprurellus
tataupa), which flutters over the ground as if hurt and unable
to fly when displaced from its eggs.

Newly hatched tinamous are densely covered with long
soft down that in some species is marked in dulled colors. On
the first day after hatching, the male leads the young out of
the nest, moving slowly and calling them with repeated soft
whistles or whining tones. Now and then he picks up an in-
sect from the ground and moves it in his bill, then lays the
insect before one of the young to be picked up. On leaving
the nest, chicks of the small tinamous are very delicate, but
they move so skillfully through the dense vegetation that lit-
tle is known about them after they leave the nest. They prob-
ably develop rapidly and soon leave their father. A
slaty-breasted tinamou at 20 days differed little in color and
size from adults.

Conservation status

Eleven species are threatened, mainly because clearing and
development have fragmented their habitats. The rarest are
the Magdalena tinamou (Crypturellus saltuarius), known from
one specimen, and Kalinowski’s tinamou (Nothoprocta kali-
nowskii), not seen for many years. Both of these species are
considered Critically Endangered by the ITUCN. The dwarf
tinamou (7uoniscus) and the lesser nothura (Nothura minor) are
badly affected by development—IUCN considers these
species Vulnerable. Three other species with very small ranges
are also considered Vulnerable—the black tinamou (7inamus
osgoodi), the Choco tinamou (Crypturellus kerriae), and
Taczanowski’s tinamou (Nothoprocta taczanowskii). Four addi-
tional species are listed as Near Threatened—the yellow-
legged tinamou (Crypturellus moctivagus), the pale-browed
tinamou (Crypturellus transfasciatus), the Colombian tinamou
(Cryprurellus columbianus), and the solitary tinamou (Tinamus
solitarius).

Significance to humans

Tinamous are hunted for food by humans throughout their
range. A Brazilian rural family consumed about 60 nothuras
a year, but this is not thought to be too severe a drain on the
birds. Many attempts have been made to introduce the birds
to other parts of the world, so far, except for Easter Island,
without success.
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1. Variegated tinamou (Crypturellus variegatus); 2. Female spotted nothura (Nothura maculosa); 3. Highland tinamou (Nothocercus bonapartei);
4. Male slaty-breasted tinamou (Crypturellus boucardi); 5. Male thicket tinamou (Crypturellus cinnamomeus); 6. Red-winged tinamou (Rhynchotus
rufescens); 7. Elegant-crested tinamou (Eudromia elegans); 8. Female brushland tinamou (Nothoprocta cinerascens); 9. Black tinamou (Tinamus
osgoodi); 10. Great tinamou (Tinamus major). (lllustration by Bruce Worden)
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Species accounts

Black tinamou
Tinamus osgoodi

TAXONOMY
Tinamus osgoodi Conover, 1949, Curzo, Peru. Two subspecies.

OTHER COMMON NAMES
French: Tinamou noir; German: Schwartztinamu; Spanish:
Tinamua Negro.

PHYSICAL CHARACTERISTICS
17 in (43 cm). Females are slightly larger. Sooty brown belly;
vent is chestnut with black speckling.

DISTRIBUTION

Known only from two restricted and widely separated locali-
ties—the upper Magdalena valley in southern Colombia (sub-
species T. o. hershkovitzi) and the Marcapata valley in
southeastern Peru (7. o. osgoodsi).

HABITAT
Humid, high-altitude tropical forest, 5,000-7,000 ft (1,500-2,100
m), where epiphytes, tree ferns, bromeliads, and moss abound.

BEHAVIOR
The call is a simple, descending whistle.

FEEDING ECOLOGY AND DIET
Not known.

REPRODUCTIVE BIOLOGY
The only nest found was on the ground and contained two

glossy blue eggs.

CONSERVATION STATUS
Vulnerable. Threatened by habitat destruction.

SIGNIFICANCE TO HUMANS
None known. ¢

Great tinamou
Tinamus major

TAXONOMY
Tinamus major Gmelin, 1789, Cayenne.

OTHER COMMON NAMES
English: Mountain hen; French: Grand tinamou; German:
Grofitinamu; Spanish: Tinamu Oliviceo.

PHYSICAL CHARACTERISTICS

17.5 in (44 cm), 2.5 1b (1.1 kg). Female slightly larger. Overall
color ranges from light to dark olive brown. Whitish on throat
and center of belly.

Tinamus osgoodi

Resident

Tinamus major

Resident
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DISTRIBUTION

Widely distributed, with seven subspecies in Belize, Bolivia,
Brazil, Colombia, Costa Rica, Ecuador, Guatemala, French
Guiana, Honduras, Mexico, Nicaragua, Panama, and
Venezuela.

HABITAT

Dense tropical and subtropical forest, preferably with an open
floor, at altitudes of 1,000-5,000 ft (300-1,500 m).

BEHAVIOR
Usually solitary, maintaining a home range. The call is a series
of musical, tremulous whistles.

FEEDING ECOLOGY AND DIET
Feeds on the forest floor, taking fruits and seeds, especially of
the Lauraceae, Annonaceae, Myrtaceae, and Sapotaceae.

REPRODUCTIVE BIOLOGY

The breeding season is long, extending from mid-winter to
late summer. The nest, built between buttresses of a forest
tree, contains 3-6 glossy turquoise or violet eggs. The male
alone incubates eggs and rears the brood.

CONSERVATION STATUS
Not threatened.

SIGNIFICANCE TO HUMANS

It is hunted as a game bird, especially around towns, but has
survived better than other game species. The great tinamou
has various roles in native American folklore in Brazil, Colom-
bia, and Panama. &

Highland tinamou
Nothocercus bonapartei

TAXONOMY
Nothocercus bonapartei Gray, 1867, Aragua, Venezuela. Five sub-
species.

OTHER COMMON NAMES
English: Bonaparte’s tinamou; French: Tinamou de Bonaparte;
German: Bergtinamu; Spanish: Tinamu Serrano.

PHYSICAL CHARACTERISTICS
15 in (38.5 cm), 2 b (925 g). Mottled or barred with black and

cinnamon on back and wings. Throat is variable rufous color.

DISTRIBUTION
Colombia, Costa Rica, Panama, and Venezuela.

HABITAT
Tropical and subtropical forest, mainly above 5,000 ft (1,500
m), favoring damp areas, especially those with bamboo thickets.

BEHAVIOR

The call is loud and hollow, repeated many times, given by the
male from his home range, which he occupies throughout the
year.

FEEDING ECOLOGY AND DIET
Feeds on fallen fruits and small animals.

REPRODUCTIVE BIOLOGY

The male defends a small territory in his home range, attract-
ing one or more females with calls and a display known as “fol-
low feeding.” The nest, which may contain eggs from several
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Nothocercus bonapartei

Resident

females in a clutch of four to 12, is concealed in ground vege-
tation. Incubation is by the male alone.

CONSERVATION STATUS
Not threatened.

SIGNIFICANCE TO HUMANS
Hunted as a game bird; populations in Costa Rica and Peru
have declined as a result.

Thicket tinamou
Crypturellus cinnamomeus

TAXONOMY
Crypturellus cinnamomeus Lesson, 1842, La Union, El Salvador.

OTHER COMMON NAMES
English: Rufescent tinamou; French: Tinamou cannelle; Ger-
man: Beschtinamu; Spanish: Tinamt Canelo.

PHYSICAL CHARACTERISTICS
10.8 in (27.5 cm), 1 1b (440 g). Barred black on back and
flanks; white throat and cinnamon or rufous cheeks and breast.

DISTRIBUTION

This tinamou, with nine subspecies, is widespread in Central
America and has populations in Belize, Costa Rica, El Sal-
vador, Guatemala, Honduras, Mexico, and Nicaragua. Its dis-
tribution extends farther north than that of any other tinamou.

HABITAT

Thick undergrowth, with an overstory—a foliage layer in a for-
est canopy including the trees in a timber stand—ranging from
arid scrub to secondary forest.
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Crypturellus cinnamomeus

Resident

BEHAVIOR

The monotonous call sounds like a steam whistle when heard
at close quarters. The bird lives singly, in pairs, or in family
parties. When disturbed it walks, rather than flies, away.

FEEDING ECOLOGY AND DIET
Feeds on fruit, seeds, and insects, searching for food in small

parties that attract attention by crackling dry leaves as they feed.

REPRODUCTIVE BIOLOGY

The nest is placed on the ground at the base of a tree. The
clutch is usually three, but may be up to seven glossy purplish
eggs. Hybrids have been found between this species and the
slaty-breasted tinamou.

CONSERVATION STATUS
Not threatened.

SIGNIFICANCE TO HUMANS
Because it is so unwilling to fly, it is not regarded as an impor-
tant game bird. ¢

Slaty-breasted tinamou
Crypturellus boucardi

TAXONOMY
Crypturellus boucardi Sclater, 1859, Oaxaca, Mexico. Two sub-
species.
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Crypturellus boucardi

Resident

OTHER COMMON NAMES
English: Boucard tinamu; French: Tinamu de Boucard; Ger-
man: Graukehltinamu; Spanish: Tinamu Pizarroso.

PHYSICAL CHARACTERISTICS

10.8 in (27.5 cm), 1 1b (470 g). Pink to bright red legs; slaty
breast, blackish head, and white throat. Back is blackish to
chestnut. Female has barring on wings.

DISTRIBUTION
Belize, Costa Rica, Guatemala, Honduras, Mexico, and
Nicaragua.

HABITAT

Sea level to 6,000 ft (1,800 m), sometimes favors thick under-
growth. Also humid forest with little undergrowth at ground
level. Sometimes common in regenerating plantations and is
often in damp areas, especially near forest edges.

BEHAVIOR

The call has three notes and is lower than the calls of many
tinamous. It may be given in long bouts, up to five hours in
one case. Calls of individual males are recognizable, and mel-
lower and less variable than female calls. It is solitary, remain-
ing in its home range throughout the year.

FEEDING ECOLOGY AND DIET
Feeds on fruits and seeds, tossing leaves aside with its bill in its
search. It takes insects, including ants and termites.

REPRODUCTIVE BIOLOGY

In the breeding season it establishes a small territory in its
home range, attracting two to four females to lay in a nest at
the base of a tree or in thick vegetation. The male alone incu-
bates; females leave to mate with another male.
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CONSERVATION STATUS
Not threatened.

SIGNIFICANCE TO HUMANS
Hunted as a game bird and has become rare in some of its
range, but is elsewhere still common.

Variegated tinamou
Crypturellus variegatus

TAXONOMY
Crypturellus variegatus Gmelin, 1789, Cayenne.

OTHER COMMON NAMES
French: Tinamou varié; German: Rotbrusttinamu; Spanish:
Tinamu Abigarrado.

PHYSICAL CHARACTERISTICS
11.5 in (29.5 cm), 0.8 Ib (380 g). Black head; neck and breast
rufous. Light barring on underparts.

DISTRIBUTION
Belize, Brazil, Colombia, Ecuador, Guiana, Peru, and
Venezuela.

HABITAT
Tropical forest with dense undergrowth at moderate altitudes,
300-4,300 ft (100-1,300 m).

BEHAVIOR

The call is a series of five evenly pitched tremulous notes, of-
ten merging to a trill, with the first note descending and dis-
tinct from the rest of the trill.
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FEEDING ECOLOGY AND DIET
Mainly seeds and fruits, with few insects.

REPRODUCTIVE BIOLOGY

The female establishes a territory, attracts a male, lays one egg
in a rudimentary nest, and leaves the male incubating while she
departs to establish another territory and repeat the process.

CONSERVATION STATUS
Not threatened.

SIGNIFICANCE TO HUMANS
The bird does not appear to be important as a game species. ¢

Red-winged tinamou
Rhynchotus rufescens

SUBFAMILY
Rhynchotinae

TAXONOMY
Rbynchotus rufescens Temminck, 1815, Sdo Paulo, Brazil. Four
subspecies.

OTHER COMMON NAMES
French: Tinamou isabelle; German: Pampahuhn; Spanish:
Tinamu Alirrojo.

PHYSICAL CHARACTERISTICS

16 in (41 cm), 1.8 1b (830 g). Female slightly larger. Black
patch on crown; rufous primaries. Light grayish brown to
whitish underneath. May be black barring on flanks, abdomen,
and vent.

Crypturellus variegatus

Resident

Rhynchotus rufescens

Resident
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DISTRIBUTION
Argentina, Bolivia, Brazil, Paraguay, and Uruguay.

HABITAT

At low altitudes, below 3,300 ft (1,000 m), it lives in damp
grassland and woodland edges; at higher altitudes it is found in
semiarid scrub and cereal fields.

BEHAVIOR
The call, given only by males, is a long, ringing single whistle
followed by shorter, mournful whistles. The birds live dis-

persed in the dense vegetation, and are most active in the heat
of the day.

FEEDING ECOLOGY AND DIET

It is sedentary, feeding on the ground on seeds, tubers, and
fruit. In the summer it takes more animal food, including
earthworms, termites, and other insects. It digs for food with
its bill, and so is unpopular on newly sown cropland.

REPRODUCTIVE BIOLOGY

The red-winged tinamou has many displays, the male attract-
ing one or more females by follow feeding, and always accom-
panies the female to the nest when she is to lay. He alone
incubates the eggs and broods the chicks.

CONSERVATION STATUS
Not threatened.

SIGNIFICANCE TO HUMANS

A popular game bird and hunted out in some regions, but else-
where common. Because it will live in cropland it has extended
its range alongside agricultural development. &

Brushland tinamou
Nothoprocta cinerascens

TAXONOMY
Nothoprocta cinerascens Burmeister, 1860, Tucumdn, Argentina.
Two subspecies.

OTHER COMMON NAMES
French: Tinamou sauvageon; German: Cordobasteiffhuhn;
Spanish: Tinamd Montaraz.

PHYSICAL CHARACTERISTICS
12.5in (31.5 cm), 1.2 Ib (540 g). Female slightly larger and
darker. Black barring on back and wings.

DISTRIBUTION
Argentina, Bolivia, and Paraguay.

HABITAT
Favors dry savanna woodlands, usually below 3,300 ft (1,000
m), but will live in cropland and open thorn scrub.

BEHAVIOR

The advertising call is a series of seven to 10 clear whistled
notes with considerable carrying power. Home ranges are
about 50 acres (20 ha), maintained mainly by calls but often
overlapping ranges of other males.

FEEDING ECOLOGY AND DIET
Feed on the ground, mostly on insects and small animals, but
also take some fruit.
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Nothoprocta cinerascens

Resident

REPRODUCTIVE BIOLOGY

Males attract groups of two to four females, establish a nest
site, and supervise females while they lay in it. When the fe-
males leave to join another male, the original male incubates
the clutch and rears the brood alone.

CONSERVATION STATUS
Not threatened.

SIGNIFICANCE TO HUMANS
Subject to light hunting but remains common. ¢

Spotted nothura
Nothura maculosa

TAXONOMY
Nothura maculosa 'Temminck, 1815, Paraguay. Eight subspecies.

OTHER COMMON NAMES
French: Tinamou tacheté; German: Fleckensteiflhuhn; Spanish:
Tinamd Manchado.

PHYSICAL CHARACTERISTICS
10 in (25.5 cm), 0.6 Ib (250 g). Female slightly larger. Variable
appearance, sometimes very dark upperparts.

DISTRIBUTION
Argentina, Brazil, and Uruguay.

HABITAT

Most subspecies inhabit lowlands, living in open grassland,
shrub steppe, and cropland. Its range is expanding as clearing
takes place for agriculture.
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Nothura maculosa

Resident

Eudromia elegans

Resident

BEHAVIOR

The call is a series of brief, high-pitched piping notes, often
given in response to other calling birds. Populations may be very
dense in favorable country, up to a bird to every 2.5 acres (1 ha).

FEEDING ECOLOGY AND DIET

The spotted nothura feeds on vegetable and animal matter,
taking more insects than plants in Argentina, but elsewhere
feeding mainly on seeds, including those of pasture plants,
crops, and weeds.

REPRODUCTIVE BIOLOGY

The species has a very high reproductive rate; females can ma-
ture at two months of age and have 5-6 broods in a year.
Males take longer to mature, or at least to establish nests. As
with other tinamous, males undertake all incubation and par-
enting, often attracting more than one female to lay in a single
nest.

CONSERVATION STATUS
Not threatened.

SIGNIFICANCE TO HUMANS
A very popular game bird, but a high reproductive rate and
early maturity ensure that it remains common. ¢

Elegant crested-tinamou
Eudromia elegans

TAXONOMY
Eudromia elegans Geoftroy St. Hillaire, 1832, South America.
Eight subspecies.
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OTHER COMMON NAMES
French: Tinamou élégant; German: PerlsteiShuhn; Spanish:
Martineta Comun.

PHYSICAL CHARACTERISTICS
15.5 in (39 cmy), 1.3 1b (600 g). Leg color pale bluish to grayish
brown. Lacks hind toe. Crest is long, normally carried backwards.

DISTRIBUTION
Throughout Argentina and Chile.

HABITAT
Arid and semiarid grassland and savanna, favoring open sites,
ranging from sea level to 8,000 ft (2,500 m) in altitude.

BEHAVIOR

The call is a loud melancholy whistle. Unlike many tinamous,
this species forms small flocks, especially in winter when it in-
vades alfalfa crops. In spring and summer it may still be found
in pairs and small groups.

FEEDING ECOLOGY AND DIET
In winter it feeds mainly on seeds and leaves of plants; in sum-
mer it takes many insects and invertebrates, including termites.

REPRODUCTIVE BIOLOGY
Breeding systems are polyandrous and polygynous, although
males undertake all incubation and parenting.

CONSERVATION STATUS
Not threatened.

SIGNIFICANCE TO HUMANS
It is hunted intensely and remains common only in remote
areas. &
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Rheas

(Rheidae)

Class Aves

Order Struthioniformes
Suborder Rheae
Family Rheidae

Thumbnail description

Very large flightless birds with long legs and
three toes; plumage gray or spotted brown and
white; wings used only in display, reduced with
long soft feathers; no tail feathers and no
casque on the head

Size
36.4-55 in (92-140 cm); 33-88 Ib (15-40 kg)

Number of genera, species
2 genera; 2 species

Habitat
Savanna, grassland, and high mountain plains

Conservation status

Not threatened. Populations are now fragmented
and numbers have declined, but still abundant
in some areas

Distribution

Argentina, Bolivia, Brazil, Chile, Paraguay, Peru, and Uruguay

Evolution and systematics

Rheas belong to the group of large, flightless birds known
as the ratites, which all lack a keel to the sternum and a dis-
tinctive palate. The origin of these birds has recently been clar-
ified by the discovery of numerous good fossils in North
America and Europe. Whereas it used to be thought that ratites
had a southern origin, in the old continent of Gondwana, new
fossil evidence has shown flying ratites inhabited the northern
hemisphere in the Paleocene and Eocene, 40-70 million years
ago. The present southern hemisphere distribution of ratites
probably results from the spread of flying ancestors of the group
from the north. Fossil rheas have been found in the Upper Pleis-
tocene of Argentina. They lived there about two million years
ago; it is thought that rheas are related to Tinamidae.

Physical characteristics

Rheas are smaller and more slender than ostriches: stand-
ing upright they reach 5.6 ft (1.7 m). They may weigh up to
88 1b (40 kg), the head, neck, rump, and thighs are feathered,
and their plumage is soft and loose. There are three front
toes, and the hind toe is absent. The tarsus has horizontal
plates in front. The gut and the caeca are very long. Urine is
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stored in an expansion of the cloaca and is eliminated in lig-
uid form. The copulatory organ is extrudable. In the greater
rhea (Rbea americana) total height reaches 5.6 ft (1.7 m); height
of the back is 3.3 ft (100 cm), wingspan reaches 8.2 ft (250
cm), tarsal length is 12-14.5 in (30-37 cm), and bill length is
3.5-4.7 in (9-12 cm). Males are larger than females. The tar-
sus has about 22 horizontal plates in front. The lesser rhea
(Pterocnemia pennata) is smaller than the greater with a height
at the back of 3.0 ft (90 cm). The tarsus is 11.0-11.8 in (28-30
cm) and has about 18 horizontal plates.

Distribution
Rheas are confined to South America—Argentina, Bolivia,
Brazil, Chile, Paraguay, Peru, and Uruguay.

Habitat

Rheas are birds of grassland, the greater rhea and one sub-
species of lesser rhea, Prerocnemia pennata pennata, of lowland
grassland or pampas. The other two subspecies of lesser rhea
live in the puna zone of the Andes, inhabiting deserts, salt
puna, heath, and pumice flats. Although P.p. pennata feeds on
lowland grassland in the non-breeding season, it usually
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The lesser rhea (Pterocnemia pennata) with chicks on their nesting ground just north of Punta Arenas, Chile. (Photo by N.H. [Dan] Cheatham.

Photo Researchers, Inc. Reproduced by permission.)

breeds in upland areas where bunch grass grows, around
5-6,000 ft (2,000 m).

Behavior

Rheas are silent except as chicks, when they give a plaintive
whistle, and during the breeding season when males make a
deep booming call, sometimes described as like the last tone of
a siren or as a di-syllabic grunt. In any case one of the rendi-
tions of the call “nandu” has become a common name for the
bird. Males perform an elaborate display while giving these
calls, raising the front of the body, with the neck held stiffly
upwards and forward and the plumage greatly ruffled. Wings
are raised and extended, and after calling the bird may run some
distance, sometimes flipping the wings up and down alternately.
Usually this display, the call display, is given near females and
may be followed by the wing display, that is directed at a spe-
cific female. The male spreads his wings, lowers his head, and
walks in this posture beside or in front of a female, holding the
display for 10 minutes or more. Females seem to be attracted
to a male displaying in this way. As the display becomes more
intense the male waves his neck from side to side in a figure-
eight pattern, often attracting females to watch him for several
minutes before they move off to feed. If a female remains be-
side a displaying male, she may solicit and copulation follows.

During the non-breeding season the greater rhea forms
flocks of 10-100 birds, while the lesser rhea lives in smaller
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flocks than that. As in the ostrich, birds in small flocks are
more vigilant than those in large flocks. They are also more
vigilant when in tall grass environments than on open plains.
Rheas feed most of the day in these flocks, although males
show mild aggression to each other from time to time. When
fleeing in alarm, a rhea will follow a zigzag course, often rais-
ing one wing, apparently to act as a rudder and help it to turn
rapidly. Dust bathing is common in captive birds. Flocks break
up in the winter for the breeding season.

Feeding ecology and diet

Both species of rhea are mainly herbivores. Both take a few
small animals—lizards, beetles and grasshoppers—but not in
any significant quantity. Most of the present range of the
greater rhea is used for cattle ranching, with the result that
pastures have been seeded with fodder grasses and forbs. The
greater rhea takes much alfalfa and maize. The Lesser rhea
lives in less developed areas, but is mainly herbivorous, tak-
ing forbs like saltbush and fruits of cactus.

Reproductive biology

Much information has been gathered about the reproduc-
tive behavior of the greater rhea, both in the wild and in cap-
tivity. It is a polygamous bird, meaning both males and females
take two or more mates. When the winter comes, the flocks
break up into three types of groups—single males, flocks of
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A male greater rhea (Rhea americana) sits on its nest. (Photo by F. Gohier. Photo Researchers, Inc. Reproduced by permission.)

two to 15 females, and large flocks of yearlings. Males soon
begin posturing and challenging each other, behavior that be-
comes intense as the spring and summer breeding season ar-
rives. Males attempt to attract harems of females, building a
nest and leading females toward it. When a harem has chosen
a male, one female will approach the nest. The male may stand
but usually remains sitting or crouching, twisting his neck to
follow the movements of the female as she walks around the
nest. The male, at first acting aggressively and spreading his
wings to cover the eggs, gradually relaxes and replaces head-
forward movements with head-bobbing and neck swinging.
The female crouches and lays her egg at the rim of the nest
and the male rolls the egg beneath himself. In this way, with
eggs from as many as 15 females, he may build up a clutch of
50 or more eggs in a week. Then he begins to incubate in
earnest. As in the ostrich some eggs remain outside the nest,
and these seem to act to dilute the clutch, so thatitis less likely
that the eggs being incubated are taken by predators, because
they first take the eggs outside the nest. Recent work has shown
that some males have male partners. A subordinate male may
take over the clutch from the first harem of females that the
dominant male attracts, incubate them, and parent the chicks.
Meanwhile the dominant male attracts another harem, or the
same one to another nest, incubates the second clutch and rears
the second brood. Measurements show that both dominant
and subordinate males are equally successful at incubating and
raising broods.

The mean clutch size of the greater rhea in Argentina is
24.9 eggs and the incubation period 36-37 days. The male
alone incubates, leaving the nest from time to time to feed.
As in other birds, chicks in the eggs are able to communicate
with each other and synchronize hatching, so that the male
stays no more than 36 hours on the nest once hatching be-
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gins. Breeding success is usually low, about 20%, but in some
years breeding success is greater than this. Some nests are de-
serted when bad eggs explode during incubation, and in other
cases armadillos dig under the nest and eat the eggs. Preda-
tion also accounts for the loss of many small chicks; birds of
prey follow broods until one chick straggles and then snatch
it. Much less is known about the breeding biology of the lesser
rhea, but it appears to have a similar breeding system, clutch
size, and incubation period.

Conservation status

The greater rhea is farmed in some areas for its meat and
leather, but the range available for wild birds is shrinking, and
many are taken by hunters. Similarly the lesser rhea suffers
from development of its environment by the construction of
roads that allow hunters access to country that was previously
inaccessible. Both species need large, well protected reserves
if they are to survive as wild populations.

Significance to humans

Feathers of rheas have always been taken for use as dusters.
Skins are used as cloaks in their dried state and as fashion
leather when fully tanned. Rhea meat has long been a staple
food for South Americans, who are now able to hunt the birds
more effectively with rifles than they were when they had only
the bolas, a weapon made of three thongs of leather tied to-
gether centrally. At the outer end of each thong a small stone
is attached. The bolas is whirled around by the hunter and
thrown with great skill and accuracy at the running bird. The
thongs wrap around the birds legs and bring it to the ground,
effectively immobilizing it. The bolas is still used, even by sci-
entists who want to catch the birds alive.
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1. Lesser rhea (Pterocnemia pennata); 2. Greater rhea (Rhea americana). (lllustration by Patricia Ferrer)
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Species

Greater rhea
Rhea americana

TAXONOMY
Rhbea americana Linnaeus, 1758, Sergipe and Rio Grande do
Norte, Brazil. Five subspecies.

OTHER COMMON NAMES
English: Common rhea; French: Nandou d’Amérique; Ger-
man: Nandu; Spanish: Nandu.

PHYSICAL CHARACTERISTICS

50-55 in (127-140 cm); 44-88 1b (20-40 kg). General color
gray or grayish brown above, whitish below without spotting in
both sexes. The head and neck of the male are black or largely
black. The female is paler. Unlike the lesser rhea, the whole
length of the tarsus is bare and covered with transverse scutes.

DISTRIBUTION

Brazil, Uruguay, Paraguay, and Bolivia. The form in eastern
Brazil, Rhea americana americana is the nominate, or first
named, form. R. 4. intermedia comes from southeastern Brazil
and Uruguay, R. a. nobilis from Paraguay, R. a. araneiceps from
Paraguay and Bolivia, and R. a. albescens from Paraguay and,
possibly, Bolivia.

HABITAT
Grassland and pampas.

Rhea americana

Resident
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BEHAVIOR

Greater rheas live at densities of 0.002-0.076 birds per acre
(0.05-0.19 birds/ha). In the nonbreeding season they live in
flocks of 20-50 birds. Once the breeding season starts, males
establish a nest site and defend its immediate vicinity, attract-
ing groups of females to lay in the nest.

FEEDING ECOLOGY AND DIET
Herbivore, feeds on grasses and forbs.

REPRODUCTIVE BIOLOGY

Males incubate eggs laid by harem of females in a nest on the
ground. The mean clutch size is 26, the eggs coming from up
to seven different females. Females are attracted to the nest by
male displays in which the wings are prominently displayed.
The male leads the female to the nest and often sits on it while
she lays outside it. He then rolls the egg into the nest. Eggs
are greenish yellow color, 5 by 3.5 in (13 by 9 cm). Incubation
period is 29-43 days, by the male only.

CONSERVATION STATUS
Population fragmented by agricultural development.

SIGNIFICANCE TO HUMANS
Hunted for meat, leather, and feathers; now farmed. &

Lesser rhea
Pterocnemia pennata

TAXONOMY
Pterocnemia pennata d’Orbigny, 1834, Lower Rio Negro, south
of Buenos Aires. Three subspecies.

OTHER COMMON NAMES
English: Darwin’s rhea; French: Nandou de Darwin; German:
Darwinstrauss; Spanish: Nandid Overo.

PHYSICAL CHARACTERISTICS

36-39 in (92-100 cm); 33-55 1b (15-25 kg). The plumage is
spotted brown and white. The upper part of the tarsus is partly
feathered, but the rear and lower part is bare, covered with
transverse scutes.

DISTRIBUTION

Argentina, Chile, Peru, and Bolivia. The nominate form,
Pterocnemia pennata pennata, lives in southern Chile and Argen-
tina, while P. p. tarapacensis lives in the Andes of Chile and

P. p. garleppi lives in the Andes of Peru, Bolivia and northwest-
ern Argentina.

HABITAT
Grassland, high Andes in the puna zone.

BEHAVIOR

Lives in flocks of 2-30 individuals at a mean density of 0.28
birds per mi* (0.11 birds/km?). Males defend nest sites during
the breeding season. A male attracts groups of females to a
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nest site and lay there, leaving the male to incubate the eggs
alone.

FEEDING ECOLOGY AND DIET

Feeds on fruits and leaves of forbs, the items taken varying by
place and season. In some places grasses are prominent, in oth-
ers shrub foliage and fruits are mostly taken.

REPRODUCTIVE BIOLOGY

Males incubate eggs laid by harem of females in a nest on the
ground. The greenish yellow eggs measure 4.9 by 3.4 in (12.6
by 8.7 cm) and are incubated for 30-44 days. Clutch size varies
from five to 55 eggs, depending on the region. The birds ma-
ture in their third year.

CONSERVATION STATUS
Two isolated populations subject to severe hunting pressure.

SIGNIFICANCE TO HUMANS
Hunted for meat and leather. ¢

Resources
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Cassowaries
(Casuariidae)

Class Aves

Order Struthioniformes
Suborder Casuarii
Family Casuariidae

Thumbnail description

Large flightless birds with tiny wings terminating
in long spines, shiny black plumage, three toes,
a casque on the head (also called a helmet or a
crown), and colorful bare skin on the neck

Size
40-67 in (102-170 cm); 30-130 Ib (14-59 kg)

Number of genera, species
1 genus; 3 (possibly 4) species

Habitat
Rainforest and adjacent dense vegetation

Conservation status

Potentially endangered by logging and forest
clearing and by competition from feral pigs and
dogs

Distribution

Cape York (Australia), New Guinea, and some surrounding islands

Evolution and systematics

Cassowaries belong to the group of large flightless birds
known as the ratites that have in common a distinctive palate
and the lack of a keel to the sternum. The origin of these
birds has recently been clarified by the discovery of nu-
merous good fossils in North America and Europe. Whereas
it was previously thought that ratites had a southern origin,
new fossil evidence has shown flying ratites inhabited the
Northern Hemisphere in the Paleocene and Eocene, be-
tween 40 million and 70 million years ago. The present
Southern Hemisphere distribution of the ratites probably
results from the spread of flying ancestors of the group from
the north. The cassowaries differ from the rheas and os-
triches in their structure and way of life. All cassowary feath-
ers consist of a shaft and loose barbules; there are no
rectrices (tail feathers) nor a preen gland and only five to
six large wing feathers. On the strongly retrogressed wing,
the lower arm and hand are only half as long as the upper
arm. The furcula (wishbone) and coracoid (shoulder blade)
are degenerate. There is a special palatal structure, and the
palatal bones and sphenoids touch one another. Cassowaries
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are known from fossils of the Pliocene (about three million
to seven million years ago) in New Guinea. Although not
formally described until the nineteenth century, the first liv-
ing cassowary to reach Europe was transported to Amster-
dam in 1597.

Physical characteristics

Cassowaries are large, long-legged, cursorial (running)
birds, with distinctive head casques of trabecular (fibrous and
cordlike) bone or calcified cartilage up to 7 in (18 c¢m) high.
The colorful skin of the neck is bare, and long neck wattles
adorn two species. The birds weigh 37-130 b (17-59 kg).
Cassowary wings are small, but the shafts of five or six pri-
mary feathers remain as long curved spines. Of the three toes,
the inner one is armed with a long sharp claw, an effective
weapon that is capable of disemboweling an adversary—even
a human. Like the emu, the aftershaft of the cassowaries’
coarse, black feathers is as long as the main shaft, so that each
feather appears double—almost like extremely thick hair.

75



Family: Cassowaries

Male southern cassowary (Casuarius casuarius) on its nest with eggs.
(Photo by Frith Photo. Bruce Coleman Inc. Reproduced by permission.)

Distribution

The eastern side of Cape York in northern Australia,
throughout New Guinea, New Britain, Seram, and Aru,
Japen, Salawati, and Batanta islands. Humans have introduced
the birds to some of these islands, and their natural distribu-
tion is uncertain.

Habitat

Cassowaries are birds of the rainforest but often stray into
adjoining eucalypt forest, palm scrub, tall grassland, savanna,
secondary growth, and swamp forest.

Behavior

Except during courtship and egg-laying, cassowaries are
solitary birds, seldom seen in groups, and then usually at
some source of abundant food such as a fruiting tree. Each
bird occupies a home range, moving around within it to find
food. Each species has a characteristic territorial boom call,
a threatening roar, given with the head bent down under the
body. The birds are able to move quietly through the rain-
forest until disturbed. The noise of their hasty departure as
they crash through the undergrowth is often the first indi-
cation of their presence. They swim well and have been
recorded reaching an island a mile and a half (2.4 km) from
the coast.

Feeding ecology and diet

Cassowaries feed on the fruits of rainforest trees and
shrubs. The birds collect most of these from the ground, us-
ing their bill and sometimes their casque to unearth the
fallen fruit from the litter of the forest floor. As the cas-
sowaries travel, they disperse the seeds of these fruits
throughout the rainforest, thus ensuring the continuance of
more than 150 species of rainforest plants. In a study of the
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southern cassowary in north Queensland, Australia, the
fruits of laurels, myrtles, and palms were most important.
Opportunistically, the birds will take fungi, insects, and small
vertebrates, but the basic diet consists of fruit. Disturbance
of the forest can have serious consequences for cassowaries.
Selective logging can remove almost all of one species of
tree, so that the crop of fruit from that species is missing
from the forest. If the fruit of this tree forms a significant
part of the cassowary’s diet, it will be left without food for
weeks or months and suffer accordingly. Selective logging
damages the bird’s habitat more subtly than clear cutting,
but equally seriously.

Reproductive biology

Cassowaries nest on a pad of vegetation on the ground.
The clutch contains three to eight bright green or greenish
blue eggs. Incubation lasts for 50-52 days, and is performed
by the male alone. Chicks remain with the male for some
months before gaining independence.
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A male southern cassowary (Casuarius casuarius) on its nest with a
1-day-old chick. (Photo by CIliff Frith. Bruce Coleman Inc. Reproduced
by permission.)
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Conservation status

Disturbance of the forest is the main factor causing a de-
cline in cassowary numbers. In Australia the cassowary pop-
ulation is estimated at 1,300 to 2,000 adults. Information on
the status of New Guinea species is scant. The birds are so
secretive—and the political situation so uncertain in West
Irian—that any assessment is mere guesswork. It can only be
said that the birds, or signs of them, can still be found when-
ever they are sought.
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Significance to humans

Although they do not breed well in zoos, many cassowaries
are kept in New Guinea villages. They are caught as chicks
and raised to be killed and eaten when mature. Some of these
captive birds have caused serious injury, even death, to village
people tending them. They attack unexpectedly, slashing with
powerful forward kicks, tearing the bodies of opponents with
the long sharp claws of the inner toes with such accuracy that
they are much feared.
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1. Bennett’s cassowary (Casuarius bennettii); 2. One-wattled cassowary (Casuarius unappendiculatus); 3. Southern cassowary (Casuarius ca-
suarius). (lllustration by Marguette Dongyvillo)
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Species

Southern cassowary
Casuarius casuarius

TAXONOMY
Casuarius casuarius Linnaeus, 1758, Seram.

OTHER COMMON NAMES

English: Double-wattled cassowary, two-wattled cassowary,
Australian cassowary, kudari; French: Casoar a casque; Ger-
man: Helmkasuar; Spanish: Casuario Comun.

PHYSICAL CHARACTERISTICS

50-67 in (127-170 cm); female 128 1b (58 kg), male 64-75 1b
(29-34 kg). Distinguished from the other cassowaries by hav-
ing two wattles hanging from the neck. The bare skin of the
head and neck is vividly colored in blue and red, and the legs
are gray-green to gray-brown. The species has an especially
long inner toenail or spike up to 5 in (12 cm) in length.
Chicks are longitudinally striped with black, brown, and
cream, and they have a chestnut head and neck for their first
three to six months. Immatures have dark brown plumage
and small casques, acquiring their colorful necks toward the
end of their first year, and glossy adult plumage in about
three years.

DISTRIBUTION

The Australian populations are all north of Townsville,
Queensland, on the eastern side of Cape York. It is widespread
in southern, eastern, and northwestern New Guinea, the Aru

Casuarius casuarius

Resident
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Islands, and Seram. The population on Seram has probably
been introduced.

HABITAT

The southern cassowary lives mainly in lowland rainforest, be-
low 3,600 ft (about 1,100 m).

BEHAVIOR

Although usually shy, some birds will become tame enough
near settlements to approach places where food is regularly put
out for them. Adults are territorial, no more than two associat-
ing together, except that the chicks stay with their father for
about nine months.

FEEDING ECOLOGY AND DIET
The southern cassowary feeds on the fallen fruits of rainforest
trees, fungi, and a few insects and small vertebrates.

REPRODUCTIVE BIOLOGY

In Australia the southern cassowary breeds in the winter—June
and July—coinciding with the abundance of forest fruit, espe-
cially laurels (of the family Lauraceae). The nest, on the
ground, is often close to the roots of a large tree, and the
clutch consists of up to four lime green eggs. Males and fe-
males hold separate territories except for a few weeks at laying
time. Incubation, by the male alone, 47-61 days, with variation
thought to be a response to ambient temperature. Polyandrous
females may take on another male or two before mating season
ends, providing a clutch of eggs for each of her partners. The
chicks stay with the male for up to nine months.

CONSERVATION STATUS

The status of the southern cassowary is uncertain. It requires
large areas of undisturbed rainforest to flourish. As these are
logged or disturbed by roadmaking and settlement, the bird’s
future is put at risk. Some are killed on the roads. Feral ani-
mals such as pigs and dogs disturb the nests in their search for
eggs, causing the population to shrink. In New Guinea the
bird is hunted and snared for food, but while large tracts of
forest remain, it is secure.

SIGNIFICANCE TO HUMANS

Both in Australia and New Guinea the southern cassowary is
incorporated into the mythology of the indigenous peoples, but
it is still hunted by them, and the chicks captured, to be kept
in pens in the villages until they are large enough to eat.

Bennett’s cassowary
Casuarius bennettii

TAXONOMY
Casuarius bennettii Gould, 1857, New Britain.

OTHER COMMON NAMES

English: Dwarf cassowary, little cassowary, mountain cas-
sowary; French: Casoar de Bennett; German: Bennettkasuar;
Spanish: Casuario Menor.
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Casuarius bennettii

Resident

PHYSICAL CHARACTERISTICS

Height 39-53 in (99-135 cm); weight 39 Ib (about 18 kg). A
small cassowary with a flat, low casque and a less colorful neck
than the other species. A distinctive form lives on the west side
of Geevink Bay, West Irian, and may merit recognition as a
species, C. papuanus.

DISTRIBUTION
New Guinea, New Britain, and Japen Island.

HABITAT

Lives in forest and secondary growth, favoring hilly and
mountainous country to 10,800 ft (3,300 m). On New
Britain, where other species are absent, it lives in lowland
forest as well.

BEHAVIOR

Usually solitary or in small family groups, traversing steep
slopes and thick vegetation. Its call is higher pitched than that
of the other species.

FEEDING ECOLOGY AND DIET
Bennett’s cassowary feeds mainly on fallen fruits in the rainfor-
est but also takes fungi, insects, and small vertebrates.

REPRODUCTIVE BIOLOGY
The clutch consists of four to six eggs. Incubation 49-52 days.

CONSERVATION STATUS
Not threatened. Although it is hunted extensively it remains
widespread at low densities.

SIGNIFICANCE TO HUMANS

Widely kept as a pet and, when small, traded between
localities. &
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One-wattled cassowary
Casuarius unappendiculatus

TAXONOMY
Casuarius unappendiculatus Blyth, 1860, aviary in Calcutta.

OTHER COMMON NAMES
English: Northern cassowary; French: Casoar unicaronculé;
German: Einlappenkasuar; Spanish: Casuario Unicarunculado.

PHYSICAL CHARACTERISTICS

Height 65-69 in (165-175 cm); weight females 128 1b (58
kg); males 81 lb (about 37 kg). A large cassowary with coarse
black plumage, a tall casque, a colorful neck, and one central
wattle.

DISTRIBUTION

Northern New Guinea, from western Vogelkop, West Irian, to
Astrolabe Bay, Papua New Guinea, and on Satawati, Batanta,
and Japen islands.

HABITAT
Mostly lowland areas of rainforest and swamp forest, up to

1,600 ft (490 m).

BEHAVIOR
Assumed to be similar to other cassowaries.

FEEDING ECOLOGY AND DIET
Feeds on fallen forest fruits.

REPRODUCTIVE BIOLOGY

Birds in breeding condition have been collected in May

and June, but nothing else has been reported about its breed-
ing.

Casuarius unappendiculatus

Resident
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CONSERVATION STATUS

The status of the cassowary is uncertain. It requires large ar-
eas of undisturbed rainforest to flourish. It is hunted and
snared for food, but where large tracts of forest remain, it

is secure.

Family: Cassowaries

SIGNIFICANCE TO HUMANS

The cassowary is incorporated into the mythology of the in-
digenous peoples, but it is still hunted by them, and the chicks
captured, to be kept in pens in the villages until they are big
enough to eat. ®
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Emus
(Dromaiidae)

Class Aves

Order Struthioniformes
Suborder Casuarii
Family Dromaiidae

Thumbnail description
Large, flightless birds with tiny wings, three
toes, and brown-black plumage

Size
60-75 in (150-190 cm); 75-110 Ib (35-50 kg)

Number of genera, species
1 genus; 3 species

Habitat
Forest, woodlands, savanna, heath, and
grasslands

Conservation status
Extinct: 2 species; Not threatened: 1 species

Distribution

Continental Australia and, formerly, Tasmania, King, and Kangaroo Islands

Evolution and systematics

Emus belong to the group of large, flightless birds
known as the ratites that have in common massive, muscu-
lar legs, small wings, and a distinctive palate. Their inabil-
ity to fly is due to the lack of a keel to the sternum, which
in flying birds serves as the attachment point of flight mus-
cles. The term “ratites” is derived from the Latin “ratis”
for “raft”, a boat without a keel. The origin of these birds
has recently been clarified by the discovery of numerous
good fossils in North America and Europe. Whereas it used
to be thought that the ratites had a southern origin, in the
old continent of Gondwana, new fossil evidence has shown
flying ratites inhabited the Northern Hemisphere in the
Paleocene and Eocene, 40-70 million years ago. The pre-
sent Southern Hemisphere distribution of the ratites prob-
ably results from the spread of flying ancestors of the group
from the north. The first evidence of ratites in Australia
comes from the Eocene and the first recognizable Dro-
maiidae from the Miocene, 20 million years ago. The emu,
Dromaius novaehollandiae, appears in the Pleistocene, only
2 million years ago.

Grzimek’s Animal Life Encyclopedia

Physical characteristics

Emus are large, cursorial, flightless birds, with long, scaly
legs, three toes, and no preen gland. Weighing 51-120 Ib
(23-55 kg) and standing 6.5 ft (2 m) tall, emus are second only
to ostriches in bird size. Although emus usually walk, their
long, muscular legs are adapted to running, and they can run
up to 30 mph (48 km/h), reaching strides of 9 ft (2.7 m) long.
Their plumage is dark brown just after the annual molt, but
fades during the year to pale brown. The wings are small, only
one tenth the length of the body, and are hidden by the
plumage. The main shaft and aftershaft of the feathers are
equal in length so that every feather appears double. Pale blue
skin shows clearly through the sparse feathers of the long
neck. Females are slightly larger than males, weighing 90 1b
(41 kg) versus male weights of 80 Ib (36 kg). The females have
a stronger blue coloration on the bare skin of the neck and

head.
The sexes can be further distinguished during the laying

period. The hen molts before laying and is a dark bird at this
time, whereas the male does not molt until he is incubating,
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Emu (Dromaius novaehollandiae). (lllustration by Patricia Ferrer)

and is paler than the female. New chicks are striped longi-
tudinally with black, brown, and cream. They weigh 11b (0.5
kg) and stand approximately 5 in (12 cm) tall. Birds in their
first year have black feathers covering their heads and necks,
and the bare skin of the adult appears during their second
year of life.

In the 15 ft (4.5 m) gut the gizzard is very muscular, ca-
pable of grinding, with the help of ingested stones, hard seeds
and nuts. The emu bill is broad and soft, adaptable for graz-
ing. The emu has a tracheal pouch, part of its air sac system,
which is used for communication. The pouch is over 12 in
(30 cm) long, very thin-walled, and allows the emu to pro-
duce deep guttural grunts. The pouch develops fully during
breeding season and is used for courtship.

Distribution

Emus lived on Australia, Tasmania, and on King and Kan-
garoo islands. The only surviving species is confined to the
Australian mainland. Because emus are nomadic and all mem-
bers of the populations respond to the same environmental
cues, large movements can occur. In Western Australia a fence
has been built to protect the agricultural areas from emus
moving towards the southern winter rains. Movements are of-
ten seen in Western Australia, where they can be detected on
this fence, and also occur in eastern Australia, when emus
swim the Murray River in large numbers.
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Habitat

Emus are omnivores, at home in eucalypt forest and wood-
land, acacia woodland, savanna and heath, pine woodland,
coastal heath, open spinifex and other tussock grassland, and
in remnant vegetation along salt watercourses and on high
alpine plains. They swim well and have been found on islands
up to 3 mi (5 km) off the coast. Emus drink frequently, prob-
ably every day, taking 0.2-0.4 gal (600-1,500 ml) of water at
a time. The chicks also need water, but usually obtain it from
the leaves of succulent plants that they eat.

Behavior

Behavior has been studied only in the surviving species
Dromaius novaebollandiae. Many accounts describe emus as
flock birds but this is an artifact of observations on captive
and semi-captive birds. In open country emus live as pairs in
home ranges of about 12 mi* (30 km?). They will defend sig-
nificant parts of these areas, but usually try to avoid meeting
other emus. In confrontations, they use kicking as a defense.
The members of a brood may stay together for some months
after they are deserted by their father, but will eventually
break up and form pairs, rather than remain as a flock.

Emus have two basic calls, each of which can vary greatly
in intensity. The grunt is given mainly by the male and has
an aggressive message. The drum or boom is given mainly by
females and has a territorial motivation. For the drum, the
bird uses the tracheal pouch as a resonating chamber and the
low frequency call carries 0.6 mi (1 km). Chicks have a pip-
ing call until their voice breaks, at about five months old, when
a hole opens in their trachea, and communication with the air
sac in the neck is established. Emus display by fluffing out
their neck while they drum and, at other times, by stretching
themselves up to their full height and grunting with vigor.

An emu (Dromaius novaehollandiae) tends its nest. (Photo by J.P. Fer-

rero/Jacana. Photo Researchers, Inc. Reproduced by permission.)
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Family: Emus

Emus (Dromaius novaehollandiae) in a field in the Grampian Mountains area of Australia. (Photo by Joy Spurr. Bruce Coleman Inc. Reproduced
by permission.)

Feeding ecology and diet

Emus feed on nutritious parts of plants, fruits, seeds,
tflowers, and green shoots. They also take grasshoppers, bee-
tles, and caterpillars, often in great quantities. In order to
grind up hard material, emus eat pebbles and stones. Indi-
vidual stones may weigh 0.1 1b (45 g) and individual gizzards
may contain 1.6 1b (745 g) of mineral material. Experiments
in a zoo, where emus were fed marbles, showed that such
hard materials could be retained in the gizzard for over 100
days. It was thought that this might be a useful method of
marking the birds, getting them to eat marbles of different
colors at different sites, but the method failed because the
bird’s bill was too weak to pick up the marbles. Emus also
eat quantities of charcoal, but the function of this material
is unknown. Emus exhibit very strong specific search im-
ages, concentrating on one food even though alternative
foods are readily available. They also move great distances
searching for food.

Reproductive biology

Reproductive biology has been studied only in the surviv-
ing species D. novaehollandiae. In southern Australia emus usu-
ally lay in autumn, on a platform 3.3 ft (1 m) in length
consisting of sticks, grass, and debris on the ground. The
clutch varies with the rainfall, from eight to 20 eggs, which
are dark green and have a pimply texture. Each egg weighs
1.51b (0.7 kg), is 5-6 in (13-15 cm) high, and the shells are
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0.03 in (0.8 mm) thick. Incubation is by the male alone, al-
though in captivity hens have been observed to sit for short
periods. The male chases the female from the nest when the
clutch is completed; she may mate with another male, move
away on migration, or remain in the territory, defending it
for some weeks. Wild males do not leave the vicinity of the
nest, unless disturbed, and do not eat, drink or defecate dur-
ing incubation. They lose 10-20 Ib (5-9 kg) during this pe-
riod. The chicks hatch after about 56 days, often over four
days, and the male then leaves the nest area with them. They
stay with their father for 5-7 months. Emus can lay at a year
old, but most do not breed until they are two. Wild birds live
only six or seven years, although captive ones may live much
longer. Under captive conditions some males will have two
mates, but this is rare in the wild.

Conservation status

The emu is secure on the Australian mainland and has been
reintroduced to Tasmania. The Tasmanian emu, a subspecies
of D. novaehollandiae, died out in 1865, and the dwarf species
D. ater of King Island and D. baudinianus of Kangaroo Island
were exterminated by human activity before 1810 and 1827
respectively. Fears have long been expressed for the survival
of the emu on mainland Australia. In fact the bird is surviv-
ing well and will continue to do so while two thirds of Aus-
tralia is unoccupied or used only as rangeland. It seems to be
one of those species that can sustain very large population fluc-
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An emu (Dromaius novaehollandiae) drinking in western New South
Wales, Australia. (Photo by Jen and Des Bartlett. Bruce Coleman Inc.
Reproduced by permission.)
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tuations. On an area of 1,000 mi* (2,500 km?) in Western
Australia, the number of birds fluctuated between five and 970
over ten years. Estimates of the total population of emus in
Australia vary from half to one million. Emus are vulnerable
as eggs and hatchlings. Buzzards eat the eggs, and young emus
are hunted by dingoes, eagles, non-native foxes, dogs, and
cats.

Significance to humans

The emu is the national bird of Australia and appears on
that country’s coat of arms. For the Australian Aborigines the
emu was as central to their existence as was the American buf-
falo to Native Americans. The emu provided food, and their
fat and organs were also used for medicine. The bird was in-
corporated into their rituals and mythology. Emus were killed
for meat by early European settlers. Later emus damaged
crops in some areas, leading to organized campaigns to erad-
icate the birds, including the brief 1932 “emu war” in which
machine guns were used. Bounties were paid on their heads
in some areas, but recently fences have been used to keep
emus out of areas where they might cause damage. Europeans
have attempted to farm emus, because they reproduce well in
captivity and grow fast, but so far have been unable to estab-
lish stable markets for any commercially viable quantity of
product. Emu farming began in Australia in the 1970s. The
insular species were killed for food by settlers, sealers, and
whalers until they became extinct.
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Species

Emu
Dromaius novaehollandiae

TAXONOMY
Casuarius n. hollandiae Latham, 1790, New Holland (=Sydney,
Australia).

OTHER COMMON NAMES
French: Emeu d’Australie; German: Emu; Spanish: Emu.

PHYSICAL CHARACTERISTICS

60-75 in (150-190 cm); female 57-106 1b (26-48 kg), male
39-103 1b (18-47 kg). The plumage is brown, sometimes
ticked, the feathers long and shaggy.

DISTRIBUTION

Away from settled areas, the emu can be seen anywhere in
Australia, but it visits the arid zone only when good rains have
fallen there.

HABITAT
Emus are able to live in all types of native Australian vegetation.

BEHAVIOR

Emus live as pairs in large territories; young birds remain with
their male parent for about seven months, and may then form
small flocks until maturity.

FEEDING ECOLOGY AND DIET
The emu feeds on nutritious parts of plants, fruits, seeds, flow-
ers, and green shoots.

REPRODUCTIVE BIOLOGY

Emus breed as pairs in natural conditions, the female laying up
to 20 eggs that she leaves the male to incubate. The male also
guards the chicks for about seven months.

CONSERVATION STATUS
Not threatened. The emu is secure in mainland Australia.

SIGNIFICANCE TO HUMANS

The emu has been seen as a pest in some areas and elsewhere
as a potential farm animal from which meat, leather and fat can
be harvested. &

King Island emu (extinct)
Dromaius ater

TAXONOMY
Dromaius ater Vieillot, 1817, King Island, Tasmania.

OTHER COMMON NAMES

English: Black emu; French: Emeu noir; German: Emu King
Island; Spanish: El Emu de King Island.

PHYSICAL CHARACTERISTICS
Height 55 in (140 cm); 51 1b (c. 23 kg). A small, black emu,
with grayish juveniles and striped chicks.
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accounts

DISTRIBUTION
King Island, Tasmania.

HABITAT
Not known.

BEHAVIOR
Not known.

FEEDING ECOLOGY AND DIET
Ate berries, grass, and seaweed.

REPRODUCTIVE BIOLOGY
Not known.

CONSERVATION STATUS
Extinct.

SIGNIFICANCE TO HUMANS
Source of food to sealers and settlers. &

Kangaroo Island emu (extinct)
Dromaius baudinianus

TAXONOMY

Family: Emus

Dromaius baudinianus Parker, 1984, Kangaroo Island, South

Australia.

OTHER COMMON NAMES

English: Dwarf emu; French: Emu de Baudin; German: Emu
Kangaroo Island; Spanish: El Emua de Kangaroo Island.

PHYSICAL CHARACTERISTICS

A small, black emu, slightly larger than the King Island emu.

DISTRIBUTION
Kangaroo Island, South Australia.

HABITAT
Not known.

BEHAVIOR
Not known.

FEEDING ECOLOGY AND DIET
Not known.

REPRODUCTIVE BIOLOGY
Not known.

CONSERVATION STATUS
Extinct.

SIGNIFICANCE TO HUMANS
Source of food to sealers and settlers. &
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(Apterygidae)

Class Aves

Order Struthioniformes
Suborder Apteryges
Family Apterygidae

Thumbnail description

Chicken-sized birds, the smallest of the ostrich-
like birds (ratites); only ratite with four toes;
stout legs and feet, vestigial wings, long and
curved bill with nostrils near tip; brown-black
“hair-like” plumage

Size
14-22 in (35-55 cm); 2.6-8.6 Ib (1.2-3.9 kg)

Number of genera, species
1 genus; 3 species

Habitat
Sub-tropical and temperate forest, woodlands,
coastal heath, pasture, and tussock grasslands

Conservation status
Endangered: 2 species; Not threatened: 1
species

(©)

Distribution
New Zealand

Evolution and systematics

Kiwis (genus Apteryx) belong to the group of large, flight-
less birds known as the ratites that have in common the lack
of a keel on the sternum and a distinctive palate. The origin
of these birds has recently been clarified by the discovery of
numerous good fossils in North America and Europe.
Whereas it used to be thought that the ratites had a south-
ern origin, in the old continent of Gondwana, new fossil ev-
idence has shown flying ratites inhabited the Northern
Hemisphere in the Paleocene and Eocene, 40-70 million
years ago. The present Southern Hemisphere distribution of
the ratites probably results from the spread of flying ances-
tors of the group from the north. Anatomical evidence sug-
gests that the kiwis’ closest relatives were the extinct moas of
New Zealand. Biochemical evidence is conflicting.

Physical characteristics

Kiwis are medium-sized, flightless birds, with stout legs,
four toes, and no preen gland. They weigh 2.6-8.61b (1.2-3.9
kg). The bill is long, pliable, and sensitive to touch, and the
nostrils are lateral at the tip. The eye interior has a much-
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reduced pectin, which normally serves to supply nutrients
and oxygen to the retina and tends to be smaller in noctur-
nal birds. The feathers have no aftershaft and lack barbules
(hooks on the barbs); therefore, the feathers are loose and
project out much like coarse hair. There are large vibrissae,
stiff feathers that usually have tactile function, around the
gape, and there are 13 flight feathers, which are only a little
stronger than the other feathers. The second finger is ab-
sent. There is no tail, only a small pygostyle (similar to a tail-
bone). The legs are strong but short, and the claws are sharp.
The gizzard is weak. The caeca, which aid in digestion, are
long and narrow. The young are colored like the adults but
with softer plumage.

Distribution

Kiwis live on the North and South Islands of New Zealand
and on Stewart Island. Although formerly widespread, only
the brown kiwi (Apteryx australis) remains common, inhabit-
ing several areas of North Island, some parts of South Island
and most of Stewart Island. The other two species are con-
fined to a few island sanctuaries and a small area of the north-
west of South Island.
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Family: Kiwis

Brown kiwis (Apteryx australis) are largely nocturnal, and roost in shel-
tered areas at ground level during the day. (Photo by I. Visser/VIREO.
Reproduced by permission.)

Habitat

Kiwis favor subtropical and temperate podocarp and beech
forest, but settlement and forest clearing has left little forest
for them to use. The brown kiwi has successfully occupied
plantations, even of exotic pines, as well as the fringes of farm-
land, sub-alpine scrub and tussock grassland. The other two
species are now confined to mountainous regions and islands,
but in the past they were probably widespread in podocarp
forests of both lowlands and highlands.

Behavior

Most kiwis are nocturnal, but the Stewart Island form of
the brown kiwi is active during the day. They form monog-
amous pairs, probably lasting for life, moving about their ter-
ritory singly and indulging in frequent calling, sometimes as
duets between males and females. Territories seem to be
maintained by calling, although aggressive behavior has been
observed, involving vigorous encounters and chases at terri-
torial boundaries. Territory sizes vary with locality and species
from 5 to 111 acres (2—45 ha). Only the weak, shrill “kee wee”
or “kee kee” whistles of the male and the hoarse “kurr kurr”
of the female betray their presence. Males call more frequently
than females. Both sexes call in an upright position, with bill
raised and neck and legs fully stretched. Apart from calling,
few displays accompany mating, which may last 1-2 minutes.
Kiwis roost alone during daylight in shallow burrows and shel-
tered places, mostly at ground level.
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Feeding ecology and diet

Kiwis feed on invertebrates, especially earthworms, spi-
ders, and insects from the ground and litter. They take some
plant material, but the quantity is insignificant compared with
their intake of animal food. The sense of smell of kiwis is very
acute so that most of their food is located by scent. Sight and
sound play only minor roles in food searching. While prob-
ing for hidden worms and insect larvae in the soft forest floor,
they use their long bills in the same manner as snipes (fam-
ily Scolopacidae). The bill is thrust deeply into the ground
when feeding and the resulting characteristic holes betray the
presence of the birds. Distended gizzards may contain 2 oz
(50 g) of material. As in other birds, their gizzards also con-
tain some grit that helps to grind up the food.

Reproductive biology

Kiwis are unique in the bird world in having paired func-
tional ovaries. In most other birds, only the left ovary is func-
tional, although some individuals of a few raptor species also
have a functional right ovary. In kiwis, both ovaries function
regularly, but only the left oviduct is developed, the eggs from
both ovaries passing down it. The eggs are of great size, up to
1 1b (450 g), each egg a fifth to a quarter the weight of the fe-
male. Often only one egg is laid, but some two-egg clutches
have been found. It may be 20-60 days between the laying of
eggs in two-egg clutches. For its nest, the bird digs a burrow
or selects and remodels a den in some sheltered spot. Incuba-
tion is by the male, except in the great spotted kiwi (4. haastii),
where both sexes regularly incubate the egg(s). The incubation
period lasts 63-92 days. The chick hatches in adult plumage,
remains inactive in the nest burrow for some days while feed-
ing on its yolk sac, and then emerges to feed independently.

Conservation status

New Zealand has no native mammals, but the introduc-
tion of rats, dogs, pigs, and mustelids (stoats and weasels) has
caused severe predation on kiwis. Apart from the clearing of
native forest, predation has been blamed for the decline of
the populations of all three kiwi species. The effect has been
worst on the spotted kiwis; the brown kiwi seems able to sur-
vive in spite of the presence of dogs and introduced mam-
mals. The little spotted kiwi (4. owenii) is now confined to
four island sanctuaries from which predators have been or are
being removed. The great spotted kiwi population suffers
from traps set to catch introduced possums; for example, up
to half of some populations have fractured or amputated toes.
Captive breeding and translocations are being undertaken by
New Zealand conservation agencies.

Significance to humans

Kiwis are the national bird of New Zealand, but are of no
other special significance to other people. In former times,
Maoris used kiwi skins to make cloaks and they and the early
European settlers hunted kiwis for food.
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Great spotted kiwi (Apteryx haastii); 3. Brown kiwi (Apteryx australis)

. (Illustration by Bruce Worden)
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Species accounts

Brown kiwi
Apteryx australis

TAXONOMY
Apteryx australis Shaw and Nodder, 1813, Dusky Sound, South
Island, New Zealand.

OTHER COMMON NAMES
English: Common kiwi; French: Kiwi austral; German:
Streifenkiwi; Spanish: Kiwi Comun.

PHYSICAL CHARACTERISTICS

18-22 in (45-55 cm); female: 4.6-8.5 1b (2.1-3.9 kg), male:
3.6-6.1 1b (1.6-2.8 kg). Medium-sized, rotund, flightless bird,
with no tail. Body cone-shaped, tapering to a small head with a
long, slightly down-curved bill. Streaked rufous plumage,
shaggy and hair-like, obscuring short wings that end in a claw.
Female larger than male.

DISTRIBUTION

On North Island mainly in Northland and Taranaki, although
still occurs in small pockets elsewhere. On South Island mainly
in Fiordland, with small populations in Westland. Widespread
on Stewart Island.

HABITAT

Subtropical and temperate forests and shrublands. Most com-
mon in dense forest but able to maintain populations in regen-
erating bush, pasture, and pine forest.

BEHAVIOR
Nocturnal, usually seen alone; roosts in dens or burrows by
day. The name “kiwi” comes from the sound of one whistled

Apteryx australis

Resident
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call that has also been rendered as “ah-eel”. Males call most of-
ten, with duets between partnered males and females at times.

FEEDING ECOLOGY AND DIET

The brown kiwi feeds on soil invertebrates such as earth-
worms, beetle larvae, snails, spiders, centipedes, and or-
thoptera. It uses its sense of smell to find food, probing
ceaselessly into the ground, leaving characteristic cone-shaped
holes in the substrate.

REPRODUCTIVE BIOLOGY

Live as monogamous pairs in territories of 12-106 acres (5-43
ha), depending on location. Nests are made in burrows, shel-
tered places, and beneath thick vegetation. The female lays one
or two large eggs that the male incubates for up to 90 days.
The young hatch in adult plumage and, after a few days in the
nest, come out to feed independently. There is little evidence
of parental care, but the chick may be found near its parents
for up to a year.

CONSERVATION STATUS

Not threatened. Although the brown kiwi is the most common
of the group, it suffers from attacks by dogs and is often caught
in traps set for the introduced possum. Large populations live

in Northland and on Stewart Island, but elsewhere fragmenta-
tion has reduced population sizes below sustainable levels.

SIGNIFICANCE TO HUMANS

The Maori formerly ate the birds and made cloaks from their
skins. Apart from being New Zealand’s national bird, the
species is of no economic significance to humans now.

Little spotted kiwi
Apteryx owenii

TAXONOMY
Apteryx owenii Gould, 1847, New Zealand.

OTHER COMMON NAMES
English: Little gray kiwi; French: Kiwi d’Owen; German:
Zwergkiwi; Spanish: Kiwi Moteado Menor.

PHYSICAL CHARACTERISTICS

Length 13.8-17.7 in (35-45 cm); males 2-2.9 1b (0.9-1.3 kg),
females 2.2-4.2 1b (1.0-1.9 kg). Medium-sized, flightless, noc-
turnal bird with pale-mottled, gray, shaggy plumage. The body
is pear-shaped with a long neck and bill.

DISTRIBUTION
Surviving on only four islands: Kapati, Red Mercury, Hen, and
Long.

HABITAT

Evergreen, broadleaf forest and margins of forest up to 3,000
ft (1,000 m) with over 40 in (100 ¢cm) annual rainfall. Favors
wet forest, with rotten logs and dense undergrowth.

BEHAVIOR
Nocturnal, pairs hold territories of about 10 acres (4 ha). Pair
formation in second year and maintained for life. Chases
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Apteryx owenii

Resident

occur in defense of territory, but most displays are vocal, us-
ing high-pitched whistles that have distinct male and female
versions.

FEEDING ECOLOGY AND DIET

Omnivorous, but eats mostly soil and litter invertebrates, such
as earthworms, millipedes, larval beetles, as well as moths,
crickets, and spiders, supplemented with some fruit.

REPRODUCTIVE BIOLOGY

Nest in burrows dug by the pair. Sometimes there is no nest
material, but in other burrows some leaves and twigs have
been gathered. Most clutches are composed of one egg, but
about 15% have two. Only the male incubates, sitting for
63-76 days. The chick is tended (probably fed) for about four
weeks after it hatches. Unlike the brown kiwi, the chick of the
little spotted kiwi may stay in the nest for two to three weeks
before emerging.

CONSERVATION STATUS

Endangered with a total population of about 1,000 individuals.
Even on its island sanctuaries it suffers predation on its eggs
from native rails (wekas) and rats.

SIGNIFICANCE TO HUMANS
None known. ¢

Great spotted kiwi
Apteryx haastii

TAXONOMY
Apteryx haastii Potts, 1872, Westland, New Zealand.
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Family: Kiwis

OTHER COMMON NAMES
English: Great gray kiwi; French: Kiwi roa; German:
Haastkiwi; Spanish: Kiwi Moteado Mayor.

PHYSICAL CHARACTERISTICS

Length 17.7-19.7 in (45-50 cm); males 2.6-5.7 Ib (1.2-2.6 kg),
females 3.3-7.3 1b (1.5-13.3 kg). Medium-sized, flightless, noc-
turnal bird with pale, mottled-gray, shaggy plumage. The body
is pear-shaped with a long neck and bill. Females larger than
males, and with longer bills. Larger than the little spotted kiwi
and about the size of the brown kiwi.

DISTRIBUTION
Two isolated populations in the northwest of South Island, in
Nelson and Westland.

HABITAT

Densest population above 2,000 ft (700 m) in wet beech forest
in mountain ranges running parallel to the coast. Also in tus-
sock grassland, podocarp, and hardwood forests, and sometimes
in coastal pasture.

BEHAVIOR

Nocturnal, pairs holding territories of about 49 acres (20 ha)
or more. Most displays are vocal, using high-pitched whistles
that have distinct male and female versions—the male shriller
than the female. Roost in dens during the day, into which
some vegetation is taken by the bird to form a small mat. A
kiwi may have 100 dens in its territory, using a different one
each day.

FEEDING ECOLOGY AND DIET

Omnivorous, but eats mostly soil and litter invertebrates, such
as earthworms, millipedes, and larval beetles, as well as moths,
crickets, and spiders, supplemented with some fruit. Crayfish

Apteryx haastii

Resident
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are eaten when they leave flooded streams, and some food is
taken above the ground when the bird can walk out along lean-
ing branches.

REPRODUCTIVE BIOLOGY

Pairs maintained for life with some indication of polyandry in
lowland populations. Mostly nest in natural hollows and shel-
tered places, but a few nests are in short burrows dug by the
pair. Some moss lichen, leaves, and twigs are gathered to form
a thick nest. Most clutches are composed of one egg, but two
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eggs have been reported. Both sexes incubate, usually the male
by day and the female by night. The incubation period is not
known.

CONSERVATION STATUS
Endangered, declining in lowland forests and vulnerable to
traps set for possums and to attacks by dogs.

SIGNIFICANCE TO HUMANS
None known. ¢
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Moas
(Dinornithidae)

Class Aves

Order Struthioniformes
Suborder Dinornithes
Family Dinornithidae

Thumbnail description
Large, flightless cursorial birds with no visible
wings, long legs, long necks, and four toes

Size
3-12 ft (0.9-3.7 m); 48-506 Ib (22-230 kg)

Number of genera, species
6 genera; 10 species

Habitat
Forest, woodland, heath, and grassland

Conservation status
Extinct

Distribution
New Zealand

Evolution and systematics

Moas belong to the group of large, flightless birds known
as ratites. Ratites have a distinctive palate, and a sternum
(breastbone) with no keel, so there is no anchor for the
strong musculature needed for powered flight. The origin of
these birds has recently been clarified by the discovery of nu-
merous good fossils in North America and Europe. Ratites
were once thought to have a southern origin in the ancient
continent of Gondwana, but new fossil evidence shows that
flying ratites inhabited the Northern Hemisphere in the Pa-
leocene and Eocene, 40-70 million years ago. The present
Southern Hemisphere distribution of ratites probably resulted
from the spread of flying ancestors of the group from the
north.

The earliest remains of moas in New Zealand are from the
Upper Pliocene, about 1.5 million years ago. By then they were
recognizably moas, but it is thought that the two subfamilies—
the tall, graceful Dinornithinae and the short, stout-bodied
Anomalopteryginae—may be descended from two different fly-
ing ratites that invaded New Zealand during the Tertiary.
Many different classifications have been proposed for moas;
some authors list as many as 27 species, others only 10. The
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lower figure is adopted here, following a detailed review by
Atholl Anderson, because many earlier classifications depended
on small differences in subfossil bone size and shape that could
be due to sexual dimorphism or age differences.

Physical characteristics

There are no accounts of living moas. All information is
derived from subfossil material recovered from swamps, caves,
and river beds. Moas were very large, flightless birds with long
necks and long legs. Unlike surviving large ratites, the tibial
bone of moa legs was longer than the tarsus, and they moved
slowly. Except for bats, no mammals inhabited New Zealand,
so moas had no predators before the Polynesians arrived and
no need to flee swiftly. The height of the birds (to the back)
was 3-12 ft (0.9-3.7 m) and they weighed 48-506 1b (22-230
kg). The three Dinornis species and Pachyornis elephantopus
were the largest, weighing 257-506 1b (117-230 kg). Surviv-
ing feather and skin fragments indicate that, apart from the
legs, the birds were fully feathered, although they had no vis-
ible wings. Each feather was double, with a well-developed
aftershaft, and was brownish, sometimes with pale edging.
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1. Pachyornis elephantopus; 2. Euryapteryx curtus; 3. Euryapteryx geranoides; 4. Emeus crassus; 5. Pachyornis mappini. (lllustration by Marguette

Dongvillo)

Evidence indicates that in at least some species females were
larger than males.

Distribution

Moas lived only in New Zealand. Five species (Anom-
alopteryx didiformis, Euryapteryx geranoides, Dinornis struthoides,
D. novaezealandine, and D. giganteus) were common to North
and South Island, two have been found only on North Island
(Euryapteryx curtus and Pachyornis mappini), and three only on
South Island (Megalapteryx didinus, Emeus crassus, and P. ele-
phantopus). At least one species (Euryapteryx geranoides), and
possibly two, also lived on Stewart Island. There is debate
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about the total numbers of moas, with estimates ranging from
millions to thousands. Using the most recent evidence, Atholl
Anderson has argued that if all 10 species were combined,
there were probably only tens of thousands in total—twice as
many in South Island as in North Island—with the greatest
concentration on the eastern side of South Island.

Habitat

Moas apparently lived in all New Zealand environments,
using coastal dunes, forest fringes, podocarp (seed-producing
conifers) forests, beech forests on limestone, shrubland, and
grassland up to 6,600 ft (2,000 m). A. didiformis, D. struthoides,
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1. Dinornis giganteus; 2. Megalapteryx didinus; 3. Anomalopteryx didiformis; 4. Dinornis struthoides; 5. Dinornis novaezealandiae. (lllustration by

Marguette Dongvillo)

and D. novaezealandiae lived in dense lowland conifer and
broad-leaved forest, and beech forest. M. didinus lived only
in high-altitcude beech forest. Emeus crassus, Euryapteryx
species, Pachyornis species, and D. giganteus lived in the low-
lands—dunelands, forest fringes, and forest, shrub, and grass-
land mosaics.

Behavior

Most moas were probably diurnal, living in small groups
rather than large flocks. There is no hard evidence about their
daily lives.
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Feeding ecology and diet

A number of moa gizzards have been found and analyzed,
showing that the birds fed on plants, taking seeds, twigs, and
leaves from different species. Nineteen gizzards from two dif-
ferent sites showed that the birds took plants that grew in the
forest and those from open country, suggesting they often fed
along the boundary between the two environments. About 80%
of the material was twigs, but seeds and leaves were also abun-
dant. It may be that the tough twigs stayed longer in the giz-

zard than other plants and were over-represented in the sample.

It is now clear that moas did not exist solely on ferns, as
some early authors suggested, but used a number of different
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plant species as food. Seeds of the shrub Comzprosma and the
tree Podocarpus were abundant, but 29 different species were
represented in 19 samples. All gizzards contained pebbles, up
to 11 1b (5 kg) in a large Dinornis. From the nature of these
pebbles, which were the kinds of rock found where the giz-
zard was collected, it can be deduced that moas were seden-
tary. Had they been migratory or nomadic, pebbles in the
gizzard would have included rocks of many kinds because such
pebbles remain in the gizzard for months, and would have re-
flected different landscapes. More information will gradually
come to light about the diversity of the moa diet, because the
shapes and sizes of their bills differ considerably, suggesting
that various species must have selected different foods.

Reproductive biology

Moas laid small clutches, perhaps only one egg. It is
thought, on very slight evidence, that males incubated, as is
the case in most other ratites, but nothing is known of their
routines, not even the incubation period. Some supposed nests
of sticks around scrapes in the ground have been found in
caves and rock shelters associated with egg shell fragments.
The eggs are large—up to 9 in (23 cm) long and 7.6 in (19.5

cm) wide—and green, at least in some species.

Conservation status
Extinct. The last moas probably died out in the seven-
teenth century.
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Significance to humans

Moa is the Maori word for a group of large, flightless birds.
A great deal of thought has been given to the interaction of
Maoris and moas. More than 300 sites have been identified
at which moas were butchered by Maoris, some (according to
carbon dating) as old as A.D. 1000. The sites provide evidence
that the Maoris killed and ate moas systematically. Some sites
are very large, but Atholl Anderson has analyzed their loca-
tion and size to show that they fall into two classes. Sites near
the coast are adjacent to large rivers and usually contain re-
mains of many moas. This suggests that expeditions were
made up river and the birds brought downstream by boat for
butchering. Small sites are mostly in the mountains, or where
water transport would not be available, suggesting that they
represent the catch of one hunting party, the birds being
butchered on the spot and probably eaten there too. Moas
would provide a very valuable protein resource in a land where
other game was scarce.

The evidence of such extensive hunting has been used to
suggest that moas were hunted to extinction. However, the
Maoris also cleared the land, mainly by burning vegetation;
such habitat alteration may have contributed significantly, per-
haps fatally, to the extermination of many species. There are
other puzzles, too. Many moa bones are found aggregated in
beds of former and existing swamps. There is much to discover
about the interactions between moas and Maoris. It is known
that Maoris used moa skins as cloaks and carved tools from the
bones. It is surprising, considering the significance the birds
must have had, how little mythology about them has survived.
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Ostriches

(Struthionidae)

Class Aves

Order Struthioniformes
Suborder Struthiones
Family Struthionidae

Thumbnail description

Very large flightless birds with large, loose-
feathered wings, two toes, and black-and-white
(male) or gray-brown (female) plumage

Size
5.7-9.0 ft (175-275 cm); 139-345 Ib (63-157
kg)

Number of genera, species
1 genus; 1 species

Habitat
Open woodlands, savanna, arid shrubland,
desert, and grasslands

Conservation status
Secure: 1 species

Distribution

Africa, excluding tropical forest belt adjacent to the equator

Evolution and systematics

"The ostrich (Struthio camelus) belongs to the group of large,
flightless birds known as ratites. Ratites have in common a
distinctive palate and the lack of a bony keel to the sternum
(breastbone), to which the powerful musculature required for
flight would be attached.

Ratites were once thought to have a southern origin in the
ancient continent of Gondwana, but recent fossil evidence dis-
covered in North America and Europe shows that flying
ratites inhabited the Northern Hemisphere in the Paleocene
and Eocene, 40-70 million years ago. The current Southern
Hemisphere distribution of ratites was likely due to the spread
of flying ancestors from the north.

The ostrich is the only living representative of suborder
Struthiones, family Struthionidae. Eight extinct species all be-
longed to the same genus. Fossil bones and egg shells show
that ostrich ancestors probably originated in the Eocene
(40-55 million years ago) in the Asiatic steppes as small flight-
less birds. In the lower Pliocene (about 12 million years ago)
they developed into gigantic forms that were distributed as
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far as Mongolia and, later, South Africa. The present-day os-
trich is somewhat smaller and originated as a new species in
the Pleistocene (one to two million years ago); some of its
early remains were found at home sites of prehistoric humans.

Physical characteristics

A large bird, cursorial with long legs and neck. At 5.7-9 ft
(1.8-2.8 m) and 139-345 1b (63-157 kg), the ostrich is the
largest living bird. Males are larger than females. The head
and about two-thirds of the neck are sparsely covered with
short, hair-like, degenerated feathers, making the bird appear
nude. The skin is variably colored, depending on the sub-
species. The legs are particularly strong and long. The tarsus
in sexually mature males has red horn plates; in sexually ma-
ture females they are black. The foot has two toes: a large,
strongly clawed third toe and a weaker, generally clawless
fourth (outside) toe. The first and second toes are absent. The
feathers have no secondary shaft or aftershaft. There are 50-60
tail feathers. The wing has 16 primaries, four alular, and 20-23
secondary feathers. Wing feathers and rectrices have changed
to decorative plumes.
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Ostrich (Struthio camelus). (lllustration by Patricia Ferrer)

The penis-like copulatory organ is retractable and can be
as long as 8 in (20 cm). Food passes through three stomach
segments; the gut can be as long as 46 ft (14 m). The rectum
is especially expanded, and the caecae—cul-de-sac-like struc-
tures at the lower end of the gastrointestinal tract—are about
28 in (70 c¢m) long. Urine is concentrated in the large cloaca
but, in contrast to all other living birds, is secreted separately
from the feces. Unlike other birds, ostriches have pubic bones
that are fused toward the rear and support the gut. The wish-
bone is absent, and palate formation is different from that of
other ratites. Sphenoid and palatal bones are unconnected.

Distribution

The ostrich formerly occupied Africa north and south of
the Sahara, east Africa, Africa south of the rainforest belt, and
much of Asia Minor. Its distribution has now shrunk to Africa
south of the Sahara and parts of east Africa, but most exist-
ing populations are in game parks.

Habitat

The ostrich is an open-country bird. In northern Africa
it lives in the dry beds of watercourses in broad valley bot-
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toms and in desert-savanna plains, rarely above 300 ft (100
m). In eastern Africa it is in savanna; in southern Africa it is
in open grassland with some shrubs. In southwest Africa its
habitat is semidesert or true desert, with patches of open,
stunted woodland.

Behavior

An ostrich population often becomes a mixed society of
flocks, families, and individuals of all age groups whose com-
position changes with the season. In a series of ostrich sight-
ings in east Africa, 49% of the sightings were of single birds,
35% were of two birds together, and 16% were of groups of
three to five birds. In rainless periods, when wandering, in
common grazing grounds, and at watering places, they form
peaceful aggregations of hundreds of birds, but individual
flocks remain recognizable. Social contacts between birds of
different groups are initiated when one bird approaches an-
other in a submissive posture, with head lowered and tail
down. Often a family of one herd adopts the chicks or young
of another. Single cocks may join together and form “schools”
of half-grown ostriches, which then wander about for days or
weeks. For communal sand baths, each flock seeks out a sandy
depression.

The ostrich is diurnal but may sometimes be active on
moonlit nights. It loafs and roosts by squatting on the ground,
and is most active early and late in the day. Its normal walk-
ing pace is 2.5 mph (4km/hr), but when running in alarm it
can reach speeds of 45 mph (70 km/hr). It is very vigilant
when feeding, continually raising its head to look around. It
feeds more frequently in small flocks than in large ones. The
territorial call of the male ostrich is a roar, far-carrying and

A male ostrich (Struthio camelus) displays his courting dance. (Photo
by Leonard Lee Rue, Ill. Photo Researchers, Inc. Reproduced by per-
mission.)
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Ostrich (Struthio camelus) drinking at Kalahari Gemsbok National Park,
South Africa. (Photo by Nigel J. Dennis. Photo Researchers, Inc. Re-
produced by permission.)

resembling the roar of a lion. A soft “booh” is used as a con-
tact call and hisses are given in threat displays.

Feeding ecology and diet

The ostrich grazes on green grass and browses on shrubs,
succulents, and seeds. A few animals are taken, particularly
when swarms of insects, such as the plague locust, are active.

Reproductive biology

Males are polygynous, taking more than one mate at a time.
In the initial phase of courtship, the cock displays by alter-
nating wing beats in front of the flock to attract or separate
out the chosen hens. He chases yearlings away with the help
of his major hen. Then the birds move together to the breed-
ing territory, an area of 1-6 mi* (2-14 km?).
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During the courtship of a specific hen, the cock always dri-
ves her away from the others. Both move to a remote spot
and graze, while their behavior becomes increasingly syn-
chronized. The feeding evidently becomes secondary and
evolves into a ritual that further synchronizes the partners’
behavior. The smallest disruption in their movements leads
promptly to a premature end of the preliminary display.
When the courtship continues undisturbed, the cock excit-
edly and alternately flaps the right and left wings. Both birds
then slow their steps and each begins to poke its bill into the
ground on a sandy spot and pull out grasses. The cock then
throws himself to the ground and stirs up the sand with
tremendous wing beats; this seems to be a symbolic hollow-
ing of a nest bowl. Simultaneously, he turns and winds his
head in a rapid spiral motion. He continually repeats his
muted courtship song while the hen circles in front of or
around him in submissive posture, dragging her wings. Sud-
denly the cock jumps up, the hen drops to the ground and,
beating his wings, the cock mounts for copulation.

The breeding season varies regionally, often correlating
with the rainy season. The first female to lay in a nest be-
comes the major hen of the male that owns the nest; she dom-
inates other hens, minor hens, that may also lay in it. As the
time of incubation approaches the major hen discards some
of the eggs of minor hens, so that the clutch is kept to a size
that a bird can incubate effectively. The male incubates by
night and the female by day. The clutch of wild birds aver-
ages 13 eggs and takes, on average, 42 days to hatch. Both
parents care for the chicks, but as they grow, broods may
amalgamate, and finally the young from one region gather
into an immature flock. Breeding success is low, of the order
of one chick per incubated nest, the eggs and chicks being
subject to attacks from many predators, hyenas, jackals, and
vultures.

Conservation status

The ostrich has declined greatly in abundance and distri-
bution in the last 200 years. Most surviving birds are in game
parks or on farms. Only in remote desert regions do truly wild
birds persist, but farms and game parks ensure the preserva-
tion of the species.

Significance to humans

The ostrich has inspired human thought, religion, and art
since ancient times, as indicated by 5,000-year-old records
from Mesopotamia and Egypt. For today’s Kalahari bushman,
its egg is still a valuable vessel in which he keeps scarce wa-
ter, and from the shells he makes beautiful jewelry for his wife
and children. Ostriches are also farmed for feathers, meat,
eggs, and leather.
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A créche of 3-ft (90-cm) tall ostrich (Struthio camelus) chicks is escorted by an adult across the shortgrass plains of the Serengeti in Tanzania.
(Photo by Gregory G. Dimijian. Photo Researchers, Inc. Reproduced by permission.)
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Elephant birds

(Aepyornithidae)

Class Aves

Order Struthioniformes
Suborder Aepyornithes
Family Aepyornithidae

Thumbnail description
Extinct, large, flightless birds of massive build,
known only from fragmentary fossil remains

Size
Some species probably 10 ft (3 m), 880 Ib
(400 kg)

Number of genera, species
2 genera; 7 species

Habitat
Thought to have inhabited woodland and forest
in southwest Madagascar

Conservation status
Extinct

Distribution
Madagascar

Evolution and systematics

Elephant birds belong to the group of large, flightless birds
known as ratites. Ratites had a distinctive palate, and a ster-
num (breastbone) with no keel, so there was no anchor for
the strong musculature needed for powered flight.

The origin of these birds has recently been clarified by the
discovery of numerous good fossils in North America and Eu-
rope. Ratites were once thought to have a southern origin in
the ancient continent of Gondwana, but new fossil evidence
shows that flying ratites inhabited the Northern Hemisphere
in the Paleocene and Eocene, 40-70 million years ago. The
present Southern Hemisphere distribution of ratites proba-
bly resulted from the spread of flying ancestors of the group
from the north.

Another indication that ancestors of elephant birds reached
Madagascar as flying birds is that no fossils of ratites or ele-
phant birds are found in India. In the process of separation
of Gondwana into multiple continents, Madagascar and In-
dia remained joined for millions of years after breaking away
from Gondwana. If elephant birds had walked to Madagas-
car, they would surely also have reached India. On the other
hand, numerous remains of birds from genera such as
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Mullerornis and Aepyornis are known from the Quaternary pe-
riod of Madagascar. They were found in rock strata that are
at most two million years old.

Elephant birds seem most closely related to present-day
ostriches. Two fossil birds, Eremopezus eocaenus and Stromeria
Jfajumensis, from the lower Tertiary of Egypt are sometimes
placed in the Aepyornithidae, but opinion is divided about
their relationships and they are omitted from the family in
this treatment.

Seven separate species of elephant bird are known to have
existed: Mullerornis betsilei, Mullerornis agilis, Mullerornis rudis,
Aepyornis maximus, Aepyornis medius, Aepyornis hildebrandti, and
Aepyornis gracilis.

Physical characteristics

No precise estimate can be made of the size and weight of
these birds. Some were very large, up to 10 ft (3 m) tall, and
weighed 880 1b (400 kg). Others were probably smaller, but
more fossil material is needed to give good size-range esti-
mates. When x-rayed, some eggs reveal embryonic elephant
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Elephant bird (Aepyornis maximus). (lllustration by Bruce Worden)

birds, giving clues about the form of the whole bird, or at
least its chick. The middle bone of the leg, the tibia, is longer
than the lowest bone, the tarsus, indicating the birds were not
fast runners. They had no need to run because other animals
on Madagascar were no larger than a cat.

Distribution

Most early reports and recent fossil material have come
from southwestern Madagascar. Two intact elephant bird
eggs were found on the beaches of western Australia, on the
far side of the Indian Ocean from Madagascar. It was con-
cluded that these eggs were laid near the sea, washed into the
sea by rivers or brought to the coast by human inhabitants of
Madagascar, and floated to western Australia. Their survival
on a journey of at least 5,000 mi (8,000 km) is remarkable.
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Habitat

Etienne de Flacourt, the first French governor of Mada-
gascar, was the first to report to scientists about elephant
birds. He stated that a giant bird called “vouron patra” was
still frequently found in the southern half of the island in the
mid-seventeenth century. It is thought that elephant birds
lived in the forests and woodlands of southwestern Madagas-
car. When human inhabitants arrived on the island about
2,000 years ago, they fragmented and burned these environ-
ments, causing the birds to lose their livelihood and become
extinct soon after Flacourt’s report.

Behavior

Nothing is known of the behavior of these birds. An ac-
count by Marco Polo in which large birds seized elephants,
flew into the sky, then dropped the elephants to kill them and
feast on them is a delightful fairy tale that may have given
elephant birds their name.

Feeding ecology and diet

Elephant birds are thought to have fed on forest fruits.
They may have been important in the dispersal of some fruit-
bearing plants on the island—plants that are now known only
from a few very old individual trees.

Reproductive biology

It is likely that elephant birds laid small clutches, perhaps
of only one egg, and therefore reproduced slowly. The first
scientific data on elephant birds was a report on their eggs
made when a traveler named Sganzin sent a sketch of one of
the giant eggs to collector Jules Verreaux from Madagascar
in 1832. The eggs would have weighed about 13 1b (6 kg)
and would be some of the largest single cells ever known.

Conservation status
Extinct.

Significance to humans

Flacourt reported that the natives used remains of elephant
bird eggs as vessels. The shells are several millimeters thick;
they may be more than 12 in (30 cm) long, and their volume
is given as more than 1.6 gal (6 1). This corresponds to more
than six ostrich eggs or more than 150 chicken eggs. Even to-
day, many broken eggshells litter the beaches of southwest-
ern Madagascar. The eggs and the birds that laid them must
have been a great food resource for local people.
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Procellariiformes
(Tubenosed seabirds)

Class Aves
Order Procellariiformes
Number of families 4 families

Number of genera, species 23 genera; 108
species

Photo: Northern fulmar (Fulmarus glacialis) at Kilt
Rock on the Isle of Skye, Scotland. (Photo by Art
Wolfe. Photo Researchers, Inc. Reproduced by per-
mission.)

Introduction

Procellariiformes are exclusively marine birds. Also com-
monly known as petrels, tubinare, or tube-noses, this order is
extremely diverse: from the massive, yet majestic, wandering
albatross (Diomedea exulans) to the tiny, wave-dancing least
storm-petrel (Halocyptena microsoma).

Traditionally there are four families within the order Pro-
cellariiformes: the Diomedeidae (albatrosses); the Procellari-
idae (giant petrels, fulmars, gadfly petrels, and shearwaters);
the Hydrobatidae (storm-petrels); and the Pelecanoididae
(diving-petrels). These four families include 23 genera and
108 species.

Evolution and systematics

The oldest Procellariiform fossil is from the early Pale-
ocene, some 60 million years ago. However, a DNA-based
study published in 1997 suggests that the order is even older
and was distinct from penguins (order Sphenisciformes) and
divers (order Gaviiformes) prior to the end of the Cretaceous.
Thus, like many early avian groups, the Procellariiformes sur-
vived the mass extinction event at the end of Cretaceous about
65 million years ago. The fossil record of the Procellari-
iformes is generally poor, but a few sixteen million-year-old
fossils show that even then albatrosses and shearwaters were
very similar to modern-day species.

Procellariiformes are thought to have first evolved in the
Southern Hemisphere and two-thirds of extant species are still
found in this region. Surprisingly, most Procellariiform fos-
sils have been found north of the equator. Many albatross fos-
sils from the Pliocene (2 to 5 million years ago) have been
recovered from Europe, North America, and Japan. This
northern bias may simply reflect relative effort and the greater
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amount of landmass in the Northern Hemisphere. A few fos-
sils from Australia, South Africa, and Argentina do confirm,
however, the presence of albatrosses in the southern oceans
over five million years ago.

DNA-DNA hybridization and DNA sequencing have con-
firmed the common ancestry of all Procellariiformes, but the
taxonomy within the order is complex and subject to constant
revision. John Warham, in his detailed book The Petrels, states
that “the classification and systematics of Procellariiformes
have long been the subject of controversy and a general agree-
ment on species’ limits in the near future seems unlikely.” His
prediction proved to be accurate. For example, in 1997 it was
suggested that the number of albatross species should be re-
vised from 14 to 24.

Physical characteristics

The unifying characteristic of Procellariiformes is their
tubular nostrils. In the albatrosses (Diomedeidae) the tubular
nostrils protrude from each side of the bill whereas in the
three other Procellariiform families the nostrils are fused and
sit prominently at the base of the upper bill. Unlike most
other birds, petrels are thought to have a have a highly de-
veloped sense of smell, which they use to locate food and
breeding sites. The tubular nostrils may enhance this sense
or the tubes could simply act to keep the salty solution pro-
duced by the nasal glands away from the face and eyes.

Another unique feature of this order is the structure of the
bill. Unlike any other birds, the bills of Procellariiformes are
split into seven to nine distinct horny plates. The hooked bill
of petrels is formed by a plate on the upper bill called the
maxillary unguis. The hooked, stout, and very sharp unguis
can firmly hold slippery food items such as fish and squid. In
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Kittiwakes, murres, and fulmars share this bird-nesting cliff on the
Sneefellsnes Peninsula in Iceland. (Photo by Kenneth W. Fink. Bruce
Coleman Inc. Reproduced by permission.)

smaller Procellariiformes the cutting edges of the plates in
the lower bill (tomia) are more comb-like and form filters for
feeding on plankton and other small items of food.

Procellariiformes show the greatest range in body size of
any avian order. The smallest species is the least storm-petrel
(Halocyptena microsoma), which weighs less than 1 oz (20 g) and
has a wingspan of 12.5 inches (32 cm). The largest species, the
wandering albatross (Diomedea exulans), can weigh over 24
pounds (11 kg) and has a wingspan of up to 12 feet (3.6 m).

The plumages of Procellariiformes are generally quite
plain and are composed of black, brown, gray, or white feath-
ers. The legs and feet are usually black, but some are flesh-
colored or mottled. In prions, diving-petrels, and little
shearwaters (Puffinis assimilis) the feet and legs are blue. The
bills of Procellariiformes are usually dark gray or black al-
though some have yellow, orange, or pink coloration.

Also peculiar to Procellariiformes is stomach oil. This pale
oil mainly contains wax esters and triglycerides and has a di-
etary origin. It is stored in the large, sac-like proventriculus
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that separates the esophagus and gizzard. Enzymes secreted
within the proventriculus allow Procellariiformes to metabo-
lize the wax esters. The oil is used by both chicks and adults
as an energy-rich food source during the potentially long pe-
riods between meals. The oil has a strong smell and may give
the Procellariiformes their characteristic musty odor. Giant
petrels (Genus Macronectes) are particularly pungent, hence
their nickname “stinkers.”

The oil has a second function. If chicks or ground-nesting
adults are threatened, the oil can be regurgitated from the
proventriculus and sprayed over a considerable distance. When
the oil cools it has a wax-like consistency and can damage the
plumage of predatory birds such as skuas (Laridae; Sterco-
rariinae).

Distribution

Procellariiformes have the widest distribution of any avian
order. Antarctic petrels (Thalassoica antarctica) and snow petrels
(Pagodroma nivea) breed so far south that birds have to fly over
a hundred miles from their inland colony before they reach the
coastline of the Antarctic continent. In the Northern Hemi-
sphere, fulmars (Fulmaris glacialis) nest on the northeastern tip
of Greenland, as far into the Arctic as any land reaches. Petrels
occur in all oceans but are most numerous in the Southern
Hemisphere and are least abundant in the tropics.

Habitat

Petrel colonies are mostly found on remote islands away
from land-based predators. Those that nest on larger islands
or mainland continents do so in areas with low numbers of
predators, such as deserts or mountainsides.

The breeding sites of the larger petrels must be wind-
swept. Albatrosses and other large petrels cannot take off or
forage widely for food without the help of strong winds. The
subantarctic islands so favored by Procellariiformes are in
latitudes referred to by sailors as the ‘Roaring Forties” and
‘Furious Fifties” because of the powerful, westerly winds that
blow throughout the year.

Outside the breeding season, Procellariiformes spend vir-
tually all their time at sea. Their distribution is largely gov-
erned by the availability of food, which is in turn influenced
by the distribution of currents, upwellings, and weather con-
ditions. However, some Procellariiformes, such as short-tailed
shearwaters (Puffinus tenuirostris) and Manx shearwaters
(Puffinus puffinus), make predictable return migrations be-
tween the Northern and Southern Hemispheres. Although
migrating at the same time and in the same direction, these
two species do not breed in the same hemisphere. The Manx
shearwater favors the northern summer whereas the short-
tailed shearwater, like most petrels, breeds during the sum-
mer months of the Southern Hemisphere. Research published
in 2000 has shown that wandering albatrosses (Diomedea ex-
ulans) also have predictable migrations. Adults that nest on
the Crozet Islands near South Africa return to the same patch
of ocean at the end of each breeding cycle. However, the
favored area could be as far away as Australia and may be dif-
ferent for each adult albatross.
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Behavior

Most petrels are gregarious. At sea they can occur in large
multi-species flocks around natural food sources or fishing
boats. Squabbles are common and the large, aggressive alba-
trosses and giant petrels usually displace other species.

Petrels are also gregarious during breeding and can form
huge colonies. Surface-nesters usually build their nests just
beyond the pecking distance of their nearest neighbor. Larger
albatrosses and the northern giant petrel (Macronectes halli)
nest on the ground but not in dense colonies. More com-
monly their nests are loosely scattered along hillsides, head-
lands, or mountain ridges. Smaller petrels nest in dense,
single-species colonies but usually excavate burrows or
squeeze behind rocks.

Many petrels have elaborate display rituals in order to
choose a mate or maintain a pair bond. Diurnal species such
as albatrosses perform terrestrial dances or synchronized “aer-
ial-ballet” routines. The courtship display of other petrels can
be equally impressive. The display of the black-winged petrel
(Pterodroma nigripennis) consists of swooping aerial chases and
loud high-pitched calls. Species that return to their breeding
sites after dusk tend to have less elaborate displays but can
still be extremely vocal.

Most Procellariiformes are silent at sea unless competing
for food. On land, various piping calls, shrieks, croaks, and
other calls are produced at the nest or burrow. Albatrosses
produce a variety of calls that accompany their complex dis-
plays. Shearwaters are renowned for the eerie human-like
cries they produce from within their burrows.

Feeding ecology and diet

Among seafarers, albatrosses were well known for their
ability to effortlessly follow ships for thousands of miles. By
gliding on long, narrow wings, albatrosses, fulmars, petrels,
and shearwaters can use the ocean winds to cover vast dis-
tances in search of food. However, not all Procellariiformes
fly so economically. The short, stubby wings and rounded,
penguin-like body of diving-petrels is more adapted to a life
under the water than above it.

Typically petrels search for their patchily distributed food
either offshore or beyond the continental shelf. Their search
can take them thousands of miles from their breeding colony.
Studies using satellite-tracking devices have shown that some
albatrosses breeding on the Crozet Islands forage up to 1,600
mi (2,600 km) away from their nest. In contrast, diving-
petrels predominantly search for food in inshore waters close
to their breeding sites.

Petrels usually find their food close to or on the surface of
the ocean although shearwaters, diving-petrels, and even some
albatrosses can dive more than 30 ft (10 m) below the surface.
Squid is the principal food source for most large petrels, al-
though they will opportunistically eat other seabirds and car-
rion. Carcasses of seals, whales, and cuttlefish will attract
hungry albatrosses while other Procellariiformes such as gad-
fly petrels and storm-petrels will mop up any scraps. Only gi-
ant petrels regularly forage for food on land. Petrels also
exploit the actions of whales, dolphins, sharks, and tuna.
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Least storm-petrel (Oceanodroma microsoma). (Photo by J. Hoff-
man/VIREO. Reproduced by permission.)

These marine predators will push schools of fish close to the
surface and within reach of the shallow-diving-petrels. Storm-
petrels and prions eat zooplankton such as copepods, am-
phipods, and fish eggs, which they delicately pluck from the

surface of the ocean.

Concentrations of sea life occur where upwellings bring
nutrient-rich waters closer to the surface. But even in these
regions the abundance of food is largely unpredictable and
the physiology of Procellariiformes reflects the ephemeral na-
ture of their food sources. At 100°F (38°C), the body tem-
perature of petrels is lower than most birds (105°F; 41°C).
Therefore, less energy is required to maintain body temper-
ature and less heat is lost. When food is plentiful, layers of
subdermal fat and stomach oil can store excess energy until
it is needed. The digestive tract of Procellariiformes is un-
usual in that the esophagus passes unrestricted into the
proventriculus, which fills a large proportion of the abdomi-
nal cavity. The size of the proventriculus allows very large
meals to be consumed and stored.

Reproductive biology

Procellariiformes are long-lived, very slow breeders. None
can breed in the first year, and the largest petrels wait over a
decade before breeding for the first time. In each breeding
attempt, all Procellariiformes lay a single white egg. The egg
is large relative to body size and can be up to 28% of the
mother’s body weight. Incubation in petrels is prolonged (6
to 11 weeks): about twice as long as gull (Laridae) eggs of a
similar size. A petrel chick takes between two and nine months
to fledge, twice as long as gulls of the same body mass. The
reasons behind such a slow growth rate are thought to be as-
sociated with breeding sites and the parents’ ability to feed
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the young. Terrestrial predators are usually absent from the
islands where petrels breed, which removes the pressure to
fledge a chick quickly. Also, food is rarely abundant close to
breeding sites, so a fast growing chick would be more likely
to starve during the potentially long periods between meals.

All Procellariiformes form exclusive social pairings, but be-
havioral and DNA-based studies have shown that infidelity
does occur and males are not always the genetic fathers of the
chick they help to raise. Copulations occur at the nest and are
often preceded by complex behaviors or mutual allopreening.

Both sexes build or excavate the nests, incubate the egg,
and provision the chick. Initially, surface-nesting petrels pro-
tect the chick from potential predators. Later, both parents
leave the chick while they forage for food. A healthy chick
can defend itself by regurgitating the stomach oil stored in its
proventriculus.

Petrels receive little or no post-fledging care. They spend
their first 2—11 years at sea before returning to their natal site
to breed. Rarely, a young bird will return to a different island
or colony to make its first breeding attempt.

Conservation

There are 108 extant species of Procellariiformes. Of these,
23 are threatened with extinction. Only one species, the
Guadalupe storm-petrel (Oceanodroma macrodactyla), has be-
come extinct since 1600. The principal threats to petrels are
mammalian predators introduced to breeding islands and in-
teractions with fishing vessels.

Humans have accidentally or deliberately introduced cats,
rodents, possums, pigs, mustelids, rabbits, goats, foxes, and
other mammals to petrel breeding sites. They usually have a
severe impact. On Marion Island in the Indian Ocean, the
2000 or so feral cats targeted diving-petrels and killed nearly
half a million seabirds each year. Eradication schemes have
now successfully removed mammalian predators from many
petrel breeding sites. On Australia’s subantarctic Macquarie
Island, an intensive effort to remove cats saw immediate suc-
cess when in 2000 gray petrels (Procellaria cinerea) bred suc-
cessfully on the main island for the first time in 40 years.

Before being banned in 1991, drift-net fisheries were
thought to be responsible for killing up to 500,000 seabirds
each year. Currently, the greatest threat to foraging seabirds
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are long-line and trawl fishing boats that annually kill thou-
sands of petrels and have been linked to the decline of many
albatross populations. One study published in 1991 estimated
that 44,000 albatrosses are killed by the Japanese longline fish-
ery each year. Longline fishers are now expected to use bird-
scaring lines and other bycatch mitigation measures in an
attempt to reduce the death toll of seabirds.

Significance to humans

Not surprisingly, Procellariiformes have been of most sig-
nificance to fishermen, whalers, and other seafarers. They are
sometimes used to pinpoint fish shoals or a surfacing whale
and are the subject of many superstitions. Some thought
albatrosses were good omens and to kill one would bring ill
fortune. At other times, to see an albatross or touch a storm-
petrel was considered to be bad luck. Procellariiformes were
also seen as the embodiment of the souls of cruel captains
or drowned sailors that were destined to wander the seas for
all time.

Petrels have long been used as a source of food for humans
and have been found among archaeological remains around
the world. Petrels have also sustained many a sailor ship-
wrecked in the southern oceans. In Alaska, Kodiak Islanders
harpooned short-tailed albatrosses (Diomedea albatrus) from
canoes, and royal albatross chicks (Diomedea epomophora) were
highly prized by New Zealand tribes. Until the late 1980s,
the inhabitants of Tristan Island in the Indian Ocean har-
vested the eggs of yellow-nosed mollymawks (Diomedea
chlororbynchos) and sooty albatrosses (Phoebetria fusca). In many
places, humans harvested shearwater chicks, also known as
“muttonbirds.” Tasmanian aborigines ate short-tailed shear-
waters (Puffinus tenuirostris) at least 2000 years ago and a
highly regulated harvest continues today. In New Zealand,
there is a traditional harvest of sooty shearwater chicks (Puffi-
nus griseus). Meticulous records track the number of Manx
shearwaters (Puffinus puffinus) harvested from colonies on the
Isle of Man in the United Kingdom. In the mid 1600s, the
annual harvest was 10,000 chicks. However, like most petrel
colonies, this population was vulnerable to introduced preda-
tors. By 1789, the colony disappeared after a shipwreck in-
troduced rats to the island.

Many places where albatrosses and other petrels breed or
forage now attract humans that simply wish to marvel at their
size, elegance, and beauty.
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Albatrosses
(Diomedeidae)

Class Aves
Order Procellariiformes
Family Diomedeidae

Thumbnail description

The largest flying seabirds, with exceptionally
long narrow wings adapted for gliding and
distinctive hooked bill and plumage ranging from
all dark to mostly white

Size

Wingspan 62.3-106 in (190-323 cm);
3.74-26.25 Ib (1.7-11.9 kg); length: 20-80 in
(50-200 cm)

Number of genera, species
4 genera; 14 species

Habitat
Oceanic, generally only approach land for
breeding on remote islands

Conservation status

Critically Endangered: 1 species; Vulnerable: 8
species; Lower Risk: 4 species; Data Deficient:
1 species.

Distribution

Evolution and systematics

A range of fossil albatrosses are evidence of a wider and
more cosmopolitan distribution than those extant today. The
earliest identified are from the Oligocene in Germany and
South Carolina. Species approaching the characteristics of
modern albatrosses are from the Northern Hemisphere (Eu-
rope and both coasts of North America) in the Miocene and
Pliocene, but deposits are known from Australia, South Africa
and Argentina in the predominantly marine Southern Hemi-
sphere. Albatrosses were probably widespread in the north At-
lantic until the late Tertiary.

The taxonomic status of albatrosses was fragmented and
confusing until long-term field studies started during the
1930s. The collation of morphological, biological, and distri-
bution data from breeding locations, with various genetic
analyses from the 1990s, suggests a division into 4 genera and
24 taxa, a term that applies to both the species and subspecies
of this order (Phoebastria with three taxa; Diomedea, 7 taxa;
Thalassarche, 12 taxa; and Phoebetria, two taxa). Most of the
24 recognizable taxa (by combined morphology and genetics)
may warrant species status and can be considered as distinct
conservation units. In this treatment, however, the more tra-
ditional count of two genera will be applied: Diomedidae,
which encompasses the proposed genera Phoebastria and Tha-
lassarche; and Phoebetria, the two species of sooty albatross. A
more positive resolution of the species question awaits data
from poorly studied species in remote locations.
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The north and south Pacific, Indian, and south Atlantic oceans

Physical characteristics

The great albatrosses (Diomedea) are the largest, with
wingspans that can exceed 9.8 ft (300 cm). They lack a dark
back except as juveniles. All have a white underwing. The up-
per wing of the northern royal albatross (D. epormophora san-
fordi) is always black, while that of the wandering albatross
(D. exulans) and the southern royal albatross (D. epormophora)
grow increasingly white with age, especially among males.
When Antipodean (D. antipodensis) and Amsterdam alba-
trosses (D. amsterdamensis) breed, especially females, they are
almost as dark as in as juveniles. In the wandering royal al-
batross (D. exulans), Tristan albatross (D. dabbenena) and Gib-
son’s albatross (D. gibsoni), body plumage whitens with age,
and females may retain dark markings on the chest, flank,
and back. Otherwise the body is chiefly white in the royal and
northern royal albatrosses. The long (5.5-7.5 in; 140-190
mm) pale, horn-colored bill has a distinctively hooked tip, and
it flushes pink in adults rearing chicks.

The Northern Pacific albatrosses include four medium to
small taxa with wingspans of 6.2-7.9 ft (190-240 cm), and all
have short, black tails. The two largest, i.e. the short-tailed
albatross (D. albatrus) and the waved albatross (D. irrorata),
have distinctive yellow/golden plumage on the head and nape.
Of the two smallest, the Laysan albatross (D. immutabilis) has
a pinkish bill, white body, and dark upper wing, while the
black-footed albatross (D. nigripes) has a black bill and is
mainly dark brown, except for a white patch at the rump and
a variably pale face.
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Laysan albatross (Diomedea immutabilis) parent with chick on Midway
Atoll. (Photo by Frans Lanting. Photo Researchers, Inc. Reproduced by
permission.)

The mollymawks, which include 11 small to medium size
taxa, are the most diverse group of albatrosses with wingspans
of 5.9-8.4 ft (180-256 cm). All have black upper wings and
back, variable amounts of black on the underwing, and white
body. All have a variable gray eyebrow with heads and necks
varying from mainly white to dark gray, some with pro-
nounced paler cap. The shy albatross, white-capped albatross,
Salvin’s, and Chatham mollymawk (D. cauta, D. cauta cauta,
D. salvini and D. cauta eremita) all have chiefly white under-
wings, while all others have variable amounts of black reach-
ing into the underwing from the leading edge. All mollymawks
have distinctive bill structures and colors which, when com-
bined with head color, help identification. The black-browed
mollymawk (D. melanophris) and the Campbell black-browed
mollymawk (D. impavida) have golden yellow bills with pink
tips. The gray-headed mollymawk (D. chrysostorna) has a dark
gray head and bill, with a yellow culmen and pink nail, yel-
low lower mandible stripe and black intervening sides to the
bill. Buller’s mollymawk (D. bulleri) and the Pacific molly-
mawk (D. platei) have similar bills without the pink nail and
have gray, with paler-capped, heads. The smallest molly-
mawks (D. chlororhynchos) have a gray washed head, and the
eastern yellow-nosed mollymawk (D. bassi) has a chiefly white
head. Both taxa have bills with a yellow culmen stripe and
pink nail. All mollymawks have a colorful pink/orange fleshy
facial stripe from gape to ear which is exposed during displays.

"The two sooty albatrosses (Phoebetria), with a wing span of
6.0-7.15 ft (183-218 cm), and the longest and most pointed
tails of all albatross taxa, have mainly dark bills, plumage, and
legs. However, the light-mantled sooty albatross (P. palpe-
brata), normally has a paler brown mantle than the dark-
mantled sooty albatross (P. fusca).

Distribution
Three albatrosses, namely the short-tailed, the Laysan, and
the black-footed, are confined to the northern Pacific ocean.
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The waved albatross is tropical, mainly found from the Gala-
pagos Islands to the coasts of Ecuador and Peru. All other al-
batrosses are found in the Southern Hemisphere in a
circumpolar band mainly from 65°S to 20°S, but north to
15°S on the coast of southern Africa and 5°S on the west coast
of South America.

Habitat

More than 70% of an albatross’ life is spent on or over the
ocean, while foraging, migrating, or resting. With the excep-
tion of the waved albatross, albatrosses avoid the relatively
windless tropical doldrums. Though ranging widely at sea
from breeding islands and during non-breeding time, signif-
icant differences in distribution can occur within and between
species or between sexes. Some species are found to forage
locally over continental shelves, while others roam widely to
obtain food. Significant concentrations of birds can be found
in areas of ocean richness near major currents, gyres and up-
wellings around South America (e.g. Humbolt current), Aus-
tralia, New Zealand, South Africa (Benguela current) and in
the north Pacific (Bering Sea and Gulf of Alaska). The re-
maining time is spent ashore at the usually windswept, remote
island breeding locations for courtship, nesting and chick
rearing. Diomedea species are more commonly found on grassy
slopes or plains where nests are often far apart, and rebuilt
each nesting attempt, but located within sight of neighbors.
The northern royal albatross uses the flat scrubby tops of
small rocky islets, while Phoebetria species are usually widely
spaced along steep grassy slopes and cliff ledges.

Behavior

Albatrosses cannot fly in calm weather, needing a good
breeze to effect the soaring and tacking pattern of flight which
enables large distances to be covered with little effort. Gen-
erally silent at sea, or in social resting or washing flocks. How-
ever, breeding colonies (especially close-nesting mollymawks)
can be noisy with buzzing cries, clattering bills, and wailing
screams accompanying a wide repertoire of body displays as-
sociated with recognition, threat, and courtship. While there
are common components of display throughout the family,
the dances and wing displays of the northern Pacific alba-
trosses have no equivalent in the Southern Hemisphere. The
most intense courtship display sequences are seen among ado-
lescent pre-breeders, often in small groups or gams. Some
displays are between similar sexes within such groups. Birds
that develop a pair-bond remove themselves from the group
to a potential nesting site where the displays become shorter,
gentler and more mutual without the flamboyance of
courtship. Some (e.g. the sooty albatrosses) indulge in
courtship flying interspersed with synchronous calling from
both sexes both on the ground and in the air. Albatrosses gen-
erally defend small spaces associated with the nest site or ter-
ritory. Fighting is not a regular occurrence, with a reliance
on threat displays and charging, but the hooked bill can dam-
age bills and eyes. Chicks at the nest site clapper their bills
to discourage intruders (e.g. predatory skuas, Catharacta), fol-
lowed by regurgitation of oily stomach contents if approached
too closely. Considerable time is spent in self and mutual
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A pair of black-browed albatrosses (Diomedea melanophris) at their nest on New Island, Falkland Islands. (Photo by Rod Planck. Photo Researchers,

Inc. Reproduced by permission.)

preening of plumage by adults, and of the growing chick by
the parents.

Feeding ecology and diet

Various species of squid seem to provide the main com-
ponent of the albatross diet. Many of these species are bio-
luminescent, and can be caught during the night. Some
localised feeding spots provide a regular annual supply of car-
rion (e.g. during the annual die-off of Sepiz cuttlefish on the
eastern Australian coast) along established migration routes
for some species. The diet also inlcudes a wide range of fish
including small flying-fish, lampreys (Geotrea), pilchards
(Sardinops) and crustaceans such as krills (Euphausia sp.), am-
phipods, copepods and crabs. Other recorded prey items in-
clude salps, seaweeds, barnacles, and fish spawn. Other small
seabirds (prions, diving-petrels, and penguins) have been
found in stomach contents as have examples of carrion from
dead whales and seals. Some species can feed during the
breeding season within a few hundred miles (kilometers) of
the breeding place, as is the case with the northern royal al-
batross and the shy and Chatham mollymawks. Most food is
gathered at the surface, but some of the smaller mollymawks
may plunge and swim a short distance (up to 16 ft [5 m]) be-
low the surface after prey. Kleptoparisitism has been
recorded among waved albatrosses chasing boobies (Sula
spp.), black-browed albatrosses from Phalacrocorax, and
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among eastern yellow-nosed albatrosses chasing shearwaters.
Food is also obtained by some species from human fisheries
offal, discards, and stolen baits.

Reproductive biology

Albatrosses usually build bowl-shaped nesting mounds
with grasses and small shrubs bound together with soil, peat,
or even penguin feathers where no vegetation is available. The
waved albatross does not build nests, and the other northern
Pacific albatrosses have very rudimentary ones that are rebuilt
each season. Many Buller’s mollymawks and black-footed al-
batrosses nest under trees in open forest. Most mollymawks
nest in tight colonies just out of pecking range from neigh-
bors, and reuse previous nest mounds.

Albatrosses are generally monogamous and most are an-
nual breeders. Albatrosses lay one large white egg with red-
dish brown spots at the largest end weighing 7.0-18.2 oz
(200-510 g) ranging from 5 to 10% of female body weight.
First eggs are narrower and lighter. Incubation lasts 65-85
days with both sexes sharing the incubation stints, which may
range from one day to as long as 29 days according to species
foraging methods and locations. Hatching takes 2-5 days.
Immediately after hatching, during the brooding (guard) stage
of chick growth (15-40 days), one parent remains with the
chick at the nest. Chicks fledge at 120-180 days for all small
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A waved albatross (Diomedea irrorata) pair courting in the Galapagos
Islands. (Photo by JLM Visuals. Reproduced by permission.)

albatrosses, while Diomedea have a range of 220-303 days.
Though breeding success can vary according to species and
breeding season, fledging may be as high as 80% of eggs laid.
Long-term averages can range from 25 to 67%, with the
waved albatross being the lowest.

Recruitment of fledglings into the breeding population oc-
curs at 5-15 years of age with 15-65% of those fledged sur-
viving to breed. Biennial breeders take longer to become
sexually mature. Annual mortality rates for adults range from
3 to 9%. The oldest known albatross was a northern royal al-
batross, still breeding at over 62 years old.

Conservation status

Albatrosses are long-lived, with delayed maturity and low
reproductive output and adult mortality. This strategy ensures
that only a small proportion of the population is breeding at
any one time, with the remainder often in other parts of their
range as adolescents or resting adult breeders. This mitigates
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the effects of localized disasters, but may disguise for some
years any detrimental effects on populations or age groups
which are more widespread. Threats which affect breeding
birds have the most immediate impact, and recorded increases
in adult mortality of 1-5% have significantly affected some
colonies. Of the nearly 2 million breeding pairs of albatrosses
worldwide in 24 recognizable taxa, 14 have populations of less
than 20,000 breeding pairs. At the most populous level, the
black-browed and the black-footed albatrosses have total pop-
ulations that exceed 600,000 breeding pairs. However, some
of these populations are fragmented, with a third of discrete
groups having fewer than 100 breeding pairs. Most species
have populations where there is not enough data to determine
the rate of increase or decline, but have evidence of being ex-
posed to known threats. The most vulnerable populations are
those which are confined to one breeding locality. The high
degree of philopatry of both juveniles and adults limits any
ability to colonize new sites when facing adversity at their na-
tal colony. Most factors adversely affecting populations in-
volve human activities. However, climatic events have been
seen to cause changes in habitat, which severely reduced
breeding productivity in the northern royal albatross. Chang-
ing sea temperatures may also contribute to decline by chang-
ing food distribution and availability.

Significance to humans

The Rime of the Ancient Mariner, by S.'T. Coleridge (1798),
has done much to determine the popular conception of the
albatross. The family name is derived from the name of the
Greek hero of the Trojan War, Diomedes, whom the gods
exiled to an isolated island, turning all of his deceased com-
panions into large, white birds.

The preponderance of albatrosses breeding in locations re-
mote from human habitation may indicate that closer popu-
lations were historically extirpated by humans. Certainly
harvesting of eggs or chicks continues legally or illegally in a
few locations today. During the past 250 years since the first
naming of an albatross by Linnaeus, these legendary birds
have been directly or indirectly exploited at sea and at their
breeding colonies by those on boats—mariners, sealers, and
whalers as food and artifacts, passengers as sport, and science
as specimens.
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1. Light-mantled albatross (Phoebetria palpebrata); 2. Northern royal albatross (Diomedea epomophora sanfordi); 3. Wandering albatross (Diomedea
exulans); 4. Black-browed mollymawk (Diomedea melanophris); 5. Chatham mollymawk (Diomedea cauta eremita); 6. Laysan albatross (Diomedea
immutabilis). (lllustration by Dan Erickson)
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Species

Royal albatross
Diomedea epomophora sanfordi

TAXONOMY
Diomedea epomophora sanfordi Murphy, 1917, Chatham Islands.

OTHER COMMON NAMES
English: Toroa; French: Albatros royal; German: Konigsalba-
tros; Spanish: Albatros Real.

PHYSICAL CHARACTERISTICS

Wingspan 8.85-10.0 ft (270-305 cm); 13.75-18.1 1b (6.25-8.2
kg); length: c. 45 in (115 cm). Large white bodied albatross
with upper wing surface black. Eyelids black, spotted white in
oldest birds.

DISTRIBUTION

Breeds only on New Zealand South Island (Taiaroa Head),
Chatham Islands (Sisters and Forty-Fours Islands), and Enderby
Island. The only albatross to have a circumpolar range when not
breeding.

HABITAT
Marine, breeding on exposed tops of small islets or headlands.

BEHAVIOR

Extensive repertoire of mutual and group displays at the breed-
ing site, some of which are occasionally performed in the air or
on the water. Once pair bond is formed the most extravagantly
spread wing displays are not used.

FEEDING ECOLOGY AND DIET

Most food taken by surface seizing. Mainly cephalopods, with
some fish, salps, and crustaceans. During the breeding season,
feeding occurs over continental shelf breaks within 620 mi
(1,000 km) of the colony. Probably an opportunistic feeder
when migrating.

Diomedea epomophora sanfordi

Breeding Nonbreeding
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accounts

REPRODUCTIVE BIOLOGY

Lays one egg 27 October to 8 December with laying time fixed
according to parentage. Nest a raised bowl of soil and vegeta-
tion rebuilt after each nesting attempt. Will also lay on bare
rock with rock chips, but egg failures then are greater than
90%. On average, incubation is 79 days and fledging 240 days.
Biennial breeder if successful. Monogamous, pairing usually for
life. Breeding starts at 8 years and the average age of the breed-
ing population is 20 years. Adult annual mortality is 4-5%.

CONSERVATION STATUS

Endangered. Total population c. 7,700 pairs, restricted to a
tiny breeding range; the habitat supporting 99% of the popula-
tion in Chatham Islands was severely degraded by storms in
the 1980s. The resulting reduced productivity suggests a pre-
dicted 50% decline will occur over three generations unless the
habitat improves significantly.

SIGNIFICANCE TO HUMANS

At Taiaroa Head the efforts of L.E. Richdale enabled protec-
tion of the fledgling colony by 1950. Public viewing started in
1972, and by 2001 more than 100,000 persons annually viewed
the nesting colony. ¢

Wandering albatross
Diomedea exulans

TAXONOMY
Diomedea exulans Linnaeus, 1758, Cape of Good Hope. Two
subspecies.

OTHER COMMON NAMES

English: Snowy albatross, white-winged albatross; French: Al-
batros hurleur; German: Wanderalbatros; Spanish: Albatros
Viajero.

PHYSICAL CHARACTERISTICS

Wingspan 9.2-11.5 ft (280-350 cm); 13.7-25 1b (6.25-11.3 kg).
One of largest albatrosses with variable plumage developing
from chocolate brown. Back and belly whiten first, followed by
head and rump. Wing whitens from center. Oldest males are
whitest.

DISTRIBUTION

D. exulans breeds in high latitudes of the southern oceans at
South Georgia, Marion and Prince Edward Islands, Crozet Is-
land, Kerguelen Island, Heard and Macquarie Islands. Juveniles
are thought to disperse northwards from these locations before
developing regular downwind migrations.

HABITAT
Marine and highly pelagic over deep waters away from coastal
continental shelves.

BEHAVIOR

Extensive repertoire of group and mutual displays accompanied
by a wide range of screams, whistles, moans, grunts, and bill
clappering.
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Diomedea exulans

Breeding Nonbreeding

Phoebetria palpebrata

Breeding Nonbreeding

FEEDING ECOLOGY AND DIET

Most food taken by surface seizing, but may make shallow
plunge dives. Feeds primarily on cephalopods, deepwater and
bioluminescent squid at night, but also fish and crustaceans.
Feeds on carrion more than other albatrosses and is an exten-
sive follower of ships for galley scraps, and fishing vessels for
offal, discards, and baits. During breeding, feeding flights over
deep ocean areas may be for as long as 25 days and covering
some 13,000 miles (20,800 km).

REPRODUCTIVE BIOLOGY

Lays one egg between 10 December and 5 January. The nest is
a raised bowl of soil peat and grassy vegetation rebuilt at each
nesting. On average, incubation lasts 79 days, fledging 271
days. Usually a biennial breeder. Monogamous, pairing usually
for life. Productivity c. 70%. Adolescents return by 6 years.
Breeding starts at 11 years. Only c. 30% of fledglings survive.
Adult annual mortality averages 5-7% with females being
higher than males.

CONSERVATION STATUS

Vulnerable. The main populations are at South Georgia (2,100
pairs annually), Marion and Prince Edward Island (3,000),
Crozet (1,700), and Kerguelen Island (1,400). All colonies have
experienced declines in breeding populations which have been
attributed to mortality associated with long-line fisheries in dif-
ferent parts of the southern oceans.

SIGNIFICANCE TO HUMANS
None known. ¢

Light-mantled albatross
Phoebetria palpebrata

TAXONOMY
Phoebetria palpebrata J.R. Forster, 1785, south of Cape of Good
Hope. Monotypic.

OTHER COMMON NAMES

English: Light-mantled sooty, gray-mantled albatross; French:
Albatros fuligineux; German: Graumantel-Rufialbatros; Span-
ish: Albatros Tiznado.
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PHYSICAL CHARACTERISTICS

Wingspan 6.0-7.15 ft (183-218 cm); 6.1-8.1 Ib (2.5-3.7 kg).
Small, all dark albatross with paler mantle and a partial white
eye-ring. Bill black with pale blue sulcus line.

DISTRIBUTION

Widely distributed throughout the southern oceans breeding at
South Georgia, Marion, Prince Edward, Crozet, Kerguelen,
Heard, Macquarie, Auckland, Campbell, and Antipodes Islands.
Distributed at sea generally south of 40° latitude to the edges
of Antarctica.

HABITAT
Marine. Generally breeding in isolated nests on sheltered steep
slopes or cliff ledges close to a rock face.

BEHAVIOR

Aerial displays and formation flying are a distinctive feature of
courtship and pair-bonding behavior. Mutual calling modulated
in tone by the position of the head is an essential part of the
displays. Does not have open or extended wing displays, but
uses the long tail in display more than other albatrosses.

FEEDING ECOLOGY AND DIET

Mainly solitary at sea, feeding by surface seizing or surface
plunging, chiefly for cephalopods and krill. Sometimes fish and
carrion including remains of birds at sea. Some observed inter-
action with commercial fishing.

REPRODUCTIVE BIOLOGY

Lays one egg between October and November with the 2 week
laying period being shorter than other albatrosses except the
dark-mantled sooty albatross. Incubation lasts for 65-72 days.
Have the longest incubation shifts of any albatross. Hatching
takes 3—5 days. Chicks are guarded by a parent for the first three
weeks. Mean fledging varies between 140 days (Macquarie) and
170 days (Marion Island). Productivity variable. Monagamous.
Generally classed as a biennial breeder. Starts breeding at 8-15
years. Adult annual mortality probably about 3%.

CONSERVATION STATUS

Data Deficient, not globally threatened. Tentatively estimated
to have a world population of 30,000 breeding pairs. Main
causes of nesting failure seem to be starvation and desertion by
parents, which along with the length of foraging stints suggests
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a species with distant and restricted food sources. Incidence of
fisheries bycatch not large.

SIGNIFICANCE TO HUMANS
None known. ¢

Chatham mollymawk

Diomedea cauta eremita

TAXONOMY
Diomedea cauta eremita Murphy, 1930, Pyramid Rock, Chatham
Islands.

OTHER COMMON NAMES

English: Chatham Islands albatross; shy albatross; French: Al-
batros des Chatham; German: Chatham albatros; Spanish: Al-
batros de Chatham.

PHYSICAL CHARACTERISTICS

The “shy” mollymawks are the largest mollymawks. D. eremita
is the smallest (6.8-10.4 Ib; 3.1-4.7 kg) and darkest of the
“shy” mollymawks. White body, dark gray head and mantle,
black upper wing and tail, underwing white except for wingtip
and small dark patch at base of wing leading edge. Bill chrome
yellow with dark spot at tip of lower mandible. Orange cheek
stripe.

DISTRIBUTION

Breeds only at The Pyramid, a small rocky cone (650 ft; 200 m
high) in the Chatham Islands. Rarely recorded at sea away
from breeding location. During the breeding season mainly
found within 190 mi (300 km) of the colony on and along the
edge of the continental shelf.

HABITAT

Marine. Small pedestal nests of soil and limited vegetation,
which may collapse in periods of extended drought, on mainly
bare steep rocky slopes, crevices and ledges.

Diomedea cauta eremita

Breeding Nonbreeding
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BEHAVIOR

Similar to other mollymawks with harsh buzzing bray with
open mouth used in both threat and courtship. A range of dis-
plays featuring fanning of the tail, mutual jousting of bills, and
tympanic grunting over the back between partly raised wings.

FEEDING ECOLOGY AND DIET

Probably surface seizing of a mix of cephalopods, krill, floating
barnacles, and fish. Scavenges behind fishing vessels for baits,
discards and offal.

REPRODUCTIVE BIOLOGY

Lays one egg between 20 August and 1 October. Incubation
period 68-72 days shared by both parents with short stints
rarely longer than 5 days. Fledging estimated at 130-140 days
from hatching. Adolescents return from 4 years and first
breeding recorded at 7 years. Productivity averages 60% of
available nest sites. Crude estimates of annual adult mortality
range between 4 and 15%. Breeds annually and seemingly
monogamous, pairing for life.

CONSERVATION STATUS

One of two albatrosses classed as Critically Endangered be-
cause of tiny single breeding place, and recent evidence of de-
terioration of habitat. With 5,300 occupied breeding sites, the
breeding population is probably c. 4,200 pairs. No evidence of
population decline between 1975 and 2001. Now protected,
but sporadic small harvests of tens of birds still occur.

SIGNIFICANCE TO HUMANS
None known. ¢

Black-browed mollymawk

Diomedea melanophris

TAXONOMY
Diomedea melanophris Temminck, 1828, Cape of Good Hope.
Two subspecies.

OTHER COMMON NAMES
English: Black-browed albatross; French: Albatros a sourcils noirs;
German: Schwarzbrauenalbatros; Spanish: Albatros Ojeroso.

PHYSICAL CHARACTERISTICS

Wingspan c. 7.9 ft (240 cm); 6.4-10.3 1b (2.9-4.7 kg). Heavily
built mollymawk with mainly all white body and head, black
upper wings, mantle and tail, underwing black with variable
amounts of central white. Eyebrow black.

DISTRIBUTION

The most plentiful of the albatrosses with 98% of breeding
concentrated in the southern Chile at Diego Ramirez, Islas
Ildefonso, Diego de Almagra (Chile), south Atlantic at Falkland
Islands (12 islands) forming a distinctive genetic grouping; a
second genetic grouping comprising South Georgia, small num-
bers at Crozet, Kerguelen, Heard, and McDonald Islands in the
Indian Ocean and very small numbers at Macquarie, Bishop &
Clerk, Antipodes, Campbell Islands and The Snares in the
southwest Pacific. Most common straggler into North Atlantic.

HABITAT

Marine, not significantly pelagic, being found close to coast
more than other albatrosses. Highly colonial breeder, can be in
large colonies of thousands of nests. Often on coastal tussock
slopes or ledges where nests are built of packed soil and grasses

Grzimek’s Animal Life Encyclopedia



Vol. 8: Birds |

Diomedea melanophris

Breeding Nonbreeding

and used in successive seasons. Largest colonies in the Falkland
Islands are on gently sloping rocky terrain without vegetation.

BEHAVIOR

Colonies actively noisy with strident territorial open mouthed
bray with flagging of the head, and aggressive harsh cackling.
Like other Mollymawks uses fanned tail extensively in display
sequences.

FEEDING ECOLOGY AND DIET

Most food taken by surface seizing, with occasional shallow
plunging, and swimming below surface. Mainly crustaceans,
squid, fish, carrion, and fisheries discards or offal. Feeds exten-
sively on large swarms of krill. Kleptoparisitism (prey theft)
observed with stealing from surfacing shags. Sometimes follows
whales. Often feeds aggressively among flocks of albatrosses
and petrels.

REPRODUCTIVE BIOLOGY

Annual breeder, laying one egg with laying period covering
three weeks with a mean of 10 October at South Georgia, but
three weeks earlier at Falklands/Crozet and Kerguelen Islands.
Incubation is 68-71 days with a guard stage of 1-4 weeks fol-
lowing hatching, before fledging from 120-130 days. Overall
productivity averages 27% for chicks fledged from eggs laid.
Pairing usually for life. Adolescents return at 2-3 years old and
breed at 10 years with c. 28% or less of fledglings surviving to
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breed. Adults have an annual mortality c. 8-9% with females
surviving better than males.

CONSERVATION STATUS

Not globally threatened, with a population of c. 600,000
breeding pairs, but with significant declines noted in some ar-
eas. But D. m. impavida (26,000 pairs) is classed as vulnerable
as its breeding is restricted to one island.

SIGNIFICANCE TO HUMANS
None known. ¢

Laysan albatross
Diomedea immutabilis

TAXONOMY
Diomedea immutabilis Rothschild, 1893, Laysan Island. Mono-

typic.

OTHER COMMON NAMES
French: Albatros de Laysan; German: Laysanalbatros; Spanish:
Albatros de Laysan.

PHYSICAL CHARACTERISTICS

Wingspan 6.4-6.7 ft (195-203 cm); 5.3-9.0 Ib (2.4-4.1 kg).

A slender white albatross, with underwing most similar to

D. melanophris, but with black patches at wrist and elbow. Dis-
tinctive gray patch around eye and cheeks. Bill has yellowish
orange broad base, blending to pinker horn and then black at tip.

DISTRIBUTION

The most plentiful of the north Pacific albatrosses. Almost all
breed in the Hawaiian chain of islands with largest colonies at
Midway and Laysan Island. Tiny new populations at Mukojima
in Bonin Islands (west Pacific), and in eastern Pacific off Mexi-
can coast at Islas Guadalupe, Benedicto and Clarion. During
the breeding season regularly travels to the seas separating
Japan from the western Aleutians.

Diomedea immutabilis

Breeding Nonbreeding
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HABITAT
Marine, combined pelagic and coastal shelves, but rarely ap-
proaches land except breeding islands.

BEHAVIOR

Colonies actively noisy during daylight with distinctive brays,
whistles, groans, and calls. Along with P. nigripes, has a wider
range of displays than other albatrosses. There are actively en-
ergetic dances with birds circling about each other, walking
and standing and prancing on extreme tiptoe, swaying and
jousting motions of the head, combining with sideways lifting
bent-wing postures similar to all north Pacific albatrosses.

FEEDING ECOLOGY AND DIET

Mainly squid, but also fish and fish eggs, crustaceans and coe-
lenterates. Does not often follow ships. Undertakes a mix of
long and short foraging flights when chick rearing, to compen-
sate for far distant feeding locations.

REPRODUCTIVE BIOLOGY

Nest a scrape in ground, built up around rim by debris and
sand with one egg. Annual breeder laying between 20
November and 24 December. Incubation lasts an average of
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64 days, with longest stints at beginning of incubation lasting
more than 3 weeks. Newly hatched chicks are guarded for

c. 27 days and are then left alone except for feeding visits un-
til fledging at c. 165 days. Productivity averages 64%, though
4-24% of chicks may die before fledging through dehydra-
tion, starvation, or wandering into other territories to beg for
food. Only c. 14% of fledglings may survive to breed at 9
years, and adults have annual mortality of 5%.

CONSERVATION STATUS

Not globally threatened with a world population of ¢. 607,000
breeding pairs, but some colonies may be decreasing. Drift
gill-netting in the north Pacific has been a major source of
mortality (17,500 in one year) and effects of longline fisheries
not yet known. Have recorded high levels of contaminants
which may affect breeding, as well as ingestion of plastic

rubbish.

SIGNIFICANCE TO HUMANS

Like the oceanic “wanderer” of the Southern Hemisphere
which has come to epitomize the albatross, so the “gooney” is
the common image of the albatross in the countries surround-
ing the north Pacific.
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Shearwaters, petrels, and fulmars
(Procellariidae)

Class Aves
Order Procellariiformes
Family Procellariidae

Thumbnail description
Medium-sized tube-nosed seabirds with hooked
bill and large wingspan for gliding

Size
9.1-39 in (23-99 cm); 2.8 0z-11 Ib (78 g-5
kg); wingspan 20.9-80.7 in (53-205 cm)

Number of genera, species
12 genera; 60-76 species

Habitat

Marine

Distribution
Conservation status

Critically endangered: 10 species; Endangered:
6 species; Vulnerable: 20 species; Lower
Risk/Near Threatened: 9 species

Evolution and systematics

The Procellariiformes is one of the most primitive bird or-
ders. In his 1996 book, John Warham proposed that ances-
tral procellariiforms may have resembled Bulweria; that is,
they may have been small in size, used natural cavities for
nesting, and performed few vocalizations or visual displays.
Procellariidae probably diverged from other Procellariiformes
in the Eocene, about 40-50 million years ago, coinciding with
a wide procellariiform radiation.

Systematics within the family are subject to debate. Be-
cause procellariids spend so much time at sea, little is known
about them outside of their terrestrial breeding habits. For
some species, not even that is known. In addition, the slow
rate of speciation makes delineating species difficult. There-
fore, debate continues regarding the taxonomy of the family.
However, there are four natural groups of Procellariidae. Ful-
mar-petrels comprise seven species in five genera, ranging
from the Arctic to Antarctica. Gadfly-petrels include two gen-
era of 25-36 medium-sized species, some of which are the
least known of the family. Prions include seven species in two
genera, all of which are found in southern oceans. The shear-
waters include 21-26 species in three genera.

Physical characteristics

As Procellariiformes, the procellariids have hooked bills
with tubular nostrils. The sharp tip of the bill is an effective
implement for handling prey; the tubular nostrils may be re-
lated to the well-developed sense of smell used for finding
food at great distances and nests in the dark.

Size ranges from 9.1-11 in (23-28 cm) for fairy prions
(Pachyptila turtur) to 31.9-39 in (81-99 cm) for giant petrels
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Oceans worldwide

(Macronectes spp.), which sport wingspans of about 2.2 yards
(2 m). Plumage varies among species and consists of whites,
blues, grays, browns, and blacks and does not vary by sex or
season; juveniles typically resemble adults.

Most procellariidae are awkward on land because of weak
legs set far back on the body. Rather than walking on their
legs, they tend to shuffle along on the breast and wings. The
giant petrels are the exception; they have strong legs suitable
for scavenging beached carcasses.

Prions have a unique upper bill that is fringed with lamel-
lae (thin plates) that act like baleen to filter plankton out of
the water.

Distribution

Procellariidae can be found in oceans throughout the
world. However, the Southern Hemisphere contains far
more species than the Northern. Fulmar-petrels prefer
cooler waters and are rarely found in subtropic waters. Pri-
ons are found in southern temperate subantarctic and
Antarctic zones. Shearwaters, the most diverse in terms of
habitats used, are found in both hemispheres, from tropical
to arctic waters.

Some procellariids undergo migrations of thousands of
miles each year; other species remain closer to their breeding
grounds year-round. Short-tailed shearwaters (Puffinus
tenuirostris) cover 120° of latitude in their annual trek from
subantarctic nesting grounds to subarctic feeding grounds.
Cory’s shearwaters (Calonectris diomedea) tend to disperse and
wander outside of the breeding season, with less specific feed-
ing grounds.
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Family: Shearwaters, petrels, and fulmars

A P

A northern fulmar (Fulmaris glacialis) vomits stomach oils to defend its nest site against an intruder. (lllustration by Bruce Worden)

Habitat

Procellariids are marine; they come to land almost exclu-
sively to breed.

Behavior

Procellariids are excellent flyers, alternating flapping and
dynamic soaring. Shearwaters are named for their ability to
dip and glide between waves, just above the ocean surface.

Procellariids have an amazing, but not infallible, homing
ability. Records of lost procellariids are not uncommon, and
in 1999, a great shearwater (Puffinus gravis) wandered to in-
land England when it should have been nesting in the South
Atlantic.

Procellariids vomit smelly stomach oils on invaders. Fulmar-
petrels vomit on intrusive conspecifics at breeding colonies,
but other procellariids reserve this tactic for use against preda-
tors or nosy humans.
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On land, prions, shearwaters, and most gadfly-petrels are
nocturnal, perhaps because they are awkward on land and vul-
nerable to predation by gulls, raptors, and crows.

Vocal communication is most common at breeding
colonies, with sounds ranging from coos to growls to shrill
cries. Many species are silent at sea, but fulmar-petrels make
a raucous gull-like noise when competing for food in large

flocks.

Feeding ecology and diet

Almost all procellariids feed exclusively at sea on squid,
fish, plankton, and discards from fishing boats. Procellariids
use their keen sense of smell to locate food. Giant petrels fo-
cus on seal and penguin carcasses but switch to squid, krill,
and fish when carcasses are scarce. Prions eat primarily zoo-
plankton that they strain through their fringed upper bill.
Some prions hydroplane: they submerge the bill as they fly
low over the water and filter plankton as they go.
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Family: Shearwaters, petrels, and fulmars

Giant petrels (Macronectes sp.) treading water in face-to-face feeding competition over the seal carcass floating in the water nearby (South Geor-
gia Island, Falkland Islands). (Photo by Greg Dimijian. Photo Researchers, Inc. Reproduced by permission.)

Reproductive biology

Procellarids choose breeding grounds with ready access to
the sea. Many species form huge breeding colonies: one sooty
shearwater (Puffinus griseus) colony on the Snares Islands con-
tains 2.5 million pairs. Other species, such as giant petrels,
breed alone or in small, loose colonies.

Procellariid nests vary from mounds of grass or stones built
by giant petrels to cliff ledges used by northern fulmars (Fu/-
marus glacialis) to burrows used by shearwaters, prions, and
gadfly-petrels. The burrow nesters either excavate their own
cavities or find abandoned rabbit dens or natural cavities. Few
species are forest nesters.

Breeding is usually annual in the local spring or summer.
The age of sexual maturity ranges from three to twelve years,
with five to six years as the average age of first breeding. Pro-
cellariiformes are typically monogamous, mating for life, with
pairs using the same nest year after year. One pair of northern
fulmars reportedly has used the same nest for at least 25 years.

One white egg is laid that constitutes an average of 12-16%
of the female’s body weight. Both parents incubate the egg
in alternating shifts of 2-14 days for an incubation period of
six to nine weeks, depending on species. After hatching, both
parents care for the chick, leaving it alone after 2-20 days (as
soon as it can regulate its own body temperature). The par-
ents then visit the chick only for feeding. Food consists of fat-
rich stomach oils produced by partial digestion of the adults’
normal diet.

Chicks put on large amounts of fat and quickly outweigh
their parents, then slim down to an adult weight before fledg-
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ing. For example, northern fulmar chicks weigh 33.5 oz (950
g) by 40-45 days after hatching. When they fledge at 57 days
they weigh 28.2 oz (800 g). The large fat deposits might be
insurance against periods of starvation that could occur while
parents are away foraging. However, fat stores exceed the
amount necessary to survive periods of parental absence and
are maintained during fledging—the weight loss prior to
fledging is due largely to water loss. Another theory suggests
that fat stores are for survival after fledging when chicks must
learn to forage for themselves.

A northern fulmar (Fulmarus glacialis) and egg at Bass Rock, Scotland.
(Photo by J.C. Carton. Bruce Coleman Inc. Reproduced by permission.)
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Family: Shearwaters, petrels, and fulmars

Antarctic petrel (Thalassoica antarctica) chick camouflaged in the rocks
and snow. (Photo by Joyce Photographics. Photo Researchers, Inc. Re-
produced by permission.)

As chicks approach full size, they begin to flap their wings
around the nest in preparation for the first flight. A week or
two after the parents have abandoned the chick, it fledges,
flinging itself out to sea. While most chicks survive fledging,
introduced (rats and cats) and natural (gulls and raptors)
predators pose a threat.

Life expectancy for procellariids is about 15-20 years, al-
though some individuals are known to have lived much longer.
Britain’s oldest bird, a northern fulmar aged over 50 years,
was missing and presumed dead in November 1997.

Conservation status

While some procellariids are thriving, others are among
the most threatened of all birds. The breeding population of
Zino’s petrel (Pterodroma madeira) is estimated to be 20-30
pairs. Estimates put the total Chatham petrel (Prerodroma ax-
illaris) population at 800-1,000 birds. It breeds only on tiny
South East Island in the Chatham Islands of New Zealand,
where broad-billed prions (Pachyptila vittata) are the primary
threat because they kill chicks, eggs, and sometimes adults.

All species face the same challenges: introduced predators,
habitat deterioration, and human exploitation. International
conservation efforts are protecting breeding grounds. Gough
Islands, a South Atlantic breeding ground for great shearwa-
ters and others, was declared a World Heritage Site in 1995
by the United Nations science agency UNESCO. Predator
extermination programs show promise. After a 100-year ab-
sence, gray (Procellaria cinerea) and blue (Halobaena caerulea)
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petrels returned to breed on Macquerie Island in 2001 after
the complete removal of feral cats.

Significance to humans

Several cultures including Eskimos, Maoris, and Euro-
peans have traditionally eaten procellariid eggs, chicks, and
adults. Natives of New Zealand and Tasmania still harvest
several thousand chicks annually for feathers, fat, flesh, oil,
and down, earning the short-tailed and sooty shearwaters the
local nickname of muttonbirds.

On June 20, 2001, the Agreement on the Conservation of
Albatrosses and Petrels was signed by seven major fishing na-
tions. The agreement requires member nations to manage
fisheries by-catch, protect breeding sites from disturbance,
promote conservation in the fishing industry, and conduct re-
search to understand threatened species. A primary goal is to
reduce seabird fatalities by long-line fishing. An estimated
300-350,000 seabirds are killed annually while attempting to
get long-line bait. Long-liners present a dilemma for conser-
vationists because this fishing technique is considered envi-
ronmentally good for fish.

Flesh-footed shearwaters (Puffinus carneipes) in their nest in the
ground in Mercury Islands, New Zealand. (Photo by Asa C. Thoresen.
Photo Researchers, Inc. Reproduced by permission.)
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1. Cory’s shearwater (Calonectris diomedea); 2. Manx shearwater (Puffinus puffinus); 3. Bermuda petrel (Pterodroma cahow); 4. Southern giant
petrel (Macronectes giganteus); 5. Northern fulmar (Fulmarus glacialis); 6. Broad-billed prion (Pachyptila vittata); 7. Bulwer’s petrel (Bulweria bul-
werii); 8. Short-tailed shearwater (Puffinus tenuirostris). (lllustration by Bruce Worden)
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Family: Shearwaters, petrels, and fulmars

Species

Cory’s shearwater
Calonectris diomedea

TAXONOMY
Procellaria diomedea Scopoli, 1769, no locality: Tremiti Islands,
Adriatic Sea.

OTHER COMMON NAMES

English: Mediterranean/(North) Atlantic shearwater; French:
Puffin cendré; German: Gelbschnabel-Sturmtaucher; Spanish:
Pardela Ceniciera.

PHYSICAL CHARACTERISTICS

17.7-18.9 in (45-48 cm); 19.8-33.7 oz (560-956 g); wingspan
39.4-49.2 in (100-125 cm). Heavy bodied. Uniformly pale un-
derneath, with darker gray/brown plumage above; yellow bill.
Has lighter cap than the similar greater shearwater.

DISTRIBUTION

Breeds on islands in the eastern North Atlantic and Mediter-
ranean, migrates across the equator to South Atlantic and In-
dian oceans.

HABITAT
Marine, nesting on barren offshore islands away from main-
land. Nests on rocky slopes, on cliffs, or in caves.

BEHAVIOR
Cory’s shearwaters fly with a slower, more relaxed wingbeat
than do other shearwaters.

Calonectris diomedea

Breeding Nonbreeding
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accounts

FEEDING ECOLOGY AND DIET
Feeds mainly at night on fish, squid, crustaceans, and offal by
plunging and surface-seizing. Follows fishing boats.

REPRODUCTIVE BIOLOGY

Breeding season starts in April. Nests in natural nooks such as
burrows or rock crevices. The single white egg is incubated for
54 days. The brown chicks are brooded for approximately four
days, fledging after 97 days. Sexual maturity at seven to 13 years.

CONSERVATION STATUS
Not threatened.

SIGNIFICANCE TO HUMANS

Regarding the awesome sight of migrating Cory’s shearwaters,
the Stuarts wrote in Birds of Africa: “Those that breed in the
Mediterranean move in from the Atlantic at a rate of some
3,600 birds per hour through the Strait of Gibraltar. At the
end of the breeding season when the adults and young birds
depart for their overwintering grounds in the open ocean, they
stream through the Strait in October to November at an esti-
mated rate of 26,272 each day.” &

Manx shearwater
Puffinus puffinus

TAXONOMY
Procellaria puffinus Brinnich, 1764, Faeroes and Norway.

OTHER COMMON NAMES
French: Puffin des Anglais; German: Schwarzschnabel-Sturm-
taucher; Spanish: Pardela Pichoneta.

PHYSICAL CHARACTERISTICS

11.8-15 in (30-38 cm), 12.3-20.3 oz (350-575 g), wingspan
29.9-35 in (76-89 cm). Blackish upper body with contrasting
white underneath. Upper parts are much darker than Cory’s
shearwater; face has more black than the little shearwater. The
white undertail coverts contrast with the dark undertail coverts
of the black-vented shearwater, once considered a subspecies of
the Manx shearwater.

DISTRIBUTION
Breeds on islands on both sides of the North Atlantic, winters
in Atlantic off Brazil, Argentina, and South Africa.

HABITAT
Marine, primarily over continental shelf.

BEHAVIOR

Gregarious, swims and dives to feed. Dives can be from the
surface or from the air, and do not go deep below the water
surface. To start the breeding season, males claim abandoned
rabbit burrows, then call from within to attract females.

FEEDING ECOLOGY AND DIET
Feeds on small shoaling fish, squid, crustaceans, and offal.
Does not normally feed in large flocks.

REPRODUCTIVE BIOLOGY
Colonial burrow nester. Breeding season begins in March. The
egg, laid in mid-May, is incubated 47-55 days and fledging oc-
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Puffinus puffinus

Breeding Nonbreeding

Puffinus tenuirostris

Breeding Nonbreeding

curs after 62-76 days. Young fledge at night to begin a two to
three week journey to wintering sites off Brazil, Argentina, and
Uruguay. Sexual maturity at 5-6 years.

CONSERVATION STATUS
Not threatened.

SIGNIFICANCE TO HUMANS
Formerly hunted for food. ¢

Short-tailed shearwater
Puffinus tenuirostris

TAXONOMY
Procellaria tenuirostris Temminck, 1835, seas north of Japan and
shores of Korea.

OTHER COMMON NAMES

English: Slender-billed shearwater/petrel, Tasmanian mutton-
bird; French: Puffin a bec gréle; German: Kurzschwanz-Sturm-
taucher; Spanish: Pardela de Tasmania.

PHYSICAL CHARACTERISTICS

15.7-17.7 in (40-45 cm), 16.9-28.2 oz (480-800 g), wingspan
37.4-39.4 in (95-100 cm). Dark brownish-gray above, lighter
underneath. Pale chin, dark bill. Dark feet reach beyond short,
square tail.

DISTRIBUTION

Breeds in Tasmania and southern Australia, migrates north
across the equator to arctic reaches, including Alaska. Stays
primarily in the Pacific.

HABITAT
Marine, found near land and in open seas. Typically breeds on
grassy coastal islands.
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BEHAVIOR
Forms flocks of up to 20,000.

FEEDING ECOLOGY AND DIET

Fish, crustaceans, and cephalopods. Found with whales. Social
feeding is common, including flocking at dawn and dusk to
feed on swarming euphausids.

REPRODUCTIVE BIOLOGY

Breeding season starts in October, forming crowded colonies
of burrow nests. The single white egg is incubated for 52-55
days; the dark gray to brown chick in brooded for two to
three days; fledging after 94 days. Sexual maturity at 4-6
years in males, five to seven years for females. Can live at
least 30 years.

Parents on Montague Island travel up to 9,600 miles
(15,450 km) round-trip on feeding voyages, the longest flights
known for birds feeding young. Such long journeys may serve
more to replenish the adults’ reserves, than to feed the young.

CONSERVATION STATUS
Not threatened.

SIGNIFICANCE TO HUMANS
Approximately 300,000 chicks are harvested each year from
Tasmania. ¢

Northern fulmar

Fulmarus glacialis

TAXONOMY
Procellaria glacialis Linnaeus, 1761, within the Arctic Circle
(Spitsbergen).
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Family: Shearwaters, petrels, and fulmars

OTHER COMMON NAMES
English: Arctic fulmar; French: Fulmar boréal; German: Eis-
sturmvogel; Spanish: Fulmar Boreal.

PHYSICAL CHARACTERISTICS

With a wingspan of 40.2-44.1 in (102-112 c¢m), white head, and
gray upper body, northern fulmars resemble gulls, but their
wings are broader and the neck is thicker. Lighter morphs are
more common in Atlantic, darker morphs in Pacific.

DISTRIBUTION
Northern Atlantic and Pacific oceans, has spread southward
over much of the Atlantic Ocean. Winters farther south.

HABITAT
Marine, especially colder waters of the Northern Hemisphere.

BEHAVIOR

More aggressive in vomiting habits than other procellariids.
Stiff wings held out straight from body help to distinguish
them from gulls.

FEEDING ECOLOGY AND DIET
Feed on fish, squid, plankton, and fishing refuse. Feeds in flocks,
frequently behind fishing boats. Will scavenge on carrion.

REPRODUCTIVE BIOLOGY

Breeding season begins in May. The single white egg is incu-
bated 47-53 days; the white to dark gray chick is brooded for 2
weeks; fledging after 46-53 days. Nests colonially on cliff ledges
and on level ground, and has expanded to buildings and rooftops.

CONSERVATION STATUS
Not threatened. One of few seabirds to increase in numbers
and range since 1800. Expansion may be due to food from
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fishing ship discards or to changing oceanographic conditions.
The dependence on fishing ships presents an interesting con-
servation problem. If ships clean up their refuse, then fulmars
may be pushed to feed elsewhere, potentially on smaller birds.

SIGNIFICANCE TO HUMANS
Once hunted for food. Now may be anthropophilic, following
fishing ships for food. &

Broad-billed prion
Pachyptila vittata

TAXONOMY
Procellaria vittata G. Forster, 1777, lat. 47°.

OTHER COMMON NAMES

English: Blue/broad-billed dove-petrel, long-billed/common
prion, icebird, whalebird; French: Prion de Forster; German:
Grofier Entensturmvogel; Spanish: Pato-petrel Piquiancho.

PHYSICAL CHARACTERISTICS

9.8-11.8 in (25-30 cmy); 5.6-8.3 oz (160-235 g); wingspan
22.4-26 in (57-66 cm). The largest prion, with a wide bill.
Dark patches form an “M” across back of outstretched wings.

DISTRIBUTION

Breeds in South Pacific on New Zealand’s South Island and on
Chatham Islands, and in the South Atlantic on Gough and
Tristan da Cunha Islands.

HABITAT
Marine, stays away from land except to breed. Breeds on bar-
ren areas including lava fields, cliffs, and coastal slopes.

Fulmarus glacialis

Breeding Nonbreeding
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Family: Shearwaters, petrels, and fulmars

Pachyptila vittata

Breeding Nonbreeding

BEHAVIOR

Prions are social. Courtship displays are restricted to cover of
night or burrows. Pairs defend their burrows aggressively with
calls, posturing, or if the threat intensifies, with biting of each

other’s bill and neck.

FEEDING ECOLOGY AND DIET

Crustaceans (mostly copepods), squid, and fish. Feeds by hy-
droplaning and by surface-seizing. Does not tend to follow
fishing boats. Feeds gregariously.

REPRODUCTIVE BIOLOGY

Breeding season starts in July or August. Forms tight colonies
of burrow nests. More than one pair may occupy one nest. The
egg is incubated for 50 days and fledging occurs after 50 days.

CONSERVATION STATUS
Not threatened.

SIGNIFICANCE TO HUMANS
None known. ¢

Bermuda petrel
Pterodroma cabow

TAXONOMY
Aestrelata cabow Nichols and Mowbray, 1916, Castle Island,
Bermuda.

OTHER COMMON NAMES
English: Cahow; French: Pétrel des Bermudes; German:
Bermudasturmvogel; Spanish: Petrel Cahow.

PHYSICAL CHARACTERISTICS

15.0 in (38 cm); wingspan 35.0 in (89 c¢m). Brownish-gray up-
per body, including a cap that covers the eye and a partial
brown collar on the nape. Black bill. White underneath, except
for black edges of wings. Easily confused with the larger black-
capped petrel.
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Pterodroma cahow

Breeding Nonbreeding

DISTRIBUTION
Islets in Castle Harbour, Bermuda.

HABITAT

Marine. Formerly excavated burrows in sand or soft soils, but
now nests on small, rocky offshore islands and in artificial bur-
rows.

BEHAVIOR

Little is known about the natural behavior of these birds.
Their normal night-time aerial courtship has been disrupted by
lights from human facilities.

FEEDING ECOLOGY AND DIET
Very little known; not known to follow ships.

REPRODUCTIVE BIOLOGY

Breeding season January to June. The single white egg is incu-
bated for 51-54 days; the chick is brooded for one or two days;
fledging after 90-100 days. Historically it bred inland in soil
burrows, but rats have driven colonies to suboptimal, rocky
offshore islets.

CONSERVATION STATUS

Endangered. Had been thought extinct since 1621 after
colonists hunted it for food. In 1921, it was found living, and
in 1951, 18 breeding pairs were found. Intensive conservation
efforts began in 1961; 45 pairs were found breeding in 1994.
Current threats include native species (white-tailed tropicbirds
[Phaethon lepturus] compete for nesting sites), human distur-
bance (light pollution disrupts nocturnal courtship), natural
disasters (flooding of nests became a problem in the 1990s,
with rising sea levels), and atmospheric pollution. In 1997, the
population was estimated at 180 birds.

SIGNIFICANCE TO HUMANS
Formerly hunted for food.
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Bulwer’s petrel
Bulweria bulwerii

TAXONOMY
Procellaria bulwerii Jardine and Selby, 1828, Madeira.

OTHER COMMON NAMES
French: Petrel de Bulwer; German: Bulwersturmvogel; Span-
ish: Petrel de Bulwer.

PHYSICAL CHARACTERISTICS

10.2-11.0 in (26-28 cm); 2.8-4.6 oz (78-130 g); wingspan
26.8-28.7 in (68-73 cm). One of the smallest procellarids.
Dark brown plumage, long wings, flies with tail narrowed to
a point.

DISTRIBUTION

Throughout the tropics in eastern Atlantic and Pacific oceans.
One study suggests that Bulwer’s petrel prefers warm waters of
intermediate salinity, while Joaquin’s petrel (Bulweria fallax)
prefers slightly higher salinity levels.

HABITAT
Marine, strongly pelaqic. Breeds on barren, remote islands.

BEHAVIOR
Nocturnal. Both sexes make a barking call known as a “woof.”
They do not call while flying.

FEEDING ECOLOGY AND DIET
Feeds primarily at night on fish, squid, some crustaceans and
sea-striders, by seizing prey from the surface.

REPRODUCTIVE BIOLOGY

Breeding season starts in April or May. Nest in burrows,
crevices, cracks, caves, or under other cover. The single white
egg is incubated for 44 days; the chick is blackish when it
hatches; fledging after 62 days.

CONSERVATION STATUS
Not threatened.

SIGNIFICANCE TO HUMANS
Collected for food and fish bait on Atlantic islands. ¢

Bulweria bulwerii

Breeding Nonbreeding
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Southern giant petrel
Macronectes giganteus

TAXONOMY

Procellaria gigantea Gmelin, 1789, Staten Island, off Tierra del
Fuego.

OTHER COMMON NAMES

English: Antarctic giant petrel, giant fulmar, stinker, stinkpot;
French: Fulmar géant; German: Riesensturmvogel; Spanish:
Abanto-marino Antirtico.

PHYSICAL CHARACTERISTICS

Largest procellariid; 33.9-39 in (86-99 cm); male 11 Ib (5 kg),
female 6.6-17.6 Ib (3-8 kg); wingspan 72.8-80.7 in (185-205
cm). Enormous yellow bill. Head, neck, and upper breast are
pale; the rest of the body is mottled brown on the dark morph,
with the underside lighter than the upper parts. Dark legs. The
dark color morph resembles the northern giant petrel, but the
less common all-white morph is distinctive.

DISTRIBUTION

Found throughout the Southern Hemisphere from Antarctica
to the subtropics of Chile, Africa, and Australia.

HABITAT

Marine, feeding in coastal and pelagic southern hemisphere
waters. Nests on bare or grassy, exposed ground throughout
Antarctica, on the coasts of Chile and Argentina, and on
subantarctic and Antarctic islands.

BEHAVIOR

The birds are so tame that researchers can walk up to brooding
females and remove chicks from underneath them for study.
Their strong legs, unusual for a procellariid, allow the giant
petrels to scavenge beached carcasses. The larger males exclude
females from carcasses, forcing the females to depend more
heavily on live prey taken at sea. Both sexes visit the colony
year-round, even outside of the breeding season.

FEEDING ECOLOGY AND DIET

Shunned, even by avid birders, for feeding on rotting carcasses.
Parents travel up to 3,000 miles (4,830 km) to ice packs to

feed on krill and squid brought to the surface by ocean up-
wellings. Gather in the thousands at long-line fishing boats.

REPRODUCTIVE BIOLOGY

Sexual maturity at six to seven years of age. Breeding season
starts in October. Nest is made by gathering grass and moss, or
small stones, into a mound, with a depression in the middle.
The single white egg is incubated 55-66 days; the whitish chick
is brooded for two or three weeks; fledging at 104-132 days.

CONSERVATION STATUS

Vulnerable. Total population about 36,000 breeding pairs.
Many populations have inexplicably decreased by 30-35%
since 1981.

SIGNIFICANCE TO HUMANS

Their long lives (the oldest known lived 50 years) make them a
valuable indicator species to judge the health of the Antarctic
ecosystem. ¢
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Family: Shearwaters, petrels, and fulmars

Macronectes giganteus

Breeding Nonbreeding
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Storm-petrels
(Hydrobatidae)

Class Aves
Order Procellariiformes
Family Hydrobatidae

Thumbnail description
Small seabirds with prominent upturned nostrils
and dancing flight over the waves

Size
5.5-10 in (13-26 cm)

Number of genera, species
8 genera; 21 species

Habitat
Open sea

Conservation status
Several species, whose status is unknown, are
possibly rare

Distribution
Worldwide

Evolution and systematics

"The fossil record is poor, represented only by Oceanodroma
bubbsi from the Upper Miocene of California, Oceanites za-
lascarthmus from the South African Pliocene, and Primodroma
bournei from the English Eocene.

A number of studies based on comparative anatomy and
DNA analyses suggest that the order evolved close to the base
of procellariiform radiation.

The family Hydrobatidae is divided into two subfami-
lies: the Oceanitinae contains seven very long-legged
species found in southern seas, and the Hydrobatinae con-
tains 14 rather shorter-legged species mainly found in
northern waters.

Physical characteristics

Storm-petrels are small, delicate seabirds whose long legs
are used to fend off from the water as the birds snap up food
items. The wings are rounded at their tips because the tenth
and outermost functional primary is shorter than that of the
ninth (primaries are main flight feathers). The fused tubular
nostrils are prominent and span nearly half the length of the
bill. The smallest species, least storm-petrels (Oceanodroma
microsoma), weigh only 0.7 oz (20 g) and have a wing span of
about 12.6 in (32 cm); the largest, Tristram’s storm-petrels
(Oceanodroma tristrami), weigh about 2.9 oz (83 g) and have a
wingspan of 22.4 in (57 cm).

Storm-petrels tend to have dark blackish or brownish
plumage, but many are paler ventrally and have white rumps.
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The tail may be square cut or forked. The feet of birds of the
genera Fregetta and Nesofregetta bear strange spade-like claws.
Female storm-petrels tend to be larger than males. Most (per-
haps all) storm-petrels carry the musty body odor character-
istic of tubenoses. The olfactory lobes of the brain are large
and a functional sense of smell has been demonstrated in field
experiments at sea and over land.

Distribution

Storm-petrels are found worldwide, but they are particu-
larly numerous in the vast Southern Ocean. Many breed
around Australasia but five species are concentrated around
islands from Mexico to California. At sea they occur in all
oceans but fail to penetrate Arctic seas.

Habitat

Marine distributions of storm-petrels are poorly known;
being small, storm-petrels are hard to see and identify as they
dart along hugging the waves. Some species prefer warm or
cool waters. For example, Leach’s storm-petrels (Oceanodroma
leucorboa) inhabit cooler water well offshore of the western
United States, and wedge-rumped storm-petrels (Ocean-
odroma tethys) and Elliot’s storm-petrels (Oceanites gracilis)
seem confined to cool waters of the Humboldt Current. Some
species congregate along areas of upwellings, as does the
band-rumped storm-petrel, (Oceanodroma castro), which
prefers warm water and aggregates off Florida and South Car-
olina along Gulf Stream eddies. Storm-petrels breed on is-
lands that are free of mammalian predators.
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Wedge-rumped storm-petrels (Oceanodroma tethys) feed together at the ocean’s surface. (Photo by R.L. Pitman/VIREO. Reproduced by permission.)

Behavior

Most nests are in burrows, and the nest sites are retained
from season to season and form the focus for the mainte-
nance of the same pair bonds from year to year. Most visit
their nests only after dark and appear to have little by way
of display except for mutual preening. Aerial flight displays
and chasing in species like the wedge-rumped storm-petrel
and Wilson’s storm-petrel (Oceanites oceanicus) have been de-
scribed. The spectacular performances of the first species
take place by day, and this species is evidently adapted to
nighttime feeding.

In all species studied the sexes call differently. A variety of
churring or whirring sounds is heard from burrows of north-
ern species such as the European storm-petrel (Hydrobates
pelagicus). On the Norwegian island of Rost, European storm-
petrels flutter around the exhaust of the lighthouse engine,
and the birds’ calls match the rhythm of the engine. Calls may
vary from bird to bird, which suggests a role in individual
recognition—important for communication after dark. The
voices of the southern Oceanitinae tend to be a higher pitch
than those of the Hydrobatinae, and their whistles may have
a ventriloqual quality.

Most storm-petrels tend to be solitary at sea but flocking
also occurs. Some species, like Wilson’s storm-petrels, are
highly migratory. White-faced storm-petrels (Pelagodroma
marina) from Western Australia migrate north to winter along
the convergences of the northern Indian Ocean. Other
species, such as Leach’s and European storm-petrels, shift
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south after breeding, the former to the tropical Atlantic and
Pacific oceans and the latter mainly to the Benguela Current
off Africa. Other North Pacific species also shift south; for
example, Matsudaira’s and Swinhoe’s storm-petrels (Ocean-
odroma matsudairae and O. monorbis) from Japanese seas reach
the Indian Ocean via the Straits of Malacca and the Timor
Sea. Most storm-petrels breeding off California just disperse
into local seas, although the black storm-petrel (Oceanodroma
melania) moves south to the Humbolt current.

Feeding ecology and diet

Crustaceans are important foods for storm-petrels. For ex-
ample, euphausids are the most frequent prey item for Wil-
son’s storm-petrels nesting around Antarctica; the euphausid
species and its relative importance varies with locale and sea-
son. Farther north around the Crozet Islands, the same bird
still eats crustaceans, but copepods and cirripedes are rela-
tively more abundant in the diet. The gray-backed storm-
petrel (Garrodia nereis) seems to specialize on barnacles that
evidently are picked off floating rafts of seaweed.

Storm-petrels have a penchant for oily foods. They snip
up oil droplets from the sea but seem to avoid man-made oil
slicks, perhaps by using their sense of smell. Stomachs usu-
ally contain the stomach oil found in most tubenoses, and this
oil, being digestible and full of energy, forms an important
food for adults and chicks. It is derived directly from prey
items, many of which contain heavy loads of oil droplets (es-
pecially when breeding).
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Storm-petrels usually feed solitarily but will congregate
around a suitable food source such as a dead seal or squid.
Some species associate with pods of whales, and Wilson’s
storm-petrels ingest whale feces. Ship following is common;
the birds eat small prey churned up by propellers. Wake fol-
lowers tend to attract others, and up to 50 black storm-
petrels have been seen combing the wake at one time.

Storm-petrels feed from the top few inches of the sea. They
seem to have the ability to stay within bill range of a heaving
sea. This ability is aided by their low wing loadings, which
means that as the wave heaves, the air above moves with it
and so does the bird. Both Wilson’s and black storm-petrels
will dive to retrieve food. The precise mode of feeding varies
with the species, the length of the legs, and other factors.
Some species, like Wilson’s storm-petrels, hold their wings
high while fending off from the surface with both feet,
whereas black-bellied storm-petrels (Fregetta tropica) hold
their wings out and skip from side to side. Feeding birds face
the wind, and if a gale shifts abruptly through 90 degrees to
blow straight down the wave furrows, the tiny birds may be
unable to feed and be forced far down wind.

Reproductive biology

Typically monogamous, storm-petrels first visit their na-
tal colonies as prebreeders, and they breed at 4-5 years old.
Nesting occurs when surrounding seas provide plenty of food,;
that is in the spring or summer in middle and high latitudes.
Tropical breeders often have an extended laying season.

With few exceptions (e.g., the wedge-rumped storm-petrel
in the Galdpagos), all activity on land occurs after dark, and
for many species the behaviors culminating in mating are un-
clear. European storm-petrels often crash into one other, ap-
parently deliberately, and then fall to the ground before
disentangling themselves. In Alaska, fork-tailed storm-petrels
(Oceanodroma furcata) circling overhead call in response to
cries from burrows below, suggesting pair bonding. High-
speed zigzagging chases have been seen among other species,
but, in general, the significance of these maneuvers is obscure.
Not much more is known of their behavior on the ground,
but using night vision equipment, copulation of fork-tailed
storm-petrels has been seen in the nest chamber and on the
ground outside. There was little precopulation ceremony
other than mutual preening.

Some female storm-petrels feed at sea while producing the
single egg; this trek is called the prelaying exodus. In a study
of Wilson’s storm-petrels, the females of 31 pairs stayed away
for 16-18 days, leaving their partners to visit the nests from
time to time, perhaps to keep them clear of snow. In other
species there seems to be no clear exodus. In Leach’s storm-
petrels, semen is stored in special glands in the vaginal folds
of the cloaca. This arrangement allows fertilization to be de-
layed while the bird travels to the best feeding area while pro-
ducing her egg and returning to her nest.

The single egg is ovoid, whitish, and often sprinkled with
pinkish dots. It is laid within 24 hours of the female’s return
and is very large compared to her body size. That of the least
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A white-vented storm-petrel (Oceanites gracilis) feeds by plucking tiny
debris from the sea surface near Fernandina Island, in the Galapagos.
(Photo by Tui De Roy. Bruce Coleman Inc. Reproduced by permission.)

storm-petrel is 29% of her body weight—probably the heav-
iest egg relative to body size of any bird. Highly migratory
species lay over a relatively short period, whereas sedentary
birds like the ashy storm-petrel (Oceanodroma homochroa)
breeding off California lay over a period of about 100 days.

The nest is a chamber at the end of a tunnel bored into
soft ground or in a crevice among rocks. Males seem to be
the tunnel diggers and the chambers are often sparsely lined
with bits of local vegetation. Gray-backed storm-petrels and
white-bellied storm-petrels (Fregetta grallaria) burrow into
the fibrous debris at the bases of tussock clumps and so are,
in effect, above ground. The microclimate in a burrow is
milder than the climate outside, being more humid and
warmer in cold climates and cooler than ambient tempera-
tures in tropical regions. The egg is tucked snugly into a bare,
well-vascularized incubation patch. Incubation shifts vary
from two to three days in cold water species but average 4.5
days in warm water species like the white-faced storm-petrel.

The female usually leaves for the sea within 24 hours of
laying. The male takes the first incubation shift and the sexes
take turns thereafter. The total time between laying and
hatching in continuously covered eggs varies from 38 to 42
days. When eggs are temporarily abandoned, this interval is
longer. Eggs are resistant to chilling, can be abandoned for
several days, and yet will still produce a chick. In one extreme
case, a fork-tailed storm-petrel egg left uncovered for 31 days
still hatched. The embryo’s resistance to chilling while still
remaining viable is a valuable adaptation for a small seabird
having to cope with variable weather and sea conditions which
may prevent parent’s return.
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The chick is hatched covered in down, its eyes closed, and
with incomplete control of its body temperature. It is
brooded by one or other of the parents for three or more
days—known as the guard stage. In their thick down the
chicks look like powder puffs. They are grayish or whitish,
often paler on the belly. In most, the initial down (protop-
tile) is replaced by a second (mesoptile) down that grows at-
tached to the protoptile, which, in turn, is pushed out by the
feathers proper (the teleoptiles). At least two of the southern
birds, Wilson’s storm-petrels and white-faced storm-petrels,
have only one down.

Initially the chick gets small meals, perhaps mostly of stom-
ach oil, but meal sizes increase when the guard stage is over.
With the milder climate in the burrow and a layer of sub-
dermal fat, the chick can then thermoregulate with the milder
climate in the burrow. Both parents feed the chick and a fairly
even division of labor seems to be the norm. Some meals can
be huge, e.g., as much as the chick’s own body weight (usu-
ally after both adults have fed it on the same night). Parental
feeding visits are frequent at first but decline in older chicks.
For instance, European storm-petrel chicks 11-20 days old
received visits on 93% of the nights, those aged 31-40 days
on 85% of the nights, and 51-60 day-olds on 66% of nights.
Chicks can withstand fasting for 6-7 days. Starved chicks may
become torpid to reduce energy needs, but their body weight
falls and death may result.

A chick’s growth follows a typical logistical curve, climb-
ing steeply for about the first half of the nestling stage then
stabilizing above adult weight and finally falling in the last
10-20 days before first flight. This is preceded during its last
week or so by its leaving the burrow to exercise its wings and
to explore the vicinity of the nest. A chick’s first flight usu-
ally takes place from some nearby eminence. Parents take no
part in this; the chick leaves alone and, as far as is known,
once at sea is really on its own. Average nestling periods (the
days between hatching and the first flight) range from 57 to
84 days. Nestling periods are much more variable than incu-
bation periods, partly due to erratic provisioning. Breeding
success (percent of eggs laid that produce flying young) varies
from year to year.

Conservation status

Some species are abundant with many colonies scattered
widely. These include Leach’s, European, Wilson’s, gray-
backed, white-faced, and band-rumped storm-petrels. There
are also a number of very localized species such as Matsu-
daira’s storm-petrel, which breeds only at the Volcano Islands,
and the ashy, least, and black storm-petrels, which nest off
southern California and Mexico.
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For some species, breeding places are virtually unknown.
For example, Markham’s storm-petrel (Oceanodroma markbami)
has been found nesting on the Paracas Peninsula, Peru, but
more undiscovered colonies must exist to account for the num-
bers of birds encountered at sea. None of these seems to be
endangered, but Elliot’s storm-petrel may well be as only one
pair of the subspecies Oceanites gracilis gracilis has been found
nesting off Chile. Breeding places of O. g. galapagoensis remain
undetected.

Colonies of storm-petrels have been wiped out by preda-
tors, which are usually mammals like rats and mustelids (even
mice can damage these small birds by eating their eggs). The
extinction of the Guadalupe storm-petrel (Oceanodroma macro-
dactyla) has been attributed to a combination of predation by
cats and erosion from grazing by goats. A particularly note-
worthy conservation effort is the extermination of foxes from
colonies of Leach’s and forked-tailed storm-petrels in Alaska,
which resulted in the reestablishment of many colonies. An-
other success story concerns the use of tape playbacks of
Leach’s storm-petrel calls plus the provision of artificial bur-
rows on islands in Muscongus Bay, Maine. Attracted by the
amplified calls, birds investigated the burrows and eventually
bred there. A colony was established (on Ross Island) where
there had been no previous evidence of breeding.

No storm-petrel species is threatened, although birds like
Hornby’s (Oceanodroma hornbyi) and Markham’s, being quite
unknown, badly need investigation. The populations of Tris-
tram’s storm-petrel on Midway Island, formerly decimated by
rats, seem to be recovering since the rats were wiped out.

Significance to humans

Storm-petrels were well known to early sailors and very
familiar to sealers and whalers because their hunting activi-
ties attracted birds like the cosmopolitan Wilson’s storm-
petrel. They lumped several species together as Mother
Carey’s Chickens, Mater cara referring to the Virgin Mary
under whose protection seafarers were supposed to come. Al-
though killing of these birds was sometimes considered
fraught with danger, they were often caught for use as bait.
Wilson’s storm-petrels were killed at night from the stern of
the ship, and many are attracted to lights. Sealers threaded
wicks through the alimentary tracts of adults or fat chicks to
draw out the stomach oil, which could be used as a candle.

Small though they are, several species have been eaten reg-
ularly by primitive societies: Aleuts, American Indians, and
the inhabitants of the Izu Islands, Japan, all ate Leach’s storm-
petrels, while the Morioris of the Chatham Islands, New
Zealand and aborigines of eastern Australia ate white-faced
storm-petrels when available.
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Species accounts

Wilson’s storm-petrel halfway along the
Oceanites oceanicus ridge of the bill.
Sexes alike.
SUBFAMILY
Oceanitinae DISTRIBUTION
Wholly marine ex-
TAXONOMY . ) cept when nesting,
Oceanites oceanicus Kuhl, 1840, no locality. O. o. oceanicus: Is- found in all oceans
lands off Tierra del Fuego and subantarctic islands of Atlantic particularly along
and Indian Oceans, including South Georgia; O. o. exasperatus: coastal upwellings
South Shetland, South Sandwich, South Orkney Islands, Ele- and fronts. It tends
phant Island, coasts and offshore islands of Antarctica. to be more often

seen offshore com-
pared to other
storm-petrels such as
Leach’s and white-

OTHER COMMON NAMES
English: Mother Carey’s chicken; French: Pétrel océanite; Ger-
man: Buntfiissige Sturmschwalbe; Spanish: Paifio de Wilson.

PHYSICAL CHARACTERISTICS faced storm-petrels, . )

7 in (18 cm); 1.3 oz (35 g). Wholly black above and below ex- which prefer deeper ~ Oceanites oceanicus

cept for white rump merging into the white lower flanks and water.

thighs and a pale band across the center of each wing. Tail Highly migratory, moving from April to June from the
square cut and black. Legs black, very long, and projecting be- southern breeding stations to northern reaches of the oceans,
yond the tail when flying; webs between toes yellow. Juvenile but avoids Arctic seas. In the Atlantic the journey from the

like adult. Bill black with prominent nasal tubes reaching about south is 7,000 miles (11,000 km) for some birds.

Oceanites oceanicus

Breeding Nonbreeding
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HABITAT

These birds are concentrated along the ocean shelves during
the northern summer. Although most move back to southern
waters to breed during the northern winter, some remain:
these are probably juveniles or birds that are taking a season
off-duty—a so-called sabbatical year.

BEHAVIOR

The feeding behavior is distinctive with a flight characterized
by alternate glides and wing flutterings while the long legs are
drooped and often break the surface. Most food is snipped
from the surface without alighting, and this is the most com-
mon ship’s follower. Calls used on the breeding grounds in-
clude a grating sound used by both sexes and a chatter call
used by the males to attract females.

FEEDING ECOLOGY AND DIET

Crustaceans, but fish are also eaten (these are more energy rich
than crustacea) with mycophids up to 3.3 in (8.5 cm) long be-
ing fed to the chicks (quite a meal for a bird with a bill only
0.5 in [1.2 cm] long).

REPRODUCTIVE BIOLOGY

The pair-bond is held over several seasons and most pairs
tend to breed annually. The nest forms their focus. There is
little to suggest that they stay together during migration. Be-
cause of the short polar summers, Wilson’s storm-petrels
breeding around Antarctica have accelerated the development
of the egg and chick: the time from laying to fledging is 91
days (the shortest period for any tubenose). Birds farther
north, though slightly smaller, take longer, perhaps because
the food supply is less concentrated than it is off the southern
continent.

Most nests are hidden in crevices among rocks or coarse
scree. The egg is laid on the bare earth in a shallow scrape,
and those on the southern islands are often lined with scraps of
local vegetation.

The eggs take about 40 days to hatch if continually incu-
bated. The chick flies at 48-78 days old. A major cause of
mortality is unseasonal weather that stops birds entering their
nests or freezes chicks within them. Predation by skuas is not
usually significant.

CONSERVATION STATUS
Not threatened. One of the most abundant seabirds. Its isola-
tion is its major safeguard.

SIGNIFICANCE TO HUMANS
None known. ¢

Leach’s storm-petrel
Oceanodroma leucorboa

SUBFAMILY
Hydrobatinae

TAXONOMY

Oceanodroma leucorboa Vieillot, 1818, maritime parts of Picardy.
O. 1. leucorhoa: all North Atlantic and North Pacific populations
south to California. Populations in eastern Pacific vary in size
and degree of white on rump; O. L chapmani: breeds on San
Benitos and Los Coronados islands, Mexico. O. /. socorrensis:
breeds in summer on islets off Guadalupe Island, Mexico. O. /.
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cheimommestes: breeds in winter on islets off Guadalupe Island,
Mexico.

OTHER COMMON NAMES

French: Pétrel culblanc; German: Wellenlaiifer; Spanish: Paifio
de Leach.

PHYSICAL
CHARACTERISTICS
7.0-8.5 in (180-220
mm); 1.3-1.9 oz
(38-54 g). Medium-
sized storm-petrel
with white rump
patch and distinctly
forked tail, blackish
brown above and be-
low with paler diag-
onal upperwing bar
from carpal joint
back to trailing edge
near body. Strongly
downhooked bill and
prominent nostrils. Legs and feet black. Sexes alike. Flight less
fluttering than that of Wilson’s storm-petrel and wings tend to
be held more horizontally than those of Wilson’s storm-petrel
(which raises its wings into a V). Feet not visible beyond tail
and much less prone to pattering.

Oceanodroma leucorhoa

DISTRIBUTION

Breeds on islands in the North Atlantic and North Pacific that
lack mammalian predators. Found at sea throughout these seas,
migrates south into the tropics after breeding. Pairs have even
been found in burrows on the Chatham Islands, New Zealand.
One bird was found on St. Croix Island, South Africa, which
suggests the possibility of extending the breeding range south-
wards. The eastern North American populations shift south to
Brazilian waters but many cross to European seas like the Bay
of Biscay. British breeders appear to winter mainly off tropical
Africa. Japanese and Alaskan birds also winter in tropical seas.

HABITAT

Ranges widely in the open sea. California birds feed farther out
in warmer, less productive seas than do ashy and fork-tailed
storm-petrels with which they often share nesting islands.

BEHAVIOR

On land, overflying birds that emit calls are mainly prebreed-
ers; nesting birds call mostly from their burrows. Little display
occurs between breeding birds except persistent calling using
two main types of rhythmic purrings and chatterings. Chatter
calls are given from the air and the burrow, and research in
Japan suggests that variation in the pitch of calls among birds
of the same sex may be used for individual recognition.

FEEDING ECOLOGY AND DIET

Nekton and planktonic organisms are taken from the surface
while the bird hovers facing the wind, sometimes alighting mo-
mentarily. Otherwise the flight is a mixture of gliding and
rather wild dashes, with many changes of direction. Seldom fol-
lows ships but is prone to be wrecked on beaches during gales.

Diet includes a great range of fish, crustaceans, and squid as
available. The birds tend to seek areas where upcurrents bring
organisms to the surface. Their stomachs often contain deep-
sea animals that only approach the surface at night, evidently
taken after dark. They appear to find some prey using their
good sense of smell.
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Oceanodroma leucorhoa

Breeding Nonbreeding

REPRODUCTIVE BIOLOGY

Most breed at around five years old. Having gained a nest site,
a pair remains intact as long as they reproduce satisfactorily.
Most dig burrows, but some occupy crevices among rocks or
stone walls. The single egg is occasionally replaced if it is lost
soon after laying. Both sexes incubate in 2-3 day shifts for
about 43 days. Chick is fed almost nightly in the first few days
after the brief brooding period, then less often as it grows. Un-
fed chicks become torpid but can recover. Growth follows the
normal curve: weight climbs steadily at a constant rate, levels
out at above parental weight, then falls in the last 10 or so days
before fledging.

Fledging occurs when the chick is between 56 and 79 days.
The number of chicks fledged per egg laid differs between

seasons and places and ranges from 48 to 73%. Losses have
often been due to introduced mammals like mink, cats, and
others, but natural predators also include owls, eagles, corvids,
and gulls.

CONSERVATION STATUS

Not threatened, but existing colonies need protection against
the introduction of placental mammals and trampling of bur-
rOWS.

SIGNIFICANCE TO HUMANS
None known. ¢
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Diving-petrels
(Pelecanoididae)

Class Aves
Order Procellariiformes
Family Pelecanoididae

Thumbnail description

Small-sized, black-and-white colored, stocky,
short-winged, tube-nosed seabirds with nostrils
pointing upwards. Diving-petrels dive and swim
for their food

Size
7-10 in (18-25 cm); 4-8 oz (120-220 g)

Number of genera, species
1 genus; 4 species

Habitat

Cool and cold oceans Distribution

Occurs in cool and cold oceans of the Southern Hemisphere, usually close to

Conservation status

One species is Endangered RIS S

Evolution and systematics

Diving-petrels (family Pelecanoididae) are in a group of
seabirds known as tubenoses (order Procellariiformes), all of
which have a distinctive pair of tube-like, salt-excreting, ex-
ternal nostrils on the top or sides of the upper mandible.
Other families in this group are the albatrosses (Diomedei-
dae), storm-petrels (Oceanitidae), and fulmars, petrels, shear-
waters, and prions (Procellariidae).

With their rapid wing beats and stocky, short-necked ap-
pearance, diving-petrels resemble the little auks of the North-
ern Hemisphere (family Alcidae). This resemblance represents
an example of convergent evolution between unrelated species
occupying similar ecological niches in widely separated parts
of the world.

Physical characteristics

Diving-petrels are small, stocky-bodied, short-winged,
tube-nosed seabirds that dive and swim to catch their food.
Their body length is 7-10 in (18-25 cm) and they weigh 4-8
0z (120-220 g). Their bill is small, short, broad, and slightly
hooked at the tip. The nostril tubes on the upper bill are par-
allel, short, have a thin partition between them, and are di-
rected upward. Diving-petrels are the only tubenoses in which
the nostrils project upward rather than forward, which may
be an adaptation to diving. The wings are relatively short and
wide and the flight is consequently swift, direct, fluttering,
and whirring. When diving and swimming, the wings are used
as flippers to achieve forward propulsion. The plumage is
gray, blue-gray, or black on top and whitish on the under-
side. The primary feathers all molt simultaneously, rendering
the birds temporarily flightless.
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Distribution

Diving-petrels are restricted to waters of the Southern
Hemisphere, generally between latitudes 35° south and 60°
south. They usually occur in coastal waters but may some-
times be found well offshore.

Peruvian and Magellan diving-petrels (Pelecanoides garnotii
and P. magellani) inhabit South American waters. Common
and South Georgian diving-petrels (P. urinatrix and P. geor-
gicus) are circumpolar species.

Habitat

Diving-petrels breed on remote oceanic islands. They feed in
cool and cold oceans, usually rather close to their breeding sites.

Behavior

Diving-petrels characteristically fly low, direct, and fast
over water, occasionally diving and swimming to catch their
prey. In rough weather, they may fly right through the crests
of waves rather than around or over them. Diving-petrels are
the only tubenoses that swim underwater using their wings
for propulsion. Diving-petrels only come to land to breed,
and they will do so only at night. This wariness is an adap-
tive response to predation by larger seabirds, such as skuas.
Diving-petrels are not migratory, but they may wander dur-
ing the nonbreeding season.

Feeding ecology and diet

Diving-petrels catch their prey of small fishes and crus-
taceans by flying directly into the water and then using their
wings to swim underwater to pursue their food. They emerge

143



Family: Diving-petrels

A common diving-petrel (Pelecanoides urinatrix) on Karewa Island, New
Zealand. (Photo by K. Westerkov/Animals Animals. Reproduced by
permission.)

from the water in a similar manner, by flying directly out into
the air. Diving-petrels usually feed in flocks.

Reproductive biology
Diving-petrels breed in colonies. They nest in burrows
excavated in organic turf and also in cavities among rocks
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and tufts of grass. Each female lays only one relatively large
white egg that weighs 10-15% of the female’s body weight.
The incubation period is about eight weeks, and both par-
ents tend the egg during one-day-long watches. Egg laying
generally occurs between July and December. The newly
hatched chick is brooded closely for its first two weeks of
life. After about eight weeks the chick fledges and begins to
fend for itself. After the breeding season ends, adults molt
all flight feathers and are flightless until this plumage has
regrown. Diving-petrels reach sexual maturity in two or
three years, which is considerably faster than other
tubenoses.

Conservation status

The Peruvian diving-petrel is listed as Endangered. This
rare species has an extremely small breeding range on only
four islands off the west coast of South America, and all of its
subpopulations are declining, some quite rapidly. The de-
clines in abundance have been caused by excessive hunting of
these birds for food, disturbance of their habitat during guano
collection, predation on eggs, nestlings, and adults by intro-
duced mammals, and diminishment of their food supply by
commercial overfishing of the waters around their breeding
colonies.

Significance to humans

Diving-petrels are not of much importance to humans, ex-
cept for the economic benefits of marine ecotourism related
to birdwatching.
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Species

Common diving-petrel
Pelecanoides urinatrix

TAXONOMY
Pelecanoides urinatrix Gmelin, 1789, New Zealand. Six subspecies.

OTHER COMMON NAMES

English: Subantarctic diving-petrel; French: Puffinure
plongeur; German: Lummensturmvolgel; Spanish: Potoyunco
Comin.

PHYSICAL
CHARACTERISTICS
8-10 in (20-25 cmy);
wingspan 13-15 in
(33-38 cm). Color-
ing similar to other
Pelecanoides species;
differentiated by
configuration of its
bill and nostrils.

DISTRIBUTION
This is the most
widespread of the
diving-petrels, occurring in the Southern Ocean between about
latitudes 35° south and 55° south. It breeds on islands off Aus-
tralia, New Zealand, Chile, Argentina, and in the south At-
lantic Ocean and south Indian Ocean.

Pelecanoides urinatrix

HABITAT
Breeds on oceanic islands and feeds in cool and cold oceans,
usually close to breeding sites.

BEHAVIOR
Flies low, direct, and fast, both through the air and in the water.

FEEDING ECOLOGY AND DIET
Dives and swims to feed on small fish and crustaceans.

REPRODUCTIVE BIOLOGY
Lays a single egg in a burrow or crevice. The egg is incubated
by both parents.

Family: Diving-petrels

accounts

CONSERVATION STATUS
Not threatened. Locally widespread and abundant.

SIGNIFICANCE TO HUMANS
None other than through economic benefits of birdwatching
and ecotourism. &

Magellan diving-petrel

Pelecanoides magellani

TAXONOMY
Pelecanoides magellani Gray, 1871, Strait of Magellan. Mono-

typic.

OTHER COMMON NAMES

English: Magellanic diving-petrel; French: Puffinure de Magel-
lan; German: Magellan-Lummensturmvogel; Spanish: Poto-
yunco Magalldnico.

PHYSICAL CHARACTERISTICS
7.5-8 in (19-20 cm), side of neck bears a crescent-shaped half
collar.

Pelecanoides urinatrix

Breeding Nonbreeding

Pelecanoides magellani

Breeding Nonbreeding
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Family: Diving-petrels

DISTRIBUTION
Occurs only in ex-
treme southern
South America, off
southernmost Ar-
gentina and Chile.

HABITAT

Breeds on oceanic
islands and feeds in
cold oceans, usually

close to breeding

Vol. 8: Birds |

BEHAVIOR
Flies low, direct, and fast, both through the air and in the water.

FEEDING ECOLOGY AND DIET
Dives and swims to feed on small fish and crustaceans.

REPRODUCTIVE BIOLOGY
Lays a single egg in a burrow or crevice. The egg is incubated
by both parents.

CONSERVATION STATUS
A locally abundant species.

SIGNIFICANCE TO HUMANS

sites. Pelecanoides magellani None other than through economic benefits of birdwatching
and ecotourism. ¢

Resources

Books Organizations

BirdLife International. Threatened Birds of the World. Barcelona:

Lynx Edicions and BirdLife International, 2000.

Carboneras, C. “Family Pelecanoididae (Diving-petrels).”
Handbook of the Birds of the World. Vol. 1, edited by J. del
Hoyo, A. Elliott, and ]J. Sargatal. Barcelona: Lynx Edicions,
1992.

Harrison, P. Seabirds. An Identification Guide. Beckenham, U.K.:

Croom Helm Ltd., 1983.

Warham, J. The Bebaviour, Population Biology and Physiology of
the Petrels. San Diego: Academic Press, 1996.
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BirdLife International. Wellbrook Court, Girton Road,
Cambridge, Cambridgeshire CB3 ONA United Kingdom.
Phone: +44 1 223 277 318. Fax: +44-1-223-277-200.
E-mail: birdlife@birdlife.org.uk Web site: <http://www
.birdlife.net>

TUCN-The World Conservation Union. Rue Mauverney 28,
Gland, 1196 Switzerland. Phone: +41-22-999-0001. Fax:
+41-22-999-0025. E-mail: mail@hq.iucn.org Web site:
<http://www.iucn.org>

Bill Freedman, PhD
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Sphenisciformes

Pengu

1ns

(Spheniscidae)

Class Aves

Order Sphenisciformes
Family Spheniscidae
Number of families 1

Thumbnail description

Medium to large flightless seabirds with
streamlined bodies adapted for swimming and
diving underwater

Size
17.7-51.2 in (45-130 cm); 1.8-88 Ib (842
g-40 kg)

Number of genera, species
6 genera; 17 species

Habitat
Marine coastal areas of the southern
hemisphere; one species found at the equator

Conservation status
Endangered: 3 species; Vulnerable: 7 species;
Lower Risk: 2 species

O

Distribution

Cool waters of the southern hemisphere, including coastal Antarctica, New Zealand,
Australia, South Africa, and South America and the Falkland Islands; one species
occurs at the equator, on the Galapagos Islands

Evolution and systematics

Ninteenth-century French explorer Dumont d’Urville de-
scribed penguins as “fish-birds” when he first spotted them
in Antarctic waters. Like fish, penguins have streamlined, tor-
pedo-shaped bodies and swim easily underwater; however,
they are indisputably birds, members of the order Sphenisci-
formes, which consists of a single family, the Spheniscidae.
Their closest living relatives are thought to be petrels and al-
batrosses (Procellariidae) and loons and grebes (Gaviidae).

Taxonomists concur that penguins probably evolved dur-
ing the Cretaceous period (140-65 million years ago) from an
ancestor that could fly but also swam underwater to catch
food. The ancestor might have resembled an auk (Alcidae) or
a diving-petrel (Procellariidae).

More than 40 fossil penguin species have been described;
a distinctive fused foot bone, the tarsometatarsus, is diagnos-
tic. In a report published in 1990, Ewan Fordyce and C. M.
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Jones suggested that mass extinctions of marine reptiles dur-
ing the late Cretaceous left open ecological niches that pen-
guins evolved to fill. In the period from 40 to 10 million years
ago, penguins flourished; species diversity was higher than it
is in the twenty-first century, and the penguin fauna included
many species even bigger than the largest living species, the
emperor penguin (Aptenodytes forsteri). By the Miocene period
(about 15 million years ago) most of the large species were
extinct, perhaps because seals and small whales had evolved
and were outcompeting penguins for food.

As of 2001, scientists recognize 17 species of penguins in
6 genera. The genus Aptenodytes includes the two largest pen-
guins, emperor penguins and three-foot-tall king penguins (4.
patavonicus). The genus Pygoscelis includes Adelie (P. adeliae),
chinstrap (P. antarctica), and gentoo (P. papua) penguins.
Adelie penguins, with their black-and-white plumage that
suggests a formal tuxedo, are what most people think of when
they hear the word penguin. The genus Eudypres consists of
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Gentoo penguins (Pygoscelis papua) leave the water in the Falkland Islands. (Photo by Tim Davis. Photo Researchers, Inc. Reproduced by permission.)

macaroni (E. chrysolophus), rockhopper (E. chrysocome), Snares
(E. robustus), erect-crested (E. sclateri), royal (E. schlegeli), and
Fiordland (E. pachyrbynchus) penguins; these are also known
as crested penguins because of the wispy yellow feathers that
sprout above their eyes. African (Spheniscus demersus), Hum-
boldt (S. humboldti), Magellanic (S. magellanicus), and Gala-
pagos (S. mendiculus) penguins make up the genus Spheniscus,
also referred to as black-footed penguins. Members of this
group have curving white stripes on either side of their black
heads and a black stripe that forms a horseshoe shape on their
white chests. Spheniscus penguins are also nicknamed jackass
penguins because of their braying calls. The final two pen-
guin genera each consist of a single species: Eudyptula minor,
little penguins (as its name suggests, the smallest of the pen-
guins), and Megadyptes antipodes, yellow-eyed penguins.

Physical characteristics

With their large heads, elongate bodies, and upright
stance, penguins look somewhat human as they waddle
around on land. The most common plumage, a black back
and white chest, evokes a comparison with tuxedoed wait-
ers. All penguins share a set of anatomical features that make
them uniquely adapted for life in a marine environment.
They are able to dive and maneuver with agility underwa-
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ter. They have solid, heavy bones; wings that are modified
into stiff, flat flippers; webbed feet set well back on the body;
and short, stff feathers that repel water and provide excel-
lent insulation.

Species vary in size. Little penguins generally weigh less
than 3 1b (1100 g) and stand less than 18 in (45 cm) tall; the
emperor penguin can be nearly four ft (115 cm) tall, and a
male at the beginning of the breeding season may weigh as
much as 88 1b (40 kg). The weight of each penguin may vary
dramatically over the course of the breeding season; male em-
peror penguins go without eating for as long as 115 days dur-
ing courtship and egg incubation and may lose 41% of their
initial body weight during this period. Male penguins are
slightly larger than females, especially with regard to the
length of their flippers and the size of the bill, but except
among the eudyptid penguins (in particular the macaroni) this
difference can be hard to detect on casual observation.

All penguins have black, blue-gray, or gray feathers on the
back and white feathers on the chest and belly. Many species
have distinct orange or yellow plumes sprouting from the head
or patches of bright yellow or orange on the face. Males and fe-
males look similar; chicks are covered with a layer of fluffy down.

Even though penguins are flightless, they have a keeled
breastbone like that of flying birds (the keel anchors the pec-
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toral muscles usually used for flight). Penguin bones differ
from those of most birds in being solid and heavy instead of
light and filled with air spaces; heavy bones are an adaptation
for diving underwater. Penguin wings have been modified into
flippers for “flying” underwater; the joints at elbow and wrist
are almost fused so that the flippers do not fold up the way
wings do. Penguin legs are short and stout with webbed feet;
underwater, the feet trail behind, pressed against the stiff tail
where they serve as a rudder.

In most birds, feathers grow only from certain sections of
the skin called feather tracts, while large areas of skin between
the tracts are bare. Penguins, on the other hand, have feath-
ers over almost the entire body surface; the exception is the
bare brood patch on the belly. Tropical penguins have the
largest areas of bare skin to facilitate cooling. The tips of
feathers overlap like scales to form a waterproof outer cover-
ing, while fluffy down at the base of each feather traps a layer
of air that holds in body heat. Most species experience a com-
plete molt annually; they stay on land and fast during the
molting period of 13-34 days.

A layer of blubber provides additional insulation, and a
heat-exchange system in blood vessels of the flippers and legs
helps maintain body temperature while swimming in cold wa-
ter. One other adaptation to life in the water is the ability to
reduce blood flow to the muscles while submerged. How pen-
guins such as emperors dive repeatedly to great depths with-
out developing decompression sickness and nitrogen narcosis
is not known.

Distribution

Penguins live almost exclusively in the southern half of the
world. A single species, the Galapagos penguin, occurs just
north of the equator. Popularly thought to be birds of the
Antarctic, penguins are actually widely distributed, and more
than half of the 17 species are never found in Antarctica. Most
species live between 45 and 60° south. Seven penguin species
breed on the mainland and islands of southern New Zealand,
other species breed along the subtropical coasts of South Amer-
ica and South Africa. Only four species breed in Antarctica—
the emperor, Adelie, gentoo, and chinstrap—and only the
emperor and Adelie stay in the Antarctic year-round.

Habitat

Penguins spend much of their time at sea, diving under-
water to catch fish, crustaceans, and squid. Like marine mam-
mals, however, they must go ashore to rest and to breed and
rear their young. Most breeding colonies are within a few
hundred yards of shore, although gentoo and king penguin
colonies can be almost 2 mi (3 km) inland. Breeding habitats
range from the snowfields and ice sheets of Antarctica (where
male emperors cradle their eggs on their feet rather than in
a nest) to the famous equatorial islands off the coast of
Ecuador, where Galapagos penguins breed in lava fields. Most
species establish colonies in open, level terrain, often beneath
coastal cliffs, although macaroni and chinstrap penguins nest
on rocky slopes. Gentoo penguins nest amid mounds of tus-
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An Adelie penguin (Pygoscelis adeliae) toboggans at Petermann Island,
Antarctica. (Photo by Renee Lynn. Photo Researchers, Inc. Reproduced
by permission.)

sock grass, and all of the Spheniscus penguins nest in protected
places, either in underground burrows or beneath bushes. In
Southern Chile, Magellanic penguins go ashore to lay their
eggs in coastal beech forests.

Behavior

Penguins are highly social birds. They gather to breed in
small groups or in large, noisy colonies, and they take to the
water in flocks. Penguins interact constantly with their
neighbors and they have evolved a large repertoire of com-
plex behaviors that allow them to appease aggression, court
a mate, and recognize the mate and offspring amid the
throngs of birds.

To avoid aggression when entering or leaving the colony,
a penguin adopts the “slender walk” behavior, lowering its
head and holding its flippers forward as it threads its way past
other birds. Many species use a sideways stare to signal “Keep
away.” Fights break out despite such submissive and defen-
sive behaviors, and penguins will peck, bite, and hit oppo-
nents with their flippers. Some species engage in ritualized
bill-jousting, using the bill like a sword to attack and parry.

A male penguin claiming a nest site puts on an “ecstatic
display,” standing erect with his bill pointed skyward while
waving his flippers and calling loudly. When a female joins
her mate, they cement the pair bond with a mutual ecsta-
tic display and by bowing to one another. Among the
smaller penguin species, courting pairs also engage in mu-
tual preening.

Mutual displays and bowing continue after the pair have
mated and one or two eggs are laid; these behaviors constitute
a “nest relief ceremony” conducted when the male and female
change places on the nest. Adult birds recognize one another
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An adult rockhopper penguin (Eudyptes chrysocome) grooms a chick
in the Falkland Islands. (Photo by Rod Planck. Photo Researchers, Inc.
Reproduced by permission.)

by these behaviors and also by voice. Species that form the
largest colonies (pygoscelids and some eudyptids) have the
most elaborate mate-recognition displays. Experiments with
recorded calls have shown that king penguins respond to their
mate’s calls but not to those of neighbors or other colony
members, and chicks recognize their parents by a distinct vo-
cal signature based on frequency modulation.

When penguins head to sea to forage, they typically stay
in groups rather than hunt alone. This way each individual
reduces its risk of being eaten. Foraging flocks may also be
more efficient at finding food than are solitary birds.

Swimming penguins sometimes progress by porpoising, or
shooting out of the water to skim above the surface for a few
feet before splashing back down. While porpoising, the birds
grab a breath in mid-air. On land, penguins walk upright with
a waddling gait; some also progress by two-footed jumps (this
method of locomotion gives the rockhopper penguin its
name). Penguins can also travel by tobogganing, or sliding on
their bellies over ice and snow. Some species travel hundreds
of miles to inland nesting sites this way.

Feeding ecology and diet

Penguins feed at sea by diving after prey, which may be
small fish, crustaceans, or squid. A bird can swallow a large
number of prey items before it has to return to the surface to
breathe. Different species take different prey; crested pen-
guins (eudyptid species) eat mostly krill and other small crus-
taceans that occur in dense swarms. Spheniscus penguins and
the little penguin eat small fish such as anchovies and sprats.
Pygoscelid penguins eat almost nothing but krill.

Because penguins pursue their prey underwater, often in
very cold water, few humans have seen a penguin capture prey.
Nonetheless, using radio and satellite telemetry and minia-
turized instruments that record depth, swimming speed, and
duration of dives, scientists have learned much in the past
decade about penguin foraging behavior. Penguins make shal-
low dives as they move from the shore to a foraging area, rest-
ing on the surface between dives. When they are pursuing
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prey, they dive deeper and stay underwater longer. The longest
documented penguin dive was 18 minutes for an emperor pen-
guin. Emperors are also the deepest divers; one researcher doc-
umented a bird that reached a depth of 1755 feet (535 meters).
Diving ability seems to be positively correlated with body size:
king penguins can dive for seven to 10 minutes, most medium-
sized penguins dive for three to six minutes, and little pen-
guins rarely dive for more than a minute or deeper than 98 ft
(30 m). Penguins dive deepest at midday; they rely on excel-
lent vision to spot prey, so low light conditions at dawn and
dusk probably limit them to shallower dives at these times.

Reproductive biology

Penguins do not breed until they are at least two to five
years old. For example, gentoo, little, and yellow-eyed pen-
guins attempt to breed at age two; king and emperor pen-
guins delay breeding until they are at least three years old;
and macaroni and royal penguins wait at least five years. Fe-
males are ready to breed at a younger age than males. Pen-
guins are usually monogamous and may take the same mate
year after year; however, extra-pair copulations do occur
among Humboldt penguins and others.

Emperor and king penguins build no nest and simply hold
the egg on their feet. Gentoo penguins build nests of stones,
and the spheniscids and little penguins dig burrows and nest
underground.

The two largest penguin species lay a single egg. Other
species usually have a two-egg clutch but occasionally lay one
or three eggs. Crested penguins lay two eggs but rarely raise
two offspring; the first egg laid is usually smaller than the sec-
ond and is often lost or destroyed before it hatches.

Incubation period varies among species from 33 to 64 days.
Chicks in the same clutch hatch at the same time or within a

A pair of chinstrap penguins (Pygoscelis antarctica) in courtship at their
nest made of pebbles. (Photo by George Holton. Photo Researchers,
Inc. Reproduced by permission.)
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day of each other. One parent broods the down-covered
chicks while the other goes on a foraging trip; upon return,
the parent regurgitates food for the chicks. When the chicks
no longer require brooding to maintain body temperature,
the parents continue to guard them from predators.

Parental care can be quite extended; for example, king pen-
guins care for chicks for more than 12 months. Young birds
are ready to leave the nest when their down is replaced by
feathers. Juveniles look much like adults, though the species-
specific crests or cheek patches are less bright in young birds.
After young birds leave the nest, they jump in the water and
pursue prey without having had any obvious training from
their parents in how to forage.

Conservation status

The exact impact of human actions on penguin popula-
tions is hard to measure because these birds naturally experi-
ence dramatic population fluctuations when changing ocean
conditions affect food availability. From the eighteenth cen-
tury to the early twentieth century, crews of whaling and seal-
ing ships took millions of penguins and their eggs for food
and also used the birds as bait. In places, penguins were ren-
dered to produce oil; king penguins are thought to have been
eradicated on Heard Island for this reason. Human enterprise
has caused other problems for penguins; for example, Hum-
boldt penguins in South America prefer to dig breeding bur-
rows in centuries-old mounds of accumulated guano, but most
of these breeding sites have been mined for fertilizer. Among
the modern problems penguins face are oil pollution from
tanker spills and bilge flushing and entanglement in discarded
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fishing nets. Commercial fishing may also reduce food sup-
plies for some populations. Where human populations con-
centrate near penguin habitat, domestic animals can be a
problem: cattle and sheep trample burrows and nests; rabbits
browse away the concealing vegetation around nests; and in-
troduced species including dogs, feral cats, ferrets, and stoats
prey on nestlings.

Twelve of 17 penguin species are included on the 2000
TUCN Red List of Threatened Species. Erect-crested, Gala-
pagos, and yellow-eyed penguins are listed as Endangered.
The yellow-eyed penguin, found in New Zealand, has the
smallest population of any species; much of its habitat has
been lost to logging and farming, and introduced predators
are also a problem. Rockhopper, macaroni, Fiordland, Snares,
royal, African, and Humboldt penguins are listed as Vulner-
able. Two species are classified as Lower Risk: gentoo pen-
guins and Magellanic penguins.

Significance to humans

During the era of sailing ships, penguins were taken by the
hundreds of thousands, for food and for the extraction of oil.
Eggs were also collected in large numbers, and penguin guano
was mined for fertilizer. Though penguins are now protected
in most countries, they are sometimes taken illegally for food
and bait. Since the 1960s, penguin colonies in the Antarctic,
Argentina, and the Galapagos have become tourist attractions,
drawing thousands to tens of thousands of visitors. Penguins
are also popular as advertising logos (most notably for books,
coffee, and cigarettes), as hockey team mascots, and as char-
acters in cartoons and children’s books.
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- 72 Ferrer ©) 2002

1. Emperor penguin (Aptenodytes forsteri); 2. Yellow-eyed penguin (Megadyptes antipodes); 3. Macaroni penguin (Eudyptes chrysolophus); 4. Little
penguin (Eudyptula minor); 5. Adelie penguin (Pygoscelis adeliae); 6. Magellanic penguin (Spheniscus magellanicus). (Illustration by Patricia Ferrer)
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Species

Emperor penguin
Aptenodytes forsteri

TAXONOMY
Aptenodytes forsteri G. R. Gray, 1844, Antarctic Seas.

OTHER COMMON NAMES
French: Manchot empereur; German: Kaiserpinguin; Spanish:
Pingtiino Emperador.

PHYSICAL CHARACTERISTICS

39.4-51.2 in (100-130 cm); female weight 44.5-70.5 1b (20.2-32
kg); male 48.3-88 1b (21.9-40 kg). The largest penguin is about
the same size as the smallest diving marine mammal, the Gala-
pagos fur seal (Arctocephalus galapagoensis). Bright yellow ear
patches contrast sharply with black head, chin, and throat. Back
is dark blue-gray, underparts are white shading to pale yellow
on upper breast. Bill is slender and down-curving. Eyes are
brown. Upper bill is black and lower bill is pink, orange, or
lilac. Feet and legs are black. Juvenile is similar to adult but
smaller and duller, with white ear-patches and black bill.

DISTRIBUTION

Breed on the coast of the Antarctic continent and adjacent is-
lands, from 66° to 78° south latitude. Rarely seen outside of
the Antarctic, although migrating birds are occasionally spotted
near the Falkland Islands, southern New Zealand, and south-
ern South America.

HABITAT
Cold waters of the Antarctic zone, where pack ice forms. Usu-
ally breed on sea ice, often on level sites sheltered by ice cliffs.

OO

Aptenodytes forsteri

Breeding Nonbreeding
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BEHAVIOR

Less aggressive than some penguins and behavioral repertoire
is less varied, perhaps because incubating males do not defend
territories but instead huddle together for warmth. Nest colo-
nially and forage in groups. Loud vocalizations characterized as
trumpeting. Horizontal head-circling signals aggression but is
also common during pair formation, copulation, egg-laying,
and as part of nest-relief ceremony.

FEEDING ECOLOGY AND DIET

Birds appear to coordinate their foraging at sea, diving and sur-
facing as a group. Main prey type varies with location; in a 1998
study, small fish made up more than 90% of the diet in three lo-
cations. Antarctic silverfish (Pleuragramma antarcticum) were the
main prey item, and small cephalopods and crustaceans were
also taken. About a third of all dives are deeper than 330 ft (100
m); birds sometimes dive as deep as 1,480 ft (450 m), and may
feed near the sea bottom. Birds also feed near the surface along
underside of ice where crustaceans gather to graze on algae.
May travel 90-620 mi (150-1,000 km) in a single foraging trip.

REPRODUCTIVE BIOLOGY

Less mate-faithful than smaller penguins. After laying a single,
large, greenish-white egg, females return to sea to feed. Males
incubate alone, fasting for up to 115 days (from arrival at
breeding colony to end of incubation, which lasts for 64 days).
Chick has comical appearance, with black-and-white head
emerging from what looks like a brown fur coat enveloping the
body (actually, a layer of insulating down). Females return
soon after chicks hatch and parents alternate feeding and
brooding duties for 45-50 days. Chicks then form creches
(large numbers of young birds huddle together for warmth,
standing close enough to touch one another). They are inde-
pendent at 150 days. Adults molt after chicks leave colony.

CONSERVATION STATUS

Not threatened. Population stable or increasing; total breeding
population was estimated in 1993 to be 314,000 pairs. Suscepti-
ble to human disturbance but at present face no major threats.

SIGNIFICANCE TO HUMANS

Emperor penguins are a key attraction on Antarctic ecotours,
and also at Sea World in San Diego, where the Penguin En-
counter exhibit is the world’s only successful emperor penguin
breeding colony outside of Antarctica.

Adelie penguin
Pygoscelis adeliae

TAXONOMY
Catarrbactes adeline Hombron and Jacquinot, 1841, Adelie Land.

OTHER COMMON NAMES
French: Manchot d’Adélie; German: Adeliepinguin; Spanish:
Pingtiino Adelia.

PHYSICAL CHARACTERISTICS
Female weight 8.6-10.5 1b (3,890-4,740 g); male 9.6-11.8 1b
(4,340-5,350 g). Back, tail, and head (including face) are
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Pygoscelis adeliae

Breeding Nonbreeding

blue-black; underparts are white. Distinctive white eye ring.
Feathers cover half of bill, which is black with orange base.
Eyes are brown. Legs and feet are dull white to pink with
black soles.

DISTRIBUTION

Circumpolar, associated with pack ice of Antarctic Zone.
Breeds on coasts of the Antarctic continent and surrounding is-
lands; non-breeding distribution is not well known.

HABITAT
Within home range, they breed wherever land is ice-free and
access from the sea is feasible.

BEHAVIOR

Male and female defend territory vigorously; often fight with
neighbors. Birds signal apprehension by raising head feathers.
Common threat display is a sideways stare with crest raised
and eyes rolled downward.

FEEDING ECOLOGY AND DIET

Take mostly krill but also fish and cephalopods. During incu-
bation, the bird not tending the nest may make a very long
foraging trip, traveling more than 93 mi (150 km) from the
colony over the course of 9-25 days. One study of birds at
Hope Bay documented a maximum dive of 558 ft (170 m); esti-
mated prey capture rate was 1,150 krill per foraging trip (7.2
krill per minute).

REPRODUCTIVE BIOLOGY

Well studied. Monogamous, often return repeatedly to same
nest site. Nest in large colonies of up to 200,000 pairs. Build
nests of small stones. Considerable energy devoted to stone
searching, stone stealing, and rearranging stones in nest. Two
eggs laid; parents alternate incubation duties (sometimes with
egg on feet) for 32-24 days. Young brooded for 22 days, then
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join small créches; fed by parents until they leave colony at
50-60 days.

CONSERVATION STATUS

Not threatened. Stable or increasing; population estimated in
1993 at 2,610,000 breeding pairs. Susceptible to disturbance
from human activity.

SIGNIFICANCE TO HUMANS

Ornithologist Robert Cushman Murphy called Adelies “the
type and epitome of the penguin family.” Adelies are responsi-
ble for the habitual comparison of penguins to little men in
evening clothes. ®

Macaroni penguin
Eudyptes chrysolopbus

TAXONOMY
Catarrhactes chrysolopbus Brandt, 1837, Falkland Islands.

OTHER COMMON NAMES

English: Crested penguin, royal penguin; French: Gorfou doré;
German: Goldschopfpinguin, Haubenpinguin; Spanish:
Pengiiino Macarrones.

PHYSICAL CHARACTERISTICS

27.9 in (71 cm); male weight 8.2-14.1 1b (3,720-6,410 g); fe-
male weight 7.0-12.6 1b (3,180-5,700 g). Comical appearance,
with long, yellow and orange plumes like shaggy eyebrows
growing from a patch in the center of the forehead. Males no-
ticeably larger than females but plumage similar. Head and
cheeks are black or dark gray; back is slate black with blue
sheen; breast, belly, and rump patch are white. Bill is stout
and dark orange-brown, often ridged in older birds. Eyes are
garnet red. Juveniles are smaller than adults and have lighter
plumage, smaller and more scattered crest feathers, and a
more slender bill.

Eudyptes chrysolophus
Breeding

Nonbreeding
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DISTRIBUTION

Breeds farther south than other eudyptids, on Antarctic Penin-
sula and on Antarctic and subantarctic islands. In non-breeding
season, probably remains in subantarctic waters.

HABITAT
Often nests on steep, rough terrain with little or no vegetation,
including lava flows and scree slopes.

BEHAVIOR

Forms colonies of 100 to more than 100,000 birds. Birds on
neighboring nests often fight by bill-jousting. A courting male
collects pebbles and places them at female’s feet. Mated pairs
engage in mutual preening of feathers. Very noisy and aggres-
sive in breeding colonies; after females begin incubating, males
go to sea and females may then be attacked by unmated males.
When birds return from foraging, harsh braying calls are es-
sential for recognition between mates and between parent and
chick. Parents take turns incubating and brooding young.

FEEDING ECOLOGY AND DIET

Typically dives to 66-330 ft (20-100 m) in pursuit of prey; mean
dive duration 1.48 minutes. In one study, estimated prey capture
rates were 4.0-16.0 krill per dive and up to 50 amphipods per
dive. At first, young are fed krill exclusively; gradually, small fish
and squid are added to the diet. In the last week before the
chick becomes independent, parents feed it only fish and squid.

REPRODUCTIVE BIOLOGY

Female alone scrapes out depression to serve as nest; both mem-
bers of the pair line nest with pebbles. Eggs rough-textured with
faint blue tinge. Egg laying tightly synchronized within colonies;
first-laid egg is small, weighing 61-64% of second egg, which is
laid 3.2 days later. First egg almost always lost or destroyed; if
second egg is destroyed, normal, healthy chick may hatch from
first egg. Incubation period is 35-37 days from laying of second
egg. Males guard chicks for about 20 days after hatching, when
young birds form créches. Both parents continue to feed their
offspring until independence at 60-70 days.

CONSERVATION STATUS

Listed as Vulnerable because the world population appears to
have decreased by at least 20% over a 36-year period. Desig-
nation was based on extrapolation from a small amount of
data, so large-scale surveys will be needed to confirm this pen-
guin’s status.

SIGNIFICANCE TO HUMANS

Communities in the Falkland Islands formerly observed No-
vember 9 as a holiday on which children were excused from

school to collect the eggs of macaroni and other penguins. ¢

Magellanic penguin

Spheniscus magellanicus

TAXONOMY
Aptenodytes magellanicus J. R. Forster, 1781, Strait of Magellan.

OTHER COMMON NAMES
French: Manchot de Magellan; German: Magellanpinguin;
Spanish: Pingiiino de Magallanes.

PHYSICAL CHARACTERISTICS
28 in (71 cm); female weight 5.9-9.0 Ib (2.7-4.1 kg), male
6.4-10.6 Ib (2.9-4.8 kg). Boldly striped penguin with two black
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Spheniscus magellanicus

Breeding Nonbreeding

bands across chest. Sexes similar but female smaller than male.
Cheeks and cap brownish black, divided by wide white ring.
Black back and white underparts lightly splotched with black.
Stubby black bill with gray band near tip. Eyes are brown. Feet
are pink blotched with black. Juveniles smaller than adults and
breast bands are not distinct.

DISTRIBUTION

Breeds in coastal areas and on offshore islands along the south-
ern part of South America, occasionally in southern coastal
Australia and New Zealand. Breeding distribution seems to be
moving northward. Migratory outside of breeding season; birds
from colonies at the tip of south America may travel as far
north as Peru and southern Brazil.

HABITAT

Breeds on bare or vegetated islands, in flat areas and on cliff
faces. Colonies located in areas where offshore winds cause up-
welling of deep, cold, nutrient-rich waters so that primary pro-
ductivity is high. Birds have best nesting success in protected
sites under bushes or other vegetation. Feed inshore during
breeding season and in pelagic waters during migration.

BEHAVIOR

Foraging birds may be seen porpoising in long lines, one after
the other. Breed in large colonies; often return to the same
nest site from year to year. Voice described as a mournful,
donkey-like braying; often call in chorus at night.

FEEDING ECOLOGY AND DIET

Eat mostly small, schooling fish such as anchovies, sardines,
and sprats but diet varies depending on prey availability. Most
dives descend 66-164 ft (20-50 m). Underwater swimming
speed measured at about 4.7 mi/hr (7.6 km/hr).
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REPRODUCTIVE BIOLOGY

Where soil allows digging, they nest in burrows; otherwise
they build nests on the ground. Both members of pair build
nest. Two-egg clutch is laid and eggs are of similar size. Par-
ents share incubation, brooding, and guarding duties. Chick
hatched from second-laid egg less likely to survive to fledging.
Chicks independent at 60-70 days.

CONSERVATION STATUS

Listed as Near Threatened. A 1994 study estimated that oil
pollution kills 40,000 penguins a year on the southern coast of
Argentina.

SIGNIFICANCE TO HUMANS

In the past, native peoples killed penguins for meat and for
their skins. Today, Magellanic penguin rookeries at Punta
Tombo in Argentina are a major ecotourism destination, at-
tracting 50,000 visitors a year. ¢

Yellow-eyed penguin
Megadyptes antipodes

TAXONOMY
Catarrbactes antipodes Hombron and Jacquinot, 1841, Auckland
Islands.

OTHER COMMON NAMES
French: Manchot antipode; German: Gelbaugenpinguin; Span-
ish: Pingiiino de Ojos Amarillos.

PHYSICAL CHARACTERISTICS

22.0-30.7 in (56-78 cm); female weight 9.3-15.5 1b (4,200-
7,500 g); male 9.70-18.7 1b (4,400-8,500 g). The only penguin
with yellow eyes; band of yellow feathers extends from one

Megadyptes antipodes

Resident Breeding Nonbreeding

156

Vol. 8: Birds |

edge of mouth to the other, passing through the eyes and
around the nape of the head. Head feathers are yellow with a
central black streak; back and tail are slate blue; flippers are
darker blue; and breast and belly are white. Long slender bill is
red-brown above cream shading to red-brown below. Pale pink
feet turn magenta with exertion. Juveniles lack yellow band of
teathers around nape.

DISTRIBUTION
Endemic to New Zealand and nearby smaller islands. Most
birds winter on or near the breeding grounds.

HABITAT

Breed in coastal areas of southern New Zealand and neighbor-
ing subantarctic islands. Birds stay near breeding sites year
round, except for juveniles that move north to feeding grounds
for a few months after fledging. Nest from sea level to eleva-
tion of 820 ft (250 m) on sea-facing, forested slopes and cliff
tops, usually amid dense forest vegetation. Probably choose
cool, shady forests to avoid overheating.

BEHAVIOR

Gregarious in winter (non-breeding season); roost communally
on flat, open ground and gather in groups of 50-100 on
beaches before departing for foraging areas. They forage alone
at sea. Secretive and especially wary of humans. During breed-
ing season they come ashore at night and negotiate difficult
terrain to reach cliff-top breeding areas. The least colonial of
penguins when breeding; nests are clustered together only be-
cause appropriate habitat is limited. Calls are less harsh than
those of other penguins; Maori name, hoiho, means “noise
shouter.”

FEEDING ECOLOGY AND DIET

Eat mostly fish, some squid, and rarely crustaceans. While one
parent guards chick, off-duty bird heads to sea to forage in af-
ternoon and returns at dusk. Outside of the breeding season,
most birds head to sea at dawn and return before dark.

REPRODUCTIVE BIOLOGY

Nest out of sight of nearest neighbors amid dense vegetation.
Prefer hardwood (Podocarpus) forests (where nest sites are at the
base of trees or alongside fallen longs) but also nest in fields of
tussock grass. Nesting territory may be defended year-round.
Nest is a shallow bowl of twigs and other plant matter con-
structed by both parents. Two eggs laid, three to five days
apart. Parents alternate incubation shifts of one to seven days
during 39-51 day incubation period and also take turns brood-
ing chicks for four to six weeks.

CONSERVATION STATUS

A 1990 study indicated the population had declined at least
75% over 40 years. Changed from Vulnerable to Endan-
gered; total breeding population estimated to be fewer than
2,000 pairs. Breeding range is very small, and habitat has
been degraded, especially by clearing of hardwood forests for
farming. In addition, cattle trample nests and introduced fer-
rets, stoats, and feral cats are significant predators. Adults
also caught and killed accidentally in fishing nets. Ongoing
conservation efforts may be starting to reverse population
decline.

SIGNIFICANCE TO HUMANS
Yellow-eyed penguins have become a figurehead species of the
New Zealand environmental movement. 4
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Little penguin
Eudyptula minor

TAXONOMY
Eudyptula minor J. R. Forster, 1781, Dusky Sound, South Is-
land, New Zealand.

OTHER COMMON NAMES

English: Fairy penguin, little blue penguin, white-flippered
penguin; French: Manchot pygmée; German: Weissfliigelpin-
guin, Zwergpinguin; Spanish: Pingiiino Pequefio.

PHYSICAL CHARACTERISTICS

15.7-17.7 in (40-45 cm); weight 2.2 Ib (1 kg). The smallest
penguin; male larger than female. Indigo-blue above, white be-
low. Eyes are gray to hazel. Stout black bill is slightly hooked.
Feet are white above with black soles. Juveniles similar to adult
but smaller and with slimmer bill; plumage brighter than that
of adults.

DISTRIBUTION
Southern coast of Australia; coastal New Zealand; offshore islands.

HABITAT

Temperate inshore waters; often seen in bays and estuaries. Of-
ten breeds in secluded bays, promontories, or islands, often at the
base of cliffs. Prefers flat areas with protective vegetation. Nests
in burrows but also under rocks, in caves, and under mounds of
tussock-grass. Has adapted to nest around humans, including un-
der houses and in culverts, and will also use artificial burrows.
Require the shelter of burrows or rocks or bushes during molt.

BEHAVIOR

Colonial; adults reside at breeding sites year-round. Typically
forage within 0.6 mi (1 km) of shore but may travel farther.
Mated pairs stay together year-round. Roost alone or in pairs,
often in burrows. The most nocturnal of all penguins. Calls in-
clude short yaps, grunts, trilling, and braying.

FEEDING ECOLOGY AND DIET

Prefer small fish or cephalopods. When swimming underwater,
a bird will circle a school several times and then plunge
through its middle.

REPRODUCTIVE BIOLOGY
Both parents dig the burrow and build the nest; they also share
incubation and feeding duties. Nest built of grass and other

Monotypic order: Sphenisciformes

Eudyptula minor

Breeding Nonbreeding

plant material. Two eggs laid over three to five days. Parents
accept eggs other than their own and have been seen to incu-
bate stones, golf balls, and teacups. Chicks are brooded for 10
days and are guarded for another 10-21 days.

CONSERVATION STATUS

Not threatened; however, populations described as stable or
decreasing. Housing developments and farmland have replaced
many breeding areas. Face predation from introduced foxes
and dogs; also, livestock trample nesting sites and rabbits eat
protective vegetation around nests. Erosion and run-off from
agriculture affects marine water quality, which can reduce
food supply and also increase rates of disease.

SIGNIFICANCE TO HUMANS
Little penguins returning from a night’s fishing form a parade
that is a popular tourist attraction on resort beaches. &
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Gaviiformes

Loons
(Gaviidae)

Class Aves

Order Gaviiformes
Family Gaviidae
Number of families 1

Thumbnail description

Medium to large-sized, foot-propelled diving
waterbirds that feed mainly on fish. Foot
placement is far posterior, making walking on
land difficult. Bills are sharp and dagger-like.
Alternate (breeding) plumage is boldly patterned
primarily with black, white, and gray;
nonbreeding plumages are drab gray-brown and
white. All have brilliant red iris in alternate
plumage, and distinctive eerie vocalizations

Size

20.8-35.8 in (53-91 cm); 2.2-14.1 Ib (1.0-6.4
kg); males slightly larger than females in all
species

Distribution
Holarctic

Number of genera, species
1 genus; 5 species

Habitat
Breed in forested and tundra lakes and ponds,
winter at sea and large reservoirs

Conservation status
No species considered Endangered or
Threatened

Evolution and systematics

The five extant species currently recognized are descen-
dants of an ancient bird lineage. The extinct genus Colyms-
boides arose in the late Eocene to early Miocene. Gavia
appeared in the Miocene, and radiated into three size classes
by the early Pliocene. Biochemical analyses suggest that
loons are most closely related to penguins (Sphenisciformes),
tubenoses (Procellariiformes), frigatebirds (Fregatidae), and
possibly auks and gulls (Charadriiformes). Traditionally
loons have been grouped with grebes (Podicipediformes) be-
cause the two orders are convergent. Within the family,
common (Gavia immer) and yellow-billed (G. adamsii) loons
are very closely related, as are Arctic (G. arctica) and Pacific
(G. pacifica) loons. Red-throated loons (G. stellata) are con-
sidered less closely related to the other four species, but phy-
logenetic relationships are uncertain and controversial.

Physical characteristics

Loons are medium to large, foot-propelled diving water-
birds, with anatomy specialized for pursuit and capture of fish.
Opverall shape is very distinctive with a short neck, pointed
wings, and legs set far back on the body. Loon tarsi are flat-
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tened and knife-like, cutting through the water efficiently.
The feet are large and palmate with the front three toes
webbed, and a free hallux. Loon feet, legs, and nails are
uniquely countershaded such that when swimming white sur-
faces, the tops of their feet are oriented down, helping the
bird blend in against light sky. Bills are medium-sized and
dagger-like. All species have a distinct blood red iris in alter-
nate plumage. Sexes are similar, with the male larger than the
female in all species. Each species has four plumages after they
are fully grown: juvenal, second alternate (second summer),
basic (nonbreeding), and alternate (breeding). Molt times are
slightly different for all species.

In alternate plumage all species have striking patterns com-
posed of black, white, and gray. Upperparts are dark gray or
black, with faint white speckling to bold white checkering.
Underparts are completely white. Each species has a series of
bold, thin, black-and-white parallel stripes on the neck. Head
patterns are similar in Arctic/Pacific loons and common/
yellow-billed loons. The head pattern of red-throated loon is
unique: it is the only loon to have brick red in its plumage.

All loons have similar juvenal, second alternate, and ba-
sic plumages. Upperparts are gray-brown and underparts are
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Red-throated loon (Gavia stellata) turning eggs during incubation in
Yukon Delta National Wildlife Refuge, Alaska. (Photo by Stephen J.
Krasemann. Photo Researchers, Inc. Reproduced by permission.)

white as a rule; head pattern is slightly different for all
species. Juvenal and second alternate birds appear more scaly
than adults due to the presence of pale fringes on many con-
tour feathers. Identification of non-breeding birds can be
difficult, and general body shape, bill shape and size, and
posture can be more helpful than plumage differences for
identification.

Molt is complicated and not yet fully understood. Loons
have one complete pre-basic molt in fall and one partial pre-
alternate molt in spring. The complete molt in fall is pro-
longed, and individuals may appear to be molting much of
the year. Due to the high wing loading in loons, flight is im-
possible with the loss of a few primaries. Instead of a gradual
molt, which would leave them flightless for months, loons
have evolved to molt all of their primaries simultaneously,
which only leaves them flightless for a couple of weeks. This
molt occurs during winter, from about January to April in all
species but the red-throated loon, which is small enough that
it can fly during a gradual molt of flight feathers. First-year
birds also molt primaries simultaneously in their first summer
on salt water.

Distribution

Holarctic in distribution, loons breed from north temper-
ate areas to the high arctic. All species migrate up and down
coasts and across land to winter primarily at sea, south to
coastal Baja California, Gulf of Mexico, Mediterranean Sea,
and coastal China. Loons may stage on inland lakes and rivers
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during migration. Nonbreeding birds will often spend sum-
mer in their species’ winter range.

Habitat

Loons breed in freshwater inland lakes and tundra ponds.
Where sympatric, different species occupy different-sized lakes.
Larger species exclude smaller species from breeding ponds,
but are limited to larger ponds by minimum take-off distances.
Smaller species can occupy ponds too small for larger species.
Individuals usually spend winter near shore in oceans and seas,
less than 62 mi (100 km) offshore. They are occasionally found
in large freshwater lakes and rivers during winter.

Behavior

Loons are extremely territorial on their breeding grounds.
Pairs have been observed attacking their own species, as well
as other species of loons, ducks, and geese. In one study, 50%
of common loons had healed fractures believed to have been
caused by the bill of other common loons. Loon pairs have a
series of territorial threat postures and calls to prevent fight-
ing, which can be fatal. In winter and during migration loons
may be found singly or in loose flocks.

Loons are known for their unusual vocalizations, described
as yodels, wails, and tremolos. Most vocalizations are given
on the breeding grounds, occasionally during winter, or on
migration. Territorial yodels, most often given at night or
early morning, can be heard from great distances (reports have
been made of calls heard up to 16 mi [25.8 k] by humans).
These male yodels are individually recognizable throughout
the birds’ lifetime.

Flight is powerful and direct, with wings beating con-
stantly. Most species require running on the surface of water
to gain speed for take-off. The red-throated loon is the only
species that can take off from land. All species are awkward
on land; the posterior positioning of the feet often forces them
to push themselves along breast first on their bellies. Occa-
sionally loons accidentally land on wet pavement after mis-
taking it for water, or are forced to land during storms. In
this case, they are stranded and will most likely die, although
adults in this situation have traveled over a kilometer to seek
water at the expense of broken toes and wrists.

The agility of loons on water compensates for their inad-
equacies on land. Posterior placement of the feet allows for
powerful swimming and diving capabilities. Adults can stay
submerged for several minutes and can travel hundreds of me-
ters underwater. Loons dive with a forward thrust using both
feet simultaneously to propel them through water. Occasion-
ally, wings are also used to supplement the feet underwater,
and they can use one foot as a rudder when turning.

Feeding ecology and diet

Loons take a variety of vertebrate and invertebrate foods,
but small to medium-sized fish up to about 7-8 in (18-20 cm)
are the primary items. Young are also fed crustaceans, mol-
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lusks, and worms. Prey is located by sight from the surface of
the water. Loons peer downward, often with their bill in the
water, and dive with a thrust from both feet. Most prey is
eaten underwater; fish that are too large to be handled un-
derwater are taken to the surface. Most foraging is done close
to the surface, but loons may forage as deep as 230 ft (70 m)
if the water is clear enough. Very small serrations on the bill
help loons hold onto prey. Adults and young consume large
quantities of prey; an adult common loon consumes 1,214
kilocalories a day, and a pair may eat 2,000 Ib (910 kg) of fish
in a breeding season. Loons have large salt glands that re-
move excess salt consumed from marine environments.

Stomach contents have shown that loons consume a wide
variety of fish, including sticklebacks (Gusterosteus), trout
(Salvelinus), sculpin (Leptocottus), cods (Gadus), herrings (Clu-
peiidae), haddock (Melanogrammus), whitefish (Coregonus),
capelins (Mallotus), minnows (Cyprinidae), and many other
species. At sea, menhaden (Brevoortia) are extremely impor-
tant. Little is known about prey selection.

Reproductive biology

Loons are monogamous, although they will quickly replace
a lost mate. Extra-pair copulation has been noted with marked
birds, but has not been studied extensively to determine fre-
quency. Pair bonds, which may last for life, are first formed
on breeding grounds. Pair formation is not well understood,
although it includes bill-dipping and paired-swimming dis-
plays where both adults rise out of the water in various pos-
tures. Both sexes quickly build the nest, sometimes in as little
as half a day to a week; returning pairs may reuse old nests.
Nests are constructed of wet vegetation on land or as a float-
ing mat, with a 15-32 in (38-82 c¢m) diameter. Two eggs are
usually laid (rarely one or three) from May to July, depend-
ing on latitude and weather; in northernmost areas there may
be only two to three months to breed. Eggs are long, subel-
liptical in shape, from 2.9 by 1.8 in (72.7 by 44.8 mm) to 3.5
by 2.2 in (89.4 by 55.15 mm) in size, and are olive green with
brown markings. Pairs will re-lay if the first clutch is lost.
Both sexes incubate, beginning with the laying of the first egg.
Incubation period is 24-30 days; larger species have longer
incubation periods. Chicks hatch asynchronously, are semi-
precocial, and covered with dark gray natal down. Chicks leave
the nest soon after they dry, but may return for brooding.
Young rely on both parents for food but will begin to dive on
their own in three days. Chicks will occasionally ride on a
parent’s back when small. Young can fly in six to eight weeks.
Predators of eggs and chicks include many mammals and
other birds. To avoid predators, chicks dive to the bottom of
the water to stir up sediments, resurfacing in emergent veg-
etation for cover. Adults have few predators, and band re-
coveries suggest loons have a life span of 25-30 years.

Conservation status
No loons are listed on the IUCN Red List of Threatened
Species of Birds. Isolation of breeding habitat protects their
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Common loons (Gavia immer) stretch, remove water, and signal with
this motion. (Photo by Gregory K. Scott. Photo Researchers, Inc. Re-
produced by permission.)

numbers from human disturbance in many areas, but where
overlap does occur loons have declined due to habitat en-
croachment and acid precipitation, which can lower pH lev-
els enough to kill all the fish in many lakes. Loon conservation
groups have formed to protect them in many areas. At sea,
fishnets kill many adults, and are responsible for one-third of
red-throated loon banding recoveries. Oil spills kill many
loons, which are especially susceptible when adults are flight-
less while molting primaries. The Exxon Valdez spill in Alaska
resulted in hundreds of loons being washed ashore. Botulism,
a bacterial disease, has killed thousands of loons staging on
the Great Lakes. Common loon populations, in particular,
have declined in parts of northeastern United States and in
Ontario, Canada, due to increase in human activities—Dboat-
ing, use of jet skis, and canoeing—Ilake acidification, and mer-
cury poisoning.

Significance to humans

The Inuit legally hunt loons in arctic North America for
subsistence purposes. Roughly 4,600 may be taken each year.
They are not considered to be the best-tasting food, and may
be fed to dogs. Native Americans honor loons with many sto-
ries and parables. Loons are a symbol of the north, and a sym-
bol of tranquility. The common loon is featured in Canadian
currency on the $1 coin (commonly called “loonies”) and the

$20 bill.
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1. Red-throated loon (Gavia stellata); 2. Arctic loon (Gavia arctica); 3. Pacific loon (Gavia pacifica); 4. Common loon (Gavia immer); 5. Yellow-
billed loon (Gavia adamsii). (lllustration by Marguette Dongyvillo)
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Species

Red-throated loon
Gavia stellata

TAXONOMY
Colymbus stellatus Pontoppidan, 1763, Tame River, Warwick-
shire, England. Monotypic.

OTHER COMMON NAMES
English: Red-throated diver; French: Plongeon catmarin; Ger-
man: Sterntaucher; Spanish: Colimbo Chico.

PHYSICAL CHARACTERISTICS

20.8-27.19 in (53-69 cm); 2.2-5.9 b (1.0-2.7 kg). The smallest
and least robust in the family, with proportionally smaller, up-
turned bill and smaller feet than other loons. Smaller size al-
lows red-throated loons to take off directly from water and
even from land. In alternate plumage, has grayish upperparts,
white underparts, gray face, and brick red throat patch. In ba-
sic plumage, has grayish upperparts with white speckling, gray
cap and nape, white underparts, throat, and face. Juvenal and
second alternate plumages similar to basic plumage, with gray-
brown wash on head and neck.

DISTRIBUTION

Breeding range is circumpolar, ranging farther north than
other loons. Occupies coastal plain in Alaska, northern Canada,
Greenland, Iceland, northern British Isles, Norway, Sweden,
Finland, and across Russia. Winters on coasts on Atlantic and
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accounts

Pacific Oceans north of the tropic of Cancer, occasionally found
inland. Migrates mostly along coast, occasionally over land.

HABITAT

Breeds mainly on ponds in coastal tundra, occasionally inland
up to 3,511 ft (1,070 m) in elevation. Where it competes with
other loons, occupies smaller (sometimes fishless) ponds too
small for larger loons. In the far north where it is the only
loon present, will breed on larger ponds and lakes. Winters on
coasts, usually within 3 mi (5 km) of shore in areas with a soft,
sandy substrate. Occasionally found inland on large lakes and
rivers.

BEHAVIOR

The only loon to have duet vocalizations, given by pairs on
breeding ponds. May migrate singly or in loose flocks. Does
not require running start from water during take-off like other
loons, and is the only loon that can take off from land.

FEEDING ECOLOGY AND DIET

Feeds on variety of small freshwater and marine fish. Will feed
invertebrates to small chicks, and will feed on invertebrates as
adults when fish are scarce. When breeding in fishless ponds,
will fly to the coast and other ponds to catch prey to bring
back to the young.

REPRODUCTIVE BIOLOGY
Breeds from May to September, depending on latitude and cli-
mate. Incubation 24-27 days. Occasionally moves from breeding

Gavia stellata

Breeding Nonbreeding
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pond to a larger pond or the ocean. Chicks are more agile on
land than are adults, and have been seen traveling over a kilo-
meter over land. Young can fly after 38 days. Predators include
Arctic fox (Aloplex lagopus) and other mammals, jaegers (Sterco-
rarius), and gulls (Larus).

CONSERVATION STATUS

Declining over much of its range, although the cause is un-
known. Not listed on IUCN Red List of Threatened Birds.

SIGNIFICANCE TO HUMANS

Inuit legally hunt around 4,600 loons (of all species) each year
for subsistence; the proportion that are red-throated is un-
known. &

Pacific loon
Gavia pacifica

TAXONOMY
Gavia pacifica Lawrence, 1858. Monotypic.

OTHER COMMON NAMES
English: Pacific diver; French: Plongeon du Pacifique; Ger-
man: Weissnackentaucher; Spanish: Colimbo del Pacifico.

PHYSICAL CHARACTERISTICS

20-27 in (50-68 cm); 3.7 Ib (1.7 kg). Very similar to the larger
Arctic loon in all plumages. Bill medium-sized, straight. Black
upperparts with white patches, white underparts, black throat,
and gray head and neck (darker near bill). Differentiated from
the Arctic loon by black flanks, paler nape, and thinner white
stripes on neck. In hand, throat shows faint purple iridescence.
Basic, juvenal, and second alternate plumages similar, with gray
upperparts, crown, and nape and white underparts.

DISTRIBUTION

Breeds on tundra ponds from eastern Siberia to Hudson Bay;
winters on Pacific Ocean from southern Japan to Siberia, Alaska
to southern California. Migration chiefly occurs coastally.

Gavia pacifica

Breeding Nonbreeding
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HABITAT

Breeds on medium-sized lakes and ponds in northern forests
and tundra. Excluded from large lakes by yellow-billed and
common loons; excludes red-throated loons from medium-
sized lakes. Winters in coastal areas, often farther offshore than
other species.

BEHAVIOR

Males give territorial yodel call that is individually recogniz-
able, and can be heard from miles away. Pacific loons are un-
afraid of humans, and allow close approach on breeding
grounds. A pair was observed adopting a brood of spectacled
eiders; this is the only reported case of adoption in Gaviidae.

FEEDING EC OLOGY AND DIET
Consumes a wide variety of fish; feeding and diet similar to
other species.

REPRODUCTIVE BIOLOGY

Breeds on medium-sized ponds, sympatric with the Arctic loon
where ranges overlap; pairs of both species have been found on
the same lake. Breeds from May to September. Incubation
28-30 days, fly at 60 days. Predators include gulls (Larus), foxes
(Aloplex and Vulpes), jaegers (Stercorarius), and ravens (Corvus).

CONSERVATION STATUS
Most populations stable. Not listed on ITUCN Red List of
Threatened Birds.

SIGNIFICANCE TO HUMANS
Inuit legally hunt loons for subsistence on breeding grounds;
4,600 loons (of all species) are taken yearly. &

Arctic loon
Gavia arctica

TAXONOMY
Colymbus arcticus Linnaeus, 1758, Sweden. Two subspecies rec-
ognized.

OTHER COMMON NAMES
English: Black-throated diver; French: Plongeon Arctique;
German: Prachttaucher; Spanish; Colimbo Arctico.

PHYSICAL CHARACTERISTICS

23.6-29.6 in (60-75 cm); 5.7 Ib (2.6 kg). Very similar to the
smaller Pacific loon. Black upperparts with white patches,
white underparts, black throat, and gray head and neck (darker
near bill). Differentiated from the Pacific loon by white flanks,
darker nape, more distinct white stripes on neck. In hand,
throat shows faint greenish iridescence. Basic, juvenal, and sec-
ond alternate plumages similar, with gray upperparts, crown,
and nape and white underparts.

DISTRIBUTION

Breeds from extreme western Alaska across northern Eurasia to
northern Scotland. Winters coastally from Japan to China and
Europe.

HABITAT
Breeds on medium-to-large lakes and ponds in northern forests
and tundra; winters on coasts.

BEHAVIOR
Similar to the Pacific loon.
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Gavia arctica

Breeding Nonbreeding

FEEDING ECOLOGY AND DIET
Consumes a wide variety of fish, similar to other loons. Has
been observed catching frogs.

REPRODUCTIVE BIOLOGY

Incubation 28-29 days, flight 60 days. In Scotland, artificial
breeding platforms have been used to increase chick produc-
tion by an estimated 44%.

CONSERVATION STATUS
Most populations stable, not listed on ITUCN Red List of
Threatened Birds.

SIGNIFICANCE TO HUMANS

A species of interest for many people. Nest platform pro-
grams have been started in Scotland, where populations have
declined. &

Common loon
Gavia immer

TAXONOMY
Colymbus immer Brinnich, 1764, Faeroes. Monotypic.

OTHER COMMON NAMES

English: Great northern diver; French: Plongeon huard, Plon-
geon Imbrin; German: Eistaucher; Spanish: Colimbo grande,
Colimbo Comun.

PHYSICAL CHARACTERISTICS

26.0-35.8 in (66-91cmy); 5.5-13.4 1b (2.5-6.1 kg). Very similar
to the yellow-billed loon in all plumages. In alternate plumage,
black upperparts with white checkering and spotting, black
neck with white stripping, and black head. Underparts are
white. Juvenal, second alternate, and winter plumages similar,
dark gray brown upperparts, head, and nape; white underparts
and throat. Bill is straight and black in alternate and dark gray
with a black culmen in other plumages.
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DISTRIBUTION

Breeds throughout Alaska, Canada, northern New England,
northern Midwest, and parts of Greenland and Iceland. Win-
ters in Pacific Ocean from southern Alaska to Baja California,
on Atlantic Ocean from Newfoundland to Mexico, also Europe
and Iceland. Migrates over land and down coasts; stages on
larger lakes. Many non-breeders summer in winter range.

HABITAT

Breeds in clear, oligotrophic, forested lakes and large tundra
ponds. Winters mainly on coast within 62 mi (100 km) of
shore, occasionally on large inland lakes and rivers.

BEHAVIOR

Found in pairs on breeding grounds, singly or in loose flocks
during migration and winter. Requires 100-650 ft (30-200 m)
to take off, limiting common loons to large lakes. Extremely
territorial on breeding grounds—other loons and waterbirds are
chased off. Yodel call, a series of repeated two-note phrases, is
recognizable to individuals and used to defend territories.

FEEDING ECOLOGY AND DIET
Feed mainly on fish and invertebrates; vegetation occasionally
taken. Crayfish are a common food when fish are scarce.

REPRODUCTIVE BIOLOGY

Nests farther south than other loons, from May to October.
Little is known about pair formation. Nest is made of vegeta-
tion in about a week, on land at the edge of a lake. Incubation
27-30 days. Young leave nest in one day, but may return for
brooding. Young able to fly in 11 weeks. Predators include
gulls (Larus), ravens and crows (Corvus), pike (Esox), and rac-
coons, weasels, and skunks (Carnivora).

CONSERVATION STATUS

Populations are stable. Not listed on IUCN Red List of
Threatened Birds, but is listed as threatened or of special con-
cern in several northeast states. Acidification of lakes, heavy
metal contamination, and human encroachment threaten popu-
lations in southern range.

SIGNIFICANCE TO HUMANS
Inuit hunt 4,600 loons (of all species) per year for subsistence.
Many Native American tribes have stories about common

Gavia immer

Breeding Nonbreeding
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loons. Many loon conservation groups have also been formed
to protect common loons in their southern range. ¢

Yellow-billed loon

Gavia adamsii

TAXONOMY
Colymbus adamsii Gray, 1859, Alaska. Monotypic.

OTHER COMMON NAMES
English: White-billed diver; French: Plongeon a Bec Blang;

German: Gelbschnabel-Eistaucher; Spanish: Colimbo de Adams.

PHYSICAL CHARACTERISTICS
30-36 in (76-91cm); 9.0-14.1 Ib (4.1-6.4 kg). Largest loon, with

the largest bill. Very similar to the common loon in all plumages.

In alternate plumage, black upperparts, neck, and head; white
striping on the neck and white checkering on the back. Under-
parts white. Juvenal, second alternate, and winter plumages simi-
lar, dark gray brown upperparts, head, and nape; white

underparts and throat. Bill is large and upturned, yellow to ivory.

DISTRIBUTION
Replaces common loon in high arctic, breeds in Canada and
Alaska, also across Siberia. Winters along coasts in northern
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Pacific, and along the coast of Norway. Winters farther north
than other loons.

HABITAT
Breeds in large tundra lakes; winters along coasts.

BEHAVIOR
Similar to the common loon.

FEEDING ECOLOGY AND DIET

Up-turned bill has been suggested as an adaptation for feeding
along water bottom; very little data on diet, probably similar to
other loons.

REPRODUCTIVE BIOLOGY

Nests from June to September on hummocks near breeding
ponds. Incubation around 28 days; young leave nest within
one day of hatching. Young can fly at about 11 weeks.
Predators include foxes (Aloplex), ravens (Corvus), and gulls
(Larus).

CONSERVATION STATUS
Rarest of the loons, but not threatened. Populations stable.

SIGNIFICANCE TO HUMANS
Taken occasionally for subsistence by Inuit. ¢

Gavia adamsii

Breeding Nonbreeding
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Podicipediformes
Grebes

(Podicipedidae)

Class Aves

Order Podicipediformes
Family Podicipedidae
Number of families 1

Thumbnail description

Medium-sized, swimming and diving birds,
recalling ducks, gallinules, or finfoots. Head
small, bill pointed, neck medium to long. Rear
end of body fluffy and appearing tail-less. Wings
not used during diving. Most species dull-
colored, a few with golden head plumes

Size
7.9-31 in (20-78 cm); 0.25-4.0 |b
(112-1,826 g)

Number of genera, species Distribution

7 genera; 22 species

Habitat
Freshwater lakes, in winter also on coast

Conservation status

Two species recently Extinct, two Endangered,
one Near Threatened; two with restricted range,
one of them seriously declining

Evolution and systematics

For a long time grebes were thought to be related to
loons, but it is now known that the similarity is merely ow-
ing to convergence. Despite their fairly similar lifestyle and
shape, the two have very different tongues, knees, toe web-
bing, tail, and wing structure. DNA comparisons show that
grebes have evolved independently since the early Tertiary,
whereas loons branched off from the penguin-tubenose lin-
eage much later, in mid Tertary. The details of neck mus-
culature, shape of sternum, and some special muscles that
pull the skin of the nape forwards to raise the cheeks and
crown, might link the grebes to coots (Rallidae) and finfoots
(Heliornithidae). Seven genera with 22 species are currently
recognized. Three species, Atitlin (Podilymbus gigus),
Colombian (Podiceps andinus), and Alaotra grebes (Tachybap-
tus rufolavatus) are fairly poorly differentiated and have at
some time been treated as subspecies of pied-billed (Podi-
lymbus podiceps), eared (Podiceps nigricollis), and little grebes
(Tachybaptus ruficollis), whereas others currently treated as
subspecies might deserve status of full species. These latter
include the large and nearly flightless Malvinas race of the
white-tufted grebe (Ro/landia roland), two or even three pop-
ulations of silvery grebe (Podiceps occipitalis), and perhaps the
yellow-eyed forms of the little grebe.
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Worldwide except for Antarctic and high Arctic regions

Physical characteristics

Grebes have rather flattened, round bodies, long necks
that are nearly twice the length of the body and composed
of 17-21 vertebrae, pointed bills, vestigial tails, and fluffy rear
ends. Their feet are flattened, lessening resistance, and are
the birds’ only means of propulsion during swimming and
diving. The feet are placed far back on the body, beat paral-
lel to the water surface, and function as a rudder. The feet
have become so adapted for swimming and diving that grebes
are barely able to walk, doing so only for short distances and
with a labored waddle and the body held upright. During re-
laxed swimming grebes only use one leg at a time, but dur-
ing dives they move them simultaneously. Each toe has a
large, unilateral swimming lobe and the three large front toes
are only slightly webbed. The hind toe is small, but also
lobed. The rear edge of the tarsus is serrated in adults. Ser-
ration is most pronounced in the genera Tachybaptus and Rol-
landia, and might serve to cut through entangling submergent
vegetation. Some species have very long necks and long bills
used for darting during rapid pursuit of fish, a characteristic
that has evolved independently three times in the family.
Most species have moderately long necks and shorter bills
that also serve for feeding on small arthropods and other in-
vertebrates. To handle fish grebes have evolved a strong bite,
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A pair of western grebes (Aechmophorus occidentalis) “dancing” on
the water at Bear River National Wildlife Refuge, Utah. (Photo by Phil
Dotson. Photo Researchers, Inc. Reproduced by permission.)

but unlike several other diving birds, they have no serrated
bill. Body feathers are more numerous than in any other
group of bird and may amount to 20,000 or more. The feath-
ers are downy at the base and are frequently oiled with se-
cretion from the tufted uropygial gland. The dark skin
absorbs heat during frequent sunbathing on the water, often
with the bird attaining an awkward sidewise posture to ex-
pose the belly. The rectrices are strongly degenerate and
barely differ from the fluffy feathers of rump and vent. The
flank feathers are modified for absorbing water to decrease
buoyancy during dives. The wings are fairly short and nar-
row, with 11 functional primaries that are somewhat curved.
The number of secondaries varies interspecifically and is pre-
sumably correlated with size. There is only a single downy
plumage, in which the head and neck are striped in a dis-
tinctive pattern and, in some species, also show patches of
colored bare skin. The striped pattern on the downy neck is
retained for months after the rest of the body has become
feathered, and probably serves to appease the adults. Adults
of most species shift between a breeding plumage and a duller
winter plumage. The body mass changes drastically through
the year in many species and is shifted between different parts
of the body. Breast muscle is built up when flight is needed,
leg muscle when frequent diving is needed, and during wing
molt, when all the flight feathers (remiges) are shed simul-
taneously, enormous quantities of fat may be deposited, in-
creasing the body mass twofold or more. Body feathers,
especially the flank feathers, are molted all year round and
eaten to fill half the stomach with a felt-like lining, possibly
to avoid attacks by spiny-headed worms (Acanthocephala) and
perhaps other parasites, which are common in grebes owing
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to the great diversity of food ingested. It has also been sug-
gested that the feathers help protect the stomach from punc-
ture by fish bones. Most grebes are heavily infested, and
several species of parasites are dependent on grebes. As many
as 33,000 parasites, mostly flukes, tapeworms, and nematodes
have been counted in a single individual. Flight is of rela-
tively little importance, and grebes need a running start to
get airborne. Young grebes cannot fly until they are six to
nine weeks old. Several resident species have evolved near or
total flightlessness, and the heavy build-up of fat deposits in
winter quarters, together with the time of wing molt, render
many other grebes flightless for a large part of the year. The
oldest known grebe was 15 years old (western grebe, Aech-
mophorus occidentalis) and the little grebe is known to reach
12 years of age.

Distribution

Grebes have a nearly worldwide distribution, missing only
in the Antarctic and high Arctic regions. They occur from sea
level to over 13,000 ft (4,000 m). The greatest diversity is
found in the Americas with 15 species representing all but
one of the seven recognized genera.

Habitat

Grebes breed on shallow freshwater lakes or brackish wa-
ter, often rich in submergent plants, but many winter along
sea coasts. During molt and migration some species gather
on larger, often saline or even super saline, lakes.

Behavior

Grebes spend a lot of time preening and sunbathing. Most
species are aggressive while breeding, especially during pair
formation, notably the horned grebe (Podiceps auritus), which
will attack not only grebes, but also several other species of
birds within its territory and was once observed to drive away
a whole flock of the much larger greylag goose (Anser anser)
by spiking their bellies from below. Intraspecifically grebes
also keep apart, and most of those that nest colonially are ter-
ritorial on the feeding grounds. Among the exceptions is the
hoary-headed grebe (Poliocephalus poliocephalus), which both
feeds and nests socially, and the Junin grebe (Podiceps
taczanowskii) feeds in organized groups, moving forward in a
lateral line and diving synchronously. The courtship of many
species is spectacular and among the most complex in birds.
It comprises ritualized aggressive behavior with hunched pos-
tures, head turning, running on the water side by side, syn-
chronous diving followed by surfacing with weeds in the bill
and rising breast to breast while shaking heads, and several
other acts. Vocalizations accompany most displays, but are es-
pecially developed in the smaller grebes, in which the mem-
bers of a pair give remarkably well-synchronized duets. Other
displays are poorly developed.

When moving between breeding, staging, and winter quar-
ters grebes fly at night. They sometimes congregate in large
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groups, largest in the eared grebe in North America with over
two million molting on just a few supersaline lakes.

Feeding ecology and diet

The larger grebes regularly dive to depths of 80 ft (25 m),
exceptionally 130 ft (40 m), but catch most of their food within
26 ft (8 m) of the surface, and some, such as the little grebe,
do not dive below 7 ft (2 m). Grebes sometimes pick prey
from the surface, but for the most part they feed underwater
and only occasionally bring a fish to the surface before swal-
lowing it. The importance of fish in their diet has thus been
overestimated. Invertebrates, mainly insects and crustaceans
but also snails and annelid worms, are important for some
species, at least seasonally, and some do not eat fish at all.
Other known prey include squid, tadpoles, frogs, and leeches.
Even when fish form the bulk of the diet, the large numbers
of invertebrate prey that may be found in their stomachs are
evidence that they spend much more time catching inverte-
brates than fish. Prey are usually pinched, but Clark’s (dech-
morphorus clarkii), western, and apparently sometimes great
crested (Podiceps cristatus), and possibly great grebes (Podiceps
major) spike fish with a quick dart of the neck during rapid
pursuit. In turbid water grebes spot their prey from below.
Grebes show a remarkable division of resource use between
species. Generally two similar-sized species are not found in
close proximity on the breeding grounds. Species that do oc-
cur in the same lakes are adapted to exploit different food
items, usually in different parts of the lakes. Larger, mostly
fish-eating species forage in the deeper parts, whereas smaller
species that rely more on invertebrates and small fish feed
closer to shore. Some of the most convincing examples of
character displacement in birds is found in grebes and mainly
involve change in bill size where two or three species occur
in the same place.

Undigested food is regurgitated in pellets together with
feathers after drinking. The hoary-headed and New Zealand
grebes (Poliocephalus rufopectus) do not drink before regurgi-
tating and also do not eat feathers, perhaps owing to their
special diet.

Reproductive biology

The nest is almost invariably floating, but often attached
to vegetation. It is built of rotting plant material and varies
from small platforms to rather bulky structures, the latter
most common in grebes of wind-swept habitats. Some grebes
place their nest near that of a coot or other aggressive bird,
presumably for protection against predators.

Besides the nest, several more platforms are often con-
structed. These are used for mating (which never occurs on
the water), resting, and sunbathing. The fairly small, biconi-
cal eggs are light blue at first, but soon become white and
then stained. They are usually 2—4 in number, at high lati-
tudes 3-8, and have an outer layer of calcium phosphate, al-
lowing them to breathe when wet. The incubation period is
22 to 23 days, but because of asynchronous hatching a nest
may hold eggs for up to 35 days. The young can swim but
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A red-necked grebe (Podiceps grisegena) stands at its nest in the wa-
ter. (Photo by Hans Dieter Brandl/Okapia. Photo Researchers, Inc. Re-
produced by permission.)

are carried on the back of the parents for weeks except dur-
ing dives. After about ten days the parents may separate, more
or less permanently, with one or two chicks each. The young
of horned grebe are independent at two weeks, but young of
most species are cared for much longer. The young can fly at
six to nine weeks, but in double-brooded species they often
stay even longer and help their parents feed younger siblings.
Breeding success is usually two to four, but the hooded grebe
(Podiceps gallardoi) apparently never raises more than one chick.

Conservation status

No entire genus of grebe is immediately threatened. Two
species, Atitlin and Colombian (Podiceps andinus) grebes have
gone extinct within the last two decades, and one, the Alao-
tra grebe, is on the brink of extinction and probably cannot
be saved. Luckily all three of them have close living relatives
of which they were once considered subspecies. The most
critically threatened of the others is the Junin grebe, endemic
to a single Peruvian lake that is subject to pollution from min-
ing and changing water levels controlled by a hydroelectric
power plant. During dry periods polluted water is fed into the
lake, and with current practices a few years of drought could
wipe out the entire ecosystem. The lake is declared a national
reserve, but unless the intake of polluted water is cut off
(which is technically possible) and the electricity for the lo-
cal mines bought somewhere else, so the hydroelectric plant
can cease to function, there seems to be little hope of saving
the grebe from extinction.

Another species, the Madagascar grebe (Tachybaptus pelzel-
nii) is cause for concern, but its status is not critical. Its num-
bers have declined steadily for the last half of the twentieth
century, owing to reduction of habitat and introduction of
exotic herbivorous fish, which change the habitat sufficiently
for a competing grebe to establish.

Significance to humans
Until the early twentieth century, grebes were hunted ex-
tensively for their silky-white belly feathers. These were used
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to make shoulder capes and muffs for women’s clothes. Great
crested grebes were nearly extirpated in Western Europe, but
“grebe-fur” was then imported from other parts of the World.

Archaeological studies in the Great Salt Lake basin sug-
gest that eared grebes, which gather there in millions to molt,
were an important food in the past, but today grebes are barely
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hunted for food anywhere on the globe, and in many places
are considered ill-tasting. Locally they are believed to harm
freshwater fisheries, and are shot.

In China, the little grebe has found various uses: its fat is
used as an anticorrosive; its feathered skin for fur hats; and
its meat as medicine.
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1. Great crested grebe (Podiceps cristatus); 2. Little grebe (Tachybaptus ruficollis); 3. Pied-billed grebe (Podilymbus podiceps); 4. Western grebe
(Aechmophorus occidentalis); 5. Great grebe (Podiceps major); 6. Black-necked grebe (Podiceps nigricollis); 7. Hooded grebe (Podiceps gallardoi);
8. Least grebe (Tachybaptus dominicus); 9. Hoary-headed grebe (Poliocephalus poliocephalus); 10. Titicaca flightless grebe (Rollandia microptera).
(lllustration by Barbara Duperron)
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Species accounts

Titicaca flightless grebe

Rollandia microptera

TAXONOMY
Podiceps micropterus, Gould, 1868, Lake Titicaca.

OTHER COMMON NAMES

English: Short-winged grebe, flightless grebe; French: Grebe
microptere; German: Titikakataucher; Spanish: Zampullin de
Titicaca.

PHYSICAL CHARACTERISTICS

15.3-17.7 in (3945 cm); 1.4 1b (635 g). Adult breeding: Above
blackish brown, shaggy crown chestnut with greenish-black
streaks, lower cheeks white with black streaks, throat and fore-
neck white, breast and thin line on sides of neck rufous, belly
mottled drab, rufous and gray, flanks with most rufous. Secon-
daries mostly white with black shaft streak. Bill dark suffused
with yellow, eye-ring yellow, eyes dark. Nonbreeding birds
with more or less whitish central underparts, immatures con-
siderably paler both above and below.

DISTRIBUTION

Endemic to Lake Titicaca and adjacent Lake Uru-Uru at
12,100-12,600 ft (3,700-3,800 m) in southeast Peru and west
Bolivia.

Rollandia microptera

Resident
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HABITAT
Breeds among patches of bulrush (Scirpus totora) or floating wa-
terweeds, always with easy access to open water.

BEHAVIOR
Usually alone. Flees to open water rather than seeking cover in
the vegetation.

FEEDING ECOLOGY AND DIET
Feeds nearly entirely on large fish caught in relatively open
and deep water. Sometimes peers from surface.

REPRODUCTIVE BIOLOGY

Courtship elaborate, usually beginning with assembly of several
birds. Breeds throughout year. Lays 2 eggs several times a year,
sometimes using the same nest. Large young sometimes help
feed chicks from later broods. Incubation period unknown.

CONSERVATION STATUS

Population size unknown. Estimated to between 2,000 and
10,000 birds in the 1980s, but has declined dramatically in re-
cent years, probably mostly owing to increased use of fishing
nets with fine mesh, but local eutrophication and the introduc-
tion of trout and silverside (Odonthestes bonariensis), which has
caused disappearance of many native fish, may also have played
a role. Classified as Near Threatened but situation possibly
critical.

SIGNIFICANCE TO HUMANS
None known. ¢

Little grebe
Tachybaptus ruficollis

TAXONOMY
Colymbus ruficollis, Pallas, 1764, Holland. Nine subspecies.

OTHER COMMON NAMES

English: Common grebe, red-throated little grebe, dabchick;
French: Grebe castagneux; German: Zwergtaucher; Spanish:
Zampullin Comuin.

PHYSICAL CHARACTERISTICS

9.8-11.4 in (25-29 cmy); 0.26-0.53 1b (117-241 g). Adult breed-
ing: breast, chin, lores, cap and rest of upperparts blackish,
cheeks, throat and side of neck rufous. Sides and flanks dusky
more or less washed with rufous, belly variable according to
subspecies, ranging from silvery white to black. Most forms
have no white in wing, some a small patch on inner secon-
daries. Bill black-tipped white and with pale yellow wattle at
base, eyes red in most of range, yellow in east Asia. Non-
breeding dull brownish, throat and belly whitish, immature
similar but with striped neck.

DISTRIBUTION

T. r. ruficollis: Europe and northwest Africa; T. 7. iraquensis:
Iraq and southwest Iran; 7. r. capensis: Africa south of the Sa-
hara, Madagascar, Caucasus and eastwards through India to
Myanmar; 7T. r. poggei: southeast and northeast Asia; 7. 7.
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Tachybaptus ruficollis

Resident

philippensis: northern Philippines; 7. 7. cotabato: southeast
Philippines; 7. 7. tricolor: Sulawesi to north New Guinea; 7. 7.
vulcanorum: Java to Timor; T. 7. collaris: northeast New Guinea
to Solomon Islands.

HABITAT

Mostly small and shallow lakes and ponds, but also along vege-
tated shores of larger lakes. When not breeding, sometimes on
more open water, rarely on coast.

BEHAVIOR
Pairs may reside on the same pond all year, but non-breeding
birds may assemble in loose groups of 5-30, occasionally hun-

dreds.

FEEDING ECOLOGY AND DIET

Usually feeds within 3.3 ft (1 m) of surface, often just peering
and picking with head and neck under water or picking from
the surface. Diet variable, but mainly insects. Also takes small
fish and, unlike most grebes, substantial numbers of snails.

REPRODUCTIVE BIOLOGY

Courtship display poorly developed and partly replaced by vo-
cal duetting given with remarkable synchrony. Eggs 2-7, usu-
ally 4; often two, sometimes three broods a year. Incubation
20-25 days, young stay in nest for a week and can fly when
44-48 days old. They sometimes help feed older siblings.

CONSERVATION STATUS
Not threatened. Widespread and generally common.

SIGNIFICANCE TO HUMANS
None known. &

Least grebe

Tachybaptus dominicus

TAXONOMY
Colymbus dominicus, Linnaeus, 1766, Santo Domingo. Five sub-
species.
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OTHER COMMON NAMES

English: American dabchick, least dabchick; French: Grebe do-
minicain; German: Schwartzkopftaucher; Spanish: Zampullin
Macacito.

PHYSICAL CHARACTERISTICS

8-11 in (20-27 cm); 0.25-0.40 b (112-182 g), female decidedly
smaller than male, 7. d. eisenmanni smallest. Adult breeding:
above blackish, sides of head, and neck gray. Breast and sides
dusky, breast washed with buff, belly whitish mottled with
gray. Eyes pale yellow to orange-yellow; bill black with pale
tip. Nonbreeding duller with white throat, immature with
striped head, brown eyes and pale bill.

DISTRIBUTION

T. d. dominicus: northern Caribbean; 7. d. bangsi: Baja Califor-
nia; 7. d. brachypterus: west central Mexico to Panama; 7. d.
speciosus: most of South America, including northern Argentina
and southern Brazil; T. d. eisenmanni: western Ecuador.

HABITAT

Usually in water almost overgrown with floating vegetation.
Mostly temporary ponds, but also swamps, shallow lakes and
ditches. Occasionally in mangroves.

Tachybaptus dominicus

Resident
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BEHAVIOR
In pairs or loose groups, territories sometimes grouped close
together.

FEEDING ECOLOGY AND DIET
Mainly feeds on insects.

REPRODUCTIVE BIOLOGY
Multi-brooded, nesting at any season if conditions are suitable.
Eggs usually 4-6. Incubation period 21 days.

CONSERVATION STATUS

Not threatened and locally common. Total population at least
20,000.

SIGNIFICANCE TO HUMANS
None known. ¢

Pied-billed grebe

Podilymbus podiceps

TAXONOMY

Colymbus podiceps, Linnaeus, 1758, South Carolina. Three sub-

species.

OTHER COMMON NAMES

French: Grebe a bec bigarré; German: Bindentaucher; Spanish:

Zampullin Picogrueso.

PHYSICAL CHARACTERISTICS

12-15 in (30-38 cm); 0.6-1.3 1b (253-568 g). Adult breeding:
above blackish, headside gray in contrast to black throat, sides
of neck, breast, and sides of body grayish buff grading to mot-
tled whitish and sooty gray on belly. Rump white. Bill short
and thick, bluish white with distinct black vertical bar, eyes
dark. Nonbreeding similar but throat pale, cheeks, neck, and
flanks more buffy brown, bill usually fleshy pink without black
bar. Immature: Head and neck boldly striped rufous, black and
white, body rather uniform gray.

DISTRIBUTION

P. p. antillarum: Greater Antilles; P. p. podiceps: central Canada to
Panama, in winter in southern part of range and Caribbean; P. p.
antarcticus: eastern Panama and large parts of southern America.

HABITAT
Lakes, marshes, and ponds, usually with abundant reeds, floating
and submergent vegetation and often with little open water.

BEHAVIOR
Alone, in pairs or family groups.

FEEDING ECOLOGY AND DIET

Eats a great variety of prey, but more than other grebes may
take armored or spiny fish, crayfish, and crabs, the latter form-
ing a substantial part of the diet in the Neotropics.

REPRODUCTIVE BIOLOGY

Courtship display poorly developed. Highly territorial. Eggs
2-10. Often double-brooded. Incubation period 21-27 days,
shortest for last egg, fledging 35-37 days.

176

Vol. 8: Birds |

Podilymbus podiceps

Resident

CONSERVATION STATUS

Not threatened and common over much of its range. Often
killed on rainy nights during migration when they mistake wet
asphalt roads and parking lots for ponds and dive in from some
height.

SIGNIFICANCE TO HUMANS
None known. ¢

Hoary-headed grebe
Poliocephalus poliocephalus

TAXONOMY
Podiceps poliocephalus, Jardine and Selby, 1827, New South
Wales.

OTHER COMMON NAMES

English: Hoary-headed dabchick; French: Gréebe argenté; Ger-
man: Haarschopftaucher; Spanish: Zampullin Canoso.
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Poliocephalus poliocephalus

Resident Nonbreeding

PHYSICAL CHARACTERISTICS

11-12 in (27-30 cm); 0.4-0.7 1b (190-311 g). Adult breeding:
entire head and upperparts dark, head covered with long, fine
streaks of white plumes except on black mid-crown and upper
throat. Neck and breast light rusty to whitish, belly white,
sides mottled with gray. Eyes buffy, bill black prominently
tipped white. Nonbreeding: duller, with fewer and shorter
head plumes, throat white, neck and breast whitish, bill horn;
immature similar, but after shedding striped head and neck,
head without any white plumes; bill pinkish with dark ridge.

DISTRIBUTION
Australia and Tasmania, recently also locally on South Island,
New Zealand.

HABITAT

Mainly semi-permanent open swamps with relatively little
floating vegetation, but also on open temporary ponds. In
drought years non-breeders congregate in permanent wetlands
and coastal lagoons.

BEHAVIOR
Gregarious, even when feeding. Semi-nomadic, sometimes ap-
pearing suddenly in groups of up to ten thousand.

FEEDING ECOLOGY AND DIET
Feeds within 6.6 ft (2 m) of surface, almost entirely on small
arthropods, fish consituting less than 3% of diet.

REPRODUCTIVE BIOLOGY

Courtship display poorly developed. Nest fairly exposed, but
inaccessible, in colonies with up to 400 nests. Single-brooded.
Eggs 3-5.

CONSERVATION STATUS
Not threatened and locally common. Population may exceed
half a million.

SIGNIFICANCE TO HUMANS
None known. ¢
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Great grebe

Podiceps major

TAXONOMY
Colymbus major, Boddaert, 1783, Cayenne. Two subspecies.

OTHER COMMON NAMES
French: Grand Grébe; German: Magellantaucher; Spanish: So-
mormujo Macachén.

PHYSICAL CHARACTERISTICS

22-31in (57-78 cm), P. m. navasi largest, Peruvian birds
smallest; 3.5 1b (1600 g). Slender with very long neck and
thin, slightly upturned bill. Adult breeding: face gray to
blackish, small median crest on hindcrown black, hind-neck
dark gray to black, back blackish with pale feather edges,
neck, breast, flanks, and vent rufous, flanks with dusky wash,
belly, secondaries, inner primaries and base of outer primaries
white. Eyes brown, bill black. Nonbreeding either similar, but
with pale gray lores and throat, or duller, or with cap black,
upper lore pale, cheeks graybrown, neck gray with some ru-
fous, and sides gray. Immature: sides of head with bold black
lines and spots, neck dull rufous, body rather uniform sooty
gray, belly white.

DISTRIBUTION

P. m. major: western Peru, central Chile and all of Argentina
north to southern Paraguay and southeastern Brazil, many
winter on coast; P. m. navasi: southern Chile, in winter on
coast.

Podiceps major

Resident
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HABITAT
Large open lakes and marshes, in winter in kelp zone along
coast.

BEHAVIOR
Alone or in loose groups, often nesting in colonies.

FEEDING ECOLOGY AND DIET
Mainly eats fish, but also some arthropods and mollusks, lo-
cally many crabs. Feeds in fairly deep water.

REPRODUCTIVE BIOLOGY

Courtship display rather poorly developed. Large nest, often
close to each other in colonies. Sometimes double-brooded.
Eggs 1-6, usually 2-3.

CONSERVATION STATUS
Common in southern part of range and not at risk. Total pop-
ulation estimated at 50,000.

SIGNIFICANCE TO HUMANS
None known. ¢

Great crested grebe
Podiceps cristatus

TAXONOMY
Colymbus cristatus, Linnaeus, 1758, Sweden. Three subspecies.

OTHER COMMON NAMES
French: Grebe huppé; German: Haubentaucher; Spanish: So-
mormujo Lavanco.

PHYSICAL CHARACTERISTICS

18-24 in (46-61 cm), P. c. infuscatus smallest; 1.3-3.3 1b
(568-1,490 g), heaviest while staging. Adult breeding: crown
black elongated to two posterior “horns” that can be raised and
spread; rest of upperparts blackish; sides of head white (upper
lores and supercilium black in infuscatus) grading to chestnut
on large posterior fan with black rear edge; underparts white,
upper sides washed with dusky; secondaries, tips of inner pri-

Podiceps cristatus

Resident Nonbreeding
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maries, lesser wing-coverts and scapulars white. Eyes red, bill
pink with dusky ridge. Nonbreeding: crest short, sides of head
white with no fan, immature similar but with several black
stripes on headside.

DISTRIBUTION
P. c. cristatus: Palaearctic, in winter in southern part of range,
mainly on coasts; P. ¢. infuscatus: Africa locally south of Sahara;

P. ¢. australis: Australia, Tasmania, and South Island, New
Zealand.

HABITAT

Mainly large lakes with expanses of open water and reedy bays,
but also brackish water, and tolerates heavily eutrophicated and
disturbed environments such as city parks.

BEHAVIOR
Alone or on pairs, in staging areas in groups of hundreds, oc-
casionally up to 10,000 together.

FEEDING ECOLOGY AND DIET

Mainly feeds on relatively large fish, usually in fairly deep wa-
ter, but also takes frogs, crustaceans, squid and other inverte-
brates.

REPRODUCTIVE BIOLOGY

Courtship display well developed. Nest often placed near that
of a coot. One or two broods per year. Up to 9 eggs, but usu-
ally 3-5. Incubation period 25-29 days. Young carried 34
weeks, associated with parents until 8-10 weeks old, able to fly
at 10 weeks.

CONSERVATION STATUS

Nearly extirpated from parts of Europe in the 1800s owing to
hunting for the plume trade, but now common in Palaearctic
region, where increasing owing to eutrophication of lakes and
where the population is estimated at around 700,000 birds.
Less common in other parts of range and decreasing in parts
of Africa, probably owing to drowning in monofilament gill
nets. In New Zealand a drastic decline occurred since the ar-
rival of Europeans, but population now stable.

SIGNIFICANCE TO HUMANS
Formerly extensively hunted for “grebe fur.”

Eared grebe
Podiceps nigricollis

TAXONOMY
Podiceps nigricollis, C. L. Brehm, 1831, Germany. Three sub-
species.

OTHER COMMON NAMES
English: Black-necked grebe; French: Grebe a cou noir; Ger-
man: Schwartzhalstaucher; Spanish: Zampullin Cuellinegro.

PHYSICAL CHARACTERISTICS

11-13 in (28-34 cm); averages 0.7 Ib (325 g) while breeding,
but may weigh over 1.3 1b (600 g) while staging. Females with
smaller bills than males. Adult breeding: back blackish, crested
head, neck and upper breast black with tuft of golden plumes
behind eye, sides chestnut, rest of underparts, and secondaries
white. Eyes bright red, bill black. Nonbreeding with less devel-
oped crest, blackish crown reaching to below eye where grad-
ing with white cheeks and throat, neck and sides gray;
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Podiceps nigricollis

Resident Nonbreeding

immature similar, but more brownish, especially on neck;
striped pattern of head soon wearing off.

DISTRIBUTION

P. n. nigricollis: Europe and western Asia, in winter in south-
western part of range; P. n. gurneyi: South Africa; P. n. califor-
nicus: southwestern North America, in winter south to
Guatemala.

HABITAT

Small, shallow, eutrophic lakes with open water and scattered
patches of reed. Molts and winters on saline lakes and on
coasts.

BEHAVIOR

Gregarious. In small groups where breeding, in large flocks
when molting. In North America over two million stage on
just a few lakes.

FEEDING ECOLOGY AND DIET
Sometimes feeds in organized groups. Eats tiny arthropods,
only rarely fish.

REPRODUCTIVE BIOLOGY

Courtship display well developed. Monogamous, but nests
colonially, often far from shore, usually a few together but oc-
casionally up to 2,000 pairs in one colony, often in association
with marsh terns and smaller gulls, but away from coots and
other grebes. Usually single-brooded, eggs 24, incubation pe-
riod 20-22 days.

CONSERVATION STATUS

Not threatened. The most numerous of all grebes, with a
world population exceeding 5 million birds, most occurring in
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North America. Numbers fluctuate greatly and species at risk
while molting, when large parts of the population are concen-
trated on just a few lakes in flightless condition.

SIGNIFICANCE TO HUMANS
None known. &

Hooded grebe
Podiceps gallardoi

TAXONOMY
Podiceps gallardoi, Rumboll, 1974, Argentina.

OTHER COMMON NAMES
English: Mitred grebe; French: Grebe mitré; German: Gold-
scheiteltaucher; Spanish: Zampullin Tobiano.

PHYSICAL CHARACTERISTICS

12.6 in (32 cm); 0.9-1.6 1b (420-740 g). Adult breeding: head
and hindneck black with white forehead grading into orange-
rufous semi-crest; back blackish, rest of body and most of
wings white. Eyes bright re d, bill bluish gray. Nonbreeding
similar, occasionally with some white feathers on cheeks. Im-
mature soon loses striped head to become like adult, except for
black instead of rufous on crown, and white lower cheeks and
throat.

DISTRIBUTION

Patagonia, main breeding grounds on meseta between Lake
Stroebel and Lake Cardiel.
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Podiceps gallardoi

Resident

HABITAT

Nests in fish-free, steep-sided potholes on volcanic tablelands,
water with abundant submergent and floating carpets of water
milfoil (Myriophyllum elatinoides). After breeding gathers on
large upland lakes, in winter perhaps only on coast.

BEHAVIOR
Gregarious and peaceful. In small dispersed flocks while breed-
ing, in large flocks at other times.

FEEDING ECOLOGY AND DIET
Feeds entirely on invertebrates, perhaps mainly insects, but
also snails, crustaceans and leeches, mainly caught diving.

REPRODUCTIVE BIOLOGY

Courtship display well developed, more complex and stereo-
typed than in any other grebe. Single-brooded. Nest large.
Eggs 1-2, but only one young reared.

CONSERVATION STATUS
Population estimated at 3,000-5,000 birds. Not threatened ow-
ing to inaccessibility of habitat.

SIGNIFICANCE TO HUMANS
None known. ¢

Western grebe

Aechmophorus occidentalis

TAXONOMY
Podiceps occidentalis, Lawrence, 1858, Fort Steilacoom, Wash-
ington. Two subspecies.
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Aechmophorus occidentalis

Resident Nonbreeding

OTHER COMMON NAMES
French: Grebe élégant; German: Renntaucher; Spanish:
Achichilique Comun.

PHYSICAL CHARACTERISTICS

21.6-29.5 in (55-75 cm); 1.8-4.0 1b (823-1826 g), A. o.
epbemeralis smallest, females decidedly smaller than males.
Body narrow, neck very long, bill long and sharply pointed.
Head with slight crest. Adult breeding: cap to below eye
black, rest of upperparts blackish with faint gray scales on
back; underparts white, sides spotted gray. Wings with vari-
ably sized white bar across remiges. Eyes red, bill bufty
green with black ridge. Nonbreeding: similar, but crown
duller, less crested and less clearly demarcated from white.
Immature: like non-breeding, but crest even shorter, back
without scales, and facial pattern more diffuse, sometimes
with white on lores.

DISTRIBUTION

A. o. occidentalis: west to North America, in winter on coast of
Texas and Pacific coast south to Baja California; A. o. ephemer-
alis: resident in central Mexico.

HABITAT

Breeds on large lakes and marshes with large expanses of open
fresh or brackish water and with reedy shores. In winter mostly
on salt lakes or in deep offshore waters on coast.

BEHAVIOR
Colonial, sometimes several thousand together.

FEEDING ECOLOGY AND DIET
Feeds almost entirely on large variety of fish, often spiking
them, usually in fairly deep water, but on average closer to

shore than Clark’s grebe.
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REPRODUCTIVE BIOLOGY

Courtship display well developed. Nests 3-12 ft (2—4 m) apart
in colonies. Eggs 3—4, incubation period 22-24 days. Young in-
dependent at 8 weeks.

Monotypic order: Podicipediformes

CONSERVATION STATUS
Not threatened. Population estimated at 70,000-100,000 birds,
only few in Mexico.

SIGNIFICANCE TO HUMANS
None known. ¢
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Pelecaniformes

(Pelicans and cormorants)

Class Aves
Order Pelecaniformes
Number of families 5 families

Number of genera, species 9 genera; 62
species

Photo: Brown pelicans (Pelecanus occidentalis)
with colorful gular pouches during breeding sea-
son in Baja California. (Photo by Gregory G. Dim-
ijlan. Photo Researchers, Inc. Reproduced by
permission.)

Evolution and systematics

Twentieth-century ornithologists typically recognized six
families in the order Pelecaniformes. Included were: the
tropic birds (Phaethontidae, genus Phaethon) with three
species, the pelicans (Pelecanidae, genus Pelecanus) with seven
species, the cormorants and shags (Phalacrocoracidae, genera
Phalacrocorax and Leucocarbo) with 34 species between them,
the anhinga and darter (Anhingidae, genus Anbinga) with two
species, the gannets and boobies (Sulidae, genera Sula, Papa-
sula, and Morus) with nine species among them, and the
frigatebirds (Fregatidae, genus Fregata) with five species. In
this treatment, however, Anhingidae is classified as Anhinga,
a genus of the family Phalacrocoracidae. At least six other
families, showing characteristics similar to those living, were
believed to have disappeared since the Cretaceous. Among the
most spectacular of these were the pseudothorns. Bony-
toothed bills and wingspans in excess of 18 ft (5.4 m) charac-
terized these primordial predators of the Eocene (60-40
million years ago).

The tropicbirds and frigatebirds may well be the most prim-
itive families in this diverse assemblage. Indeed, Limmofregata
azygosternon, dating from the lower Eocene, is among the old-
est known aquatic birds in the fossil record. Early additions to
the cormorant (Phalacrocoracidae) and pelican (Pelecanidae)
lines first appear in the Eocene-Oligocene boundary (40 mya)
and early Miocene (22.5-5 mya), respectively.

Owing to the widespread geographic range of some of these
birds, often occurring in discrete subpopulations, the reader
should not be surprised that there is a great diversity of opin-
ion regarding the number of extant species and subspecies. Of
greater significance, however, is the accumulating body of ev-
idence, published in the 1990s and early part of the 21st cen-
tury, that casts doubt on the legitimacy of the order itself. Early
avian taxonomists had qualified the group’s membership largely
on the basis of superficial internal or external morphology, most
notable the characteristic totipalmate (webbed between all four
toes) foot structure. Unlike all other water birds, families as-

Grzimek’s Animal Life Encyclopedia

signed to this taxon had webbing that connected all four toes.
DNA-DNA hybridization data and nuclear and mitochondrial
DNA sequences paint a very different picture. Results of ex-
periments published by Charles Sibley and John Ahlquist in
1990 suggested that, while the cormorants/shags, anhingas/
darters, and boobies/gannets enjoy a close genetic relation-
ship, the other taxa are phylogenetically remote. Pelicans
showed the greatest proximity to Africa’s shoebill (Balaeniceps
rex) and hammerhead (Scopus umbretta). Similarly, frigatebirds
appeared most closely related to the petrels (Procellari-
iformes), penguins (Sphenisciformes), and loons (Gavi-
iformes). Meanwhile, tropicbirds, perennial outliers even in
traditional classification systems, showed little relationship to
any family. Independent phylogenetic investigations con-
ducted later by Van Tuinen et al. supported much of the find-
ings and caused some to wonder whether the order was actually
polyphyletic and a classic example of convergent evolution.

Physical characteristics

Some of the most readily recognizable birds in the world
belong in this group. Most show obvious adaptations to an
aquatic lifestyle and the diagnostic characteristic shared by
every one is the presence of webbing connecting all four toes,
although this is much reduced in the frigatebirds.

It is their bills that have accrued the assemblage its great-
est claim to fame. The enormous bill and, when distended,
gular pouch of a pelican makes it difficult to confuse with any
other animal. At lengths of up to 20 in (50 cm), the bill of
the Australian pelican (Pelecanus conspicillatus) is the largest of
any living bird. Much more representative of the group, how-
ever, are the more modest, often serrated, hooked-tip bills
found in almost every other Pelecaniform family. The ex-
ception is the genus Anhinga, which is characterized by a
straight, rapier-like bill of less than 4 in (10 cm).

An unfeathered gular pouch, although present in every
species except the tropicbirds, is not always visible from a
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A colony of nesting Australian gannets (Morus serrator). (Photo by T.J. Ulrich/VIREO. Reproduced by permission.)

distance. Invisible from any distance, of course, are the sub-
cutaneous air sacs that serve to absorb the impact shock of
those species that plunge dive. These air sacs account for the
surprisingly light weight of birds in a group that includes some
of the largest birds capable of flight.

The pelicans are the largest members of the group and may
weigh up to 33 Ib (15 kg). Two species have been recorded
with wingspans exceeding 9 ft (3 m) and lengths of over 80 in
(180 cm). By contrast, the smallest tropicbirds may weigh as
little as 10.5 oz (300 g). If not for its characteristic tail feather,
one species would measure as little as 15 in (38 cm) as an adult.

At first glance, these birds do not strike one as being par-
ticularly colorful. Most are primarily black or dark brown, and
several are predominantly white. Upon closer inspection,
however, a few colorful surprises emerge. Some of the most
striking blues and greens in the animal kingdom may be seen
in the eyes of some pelicans and cormorants. Colors of the
bare skin of a few, most notably the boobies, is particularly
striking. With the onset of the breeding season, still others
develop unique pastel hues of pink or red. The plumage of
the Phalacrocoracidae is unusual in that it is permeable to
water.

Distribution
The greatest numbers of these birds are found in tropical
and temperate regions. Overall, the group is not as tolerant
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to cold as some water birds. None is found at the North
or South Poles. Nevertheless, the imperial shag (Leucocarbo
atriceps) frequents the coasts and waters surrounding the
Antarctic Peninsula and four species, representing the Phala-
crocoracidae and Sulidae, are present north of the Arctic
Circle.

Owing to the group’s heavy dependence on aquatic
ecosystems, it is not surprising that it is largely absent from
most arid regions. However, during migrations, even small
or ephemeral water bodies may prove satisfactory for short
visits.

Habitat

Open ocean, seacoasts, rivers, lakes, and ponds comprise
the habitats favored by Pelecaniformes. Gannets, boobies,
tropicbirds, and frigatebirds are dependent entirely on ma-
rine ecosystems, while anhingas and darters are most often
found in freshwater environments. Some pelicans and cor-
morants are equally at home in saltwater, brackish estuaries,
or freshwater.

In areas where they occur in abundance, such as the west
coast of South America, these birds play a major role in the
ecological processes upon which they ultimately depend. The
nitrogen-rich excrement, or guano, of those species is leg-
endary, and the microorganisms that feed upon it form the
foundation upon which a spectacular web of life is spun.

Grzimek’s Animal Life Encyclopedia



Vol. 8: Birds |

One might speculate that the role these animals play in
stabilizing the populations on their prey has diminished some-
what with the rise of large-scale commercial and sport fish-
ing. Nonetheless, like so many predators, they are more apt
to take organisms whose fitness has been compromised by dis-
ease, injury, age, or other factors and, in this respect, serve to
enhance the overall health of those populations. By the same
token, it is those birds least able to defend themselves, in par-
ticular hatchlings and eggs, that are most likely to succumb
to still greater predators. Even healthy adult birds are no
match for sharks, crocodilians, large birds of prey, and a host
of carnivorous mammals. No species preys exclusively on
these birds.

Behavior

As a general rule, these birds are colonial. They are fre-
quently found in association with other relatively large colo-
nial birds including, but not limited to, other families in this
group. The proclivity to assemble in colonies in some fami-
lies, in particular the tropicbirds, appears to be influenced
more by a lack of suitable nesting sites than by any economies
of scale, such as the detection of predators. Indeed, among
the entire group, there are remarkably few examples of de-
veloped predator alarm calls. Croaks, grunts, and other rather
uninspiring vocalizations are typical of these taxa. The ex-
ception is the shrill scream of tropicbirds. The ear-piercing
utterances reminded sailors of a bosun’s whistle, and they
aptly named them “bosun birds.”

Territoriality is most marked during the breeding season,
when nest sites are at a premium. Displays of aggression may
be used as an effective weapon. Ritualized threats preclude
these and may involve open-bill gaping, hissing, or size-
enhancing postures. There is more than ample time for such
activities because, unlike many animals, these birds spend rel-
atively little time feeding. They secure daily sustenance, of-
ten, in as little as 30 minutes although significantly more time
and energy may be expended traveling to and from foraging
sites. The group is a diurnal one, and several species exhibit
less activity at midday than they do in the morning and late
afternoon. Many species spend their lives in restricted ranges,
but those dependent on temperate freshwater habitats migrate
before ice makes fishing impossible.

Feeding ecology and diet

Birds representing these families feed exclusively on
aquatic animals, and most eat only fish. Squid, crustaceans,
and amphibian larvae serve to supplement the diet of a few
species. The range of methods used to obtain prey is re-
markable and includes dipping, aerial piracy, surface plung-
ing, deep plunging, pursuit plunging, and pursuit diving. The
Phalacrocoracidae, whose membership exceeds that of all the
other species combined, has perfected this last technique. Un-
like penguins, which propel themselves using their wings,
birds in these taxa explore beneath the water’s surface by foot
propulsion and snatch prey with their bills. Meanwhile, an-
hingas and darters often impale smaller fish with their bills.
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Courting blue-eyed (imperial) shags (Phalacrocorax atriceps) on Saun-
ders Island, Falkland lIslands. (Photo by Greg Dimijian. Photo Re-
searchers, Inc. Reproduced by permission.)

A smaller number of species plunge dive, often from con-
siderable heights, frequently stunning prey on impact. Trop-
icbirds, sulids, and the brown pelican (Pelecanus occidentalis)
alike employ this spectacular adaptation. All other pelicans
search out their quarry while cruising the water’s surface. In
one of the most developed forms of cooperative feeding in
the avian world, the larger species assemble in a U-shaped
flotilla, sometimes in excess of six individuals, that effectively
drive schools of fish into shallower water and to their ulti-
mate doom.

The low-flying Fregatidae has perfected a fourth strategy.
Unable to swim with effectiveness, birds from this family take
organisms occurring on or, as is often the case with flying
fish, above the water’s surface in the course of their aerial sur-
veillance tours. It was another strategy, however, that earned
these birds their popular name. Like the pirates of old, these
airborne buccaneers will pester other seabirds to the point of
disgorging their gullets. The frigatebirds then swoop down
to claim their ill-gotten spoils.

Reproductive biology

Courtship and mating among Pelecaniformes is often
dramatic. Courtship displays may be performed entirely in
the air, as is the case with tropicbirds, or entirely on the
ground. Frigatebirds use both venues; the grounded males
display their brilliant inflated gular pouches for the benefit
of airborne females. There is a bias toward monogamy al-
though this trait seems, once again, largely absent among
tropicbirds.

Eggs are usually chalky and may number as many as six in
a clutch although several species lay only one. Those that lay
more than one egg do so asynchronously, and often only the
oldest chick survives. Some will breed biannually in the face
of reduced food resources. Many pelagic species, among them
the Guanay shag (Leucocarbo bouganvillii), have a reputation as
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being populations greatly affected by the availability of food
resources. Nevertheless, there is evidence to indicate that this
has frequently been overstated in the literature. Those birds
occurring in temperate zones breed in the spring while trop-
ical forms may breed at any time.

As a whole, this group is more arboreal than other aquatic
birds, and most construct their nests in trees. However, a few
species construct ground nests, while others use cliffs. Incu-
bation varies from 23 to 57 days, and both parents participate
in this activity. Brood patches are lacking in all but the trop-
icbirds; hatchlings are born naked and helpless. Nestlings take
regurgitated food matter from the open bills of their parents.
Fledging periods vary significantly and may take up to four
months in some pelican species.

Conservation status

In 2001, the International Union for Conservation of Na-
ture and Natural Resources (World Conservation Union)
listed 22 Pelecaniform birds as being under some threat. Of
these, four species were Endangered or Critically Endan-
gered. Nevertheless, the group has fared better than many
vertebrate taxa, and only one species, the spectacled cor-
morant (Phalacrocorax perspicillatus), has disappeared in mod-
ern times. Some species, such as the Guanay shag (L.
bouganvillii) occurring in the coastal environs of western South
America, may number in the several millions.

Several species have recovered from years of persecution
after the establishment of adequate protection, including the
elimination of toxins such as the insecticide DDT. In North
America, the most notable conservation success story is that
of the brown pelican (Pelecanus occidentalis). Once an endan-
gered species, this animal is no longer listed by the IUCN.
The range and numbers of the American white pelican (Pele-
canus erythrorynchos) and double-crested cormorant (Pha-
lacrocorax auritus) respectively, have also increased. Elsewhere
in the world, meaningful action has been taken to restore
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such charismatic species as the Dalmatian pelican (Pelecanus
crispus).

Loss of habitat, pollution, overfishing, and purposeful erad-
ication, largely by those who believe the birds compete with
humans for food, continue to erode some species’ populations.
Particularly vulnerable, of course, are those species with his-
torically small ranges. Many seagoing species are endemic to
small island clusters where breeding colonies seem especially
vulnerable to predation by introduced species, such as rats. The
elimination of vegetation by feral rabbits, and the accompany-
ing reduction in the shade it produces, has adversely affected
reproduction at the breeding grounds of some tropicbirds.

Significance to humans

Perhaps it is not surprising that such a diverse assemblage
of bird families, as those described in the following chapters,
should have had such a diverse impact on human cultures
through the ages. Reverence for some species was common,
and this respect has not been entirely lost in many cases. Even
today, for example, the delightful tail feathers of tropicbirds
play an important role in the ornaments of some South Pa-
cific cultures. The guano produced en masse by some species
is of enormous value to many agricultural economies. It has
been claimed that the Guanay shag is the most economically
important bird in the world. Unfortunately, with the rise of
industrial and sport fishing, these birds are regarded as pests.
At the turn of the 20th century, more than 1,000 double-
crested cormorants were slaughtered in the northeastern
United States. Those responsible, it is assumed, mistakenly
believed the birds competed for game fish. In the Far East,
the exceptional fishing skills of Pelecaniformes led to one of
the most unusual relationships in the animal kingdom when
it was discovered that cormorants and darters could be trained
to fetch aquatic prey for their human masters. Many species,
among them the boobies and tropicbirds, seem to enjoy the
company of humans and their conveniences. Often, these
birds will follow ships and even alight on them.
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Sibley, C.G., and J.E. Ahlquist. Phylogeny and Classification of
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“Convergence and Divergence in the Evolution of Aquatic
Birds.” Proceedings of the Royal Society 268, no. 1474 (2001):
1345-1350.

186

Organizations

TUCN-The World Conservation Union. Rue Mauverney 28,
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Tropicbirds

(Phaethontidae)

Class Aves

Order Pelecaniformes
Suborder Phaethontes
Family Phaethontidae

Thumbnail description

Medium-sized oceanic birds with pointed wings,
highly elongate central tail-feathers, an overall
white coloration with black markings on the
wings, and excellent flight skills

Size
29-40 in (74-100 cm); includes elongated tail
streamers; wingspread 37-44 in (94-112 cm)

Number of genera, species

1 genus; 3 species

Distribution
Habitat
Coastal and offshore waters of warm-temperate
and tropical oceans

Conservation status
Not threatened, although some populations are
declining

Evolution and systematics

There are only the three species of tropicbirds (genus
Phaethon) in the family Phaethontidae. They are related to
other waterbirds in the order Pelecaniformes, including pel-
icans, frigatebirds, cormorants, gannets, and anhingas. The
Pelecaniformes lineage is ancient, with a fossil record ex-
tending to the Lower Eocene (54 million years ago).

Physical characteristics

Tropicbirds are medium-sized seabirds with a slightly de-
curved and pointed bill, long pointed wings, and highly elon-
gate tail streamers (rectrices, the two central tail feathers).
Body length is about 29-40 in (74-100 cm); this includes the
tail streamers, which can be up to 21 in (53 cm) long and
comprise about half the total body length. Wingspan is 37-44
in (94-112 cm), and the weight is 0.7-1.7 1b (0.30-0.75 kg).
The plumage is overall white, sometimes with a pink flush,
and black wing markings, a black eye-line, and sometimes a
darker back (depending on the species). The bill is colored
yellow to orange-red. Adults have elongate, narrow tail
streamers. Young birds lack the tail streamers and have a gray-
white banded back and wings. The short legs are placed far
back on the body, making walking awkward. The feet are
webbed as an aid in swimming. There is no obvious external
physical difference between male and female tropicbirds.

Distribution
Tropicbirds range widely in coastal waters of tropical and
warm-temperate regions, sometimes occurring far offshore.
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Breed on isolated tropical islands; range widely in tropical and warm-temperate
waters around the world, often far offshore

They breed on isolated tropical islands such as Ascension Is-
land in the Indian Ocean, Cousin Island in the Seychelles
group, and Kauai in the Hawaiian Islands.

Habitat

Tropicbirds breed on isolated tropical islands. When not
breeding, they range widely in coastal and offshore tropical
and warm-temperate waters.

Behavior

Tropicbirds have a steady, pigeon-like flight, often set-
tling on the surface of the water to rest. They use their
webbed feet as rudders during flight, and sometimes hover
in breeding displays. They do not walk well, and often shuf-
fle on their belly when on land. They catch much of their
food of small fish and marine invertebrates by making shal-
low plunge-dives, often from an impressive height. They
have a tern-like voice and can be noisy around the breeding
colonies, but are generally silent when at sea outside of the
breeding season.

Feeding ecology and diet

Tropicbirds generally search for food singly or in pairs,
but may also associate with large flocks of other seabirds.
They often catch small flying-fish above the surface. They
also feed on other species of small fish, squid, and larger
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Red-billed tropicbird (Phaethon aethereus) in flight over Little Tobago
Island in the Caribbean Sea. (Photo by Gregory G. Dimijian. Photo Re-
searchers, Inc. Reproduced by permission.)

crustaceans caught at the water surface, or by making a shal-
low plunge-dive. The typical size of prey selected is deter-
mined by the size of the bill; in areas where two species of
tropicbirds occur, they tend to partition food on the basis
of bill size.

Reproductive biology
Tropicbirds usually nest on ledges of coastal cliffs, in cav-
ities under rocks, or under vegetation that gives protection

Red-tailed tropicbird (Phaethon rubricauda) chick on nest. (Photo by
Frans Lanting. Photo Researchers, Inc. Reproduced by permission.)
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from the sun and rain. On some Pacific islands, they nest in
trees. Ground nests are a shallow scrape and are usually lo-
cated together in colonies. The social courtship display in-
cludes groups of birds flying excitedly and noisily around
the nesting site in undulating flight. During this display
flight, the long tail feathers wave conspicuously up and
down. Tropicbirds lay only one egg, which is initially col-
ored mottled reddish or brown but becomes paler with time
as the water-soluble pigment is lost due to moisture and rub-
bing. The chick hatches after an incubation period of 41-45
days. The chick has a dense, silky, gray or yellow-brownish
down plumage that gives protection against intense sunlight.
It is fed by both parents, beginning at an age of three days,
and takes 11-15 weeks to fledge. Chicks are vulnerable to
being killed by adults of the same or related species of trop-
icbirds that are seeking a scarce nesting site. Among the red-
billed and white-tailed tropicbirds of Ascension Island, such
interactions within and between the two species can result
in a low survival rate of young and the evolution of complex
differences in breeding timetables. Red-billed tropicbirds
breed every year on Ascension Island, but white-tailed trop-

Red-tailed tropicbird (Phaethon rubricauda) with recently hatched chick
on its nest on Midway Atoll. (Photo by Frans Lanting. Photo Re-
searchers, Inc. Reproduced by permission.)
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icbirds breed every nine months and may do so at any time
of the year.

Conservation status

Tropicbirds are not listed as being at risk globally by the
IUCN or in the United States by the Fish and Wildlife Ser-
vice. Although general population trends are not well known,
some local breeding populations have declined because of dis-
turbance and habitat loss, and perhaps because of mortality
associated with commercial drift-net fishing.
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Significance to humans

Tropicbirds are not of much economic importance to hu-
mans, although they are appreciated by naturalists and this
can contribute to local economic benefits through eco-
tourism.

Formerly, tropicbird feathers were sold to the once-
prominent business of millinery, or the production of women’s
hats and garments. The long tail feathers are still used as tra-
ditional adornments in various island cultures. The human
consumption of tropicbirds, including eggs and chicks, has
occurred since ancient times.

189



Family: Tropicbirds

Vol. 8: Birds |

Species accounts

White-tailed tropicbird
Phaethon lepturus

TAXONOMY
Phaeton lepturus Daudin, 1802, Mauritius.

OTHER COMMON NAMES

English: Golden bosunbird, yellow-billed tropicbird; French:
Phaéton a bec jaune; German: Weifichwanz-Tropikvogel;
Spanish: Rabijunco Menor.

PHYSICAL
CHARACTERISTICS
Adult body length N

(including streamers) N P—
is 29 in 74 CI_n), S /’“
wingspan 37 in

(94 cm), and weight

11 oz (0.30 kg). The RN

overall body color
is white, with black
markings on the up-

per wings, a black .
eye-stripe, and a it

reddish (rarely yel-
low) bill. Juveniles
have a pale-cream

bill.

Phaethon lepturus

DISTRIBUTION
Tropical and warm-temperate oceans of the world.

HABITAT
Tropical and warm-temperate oceans of the world, especially
in coastal waters.

BEHAVIOR

An excellent flier that commonly feeds by shallow plunge-dives
and by catching flying-fish on the wing. They have a rattling
call in flight, and seldom glide.

FEEDING ECOLOGY AND DIET

Small fish, squid, and larger marine invertebrates, which are
caught above, at, or just under the water surface. Tends to feed
closer to shore than other species of tropicbirds.

REPRODUCTIVE BIOLOGY

Breeds on remote tropical islands. A single egg is laid and in-
cubated by both adults. Chicks have white, buff-gray, or blue-
gray down. Fledging in 70-85 days.

CONSERVATION STATUS
Not threatened.

SIGNIFICANCE TO HUMANS
None known. ¢

Phaethon lepturus

Breeding Nonbreeding
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Red-billed tropicbird

Phaethon aethereus

TAXONOMY
Phaethon aethereus, Linnaeus, 1758, Ascension Island.

OTHER COMMON NAMES
English: Silver bosunbird; French: Phaéton a brins rouges; Ger-
man: Rotschwanz-Tropikvogel; Spanish: Rabijunco Colirrojo.

PHYSICAL
CHARACTERISTICS

Adult body length
(including streamers)
is 18 in (46 cm),
wingspan 44 in (112
cm), and weight 1.6
Ib (0.75 kg). The
overall body color is
white, with black
markings on the up-
per wings, a darker
back, a black eye-
stripe, red tail-

streamers, and a

bright red bill. Juve-

niles have a black bill, Fhaethon aethereus

Family: Tropicbirds

DISTRIBUTION

Tropical a