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PREFACE

The following chapters were originally prepared as a
series of lectupes under the auspices of the New England
(now Northeastern) Bird Banding Association to serve as
an introduction to a general survey of Birds, their structure,
their habits and their relations to ourselves. In view of the
present widespread delight found by out-of-door people in
the companionship of birds it was believed that such a course
would help to foster a more intelligent interest in this group
of creatures, and it is with this hope that the lectures arg
now brought out in book form.

Acknowledgments are due many who have helped to
make the book attractive. Especially are my grateful
thanks due to Mr. Frank W. Benson for permission to us¢”
as a frontispiece his splendid painting of Wild Geese rising.
My sincere appreciation I would alsd express to the follow-
ing for the use of illustrative material :

Dr. Arthur A. Allen, Albert F. Bigelow, L. W. Brownells

Dr. Jonathan Dwight, Charles Macnamgra, Profess6r

Loye H. Miller, George Nelson, Dr. R. W. Shufeldt, Dr.
Wm. Lord Smith, and through its late Superintendent Ned

Hollister, the National Zoélogical Park.*
G. M.A.
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BIRDS AND THEIR ATTRIBUTES

, CHAPTER 1

SOME HUMAN RELATIONS WITH BIRDS

THE very great general interest in birds seen at the
present glay is perhaps not surprising when we consider
briefly how closely concerned is the natural life of men
with that of birds. From earliest times the appearance of
birds was looked upon as of a certain significance, whether
for good or evil. The lectures on which these chapters are
based were appropriately announced as given under the
auspices of one of our bird clubs; for the word auspices
comes from the Latin avis—a bird,—and spicere,—to
Jook at,—and relates,to the ancient custom of divination
from flights of birds, or the notes of tame birds, or from
an examination of the entrails of birds kept by the augures
or the purpose of .foretelling the probable outcome of any
undertaking. *Among the ancient Latins this was an im-
portant matter, and no enterprise was begun without first
making the proper application to the sacred birds to learn
of its probable success. Moreover, the credit for the final
success, as of a victory or a safe journey, was given not to
the commanding general or the resourceful traveler, but
to the one who had made the propitious augury. It is clear,

" therefore, that any helpfulness these brief essays may bring,

I
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will bc due to the fnv‘:rahlc ﬂuspms of the bird club that «
instituted them.

» But if the days of divination by the aid of birds are now
remote, it remains true that bdth in the past and at the pres-
ent time, many crises in himan life and many important
events of everyday existence are intimately associated with
birds. Are we not ushered into earth-life by the Stork, thus
continuing in the New World ap ancient, tradition of the
Old? It is a Yemarkable fact that so large a bird as the
Common Stork of Europe, belonging to a group of uncom-
monly wary species, should have established what is in ef-
fect a relation of symbiosis with man; that is, the two species
live together with mutual advantage. For in central Eu-
rope, where this bird chiefly nests, it is considered a bringer
of good luck, and is encouraged to build its platform of
sticks on roof or chimney-top, while in return for this pro*
tection the bird acts as a useful scavenger as well as an in-
spiration. It is said that its numbers in Europe are at the
present day noticeably decreasing, partly perhaps because
of the cleaner conditions imposed by modern sanitation and
the consequent reduction of the birds' food supply. I can
think of no other wild bird that is so obviously in mutual
and helpful association with man.

Some other instances of the usefulness of birds at cnt—
ical times in human experience are worth fecalling. ‘The
cackling of the sacred Geese of Juno's temple in time to
waken the sleeping guard and thus save Rome from the at-
tack of the Gauls, is familiar history. Not only Geese, but
Tree Ducks and the Old-World Sheldrakes were often kept
even by savage tribes in the capacity of watch-dogs, fer
they feed much at night and are quick to give vent to their
alarm at any unusual or untoward circumstance.

)
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The timely arrival of great flocks of Migrat-:}r;r'{}uai!,
it may be recalled, saved the Israclides from starvation in
their wanderings in Arabia. But though it seemed a miracle
to them, we now khow that it'was but the usual yearly migra-
tion of the birds, after all perhaps a miracle in a wider
sense of the word.

Dr. Frank M. Chapman was the first to point out
(1896) the important part played by birds in Columbus’s
discovery of America. The great navigator sailed from
Cadiz in southern Spain in the late summer of 1492, and on
reaching the Canary Islands in latitude 36° 30’ north, bade
farewell to these westerly outposts of the Old World and
bore away westward on this same parallel, with the favor-
ing northeast trades, into unknown seas. On September
18, Pinzon, who commanded one of the three caravels,

* hailed the Admiral and informed him that “from the flight
of a great number of birds, and from the appearance of the
northern horizon, he thought there was land in that di-
rection.” Two days later Columbus records the visit pf
several small birds to his ships: “Three of a small kind
"which keep about orghards and groves, came in the morn-
ing and flew away again in the evening,” cheering the hearts
of the dismayed mariners. The next two weeks of the

" voyage were without special event, and daily the crews
betame more*and more discontented and mutiny threatened
as the disheartened sailors grew more and more certain
that they had sailed too far beyond the bounds of ocean
ever to reach land again. On October 3, we find them ut-
tering “‘murmurs and menaces,” but the next day they were
wisited “‘by such flights of birds, and the various indications
of land became so numerous, that from a state of despond-
ency they passed to one of confident expectation.” They

, SOME RELA"I‘"IDLIS WITH BIRDS 3
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were fow some 650 mies froid the Bahamas. Finally, on

October 7, hirds became so nunikrous and the direction of '

their flight so uniformly solithwest, that Columbus actually
changed his course to correspand with their line of ﬂ:ght

Fiske, the historian, remarks that this was a fortunate cir-
cumstance, for had he persisted on the parallel, he might
have reached northern Florida after 720 miles, but the
change brought him to the Bahama Islands with a saving
of over 200 milss ere making land’ It was therefore due to
birds alone that Columbus materially shortened his venture-
some voyage and landed in these iglands instead of on the
continent. What the birds that he $aw in such numbers
were it is impossible to say. No doubt, however, hg was in
the line of flight of many species that visit the Bermudas in
fall migration (then at its height) and thence strike over-

seas for the West Indies and South America. Such species -

as the Eskimo Curlew and Golden Plover were probably
among those seen. As Chapman remarks, it is an open
question whether, in the absence of these migratory
birds, Columbus would have been able to influence his

timid and superstitious sailors to press on to the Great®

Discovery.

A bird to which many hardy navigators owe their lives
is the Penguin—of which many species abound in the south-
ern hemisphere. The Dutch navigator, De Weert, in the
latter part of 1599, found himself almost without provi-
sion for his men in the two vessels under his command after
making the Straits of Magellan in an attempt to reach the
East Indies by way of the Pacific. By good fortune he was

able to provision his ships with Penguins and so, with half,

of his crew, finally returned to Holland. In our own day,
two men of one of the recent Antarctic expeditions were

-
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. cast away and kr_-p't alive throughout the long wintici' until
_ help came, living on Pengulns. d

We may never know just hdw much Eng]lsh literature
owes to Penguins.! Ruskin relates, however, that whenever
he felt distressed in mind or disheartened, he sought out
the gallery in the British Museum where the Penguins
stood, and looked at them till he was forced to laugh, they
appeared so “sympathetically ridiculous.” So were his
spirits revived; and this one can easily appreciate from a
reproduction of the Penguin figured in De Weert's account
of his voyage, and perhaps one of the earliest pictures of
this remarkable bird,~—about 1600,

The attempt made a few years ago to kill Penguins by
the wholesale, to boil them down for soap-grease, has, I
believe, been stopped by the intervention of the British Gov-
*ernment.

So far as I know the only monument to birds in the
world is that in our own country erected in grateful testi-
mony to the flocks of Franklin's Gulls which appeared gt
a critical time and devoured the hordes of locusts that
‘threatened destruction to the first crop of the pioneers at
Salt Lake, Utah. For if this crop failed they were without
provision for the winter or seed for another sowing.

The value of ipsect-eating birds to the agriculturalist is
a matter that is often made much of, and rightly too, for
they are important allies in keeping down these all-
devouring pests. But fairness makes it necessary that we
should not overestimate the part they play, which is after
all a secondary one, for the two factors that chiefly hold
jnsects in check are (1) fungous diseases and (2) other
insects. Were it not so, we ourselves should long since
have been overwhelmed. But insects form a world of their
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» . - . s
own. ‘Most species have enemdes in theshape of parasitic

insects, whicp are so specialized gthat each kind of parasite
attacks some particular klnd of insect, and more than
th'at, ‘one set of parasites attacks only ghe egg, a second
species only the young grul, a third attacks a succeeding
stage, and so on. Should the insect preyed upon increase
through some favorable combination of circumstances, its
parasites will do likewise, until they have reduced its num-
bers to normal,or even small pfoportions, and presently
themselves become rare. When this condition is reached,
the host species, suddenly relieveg of attack, may again
break forth in enormous numbers, and®gain a great lead be-
fore the parasites can increase fast enough to check it. So
the see-saw process goes on between the insect on the one
hand and its parasites, ably seconded by insect-eating birds,
on the other.

It is not necessary to dwell upon the relation of birds to
art, but a few points may be noted. The oldest-known fig-
ures of birds are probably those discovered a few years since
graven in the walls of some of the limestone caverns of
southern Spain, the work of men of the Stone Age who
lived in these shelters perhaps 25,000 years ago. Some
of them were no mean artists, and their crude figures
scratched in the cave walls picture with much freedom and
skill the outlines of horses, reindeer, even the pammoth and
the rhinoceros now long since extinct in Europe. Though
most of the figures are of quadrupeds, a few are of birds,
including some obvious Flamingos, and others that may be
geese or ducks. In the New World, the ancient Mayas
of Central America had a highly developed civilization
when the white men arrived, and had reached a remarkable
degree of skill in drawing and in carving on wood or stone
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SOME RELATIONS WITH BIRDS

The Great Horned Owl as a motif in pre-Columbian designs by Central
* American Indians. 1 and 3, Mexican; 2, Mava of Yucatan; 4, stone
carving, Yucatan; 5, owl in flight, carved in wood, Yucatan
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the native creatures fahiliar t& th:lr‘t\-’:l‘jl'dﬂ}' life. Some
of the ﬁgun:s of the' Crtat HMdrned Owl are wonderfully
eyprassive and were used In 2 most decorative manner to
fill a panel or an irregularly skaped spacét  In their picture-
writing they used the conventionalized representations of
various birds as well as of other creatures. A very inter-
esting series of figures can be brought together from one

F ]
" FIC, 1

Conventionalized heads of the King Vulture showing the stages in redue-
tion from a natural head to the characteristic, a bill with square ,
wattle (Mexican)

of the manuscripts still preserved of these ancient people,
showing the stages in conventionalization of the head of a_
King Vulture from that of the full natweralistic figure with
the squarish wattle on the beak to a glyph in"which nothing
remains but the beak and the wattle to stand for the bird.
These two represent the irreducible residue, and constitute
what is known as the “characteristic” or essential symbol
whereby the identity of the bird is proclaimed.

The Egyptians of course had a highly developed hiere-
glyphic writing in which many of the characters are birds
familiar to them. The outline figures of these are made in
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a mnventiunnlized,’ and indetd a prbscribed style, :ﬂ,:t are

_ readily identified. Among thtm are séen the vulture, swal-

low, sparrow, sparrowhawk, pinfail duck, ibis—all familiag
and common speciek in the Nile delta to this day. The Ibis
was a sacred bird, and the Sparrowhawk was the sign for
the sun god, Horus (identified with the Greek Apollo).
The soul was signified by the figure of a long-legged bird,

FIG. 11

Pre-Columbian design combining Ocellated Turkey and King Vulwre
{ Yucatan Maya Indians)

]
possibly the Stone Plover or Thick-knee, a common species
of north Africin streams, active largely by night, and much
given to plaintive cries at that time, like a wandering spirit.
In the Egyptian alphabet, the Horned Owl was the equiva-
lent of the letter M, which though believed to be derived
from the conventional zigzag sign denoting water, seems
nevertheless suspiciously like the outline of an owl's ears.
Few of us realize the really enormous numbers of birds

i annually killed for food even in the United States. Some

]
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recent statistics on tfle subjcct ine ;Gri:mtil, Bryant, and
Storer's “Game Birds of 'L:aii'fu'rnia” (1918) are illuminat-
ipg. » In that State a decrease in numbers of ducks and geese
was noticeable fifty years ago, thoughithe degree of re-
duction rested mainly on thte general impressions of careful
observers; but statements of this sort are of relatively small
value, for they amount to little more than a comparison of
several unknown quantities. The writers mentioned, how-
ever, give the’actual numbers of ducks received by game-
transfer companies in San Francisco, from which it appears
that a single company in 190910 _handled over 20,000
geese; another in 1910—11 nearly 72,000 ducks; a third,
in the five seasons 1906—11, a total of over 357,0p0 ducks
of various species! Dr. J. C. Phillips records that, accord-
ing to information furnished him by the Game Commis-
sioner of California, between 800,000 and 1,000,000 ducks
are annually killed in that State, and even greater figures
are given for the yearly toll in Minnesota. Dr. Phillips
cvoncludes from a careful survey of the statistics available,
that in the United States alone, between six and ten million
ducks are killed every year, and thig is probably about half
of what it was before the more recent enactment of better
laws for the protection of these birds. We do not realize
how very greatly the face of our coungry is changing. In
many parts of the West, where once were® vast areds of
open land suitable for the breeding of these birds, there
are now irrigated farms, square miles in extent. Lakes
and sloughs have been drained, forests have been ruthlessly
cut down or as carelessly burned, and the entire aspect of
the country changed. At the present time the clearing agd
draining process is rapidly progressing in Florida and will
eventually greatly affect the existence of many of the larger *
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A WHITE S5TORK AND BROOD ON A GERMAN HOUSE-TOP
Auerbach, phot.

TRAINED CORMORANTS FISHING
From an old engraving bv De Bry
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birds there. In my own Eﬂl]cgr. daya, before the salr. of
game had been stopped, it was a CI}mm{m sight to see Prairie
Chickens hanging h}r dozens in our markets at Chrutmis
time. At the present day they have been so reduced in the
middle West, partly through fntensive cultivation, that I
have not been able to obtain a specimen needed for some
investigations.

Among peculiar and interesting uses to which birds are
put, it may be recalled that the Chinese and Japanese have
long employed tame Cormorants to catch fish for their mas-
ters. The birds are prevented from swallowing the results
of their fishing by having a strap placed about the throat,
and at intervals dive from the rowboat in pursuit and bring
back the fish in their gullet to the waiting Chinaman. An
old engraving by De Bry in 1590 depicts this, and I have
seen a moving picture of the same thing made within a few
years.

In former times the use of hawks in falconry was a com-
mon sport in the Old World. The Duck Hawk or Pers-
grine was a favorite, though several species were used, and
trained to pursue and kill game for their masters or mis-
tresses, for even the gentler sex found diversion in this

,art.  The literature of hawking is very extensive and there

grew up a code ard nomenclature all its own of words and
phrasea descriptive of its many aspects. An interesting
point brought out is the difference in method used by various
sorts of hawks; the falcons for example—open-country
birds—strike their prey to the ground by the force of a
terrific blow of the foot, while the wood-inhabiting species
25 Goshawk or Sharp-shin, grasp or “truss” the quarry and

 bear it to earth, an adaptation perhaps to the different

habitat of the two groups, for a wood-haunting species,
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if it atrul:k its prey, Hown, mlghti easal}r lose it in the
undergrowth.

, Thg use of homing or carrier pigeons seems to have been
known even in the days of Ndah. These are merely spe-
cially bred birds of the same wild stock as our common
street pigeon, and are trained to return to their home-loft
across long distances, But to this subject we will return
later (under Migration). The practical yalue of carrier
pigeons was detonstrated in the Great War, where they
proved of effective service in the sending of messages and
were much used by the French armpes.

It is but a step from the taming of young birds captured
wild to the domestication of a useful species. Yet jt must
be borne in mind that the number of species that can be
successfully domesticated is very limited, and even at the
present day we have really domesticated perhaps fewer than
ten. For though many birds will bear captivity well, even
breed under careful management, nevertheless the condi-
tions of life under domestication are so very upsetting to
all the normal functions of body and mind, that very few
creatures are able to thrive under them. Their natural food
is no longer obtainable, causing changes in their growth;
their natural exercise is reduced, weakening the general tone
of their systems; they are fattened, proteated from enemies,
and kept in unnatural surroundings without netd for wattch-
fulness against danger or keenness in searching for food.
Small wonder therefore that a bird so naturally alert and
sagacious as the goose should so lose its brain-power that
its very name becomes synonymous with idiot or numskull!
The most serious result under conditions of captivity is the
disturbance to the reproductive system, for there are very
few birds that can or will breed at all readily if confined,
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and it is only such birds as can matk and nest freely under
restraint that may really be talled domesticated.

At the risk of seeming trivial, it is worth mentioning the
few species that rhien have thus turned to their own use in
this way and succeeded in making part of their household.
Foremost in importance is our Barnyard Fowl. Domesti-
cated since very ancient times in eastern Asia, perhaps
Burma, it was a favorite with the Chinese in antiquity, and
according to tradition they received it front the west about
1400 B. ¢. The hen is mentioned in the older Sanskrit Ved-
das (poems). An ancient law forbade it as an article of
food in India on account of its usefulness in laying eggs,
which perhaps was what first gave it a domestic value.
Soon after the time of Alexander the Great, a figure of a
hen appears on the coin (drachm) of King Sophytes. It
plays an important part in the rites of Zoroastrians, the
crow of the cock scaring away evil spirits of the night. Its
earliest representation in Europe is found in Crete, and it
was pictured by the Greeks in works of art after the 6th
century B. €. It was probably brought into Europe as a re-
sult mainly of the Psrsian invasions. Aristophanes men-
tions it as the “Persian bird.” A dwarf race was known to
the Venetians, which was said by Aristotle to lay an egg
"daily. The Romans had a “hen oracle” at least as early as
32% B. c., and Lucilius mentions cockfights. Roman hen-
houses had ladders, roosts or sleeping porches, and nesting
boxes, and the Romans were particular that for breeding
purposes hen and cock should be of the same color, with
poorly developed breast, but powerful build and carriage,
wajestic tail, erect red comb, and above all, a very pugna-
cious temperament. Cockfighting was much in vogue with
the ancient Greeks, who even used iron spurs for the fight-

"
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ing birds. This form®of sport is ssill common with Latin
peoples. Im those days, white’hens were in disfavor in
breeding, on account of their more easily falling prey to
hawks; but for certain purpoles they were especially kept
and used, as in Egypt as an offering to Anubis (a white-and-
yellow hen). Pythagoras forbade his children to eat a
white hen, as it was sacred to Zeus. Elsewhere a white hen
was the appropriate sacrifice to the nymphs and to Aphro-
dite. In early*times, hens were used to hatch eggs of pea-
cocks and ducks, apparently first by the Egyptians. Black
hens were used as offerings to the Gndd:ss of Night, ac-
cording to Ovid.

Apparently the Jungle-fowl, Gallus sonnerati, of south-
ern India, is closely like the old representations and ac-
counts of domestic fowls. It is said to be sterile with the
Domestic Hen. Perhaps, too, Gallus bankiva (or better,
G. gallus, the older name), of northern India to Cochin
China is a wild prototype. This Jungle-fowl lays eight to
twelve eggs. It is strange that the Egyptian monuments do
not depict the Common Fowl, although a chick seemingly
of this species is used for the equivalent of our letter U
in the Egyptian alphabet, and often appears in their hiero-
glyphics.

The Common Duck was probably first domesticated in *
southern Europe. Bones in the Swiss lake-dwellings and in
the caverns of Europe are those of wild birds. They were
apparently but rarely kept as domestic creatures by the
Greeks and the Italians, and probably at first those in cap-
tivity were merely wild-caught birds being fattened. The
Romans made elaborate pens for the fattening of wilgd
ducks for the table, consisting of an enclosure with a 13-
foot wall, the top screened with wide-mesh netting to keep *
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the birds in and hawkssor eagles out’ therc was in the cen-
ter a dry place where plants ‘were set, and the whole must
be near a swamp or lake, with a canal for introductign qf
running water. Such a utimtraphmm as it was called, is
described in the villa of Seius. *The Germans are supposed
to have received domestic ducks from the Romans, and
they were apparently kept by the dwellers on Cyprus and
Rhodes associated, too, with the worship of Venus. In
Egypt ducks were used as offerings to the Stn God, Ra, to
whom the God of the Nile brings among other water-
products a bundle of ducks. The Egyptians hatched ducks’
eggs b}r setting them under hens. The common Domestic
Duck is, undoubtedly but a tame Mallard, and according
to Dr. J. C. Phillips (1923) it takes but a couple of gen-
erations to domesticate the bird almost completely, so read-
ily does it thrive under these artificial conditions.

But one other species of duck has been really domesti-
cated. This is the so-called Muscovy Duck, a native of
Central and South America. It is a large, dark-browa
bird with a white area at the bend of the wing, and with
curious pinkish excrescences or caruncles about the bill and
eye. It was apparently already domesticated by the native
Americans at the time of the discovery, for Columbus and

'his men found on their arrival in the West Indies that the

islanders had *ducks as large as geese” about their dwell-
ings. Oviedo, the early Spanish historian of the New
World, describes them. They were found in 1514 domesti-
cated among the Indians of Colombia and were exported
by the Spaniards from Peru to the Central American set-
tlements and to Europe. The early ornithologists, Belo-
nius, Gesner, and Caius, describe them as coming from the

" New World in the middle of the 16th century. The name
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Muscovy Duck is said %o be deriveds from the name of the
Muysca Indians of Nicaragwa’and later corrupted into
Muscovy. g

Our tame Geese are apparertly in all tBeir various breeds
descended from the common wild Gray-lag Goose of Eu-
rope, a species which until very recent years at least still
bred sparingly in the British Isles, and is the most southerly
breeding goose of Europe. It is not known when it was
first domesticated, but no doubt this dates from very early
times, perhaps the latter part of the Stone Age or in the
early Bronze Age when men began to dwell in settled com-
munities. At all events the Germans had geese when
Casar’s armies invaded central Europe, and in latgr days
the German geese were especially sought by the Romans.
Their chief value lay in their feathers, which were plucked
five times yearly (for feather beds came beforg furnaces)
and in their livers which formed one of the chief delicacies
of those days and one that now survives in the “foie gras”
of the epicure. The German geese were pure white, much
as are the Embden Geese, a breed of the present day.

We, in these times of fountain pens, seldom recollect
that our immediate ancestors used instead the long wing-
quills of geese. With occasional repointing by a sharp
knife, these did very well and it is said that Dickens wrote
an entire book with a single quill-pen. We still use the
word “penknife” for a small sharp blade, though no longer
is it employed for cutting quill points.

In the East, the Chinese Goose, a distinct species, is
domesticated.

The Turkey is the only bird of the New Waorld (except
the Muscovy Duck) that has been successfully added to the
category of domesticated animals. It first appears in print
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in the account of the Wiest Indies and Mexico published in
1527 by Oviedo, a Spaniard? who spent several years in
these newly discovered countries. The Mexican Tyrkey
had already been domesticated by the natives of that part
of America, and it was from them that the Spaniards ob-
tained it and brought it to Europe, where it was established
as early at least as 1530. It seems not to have been known
in England much before 15341. The name was also applied
mistakenly sometimes to the Guinea Fowl." The earliest
published figures of the Turkey were those by Belonius
and by Gesner, both, through a coincidence, in the same
year, 1555. From Eﬁrupe the bird was reintroduced into
America,by our Pilgrim forefathers, who likewise found a
related race wild here in New England in the earlier days.
Morton, in his “New English Canaan,” written in 1637,
tells of Turkeys “which divers times in great flocks have
sallied by our doores; and then a gunne being commonly
in a redinesse, salutes them with such a courtesie, as makes
them take a turne in the cooke roome."” There is some reas
son to suppose that the New England Turkeys were some-
times kept tame here, hut they were not truly domesticated.
The Mexican bird differs from ours in having whitish-
tipped feathers, and this distinguishing character the do-
mestic race persistently retains. The Wild Turkey in New
England was ndt wholly exterminated until about the middle
of the last century when a few still remained on Mt. Tom
in western Massachusetts and ranged the wild country of
that region. Gradually the flocks became broken up and
the birds ceased to breed. A few old gobblers remained
here and there and were cither finally hunted down and
killed or, if by reason of their great wariness they escaped
? being shot, they eventually disappeared from other causes.
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The Iat: William Brkwster relates "how a single old and
wary Turkey cock lived i in the’ Concord region about 125
years ago, the last of its race m these parts. Though many
hunters sought its life, it was never shot, but finally suc-
cumbed to other enemies dr died of old age. In England
Turkeys were early dedicated to the Christmas feast. [t
was natural therefore that our forefathers having the wild
Turkey here at their doors, regagded it as § proper bird for
their Thanksglving feasts. To this day the Vermont- or
Rhode Island-bred Turkey is famed for its excellent flesh.
It will not occur to many, however, that the English Spar-
row has any connection with the present scarcity and high
cost of our Thanksgiving dinner. This is neverthgless the
case, and is a point of great interest in its bearing on the
interrelations of diverse species. For it seems that young
Turkeys are highly susceptible to a disease of the intes-
tine called “blackhead,” which is due to the activity of a
microscopic ameaeba-like creature belonging to the same
group of one-celled beings as many other disease-organisms
—the Protozoa,—and to that group of Protozoa provided
with a whip-like appendage, by the lashing of which it
is able to move about. This minute organism passes one of
its stages in damp ground, and is carried and spread by th:
sparrow, which, however, is immune fram its attack. The
sparrows in visiting the barnyards for grhin infect “the
Turkeys' surroundings, so that in some localities the raising
of these birds for the table has had to be almost completely
abandoned. In this boomerang fashion do we reap our re-
ward for upsetting Nature's balance by bringing in new
and untried elements among creatures whose systems have
not become accustomed to cope with them.

To this brief list of domesticated birds may be added the ~
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Peacock, nriginnll}r.a native of peninshlar India and Ceylon,
and always used as a symbdl of pride” King Solomon im-
ported it first into Palestine, and it was known to, the
Greeks, more especially after the eastern conquests of
Alexander. In early times ity flesh was esteemed as a
delicacy, and in the days of chivalry one of the most solemn
oaths was taken "on the peacock,” served up garnished with
its own plumage.

The Ostrich of South and East Africa Has been partly
domesticated in more recent years, not only in its native
country but in California as well, where it is now success-
fully farmed for its décorative plumes. It makes a some-
what unattractive pet, however, for at times the cock birds
become rather belligerent, kicking out powerfully with a
downward sweep in front that might easily disembowel a
man. When the time comes to pluck their plumes, the
birds are driven into a narrow alley of boards, a long-
legged stocking is slipped over the head of each bird to
quiet it, and the plumes are clipped near the base. The
stumps of the quills are later pulled out when they have be-
come more mature. There is of course no truth in the
popular tradition that they thrust their heads in the sand
if frightened, in the belief that they are thus concealed
from their enemies,

The Guineahen, a native of Africa, was early brought
to Europe and seems to have been known to the Greeks and
Latins. It was carried to our own West Indies in the
days of the slave trade, and even now is found wild in
some of these islands, as in Haiti. A breed with partly
white wings has been developed, but otherwise it seems
to have changed little or none under the short period of
* domestication.

-
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The Pigeon is pérhaps to, bes added to the list of
domesticated hlnis, though ih common with the European
[Hoyse Sparrow it is perha]::—s to be classed with the so-called
“foveal” or fireside species ‘that thrive in human associa-
tion, like flies, dogs, mie, certain weeds, grass. It is
interesting that the number of such adaptable species is so
small, yet fortunate perhaps that it is no larger.

HISTORICAL

It would be interesting to trace the earlier history of
ornithology and to examine in detail some of the older
works by European authors. Some of these are peviewed
by Gurney (1922) in his recently published “Early Annals
of Ornithology.” In the Middle Ages a mass of fabulous
tales and interesting legends or bits of folklore were widely
current among the credulous; indeed, no small amount of
such beliefs survives among us to this day, and it should be
pour care to make a note of these things for the interest
of future students, for with our rapidly changing customs
much of this legendary and traditignal lore will presently
vanish. There are many such classical references that are
familiar to all, like that of the Swan's dying song, which
Socrates declared all good men should imitate, who, per-"
ceiving what gain there was in death, shotld die sinfing
with joy. The ancient belief that the Ostrich had the
power of digesting iron is referred to by Shakespeare in
Henry VI, where he makes Jack Cade declare, “I'll make
thee eat iron like an Ostrich, and swallow my sword like
a great pin.”"  The Ostrich in heraldry is often represented
with a horseshoe in its beak. T recall the surprise of an
English officer visiting an ostrich farm in Fast Africa,”*



IS8T

CH ORNITHOLDC

ARLY FREN

E

15, AN

OMIL

BEI



>

SOME RELATIONS WITH BIRDS 23 ?2*

But it was by such observant and thlnklng‘ men as the
younger Pliny and Sir Thontas Browne that sruth was

gradually demonstrated and natural history gradually,be-

came shorn of its degends and finally reached the more
secure basis which we find in the works of the eighteenth-
century naturalists.

The first book on birds that treats them from anything
like the modern point of vjew is that of William Turner,
an English clergyman and one-time Dean of'Wells Cathe-
dral, who, in 1544, published his History of Birds, partic-
ularly of those mentioned in the works of Pliny and
Aristotle. This was of course in Latin, but a modern re-
print and translation is available (Turner, 1903). In it
he gives brief descriptions of many of the European species
with short accounts of their habits partly quoted from these
classical authors and partly from his own observations.
He seems to have, had no knowledge of American species
at this date. Eleven years later, in 1555, appeared two
very important works on birds: the Ornithology of Belon-
ius, a Frenchman, and that of Conrad Gesner, a huge Latin
tome, largely a compilgtion from classical sources of all
available references to birds. Belonius's book was more of
an original piece of work, and included an account of the
anatomy of birds as well as pictures and descriptions with
something on v¢he habits of the species known to him.
Several later authors, as Aldrovandus, Johnstonus, were
largely compilers, though the former brought together
many bits of apparently original matter.

Collections.—At first there were no specimens for study,
only pictures and collections of portraits and descriptions,
sought by scholars from their correspondents.

* So William Turner, 1544, in the postscript to his “Avium

-
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Historia,” begs hls teaders tg send him drawings of any
birds they+ind that ‘are unknhwn to them.

, Gesner (1555) and Aldmvandus (1645) had large
natural-history collections, but apparently no birds among
them. The latter had a %great collection of drawings and
pictures, still preserved in the Bologna Academy and un-
published.

Willughby (1635-1672) and Ray (1628-1705), the
two greatest® ornithologists of the 17th century, were
Englishmen. Both were rarely able to have a “'dried” bird
for study and had apparently no ornithological collections
of their own. Their Jmnt work was issued in 1676,
“Ornithologiz libri III, in quibus aves omnes, hactenus
cognit® . . . accurate describuntur . . . iconibus elegan-
tissimis et vivarum avium simillimis aere incisis illustrantur”
—folio, London, 77 plates. Even up to the end of the
18th century many birds were described from unpub-
lished drawings.

« The voyages of exploration in the 1500's—1600's famil-
iarized people with many foreign species. Prepared skins
of birds must have been already ,brought from America
early in the 1500's, for Belonius in 1555 wrote that “those
who carry on traffic for merchandise in the new lands, lose
no chance to bring back curiosities which they claim to have
bought there; indeed, since they can not*bring back the
birds alive in their vessels, they dry them, in order to have
their skins, chiefly those of the most beautiful colors, among
which is the one here described, by which the mariners have
great profit, called the Merle de brésil.” This was a
bright-colored Brazilian Tanager (Rhamphocalus bragil-
ius) and is one of the first American birds to be described
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and figured by a Eurup'tan naturallst Belonius gives di-
rections to his readers for preserying bi rds by removing the
entrails, stuffing with salt and, hanging the bird up bys the,
legs to dry. He atlds that so preserved the specimen will
keep indefinitely unless destroyéd by worms—a fate un-
fortunately that overtook most of the birds in the early
collections.

About 1590, qne Ferrante Imperato, a rich apoth:cnry
of Naples, had a large natural-history cabinet (as it was
then called) which contained among other things some
birds described in Latin as, “Trochilus pusilla Volucris,
fulgida violaceis pennis"—perhaps a hummingbird; “avis
Diomede" (supposed to have been a Shearwater) ; “Hal-
cyones” (or Kinghishers, once used suspended as weather
vanes) ; “Apodes,” meaning either Swifts (the common
European species) or Birds of Paradise—trade skins no
doubt, obtained from the East Indies and called Apodes,
or without feet, because in preparing them, the feet were
cut off by the natives, which gave rise to the belief that the -
birds never came to earth but floated always in the air.
Finally this remarkabls collection contained a bird de-
scribed as picus marinus, a bird of shining red feathers
brought from America—perhaps a Scarlet Ibis.

A most important early collection was Tradescant's Mu-
seum in Englard. His son John was sent to Virginia in
1637—40 by King Charles I to “gather all rarities of flow-
ers, plants, and shells,”" and he brought back also a num-
ber of birds. This museum collection was left by the
younger Tradescant to Sir Elias Ashmole, who in 1669
gaye it to Oxford University on condition a building be
erected for it. The remnant of this collection is still at

r
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Oxford. It cnntmpcd among, otHer thlngs a Dodo from
Mauritius how long extingt; and a feather of the fabulous
LPheenix.

In the 18th century a goud maﬂ}r collections were
made in Europe, but the ‘birds, although somewhat better
prepared, almost universally fell prey to insects and have
not survived, with the exception of some half dozen birds in
the museum at Upsala, Sweden, and a few specimens in
the collection’ of Jean Fourcault (died 1775), who con-
ceived the idea of hermetically sealing the birds in glass
bottles. About a dozen of these specimens are still in ex-
istence at the Museum of the University of Parma and
after 150 years are, with the exception of those at Upsala
given in 1747, the oldest birds’ skins now extant.

The use of arsenic came in about 1740, and aided against
the ravages of insect pests.

Many other important collections were made in Europe
in the latter part of the eighteenth century and served as

* the basis for some of the great natural-history works of the
3 time—such as Seba's Cabinet so often quoted by Linnzus.

England led in natural-historys collections. The bird
collection of Sir Hans Sloane consisted at his death in 1753
of over 1100 specimens. It was then bought by the British
Government and formed the nucleus of the great British
Museum of Natural History, the most ithportant in the
world at the present time, for it contains, besides speci-
mens of a large part of the known species of birds, a great
many others of priceless value historically. To the British
Museum were sent many collections of birds made by the
earlier naturalists, among them specimens from John Bar-
tram of Pennsylvania, the collections of Mrs. Anna Black-
burn (chiefly North American birds), for whom our Black:

LR ]
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burman Warbler was n'arm:d Sir Jastph Banks and Sir
Ashton Lever made lmpurtant donations, but of these
nearly all were cntlr:ly dl:strp]r:d In this century, too,
the “Cabinet of the King" at Paris was a grﬂwmg collec-
tion, and contained many birds." It became in 1793 the
Musée d'Histoire Naturelle, the great Paris Museum,
where Cuvier, Milne-Edwards, the Genﬁm}rs, and other
eminent naturalisgs did splendid work in makmg known the
fauna of the earth.

In later days the national museums of England, France,
Germany, Sweden, and Russia have magnificent study
collections of birds, while the newer institutions of our
own country at Cambridge, Washington, New York,
Philadelphia, Chicago, and in California, have set excellent
standards in methods of preparation and storage of study
material. For the modern museum no longer places all
its specimens on exhibition, but instead a selection is made
for public show, and the real bulk of the collection is stored
in cases that protect the specimens from light, dust and
insects. Of large American bird collections that at the
Academy of Natural Sciences, in Philadelphia, is the oldest
and contains many specimens of historical interest, such
as the collection of Australian birds made by Gould and
llustrated by his folio work; other birds are among the
first brought back from our own West by the earlier expedi-
tions overland. The National Museum at Washington
had its inception through the Smithsonian Institution,
founded by the generosity of James Smithson, an English-
man, son of the Duke of Northumberland, who in 1826, for
lask of heirs, bequeathed to the United States the whole
of his property, amounting to about half a million dollars,
to found ‘“‘at Washington, under the name of the Smithso-

'y
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nian Institution, an .cstahliﬂhtpcnf for the increase and
diffusion of knowledge among men.” This amount did
pot Jbecome available till 1333 but it was not until 1850,
when Spencer F. Baird was appointed Assistant Secretary
of the Institution, that the*natural-history museum was well
established and under his guidance became, as it now
stands, one of the foremost in the world (see 5. F. Baird's
biography by W. H. Dall, 1915).

Among earf}r American collections, Audubnn himself had
several hundred skins, indifferently prepared and largely
unlabeled. Part of this collection, is now preserved at
Amherst College, and a few of the more important orig-
inal specimens were given by Audubon to Baird for the
National Museum. Mention should be made of the Old
Boston Museum, which among its various curios had a
number of mounted birds, originally a part of Peale's
Museum at Philadelphia. Many of these birds were un-
questionably the very ones that served Alexander Wilson
for his colored figures, and may be matched detail for detail
with his plates. Some of these are now preserved in the
Agassiz Museum at Cambridge. «

I have dwelt thus briefly on museums and collections,
for just as the record of observations in notebooks and,
literature forms the basis of historical ornithology, so the
collections of birds in the museums of the World form the
only proper basis for the exact study of the different species,
their plumages, variations, distribution, and many kindred
problems. In no other way is it possible to “take stock,”
so to speak, of the species of birds making up the bird
population of the world, for it is only by the actual compar-
ison of specimens side by side that we can properly discrim-,
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inate the different kinds' and the amol'il.'.tt of their variation
in color or structure. . 4l

The latest estimate of the, number of known different
kinds of birds in the world is very nearly 19,000, belonging
to about 2810 genera. If the reader will count up the
number of species he knows and subtract it from 19,000,
he will have some conception of the possibilities that lie
yet before him. . »

One of the first notable works on North American birds
is that of Mark Catesby, whose “Natural History of
Carolina, Florida and the Bahama Islands” included many
birds illustrated with well-executed folio plates, some in
colors, accompanied by brief descriptions. The first pub-
lished picture of the Heath-hen is found here. Cateshy
was an Englishman who traveled in America in 1710-19
and again in 1722—26. His two large volumes appeared in
1731 to 1743, and were the first really pretentious works
on North American zodlogy, for the eighteenth century
shows a dearth of ornithological literature concerning this
continent.

In 1794, however, there arrived at Newcastle, Dela-
ware, a Scotchman who was destined to become one of the
Sforemost ornithologists of his time, Alexander Wilson.
Born at Pais]c}: in 1766, he learned the weaver's trade, but
at twenty-one adopted the life of a pedlar. He had the
Scotch gift for song, and his first volume of poems was
published in 1790, though it met with a cool reception.
Two years later he published “Watty and Meg" anony-
mously, which, becoming attributed to Robert Burns, quick-
ly sold 100,000 copies! For having written a scathing
,satire upon a Paisley person, Wilson was thrown into

'R
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pnmn and a.fttrwa;d forced tq butn thl: libel with his own
hand at Plisley Cross. [t was upon his release from jail
t¢hat he came to this countyy and, tupning schoolmaster,
taught in several P:nnsylvama schools.! It was here, too,
that he made the acquaintance of William Bartram, the
botanist, who stimulated his already keen interest in birds.
In 1306 he was engaged to assist in editing Rees's Ameri-
can Cyclopedia, and shortly prepared the first volume of
his American Ornithology which appeared in 1808, follow-
ed by seven others illustrated from plates drawn by himself,
largely from mounted birds. His frail strength failed him
here, for he had much overtaxed himself in the labor of
preparing the text and plates for press. He died in 1813
at Philadelphia. His was the first real ornithology to be
published in this country; for it was more than a series of
plates with explanatory text, it treated largely of the habits
of the birds, illustrated and described them carefully, and
constituted a large original contribution to science.

North American ornithology may be said to have started
an independent career early in the last century. In those
days a remarkable group of scientific men was gathered at
Philadelphia and before its second decade had founded the
Academy of Natural Sciences and started the long series,
of volumes comprising its Journal and Proceedings. A-
mong these men was a young Englishman, Thomas Nuttall,
from whom the Nuttall Ornithological Club of Cambridge
takes its name. Born in Yorkshire in 1786 in humble
circumstances, he became a journeyman printer, and when
only twenty-two years of age came in 1808 to Philadelphia,
impelled partly by a love of natural sciences, partly perhaps
by a desire to improve his condition of life. Here he made,
the acquaintance of the botanist Professor B. S. Barton,
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and was fired with zeal to spend his life in the study of
plants. He made several journeys ifito the far West, then
an almost unknown region, passing through various Indian
tribes, making lakge botanical collections, and returning’to
Philadelphia to write up theé results of his researches.
He underwent many hardships and accomplished astonish-
ing journeys in his enthusiastic love of science. Such a
reputation did this devgtion and his writings on botany,
geology, and travel bring him, that in 1822 he was called
to Cambridge to fill the chair of Natural Science at Har-
vard. His occasional lectures allowed him time to devote
to his favorite studies. He was much of a recluse, yet
genial and entertaining when among his friends. He felt
the restraint of academic life and as an antidote set eagerly
to work at the suggestion of his friend, James Brown, to
write a “Manual of the Ornithology of the United States
and Canada.” This (published in 1832—34) was the first
of many handbooks on birds to be issued in this country.
His further travels again took him West. He crossed the
continent with J. K. Townsend in 1834, thence visited the
Hawaiian Islands and returned to Boston by sailing around
Cape Horn in 1835, but straightway went back to Philadel-
phia to continue his studies. In these years an uncle with-
out family of his own bequeathed him an estate called Nut-
grove near Liverpool, England, on condition that he reside
there at least nine months a year, which with some reluc-
tance he at length decided to do. He only once again
visited this country, and since he could not be absent for
more than three months in a year, he took the last three
months of 1847 and the first three of 1848, busying himself
again at Philadelphia for part of the time. His death in
1857 was partly due to overstraining himself in unpacking a

e
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heavy case of specimens. Many amuising tales are told of
him. On oge occasidn he wandered away from the cara-
van which he was accompan¥ing across the western country
and his party sent back some friendly Indians to search for
him. These presently found him, busied as usual in his
search for plants and minerals, but believing him a great
medicine-man, they feared to approach and kept at a re-
spectful distance. Nuttall, who 'ha:i the greatest horror
of Indians, shoetly discovered that he was being watched
and, exercising his utmost cunning, hiding in ravines and
behind every bush and tree, finally succeeded in escaping as
he thought and regained his party after three days without
food or sleep.

Philadelphia in the early part of the last century con-
tinued to be a chief center of scientific activity, numbering
among its notable men Prince Lucien Bonapartes who wrote
a four-volume supplement to Wilson's Ornithology; Titian
Peale, who accompanied Long's expedition to the Rocky
Mountains and later Wilkes's voyage of exploration to the
Antarctic Seas; Charles Rafinesque, the eccentric naturalist
and friend of Audubon, of whom it is related that during a
visit at the latter's house, after the household had retired
for the night, Audubon hearing a lively noise issuing from
his guest’s room, on going to inquire its cause, found Rafi-
nesque dashing wildly about the room holding in his hanrd
the battered remains of his host's favorite violin with which
he was endeavoring to strike down a bat that had entered,
and in which his eager eyes saw a species as yet unknown to
science! John Cassin was another of this remarkable com-
pany of men at Philadelphia. The wonderful collection of

birds at the Academy was under his charge. He was author

of the volume on birds in the great series of government
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reports on the cxpfnra‘tmns for a rail kay route to the Pacific
coast.

But the most romantic ﬁgurc in American Ornlthnlﬂg‘f is
John James Audubon, whose genius still burns in our midst.
Numerous biographies may be sconsulted for details of his
life, the most recent, that of Professor F. H. Herrick
(1917) in two volumes. His French parentage gave him
the fire and enthusiasm that carried him ahead through all
fortunes and made his writings at once vivid, intimate, and
sympathetic. Born in the West Indian island of Haiti, he
was educated in France, and early resolved to master the
art of painting in order that he might fulfil his ambition to
prepare a series of portraits of American birds. In France
he studied drawing under the great artist David, and re-
turned to this country in 1798, taking possession of a farm
owned by his father near Philadelphia, where he became
one of that galaxy of notable men of science in the early
part of the last century. Here in 1808 he married Lucy
Bakewell, the daughter of an English neighbor, and shortly
moved to Kentucky and later to Louisiana. Business was
little to his taste and for a time he found himself obliged to
paint portraits, teach dancing and fencing to eke out his
slender resources. Always he labored at his task of gather-

* ing notes and specimens for his great work, the Ornitho-

logical Biography, which appeared in five volumes, begin-
ning in 1833, and is really the text, of which the 400 and
more elephant-folio plates of his Birds of America form the
atlas. In 1842, after twelve years spent chiefly in travel
and exploration, he bought a home on the Hudson River
(now within the city limits of New York), where with his
two sons and their families he passed the remaining years.

* He was less of a trained scientific man than a keen and sym-
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pathetic observer with* love for outdoors and unbounded
delight in thg beauty ‘of birds anld their lively ways, an ap-
preciation which he was amply able to impart to his readers,
for té this day there has not dppeared inthe compass of a
single work so great a store of anecdotes, descriptions of
habits, and general observations on our own birds, well
told, as are found in the Ornithological Biography.
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CHAPTER 11 A

»
FEATHERS

Birps are distinguished from all other groups of animals
by the possession of feathers, just as mammals are dis-
tinguished by having a covering of hair, or’ at least traces
of it. The amphibians, that is frogs and salamanders, have
a smooth skin, more or less glandular, while reptiles have
their skin thrown into rather definite folds which mark off
scales, to be carefully distinguished from the scales of fishes,
each of which is a distinct structure, homologous with a
tooth, and can be stripped off, as all know who have
“scaled” a perch. Most birds have the feet devoid of
feathers, but the skin is thrown into folds of a definite form,
differing in different kinds of birds. Some birds, as the
owls, have the scales of the foot more or less completely
replaced by feathers, which indicates a certain community
of origin for both. A ,moment’s reflection will recall that
the only other animals having the skin fashioned into scales
are reptiles, as snakes and lizards. And this likeness is
"more than an accidental resemblance, for feathers and
scates, as we shall presently see, are probably comparable
in their nature. A recent writer (Bornstein, 1912) has in-
vestigated this matter, studying the origin of feathers in
connection with the scales of the foot. In the Ruffed
Grouse the toes are provided in winter with a curious fringe
of horny points which act as a support like snowshoes. In
our domestic pigeon some breeds have feathers growing out
*at the sides of the toes, and the same is true of certain
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breeds of fowl. Such 'fcathcr-gruwﬂis appear in connection
with the scales. A hﬁcruscupic’al study of the developing
fuut shows that the scale arises as a little projection of the
outer horny layer of skin, while the fdather starts from
adjacent layers a little deeptr, soon growing up to meet the
scale which itself sinks in slightly. When the structure is
nearly mature, it is seen that the feather is borne on the
outer part of the scale. The infgrence is not that feathers
are transformed scales, but that the feather is an outgrowth
of the same tissue and that both are parts of a single struc-
ture so that by suppression of the scaly portion, the feather
is left. This development of feathers from scales was per-
haps one of the first ways in which birds diverged from
true reptiles in the very early history of their evolution.
And at once the possession of a feathery covering gave
them an immense advantage and became a potent factor in
their subsequent remarkable development. For the first
result of a downy covering (for such was the probable
nature of the early feathers) was to prevent the escape of
animal heat from the body. For fishes and frogs, for
example, take their temperature fropn the medium in which
they live, so that if the water becomes cold they have no
recourse but to become equally chilled, and their activities
are consequently reduced. In like manner reptiles, with
their skin exposed to the air, take their body temperature
more or less nearly from it. The result is that their
geographic range is limited to the warmer regions of the
globe, and as they approach the temperate areas, they are
cither wholly absent or the few species that occur are
obliged to suspend activity during the colder months.
Birds, however, with their fcathcr}r covering interposed be-
tween themselves and the outer air, are protected as by a *
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sort of double-window,’for, the air held in by the feathers
is so non-conductive of heat that the warmth of* the body is
not so readily lost. This ‘iauhle -window effect cam bg
somewhat increased by puffing out the feathers by the action
of certain skin muscles and thus’making a deeper layer for
retaining the air, as we see Chickadees or other birds doing
in zero weather. The occasionally disastrous result of
wetting such fufiy plumagc as the Chickadee's was
:xcmpllﬁed a few years ago in our region, when a long-day’s
drizzle in midwinter was ended by a sudden change to in-
tense cold. The busy little birds could hardly have escaped
somewhat of a wetting and the suddenness of the freeze
must have chilled many of them fatally, for they disap-
peared henceforth from this neighborhood almost utterly.
Flocks that had haunted the street and garden trees at
Cambridge all winter, coming daily to food-shelves, were
seen no more, nor were their places filled in the two winters
following. Apparently the regular wintering Chickadees
of the neighborhood had been almost entirely wiped out.

It is easily seen that the development of feathers, giving
the ability to maintain,and retain bodily warmth greater
than the surrounding air, permits birds to range farther
north or south toward the colder areas of the earth and

‘thereby greatly enlarges the domain they may occupy.

Moteover, instéad of hibernating like our northern reptiles,
they are able to remain active all winter, even in arctic
latitudes, so long as sufficient food is available to maintain
the body. This retention of heat increases the body tem-
perature, and implies an increase as well of the creature’s
activity, so that birds in addition to being the warmest-
blooded animals are at the same time the quickest and most

active. Their temperature normally is from 100° Fahren-
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heit to 110°, that of r.nummn!s pot usually exceeding 98° F.
The recent*work of Wetmpre (1921) has shown that those
birds generally considered ghe less highly organized, as
grebes, herons, pelicans, have a distinctly lower temperature
than the more highly organized species, such as pigeons,
woodpeckers, sparrows. There is also a marked day-time
range of temperature in small birds, which may be 6° or 7°
warmer in rnin:!da}r: while in owls, which are most active by
night, the reverse is true.

It is assumed that the first form of plumage developed by
the ancient types of birds was down, because young birds
still go through a downy plumage as a first stage, and down
is the simplest form of feather. What the second plumage
to be developed, could have been like it is not easy to guess.
In some of the more primitive birds whose descendants are
still living, we may perhaps find some indication of this
former prevalent type of plumage. In the Emu the body
feathers are found to be double! For near the base of the
web there grows a second web with shaft, barbs, and bar-
bules, as long as the other. This second part is called the
aftershaft and is found usually insa reduced or shortened
condition in the feathers of many widely different birds.
Thus some ducks have it but other ducks do not; it is as lon
as the main shaft in the Emu but absent in the South Amer-
ican Rhea or Ostrich. It is well developéd in the Casso-
wary and in Grouse. In its origin, it appears on the under
side of the developing feather opposite the main shaft. It
is supposed (1) that this is an ancient type of feather, (2)
that many primitive birds may have had these double
plumes, and (3) that the simple type of feather is derived
from it by a gradual disappearance of the aftershaft.

In a bird such as the Robin or Crow in which there are



SPINE-TIPPED TAIL-FEATHERS OF CHIMNEY SWIFT
Courtesy of Charles Macnamara

BODY-FEATHERS OF (a) CRANE, (b) crOUsE, (c) FOWL SHOWING
AFTERSHAFT (in front of the paper strip)
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no ubv:ﬂusly peculiar feathers, the wmb]t part of the plum-
age is seen to consist of the smaller feathersscovering the
bud}r and limbs and the ]argc:r feathers constituting the
wings and tail. “These are called “contour feathers,” as
they give the bird its general’ outline. For convenience,
names have been given to various groups of these feathers.
Thus the long flight feathers of the terminal joint or hand
of the wing arg primaries, those of the second joint or part
corresponding to our forearm are the secdndaries and are
differently shaped, less stiff, and with more rounded ends.
The few at the end of the humerus or elbow are the terti-
aries. Each of these larger feathers is accompanied by a
shorter one above and below, called a covert and there
are several rows of these, distinguished as greater, middle,
and lesser coverts. The long feathers of the tail are called
rectrices from the Latin meaning steering feathers, in con-
trast to the long feathers of the wing called remiges or row-
ing feathers. Just as each of the long feathers of the wing
has a medium-sized feather or major covert growing at its
base, so each of the large feathers of the tail has typically a
major covert at the base. This no doubt was the primitive
arrangement in the older types of birds, but Dr. H. L.
Clark (1918) has recently shown that there are some inter-
esting deviations from it. For although in loons, penguins,
cormorants, ‘terns, and small gulls, nearly all waders,
hawks, pigeons, swifts, and others, the number of major
coverts is the same as that of the tail-feathers, there are
some birds in which they are more in number, and the added
ones are usually at the outer edge of the tail, as if the latter

Jhad been reduced in the number of its rectrices, while the cov-

erts corresponding had remained. This is the case in owls,
some gulls, ducks, geese, and swans. The opposite condition
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in which coverts are fu:rrr than the tail-feathers is found in
some of thc-grnuse and pheasants, and is typical of the
Passeges—that is the small lapd-blrds. as finches, flycatch-
ers, orioles, warblers, thrushes. In these the rule is six tail-
feathers on each side, but *the outermost has no covert,
either because it is displaced inward, or wanting altogether.

In the wing of most water-birds and some others,
there is a curious discrepancy in the rule that there is one
greater covert fo each of the secondaries. For in very
many birds it is found that on counting the larger coverts,
arranged one at the base of each secopdary, when the fifth
is reached, there stands the covert in its place but no second-
ary feather corresponding to it. So noticeable is this pe-
culiar gap that its presence has received a technical name,
diastataxis, or arrangement with a gap, while the condition
in which the fifth covert does have a corresponding flight
feather is called ewtaxis or typical arrangement. (There
are other Latin names for the same thing—but one is
enough.) This curious gap is found in loons, petrels, cor-
morants, herons, most pigeons, hawks, ducks, and others.
It is not found in fowls, tinamous, auckoos, woodpeckers,
and other so-called perching birds. Several theories have
been advanced to account for this condition. It is notice-
able that there is no intermediate stage, the fifth secondary
is either present or not, and since it occurs in so’many groups
of species that are only distantly related, it is taken to be a
primitive trait once common to all birds. Of the many
theories to account for this space the most ingenious is per-
haps that of Mitchell, who suggests that in the primitive

bird the rows of feathers on the hand as it was folded back ,

against the forearm, ran lengthwise along the fingers, while
those of the forearm ran diagonally across it as we now see
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them. At the bend of the wrist, tl::rcfnn:, an adjustment
between these two sets of directions became necessary and
was cffected by setting the feathers in such a way that they
formed the points of a tnangle. a method often seen where,
as in the zebra, two sets of ‘stripes running at different
angles to the mid-line meet. If the tip of the triangle were
the fourth secondary, the two coverts forming the points of
its base would afford the,extra one. In the later evolution
of the hand with the shifting of the quills of the three digits
and the wrist back on to the forearm, the place where this
triangle comes is sti]l represented in certain birds by the
blank space of adjustment. In most of the small land-birds
a still further adjustment and condensation of the wing
feathers has obliterated the interval, so that the so-called
eutaxic condition resulting is a derived one, not the original
one. The most recent investigator of this matter is Steiner
(1916). He finds that the crosswise rows of feathers on
the forearm are composed of a certain number of feathers
each, the outermost of which is enlarged to form the sec-
ondary, while the others form the coverts. In birds having
the gap, the first fives crosswise rows consist of one more
feather than the remaining ones, which he interprets as
meaning that the rows from the elbow out to the sixth have
shifted outward, so that in these the outermost feather of
each row has'become pushed around to the under side of the
wing and forms the lower major covert, while the second
feather of each cross-row is enlarged to form the second-
ary; whereas in the five terminal rows there is no such shov-
ing over of the outermost feather, for in these rows it forms
,the true secondary. What appears to be the solitary cov-

_ ert standing in the gap is therefore really a small secondary,

which is so crowded as not to have completely developed.
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There are many curious modifigatibns of the tail feathers
that would be interesting to trace. At one extreme are
certaip thrush- and wren- Jdike bjrds that spend much of their
lives on the ground, in thickets and undergmwth seldom
flying any distance (Pitta, etc.). In these the tail has so
degenerated as to be a mere tuft of little stumpy feathers.
On the other hand it is much developed in some species, as
the Scissor-tailed Flycatcher, the Barn Swallow, certain
Terns, and the "Frigate-bird. In these latter species it is
the outermost tail-feather that is longest, and it is possible
that it is advantageous to the bird in giving greater leverage
for making the quick changes of direction necessary in catch-
ing their actively moving prey, just as a long steering oar is
used by the steersman of a whaleboat to mancuver the
craft with the greatest speed and least loss of movement.
The tail feathers of woodpeckers have the middle pairs
specially stiffened and pointed to act as a brace against the
trunk when the bird is at work; while in the Chimney Swift
all the tail feathers have stiffened tips devoid of web, for
use as a support in the same way. Many other interesting
and remarkable forms of the tail feashers and their coverts
could be described. In some cases it seems fairly obvious
that the long feathers of tail or tail-coverts are developed ,
solely for ornamental purposes in display, as in the Pea-
cock, which opens out its gorgeous fan of enormously
lengthened coverts. But in the Turkey, whose fan in this
case is the tail itself, there is an interesting contrast to be
made. For in this bird the tail has not become so over-
developed that it cannot serve as a perfectly good steering
device in flight, while at the same time it serves also thes
other function of a banner in display. The balancing of
two or more separate functions in a single organ is not al-
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ways easy, for there i$ often a tr.ndcnqr for one to become
the chief function at the expense of the other. » An interest-
ing case is seen I!" several of the African Wcav:r-ﬁpthcs
In one small species (Slegauurﬂ} two of the upper tail-
coverts are immensely enlargetl and grow out with their
webs vertically placed. In these latitudes there is usually
more or less breeze during the day and the birds find it con-
venient to perch facing the wind on the topmost twig of
some thorn tree, looking like so many little weathercocks,
for the long flattened feathers do not manage well in wind.
In a still worse predicament is the so-called Black Wydah,
a common bird in East Africa. The females are trig little
creatures, reminding one somewhat of a female Bobolink
in their brown and black streakings. The males, however,
are of about the size and appearance of a Red-winged
Blackbird, except that the tail feathers are very long, over
a foot, and curl downward at the tips. These seem purely
ornamental and are used in a peculiar form of display which
was well described by the late Colonel Roosevelt. The
birds prepare little dancing floors some two feet across in
a grassy place, cutting, off the grass blades and laying them
on the floor. A single cock bird alights in this ring, and
presently with wings spread, head thrown back, and tail
drooping, hops up to a height of about two feet and drops
back again, showing off the plumage to fine effect. When
it comes to flying off, however, troubles arise. 1 once saw
a small flock of females and a single male fly off together,
but though the former soon dashed out of sight, the gor-
geous male, with his long plumes undulating behind him like
,a kite-tail, was quickly left in the rear, and was so nearly
upset by the strong following breeze that he shortly came
" about and dropped to the ground.
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Perﬁaps the longest }:athers uf any bird are the two cen-
tral pairs ofstail-feathers of the 'Reeves's Pheasant, a spe-
cu:n of the wooded and steep mountain va]lc:,ru. of central
western China. This beautiful bird is exceedingly wary,
keeping closely in cover of*the pine and oak forests and
azalea thickets of its mountain home. In flight it is like a
meteor, with nearly double the speed of a Common Pheas-
ant. Those who have observed jt say that its extraordi-
nary tail is brought into use during flight when it wishes to
make a sharp change of direction. At such times the bird
throws the tail up nearly vertically, turning its cxpandcd
surface and that of the wings sharply against the air, which
causes the bird to drop at nearly right angles to its course
into some thick tree-top. This “Westinghouse brake,” as
it has been termed, is therefore after all of value to the bird
in the steep valleys of its home in allowing it to turn sud-
denly back into the jungle.

Among our familiar species, the simple elongation of the
feathers at the back of the head is perhaps the commonest
change from normal. Thus in the Blue Jay or the Pileated
Woodpecker there is a simple crest. , In some of the owls
the crest is developed as two tufts, one at each side of the
head, the so-called horns of the Screech Owl, Long-eared
Owl, or other species. It is interesting to find similar
horns in one of the Whippoorwill-like birds, a*group whose
relationship to the owls is undoubtedly close. On the other
hand, these tufts are present in a bird so far removed as the
Horned Lark.

While the coverts that cover in shingle-fashion the bases
of the long feathers are usually short, there are some very,
remarkable exceptions. Thus the wonderful fan of the
Peacock is not, as some suppose, the tail of the bird, but the ~
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upper tail-coverts, extradrdinarily cnla‘rg:d till they far ex-
ceed the tail itself. There may be peculiar dﬂr:lnpm:nts
of the primaries as well. Thus there is a certain Afri-
can mghthawk (the Pennant-wmgi:d Night-jar) in which
the ninth primary, after forming a short web, develops a
very long slender shaft, so that as the bird flies the two
ends, one on each side, flap along behind, giving the
impression when first seen jn the dusk of a large bird flying
past pursued by two big moths. It may be’that these are
of value in the mating antics of the bird, but it seems, too,
that they may be less of a disadvantage than would at first
appear, for two fairly good marksmen found these birds ex-
ceedingly difficult to hit with a shotgun, and discovered that
the flapping tags on the ends of the long shafts gave an ap-
parent expanse to the moving target so that they constantly
were aiming too far behind the bird itself. It is possible
that these appendages would have a similar disconcerting
effect on a pursuing owl.

In addition to the contour feathers, giving the general
shape to the bird, there are found in many species, on part-
ing this outer covering, a more or less abundant layer of
small fluffy feathers or “"down,” similar to the down which
_to a greater or less degree forms the first covering of young
"birds. There is a very interesting relation between these
two sorts of felithers: for not only does the downy plumage
precede the more advanced stage of contour plumage but
the downy feathers of the young bird develop in the same
way as do the downy feathers of the old bird. In other
words, down, whether found in young or adult bird, is to
he looked upon as a primitive kind of feather, and we may
suppose that the adult plumage of the ancient ancestors of
our present-day birds was chicfly of down. The broader

¥
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and stiffer feathers :w.-rr: prnb;hl}"devcinped later in the
history of ¢heir race, for in the individual bird they are
Elrcchcd by down feathers gxcept where these have in cer-
tain species become suppressed .

Prerylosis—From the éxternal appearance of a bird one
might easily suppose that the feathers grew equally from
all parts of the body. But except in a very few of the liv-
ing species, including Ostriches gnd their gelatives, as well
as Penguins ard the South American Screamers, this is far
from being the case. Instead, it is found on plucking a bird
that the feathers occur in certain definite feather-tracts (or
pteryle) between which are areas of bare skin (termed
apteria). The feathering of a bird (that is the distribu-
tion of feathers on its body) is spoken of as pterylosis. It
would seem reasonable to suppose that the ancestors of our
birds had their plumage evenly distributed over the body
just as scales of reptiles are. This would be more likely
the case if feathers are small, e. g., in Penguins. With the
increase in size of the feather and the consequent increase
in the space it covers, it becomes possible to reduce the num-
ber. Hence it is that we find them in most birds of the
present day confined to these feather-tracts or preryle.
There is much variation in the extent and shape of these
tracts in different groups of birds, even among those that
in other important characters are undoubtedly closely re-
lated. The fact is that birds as a group have so much of
their structural peculiarities in common that it is difficult to
pick out any single trait which may not be similarly devel-
oped in birds otherwise now distantly related.

But in general there are four chief feather-tracts usually
present, namely :

(1) The spinal tract which covers the head, most of the



R T —y

FEATHER TRACTS OF A NESTLING ROBIN

1. Alar or wing tract; 2, humeral tract; 3. head tract; 4 dorsal or spinal
tract; 5, ventral tract (in two bands); 6, femoral tract; 7, leg tract;
8 caudal or tail tract.

After Dwight
QUILLS OF A PIGEON'S WING SHOWING [at ill THE GAF IN THE
SECONDARIES (diastalaxis)
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back, and an area along thesmiddle of the back to the base
of the tail. Sometimes this tract is interrupted by a
featherless space djviding the back into fore and aft apeas,
or instead there may be an abrypt transition on the back
from larger to smaller feathers. Sometimes this tract is
divided lengthwise in the middle.

(2) The wentral or breast tract, which feathers each
side of the breas%, and leaves a wider or narrower area bare
in the middle. At the sides of the neck this tract is some-
times continuous with the spinal tract and is often forked
at the front end. .

(3) The humeral or upper-arm tract, which is always
present as a band of prominent feathers on the upper sur-
face of the upper arm and at nearly right angles to its
length.

(4) The femoral or thigh tract which is a very similar
band crossing the upper side of the thigh.

In addition to these four main tracts the wings and
shanks are more or less fully feathered, and various birds
show small modifications.

Feather structure.~1f we examine a contour feather, we
find it to consist of a central tapering axis, the shaft (rha-
,chis), the lower part of which is hollow and transparent,
with a little hole at the end into which projects the germ
whence successive feathers later develop. The upper part
of the shaft has a somewhat square cross-section and is
filled with pithy substance, while growing out from each
side is the main web or vane of the feather. The web of
the feather is easily pulled dpart, and is seen to consist of
aslong row of barbs (or rami), one row on either side of
the shaft. Each barb under a microscope looks like a small
feather and has a row of barbules (or radii) on either side
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currespnndmg to thc barbs. » These barbules therefore
spread out®on each side qf the barb parallel to the main
shakt of the feather, and are seen to overlap. The set of
barbules on the side toward the tip of the feather overlaps
neighboring barbules, and certain small hook-like processes
(hamuli) on the under side fit into similar hooks on the
upper side of the neighboring set, so holding the entire web
together. In downy feathers she little hooks are lacking

FIG. III

Cross-sections of feather-barbs (B) to show interlocking of barbules (&4,
&p.) by means of the hamuli (2)
After Wray

and this is true also of many plume-like feathers as those of
the Ostrich or the Egret, so that the barbs are not held
together and the feather fluffs out.* There are many ways
in which this structure may be modified to produce peculiar
feathers. Thus the hair-like feathers which we singe off,
from a chicken before cooking are reduced feathers which
in their course of development have lost the web and now
consist merely of the slender shaft. They are called filo-
plumes or thread-feathers, and in some birds project beyond
the contour feathers. The hair-like bristles in some birds
are of this nature. In the Birds of Paradise the long wire-
like feathers seen in the tail of certain species are merely
the elongated middle tail-feathers from which the entirg
web has disappeared. In our American Motmots (birds
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of the tropics, distantly related to ngﬁshers} the adults
have a space devoid of web for,an inch or mdre near the
end of the two middle tail-feathers, so that there.is g
racquet-shaped piece forming the tip of the feather. The
curious thing is that in immature "birds the feather is entire,
and gradually loses the particular part of the web that
comes an inch or more below the tip, leaving a stem as it
were. It has ewen been said that the bird actually prunes
off the barbs of this portion with its beak, but the real ex-
planation seems to be that in this region they are somewhat
brittle and break off during the operation of preening the
feathers. Racquet-shaped feathers are found in some
other birds, among them a rare kind of Parrot.

Before leaving the subject of down, it will be interesting
to mention the peculiar patches of these feathers called
“powder-downs,” that occur in certain birds, such as herons,
bitterns, hawks, and in the Wood Swallows of India. This
type of down-feather is somewhat oily and of a peculiarly
friable nature, easily breaking up into a sort of powder.
Though such feathers may be scattered through the plum-
age and so easily overlooked, in the herons and other birds
just mentioned they form definite matted patches: one in
,the middle of the breast and one on each side of the lower
"back. Wetmore (1920) discovered that in young herons
these patches are used by the birds in lubricating their plum-
age. The bill is run through the patches and then the
large feathers passed through the mandibles and the entire
plumage rubbed over. In the immature stages the oil
gland of the tail is too small and undeveloped to be of use
far oiling the plumage, so that the function of the powder-
fdown patches is to take its place in the early life of the
bird. Wetmore suggests that the oil gland may even have
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ungmatcd from a pztl:h of these pccullar feathers, the
many minufe oil ducts of which may have combined to form
this single large gland. .

The developing feather in its earlier stageu appears as a
minute pimple-like structure, which on microscopic examina-
tion is found to consist of a thin horny cylinder (or follicle)
enclosing the growing tip of the feather. The future
feather-barbs are arranged in a circle about, the central pulp
which sinks into the skin and forms a projection into the
base of the feather to supply it with blood during growth.
The first barbs of the nestling grow, out in a little circular
clump and being without hooks to hold their minute bar-
bules together, fluff out as down by the breaking away of
the enclosing sheath. They have but a very short tube-like
base. When the adult feather starts to grow, the same
papilla becomes again active, and the next feather is really
a continuation of the down, for this is carried out on the
tip of the new feather, and is finally rubbed off. As the
growing part of the feather reaches its full size it “'sets” or
becomes horny and is henceforth cut off from the circulation
of the blood, and is really dead, just as the ends of our
finger nails may be said to be dead, and no changes in color
or form due to growth can henceforth take place in the
feather. At certain times of year the living pulp at the
base of the feather becomes again active and a new feather
is formed following the moult of the old. The more re-
cent investigations seem to favor the view that a new papilla
is formed with each moult rather than that the same grow-
ing point again becomes active.

The moulting (ecdysis) of birds is often a much mose
complex process than might at first be supposed. For not
only do different species differ in the number and time of
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moults, but there may Be individual differences due to vari-
ous factors, as age, sex, condition, and so on. ' Very valu-
able studies of this matter could be made by following thg
process in birds that have been individualized by “banding,”
and caught for examination at frequent intervals. Careful
notes made at these times should, however, be checked by
the examination of preserved specimens, for it will invari-
ably occur that additional points will come out that were not
at first noticed. The reference collection is almost indis-
pensable in any serious work of this sort. Studies of caged
birds, though interestipg, are of relatively less value since
captivity tends to reduce the active functions of the bird so
that the moulting process is seriously interfered with and is
likely to be quite different from that occurring in the natural
state. American ornithologists have been foremost in the
study of plumage-change in birds. The works of Stone
(1899), Chapman, and Dwight (1900) may be especially
consulted. While an extensive treatment of the subject
cannot be given here, the following general facts are im-
portant.

(1) All our smallersland-birds when adult undergo at
least an annual moult, at the close of the breeding season,
whereby the entire plumage is renewed. In this way the
"“fall or winter” dress is assumed. Stone considers this
moult a “physidlogical necessity,” later moults less so.

(2) In many birds there is a spring moult whereby a
fresh breeding dress is donned. But this is commonly only
a partial change, for some of the feathers of the previous
year are retained. As interesting variations of the process,
sqme species having a well-marked spring moult in their first
and second years, may later discontinue it after the full
adult plumage is acquired. The male Scarlet Tanager in
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its first winter plumage is olive, with brown wings and tail.
In the folldwing spring it moults to the familiar red and
black except that the brown, primaries ran-'.i secondaries of
the wing are retained, and do not come 1n as black feathers
till the second summer. Occasionally individual birds of a
species may continue to moult every spring, while others of
the same species do not, after reaching the adult plumage.
Such species may perhaps be in astransitiongl stage of evolu-
tion whereby the number of moults is in process of reduc-
tion (an apparent advantage), but the habit is not yet firmly
established in the race.

(3) As a rule the large feathers of the wing, so im-
portant in the life of flying birds, are moulted less often
than any other part of the plumage, and the relative order
in which these flight feathers are shed, is generally constant
among related groups of birds.

It is obvious that the number of difierent-looking plum-
ages that a bird may have, depends on the number of moults
required to reach the final or adult stage. And these dif-
ferent steps may be looked upon as representing in a way
some of the stages passed through by the species in its evo-
lutionary history. Thus our common Robin in its first
plumage is speckle-breasted, recalling the condition found in b
the young of many other thrush-like birds, and one still
retained in the adult Wood Thrush, for exfmple; whereas
the adult Robin may be thought of as having evolved be-
yond this stage and entered upon another stage in which
the breast is wholly red.

The loss of a feather seems to act as a stimulus to the
growth of another. Thus it is that in Germany five cropgs
of feathers used to be plucked in old times from the tame
geese in the course of a year.
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Dwight has suggested special nam:s for the successive
plumages of birds: The first of all is called the (1) natal
down, in which the young biad develops dnwny feathers
only. This plumnge is most useful and attains its fullest
expression in the young of certain birds that leave the nest
very shortly after hatching, such as loons, ducks, sandpipers,
the hen and grouse tribe, all of which have a thick covering
of down, so familiar in the chicks and ducklings that fll
shop-windows at Easter time. In many of these birds the
down is a highly specialized dress, simulating very closely
the broken background so that the young bird can hide in-
stantly in almost any natural situation. In other birds that
spend a longer time in nests, the downy plumage is not so
well developed, and is represented often by a mere tuft on
the head or back, for in these birds it is important that they
develop quickly and attain their flight feathers so as to fol-
low their parents in migration or to shift for themselves.
At all events they skip this stage as rapidly as possible.
Indeed, it is absent in woodpeckers and hummingbirds, and
many others no doubt will altogether suppress it in subse-
quent ages of progressive evolution. In the Australian
Brush Turkey, it is said, the stage is pass:d through before
hatchmg, so that the downy plumage is not found in the
]roung except in the egg. This process of thrusting stages
in development farther and farther back into the earlier
course of life is called acceleration, and often finally results
in the individual skipping the particular stage altogether.

The second covering of feathers is called (2) the first or
juvenal plumage, and consists of contour feathers, which
cjrry out on their tips the down of the preceding plumage.
The wlng- and tail-feathers attained by the young bird at
this time are of much the same character as those of adult
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birds but the body f:ath:rs arg I|..'|5||.iailjlr more fluffy. This
plumage is tarried for a varying time, three or four months
in same birds, but in others is very soon replaced by

(3) the first winter plumage, in whiclr all the feathers are
of the same texture as those of adults. In many birds this
plumage is acquired by a complete moult, as in the Horned
Lark, Red-winged Blackbird, Grackles, Tree Swallow, and
the woodpeckers. In most ofsour smaller species, how-
ever, the tail-feathers, larger wing-feathers and their cov-
erts are not new feathers but are retained from the preced-
ing or juvenal plumage. It is in this first winter plumage
that the birds migrate from our latitudes. In early spring,
probably in correlation with the renewed activity of the
sexual organs, there occurs in most birds another moult,
more or less nearly complete, whereby the bird in its first
spring attains its fourth or first nuptial plumage. Some-
times, as in the Bobolink, the entire plumage is renewed, but
in most small birds, the wing- and tail-feathers are held
over from the previous plumage. In some, only a very few
of the throat- or head-feathers are renewed at this moult.
It appears that those birds thatediffer markedly in the
appearance of the spring and fall dress, undergo the most
extensive change at this moult, while those which differ little |
in plumage the year round have a less-marked moult. An
interesting case is that of the Bobolink and the Snow Bunt-
ings whose fresh spring plumage is not that familiar to us.
In these birds the tips of the new spring feathers are very
brittle and of less intense color than the rest of the feather.
They very soon break off and the result is the contrasting
black and white livery of the breeding plumage. The fine
black throat of the common House Sparrow likewise results
from the breaking off of the feather tips of this part.
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The young bird of the previous y:ar has now reached
adult life, and it is probable that nearly all the smaller
species may breed when a year old, with the attainment of
their first nuptial plumage. In some birds, as our Rose-
breasted Grosbeak, the most beautiful f:athcrmg is not
reached until another spring or two, after successive sum-
mer and spring moults. It is a question, too, whether some
individuals of cgrtain species ever acquire the perfected
dress, but remain all their lives in a less brilliant condition.
This supposition is strengthened, for example, by the fact
of the relatively small, proportion of bright crimson male
Pine Grosbeaks in the flocks that reach us here in winter.
Data on birds of known age might throw much light on
matters of this sort, and the problem is one that can best be
studied by aid of banded birds.

To sum up this matter of moults and plumages the fol-
lowing table shows their sequence :

Name of Name of
Plumage Moult
(1) Natal down Yost by (1) post-natal moult

"o (2) post-juvenal moult

(3) first pre-nuptial moult
{4) first annual or post-nuptial
moult

{(2) Juvenal plumage
b, 3) First winter plumage
(4) First nuptial plumage

1y L1

(bird a year old)
(5) Adult or second winter plum- (5) adult or second pre-nuptial
age moult
(6) Adult or second nuptial (6) second post-nuptial moult
. plumage
(bird two years old )
etc.
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It shuuld be undcrsmﬂd thatswhile these are the general
series of plumages, differgnt species show great variation
wi the degree of completeness of all but the post-nuptial
moult. That is, the entirg plumage is always renewed after
the breeding season by the annual complete moult, but the
pre-nuptial moult is likely to be incomplete, so that the
breeding dress may be compounded of parts of two genera-
tions of feathers. Of the many interesting variations in
time and amount of moults, there is no opportunity to treat
in detail. Among the ducks, however, we find that in the
annual post-nuptial moult, that is, after the birds have bred,
all the long wing-feathers are shed at once in some species,
so that for a time the birds are incapable of flight and usu-
ally retire to dense swamps or extensive marshes until the
new feathers are grown. Many male ducks at this time
develop a new plumage which very closely resembles the
body plumage of the female, so that it is given the name
“eclipse” plumage. It is not retained till spring in most
species but instead the body feathers are shed in about two
months, so that by autumn the bird is once more in its
familiar bright plumage which goes through till the next
breeding season is over. This is a hastening of the pre-
nuptial moult, so that it comes in late summer or autumn
instead of in spring, and while it has been called a tutelar
or protective plumage, because it resembles fhe duller plum-
age of the female, it may be that nevertheless there is some
other cause for it than protective value. It is perhaps cor-
related with the early mating of many species of ducks, or
perhaps it is a plumage on its way to complete suppression
so that in the course of evolution the duration of the
original winter plumage will be so shortened that it will
disappear altogether and the plumage that once was as-
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sumed only in spring, will ipstead be attained at the annual
post-nuptial moult and be worn till the next ‘post-nuptial
moult in the following year; that is, we may see here a stagg
on the evolutionary road toward losing all plumages but the
one a year after the nestling stages are by. In fact this is
exactly the condition found in some of the most highly or-
ganized birds, as even the common House Sparrow, which
moults but once,a year. This is only one of the many in-
teresting problems connected with the subject of moult.



CHAPTER III
BIRDS' COLORS AND THEIR USES

THERE used to be a conundrum: What makes a leop-
ard spotted? The answer is: *His spotss But if we in-
quire what makes the bright or dull colors of birds and
why their plumage is thus marked, the answer is not so
simple. .

We have seen that in the growing feather the develop-
ing barbules attain their form and coloring matter, after
which they go through a process of hardening, the walls of
their minute cells become horny and the living contents of
the cells seem to dry up, so that the mature feather is in a
way a dead structure, like our finger nails. The coloring
of the feather cannot thereafter be changed by the bringing
in of new or different coloring matter, for there is no
mechanism for this. The only way in which the appear-
ance of the plumage can be changed is through wear, which
may break off the minute tips of the barbs or barbules, ex-
posing other coloring that already existed but was hidden
by them. -

Pigments—The beautiful colors of birds' feathers are
due chiefly to two factors: first, the pigment produced in-
side the structure of the forming feather, and second, the
structure of the feather itself; that is, the light reflected
from the surface of a feather may produce an effect of color
different from that of the coloring matter in the feather it-
self. To illustrate this latter case, take the deep-blue
feather of an Indigo-bird, place it under the microscope

58
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with a drop of oil to'submerge the feather surfaces, and
on looking at it by light transmitted from below, the layer
of pigment granules inside the 'feather structure is seen to
be brown. In the dry feather, of course, the color appeats
blue because the layer of brofvn pigment is not directly
visible but the peculiar structure of the feather intervenes
producing minute reflecting surfaces by means of a layer
of cells above those contajning the pigment.

FIG. IV

Cross-section of barb from blue feather of (1) Ant Thrush, Pitta, and (2)

a Cotinga (greatly magnified), showing a layer of reflecting cells over-

lying pigmented cells

After R. M. Strong
A very recent writer (Gérnitz, 1923) has given an ac-
count of the ordinary pigments of birds that seems fairly
simple. These are of two sorts: (1) melanins (meaning
blacks) and (2) lipochromes, meaning oily or fatty colors.
The melanins are present in the feather as minute granules
and are soluble in concentrated acids. They are of two
sorts: (a) ewmelanin, which is black or blackish brown,
and soluble with difficulty (in pigeons these grains are un-
usually large). This sort of pigment if combined with
other coloring has a tendency to appear at the outer end
©f the feather. (b) The second sort of melanin is called
, pheomelanin, and varies from reddish brown to dull yel-
low, or may even be almost colorless. This sort of pig-
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ment ‘when regularly 'distrihutc in*rows of granules pro-
duces somes of the delicate reddish colors. These two
kinds of melanin granules’are chcmltally similar and the
latter may even be the same as the former, only greatly
oxidized. y

The lipochromes are not like the melanin granules, but
are like colored oils. They are soluble in ether or in al-
cohol, and again are of two chief sorts: (a) zodxanthin (or
animal yellow) of pure yellow color; and {b) zoderythrin
(or animal red) of pure red color.

When the black eumelanin is alone present in the ordi-
nary feather, the bird is black, but if the amount is small
the color is less intense and becomes blackish-brown, as in
the young Red-shouldered Hawk. The phzomelanin or
brown pigment granules give the reddish-brown and yellow-
brown colors, which are intense or pale according to the
relative amount. Most colors, however, are the result of
combinations of one or more of the melanins, lipochromes,
and feather structure. Thus:

I. Pigment combinations may bg (a) of both sorts of
melanin, which gives bluish gray like the back of
a titmouse if concentrated, or olive brown if
dilute; (b) both sorts of lipochromes present to-
gether giving orange (like the crest of the King-
let); (c¢) the combination of eumelanin and
zooxanthin is frequent and gives yellowish olive-
green if concentrated, brownish olive-green if
dilute. Thus by the gradual disappearance of the
zooxanthin (lipochrome) in a desert race of the
Kinglet (Regulus) the bird becomes a paler gmy-
ish-green on the back. .
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II. Pigment + structural form of the feather when com-
bined give gray or yellowish-browns and blues with
the melanin; green is produced by the combination
of structdre, melanin and zodxanthin. The strue-
tural modification ofteh consists of a deep layer
of unpigmented cells over those carrying the pig-
ment and serves as a sort of reflecting surface.

Iridescent colors as in the neck feathers of pigeons are
found to result from the dark pigment granules near the
feather-tips being spherical instead of the usual rod-like
form. Light striking these spherical granules is broken up
and the effect called “Newton's rings" is produced, with
rainbow tints.

There is another remarkable and unique sort of pigment
which is found only in the three genera of Plantain-caters
or Turacos, a group of African birds, tree-frequenters, re-
lated to the cuckoos, the commoner species of which are a
beautiful deep green, with slightly crested heads, and with
the secondaries of the wings a dark-crimson color. The
discovery of this pigment was accidentally made by M.
Jules Verreaux in 1818, in South Africa. At the time of
the torrential rains he noticed that these birds left the
tree-tops and sought refuge in the dense lower branches.
One bird which he had seized by the wing escaped, and
great was his surprise to find that the inside of his hand
was colored a blood red. Some days later he repeated
the experiment with three more birds caught in a soaked
condition, and found that he could rub the red pigment
oft from the feathers, reducing them to a pale rose hue.
Verreaux believed that when the feathers were dry the red

' pigment was renewed but this is doubted by Sir Arthur
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Chur¢h (1913), who 'ha.s late!y summed up our knowledge
on the subject. It appears that this red coloring matter
is camly‘ dissolved in soft '[but not hard) water, or water
#nd soap. Tame birds kcpt by an Enghshman ‘washed
themselves nearly white" ih the water given them to drink.
Sir Arthur Church dissolved out some of this coloring by
use of distilled water or weak ammonia and found that
by neutralizing with weak hydrm:hlunc acid the crimson
pigment, which is called turacin (frum Tiraco the native
name ), was precipitated out in gelatinous clots which, when
collected and dried, form a deep red mass, with a surface
luster of purplish. It is insoluble in‘alcohol, ether, benzol,
and other usual solvents of oils. If heated to the boiling
temperature of mercury to drive off any oil, and then
roasted, there is finally left a black ash, amounting to
about %0 of the original weight, which is found to be oxide
of copper, about 75 of which is pure metallic copper, and
causes a greenish flame when turacin is burned. Traces
of copper are found in other animals and in plants, but
no other birds are known that owe their color to it, though
it was mistakenly reported that turacin was found also in
a Philippine cuckoo of a different family.

Gornitz and Rensch (1924) have lately shown that
most violet color is structural. In some cases, however, it
may be the result of actual violet pigment They have
succeeded in isolating such pigments in the Cotingas and in
the Green Pigeons, and have named that of the former
cotingin, that of the latter ptilopin after the Latin names
of these birds.

A pure white feather is one devoid of the pigment
granules in its structure. The many minute cells whose
walls, in honeycomb fashion, build up the structure, reflect®
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light from their various syrfaces so that the feather ap-
pears white since most of the light falling upon it is not
absorbed. For it ls the absorpfion of certain of the rays
of the light-spectrum by pigment that gives the color té
an object. We see only those rhys that are reflected back
to us. If all the rays are reflected, the object looks white;
if the reds, yellows, and greens are absorbed and the blue
only is reflected, the object is blue to our eye, and so on;
while if all the Ilght is absorbed, the object looks black.

We may now inquire, Of what use are color and pattern
to birds? Time was when men believed the purpose was
to delight human eyes, for were not all things created for
man’s use? Yet, even so, it seems unreasonable to have
ignored so completely the bird's point of view. The sub-
ject is a large one, full of controversial possibilities, yet of-
fering fullest opportunity for careful field observation by
discriminating eyes.

In a general way birds may be said to reflect in their
plumage certain tones of their surroundings. Thus, many
sea birds are black and white, as eiders, guillemots, auks;
or bluish and white, as, adult gulls and terns, whose color
environment is of r:]atwel}r simple lights and shades, sky
and sea. Birds living in sunlit foliage tend to be yellow or

* yellowish-green with black markings, such as many of the

warblers, goldfinches, orioles, and certain weaver-finches;
thicket dwellers are dull brown, as Song and White-throated
Sparrows, Winter Wrens, certain thrushes. Other birds
seem boldly to defy such generalizations, so that it is dif-
ficult to interpret the value of their coloring in their life-
history. The whole matter is one to be studied carefully.
" The subject of concealing colors has been experimentally

'studied by the late Abbott H. Thayer (G. H. Thayer,
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1909), and his work has been spméwhat further elaborated
by certain *English nnturnlis:s In his remarkable book
scttmb forth his experimegts and observations, Thayer
takes as his main thesis that all coloration in the animal
kingdom is for the purpose of concealing its wearer. But
we have seen that a single organ may serve more than one
purpose, so we may expect to find that some colors are
for other purposes than merely concealment.

We distinguish a bird or an object from its background
either (1) because it offers a contrast in coloring or
(2) because it stands out in relief through the effect of
solidity produced by shading. It must be said that a bird
standing motionless is likely to be effectually concealed
against a considerable variety of backgrounds in contrast
to the ease with which the same bird is visible when in mo-
tion. The concealment of the motionless bird is the more
effective if its coloring reproduces the background against
which it is seen. A simple case is that of the Nighthawk
squatting motionless among leaves, dead sticks, and li-
chened stones. The plumage seems almost a continuation
of the background. This class of goloration may be called
“mimetic”'; the bird mimics its surroundings, and so long
as it is still, it passes easily as a portion of them. There
are many different degrees in the closeness of mimicry.”
The Nighthawks have developed this metholl nearly to per-
fection, and it well suits their ground-nesting habits. In
the case of such birds as Quail and Ruffed Grouse the gen-
eral tone and broken nature of the background are imitated,
rather than its minute detail. There is a slightly mimetic
effect even in the case of such birds as Starling and Bronzed
Grackle which are often difficult to detect if they stan-:!



CONCEALING COLORATION IN A

BROODING WHIPPOORWILL

Courtesy of Dr. Arthur A. Allen, phot. ~
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quietly among black branchgs, for they look like something
they are not, namely, parts of branches. .

But while the Nighthawk is eﬁcctual]y concealed by hls
mimetic plumage, we must recall that his legs are very
short, he squats closely on the ‘ground, and his plumage
is in actual continuity with his surroundings. What of the
longer-legged bird that does not squat? An additional
difficulty comes ip here, for,however little the bird's body be
elevated above the surface, it casts a shadow, and that
is equivalent to standing out in relief or being visible to a
sharp eye. The pringiple called by Thayer obliterative
shading, and first brought to the notice of naturalists by
him, now comes into play. I recall the famous artist’s
demonstration of his discovery at a meeting of the Ameri-
can Ornithologists' Union in Cambridge many years ago.
He showed us three potatoes spitted on a wire and sup-
ported a few inches above ground. At a distance of about
twenty feet the middle potato was nearly invisible, though
the two others stood out by reason of the darker shading
of the under side. After sufficiently mystifying his au-
dience, he stepped forward and by a turn of the spit in-
verted the potatoes, when to our surprise we saw that the
middle one’s lower side had been painted white, thus coun-
terbalancing the effect of its dark shadow. As Dr. El-
liott Coues with characteristic ingenuity remarked, it had
been “standing in its own light.”" This in brief is the prin-
ciple of countershading, the effect of which is to destroy
the appearance of relief by counteracting the dark shadow
of the lower side so that the object does not stand out from
its background in strong relief. It is a widespread method
of effective concealment and is taken advantage of by a
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great variety of species. Thus it is that birds with white
bellies and dark backs are so hard to see when they remain
still, against an approprigte backgrpund. Sandpipers,
grouse, many sparrows and a host of birds that feed much
on the ground are commonly colored in this way (if one
may speak of white areas as colored). I think it was Dr.
Coues also who remarked, in speaking of this style of col-
oration, that a pale lower surfage is. not ngcessarily for the
purpose of giving concealment, for he said, a watermelon
is similarly colored! The truth probably is that very many
birds have developed their counterghading in response to
the principle that absence of light produces a smaller de-
mand for pigment, so that by the elimination of individuals
that were more conspicuous because they stood out in
greater relief, those that were less conspicuous survived to
reproduce their kind, and so gradually an exquisite ad-
justment was reached.

Another interesting color effect is pointed out by Thayer
in birds such as Song or Savanna Sparrows, or many shore-
birds such as Snipe, Pectoral or Least Sandpipers. This
is the perspective effect of fine streaks or spots which are
coarser on the lower part of breast and throat or on the
sides than they are on the back, neck, and head. As one
looks at a bird from a little distance against a flat horizon, ~
the coarser markings on the lower areas of *the bird chime
in with the foreground of the scene, while the finer top-
markings correspond to the apparently smaller details of
the more distant portion, an effect probably at once more
obvious to an artist than to one unused to considering ob-
jects in perspective. In Thayer's own words, this style
of top-markings in animals already obliteratively shaded,
is a representation of patterns beyond the animal, allow”
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¥
ing it to appear either as a, flat plane (that is, without re-
lief) or as merged into the scenes behind it.

Additional examples of the, reproduction of background
patterns in the plumage are readily brought to mind. "Thé
grass-patterns of alternate dark’and light stripes simulat-
ing high light and shadows of narrow lengthwise blades are
beautifully illustrated by many swamp-living birds, Snipe,
Woodcock, Swamp Sparrqws, Sharp-tailed Finches. The
striped neck of the Bittern is a familiar example, and many
have probably seen the wary bird stand motionless after
alighting among tall grasses, the pattern of its outstretched
neck closely simulating the light and shade of the stems.

With an artist's authority Thayer describes the varie-
gated type of plumage with its abundance of contrasting
markings as a sort of background picturing, comparing the
details of a swimming Wood Duck to a picture made up of
the various elements of its surroundings—thus the alterna-
ting light and dark wavy lines on the flanks simulate wave-
lets like those at the side of the swimming bird; the orange
patch about the eye tones with a bit of a waterlily flower
beyond; white streaks,in the plumage pass as glints of
light, and other finer markings tone with other elements
of the background. 5o with a variegated bird such as
the Chestnut-sided Warbler, the yellow crown simulates a
sun fleck on 4 leaf, the black eye-line a dark twig, other
dark marks are shadows, the chestnut side is reddish bark.
Amidst its natural settings the bird is concealed by having
a detail of coloration like that of its average haunts. All
this is doubtless true,—indeed, is demonstrable,—but is
only one aspect of the matter. Among treeliving war-
,blers a very great variety of color patterns seems to be
" found, made up of these same color elements in different
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combinations. The Cape Mgy, "Prairie, Pine-creeping,
Blackburnian, Black-throated Green, and Parula Warblers
all have yellow and green, light and dark markings, some
with chestnut tints added, and, for aught we can see, ap-
pear to get on equally well. At distances of ordinary vi-
sion they all would tone equally with their surroundings
among leafy twigs. In other words, there are many com-
binations of these prevailing tings that would produce the
same obliterative effect at a distance of, say, fifty feet or so.
There must therefore be an additional significance in the
fact that these same color elements are differently arranged
in different species. This, I think, indicates a two-fold as-
pect of such color patterns, namely, that they have (1) an
obliterating effect at middle distances, and (2) an individu-
alizing value at close range. A familiar example is the
zebra, which at one hundred yards looks as gray-bodied
as a donkey, but at a few feet distant shows a handsome
pattern of stripes in a contrasting arrangement that pleases
at least human eyes. May it not be with many groups of
birds having similar color elements in their plumage, that
at distances of ordinary danger they are alike concealed
more or less effectually by being part of their background,
while at other times the differing elements of their mosaic
pattern are useful to the different species for display at
close range or for help in identifying mates) or for other
purposes ?

Still another type of coloration is that producing so-called
“ruptive’’ patterns, which, while the bird is still, serve to cut
the body into unidentifiable pieces so that it passes un-
noticed though in full view. These markings are there,
fore bold and contrasting. A Semipalmated Plover with
its black band across a snowy breast disappears from view
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wonderfully when standing among pebbles with their
rounded contours and alternate light and shade: It is this
principle that was widely used n.lurmg the Great War to
reduce the wslblhty of warships by breaking up their
familiar outline into contrasting and irregular pieces of
unfamiliar shape. An interesting detail is that of con-
cealing the eye in birds. This bright shiny-black circle
might often be conspicuoys and serve as a tell-tale mark
were it not concealed or masked by a black patch covering
more or less of the side of the head. It does not follow,
however, that all birds so marked have need for this
protection or indeed that they are very much more con-
cealed with or without a dark eye-patch. It is here that
observation of the living animal in its natural haunts is ab-
solutely essential to a correct estimate of the part played
by coloring as a useful adjunct to the bird's equipment. It
is perfectly possible that in many cases the coloring is quite
unessential for protection. Thus one does not readily per-
ceive that a bird like the Turkey Vulture has necessity for
concealment from enemies. In a great majority of cases
we know very little of the actual enemies of birds, how they
escape from them or how often their protective devices are
unsuccessful. It must be borne in mind, too, that man,

"and especially the white man, is a comparatively recent

factor for wholesale destruction, so that none of the de-
vices named are primarily meant for combating his pur-
suit.

Thayer frequently emphasizes the point that certain col-
orings may be of use only occasionally or at particular
grises, and at such times serve their purpose, just as a cat
carries its claws sheathed except when in the act of seizing.

There are many other ways in which color may be use-



. l I.
70 BIRDS AND THEIR ATFRIBUTES

l. * While a bird in more or léss rapid motion cannot
cscapc being seen by watchful enemies, it is possible that
even at such times a pursuer may be balked by color devices.
Take a tennis ball, says Thayer, and mark it so that it is
checkered black and white, and you will be surprised to see
how much more difficult it is to hit. So a male Bobo-
link with his variegated livery of black, white, and buff may
be harder to catch than if he were all blapck. And who-
ever saw one caught by a hawk? Possibly the white marks
on wings and tail so commonly seen produce a similar ef-
fect in a moving bird. The same apthor believes that the
dark-and-light barring of a Sharp-shinned Hawk's wing
makes the final dash of this bird less conspicuous, for the
color pattern fits in well with the alternate light and shade
of twigs in the forest. In this case, therefore, the aggres-
sor would be partly concealed by its pattern, just as its
prey, so that the rule works both ways. These may seem
minute matters that would make after all very little dif-
ference in an actual chase in full view, and I personally
believe that this is often true. Yet the more we see the
actual pursuit and capture or eseape, the more it does
seem that at the critical moment the least thing may turn
the scale in favor of the quarry. As a single instance, I
chanced once to see a Sharp-shinned Hawk in close pursuit
of a Hairy Woodpecker, both birds dashing across a
Cambridge street. As they passed a few yards from me,
with the hawk hardly a wing-beat behind, the woodpecker,
as if realizing its peril, uttered a single loud and peculiar
ery of seeming despair, gamely dashing on for the nearest
tree all the time. At the instant, the hawk, as if sur
prised by the sudden outburst, perhaps even associating it,
with my presence as it went by, slackened speed for the frac-
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tion of a second. That ‘wasenough, however. The wood-
pecker gained a good yard and was safe behiad the tree
trunk in a twinkling. For at, sich moments the fraction

of a second is a relatively long.time; and once the first’

dash fails, a hawk seldom pursues farther. A shrike does,
however, but that is another matter. This little incident
goes to show the difference between life and death that
some momentary diversiop may make, such as a sudden
noise, or some unexpected action that puts an adversary at
a psychological disadvantage for even an instant.

Among lizards a type of defense is found which I im-
agine may have a counterpart in birds. If you have ever
tried to catch a lizard in your hand, you will know that the
usual result is that he is too quick, and you are lucky if you
manage to scize his tail. No doubt other enemies often do
the same. But the resourceful creature has one or more
weak places near the root of the tail where, by a quick turn,
he can snap the bone and the tail becomes detached in-
stantly. While this member remains wriggling in your
fingers to create a diversion, the rest of the lizard runs off,
and in time grows a new, though usually less handsome tail.
I recall a ground lizard in Haiti that when approached
would walk slowly away curling its bright orange tail con-
" spicuously, as if offering a bait in case of sudden pursuit.
Now in the cade of a bird pursued by an enemy, the tail is
apt to be the nearest part, and if conspicuous might be seized
by the pursuer, and pulled out, allowing the bird to escape.
This perhaps accounts for some of the prematurely tail-less
individuals one sometimes sees. Again, a sudden opening
and shutting of a black-and-white tail might have a mo-
mentary startling effect, and make the minute difference
between life and death. Such may be the case with so
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many birds that have conspicpous white feathers in the
tail, as Juncos, Vesper Sparrnws. and others. It is equally
probable that such a use is'likely to be altogether incidental
and that such markings are really present from some very
different cause. Yet oné can imagine how they might
prove of advantage. The sudden contrast made by the
flashing of white markings may often be helpful in dazzling
or confusing a pursuer. We haye often had the cxptrlcnfc
of startling a Nighthawk or a Whlppnarwdl by day in the
woods, and being astonished at its instantaneous disappear-
ance when the conspicuous white pgtches on wings or tail
were hidden as the bird alighted.

Withal we must still bear in mind that such devices,
while perhaps in slight degree helpful, are not in their na-
ture concealing. For in most cases a moving object really
is conspicuous. Thayer has suggested, however, that mo-
tion may be masked by color pattern so as to be deceptive.
The most familiar instance I can think of is that of our
common striped snakes. If you have ever tried to catch
one by stepping on it as it slipped off through the grass, you
will realize that the matter is less simple than appears.
The lengthwise stripes, so conspicuous on its back, run in
the same direction as the snake's motion, so that when only
part of the snake is seen it seems to be going much more
slowly than is actually the case; for to thd eye the same
view of the snake is presented until the tip of the tail comes
in sight, though meanwhile the head end may be already a
foot away. It is possible that lengthwise striping among
grass-living birds has a similar effect and that their motions
on the ground amid proper surroundings are less conspicy:
ous for this reason. An opposite effect would be produced
by cross-striping, such as is so commonly seen in the tails of
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many species of pheasants. These birds are thicket-
haunters. A rapidly moving tail of this pattern-would give
to the eye the impression of a, faster motion than rcnlity,'
on account of the rapid succession.of light and dark bars or
if fast enough, a blurr would result. Imagine the seven-
foot tail-feathers of Reeves's Pheasant running through the
jungle before a watching wild-cat. The motion of the
tail would be so, conspicuops that the cat might easily be
confused as to the rate of speed, if not as to the actual
whereabouts of the bird's body. Moreover, it is interest-
ing to see that in pheasgnts both these types of coloring are
combined, the body often longitudinally streaked, the tail
cross-barred. Some day we may know more about the true
meaning of these things, but they afford suggestions to be
kept in mind as we observe birds in their natural haunts.
A single device may be put to several distinct uses, and per-
haps only rarely or accidentally chance to be of value in
helping an escape. Yet this one chance may mean the dif-
ference between life and death, for after all the most
minute things count.

Yet the real or, bettes, chief function of many conspicu-
ous markings as well as of bright coloration in general may
perhaps be in display. For in a great many birds the male
is colored differently from the female and more bril-
liantly, and go€s through display antics before his intended
mate at the beginning of the breeding period and after
mating. At these times ornamental feathers or tufts are
erected or handsome plumage spread to best advantage be-
fore the female, and it is but natural to suppose that she is
in some way affected by this, and that her choice of a mate
may in part be governed by the effectiveness of the show.
The tufts of white feathers of the Bittern, which usually
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are concealed under the wing, aré at the breeding season
flashed in wiew during the bird's display. The amorous
street pigeon, strutting béfgre his mate, turns around and
*around with lowered head, allowing the play of light to
bring out the iridescence of his neck-feathers. In many
species the male is not notably different from the female at
any season, as in the Savanna Sparrow, Vesper Sparrow,
Chickadees, and thrushes, though even in_ these there may
be slight minor differences of tone or local color. In the
first autumnal or juvemal plumage there is commonly very
little difference between the two sexes; but in some species
the next moult brings a different dress to male and female.
Thus the Chestnut-sided Warbler in its juvenal plumage of
the first summer is greenish above, with whitish wing-bars,
and usually white below in both sexes. The following
moult brings the beautiful chestnut sides, yellow crown, and
minor markings, in which the male is brighter than the fe-
male. In the Black-throated Blue Warbler the process is
hastened, and carried farther. For the male with his black
throat and blue-gray back does not pass through a stage
in which he resembles the female dn her olive-green livery
with buffy breast. This stage seems to have been skipped
entirely. Why this difference? If the more brilliant |
plumage is for display before the female, and is thus not
useful until the breeding stage of the first spring, why
should the Black-throated Blue Warbler attain it while
still in the childhood stage of the hirst summer? Why has
the stage resembling the female's been dropped out? It
does not answer the question to call this a case of accel-
erated evolution: but it may be an illustration of what
Loomis has called “‘momentum" in evolution; that is, oncg
a start is made along a certain line of development it may
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continue in response to unknpwn forces, quite regardless of
its need. The classic case of this is found in ansextinct line
of nautiluses, which in earlier. periods were curled, spail-
like; then later the terminal coil .grew straight away, and’
finally in a still later period curled around so that it grew
against the erect portion. This seemed to be unfavorable
—a kind of species-suicide—and the race died out. The
Black-throated Blue's case may remind us to be wary in sup-
posing that the difference of color between the two sexes
is a result of the male's propensity for display of his plum-
age before the female, and her choice of the more brilliant
males. But this is no doubt one of the factors, and is called
by Darwin (its first exponent) the principle of sexual selec-
tion. It seems more or less evident at first glance that
this has been a prime cause for these sexual differences of
color, but it may prove to be only a guiding influence on
certain growth tendencies which find a sort of inevitable ex-
pression in the chemical and physical processes of the body
and of whose causes we are still very ignorant.

A remarkable reversal of the principle that the male is
the brighter-colored, issseen in the familiar case of the
phalaropes, and in less familiar ones of certain of the
,snipes, in which the male is the duller plumaged. In these
birds it is the male that is courted by the female, and he it
is who undertakes the duties of incubation, showing that
birds have anticipated by many thousands of years a con-
dition supposed to be found among certain of the more
progressive of our own kind—an illustration perhaps of
“parallel evolution”! This reversed relation of the sexes
in courtship, wherein the female seems to do the active
love-making, is taken to indicate that her bright piumage
has been developed in response to sexual selection; that is,
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the brightest and most beautifyl females would be selected
as mates by the males. This certainly appears to be a rea-
songble inference, but mn}' wot be the gntire explanation.

Nor does it seem that. the duller color of the female is
altogether a device to render her less conspicuous while in-
cubating; for, although this result often does obtain, it is
frequently the case that the brighter-colored male assists
in this duty. Thus it is not gare to see the brilliantly
marked male Rose-breasted Grosbeak sharing the incuba-
tion of the eggs, and Colonel Roosevelt has described the
like habit of the male Ostrich. Yet it does not appear that
the male bird is at a disadvantage. Indeed, the latter au-
thor remarks on the difficulty of seeing the male Ostrich as
it sat close on the eggs, despite its usually conspicuous black
and white plumes. From these and many other like cases,
it is not dificult to infer that among certain species this
habit of the male in sharing the incubation might become
more and more developed, and result in his performing the
entire hatching, quite apart from the process of mate selec-
ion through display. It would be interesting to watch indi-
vidual birds, of species in which this habit is partially de-
veloped, to determine exactly what share the male does
take in the process, and to see whether or not different in-
dividuals or different species do not show varmb!c dcgrccs
of paternal assistance. This can be done accurately by the
study of birds individualized by banding.

Finally, we must not lose sight of the possibility that the
brighter or more conspicuous coloring of the male may spell
protection and survival for his duller-colored mate and her
brood, simply because his very conspicuousness makes him
more often the object of pursuit by bird enemies. This ig
exemplified in almost any collection of bird skins in which
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it will usually be found that the bright-plumaged males are
far in excess of the duller fcmalcs and young, showing per-
haps the greater t-?nspmuﬂusncsa of the males. One can
easily imagine that a Sharp-uhmmd Hawk passing over a’
nesting colony of Bobolinks or Red-winged Blackbirds
would find his attention much more readily drawn to the
brighter males than to the females, so that a more con-
spicuous plumage of the male would really serve as a pro-
tection to the other members of the colony. Such an al-
truistic relation may seem unusual, but it is really not, for
we know how readily parent birds risk life in defence of
their nests or in solicitude for their young.

This very brief discussion will serve to give a slight in-
dication of the really complex nature of the causes and uses
of birds' colors, and may serve to suggest a few of the many
possibilities that may underlie them. There is a very great
opportunity here for close and careful observation of the
habits of birds in a free state, with a view to shedding light
on these problems. But the observer, in interpreting what
he sees, must ever be on his guard lest he lose sight of
alternative explanations,,and especially lest he be too ready
to interpret the motives of birds' actions in terms of human
feelings and emotions. Pythagoras held that “Man is the

"measure of all things,” but a well-known biologist has
warned us tha? Man is likely to mislead himself when he
puts his own meaning into Nature.



CHAPTER IV
BILLS, FEET, WINGS, AND BONES

A BIRD's beak serves it for knife, fork, and spoon, as
well as for hammer and chisel in many species. Its chief
use is in connection with procuring food, so that we find,
among birds as a whole, an extreme variety of shapes of
bills, adapted for gathering various kinds of food. The
simplest form is perhaps the ordinary short, tapering bill
found in sparrows, orioles, warblers and thrushes, suited
for picking up small objects. But even among these birds
there is great variety. The beaks of thrushes for instance
are somewhat elongated and pincer-like compared to those
of finches, which are heavier and sharper-edged, adapted
for picking up, cutting open, or crushing seeds. The bills
of flycatchers are broadened sidewise and provided with
bristle-like feathers at the base, the more readily to catch
their moving prey. A familiar modification of the finch
style of beak is that of the crossbill in which the tips of the
jaws do not meet when closed but are a trifle out of line,
so that they cross. The tip of the lower j#w may cross to
the right or to the left of the upper. This device serves
as a wedge to pry off scales of pinecones. The seeds thus
exposed are deftly picked out by the tips of the beaks which
can be brought closely together when the bill is opened
slightly.

The beaks of woodpeckers are adapted for being drwcn
in and prying apart the wuﬂd of decayed trunks and are
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powerfully constructed. "Thg skull is large in proportion
to the neck and heavy-boned to resist the strain of sharp
blows. Imagine how it would feel if our own mouths were
extended a yard before our noses and the j jar it might gwl:
if we attempted to split even soft logs with them! It is
curious to find that the barbets, a group allied to wood-
peckers, dig out similar nest-holes in dead wood, but feed
largely on soft food which gdoes not have to be extricated
from the trunk. ~Their bills are not at all chisel-like but
more nearly of the short, broad type, and with curved up-
per profile.

Birds that seize their prey with the feet and tear it to
bits with the bill, usually have a hook at the tip of the beak,
as in hawks, eagles, and shrikes. No doubt this sharp
projection gives a better hold on a straight pull, and by
piercing the flesh in seizing, starts the piece that is being
torn out. The same form of beak is found in wultures,
petrels and albatrosses, which feed by pulling the mass of
food in pieces. Cormorants, too, have hooked bills. In
all these groups the feet are probably but little used in
holding the food. .

It is interesting to find that herons, which by some nat-
uralists are considered not distantly related to cormorants,
have a decidedly hooked beak in the embryo. This soon
straightens out th young stages, however, to form the long
straight dagger-like bill of the adult. Most herons feed
by quick jabs to catch living prey, from fish and frogs to
lizards and butterflies. For this method a long neck and
a long bill are an advantage, g'iving additional length of
thrust and reach after the escaping prey. The same thing
is seen in other unrelated groups, as in the ﬁsh-catmg loons,
grebes, snake-birds and terns. The same principle is illus-
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trated, too, by cats and dogs,,for’ the former leap on their
prey from ambush, seizing by the claws and then biting,
while the dog or wolf givgs open pursuit and reaches for-
ward to nip with its teeth; partly for this reason, no doubt,
cats are shortsnouted,” dogs long-snouted. Among the
herons there is one, the Boatbill, in tropical America which
is essentially like our Black-crowned Night Heron but the
bill is remarkably broadened, It does not seem to be
known how this is correlated with its feeding habits.
Among the sandpipers and related birds there are a
number of curious modifications for special ways of feed-
ing. Many sandpipers have a simple, rather long bill for
use as a probe. In some this is very long as in the Godwits
and Curlews, where it is perhaps correlated with their long
legs and wading habits, permitting them to probe the mud
while standing in several inches of water. An opposite
case is that of Woodcock and Snipe which have long bills
but short legs. It is obvious that here, too, the bills are
suited to feeding habits, for these birds probe mud in places
where they can easily walk on its surface, as in swamps,
brook beds and grassy marshes. The tip of the upper
jaw in the Woodcock is further peculiar in being a delicate
organ of touch and capable of slight moventent so that it
can open when buried in mud and grasp the hidden worm
or insect. Another unusual style of bill is®seen in the New
Zealand Wrybill Plover (Anarhynchus), in which the tip
end turns off at an angle to the right. Such a one-sided
structure is remarkable among birds, and is said to be as-
sociated again with peculiar feeding habits. According to
one writer this bird follows around the bases of stongs,
keeping to the right-hand side, but there seem to be few
exact observations on the habits. The bills of Oyster-
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catchers are flattened from side to side at their tips, and
are often used, it is said, to pry off limpets clinging to the
rocks, for which they must be very well suited. L

New Zealand is a place of strange birds. One species—
the Huia (Neomorpha), (a black bird the size of a pi-
geon, with a curious oval wattle on each cheek )—shows
the unusual trait of having the bill of different shape in
the two sexes. These birds, now believed to be nearly
extinct following the destruction of the forests, were said
to mate for life, and the pair always kept in close comrade-
ship. They fed on a certain species of grub living in dead
wood. The tunnels of these grubs were dug open by the
male with his straight sharp beak, and often if he laid bare
the burrow the female, with her longer, more slender, and
downward-curving beak, reached in and extracted the
dainty. In this way the two birds were said to work to-
gether, feeding on the common spoil in a sort of codpera-
tive housekeeping.

In the Galapagos Islands off South America live several
closely related sparrow-like birds all placed in the genus
Geospiza whose beaks in the different species have ap-
parently all developed from a single prototype; some are
longer and narrower, others shorter and heavier. It
would be thought that the heavy-beaked birds would feed
on larger or harder seeds that required strength for crush-
ing, and that the smaller-beaked species would eat thinner-
shelled seeds. A detailed examination of habits and
stomach-contents of these birds, however, seemed to show
that all fed on much the same food and no obvious con-
negtion could be established between hardness of food and
strength of beak. So one must be careful in making hasty
conclusions. Nevertheless it is probably true that the large-
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beaked species have a potentially wider range of foods
than those of weaker bills.

Another group of related birds amopg which we find di-
verse types of bills associated with various feeding habits
are the hummingbirds. Our Ruby-throat has a strmght
needle-like bill for probing the corollas of flowers, but in
South America we find those with longer beaks, some
slightly, others greatly curved; others sti]l are slightly up-
turned and rapier-like, for feeding on particular species of
flowers, certain of which are actually dependent for fer-
tilization upon these birds, through the pollen transferred
to the feathers of the head and carried to the pistils of
other blossoms as the bird feeds. In the West Indies I
have often seen one of the species with a sickle-shaped
bill (Lampornis) searching for small insects by moving
quickly up and down along the under side of a large droop-
ing leaf. They even come into houses and hunt the win-
dows over in the same way, possibly obtaining small spi-
ders. It seems likely that the downward curve of the
bill makes easier the gathering of small objects from a
vertical or inclined surface. A wery similar shape is seen
in the bills of some of the African sunbirds, which are also
fower-feeders. One in particular (Drepanorhynchus), yel-
low and black in color with sickle-shaped bill, 1 often’
saw feeding among yellow blossoms whofe corollas were
similarly curved. In all these groups of birds where special
forms of beaks are developed for feeding on special foods,
it seems reasonable to presuppose that they are more or
less dependent for life itself on rather stable conditions the
year round. Hence it is not surprising to find that mapy
of them perish quickly with any great change in their
surroundings. Many birds in the Hawaiian Islands and in

" L]
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New Zealand, for exampie, had become so specialized that
nearly their entire lives were spent in particular’species of
trees on whose flowers or othen products they fed. With
the destruction of these by men thg birds have gone.

The beak of birds is covered with an outer horny sheath
called the rhamphotheca. This usually appears as a single
piece on each jaw, but is in the embryo of several pieces
which fuse more or less intimately as the bird develops.
In petrels and albatrosses these pieces remain usually more
or less clearly marked, so that, as some one has said, the
beak looks as if it opengd in several different places. On
the upper jaw there is a terminal piece forming the hook of
the bill, and back of this a longer one forming the ridge,
continued into two little tubes by which the nostrils open;
finally at the sides is at least one pair of plates which cover
the sides and edges of the jaw. FEach half of the under
jaw has a sheath composed of an upper and a lower as well
as an end piece. In Ostriches and the partridge-like Tina-
mous of South America there are, on each jaw, a plate on
each side and one at the tip. Similar compound sheaths
are found in the bills of*several other groups of birds as
cormorants, some herons (as the Night Heron), and
penguins, but in most birds it appears as all one piece.
Lonnberg, a Swedish zodlogist, has recently shown (1904)
that the different horny plates of such compound sheaths
are homologous with the scales found in reptiles in front
of the eye. Thus, the terminal plate of the upper jaw is
equivalent to the rostral plate of a lizard, the one forming
the ridge is equivalent to the internasal, those on each side
cogrespond to the reptilian labials, and that encircling the
ngstril represents the nasal plate. Similarly in the lower
jaw, the terminal piece is the same as the mental or chin



T G
84 BIRDS AND THEIR ATTRIBUTES

plate, while the one or two plates at the side of the jaw are
comparable to the infralabials of a lizard. In the pecu-
liar flightless Kiwi or Apreryx of New Zealand, it would
seem that it is the part pehind rather than in front of the
nostrils that has become lengthened to form the long bill,
for in this bird the nostrils are at the tip of the beak and
open on its lower surface! The horny sheath of the bill is
often provided with membraaous expansions and in the
ducks and geese has little cross-plates that serve in sifting
out the minute seeds and larva of insects on which the birds
feed. Curiously too, this outer, sheath with its bright
colors is shed after the breeding season in the Puffins and
some of the auks. In the White Pelican it develops a
large knob-like excrescence toward the tip of the upper
mandible like a gun-sight, and this too is shed after the nest-
ing period, so we may infer it is some adornment for display
during the mating season.

It is clear from these facts that one cannot rely too
closely on the shapes and structures of bills as indications
of close relationship among birds, for they often assume
unusual and specialized forms thfat are similar in different
groups or species where the same mechanical use is made
of them. S

Tongues.—Nor is a bird's bill always an index of the
size of its tongue. In the cormorants for example and
others which swallow whole the fish they catch, it is ex-
ceedingly small, so that one wonders if it is of any use
whatever. In most of our small birds, as sparrows,
thrushes, warblers, it is thin and horny, slightly brushy at
the tip and with backwardly directed spines along the sides.
Such tongues are used in the handling of seeds or insects.
In the West Indies the little honey-creepers which famil-



TONGUES OF S0ME COMMON BIRD3

1, 2, Chimney Swift, voung and adult; 3-5, Screech Owl, young to adult;

6, 8, Downy Woodpecker, young and adult; 7, 9, enlarged tips of same;

10, 11, Ruby-throated Hummingbird, young and adult; 12, a West Indian

Hummingbird (Sericotes holosericus), and 13, its tip enlarged. i
After F. A. Lucas
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iarly come about the houses and gardens have a honey-
sucking tongue which is long, with a bushy end. Its sides
are partly rolled inward, and by running it into the long
tube of a flower it can brush oyt the nectar. In some of
the Old World sun-birds, which are flower-feeders, and
in form much resemble the honey-creepers, the rolling is
carried still farther so that an actual tube is formed,
through which honey cap be sucked from deep flowers;
the fringing of the tip of these tongues also aids the flow
of liquid by capillary attraction. The hummingbirds, also
honey-feeders, have long and deeply cleft tongues with a
delicate in-rolled membrane on the edge of each half. In
feeding, the tongue is protruded and worked quickly back
and forth, taking up the honey.

Woodpeckers have extraordinary tongues. In some
species they are of great length, slender and pointed, with
horny barbs at the tip, but none at the base. The tongue-
bones or hyoids that support the tongue are so long that
instead of being attached at the back of the skull as in
most birds, they are in certain woodpeckers forced to curl
over the top of the heaad and actually pass over the fore-
head, coming together at the top, and out under one nostril
into the tip of the beak. In other species the long ends
even curl around the eyeball. This long tongue is ob-
viously useful in reaching up into the tunnels of boring
insects and raking out the fat grub. As one might expect,
the tongues of Sapsuckers are not so long, but are shorter
and very brush-like, for gathering up sap (see Lucas, 1897).

Quite opposite in form are the fleshy tongues of ducks
,and geese, armed with a series of large barbs along their

, edges.
A peculiarity of many birds is that, after the food is
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swallowed, the gullet is capable of much stretching, so
that when picking up food such as seeds, they can rapidly
fill the whole crop, as this pagt is called, from the mouth to
the stomach, and then lct. it gradually pass into the first
division of the stomach or gmzard whose walls are very
thick and muscular, and its inner lining hard and rough.
Here the food is ground up, partly by aid of small sharp
pebbles which are eaten by many birds as a “first aid” to
digestion. The swzl]uwmg of stones, however, is a trait
occasionally found in birds that would seem to have little
need of it. Penguins commonly swallow pebbles, and these
have been found interesting by Antarctic explorers, who
would otherwise know little of the nature of the rocks on
the sea bottom or land where ice and snow cover so great
an area. Apparently the Great Auk had a similar trait—
at all events, small white rounded pebbles of polished quartz
were found in numbers among their sub-fossil bones on
Funk Island, Newfoundland. Here may be mentioned the
interesting fact that the crop of pigeons produces a whitish
fluid on which the baby pigeon is at first fed. This is the
so-called “pigeon's milk,” and it is feund, on analysis, to be
very much like real milk in its nature.

The digestion of birds is very rapid, and this is perhaps
due in part to the great length of their small-intestine, to
make room for which it is greatly coiled within the body.
A minute study of the way in which this coiling takes place
has been made by several recent investigators to see if
light might be thrown thereby on the relationships of birds.
There appear to be two principal ways in which this length-
ening is effected : first, by having the intestine arranged in,
loops that run back and forth lengthwise of the body; and
second, by having certain portions of these loops thrown
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into spiral coils. The first, type is the simpler and doubt-
less the more primitive; the number of lengthwise loops
is usually four. These two sgrfs may be still further dis-
tinguished into at least eight difierent types of folding.  *

Birds' feet are as diverse in form as are their bills. In
no bird are there normally more than four toes, and these
correspond to the four inmer toes of the five-toed lizard.
Probably the outermost of fifth toe was lost in a stage
before the bird-like condition was attained, for the ancient
lizards called dinosaurs, some of which seem to have sprung
from a stock related to the ancestors of birds, were also
four-toed, as we know not only from their fossil remains
but from their tracks still preserved in stone. In birds,
the first or inner toe is the shortest and tends to become
very small in walking and running birds as ducks, gulls,
plovers. It consists of two joints in addition to the remains
of a metatarsal (one of the long bones forming in our-
selves the arch of the foot). The three remaining
toes have usually three, four, and five joints respectively, so
that by counting the number of these one can tell
which toe is concerned, Exactly the same formula for
the toe joints is found in the four inner toes of lizards.
There are, however, a few exceptions among birds, for
" in swifts all three front toes have three joints each, and in
goatsuckers tht outer toe has four instead of five. In
some birds there are but three toes, as in the Three-toed
Woodpeckers, which have lost the innermost toe—though
there may sometimes be a minute vestige of it left. In
these birds it is the outermost or fourth toe that has turned
back; but in most woodpeckers it is usual to find both the
ﬁrst and the fourth toes turned back, the second and third
turned forward. This is called a zygodactyl or yoke-toed
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condition, and is of use in clipbing. The owls show an
intermediatg condition, and can turn the fourth toe back
at will. In the trogons *(bright-plumaged birds of the
South American and African tropics) there are similarly
two toes front and two toes back, but here it is the first
and second that turn back, while the third and fourth
extend in front. Thus again, as so often among birds, a
similar result is obtained in ugrelated groups, but in a
different way. The greatest reduction of the foot is found
in the Ostrich which has but fwe toes, these corresponding
to the original third and fourth. This is doubtless a result
of the running habit, which tends to Bring‘ the weight of the
body more or less upon one point—here the fourth toe—
and is to be compared to the same thing in the antelope
or deer, in which the running habit has caused the reduction
of the supporting toes to two from the original five. In
the horse, belonging to a group in which the digits are
reduced in odd numbers, the final result is that it runs on the
tip of a single toe, but no bird has reached this extreme.

The toes are provided each with a claw, which may
sometimes be absent as in some albagrosses, and thus affords
a case of a part now in process of disappearance. The
claws are long, sharp, and powerful in owls, eagles, and
hawks that seize their prey, but in some of the carrion-
eating species they have lost their sharpness,”and are short
and blunt. Another curious case of parallel development
in unrelated birds, is seen in the middle toe of herons and
goatsuckers (Nighthawks, Whippoorwills, etc.) which
have the claw long and provided with little comb-like
teeth. It is supposed that this comb is useful in dressing
their feathers but of this I have seen no careful account.

The nails in many birds are strong and useful in scratch-
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ing, as in Hens or some of cur common finches—Fox Spar-
row or Chewink. In the tropical Jaganas, however, they
are extremely long and slender, and act like snowshoes for
giving support as the bird runs gbout over lily-pads and
swamp vegetation.

While most land birds have the toes separate quite to the
base, in others as the barnyard fowl, there is a slight web-
bing between the bases of .the three front toes. This is
greatly developed in swimming birds, as loons, ducks, pen-
guins, flamingos. Its extreme condition is seen in pelicans
and cormorants in which the web includes not only the three
front toes but the small hind toe as well. Another method
of obtaining a broad surface for swimming is seen in
coots, phalaropes, and grebes in which the skin of the three
front toes grows out in broad lobes that do not stretch
across from tip to tip of the toes.

The skin of the foot and shank (tarsus) is thrown into
scales, which vary in size and form. The entire tarsus
may be enveloped in a single one, when it is spoken of as
booted, or there may be many very small scales like a net-
work, a reticulated condition. The form of this scaling
is often useful in classification.

. We all remember the surprise of Alice in Wonderland,
when using the Flamingo for a croquet-mallet, to find that
its knees bent the wrong way, backward instead of for-
ward. This curious condition, 1 find, has puzzled other
people as well. The truth is that a bird's knee bends
forward like our own, but the thighbone (or femur) is
usually short enough to be concealed by the plumage; so
that, what Alice took for the Flamingo's knee is really its
heel! The shank of a bird’s foot (known as the tarsus)
really consists of three separate bones (metatarsals), one
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for each front toe, fused into a sin.g'lt one, called a “cannon
bone™ from its long gun-barrel shape. At its lower end
, are the three original tips ef these fusgd bones, to each of
" which the appropriate joe joins. At the other end of
this bone, where Alice supposed the knee was, there are
originally in reptiles and mammals, two rows of small
ankle bones (the rarsals). In birds the nearer row has
wholly fused with the shin-bone (or tibig) and the outer
row with the shank of the foot, so that the joint itself is
between these two rows of what were once separate bones.
It is called therefore a tibio-tarsq) joint. In some birds
there are still to be seen traces of the three bones of the
foot that are now fused into the one shank. Thus in
penguins the three are partly separated by deep grooves,
and in other species there is often a little hole or foramen
left between two of the three for the passage of a certain
nerve,

In carving our Christmas Turkey, we may recall that
the drumstick is long and shaped like the calf of a leg,
and that is what it really is; for it corresponds to the
lower leg, or shin of ourselvess This joint of the leg
has really two bones, the tibia or main bone and the fibula,
a much more slender bone on the outer side from knee to
ankle. In birds the lower end of this bone has in many
species disappeared, and the fibula is a mere splint at the
upper part of the tibia. It serves for the attachment of a
strong muscle of the thigh or it might have been wholly
done away with in the further course of evolution. In
some owls, and in the Fish-hawk, of familiar birds, this
slender bone is, however, nearly complete and extends clgar
to the heel. ¥

The thighbone or femur is part of the delicious ‘‘second
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joint" of the carver. In loons and grebes it is remarkably
short, to give more compactness and driving power for the
muscles that ply the great swimming feet with their flattened
knife-edged tarsus. The lowgr end always has double
articulating surfaces: (1) the small outer one fitting
the head of the slender fibula, and (2) the main large one
that fits against the tibia.

While most.persons shrink from the study of bones as
being intolerably “‘dry,” the matter is really one of the
utmost interest and importance, not only as throwing light
on the evolution and selationships of the creatures, but also
because bones (including teeth) are, with rare exceptions,
the only parts preserved as fossils, and hence give almost
the only clue to the nature of the animals that lived in for-
mer times.

In external form birds are more or less similar, but an
examination of the internal framework affords many and
significant points of difference on which to base relation-
ships. The skull is perhaps the most important of the bony
structures, for it is the seat of the brain and organs of
sight, hearing, taste, arld smell. The brain is the central re-
ceiving station for impressions from without as well as the
despatching office for impulses governing the relations of
the animal to its surroundings.

If we take a skull of each of the four higher classes of
backboned animals representing mammals, birds, reptiles,
and amphibians—say a cat, an ostrich, a lizard, and a frog,
—a noticeable difference at once appears in the method by
which the head is borne on the spinal column. In the
«frog and the cat it joins this column by tweo semicircular

+ knobs, whereas in birds and lizards there is but a single
round knob. In mammals the lower jaw fits into a hollow
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at the base of the skull on each side, whereas in the lizard
it bears upoh a small separate moveable bone called the
quadrate. In birds the arrangement agrees with that in
lizards and is another impogtant point of similarity. With-
out going into too great detail, it is clear from a careful
comparison that the skeleton of a bird is only a modification
of that in the reptile, or, as some one has put it, a bird is
merely a glorified reptile. This point of,view must be
kept in mind when we later consider the subject of bird
ancestry.

Thomas Huxley was one of the first to make a careful
study of the different types of skulls in birds, pointing out
their similarity to that of lizards. The moveable quadrate
bone, on which the jaw is hinged, is capable of pushing the
cheek-bone or jugal forward and thus can move the entire
beak, in such birds as parrots where it is united by a sort
of hinge to the rest of the skull. In most birds, however,
the beak is very little moveable. Most of the separate
bones of a bird's skull unite closely in early life instead of
showing sutures or boundaries, but the bones of the nose
and of the palate seem to show a nimber of relations with
each other which Huxley used as a basis of general clas-
sification. Of special interest are (1) the small bone lying
in the mid-line of the skull just in front of the large orifice
whence the spinal cord issues, called the basisphenoid. It
projects forward to meet another bone lying medially in
the roof of the mouth called the vomer. There are two
other rod-like bones, one on each side, which are moveable
and extend in a V-shape from the quadrate bone at the
angle of the jaw forward. These are called the wing-.
shaped or pterygoid bones. In certain lizards there pro- .
jects from each side of the first bone (the basisphenoid) a
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stout process ending in a at surface that bears against a
similar round surface of each pterygoid, giving*side support
to these moveable bones.  In the Ostriches, Emus, Apteryx,
and related birds, collectively kyown as the Ratite birds—
without a keel on the breastbone—the condition is practi-
cally the same, and the basisphenoid bone is continued for-
ward to abut against the vomer, which forms the center of
the palate and may separate the two palatal bones, which
are relatively small forming the sides of the roof of the
mouth. This condition, since it occurs in the lizards, may
be considered an anciept one inherited from reptilian ances-
tors. It seems rather characteristic of these ostrich-like
birds which in many other respects too are primitive, so for
this reason Huxley called this type of palate “dromeogna-
thous,” meaning with jaw like the Emu. Outside of the
Emus and their kin, this condition of the palate is found
among living birds only in the South American Tinamous,
small partridge-like species, which are primitive in this re-
spect, though related to the fowls and grouse. In this an-
cient type of skull the lower jaw has but a single head for
union with the quadrate bone. Since in all these points the
skull of the ostrich-like birds resembles more that of rep-
tiles, it is regarded as more primitive than that of other liv-
ing birds. In these other birds all six of these bones of the
lower part of'the skull meet; that is, the pterygoids meet
the ends of the palate bones, and all come together in the
middle where the two central bones (the basisphenoid and
vomer) meet. Moreover, the quadrate (that is, the bone
by which the jaw articulates with the skull) has a double
head instead of a single one, and the little processes of the
,basisphenoid which in the Ostrich tribe hold apart the ptery-
goid bones may or may not be present. This style of skull,
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while essentially the same in its g::h:ral structure in the
birds other than the ostriches and their kin, differs in the de-
tails of the palatal arrangemant, so that Kuxley made three
large groups for the remaiging species:

(1) Schizognathous or split-palate birds in which the
palatal bones are free from each other side by side on the
roof of the mouth, so that there is a cleft down the middle.

(2) Desmognathous or unitedepalate birgs, in which the
cleft is closed and the palatal bones unite in the middle.

(3) Egithognathous or sparrow-palated, the type char-
acteristic of most sparrows and pasgerine birds, in which
the central bone or vomer is broad, and the two palatal
bones slender and not united.

All these types are perhaps not so different as their names
might imply and are useful only in the study of smaller
groups, for different types of palate may occur in birds
which in other ways are obviously related. This again em-
phasizes the fact that the different characters of birds are
widely distributed here and there among them and no one
set can be exclusively used as a test of relationship.

The spine of birds differs verys greatly from that of
mammals. The neck in almost all mammals consists of
seven bones (vertebre). In whales these are often fused
into a nearly solid mass scarcely a foot long even in the
largest species, while in the long-necked giraffe, the same
seven bones are each greatly lengthened to give the requi-
site reach. In birds, however, the number is more wari-
able; the long-necked swan for example has 25, geese 19,
while the ducks with their still shorter necks usually have
16 or 17. Hummingbirds have no less than 14 to 15 neck
vertebre| This greater number of bones gives the neck,
more flexibility, and this is aided by the peculiar form of



» "

BILLS. FEET, WINGS, P}QD BONES o5

the joints between the vertgbra which are usually somewhat
convexly rounded at the sides in front, allowing much side-
wise play. : i

At the lower part of the back a number of the vertebre
become solidly fused together and the bones of the hips (or
pelvis) are usually firmly attached to them so that the
lower back is a nearly solid piece. This is necessary in
order to give stiffness to the body so that it may pivot on
the legs, and particularly so since the bones forming the
pelvis, which in reptiles and mammals may make a solid
ring by the union of the lower or pubic portions of each hip,
in birds do not unite below except in a few of the known spe-
cies. That the two pubic bones, forming the front of the
pelvis in reptiles and mammals, are not joined in most birds,
is probably an adaptation to allow the passage of the large
eggs, by springing apart sidewise. These bones have
therefore, so to speak, let go instead of clasping at the mid-
line below. It is interesting to find, however, that in the
Ostrich, one of the more primitive birds without keeled
breastbone, the two pubic bones of opposite sides are united
in the middle, a retentian probably of the original condition
in the reptile-like ancestors. An intermediate condition has
recently been made out, in the pelvis of the British Mu-
seum’s specimen of that extraordinary and ancient fossil
bird, the lizard-tail or Archaopteryx, in which the two pubic
bones come quite together below, but instead of being sol-
idly fused, are merely in contact for a considerable distance
at their tips, forming a Y-shaped structure. This primi-
tive bird will be referred to at greater length in a later
chapter.

We are all familiar with the fact that reptiles such as
most lizards, have long tails consisting of a series of joints,
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and the same is true of most mammals. The joints of the
ox's tail we sometimes recognize at restaurants in our ox-
tail soup. What then has begome of the long tail in birds?
I'ts primitive lizard-like cogdition will be mentioned in con-
nection with the Archeopteryx, but it will suffice here to say
that the tail of birds, so far as its series of bones goes, has
become very much shortened, and this loss of length has
been counterbalanced by the lengthening of the tail-feathers.
In the familiar roast chicken as it lies on a platter before us,
all that is left of the long lizard-like tail is the short tri-
angular end called the “pope’s nose.” This is found to
have within it a few separate vertebre, and it ends in a
long plate-like bone (the pygidium) which, if we were to
trace its development in the embryo, we should find to repre-
sent a number of joints of a once longer tail, that have
gradually shortened and then fused into a single mass sup-
porting the large steering feathers.

The breastbone or sternum of birds is an important struc-
ture. It is so different in the ostrich-like birds and their
allies from its condition in other living birds, that it forms
a convenient point of departure in classification. In the Os-
trich, Emu, Apteryx, and related birds, it is a simple shield,
convex on its lower side and smooth, arising in the embryo
as separate halves that later fuse in the middle line. Six of
the ribs in the Ostrich join its upper edge”on each side.
This simple breast-bone is very similar indeed to that seen
in many lizards, and probably represents an ancient condi-
tion beyond which these non-flying birds have not developed.
Studies of the embryo confirm the view that the ostrich-like
birds were probably never in the history of their evolution
strong-flying birds, and never developed their wing powers
to any great extent. Hence it is reasonable to suppose that
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their stock branched off from the main line of descent at a
very early time, and that those now surviving in the south-
ern land-masses arg the last remnants of this branch. On
account of their simple breastbones without keels for muscle’
attachment, they have been placed in the group Ratite or
birds with flat or raft-like breasthone, as opposed to the re-
mainder of living species which have been called Carinatz
or birds with keeled breastbone, like a center-board boat.
This division though applying to living species, is perhaps
not a fundamental one for undoubtedly the two lines of
descent eventually run together as we trace them back into
the past. The keel of course arises between the two great
muscle masses of the breast, to separate them and give them
a firm attachment. Similar keels occur among mammals
where two opposing muscle masses come together, as at the
top of the skull.

Among those birds with keels, the common Fowl presents
a breastbone of peculiar interest. When next you carve a
chicken, observe these peculiarities]! There is first a very
short space on each side near the front where the four ribs
are attached. As compared with the same space in some
ducks in which at least six ribs join this edge, the distance is
much shortened. As you carve the meat from the breast of
the chicken, a high keel is exposed, arising from a broad
plate. This kéel projects far backward and gives an at-
taching surface for the two enormous muscles of flight: an
outer one that pulls the wing down on the downward stroke
and an inner one whose tendon, passing over the shoulder,
raises it on the up stroke. This flat plate corresponds to
the simple shield of the Ostrich in which, however, no keel
has been developed. The back edge of the shield ends in
the Ostrich in a blunt point in the middle and a short pro-
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jection on each side. But in she chicken these projections
have grown backward so_ as to be relatively very long, as
I{mg indeed as the keel of sthe breastbpne. In the South
"American Tinamous, primitive partridge-like birds, these
are enormously long, extending as slender bones parallel
with the long narrow keel. In the chicken other side-
projections are developed at the front corners and at half-
way points on the breastbone,sso that when the isolated
bone is stood on its back its whole aspect is that of a curious
six-legged bug.

Now in birds that are good fliers and have developed the
breast muscles more than in the Fowl, the open cleft be-
tween the keel and these narrow side pieces gradually be-
comes filled in with bone to give more solid attachment for
the great muscles of the breast, until finally there is nothing
left of this slit except a very shallow notch at the lower end
of the breastbone, or two notches if the second side-piece is
developed. Or even these may be wholly filled in or as in
swans and the duck tribe the ends bridged across in part to
leave a circular perforation. By this method of progres-
sive development the breastbones*of the more specialized
flying birds are formed, with their deep keel, long and
solid sides, and lack of long projecting ends, though these
are sometimes indicated by shallow notches where the clefts
are not wholly filled in by bone. These steps can be seen
very clearly in the development of the breastbone in embryo
birds. The important point is that the enormous keel in
birds of strong flight is merely a secondary outgrowth from
the lower side of the breast-plate to give attachment to the
flight muscles as these have gradually become of large size
and extended backward from the front of the chest to cover
the whole lower part of the body.
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The breastbone is attached to the spine by a series of
ribs, as in ourselves. There are a number of sinteresting
points about these ribs. In many reptiles, especially in
snakes, the ribs are numerous.  Typically, as in snakes,’
there is a pair to each of the vertebr® or separate bones
of the spine, from the head to the tail. But in those rep-
tiles that have given up crawling, the ribs of the neck
shorten and disappear excgpt their fork-shaped end that
joins the vertebra. This forms a protecting arch for blood-
vessels, and in many birds these ends, or remains of the neck
ribs, are perfectly identifiable as a more or less separate
part. Of the ribs that attach the breastbone to the spine,
there are usually in the more specialized birds, including
most small land-birds, only five pairs, with additional ones
in front or behind that do not reach it, though as shown by
studies of the embryo, some of them do in these early stages,
and probably once did in former geologic times. This
shows that the part of the breastbone giving attachment to
the ribs has become shortened at both ends in many species,
while the keel, so prominent a feature in flying birds, has
grown back quite independently as a long process of bone
for supporting the flight muscles.

A characteristic feature of birds' ribs is the presence of a
little tongue of bone on the upper third of the front pairs,
that overlaps the rib next behind, helping to give firmness
to the body wall. This hook-like piece is called the un-
cinate process, and among reptiles is found also in croco-
diles. It is absent in the South American Screamers and in
the extinct primitive bird, Archeopteryx. In the Rails it is
sometimes but loosely attached and easily comes away.

"Two other lmpurtant bt:lru:s, the coracoids, flattened,
somewhat rod-like pieces, spring out from the front of the
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breastbone, one on each side, The same bones are well
developed in reptiles, but in mammals are represented only
by a little projection at®the edge of the shoulder-blade.
In birds, they unite by strong cartilage to the shoulder-
blade (or scapula), and lérm at their point of union a shal-
low socket for the wing. The chief point of interest is that
in primitive birds, as the Ostrich, this coracoid bone is
short, pierced in the upper cenger by a small opening for
the passage of a blood vessel, and the shoulder-blade fuses
with its top, but does not make an acute angle, such as seen
in the birds with keeled breastbone. These traits are
primitive, and serve to emphasize the ancient character of
the ostrich-like birds.

The wing socket formed by these two bones is strength-
ened by the “wish-bone,” or furcula, which is simply the
fusion of the two “collar-bones,” and in birds of powerful
flight is strong and helps to keep the shoulders sprung
apart when the wings are raised. In some owls the two
sides of this “wish-bone” no longer meet, but their lower
ends are formed of tough cartilage.

We associate wings with birds just as naturally as we do
with angels. A wingless bird is an anomaly, yet in the
Kiwi (Apteryx) of New Zealand, the wings are so small
as to be mere stumpy remnants nearly hidden in the feathers
of the body. How this bird came to lo%e its wings so
completely, we can only guess. Presumably its very quiet
and sedentary habits led to the disuse and gradual loss
of these members; moreover, the Kiwi is one of the Ratite
birds that probably never were strong fliers. Yet, one
asks like the child, hearing the story of Jacob's dream,
“If the angels had wings, why did they walk up and duwn
the stairs?” In the embryo of the Kiwi there are traces
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of five distinct wrist bones and the usual three fingers of
birds, but in the adult the distinctions are nearly lost and

but one finger remains, proving that the wing was once

better formed. In the Emu, ansostrich-like bird of Aus-
tralia, the fingers of the wing have so far disappeared that
only one, the second, is left, and this has three joints
terminated by a claw!

The wing of g bird corresponds to the fore limb of a
lizard, or to our own arm, so that artists who fasten a pair
of wings as well as arms to their angels or goddesses are
making a serious mistake in anatomy. The upper-arm
bone (humerus) has a much flatter upper end than in
mammals, lacking the round ball-and-socket joint. It is
usually hollow, and at the under side near the shoulder has
a perforation (the pmewmatic foramen) for the entrance
of one of the air-sacs. In birds that beat the wings very
rapidly in flight, the humerus is very short, stout, and
powerful, as in hummingbirds, swifts, and swallows, while
in birds of soaring flight that do not flap rapidly, the
humerus is long and well feathered to give additional sup-
porting surface. As Lueas puts it, if the long wing of
the albatross should be moved as rapidly as that of a
hummingbird, it would inevitably break. The fore-arm
has the usual two bones—radius and ulna,—the latter form-
ing the elbow and outer side of the arm, and bearing the
secondaries or smaller flight feathers. They are usually
rather similar in most birds, but in the long-toed Jacanas—
birds of lily-pad swamps in the tropics—the radius is enor-
mously enlarged, forming a sharp-edged blade in one genus
(Metopidius) which may give strength for a blow in
fighting. For a number of birds strike powerfully with
the arm in defense or attack, as do geese and swans. A
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number of birds have developed spikes, sheathed with a
horny skin®on the bones of the hand, which serve as weapons
in fighting. In the Spurawinged Geasse of Africa, this
spike is on one of the two wrist bones. Several of the
plovers have them on the metacarpals or long bones cor-
responding to those forming the back of our hand.

A bird's hand is greatly reduced from the five-fingered
condition of the lizard or mammal. In all living and ex-
tinct birds—so far as known—there are not more than three
of the five fingers left, though in the embryo Ostrich traces
of a fourth are evident at one stage but later disappear.
There has been some doubt as to which of the five fingers
these three represent, but it seems most probable that the
small inner one corresponds to a thumb, the second to the
index finger, bearing the main quills, while the shorter outer
one is the third of the original five fingers. This seems
definitely settled by the recent studies of Steiner, who shows
that one of the two wrist bones corresponds to a fusion of
the radiale and its centrale, while the other is the fifth
metacarpal of the primitive hand. The first finger in birds
is always small, and the long bones (metacarpals) of the
two others are often grown together. In the reptile these
fingers bear each a claw at the end, so that we are prepared
to find that many birds still retain claws on one or two of
these digits as a reminder of their lizardlike ancestors.

The Ostrich has a well-developed claw on the first and
second fingers, and so does the young of that curious South
American bird, the Hoatzin, which in early life scrambles
about easily in the branches, using all four limbs. The
claws may disappear in later life. In the New World
vultures the tip of the long second finger often bears a
minute claw, and so does that of geese and even of swifts.
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This is often hard to find samong the feathers, for it is
minute, or if the tip of the bone does not protrude from the
skin it may not have a nail. No doubt ancient birds had
well-developed claws and useds them to advantage in
scrambling about among branches. This matter will be
mentioned again in considering bird ancestors.
Air-sacs—In many birds the bones, instead of being
filled with marrow, are hollow, or with many empty spaces,
so that they appear spongy in section. These apparently
empty spaces are filled more or less completely by exten-
sions of the breathing system called air-sacs. The number
and extent of these vary much in different birds and opinions
as to their use are equally diverse. They are connected
with the wind-pipe or trachea where this forks to send a
branch (or bronchus) to each of the two lungs. It isa fact
familiar to many sportsmen that a broken-winged bird is
difficult to drown if the end of the broken wing is not
submerged too; the reason being, that one of the air-sacs
extends into the large bone (humerus) of the upper arm
and air can reach the lungs that way. A recent exhaustive
study of air-sacs in the domestic pigeon has been made by
Bruno Miiller (1908), and serves to illustrate their general
relations. They form an extraordinarily complex system
of tubes and are not quite symmetrical on both sides of the
body. Air passing down the wind-pipe enters each of its
two branches, and then before the lung is reached, a tube
passes off from each of these branches into the air-sac
system of its proper side. The air-sacs therefore are not
directly connected with the lungs, but open into each fork
of, the wind-pipe just before the lungs are reached. Miiller
found there were five sets of these sacs on each side of the
body: (1) those running as tubes along the neck to the
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base of the skull, with outpocketings into the bones of the
neck and Between its mugcles: (2) the sacs between the
, clavicles or wish-bone, and situated on esach side and below
the point where the wind-pipe forks (from this set are
various smaller branches lying between the muscles of the
shoulders and an important one that enters the top of the
humerus and so extends out into the upper-arm bone) ;
finally (3—4) there are two paine of intermediate sacs inside
the body-cavity below the lung-chamber, and (5) largest
of all, the pair of abdominal sacs, which are in the abdomen
and partly enclose the intestines. They are very elastic and
constantly change shape to accommodate themselves to
movements of the intestines. They are not symmetrical;
for the right is much larger than the left on account of the
stomach occupying so much space on the left side. This
pair of sacs is not present in the Ratite or ostrich-like
birds. The use of these sacs is still not altogether settled.
They seem most highly developed in large flying birds as
vultures, swans, pelicans, albatrosses, where many of the
bones are penetrated by them. They are present in some
degree among reptiles as in theschamaleon. Some have
supposed they increased the buoyancy of the body in flight,
but, in terns for example, the bones are not penetrated by
them, and they are poorly developed in many fliers; others
have suggested that they serve to give suppleness to the
machinery of the bird's body by filling spaces between
muscles or moving parts, and so either filling or emptying
as the strains require. Miiller believes they are correlated
with the long neck, since there is a column of air as long
as the wind-pipe to be moved each time fresh air entgrs
the lungs, so that to make up for this, these extensions of
the breathing system allow a larger quantity of air to
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enter the body. Finally, the most recent writer, Wetmore
(1921), comes out strongly in support of the view that they
act to regulate the body-temperature, so that if overheating
takes place through sudden exertion the blood may more
easily cool by contact with these air reservoirs, for birds
cannot perspire as do mammals for relief from overheating.
No doubt all these functions are in greater or less measure
served. . .

Such very briefly are a few of the interesting points
connected with the structure of birds, and particularly with
the skeleton. The value of a slight acquaintance with

bones will appear later in tracing the ancestry of our present-
day birds.



CHAPTER V
THE FOOD OF BIRDS

THE chief activities of an animal may he thought of as
two: namely, self-preservation and reproduction, that is,
the activities having to do with the perpetuation of the
individual and the perpetuation of, the species. For the
first of these, the prime need is food of the proper sort and
in sufficient quantity, for food is the fuel whence is derived
the energy needed to drive the body, and the bird's body, as
aptly put by Thomson, is like a high-geared engine, running
at a temperature which in mammals would be fever-heat.
To produce this energy, not only is the digestion of birds
rapid and powerful, but their diet is usually selective ac-
cording to the food preference of each species, so that there
is a comparatively small amount of waste given off as
excreta, even the kidney waste being more or less solid
instead of liquid as with mammals. This high-geared en-
gine therefore must be run on an air-plane grade of fuel to
develop the most power with the least waste. Obviously
meat, including any food of an animal nature, affords the
most concentrated form of nourishment, while seeds of all
kinds with their stored energy of oily or starchy matter
come next in value. Vegetable matter of other sorts, as
leaves or pulp, is less nutritious, requiring greater amounts
and longer periods of feeding to produce the equivalegt
energy. .

Birds doubtless inherit from their lizard-like ancestors a

106
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predilection for animal foed; indeed, most of the living
reptiles capture insects, fish, eggs, and various’ species of
amphibians, small mammals, or even birds. For example,
one of the South American Bushmasters (Bothrops) is
specialized for living in trees and with its poisonous fangs
killing at once the small birds on which it subsists. The
vegetable-eating reptiles are usually slow-moving and
heavily built, and the same is true to a certain degree of
birds. The many sorts of animal food utilized by birds,
and their methods of obtaining it, form one of the most
interesting topics in ornithology.

Turning first to the water-birds, it is surprising what
large numbers of them are chiefly confined to a fish diet.
The loons, the grebes, the penguins, the cormorant,
pelican, and heron tribes, most of the auks, gulls, and
terns are in large measure dependent on fish for a living.
In sundry other groups, too, fish-eating habits are found,
which perhaps in some cases are actually ancient traits
persisting, while in others they are more likely instances of
specialization. For example, the herons are a group in
which fish-eating is a general habit; hawks are structurally
related to herons, but the only familiar fish-eating species
is the Osprey, which may therefore be thought of as re-
taining this primitive habit once common to the ancestors
of both groups. A few of the eagles are also fishers, as
the Sea Eagle of the Old World, and the Fish Eagle of
Africa, while our own Bald Eagle will often dive for a
fish, though he prefers to rob the Osprey. In thinking
of the Osprey's habit as the retention of an ancient feeding-
trait, it is interesting to recall that it is one of the few
birds still retaining a complete fibula in the lower leg.
Its long leg, too, is reminiscent of the heron's. Of birds
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in which the fish-eating habit has been developed as a
specializatfon within its particular group, we may perhaps
, include the kingfishers, distant relatives of the cuckoos,
todies, pufi-birds, most of which are insect-feeders. Al-
though the fly-catching habit of their ancestors and relatives
is still retained by many kinghishers, especially the smaller
species, the fish-eating custom is widespread in the group
from the tiny bright-colored sAlcedo of Europe to the
Giant Kingfishers of Australia. The habit also crops out
among the owls, whose relationships are nearer to night-
jars and whippoorwiils than one.would at first suspect.
The Barred and the Great Horned Owls are known to catch
horned pout by night at holes in the ice where the fish rise to
the surface for an extra breath of air; while in Africa is a
group of Fish-owls that have become specially adapted
for subsisting on this sort of food. Many of the ducks,
especially the diving ducks, feed largely on fish at times,
while the Mergansers may be thought of as specialized
ducks that have become so far adapted for fish-catching as
to have developed a long and narrow bill which approaches
in shape the forceps-like bill of #the loon, grebe, or heron
as a fish-catching implement.

The methods employed by birds in catching fish are
various and interesting. The herons like' true fishermen
make it a matter of skill and patience, standing quietly in
shallow water until a fish is detected within striking distance
of the long neck and hill. With the loons, grebes, most
cormorants, and the snakebirds, the active pursuit of fish
under water has perhaps been responsible for a certain
similarity in the conformation of the bill, which in these
three unrelated groups is long, slender, and forceps-like
for reaching and seizing. The wings are not ordinarily
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used for propulsion under gater in these birds, but instead
the powerful hind-legs with their shortened feraur and long
tibia furnish the motive powgr. Still a third method of
fish-catching is illustrated by the plungers, as the king*
fishers, terns, and gannets. A species of cormorant
abundant on the Chilean coasts also departs from the
method usual in its kind, and joins with the gannets in
plunging for fish from a height overhead, as described by
Dr. R. C. Murphy. The hovering and plunging of the
kingfishers and terns is a familiar sight to dwellers along
our coasts. The kingfisher usually chooses a lookout
perch from which to make his sally or may hover momenta-
rily in one spot to make sure of his dive, while the tern
with graceful flight patrols the rocky shores or quarters the
open sea, with down-turned head, until upon spying a fish
it suddenly checks with widespread tail, turns and darts
directly down, presently emerging with its fish. In watch-
ing terns, one is impressed with the general accuracy of
their aim. It is seldom that they miss. With the larger
and heavier plungers, such as the gannets, a different
method still is used. ., Having located a school of fish,
the birds gather over it and keep up a constant bombard-
ment of the surface, each one plunging in for its fish,
coming to the surface and rising with effort into the wind,
until a sufficient altitude is gained from which it may swing
about to join once more the cloud of plunging birds. There
is thus a constant circulation of the fishing birds, (1) from
the summit of the plunge to the water, (2) followed by
the struggle to rise from the surface against the wind to the
requisite height before (3) the return again to the plunging
, position. Meanwhile, too, the school of fish may have
shifted its position so that there is a gradual drift of the
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flock of birds after the fish. The value of these diving
terns and ggnnets as indicators of schools of fish is often
taken advantage of by fishermen. On occasion, too, the
birds may take advantage, of the disturbance made by a
swiftly moving vessel, as when in the West Indies a Booby
Gannet followed in the lee of our steamer for miles to
plunge after the flying-fish, flushed, as it were, by the cut-
water. As with the birds that pursue fish under water, so
with these plunging birds there is a certaln similarity in
the shape of the beak among unrelated groups, for in the
tern, the gannet, and the kingfisher, the pointed-bill regu-
larly increases in depth toward the base until it forms with
the skull a javelin-like head that must largely obviate the
shock in striking the water.

A careful study of the actions of diving ducks has re-
cently been made by Dewar, who points out that they
feed largely at the bottom at depths which are perhaps
more or less characteristic in extent for different species.
It follows that the fish eaten by such ducks are chiefly
those that lie on the bottom or hide under or among stones
and alge. He remarks that on acgount of their different
ways of feeding the competition is reduced to a minimum
between those groups of birds that like herons wade in
shallow water for their prey, those that plunge for it near
the surface like gannets and kingfishers, thos# that dive to
the bottom for it like the diving ducks and those that, like
loons and snakebirds, pursue it (in part at least) at in-
termediate depths. From a great number of accurate de-
terminations, Dewar has made out for diving ducks a very
definite time-to-depth relation. The length of time un-
der water increases regularly with the depth so that it is’
possible to work out with a fair degree of accuracy the =
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depth of the water by obsewing the time during which the
bird is down. This was found to be for the firs¢ fathom 20
seconds, and for each additional fathom 1o seconds. This
implies that in ordinary dives of sover 3 feet, a bird spends’
the same length of time searching for food at the bottom
whether the distance down be greater or less, and what is
more remarkable the same relation seems to hold for cor-
morants, grebes, loons, and auks, as well as the diving
ducks, a case of “habit-convergence” in these five unre-
lated groups of birds. Thus, in case of a grebe feeding by
diving along a seashore, the following average periods were
noted over known measured depths:

¥ A . ] —_—— —_———,
12 dives, aver. 35-36 sec. 27-28 sec. 32-35 sec.
depth 15 feet 0%, ft. 13Y% feet.

The habit of diving for food is developed not only in
the orders mentioned, but in the penguins, among the Tu-
binares by the group of diving petrels (Pelecanoides), in
the Rails by the Coots (Fulica) and, strangely enough, in
one group of Passerine hirds, namely the Dippers or Water
Ousels, thrush-like birds that plunge boldly into mountain
streams and walk about feeding at the bottom. Of these,
Dewar points out that the Coot is an exception to the rule
of 20 + 10, ett., for the time-depth relation. In this spe-
cies, if one would determine the depth of water by finding
the time elapsed while the bird is down, he must allow 10
instead of 20 seconds for the first fathom and then 10 sec-
onds for each succeeding fathom, as before. The reason
for this is that whereas the other divers spend a certain
time at the bottom in searching for food, the Coot, being
a feeder on water plants, merely seizes a beakful of these
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and at once returns with them to the surface. In other
words it hds no “bottom-time,” but having snatched what
it may of the vegetable growth, bobs again to the surface
and eats it there. .

Here may be mentioned an interesting habit of some div-
ing birds of swallowing small stones, which no doubt as-
sist in grinding up the food. This is the case for example
in penguins, and it is recorded of certain rgcent expeditions
to the ice-capped Antarctic that the chief knowledge gained
as to the geological nature of the sea-bottom in certain
places was derived from the pebbles retrieved from the
stomachs of penguins killed there. The Great Auk ap-
parently had a liking for small quartz pebbles—at all
events in excavating for bones of this extinct bird at Funk
Island, Mr. O. Bryant obtained among the bones numbers
of these small polished pebbles which doubtless were giz-
zard stones.

From the human point of view the main interest in the
fish diet of birds is whether or not it affects adversely the
available supply of food fish. This matter has lately
been investigated for six speciessof grebes of the Uni-
ted States by the United States Biological Survey, with
the result that examination of stomach contents shows
no evidence that food fish are destroyed to any ex-
tent. Most of the species eaten are of litfle or no value
to man, though at times the Pied-billed Grebe may
cause some damage in fish hatcheries. This bird as well
as other grebes, however, compensates for any harm by de-
stroying numbers of crayfish which in the South are very
destructive to crops; Pied-billed Grebes also feed extep-
sively on giant water-bugs which are said to destroy fish
fry. Taverner has recently published the results of an in-
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vestigation into the al]c.g:d. damage done to the salmon
fishery of the Gulf of St. Lawrence by cormorams. From
an examination of some 30 stomachs he calculated that a
well-filled one would weigh 1% pounds and that on the basis
of two full meals a day each, 700 cormorants would in the
five months from May to September consume 45 tons of
fish a season! The fish found in the stomachs (taken
June to August) comprised,, however, not salmon, but scul-
pin, herring, flounder, tomcod, capelin, and eel. The
salmon would be in danger only while as young (smolts)
they descend to deep salt water in their second year; for on
their return again to fresh water as grilse they are of 2—3
Ibs. weight and large enough to be safe from cormorants.
The evidence is that whatever effect the cormorants have
upon the salmon is likely to be beneficial than otherwise,
through capturing and thus weeding out the less active or
less well-developed individuals. Taverner points out that
in this and other cases in general, it need not be a matter
for alarm that valuable species of fish are occasionally
eaten. For with most species of fish, the number of fry
is far greater than can be raised and the surplus must
necessarily be reduced by some agent or other. An im-
mense number of fry could not restock a pond or stream
beyond the number that can find food there. This rela-
tion has been established under present conditions of food
supply and enemy factors, and the enemies need not give
cause for alarm if they do not increase abnormally.  An in-
direct benefit from fish-eating birds is brought out by Dr.
R. C. Murphy who, in his account of the guano industry
of the Peruvian islands, considers the Peruvian Cormorant
“t_ﬁc most valuable bird in the world,” not for itself, but
for the guano derived from the multitudes of birds that



114 B[Ri)S AND THEIR ATTRIBUTES

congregate on these dry and osherwise nearly barren places.
This valuable fertilizer is derived from the immense quan-
ties of anchovies which swarm in these waters and form
the chief food of the birds. The annual output is some
90,000 tons, and forms a great source of revenue for the
government.

While living fish are prey for many birds belonging to di-
verse groups—as loons, grebes, ducks, auks, herons, owls,
hawks, kingfishers—dead fish are eaten hy but few. The
larger gulls, however, have developed the taste for this
sort of food to such an extent thag they seldom take living
prey but have become chiefly scavengers, thus filling a niche
otherwise not well filled by any of our common water-birds.
The advantage of a scavenger's diet is that it may at
times be abundant, as when shoals of small herring or sand
lance are forced ashore, and again since the prey may also
be a large dead fish, it permits the scavenger to feed on
bulky species that if living it could not possibly master. In
hunting its prey, too, there is an advantage in the gregarious
habit to the extent that an abundance of food is soon de-
tected by the individuals within a wisual radius, through see-
ing those nearest the prey drawing in toward it as soon as it
is found by any of them.

The situation of colonies of fish-eating birds must also
have a certain relation to the movements &f fish. For ex-
ample, of the various clifis that might be used as nesting
sites by sea birds, only certain ones are found to be in actual
use. For not only must these be more or less inaccessible
from enemies, but their walls must be of such a pitch that
young birds in tumbling from their shelves as well as old
birds “taking off”" in flight, do not strike them in the nearly
perpendicular drop to the water. Moreover, they must
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be situated not too far frora shoals where fish congregate in

abundance. : *
Altogether the relations of hirds to fish are of very great
interest and importance. .

Of other forms of animal food available universally and
in abundance, small rodents of many different kinds stand
out prominently in the diet of many of the hawks and owls.
Since many kinds of mice interfere with human agricul-
tural and other interests, the destroyers of mice are
reckoned among our beneficial species, though in nature
they play their part .no less effectively than those that
help in reducing other species of mammals or birds whose ex-
istence is beneficial to our interests. A recent investigation
of the food of the Australian Barn Owl has yielded some
valuable results. These birds retire to some regular shel-
ter by day to rest and at such times regurgitate as a good-
sized pellet the indigestible bones, fur, feathers, etc., of
their night's meal. It was found that on an average two
such pellets were thrown up each day by a single owl,
sometimes probably as many as three or four. On the
conservative basis of two a day, this would make 730 pel-
lets in a year, so that Lea of the South Australian Depart-
ment of Agriculture collected this number of owl pellets
from beneath an owl's roost, and analyzed them to find out
what a single bird’s diet for one year might be. The re-
sult gave the astonishing total of 1407 mice, 143 rats, 7
bats, 5 young rabbits, 375 sparrows, 23 starlings, 24 other
birds, 4 small lizards, 174 frogs, 25 large night moths, 52
crickets, and a few other insects, chiefly beetles. Prohably
the sparrows and starlings were taken from roosts at night.
‘The recognition of the great value of owls as destroyers
of mice and rats in populated areas is very clear and the
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bird is carcfu[ly protected by law in South Australia, with
a penalty in addition to a fine of $25 for each bird killed.
Only lately have the Califarnia fruit growers learned to
‘encourage Barn Owls abeut the storage-sheds for their
value as killers of rats that do great damage to fruit await-
ing shipment.

Among land birds, the most general source of animal
food is that supplied by insects. , Such is the profusion and
wide variety of insects that birds of various species have
become adapted for pursuing them in their several differ-
ent modes of life. We are all fampiliar with the way in
which birds of unrelated groups have acquired similar feed-
ing habits in order to pursue insects of a given habitat.
For example, tree-trunk species are pursued by creepers,
nuthatches, certain woodpeckers, the Black and White War-
bler, and the wood hewers of South America. Another set
of birds, including woodpeckers, and such diverse types as
the New Zealand Huia and the Hawaiian finch-like species,
dig them out of decaying wood; another group of birds
pursue the insects that frequent leaves and the smaller
twigs, including warblers, many sparrows, kinglets, orioles;
while yet other groups, as swallows, flycatchers, and swifts,
pursue insects in the air capturing them as they fly. Again,
many ground-living insects are sought by birds that fre-
quent this type of habitat, as thrushes, bladkbirds, pittas.
Much has been written as to the economic value of birds
as insect destroyers. They are an effective aid in helping
to reduce the enormous numbers of insects that are pro-
duced and which are needed to maintain the numerical re-
lations of these creatures. For insects have important
enemies not alone in birds but in bacterial diseases which,
may, in seasons favorable for bacterial increase, sweep them
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away in millions; other insects specially adapted for prey-
ing upon particular host species are of next impdrtance per-
haps, but these, too, may have secondary parasites which_
in turn kill off the (from our viewpoint) beneficial pri-
mary parasites. As Holmes put it,

“Big fleas have little fleas upon their backs to bite 'em,
And little fleas have ll:?cr fleas, and so ad infinitum."

When, therefore, a bird eats an insect, it may destroy
(1) a species neutral in value from a human standpoint,
(2) one that is positively harmful, or (3) one that is
beneficial either in killing the harmful insects or in some
other way, as in the fertilization of useful plants.

In case of serious outbreaks of insect pests, as locusts
and grasshoppers that destroy our crops, or caterpillars
that defoliate trees, it is well proved that birds are effective
in reducing their numbers. It is also recognized that other
parasitic insects as well as diseases are even more efficacious,
so that the control of newly imported insect pests such as
gipsy and brown-tail moths in New England is to be hoped
for chiefly through the ude of parasites of this nature rather
than by birds. The same checks act to regulate outbreaks
of native species. It must be borne in mind, as pointed out
by Fitch (see Weed and Dearborn) that it is not to the ad-
vantage of any bird or parasitic insect that it should
wholly exterminate the crezture on which it feeds. There
must be enough left to keep up the supply or the bird or
parasite will exterminate itself, too. This no doubt hap-
pens with parasitic insects to a large degree from time to
time, should they increase so as to reduce the host species
too far. With birds, no doubt the same is true, but in
less degree, for an insect-eating bird is seldom so specialized
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L]
as to feed exclusively on a single kind of insect. In all
this it is important to bear in mind that in the course of
L]

ages the present conditions have been worked out whereby
‘each successful species produces young sufficient not only
to maintain an average representation but also to allow
for a certain larger or smaller percentage of loss, as a
factor of safety. [f, therefore, birds are found at any
time destroying useful species of other creatures, this loss
may be regarded as necessary to a certain extent, as it
has been allowed for in the natural relations of the species.
If it prove that the loss is not compensated, the species is
not successful and needs help in the way of reduction of
enemies.

It would take too long to enumerate the kinds of in-
sects used as food by birds, but their relations to the wide-
spread and abundant ants and termites (or so-called white
ants) are especially interesting. These insects especially
swarm in the warmer countries and are commonly social
and active the year through. In the temperate climates
they are active and abundant in the warmer months. Their
social habits render them in the sropics an abundant and
always available source of food, so that it is not surpris-
ing to find animals of different groups specially fitted for
preying upon them, such as ant-eaters of wvarious kinds,
certain carnivorous mammals, peculiar kinds of reptiles
and amphibians, as well as a number of birds that feed
chiefly or wholly upon them. A summary lately published
by Bequaert shows that ants enter very largely into the
diet of many kinds of woodpeckers in both the Old and
New World. Of our familiar species the Pileated Wood-
pecker is especially fond of the giant black wood-ant which
often attacks forest trees at their base and runs its tunnels
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far up within the trunk, easing out the heart wood. Such
a tree may appear perfectly sound externally but prove to
be riddled at the score on felling. It is to secure these
wood-boring ants that the Pileated Woodpecker cuts its’
mortise-like holes in the trunks of living trees, and I have
seen a tree with such a hole cut completely through a large
trunk. Our common Flicker is probably the greatest con-
sumer of ants among the sastern woodpeckers, and is fre-
quently to be seen on the ground gathering them. It is
remarkable that the salivary glands of the Flicker are
unusually large, and I, have had occasion to notice their
great development among certain ant-eating mammals as
well. Since the secretion of these glands is alkaline, it
has occurred to me that their unusual development in these
cases may be in order that the formic acid which the ants
contain in quantity shall be more or less neutralized.
Many tropical birds feed largely on ants, including the
family of Ant Thrushes (Formicariide). There are
others that follow columns of driver ants and prey upon
them. Many species of swifts are fond of winged ants,
and at the swarming periods great toll is taken of them
by many other birds. I have even seen Herring Gulls and
Laughing Gulls rather clumsily catching them in mid-air
during a September afternoon when millions of the insects
were a-wing. So abundant were they on the Maine coast
one year that the quiet surface of the bay was strewn with
those that had fallen into the water, and the gulls were busy
picking them up. No doubt the formic acid taste is pleas-
ant to the bird, and the same perhaps is accountable for
the liking of some species for bees or wasps. [ recall see-
ing a Clarke's Nutcracker, one summer morning in Utah,
perching beside a nest of hornets frequently picking off
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and swallowing one of the insests. " Its movements and ac-
tions so jarred the twig from which the nest hung, that
the inmates were thoroughly aroused, and buzzed angrily
*about the intruder, but the Nutcracker sat calmly, picking
off what it needed, occasionally snapping at one of the
angry horde or shaking its head now and then as if some-
thing were uncomfortable. For an early morning meal I
can imagine live hornets would jnake a hot breakfast, and
certainly the bird seemed to enjoy the sensation. In
Africa we find a group of birds, the Honey Guides, distant
relatives of the cuckoos, that have developed a great taste
for the comb of wild bees which abound in some parts of
the continent. The combs with their young bees and the
honey seem to be usually more or less inaccessible to the
birds, but the latter have the remarkable trait of attracting
the attention of a native by a peculiar twitter or chatter,
and will lead him to a bee-tree if he follow the bird. The
African natives all have a sweet tooth and are quick to
smoke out the bees and secure the honey, taking care to
leave a portion of the comb for the bird. This I have my-
self seen done, though the bird had.not far to lead us. In-
deed, bee-trees are frequently visited by the Honey Guides,
partly for the purpose of preying on the bees. It is re-
lated of a South African species that its stomach was
filled with the hind legs of bees, that had been bitten off
for the pollen basket carried on them. It is also related
that the clever bird does not discriminate between wild
and “tame" bees and may lead one to a bechive in a per-
son's yard as well as to one in the forest,

Leaving now a consideration of animal food, we may sur-
vey briefly the vegetable food of birds. This consists
chiefly in (1) the more nutritious stored matter in the
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seeds of various plants, or (2) it may be the soft pulp of
the fruit or less often (3) the leafy tissue ieself. It is
natural that the seeds of plants should be most used since
they contain the most concentrated nourishment. This’
involves a cutting open of the seed and extraction of the
kernel, as we see so deftly managed for example by many
of the finches. For grinding up the meat of the seeds a
strong-walled gizzard is needed with the addition of a cer-
tain amount of grit picked up with the food. So largely has
seed-eating been adopted by the finch-like birds that it is a
habit almost characteristic of them, though found as well
among other groups. An advantage of it is that it en-
ables many birds to survive the winter climate of the tem-
perate zone and so in some measure relieves many of these
species of the necessity of migration. Seed-eating may
therefore be an adaptation for surviving the northern or
southern winters when animal life in the shape of insects is
largely reduced. It is notable that most seed-eating birds
take insects as well, and further that their newly hatched
young are fed on insects until they are sufficiently grown to
thrive on seeds. That is, the seed-eater returns in its early
stages to this more primitive or ancestral habit. This proc-
ess of adaptation is perhaps indicated by such birds as
the Myrtle Warbler, a member of a typically insect-eating
group, that comes to live in winter partly upon bayberries
(Myrica) whose waxy coating is evidently nutritious, for
these weak-billed birds cannot crack open the seed itself.
By living largely on these berries, the Myrtle Warbler is
able to spend the winter more or less regularly as far north
occasionally as southern Maine, and so becomes an excep-
tion to the rule that our warblers all migrate to warm
climates in winter. A similar trait in the White-bellied
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Swallow may in part be responsible for its carly arrival
and late stay with us, matters in which it differs from our
other species. The parros family wish their powerful
beaks afford an example of a group of tropical birds that
live on nut-like fruits in large part. In these birds we
may imagine that they became nut-eaters first through be-
coming adapted for gnawing the oily but thin pulp which
covers the small fruits of so many palms. _ This pulp they
largely eat and one might imagine it would be only a
step from this to the cracking of small nuts and bean-like
pods such as those of the thorn treeg on which some of the
smaller species feed.

Pulpy fruits are relished by many birds and undoubtedly
afford more or less nutritive sugars, salts, and acids. This
seems more of a makeshift diet, however, indulged in
partly as a seasonal luxury (as when robins plunder the
strawberry bed) and partly when other food is scarce, as
when in winter the robins eat the astringent berries of
the buckthorn.

Other birds showing the transition from the more prim-
itive diet of animal food to the desived or adaptive diet of
vegetable matter are the ducks and their tribe. Very
young ducks feed largely on animal matter, as water insects,
and the same is true of the summer food of most of the
Anatinz or river ducks. The sea ducks of diving ducks
(Fuliguline) also live largely upon animal matter, fish,
mollusks; but in autumn some species may become chiefly
vegetable feeders, such as Canvasback and Redhead.
Oithers, however, as the Scoters and Eiders, that winter on
salt water, continue their diet of animal food. This is a
matter of much importance to the epicure, for those living
on a diet of water plants (wild celery or sceds of water
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weeds) become excellently flavored for the table, while
those feeding on an animal diet are more rank if not posi-
tively disagreeable to any but a stout stomach. The geese
go a step farther and become largely grazers as adults.

Again among the pheasant tribe including our domestic
fowls, as well as the native quails and grouse, we find
species whose young probably feed chiefly at first on animal
food, while the adults subsist in summer on both animal and
vegetable provender. In autumn and winter as insects be-
come fewer, the diet becomes chiefly or almost wholly vege-
table. Grouse eat berries, buds, and leaves. [ have seen
the Spruce Grouse with its crop stuffed with fir needles in
fall, and its well-known habit of eating buds has given
the Ruffed Grouse a bad name in some localities where
apple orchards have been too persistently visited.

It will be seen that with most birds that have adopted
a vegetarian dict, there is still = return to the more prim-
itive custom of taking animal food during the early stages,
or in some species insects and occasional other animals
are added to a diet chiefly vegetarian. To become wholly
vegetarian is a habit apparently rare, but among the pigeons
seems more nearly universal. With these really remark-
able birds, the young are at first still fed on food of an
animal origin, though strangely enough it is not fresh-
caught, but consists of the so-called “pigeon’s milk,” a
whitish fluid derived from the breaking down of the lin-
ing walls of the crop. Thus pigeons seem to be entirely
emancipated from the need of catching animal prey.

Of special foods to which birds have become adapted,
much might be said. Albatrosses, for example, feed
partly at least by night, and this becomes explicable when
we learn that they are squid-caters, for squid are likely
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to be more at the surface by might than in daytime. The
same is true, too, in some degree of many species of small
marine crustaceans composing the pkankton of the sea.
This may in part explaim the nocturnal feeding habits of
many petrels. The Little Auk or Dovekie is also a
plankton-feeder, rather than a fisher, and finds certain times
of day best for feeding when these minute animals are
nearer the surface. In times of rough weather this float-
ing life seeks deeper levels, so that the English ornithol-
ogists have explained the occasional great disasters that
overtake the Little Auks, bringing hundreds of them inland
with empty stomachs, as due to a continuous spell of bad
weather resulting in the temporary disappearance of the
plankton, and so depriving the birds of food and strength
to stand against the elements.

Another special food is that for which the African Tick-
birds have become adapted. These black birds with yel-
low bills associate with rhinoceroses or large antelopes,
scrambling about on their bodies to pick off the ticks which
abound in tropical countries. The huge beasts in their
turn are relieved of these anroying creatures, besides
profiting by the warning given when the birds suddenly
take alarm at the approach of danger. Remarkable, too,
are the great Harpy Eagle of tropical America, a special
enemy of the sloth, and the Philippine Monkey-eating
Eagle.

A final word as to the drinking habits of birds, which
have not perhaps been sufficiently studied. We have all
noticed that hens and sparrows sip from a pan, raising their
head between each sip as if to let the drop trickle down
their throats. The quite different manner in which pigeons
thrust in their bills and pump in the water like a horse
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cannot have escaped the attgntion of most. We do not
know much as to the amount of water birds need and how
often they drink. Jt is said that prospectors in desert
country are often able to locate springs by watching the
flights of doves or pigeons which must drink daily and fly
in from the surrounding country regularly for the purpose.

Most sea-birds are known to drink salt water in prefer-
ence to fresh; indeed captive gulls may die without it.
Land birds, however, need fresh water. No doubt some
species must go long periods without drinking, as in case
of certain birds that incubate continuously, for example the
female Hornbill that is walled up in her nest cavity and
fed by her mate. In the far north water may be unobtain-
able throughout winter, but it may be possible for northern
birds to subsist on snow. [ have known Pine Siskins to
eat snow and once watched a flock of Cedar Waxwings en-
gaged in catching snowflakes during a storm, flying up and
snapping at them as if they were insects. Here is a sub-
ject on which more information might easily be secured.



CHAPTER VI
ORIGIN AND DISTRIBUTION OF BIRDS

IN previous chapters we have seen thit there are many
points of structure in which birds resemble reptiles, partic-
ularly lizards, in the structure of the skull, the toes, the
supporting portions of the breastbone, the occasional pres-
ence of claw vestiges on the fingers of the hand (or wing),
in the ega-laying habits, and in other ways. If birds have
evolved through age-long processes from some sort of
lizard-like reptiles, we may confidently expect to find more
of these reptilian traits in the ancient ancestors of our
present-day birds, as represented by fossil remains, and
eventually trace the two types to a common source. Let us
examine briefly the evidence available. But, first, a word
as to fossils. Most people are apt to think of a “fossil”
as anything old, very big, prehistoric, or of an indefinite
age before the time in which we are living. Indeed, we
often speak of a person as an “old fossil,” if he wears
glasses and looks ponderous and wise. ® Originally, the
word meant something “dug up." But these notions are
quite inadequate, for in order to gain some idea of the time
when the creatures lived whose remains have survived to
this present, we must have a slight perspective of past
ages of the earth’s history and the conditions under which
it is possible for fragments of animals to be kept for in-

definite years and still preserve their shape and appearance.
126
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When a bird dies and is’left lying on the ground, what
usually becomes of it? In wars countries décay quickly
sets in, larvae of beetles and tertain flies devour its soft,
parts or vultures and small beasts of prey tear it to bits
and eat what they can. The harder parts bleach in the
weather and gradually disintegrate till nothing remains of
the original structure. Sometimes by the merest chance
a bird drowns in a quiet pool, sinks to the bottom, and by
another rare chance becomes covered with mud before the
many water creatures eat it. If by strange combinations
of circumstances it remains buried, and the mud gradually
gathers over it and hardens eventually into shale or sand-
stone, the harder parts of the skeleton or even impressions
of feathers may be preserved.

In rock crevices and caves, particularly in limestone re-
gions, bones are often preserved from going to pieces by
the soaking away of moisture and gradual accumulation of
soil over them, and so many become protected and mineral-
ized. In this way benes of small creatures brought into
caves by owls are often preserved. In California, there
are wells of sticky asphalt whose surfaces hold water and
attract animals to drink. They become mired in this nat-
ural trap and sink down to become eventually stored;
quicksands, perhaps at fords or good feeding places, trap
animals in the same way. Another method by which per-
haps the many fossil bones of birds have accumulated at
one of the Oregon lakes in the relatively recent past, was
exemplified a few years ago by the death of many water-
birds on some of the salt lakes of Utah and elsewhere.
Unusual drought or seeping away of water seems to con-
centrate the alkalis of these bitter waters, so that they
poison birds which drink them; but after death so alkaline
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are the waters that fat birds afe actually turned into cakes
of soap, in" part at least, and so, when subsequently cast
Ashore, they become coverell with sand®and are effectually
buried before they are eiten. These are a few of the
ways in which birds' bones may be kept from destruction
and gradually turned to stone by the slow dissolving of the
bones and their replacement by mineral matter. The
chance of a bone being preserved is exceedingly small, and
the chance of its being found again even after a thousand
years is infinitely smaller still. Suppose that all we
knew of the present bird-life of the globe were a sparrow,
a loon, and an ostrich, it is obvious what a poor idea we
could gather of the 19,000 species of living birds. Yet
our knowledge of fossil birds is proportionately but little
better.

Putting aside now all our previous ideas of age and time,
let us take a glance at the past history of the earth as it
relates to birds. If we look at an old family Bible of
two generations back, we shall find at the top of each page
the number of years that were considered to have elapsed
since the beginning of the wofld. The calculation is
simple, for Genesis gives a genealogical table of Adam and
his descendants and their respective longevity. By sum-
ming these and later dates together, and adging seven days
for the creation of the earth, the exact time is obtained—
no less than 4004 years and 7 days B.c. But we now
know that the seven days are not to be taken literally and
the dates no longer appear in our Bibles.

Men have examined the structure of the globe and the
forces at work upon it with the utmost skill and care; they
have at last determined that there is a certain rhythm
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with minor pulses extending over vast eons of time that
can be rather definitely made ,out and these rhythmic
pulses of time give us a solid basis for estimates of the
past. .

The general processes are: first, an uplifting or warp-
ing of the continents so that large areas are raised above
sea-level. The result is that the streams at once gain
new velocity and wearing power as they rush downhill to
the sea, so that the uplifted land starts slowly wearing down
again. The final process is a leveling of land areas and a
loss of barriers. A new clevation starts the whole process
again, so that the surface of the earth is constantly being
worn down flat and uplifted again. Small wonder then
that few buried treasures in the shape of fossils should re-
main to us from the more ancient times! The sediment
carried down by streams and dropped as they reach the
level, if accumulated fast enough, may bury and preserve
remains of animals, and the overlapping of the beds thus
formed shows their succession in time. By making a
vertical section of all these beds, an idea of the different
periods may be had. Various means of estimating their
age have been employed, the most nearly accurate of which
is perhaps due to the brilliant work of Barrell, who made
use of the radio-active minerals and by determining the
quantities of helium and lead in rocks of various strata
calculated the age of these by measurements of the rate at
which uranium, a radio-active metal, breaks down into those
elements. So now we have a time-table of part of the
earth’s history, in which some of the chief divisions are
shown in the following scheme, and to which reference
will be made as we proceed.



.
L "
- -
. .

130 BIRDS AND THEIR JD:TFRIBUTES
*  Duration in, Years Ago Impartant
Subdivisions Millions of « in Millionss  Bird Localities
; Years « to End of
Period

QUATERNARY OR FRESENT ERA

(1) Pleistocene I-1.5 Rancho la Brea,
3z * Calif.; Oregon;
Madagascar;
New Zealand,
IL. TERTIARY OR CENOZOIC ERA
(1) Pliocene 6-7.5 1.5 Greece ; India.
(2) Miocene 12-14 23
(3) Oligocene 1h 39 France,
(4) Eocene 20-26 G5 Wryoming (Dia-
tryma)
I, SECONDARY OR MESOZOIC ERA
(1) Cretaceous  4o0-50 s England; Wy-
oming ([chthyor-
nis;  Hesperor-
mis).
{2) Comanche 25-3% 150 .
(3) Jurassic 35-45 195 Bavaria (drch-
(4) Triassic 45 240 wopteryx).
IV. PRIMARY OR PALEOZOIC ERA

Compared with reptiles or mammals, the remains of birds
are very rare and on account of their fragile nature are

seldom more than fragments of the stronger bones.

It
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is natural that the more retent deposits should have most
abundant bird remains for they,have undergdne less dis-
turbance. In ourown country the asphalt lakes at Rancho
la Brea, California, have yielded the remains of a great
many birds, and these are chiefly birds of prey and waders
or other water-birds. They date from the last or Pleisto-
cene period to the present day (for the Present is really
but a continuatipn of the Pleistocene). The former were
doubtless attracted by the animals entrapped in the pitch,
and include many species, among them a long-legged eagle
of a kind no longer livigg, as well as a large hawk of a genus
( Geranoaétus) now confined to South America. Another
closely related species of the latter genus has lately been
discovered in older deposits of Pliocene age in Nebraska,
and a third in the still older Miocene beds in the same
State, proving that these birds in the past lived over a
wide range in North America, but now occur only in the
southern continent. There are also two wvultures similar
to those of the Old World, and representing a different
stock from ours.

A most extraordinary discovery in these same asphalt
lakes of California is that of an enormous eagle-like bird,
which has been named Teratornis.  Its skull alone is twice
the size of a Bald Eagle's and other bones are in propor-
tion. In flight it must have appeared a veritable airplane!
Altogether Professor Loye Miller has made out at least
25 species of carrion- or flesh-eating birds from this local-
ity, that testify to a much larger fauna in the recent past
than at present. The same is true of the mammals. For
huge ground-sloths, sabre-toothed tigers, and giant wolves
left their bones here and attracted these birds. Probably
the graduzl extinction of these large mammals was a con-
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tributing cause to the decline of this splendid company of
eagles, hawks, and vultureg, for large birds must have large
amounts of food and it must be uvailable in sufficient
quantity. An interesting tradition of the western Indians
is suggested by Merriam as a possible reminiscence of the
time when the last of the enormous Teratornis yet survived.

FIG. Vv

Skull outlines of (upper) the extinct Californian ®agle, Teratorni;
(middle) California Condor; (lower) Bald Eagle

After L. H. Miller
For these people still retain tales of a Thunder-bird that
fed on bison and even carried off human beings. One such
tradition relates that the bride of a certain young chieftain
was carried off by the great bird, and he resolved to stop
its depredations forever. So of an early morning he took
a chosen band of warriors and, concealing them near, him-
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self stood boldly forth on arock below the eagle’s eyrie and
defiantly sang the death song. The terrible bird at length
appeared, and swooped upon kim, but as it was in the act
of bearing off its prey, was shet to death by a volley of
arrows from the ambush. Who knows but this tradition
may relate to one of the last of the Teratornis?

Of other extinct birds at Rancho la Brea is one closely
similar to the Old World, Peacock, perhaps an immigrant
from Asia at a time not so very remote when a solid land
connection existed where now is the chain of Aleutian Is-
lands, though more regent investigations seem to show it is
a connecting form, near the Central American Brush Tur-
key.

The most famous of recently extinct birds is probably the
Dodo (Didus ineptus), found by the early voyagers on the
island of Mauritius near Madagascar. It was really an
enormous pigeon which had lost the use of its wings. The
first account of it is from the Dutch who visited the island
in 1598, and believing they had discovered a sailors’ para-
dise, the entire crew remained there for a time enjoying its
delightful climate and $eeding on turtles and Dodos. In
little more than a century thereafter the bird was quite
exterminated with scarcely more than a few skeletons and
early figures to show to following generations. A nearly
related bird oh the neighboring island of Réunion met a
like fate, the Pezophaps. On Mauritius too was a large
flightless rail.

Madagascar was the home of several species of Giant-
birds (.#&pyornis), all of which seem to have become ex-
tinct in the last or Pleistocene period. Many of their
enormous bones have been found and even fossil eggs a
foot long. The largest species stood near ten feet high,
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with ponderous leg-bones but small head and degenerate
wings. IneNew Zealand, too, was a race of large birds
now wholly gone—the Moas (Dinornis), representing a
Wwholly distinct type from the Giant-birds; also a flightless
goose. The Moas lived till a very recent time and were
probably killed out by the aborigines, for the bones are
found in their kitchen-middens.

Note here that the large birds are among the first to go
with any disturbance of their quiet island life. It is a rule
of evolution that the development of large size is a final
stage in growth and indicates an adjpstment to certain con-
ditions of life that, if changed, spell death for the species.
Hence “‘giantism,” as the French call it, is a dangerous
thing.

In France, particularly in the Paris Basin, many bones
of birds have been recovered from ancient deposits in
what were probably caves and date back, according to Bar-
rell's estimate, nearly 60 million years to the early part of
the Tertiary era or Eocene time. From one deposit at
Quercy over 40 species representing some 25 genera have
been identified among the bones found. They include owls,
a vulture allied to an American genus, a Secretary-bird or
long-legged eagle now confined to Africa, as well as vari-
ous storks, herons, sandpipers, partridges, sandgrouse, and
swifts. Most interesting too are the remains of trogons,
birds of brilliant plumage now confined to the tropics of
America and with other species in Africa and Asia. There
is another extinct species of trogon known from Miocene
formations in France. This proof of the former extension
of this type of bird is suggestive of a once continuous range
from Old to New World.

Although the many remains of these early Tertiary birds
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yet found are for the most part of the same general types
as birds of the present day, it ig likely that, i we knew
more about them than what we can glean from a few bones,
we should find they were in. many respects different’
from their present-day representatives.

We must accustom ourselves to the concept that the
living birds we are familiar with are the varied descend-
ants of a yet more various, company, and that in the past
as now some became so specialized for particular habits
that they died out long since with changed conditions.
Matthew is of the opinjon that, as with mammals, most of
the larger modern groups were well marked at the begin-
ning of the Tertiary era, though probably few or none of
the genera and species were quite the same as their de-
scendants. A recent and most important discovery of this
early time is a nearly complete skeleton of a very large
ground-bird, Diatryma, which from its degree of complete-
ness really is a landmark in our knowledge of ancient birds.
It comes from the Focene of Wyoming and portions of a
similar bird have been found in New Mexico. It was prob-
ably as large as an Ostrich, near seven feet high, heavy-
limbed and with massive neck, enormous beak, and very
small wings. This remarkable bird shows many points of
resemblance to the South American Cariama, a primitive
crane-like species. Very recently the impressions of long
plumy ostrich-like feathers have been found in the shales of
this age in Colorado, and are believed to represent its
plumage. Some of the primitive points are: the imper-
fectly double joint of the jaw; the wide angle of the shoul-
der blade and coracoid bone, as in ostriches; its breadth
and plate-like form, and the fact that the pubic bones
nearly meet below the pelvis. The palate is of a more
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modern type (‘“desmognathows” or roofed-over), agree-
ing with that of so-called Carinate birds (Ewuornithes).
This remarkable species thus combinesscharacters of both
*Ratite and Carinate birds, and indicates that the two types
are not of independent origin but developed from a com-
mon ancestral stock still more remote. Let us then pass
back to the next more remote period, the Cretaceous, be-
longing to the so-called Secondary Era.

Few birds are known from these ancient deposits, but
those few are of utmost interest. In addition to sundry
bones from the chalk deposits of Epgland, there have been
found in the Cretaceous shales of Kansas considerable
portions of the skeletons of two birds which, according to
our table, lived over 100 million years ago. They repre-
sent two very distinct types, but for the first time we find
both had simple teeth in each jaw, just as lizards do. Here
then is another step toward the reptilian ancestor. One
of these toothed birds was rather gull-like in general style,
and its breastbone had a prominent keel. The wing was
well developed, with the three fingers as in modern birds.
It is called fchthyornis or Fish-bird. The other was in
general form probably like a huge grebe, with a long body
and neck, long narrow bill, with the addition of teeth, and
the same short thigh bone, long tibia, and an enormous
knee-cap for muscle attachment. It was evidently a won-
derful diver, but was flightless. The breastplate has no
keel because of the very small size of the wing. This is
the Hesperornis or Western-bird. Thus we see that birds
in these early days had not yet lost their teeth. The say-
ing, “Scarce as hen's teeth,” would have meant little in
Cretaceous times. We must realize, however, that even
then there were these birds of habits so specialized that



THE CRETACEOUS TOOTHED DIVER, Hesperornis
As restored by R. W. Shufeldt

SKELETON OF THE CRETACEOUS TOOTHED BIRD, Ichthvornis
After Marsh



e W R W L —

ORIGIN AND. DISTRIBUTION DF: BIRDS 137

they had lost the use of their wings, and that these are but
two of the many kinds of birds that must have lived dur-
ing the 40 million*years of the Cretaceous period.

It is hard to push our inquiry: farther back into the past.
Yet by one of the greatest imaginable pieces of luck, we
have two skeletons from the Jurassic period, some 35 mil-
lion years before the days of the Hesperornis. There is a
bed of slates in Solenhofew, Bavaria, of such exceeding fine
grain that they are much sought for purposes of lithog-
raphy. This slate was probably laid down as very fine
silt in still water these eons ago. In the course of quarry-
ing it two skeletons of a bird have been found so beautifully
preserved that the outlines of the feathers can still be
traced. This is the famous Archeopteryx, or Lizard-
tailed Bird, the oldest feathered creature yet discovered and
a most veritable missing link. For, while the birds hitherto
noticed are clearly birds in all their points, except per-
haps in the possession of teeth, Archeopteryx is a real
connecting link with the lizards. This lizard-like bird was
a little bigger than a magpie, its beak was blunt and snout-
like, with 13 simple teeth in the upper and 8 near the tip
of the lower jaw on each side, set in distinct sockets. The
vertebra were unlike those of modern birds in being con-
cave or cupped at each end; moreover, it had but ten neck
vertebr® , which is less than in any living bird and re-
sembles therefore the lizards which usually have nine.
The breastbone was apparently keeled, implying strong
breast muscles; the tibia and fibula of the “shin" were not
grown together, while the foot seems to have been much
like that of modern perching birds. The bones of the
pubis have been found, by more recent study of one of the
specimens, to extend below the pelvis, and although they
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come closely against each other #n the middle line, they are
not fused. *In this as wgll as in the reduced number of
teeth in the lower as compared with the upper jaw, a begin-
ning is seen toward the mere modern conditions in which
teeth disappear completely, and the pubic bones no longer
even touch below. But most remarkable is the tail, the
central bony part of which is long, slender, of many joints
as in a lizard and each joint has a pair of large feathers
one on each side. In modern birds the tail has become so
short that its bones hardly extend beyond the general limits
of the body, and the terminal ones,instead of being suc-
cessive joints are fused into a little knife-like piece (pygi-
dium) ; while the tail-feathers that in Archeopteryx grew
out in pairs all the way down this long appendage, are now
represented by several of the middle pairs only, for the tip
has so shrunken as to be without them.

This discovery is enough of itself to prove the reptilian
descent of birds, but our thirst for more knowledge impels
us to find the lizards that birds have started from. We
have seen that some of the dinosaurs are rather bird-like in
appearance, and certain of the smaller species are especially
so. These reptiles were of several types: some walked on
their hind legs, had three toes in front and one behind like
birds, the tarsus was long and slender, and in walking was
held off from the ground; the formation of their pelvic
bones was like that of birds; and they had long tails like
Archeopteryx. Dinosaur eggs have lately been discovered,
and even impressions of their skin, but they had no feathers
and their fore limbs were short and weak though like
birds the hand had three fingers. Evidently, since they
lived in the same times as Archeopteryx and flourished till
the late Cretaceous time, they could not have given rise to
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birds. Not long ago, however, remains have been found
of reptiles so unspecialized that they might easily have
been the starting-point whence the small bird-like dinosaurs
as well as true birds were derived, with slight changes.
These creatures were evidently common and widespread,
and have the euphonious name of Pseudosuchians, which in
Greek signifies “imitation crocodiles.” Bones of this an-
cient group of reptiles have been found in the Triassic
formations (240 million years ago) of localities so far apart
as Connecticut, Scotland, and South Africa. Living in the
period preceding that in, which we find Archeopteryx, they
seem to supply the ancestral stock of both the bird-like
dinosaurs and the lizard-like birds. These “imitation
crocodiles” have not yet gone too far on a line of special
developmdiat to preclude such ancestry. The bird pelvis
could be derived from theirs by turning the lower or pubic
bone farther back. The long bones (metatarsals) of the
foot were still un-united as in dinosaurs, and it seems likely
that their later union into a cannon-bone as in birds oc-
curred, as Osborn suggests, as an adaptation for strengthen-
ing the foot in walking or running on the two legs. For it
is hard to see how a foot of this type could have evolved
through c¢/imbing habits. The same point is exemplified
among mammals, in which the running species have de-
veloped cannon-bones through fusion of these foot-bones,
whereas climbing mammals such as squirrels and monkeys
have not. Broom (1913), who has made a special study
of these “imitation crocodiles,” concludes that a reptile
of this type “which through a bipedal habit had developed
a strengthened ankle-joint and a firm metatarsus [or
cannon-bone], and had lost the fifth digit from the manus
[hand]" would meet all the requirements of the ancestor
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of birds. Such hypothetical aacestors, for which therefore
there is abundant evidepee from a study of comparative
anatomy, are called by Pycraft, an Enghish anatomist, Pro-

* Aves, or immediate forerunners of birds. Who knows but
we may yet discover the fossil remains of some! The
critical point in their evolution came with the development
of feathers from long overlapping scales. They were
doubtless quick runners on the,ground, and probably very
early some of them took to perching on branches. Their
slender arms ended in three long fingers each with a claw,
and they probably had some sort of wing for gliding in
long leaps from branch to branch or tree to tree. They
retained the sharp-pointed conical teeth of the “imitation
crocodiles” but eventually lost them (as even Archeopteryx
had begun to do) when the horny beak developed. All
the evidence points to the conclusion that the known birds
were all evolved from a single line of reptile-like ancestors
during a time of perhaps 200 million years at the least and
that though side branches developed from time to time on
account of various special habits, the group as a whole is
what is termed monophyletic, that is, all birds are descended
from a single stock that lived in the remote past and none
of them has come from any second stock of reptiles of the
same or another period.

Having thus briefly glanced at the birds 8f past times in
an attempt to guess their probable ancestry, let us, before
leaving the subject, once more look back across that awe-
some gulf of 150 million years to the days when Archeop-
teryxes hopped about on the shores of the reedy pools in
Bavaria. It is hard to conceive of so long a time. The
mind does not comprehend it. Imagine a line 150 feet
long, each foot representing a million years; ourselves a
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point at this end, Archeoptdryx a point at the other. If
we start moving toward the angient bird, we*shall find
that by the time we have passed the days of Tut-ankh-
amen's great-grandfather, we shall have progressed a dis-
tance about equal to the width of a thick pencil-line, or one
millimeter to 3333 years. After going back the vast space
of a third of an inch we shall have passed far beyond his-
toric times to the early Stone Age of Man, and at the end
of an inch we shall be well into Glacial times. The first
foot of our 150-foot journey will have brought us only to
the beginning of the latest or Pleistocene epoch of earth's
history, and we shall have accomplished less than half the
journey ere we reach the fauna of the Paris Basin and the
giant Diatryma of Eocene days. And even when we at
length reach the' journey's end, we are still a long way
from the starting-point of birds. Thus we may realize
that geologically speaking a thousand years is not really
such a very long time; it is only that our thoughts are
small.

Distribution of Birds.—It is clear from what has pre-
ceded, that the bird-fauna of the globe has undergone very
great changes during the course of time, not only in its
nature but in its distribution as well. Why, for example,
do we find at the present day Ostriches in Africa and their
near relatives in South America, but none between these
distant points? Why are albatrosses not now found regu-
larly in the North Atlantic, and why are trogons confined
to the tropics of both Old and New Worlds but absent else-
where? These and like questions are hard to answer in
face of our almost utter lack of knowledge of the past
distribution of these birds. When, however, wé find that
there are fossil Ostrich remains in Asia, a fossil albatross
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in England, and fossil trogon? in France we may conclude
that in fofmer times the, ranges of these birds were either
more extensive or else very different from what they are
now, so that there was seme way whereby they once were
able to exist in regions from which they are now absent.
Do not fail to grasp the concept that the arrangement of
things has not been always the same as we now see it.
We must look upon the present distribytion of birds as
the end result after many million years of slow or rapid
change, not only of the earth's crust itself but of its in-
habitants as well, in their endeavpr to adapt themselves,
whether consciously or not, to its great wariety of con-
ditions.

There are, then, two chief factors governing the dis-
tribution of species at any given time: first, the historical
factor, that is, how and whence a particular area has been
peopled; and second, the adaptive factor, that is, what
preference each species shows for certain kinds of surround-
ings. To illustrate: the Golden-crowned Kinglet is a bird
found from western Europe and the British Isles quite
across the northern parts of Asia to eastern North Amer-
ica, differing locally so that minor geographic races can
be recognized. It is probable that this tiny bird reached
America from the eastern continent during a time when
there was an extensive land connection from Alaska across
to Asia. Such a connection appears to have existed, per-
haps only at intervals, during much of the Tertiary era,
to be broken in later Pleistocene times. Thus the his-
torical fact of a continuous land area between what are
now separate continents made it possible, we will assume,
for kinglets to extend their range from Asia to America.
The second or adaptive factor is that they have a prefer-
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ence for the northern eveireen forest rather than for
open country or deserts or maple woods. For this reason,
after having reached this contiment, we find them devoted
to its evergreen forests. If the latter were now to be
burned, cut off, or otherwise suddenly destroyed, the king-
lets would doubtless perish too, not being able to flourish
without their chosen type of habitat. It may be that a
number of birds as well as mammals reached America from
Asia in geologically recent times, and being, like the king-
lets, creatures of the northern evergreen forests, have also
been able to range acrqss the entire northern part of the
continent. ‘This explains why in commen with northern
Europe and Asia, we have a number of birds in North
America that are characteristic of this type of forest. Such
are the Three-toed Woodpeckers, Pine Grosbeaks, Canada
Jays, Brown Creepers, Red-breasted WNuthatches, and
Chickadees, all of which have close allies in the Old World.
Magpies are among the birds of this invasion, but in North
America have only extended part way across the western
country, probably because of their preference for the sort
of habitats in which we see them in our Rocky Mountains.

Birds are very tenacious in their love for certain local-
ities and it is probable that the less migratory species, at
least, are rather slow to colonize new country even when
opportunity offers. Of this, however, we are in a better
position to judge as years go by and we see how readily
some of them adapt themselves to changes brought about
by man within a century or two. Thus the increase of
grass-lands in parts of the West through irrigation has
caused a distinct spreading of Bobolinks to occupy the new
country made available to them because of their adaptation
to grass meadows as breeding places. The clearing of our
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New England forests and the toming-in of bush growth in-
stead gives a new though temporary field for the Chestnut-
sided Warbler, which now <ertainly oceurs in places where
a hundred years ago it could not be found. This illustrates
again the adaptive factor in distribution. Suppose now
that the bushy places gradually grow up to forests of oak,
maple, elm, ash, and birch, as we find in central New Eng-
land, other birds will come in uﬁmse‘prefczcnce is for these
trees, as Scarlet Tanagers, Grosbeaks, and Red-eyed
Vireos. Following these trees, come in gradually a few
white pines or pitch pines, and with them come the Black-
throated Green and Pine-creeping Warblers, Crows, Sharp-
shinned Hawks. In short, there is found to be a regular
succession of faunas characteristic of the different types
of vegetation that naturally follow each other in the vari-
ous stages of a forest from open swamp or clearing to a
thick wood. These different sets of birds, mammals, or
insects that go with certain kinds of vegetation are called
associations, and exemplify the adaptive factor in distribu-
tion. Often the relation is so very close that a particular
species of bird may spend much of its life in a certain sort
of tree. Our Pine-creeping Warbler, for example, is so
strictly associated with pitch pines in the breeding season
here, that it is seldom found far from them. The Black-
throated Green Warbler is in central New England con-
fined largely to white pines in the same way, though farther
north it frequents spruces. Other instances readily occur.

These are some of the details of distribution. In a
larger view, and excluding many birds of very wide or gen-
eral distribution, our North American species fall more or
less into two sets: first, birds that breed chiefly in the
north, and in a general way are limited in their southward
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range by the southern extehsion of the spruce and pine
forests that cross the north part of, the continent and follow
south along the higher elevations of the Allegheny, Rocky,
and Sierra Nevada Mountains; second, birds that breed
chiefly in the warmer, southern parts of the continent and
extend north to meet those of the first group. In the East
where there are relatively low mountains and the land is
not greatly varigd in levely the separation of these two
is not very marked, but in our western mountains with their
increased altitude, it is often very obvious that the northern
association occupies the high levels, the southern the lower.

Altitude is in a general way the equivalent of latitude,
that is, if one ascends a high mountain on the equator, he
passes from a warmer to a colder climate, just as if he had
gone all the way from the tropics to the arctic region. It
is found that in general every 250 feet of elevation is the
equivalent of an additional degree of latitude. Thus it
is that in our own White Mountains we find an arctic region
on the summit of Mt. Washington and the nearby peaks,
with a number of arctic plants, insects, and spiders, the
equivalent of the Labrador coast, though there are not
at the present time any arctic birds that breed on these
summits.

Characteristic birds of the northern fauna are: Ptarmi-
gan; Red-tailed, Pigeon, and Sharp-shinned Hawks; Snowy,
Great Gray, Hawk, and Saw-whet Owls; Three-toed Wood-
peckers, Canada Jays, Pine Grosbeaks, Crossbills, Red-
polls, Siskins, Juncos, White-throated and Tree Sparrows,
several warblers as the Tennessee, Black-poll, Myrtle, and
Wilson's Black-cap. Equally characteristic southern birds
are: Wild Turkey, Mourning Dove, Red-shouldered and
Sparrow Hawks, Yellow-billed Cuckoo, Red-bellied Wood-
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pecker, Flicker, Whippoorwil® Kingbird, Least Flycatcher,
Orchard ®riole, Cardinal, Grasshopper Sparrow, Seaside
Sparrow, Field Sparrow,* Yellow-thrdated Vireo; Pine,
Prairie, Blue-winged, and Hooded Warblers, Yellow-
breasted Chat, Marsh Wrens, Mockingbird, and Wood
Thrush. Many others could be added. A more exact
study of the ranges of these birds will show that rarely
are any two exactly the samessome extepd farther north,
others farther south according to their special preference
for different sorts of country, or vegetation, or other condi-
tions. E

Changes in distribution are even now taking place rather
rapidly as we clear the original forests, transforming river
bottoms to meadows, wooded hillsides into orchards, or
pine and spruce woods into oak and beech woods. The
rapid withdrawal of the Red-tailed Hawk from southern
and central New England and the advance into our White
Mountain valleys of the Red-shouldered Hawk have taken
place within the last fifty years, and other similar changes
could be recounted at length. In eastern China the in-
tensive cultivation and overcrowding of population has
resulted in such wide destruction of forests that at the
present day, all that we know of the tree-living birds of
this great area is derived from those species that still are
found in places where occasional groves have been pre-
served, as in the sacred precincts of temple grounds.

As to the larger aspects of the problems of distribution,
I cannot do better than refer the reader to Matthew's
“Climate and Evolution” (1915), a masterly review of
what we may deduce from the present and past distribution
chiefly of mammals, for which the records from fossils are
best known. The same lines of reasoning doubtless apply,
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however, to other groups 'of animals and plants. His
chief thesis is that the continents have had more or less
the same general outlines as those we now see for an im-
mense period, subject, however, 4o periodic and relatively’
slight changes of level. For after an uplift there follows
a long period of wearing down of the land to base-level,
with slight shiftings along certain lines to equalize pres-
sure of the material carried down by the action of streams
and winds. The result of the wearing-down process is
the removal of high mountains, a more uniform temperature
everywhere, and overflgw of large areas of land by shallow
seas. The readjustment process involves an uplift along
certain lines of stress, with the rising of mountain ranges,
which, by drying the winds, cause desert conditions in the
interior of continents, while the entire period culminates
in the formation of ice-caps or glaciers at the poles and
on high mountains. We have just passed through such a
period, or may still be in it. The uplift may make land
connection between what were before isolated areas, just
as a depression makes islands out of what was a hilly or
mountainous land.

If, now, we employ Matthew's method of looking at a
map of the world as seen from the North Pole rather than
spread out DI‘I-thE rectangle of Mercator's projection, it
is obvious that the great land masses are in the northern
hemisphere. These have been the chief centers of evolution
and Asia, as the greatest area of all, was doubtless the most
important. From the North Polar viewpoint, Australia,
Africa, and South America are merely the outer projections
of the great central land area, and by very slight elevation
it becomes possible to join the northern portions together,
particularly by way of Asia. The finding of related
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groups of birds in Africa and Sbuth America is now readily
explained, if we suppose, that they have spread out from
a more northern center inter these southtrn corners by way
*of Asia (and Europe as @ peninsula of Asia). From this
central Asiatic land-mass, successive waves of life seem to
have spread out from time to time, finally reaching the
southern remote corners. So the primitive ostrich-like
birds reached opposite ends of the globe by, spreading from
the north, not by following a direct connection between
Africa and South America. So too, in case of the trogons,
now found in these two continents, the fossil remains from
France, where the birds no longer exist, show that in
early Tertiary times they ranged farther north than now
and so, if they lived in northeastern Asia as well, could
have crossed to North America when the two continents
were joined and the climate was warmer as it scems to have
been in the early Tertiary. Later, with increasing cold,
they retreated southward, and so each branch became
isolated, one in the Old World, one in the New. So, too,
are to be explained many other apparent anomalies, such
as the occurrence of a true alligator in China and in our
southern states; and of tulip-trees in our southeast and
again in the highlands of southwestern China. These cases
but emphasize the importance of knowing the historical
factor if we would explain what seem othérwise peculiar
and haphazard distributions.

Another interesting problem is offered by the occurrence
of species on islands far from the nearest land. Did
they come by some unusual chance, storm-blown or as
castaways on floating logs, or did they reach their present
home at a time when the land was continuous between the
continent and what is now an island? The latter ex-
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planation seems probable in case of Australia with its
remarkable fauna of so many living species *whose like
has elsewhere so largely died" out. But here the subse-
quent isolation must have beem of very long duration.
Other cases are less clear.  The isolation of tropical islands
has often been favorable for the development of large and
sluggish forms, as the Giant-birds of Madagascar, the
Moas of New Zealand, and the Cassowaries of Ceram.
For free from many enemies and with plenty of food at
hand there was no hindrance to their development in size.
Through the protection of this isolation, too, it has often
happened that birds have survived for long periods, while
their relatives on the mainland have quite died out. This
we see in numerous instances in our West Indies, as well
as among the Pacific Islands, so that many species are
preserved to us which otherwise would long since have
passed beyond ous ken.

]



CHAPTER VII

SOME ECOLOGICAL RELATIONS OF BIRDS
.

Tue word “ecology” is derived from two Greek words
that mean the study of the “house” or the surroundings in
which a being lives. These surroyndings include not only
the general environment but also the other plants and
animals with which this being is brought into contact.
The study of ecology, therefore, includes the relations of
birds to their habitat as well as their relations to the other
birds and animals that live with them. It includes also a
study of the way in which the bird affects its environment.

We must keep in mind not only that the conditions we
now see among living species are an end result of age-long
processes of adjustment among a great number of beings
with different requirements, but also that there is a greater
or less re-adjustment constantly going on as the general
conditions of life change, whether in periods of relatively
few years or over a span of ages. For cx.amplc, with the
introduction of the FEuropean House Sparrow into this
country, there was at first a great increase in its numbers,
and a period of years in which it struggled for a foothold,
to the greater or less detriment of many native species
of birds. Of late years the numbers seem to be less in
general than thirty years ago, and the bird is gradually
taking its due place as a permanent member of our fauna,
subject to the factors of control that hold it from too great
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an increase. There has bekn therefore a change or re-
adjustment of relations in the space of compardtively few
years. On the othtr hand thert are adjustments that seem
to proceed very slowly over immense periods of time.
We know for example that most if not nearly all modern
species of mammals are different in greater or less degree
from the related species that occupied their territory in
some past geological periody as for example the Miocene or
middle Tertiary of North America with its wealth of un-
familiar forms. These have gradually disappeared and
have been replaced in part at least by the later species.
What is true for mammals is so doubtless for birds.
There has been a slow change, accompanied by extinction
of some groups and the expansion of others. Time is
therefore a factor in the study of ecology as we shall see
presently in a smaller way in considering the succession
of bird-faunas.

In a consideration of the general physical environment
of birds, C. C. Adams recognizes three primary divisions:
(1) water, (2) land, and (3) an intermediate ground, the
shore. These in general are the surroundings in which
various birds spend at least a large part of their lives,
and these again may be variously subdivided. So obvious
are these divisions that the birds characteristic of each are
often spoken of respectively as water birds, land birds, and
shore birds, though this classification is at best a rough one.
There is of course nothing specially new in this, but it serves
to emphasize the fact that birds have become adapted to
particular modes of life, especially to certain methods of
procuring their food, so that they have come to be more and
more dependent upon the special kinds of environment,
just as the plant or animal life on which they feed has in its
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turn become accustomed to a darrowed and particular set
of conditiohs. .

. In more detail, the water environmeht may be divided
into (a) salt water and #b) fresh water. Salt water im-
plies the ocean; and the species of birds that frequent it,
live by it, and obtain their food chiefly from it, are roughly
of two sorts (I) those that range along the coasts (mari-
time species) and (II) those that range farther offshore,
the pelagic species. To the former (maritime or coastal
species) may be reckoned such as the auks, guillemots,
cormorants, gannets, the Common gnd Arctic Terns, and a
number of ducks, especially of the group known as sea
ducks or diving ducks, species that seck their food at
moderate depths along sea shores, diving for mollusks and
small fish that occur on the bottom. Other illustrations
readily come to mind, of birds that are out of place inland,
that rear their young along the edge of the sea, returning
therefore to the shore or intermediate territory for this
purpose. Intermediate steps are seen in the degree of
emancipation from the land, for many diving ducks, as
Redhead, Canvasback, Scaup, nest on inland fresh marshes
but seek the seacoast for the non-breeding periods. The
second class, or pelagic birds, has departed even farther
from the primeval shore life, and like the petrels and alba-
trosses are at home on the open sea, seldom coming within
view of land except for the more or less prolonged nesting
period. These two classes of water birds may be thought
of as invaders into “the world of waters” just as on land
we find certain species that have invaded deserts and be-
come adapted for the sterner conditions imposed by these
extreme types of environment. For a pelagic life must
needs be a somewhat specialized one. Pelagic birds such
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as the petrels and their nlligs must be able to travel im-
mense distances, and so must have sustained powers of
flight; hence they have developed special ways of flight
such as soaring in the larger species or, as in shearwaters
and even many of the lesser species of petrels, a combina=-
tion of flapping followed by a long glide. They must be
able to rest upon the ocean surface for longer or shorter
periods, a thing which somt water birds, including some
terns, have been found incapable of doing. Pelagic birds
are therefore swimmers as well as birds of sustained flight,
and can rest on the water without becoming water-logged.
They must be largely surface feeders, and those that live
upon certain kinds of sea animals that come to the surface
by night, such as squid and various small crustaceans, must
become in part nocturnal.

Birds adapted to a life in or on fresh water are probably
a less varied company than those of salt water. For the
sea, except towards the poles, is always more or less open,
and even if birds are forced away from polar waters by
the oncoming of winter, they can find their way to per-
manently open areas by a continuous watery path. This
is not always the case with fresh waters. Lakes and ponds
freeze completely over in high latitudes so that birds that
have summered ,in such places are forced out and must
retreat by flight over land to other favorable areas of
fresh water. Ewen the rivers freeze in the north, so that
the fresh-water habitat becomes in the temperate and frigid
zones more or less discontinuous according to season. It
is because of this difference, I presume, that flightlessness
through reduction of the wings has not been developed in
birds frequenting fresh water, whereas among sea birds
it is common. Thus the entire order embracing the Pen-
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guins has lost the power of ﬂigdt through having developed
the wing into a paddle.* The Great Auk is an example
»of a sea bird that has used its wing more advantageously
for flight under water thdn in the air, and so was able to
dispense with aérial flight since the water route is un-
interrupted. In the Galipagos Islands off the west coast
of South America, Harris's Cormorant has reached a like
condition, and though in other® respects a cormorant, has
such reduced wings that they are no longer available for
flight. Since cormorants normally swim under water by
means of the feet alone, this cases differs somewhat from
that of the Great Auk, for the small size of the wings
seems to be due to a degeneration of the wing through dis-
use, whereas in the Great Auk its small size seems the
better to fit it for use as a paddle in flight under water.
It seems probable, too, that the extinct Hesperornis, the
great flightless diver of the Cretaceous period, was a sea-
bird, and though its fossil remains are found in the far
interior of North America, it probably lived at a time
when this area was occupied by an inland sea. The
continuity of the sea as an environment is thus in itself
a factor in the distribution of certain birds.

The precise factors controlling the distribution of sea-
birds are matters not easy to ascertain. ,In a recent ac-
count of the sea-birds of the Cape Verde Islands off western
Africa, Dr. R. C. Murphy has brought out some interesting
facts. The outstanding feature is the absence of gulls
and particularly of terns as breeding birds. Apparently
not one of the species of this cosmopolitan family (Laride)
nests in this group of islands, although in the Canary and
Madeira Islands not far to the northwestward the Common
Tern breeds, and there is a gull in the Azores. The Cape
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Verde Islands share with the*West Indies and South Atlan-
tic Islands, the Brown Booby and the Tropic Bird but lack
the Noddy and Sooty Terns so common in the same latitude
in the Caribbean Sea. Some invisible barrier, as it were,
holds oft the Common Tern on the north and the two latter
species on the south and west. Dr. Murphy then shows
that a broad belt of ocean water separates the southern
nesting limits of the Common Tern (a northern species)
from that of the Noddy and Sooty Terns (which are
tropical species). The surface temperature of this broad
belt is too high to be fayorable for the Common Terns and
too low for the two tropical species, whose absence there-
fore from the Cape Verdes as well as from the Bermudas
on this side is correlated with the fact that both island
groups lie within this belt. The southerly boundary of this
zone is about 80 ° F. and its northerly limit 70 ° F., and
covers about the distance from central Florida to Cape
Hatteras on our coast. The interesting point is not that
the water-temperature is of direct influence in the distribu-
tion of the birds but that it affects them in some indirect
way through its influence perhaps on their food supply,
which again is controlled by various factors. The tempera-
ture of the surface water therefore is but one of the eco-
logical factors that control the breeding ranges of these
terns, but its inﬂucncc. though indirect, may be correlated
closely.

Again, Dr. Murphy points out that the abundance of
boobies, Tropic Birds, and petrels at the Cape Verde
Islands is probably to be correlated with the topography
of “the surrounding sea-bottom in conjunction with cur-
rents and vortices produced by the submarine slopes of
the islands, . . . compelling a constant and plentiful supply
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of varied food organisms apfropriate for these species, to
approach® the surface.”, He adds that the great albatross
colony of the Laysan Island of the Pacific, may be made
possible by the mere shallowing of the ocean about this
island, so that a concentration is produced of the wvast
quantities of cephalopods needed to support these birds.
For according to Fisher's estimate the consumption of these
by the breeding albatrosses amounts tp some 600 tons
daily.

But to return to a classification of water environments.
Those of fresh water include lakes and streams, whether
large or small, and are characterized by a number of
familiar birds. The Loon, various grebes, certain of the
smaller gulls (as Franklin's Gull), Black Terns, many of
the surface-feeding ducks, and the Coot are birds typical of
fresh-water lakes, while others, as the American Merganser
and the group of South American ducks known as Torrent
Ducks, are especially characteristic of streams. The latter
birds inhabit rapid waters and often climb out on to rocks,
using the sharp spurs at the bend of the wings to help
them. Here may be included also the Dippers of spe-
cialized habits, that plunge boldly into mountain torrents
to seek food at the bottom, truly an extraordinary habit for
a Passerine bird.

Shores as a distinct type of environmenf may be thought
of as very restricted in extent, and again as of various types,
but chiefly comprising sea shores or beaches and muddy
shores or flats. Each type has its characteristic birds—
thus the Piping and Black-bellied Plovers, the Semi-
palmated and White-rumped Sandpipers are typical of the
sand beach, the Least and Pectoral Sandpipers and the
Yellowlegs are birds of muddy or brackish shores. Salt



.
L]

ECOLOGICAL RELATIONS OF BIRDS 1357

marshes may also be im']udéd as shores, and have been
invaded by a few birds of the land as Seaside and Sharp-
tailed Sparrows. Adams points'out that the arctic tundra,
cut up as it is into a myriad of *small pools with grassy
areas between, amounts essentially to a shore, so that it
becomes the breeding home of many shore-loving birds,
including sandpipers, curlews, and plovers.

Probably therefore swamps should be considered also as
a variety of shore, or as an intermediate step between
shore and land. Fresh and brackish swamps have each
their special set of birds, the fresh swamps, however, a
more varied lot, as being more nearly like the land. A
good example of contrast between birds of these two sorts
of swamps is afforded by the Clapper Rail and the King
Rail, birds differing in little except general coloration, the
former a salt-marsh species, the latter more characteristic
of fresh-water marshes.

Fresh-water swamps are divisible into various kinds,
as those filled by grass, those overgrown by cattails, or
those grown up to bushes or trees. The cattail marsh has
a specially interesting set of birds that goes with it, in-
cluding Least Bittern and Long-billed Marsh Wren; while
grass swamps are equally characterized by Swamp Spar-
rows and Short-pilled Marsh Wren. Other species may
occur in both as Red-winged and Yellow-headed Blackbirds,
Sora and Virginia Rail.

Swamps are especially interesting as often containing
relicts of species formerly more widespread, or they may
offer conditions quite different from those of the immedi-
ately surrounding country. With us in Massachusetts,
cedar swamps in which a dense growth of white cedars
forms a continuous canopy, preventing rapid evaporation,
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often serve as boreal islands, 41:I|.r!'|l:rt: cool conditions obtain
that occasionally attractsuch more ru:-rth«:ri:,.r birds to nest
as Canada Warbler, Winter Wren, Brown Creeper, Red-
breasted Nuthatch. Very few exact observations seem to
have been made as to the precise conditions obtaining in
such places.

The classification of land environments may be carried
out with a considerable degree* of refinement, but the out-
standing features are: forested country and open country.
The forest fauna varies with the type of forest cover. In
North America, the chief forest areas are (1) the great
transcontinental evergreen forest; (2) the hardwoods of
the eastern States, and (3) the southern pine forest. The
first of these corresponds more or less closely with the
boreal zone of Merriam, and carries its distinctive fauna,
many of whose members are directly related to those of
the evergreen forest area in the north of the Old World.
The central hardwoods or Appalachian forest has likewise
its own set of species, and the southern pine woods are still
different in character. The attempt to divide these latter
into climatic zones is less satisfactory. Trotter has shown
that the distribution of forests depends not only upon tem-
perature but on other equally important factors of soil
and moisture, which in turn are conditiongd more or less
by geological and topographical features. Bird-life is
dependent in its distribution upon these factors only in-
directly as they affect the distribution of the forests. The
rise of the great mountain chains on the Pacific slope, with
the resulting reduction in moisture-content of the prevail-
ing westerly winds was a large factor in the disappear-
ance of what seems to have been a much greater westward
extension of forest in earlier Tertiary times than now,



J . '

ECOLOGICAL RELATIONS OF BIRDS 159

so that the gradual retreat Jf the forest from the far west-
ern United States has brought ahout great changes in the
distribution of birtls and other animals. The drying out
of the winds as they come from ithe Pacific Ocean through
the condensing of moisture on the coast ranges is the im-
mediate cause of desert conditions in the West, while in
the central United States the gradually increasing aérial
moisture results in prairie and grasslands with a special set
of birds adapted for this environment, until conditions are
finally reached suitable for forest growth in the East.

Thus geographic distribution is not necessarily zonal, as
so often thought of, but has to do quite as much with the
relative amount of available water. Chapin and others
have brought out this fact in dealing with Africa, whose
two chief faunal areas south of the Sahara are (1) the
Congo rain forest with its abundant precipitation, (2) the
dry steppe or semi-desert including the eastern and south-
ern parts of the continent and encircling the forest area.
Often the transition between the two is extremely abrupt
and sharply defined.

Arctic areas are ecologically a kind of desert, for plant
growth is largely prevented not so much by a lack of mois-
ture as by water being to a great degree unavailable
through lack of heat and light. The similarity of the
arctic to a dry- or barren-country fauna is interestingly
shown by the presence in both types of country of such
birds as pipit, horned lark, a grouse (Ptarmigan) and by
the presence of hares, foxes, and wolves. The arctic des-
ert is of course quite different from the torrid desert in
many ways, but both agree in offering such rigorous con-
ditions of life that but relatively few creatures can pene-
trate and live in them. We may think of the birds of

-
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deserts as creatures that havk invaded them from some
adjacent but more favopable type of country. In a hot
desert the outstanding facter in the control of life is water.
Buxton points out that certain birds inhabit the fringe of
deserts but seem to be prevented from penetrating them
because they cannot dispense with drinking, so that the
need for drinking water becomes a limiting factor in their
distribution. An example is thg Desert Qu:ul of California
that wanders out to forage in the desert, but retires into
the scrub along the streams since it requires to drink both
morning and evening. The desertliving Sand Grouse of
the Old World have an interesting habit of saturating the
breast feathers with water at such times as they drink, and
flying back to the nest. The young birds obtain their
water supply hy passing these saturated feathers through
their bills, and until able to fly they receive water in no
other way.

In the relations of birds to forests there is much yet to
be more thoroughly studied. Many birds are typically tree
dwellers, often showing preference for particular kinds of
trees, a fact indicating some intimate or dependent rela-
tion with that species. Thus in southern New England the
Pine-creeping Warbler shows a very decided preference for
the Pitch Pine; the Black-throated Green Warbler is par-
tial to the White Pine, the Magnolia Warbler to Red or
White Spruce, so much so that there must be some as yet
undiscovered reason to account for this dependence. Prob-
ably the nature of the food has much to do with it.

The fondness of the Evening Grosbeak for the seeds of
the Ash-leaved Maple or Box Elder is apparently respon-
sible for the wide extension of this bird's winter range to
New England in recent years. A bird of the Northwest,



ECOLOGICAL RELATIONS OF BIRDS 161

it occasionally came in wint‘er to the Middle States, as far
east as Illinois. It was quite uaknown to New England
ornithologists until the winter 8f 1889—go when a consider-
able visitation of these handsome birds took place. Small’
flocks were seen at various times in that winter in central
New England. This occurrence was looked upon as wholly
accidental and extraordinary, and no further examples were
seen here for pver twenty years. Early in the present
century, however, a second flight came in 1903, and since
then hardly a winter has passed without some report of
this species in the East, often in large flocks. Very notice-
able is the way in which these visitors resort at once to the
Box Elders, remaining in the vicinity of seed-bearing trees
until the supply of the fruits is exhausted. As first sug-
gested, I think, by the late Dr. Walter Faxon, it is likely
that the extensive planting of this tree through the middle
west of the United States and Canada, as well as in New
England (to a less degree), has been the important factor
of attraction. The abundant crops of its fruit have acted
as bait to toll the birds across from their usual wintering
resorts in the West, so that as the maturing trees became
almost continuous in their cross-country distribution, the
birds followed, and having once learned the way they have
continued to gome with quite as great regularity as cer-
tain of our other expected visitors of winter. 5till more
interesting is the fact, recently told me by Professor Sush-
kin, of St. Petersburg, that in southeastern Russia, where
this same tree has been extensively planted, the Hawfinch,
a near relative of the Evening Grosbeak, has been similarly
tolled across the plains far from its usual winter area in
that country.

The introduction of other trees than the Box Elder has

»
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had an important influence on Hirds. Particularly, I think,
the apple tree has been a,large factor in the lives of many
species. The readiness with which Robs, Chipping Spar-
"rows, and other species have taken to the orchard trees
is scarcely less than the avidity with which many caterpil-
lars and other insects have done the same. The abundance
of appropriate nest sites and food offered by these trees
must have been a great factor in increasing the number of
these birds in our rural districts. A recent writer has
shown that the planting of apple orchards in Oklahoma
in late years is directly responsible for the gradual spread
of the Robin across that State from east to west and of one
of the Kingbirds in the opposite direction. Here then is
another case where tree-planting has resulted in an in-
vasion of the birds into new country.

Birds in relation to forest succession is a matter need-
ing further study. The gradual replacement of one type
of forest or plant growth by another may take place un-
der natural conditions or following the artificial clearing
of an area. Many of our cedar swamps may easily be seen
to be growing where once must have been a lake. Inter-
mediate stages may still be found between (1) ponds in
which one end is beginning to fill up with the accumulation
of dead leaves and floatsam of various kinds; (2) ponds
in which this accumulation is enough to form a quaking bog
extending in from the shores, and supporting bush growth
near the margins, to (3) final stages where the greater
solidity of the portion near the original shore makes pos-
sible a ring of white-cedar growth, beyond which are tall
bushes of clethra or blueberry, and beyond lower bushes,
until the inner ring is reached with its sphagnum, pitcher-
plants, and sedges. Each of these types of growth has its
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particular birds. The Swamp Sparrows are found in the
inner grassy ring; Song Sparrows, and Yellowthroats in the
bushy border; while in the coel cedar growth the Canada

Warbler locally occurs.  The final condition of this process’

of filling up results in a large cedar swamp, which sup-
ports often a number of more northern species of animals.

The cutting off of New England forests and their destruc-
tion by fire introduces othar types of succession. A white-
pine forest cut off in southern New Hampshire may not re-
produce itself easily. The bare ground slowly recovers
and a growth of busheg and vines results, the haunt of such
birds as Song Sparrows, White-throats, sometimes Che-
winks or Brown Thrashers, Yellowthroats and Chestnut-
sided Warblers. Usually gray-birch thickets ensue, mixed
with spindling white-pine saplings, which are soon over-
shaded and either choked or much deformed. At this stage
the growing thicket is excellent cover for grouse. As years
pass and the trees become a pole forest, the shorter-lived
birches gradually die out and a new pine forest may result,
with again a characteristic bird fauna, including Blue Jays,
Crows, Black-throated Gregn Warblers, and others. So a
succession of forest stages means a succession as well of its
bird inhabitants. This is why once-famous grouse covers,
for example, gradually lose attraction for these birds and
eventually hold them no more or in reduced numbers as the
forest becomes unsuitable.

The Chestnut-sided Warbler is a bird quick to move into
new clearings where fresh sprout-growth offers the sort of
cover it needs. Perhaps some like change in our agricul-
ture such as the giving up of wheat crops has had an in-
fluence on the Dickcissel, formerly a New England bird.

While the gradual change from one type of tree growth

»
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to another under natural condftions results in a gradual
succession of bird faunas_from grass-living to bush-living
types, and from small-tree lovers to fokest birds, over a
fong period of years, we may see the different stages illus-
trated by separate areas here and there that are in the dif-
ferent transition stages. This natural succession is there-
fore responsible for gradual changes in any fauna, ending
in what is called a climax stage where the dominant type of
forest at length prevails, and as in any so-called primeval
forest, becomes at length self-perpetuating. In the central-
eastern States this climax forest is of deciduous trees.
Succession of floras and faunas through artificial disturb-
ance by man is everywhere seen in eastern New England,
where clearings are growing up into bushy pasture and
these in turn to thickets, low woods, or high forest. One
specially interesting type is produced here through repeated
burning of the leaves in spring. These forest fires kill
sprouting herbs and shrubs, and finally result in the death
of nearly all the trees—pines first, then the less resistant
hardwoods—until after repeated burnings there is left
a scrubby growth of gray birch, pitch pine, and scrub
oak, three species, which with the brake fern seem to be
more or less fireproof and spring up again as often as the
area is burned over. The birds that find this sort of
growth congenial are Prairie and Chestnut-siled Warblers,
Field Sparrows, and Chewinks especially, with a few Brown
Thrashers and, as the growth becomes thicker and larger,
Pine-creeping Warblers in the pines, Catbirds, and Cuckoos.
There is much to be done in the way of a more careful
study of these different types of vegetative growth and their
characteristic birds, especially by series of observations cov-
ering the gradual change of a given area and the succession
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of its bird faunas, the time-ddration of any special asssocia-
tion of species, and kindred matters. .

Birds as dissemirfators of seeds may play an important
part in forest economy. In Europe the large Missel
Thrush has much to do with the spread and survival of
the mistletoe. The berry includes a layer of sticky sub-
stance which hardens on exposure to air and is used in mak-
ing bird-lime. When the Thrush eats the berries, it re-
jects the seeds, which often stick to its bill and have to be
rubbed oft against a branch. The sticky substance then
hardens and the seed is fixed until it germinates, often
months later, when in May the temperature is sufficiently
high. Professor Keeble tells of a certain telegraph wire in
Ceylon, where every year hundreds of seedlings of an allied
species of mistletoe appear. These start from seeds
rubbed off upon the wire by birds from their bills, They
do not last long,: however, as no nutriment is obtainable
from the wire, but they show how important birds may be
in the distribution of the species.

Here on the hills about Boston is found a considerable
growth of red cedars forming a characteristic feature of the
tree growth. It is noticeable how adjacent pasture-lands
and often open fields at a considerable distance from the
nearer cedar trees will be found to have a sprinkling of small
seedlings, the forerunners of more “cedar pastures.”
These seedlings are undoubtedly from seeds sown in fall by
Robins that feed on the berries and then repair to these ad-
jacent open fields and void the undigested seeds. In New
Jersey it is said that the Robins scatter the seeds of this tree
along the rail fences where they perch, so that rows of ce-
dars grow up along the pasture boundaries. Robins eat not
only cedar berries but also those of the ground juniper.
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The seeds pass through the difgestive tract and this appar-
ently is ar*aid to their ggrmination. Indeed, Mr. William
Brewster once told me that his attemphs to grow ground
juniper from seed were always unsuccessful until he dis-
covered that in order to germinate, the seeds must first be
eaten by a bird and passed through its digestive tract.
Robins are also fond of eating two species of wild cherry
in fall, both the Bird Cherry and the Black Cherry. After
the pulp is digested, the stones are voided in a condition
in which germination is probably assisted. Many of us
are familiar with the fact that old logging roads in the
New Hampshire and Maine woods fill up after a few years
with Bird Cherries, whose seeds have doubtless been thus
sown in large part by Robins that gather in fall in open
places in the woods. In this way the birds help to replant
the forest cover so essential for the retention of moisture
and for the regrowth of the more valuable timber. They
provide also for a continuation of their favorite cherries,
albeit unwittingly. Other species of birds probably are
instrumental in tree planting also.

On the other hand, there are probably occasions when
birds do harm, as in case of those that eat poison-ivy ber-
ries and so help to scatter this noxious plant. Crossbills
have been known to be a measurable factor in preventing
complete reforestation of certain conifers in years when the
seed crop was depended upon to replace the forest after
clean cutting. Again, it seems fairly certain that the chest-
nut blight, whose ravages have so decimated our chestnut
trees in eastern United States, may be spread in part
through the agency of birds in transporting the spores on
their feathers. These are but a few of the ways in which
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birds are intimately connelted with the welfare of the
forest. . .

There are some’ very interesting relations among birds
with regard to size. It occasionally is found, not only
among birds but among mammals as well, that there may
be two species apparently closely similar in appearance and
inhabiting much the same general area, but chiefly differ-
ing in size. A familiar case is that of the Hairy and the
Downy Woodpeckers, birds which differ chiefly in size
but have similar plumage. [In this case the under side of
the tail in the Downy is barred with black, whereas in the
Hairy, the tail is usually unmarked below. Another case
is that of our two species of Yellowlegs, the Greater and
the Lesser. In Europe, the Herring Gull and the Lesser
Black-backed Gull are two familiar species of the English
coasts, which are practically alike except in size and in the
tint of the mouth and the feet, yet they live harmoniously
together for all that we can see. In all such cases I believe
that some difference in habits goes with this diffierence in
size, though the distinction may not be very great. Of the
Downy and Hairy Woodpeckers, both obtain much of their
food, especially in winter, by searching the crannies of
bark in trees, but in a large percentage of the cases it will
be found that the Downy extends its forages to the smaller
branches, even to the twigs of trees or of bushes, whereas
its larger relative is more confined to trunks and large
limbs. Thus the smaller bird has the advantage in a
larger range of search, for it can hunt over the bark of
large trunks and branches and then extend its search even
to smaller twigs among which the Hairy would be less
at home. Here, then, we see a beginning of a specializa-
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tion which results in a restriction of the larger species to a
more limited feeding arca. Further increase of size would
limit the field of action stil more, as we see in case of the
Pileated Woodpecker which is characteristic of large tim-
ber. Too great a specialization in the direction of in-
creased size, therefore, becomes ere long a decided dis-
advantage unless it can be compensated by an ability to
reach a more abundant food ssupply. This the Pileated
Woodpecker may perhaps have done in part, for its large
size and increased power enable it to cut great holes in the
trunks of forest trees in order to geach the tunnels of the
big black wood-boring ants which often attack live trees
from the root, boring their galleries in the heart-wood far
up into the stem. To become dependent upon food of this
sort, however, is in itself a specialization, and implies a
reliance upon more particular conditions, the failure of any
one of which may spell disaster. Thus large trees in New
England, for example, are more and more becoming re-
duced in our forests, and not every tree is suitable for the
big ants. The range and abundance of the Pileated Wood-
pecker may therefore depend in part upon the supply of
these ants and in turn the supply must be sufficient and
widespread, which means a large number of trees, a certain
proportion only of which may be suitable for the mainte-
nance of this supply. So, in this increasing ratio of size be-
tween Downy, Hairy, and Pileated Woodpeckers, we may
have an increasing degree of specialization, or of limitation
to certain requisites for food getting. These facts in turn
may help to explain why the Downy is commoner than the
Hairy, and the Hairy in turn outnumbers the Pileated,
while the last is rare and with changed conditions of forest
finds itself in danger of being wiped out.
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Size differences in the two species of Yellowlegs may be
correlated with feeding habits jn a similar way. The
Lesser Yellowlegs is shorter-legged and shorter-billed than
its larger relative. Its feeding habits, however, are similar
in that both frequent marshy places, and the edges of pools,
wading in often up to their depth and picking at food
particles in the mud or in shallow water. The Greater
Yellowlegs by reason of its,longer legs, however, can wade
into deeper water than the Lesser and its longer bill and
neck additionally increase its potential feeding range. It
should follow that the larger species, conversely to what we
saw with the woodpeckers, would here have a slight ad-
vantage, on account of its ability to obtain food from a
wider range of depth in the pools which it frequents. It
may be therefore that this is a factor in the usual
greater abundance of the larger species, its longer stay with
us in the fall migration, and its regular presence in spring.
For the Lesser Yellowlegs is rare here as a spring migrant
and in fall has passed by late summer, whereas the Greater
stays till late in November. Thus it appears that compara-
tively small matters of size may be of great influence.
Yet a further large increase in proportions of the Greater
Yellowlegs might prove a disadvantage, requiring so much
more food to maintain a body much larger that the ad-
vantage of a greater feeding radius would be lost. There
are thus factors tending to limit the extent to which one
species may profitably exceed another of similar feeding
requirements.

Among the group of birds called Tubinares (Procellari-
iformes), including the petrels, shearwaters, and alba-
trosses, we find birds of very great diversity of size, yet
all pelagic species obtaining food under more or less like
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conditions. Nichols, who has studied these birds in a
long ocean voyage to the southern seas where they most
abound, has brought out® some interbsting points. He
plotted the body-lengthss of the various species of the
group, with the exception of the Diving Petrels whose
habits are different, and found the resulting curve to show
three well-separated peaks, which indicated the three chief
groups of sizes—the first including the smaller Mother
Carey's Chickens, the second the medium-sized shear-
waters and fulmars, the third, the larger albatrosses.
These birds are all pelagic and cpnstitute practically the
whole aérial population of the southern seas below the
Tropics. Nichols says that to one “familiar with their
breeding and feeding habits, it is perfectly obvious that the
great range in size relieves pressure of competition” for
food in this vast population. Thus the “small Wilson's
Petrel or Mother Carey’s Chicken, the medium-sized Cape
Pigeon, and the large Albatross collect at one time to par-
take of scraps from a ship, and the smaller birds are satis-
fied with the crumbs left by the larger ones.” In their
breeding habits these birds show further the result of this
size relation. For they seek relatively small land areas
such as islands or the edges of the antarctic continent.
Here again the extremes of size are brought together in
close proximity where competition for food is keen and
where a smaller species is exposed to danger from a larger
through having its eggs and young eaten or itself killed for
food. So we find the smaller forms making burrows
where they will be safely out of reach of the larger preda-
cious species or secking clefts or cavities among rocks;
while the large and powerful species build in the open.
It is found, too, that the sexes relieve each other in nest
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guard and brooding. In this way small and defenseless
species are able to live in comparative safety amtong a host
of larger and moré powerful birds.

There are other size relationy in birds that need expla-
nation through a study of their habits and behavior. For
example, the significance of the often greatly superior size
of the female over the male in hawks seems to have re-
ceived very little attention. The disadvantage of being
small or the advantage of being larger was brought out
by a recent note in ““The Auk,” recounting a scene witnessed
in Florida. The small,male of a pair of Bald Eagles nest-
ing near the seacoast had just swooped upon a Fish Hawk
causing it to drop its prey, a fish, apparently of unusual
size. With unerring aim the Eagle darted after it, seiz-
ing it in mid-air. So heavy was the fish, however, that
the Eagle was unable to rise with it, but was forced to
a gradually sinking course. Presently it dropped the fish
with a peculiar cry, to which its larger and better half at
once replied, left her perch and dove like an arrow after the
fish, snatching it when it had nearly reached the water,
and with superior strength bore it away to the eyrie—ap-
parently a fine case of codperation between the two sexes.



CHAPTER VIII
EGGS AMND MNESTS OF BIRDS

In all vertebrate (back-boned) animals, the reproduc-
tive organs are paired glands, which in early life become
differentiated into festes (in the male) or ovaries (in the
female). In the chick this differenge can be detected as
early as the fifth day of incubation. Curiously, in birds the
development of the ovary on the right side presently halts,
leaving the ovary of the left side to reach full maturity
and give rise to the eggs by the budding-off of the germinal
cells. In no other group of animals is this known, except
in case of certain sharks. It is supposed to be correlated
with the large size of birds' eggs, and the necessity for room
inside the body to contain them. As some one has re-
marked, a Guillemot with more than a single egg within
would surely burst (though more likely the egg would) !
Very recently, Gunn (1912) has shown that in spite of
this general rule among birds, it is nevertheless not at all
uncommon to find both ovaries well developed among cer-
tain hawks and falcons. This investigator *found double
ovaries in 56 out of 98 of these birds, and in birds of
other groups he found 14 cases out of 112 in which both
ovaries were present—including owl, Crested Grebe, Red
Grouse, Bewick's Swan, Woodcock, and Eittle Gull. Ad-
ditional observations on this matter are desirable and can
easily be made by those having to prepare specimens.

The eggs of birds are first given off by the ovary, and
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consist each of a single eénormous cell, the germ from
which the chick develops. The size is a result of the quan-
tity of yolk or nlitritive material with which the cell is
filled. On being given off by the ovary, the egg is caught’
by the trumpet-shaped end of the oviduct, a tube-like organ
down which the egg is passed by a series of wave-like con-
tractions, until it comes out or is “laid.” On its journey
down the oviduct, it passes, by certain sets of special glands,
the first of which covers it with the gelatinous albumen or
“white,” the next covers it with a double skin or membrane,
and the final set with a limy shell, which may or may not be
colored.

We have all seen occasionally the so-called “double eggs”
laid by hens. There are two chief sorts (see Parker,
1906) : those in which there are two yolks enclosed by a
single shell, and those in which an egg with yolk and shell
is enclosed inside another complete egg. Sometimes three
separate eggs have been found, one inside another. Where
an egg has two yolks, it seems that these are two separate
eggs given off together or nearly so, that have traveled
down the oviduct side by side, to be enveloped by the albu-
men, skin, and shell as one mass. Where two complete
cggs arc found one inside the other, the case is different,
for obviously the inner one must have reached the lower
end of the oviduct where the shell-glands are, before the
outer one. Observations on such eggs seem to prove be-
yond doubt that after the first or inner egg has been com-
pleted a peculiar reversal of the wave-like contractions of
the oviduct takes place so that the completed egg is carried
back to the upper end of the oviduct whence it started.
Here it meets a second egg commencing the journey and
the two go together past the albumen-, skin-, and shell-
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glands, so that the first egg is completely enclosed by the
albumen, skin, and shell of the second. Sometimes eggs on
such a reversed journey do not meet a sefond one on its way
*down but are turned out inside the body cavity itself, and
may cause the death of the hen. It is a curious fact that
the majority of double-yolked eggs are laid during the
warmer part of the year, from May to August, while in-
closed eggs are produced in the winter and spring (see
Parker, 1906).

An anxious lady during the Great War once came to me
to inquire about some eggs she had received from the
market. They were longer and narrower than usual, and
having seen in the papers that the eggs of alligators were
being sold for those of hens, she feared she was being
cheated in this way. I assured her they could not be other
than extra-long hens’ eggs, for alligators' eggs could not be
had in quantity, and she seemed satisfied. But eggs of
lizards, alligators, and crocodiles are as a rule much longer
in proportion to width than in birds, though those of some
large turtles are nearly spherical. Eggs of dinosaurs, an-
cient reptiles related probably to the ancestors of birds,
have recently been found fossil in Mongolia, with even the
unhatched embryos inside them. These eggs are very nar-
row and long in proportion to width.

The shapes of birds' eggs are more’various than
one would at first suppose. Those who have read the
Cruise of the Kawa recall Captain Traprock's discovery
of the bird that laid square eggs! But though his tale is
discredited, there are nevertheless many wvariations from
the simple oval that we know so well in the hen's egg.
This itself is subject to much fuctuation in size, for some
hen's eggs are long or pointed, others nearly spherical. In
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the times of Horace, epicures chose for eating the long
pointed eggs, for these were believed to be more delicate,
with a clearer “wHite.” It was also supposed that such
eggs would produce males, the short and rounded ones fe-
males, though we now know that this is not of necessity so.
Certain types of eggs are more or less characteristic of
particular groups of birds. Thus it is usual among the
sandpipers to hgve four eggs of a distinctly pear-shape,
that is the small end is almost conical. In the nest the
pointed ends lie at the center, and the shape is perhaps an
adaptation to allow the bird to cover so large a nestful in
incubating. For they fit closer together than if they were
oval or elliptical like the eggs of hens or loons respectively.
The eggs are large for the size of the bird to permit of
storing a quantity of yolk on which the embryo may feed,
for the young of these birds are able to run and leave
the nest very shortly after hatching. The affinity of the
murres and auks to shore-birds is indicated in a similar pear-
shape of their egg. But murres lay only one, and instead
of a nest, merely select a spot on the ledge of a cliff, whence
often the egg rolls off if the birds are suddenly disturbed.
Yet, as has often been pointed out, the very shape is an ad-
vantage here, for, if slightly moved, the egg tends to re-
volve upon its smaller end instead of rolling away, and so
no doubt is often prevented from going over the edge to
destruction. Dr. Chapman has aptly termed these “diplo-
matic” eggs, as their shape allows them to move without
going far.

Most owls lay nearly spherical eggs, and in this respect
are supposed by some to be primitive. Yet the lizard,
which might be considered still more primitive, lays a long,
elliptical egg. Beebe has suggested that the spherical
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shape aids in keeping the eggs all together, if laid in a cav-
ity. But probably this js only an incidental matter, for
woodpeckers, which have probably nestell in cavities longer
than owls, have elliptical eggs.

Eggs and Figor—Recently a very interesting relation
between the form of the egg and the extent of migration in
the bird laying it, has been studied by Averill (1923), who
confirms a previous statement ef Coues iy, 1884, that the
short diameter of the egg, since it corresponds to the caliber
of the oviduct, is less variable than the long diameter, and
since an increase in the amount of stored food, that is the
amount of yolk and white, varies with the vigor of the indi-
vidual, it follows that the greater the amount of food or the
greater the vigor of the individual, the longer will the egg
be, to make room for the surplus. For if an increase in
size is needed, it takes place most easily in a lengthwise di-
rection. The converse also is true that the less the amount
of stored food, or the less the individual vigor of the bird,
the shorter will be the egg.

Averill (1923) has applied this proposition to eggs of
certain birds to test the idea that a migratory species is
more vigorous than a sedentary or non-migratory one. By
dividing the length by breadth he arrived at a ratio which
may be used to express the relative vigor of the species.
In four warblers that breed in the northernUnited States
and northward, and winter in South America,—namely, the
Black-poll, the Bay-breasted, the Blackburnian, and the Yel-
low Warblers,—this ratio averaged 1.37 (ranging from
1.35—1.39) ; in four other species whose length of migration
is much less,—namely, the Pine-creeping, the Myrtle, the
Prairie, and the Yellow Palm Warblers, that winter in part
within the United States,—the ratio averages 1.32, the



-

L]
! * ¥

EGGS AND NESTS OF BIRDS 179

lowest being the Yellow Palm (1.29). For the Black-
throated Blue it is 1.37, which, however, is as great as the
average in his first group. With a second set of egg meas-
urements, his results are 1.36 for the first group of species
and 1.31 for the second. Five western warblers whose mi-
gration is short—Audubon's, Black-throated Gray, Town-
send's, Hermit, and Golden-checked—average 1.26 for one
series of eggs, and 1.32 for,additional eggs, which accord
fairly with those given for the other set, and are much less
than that (1.37) of the long-distance warblers. Other
species of birds secem in general to conform to this rule;
thus in the Northern Water-thrush, a bird of long migra-
tion, the ratio is 1.30, in the Louisiana Water-thrush, of
shorter migration, it is 1.24; for the Baltimore Oriole,
1.48, for the Orchard Oriole, 1.38, the latter with the less
extensive journey having the smaller ratio. Among spar-
rows, it is found that those breeding in high latitudes have
a different shape of egg from those breeding in more south-
erly latitudes, as expressed in this ratio of width to length.
Thus, the Savanna, White-crowned, White-throated, Lin-
coln's, and Fox Sparrows—all northern breeding species—
show a general average of 1.38, while Grasshopper, Hen-
slow's, Seaside, Pine-woods, and Bachman's Sparrows
(southern species) show an average of only 1.27. As an
example of this’same relation, the ratio in the Great Blue
Heron is 1.66, whereas in the Florida form,—Ward's
Heron, which is not migratory,—the ratio is 1.43.

Birds greatly differing in size cannot well be compared,
for in the larger members of a group the length of egg
seems to be proportionally greater; thus in the Great Auk
and the Razor-billed Auk, the ratio is 1.60 and 1.63, while
in the smaller Black Guillemot and Dovekie it is but 1.45
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and 1.47 respectively, and all of the species have about the
same migsatory range.

Averill adds further that in certain Wirds of great power
of vigorous flight, as swallows, swifts, and hummingbirds,
the eggs are relatively most elongated. Among the owls,
many of which are very little migratory, the eggs are most
nearly spherical.

The colors of eggs are not especially varied. Reptiles
(including lizards, turtles, crocodiles, and snakes) all lay
white eggs with a shell that is only partly limy. The white
bird's egg is therefore primitive ig being like that of the
ancient reptilian ancestors of birds. It seems more likely
that the white eggs of many hole-nesting birds simply re-
tain this ancestral trait rather than that the eggs are white
because they are hidden from view, as some have suggested.
This trait is found universally within such relatively primi-
tive groups as owls, woodpeckers, and hummingbirds, none
of which is known to lay speckled eggs. A great many of
our small birds lay white or bluish eggs with fine brownish
or lavender spots often arranged in a wreath about the
larger pole. Most of our flycatchers lay such eggs. It is
interesting to see, however, that the Phebe's eggs are nor-
mally white, though very rarely with a few speckles. The
question arises, then, is the Phaebe losing the spotted type
of egg, and is it developing a white egg because of nesting
under dark ledges?

Birds whose nests lie open to view are apt to lay eggs
with more or less color. Those of sandpipers are mottled
on a brownish ground that must aid in their concealment
when the bird is away. Yet there are many contradictions
to this, for pigeons, nearly all of which build open nests, all
lay white eggs. The Nighthawk lays a speckled egg that
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closely simulates its background and so is not conspicuous
when exposed ; yet its close relative the Whippoonwill, with
a similar habit of desting on the bare ground, lays nearly
white eggs with a few pale blotches only. It may be that
this is correlated with a difference in habits, for the former
often flies by day, but the latter is, 1 think, much more
strictly nocturnal and sits closely all day, concealing its
tell-tale eggs. -

Curious are the dark-brown eggs of the Loon, the green-
ish ones of the Cassowary, and the blackish egg of the
Emu. )

The number of eggs laid is more or less characteristic
of a species or of a group of related species; though there
is, as usual with birds, no rule without its exceptions. Auks,
some penguins, albatrosses, and petrels lay one egg. Two
is the normal number in most pigeons, the hummingbirds,
loons; four in sandpipers: while many small birds lay from
three to five. The Ostrich and the Emu stand near the
head with about 15 and 13 respectively, and Ruffed Grouse
and Quail may lay as many. By taking away an egg as
soon as it is laid and leaving one only for a “nest egg,”
birds may sometimes be induced to lay a great number.
Probably the record is held by a Flicker that is said to have
reached nearly 70 in this way, a remarkable example of the
action on the body of an unfulfilled instinct.

A large number of species lay but two eggs, and there are
some singular relations among certain of these birds. In
the Antarctic there is a large species of Skua Gull (M egales-
tris maccormicki), a bird which in those regions takes the
place of hawks in preying on its inoffensive neighbors.
This bird lays two eggs, but it seems that only one chick
ever lives to grow up, for almost invariably one of them
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gets gobbled up by one of the neighboring old Skuas who
seem nots to discriminate between the eggs and chicks of
their own and other species of birds. *

The Adélie Penguins,that live in close proximity also
lay but two eggs, and it is interesting to know that very soon
one of the two chicks outstrips the other in growth since it
succeeds in getting more than its share of the food brought
by the parents. Whether or,not the ws:akcr brother in-
variably fails to grow up would be interesting to ascertain.

Dr. F. M. Chapman notes that some of the species of
Boobies or Gannets lay two eggs, but often only one of the
young survives, for the first chick hatches several days
ahead of its twin and seems to require its parents’ attention
to the neglect of the other. Bent says that in case of the
Common Loon that lays but two eggs, one egg is often
found to be addled, so that only one hatches.

Among pigeons, two eggs form the usual complement,
though there are exceptions to this. The Passenger
Pigeon, for example, laid but a single egg, and there is
doubtless some significance in this breaking of the rule, per-
haps to be connected with the fact that the bird was social
in its habits, living and nesting in associations. We shall
never know if there was a low rate of mortility through
this flocking habit, but such was probably the case, and it
allowed the species to economize by reducinf the number of
eggs and young needed to maintain normal numbers. The
quickness with which the species disappeared when its breed-
ing colonies were broken up illustrates the danger of too
close an adaptation to particular conditions, for with any
considerable change the species must succumb.

The Domestic Pigeon normally lays two eggs and there
is a very widespread belief, even among pigeon fanciers,
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that these are invariably male and female. 5o careful a
worker as the late C. O. Whitman, after considerable aob-
servation, came to' the conclusion that “‘the first egg is
smaller and is a male, the second is larger and usually a fe-
male, while as the season advances the smaller ones also are
female-producers.” The whole matter has lately been
carefully studied by the French zoélogist, Cuénot, and by
Cole and Kirkpgtrick (19»5) in this country. The last
two, working together, made a long series of careful in-
vestigations as to the time of laying each egg, the propor-
tion of sexes, the rate of mortality, and kindred matters.
They confirmed the results of Cuénot, that in the long run
there is a slightly larger number of male than of female
birds produced, in the ratio of about 105 males to 100 fe-
males. This is a slightly smaller disproportion than re-
ported by the French worker, who, however, had but 136
birds in all, while.the conclusions of the American authors
were based on over 1600 birds. This discrepancy in pro-
portion of the sexes is doubtless a normal one and is found
in other animals, though in different ratio. There ap-
peared to be a practically equal death rate in both sexes, so
that the disproportion is not due to any factor causing the
females to die before hatching. In later life, between the
age of one and two vears, there is, however, a higher death
rate among the females, As to the current belief that the
two eggs produce a male and a female young, it was found
that there is no basis at all for the view that the first egg is
usually a male and the second a female. The entire matter
is purely one of chance, for the number of males to females
hatching from the first of the two eggs laid is about the
same as the relative proportion of the sexes and was ac-
tually 103 : 100 instead of 105: 100. The number of cases



182 BIRDS AND THEIR ATTRIBUTES

L]

in which the two eggs produced either two females or two
males is dbout the same as the number in which there was
one young of each sex, a result quite in’ accord with the ex-
pected if it were a matter of chance. It would seem, there-
fore, definitely disproved that the sex of the hatching brood
can be controlled by the breeder. The time of hatching
averages 16.5—17 days, but it is interesting to note that if
for some reason the eggs fail o hatch thg bird usually con-
tinues to sit for a varying time, but on an average about
six days more—as a sort of factor of safety—before the
sitting impulse dies out. A pair of Mourning Doves con-
tinued to sit on eggs substituted for their own four days
after the latter had hatched in an incubator, indicating that
this “factor of safety” exists in other species and disprov-
ing the assertion of Raspail, a recent French investigator,
that wild birds have an exact notion of the time required
for their eggs to hatch.

Ingersoll has pointed out that the number of eggs laid
by a given species of bird undoubtedly bears some relation
to the normal death rate, so that the bird may maintain its
average numbers under the conditions to which, in the long
period of its evolution, it has become accustomed. It is
not to be supposed that this adjustment is a perfect one, or
that it is capable of a quick readjustment in different species
if they become exposed to new factors of peril.  The sub-
ject offers an attractive field for speculation as well as for
careful observation of the causes of normal destruction of
birds.

A recent very able contribution to this subject has been
made by Dr. Joseph Grinnell (1920), who regards the
small number of eggs laid by sea birds as proof that their
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life is a comparatively safe one. Of the various alba-
trosses, petrels, shearwaters, aukdets, murres, and puffins
of the North Pacific, but one brood is raised yearly, and
this consists of but a single youngg. These birds typically
resort to islands for breeding.

The Pigeon Guillemot and the Kittiwake Gull usually
lay rwo eggs. The former nests in clefts of rocks, the
latter on shelves, of precipitous cliffs. With other gulls,
however, three eggs are usual and these birds nest often on
shores of the mainland. On the supposition that the num-
ber of eggs laid is on the average sufficient to maintain the
population of a pgiven species at a certain normal, Dr.
Grinnell assumes that in the case of the Fork-tailed Petrel
(closely resembling our Leach's Petrel) the single egg
hatched increases the total population of Petrels by 50%
at the beginning of the breeding season—this of course if
all the birds pair and all hatch their young. In fact, the
actual number is doubtless less, since not all the birds are
necessarily paired, nor perhaps do all the young hatch.
Thus each two birds become three, and the number of
Petrels is 150 where before it was 10o.  But by the follow-
ing spring the population is presumably back again to its
former normal average number, so that the mortality for
the year nearly gquals the annual hatching but is distributed
over the entire colony, old and young. The age distribu-
tion of those birds that annually die would be an interesting
thing to study, and it may be that, by bird-banding carried
out over a series of years on particular nesting colonies, we
may eventually arrive at positive knowledge. It may be
said parenthetically that among a flock of tame pigeons kept
for experimental study it was found that there was a high
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mortality of both sexes during the first two or three years
of their adult life, and this was especially high in females
, between the ages of one and two years. *

But to return to the comparison of sea birds and land
birds. Dr. Grinnell compares the assumed mortality of
the Petrel in which one-third of the total population at
hatching-time dies in the course of a year with that in the
land birds. The Song Sparrow, as an igstance, lays say
four eggs and raises on an average two broods, so that the
pair of Song Sparrows becomes ten birds if all hatch. By
the following spring eight of these will have died if the
population is to return to its normal number. Again it
may not be eight of the young that die, but perhaps both
parents and six young, or some other combination. At all
events, the mortality would be, on these assumptions, 80%
instead of 33%9% of the total population at the close of
hatching. The active enemies of sea birds we know little
of, but they seem certainly fewer than those of land birds.
Occasional accidents or catastrophes during heavy storms
there must be, but the conclusion is doubtless correct that in
general the sea is a safer place than the land. And this any
sailor will tell you.

There is another factor that may come in, however, that
does not seem to have been considered in the accounting.
For in the case of many birds that lay one or two eggs and
are thus able to maintain a normal population, there is not
only the fact of a relatively low mortality on account of the
nature of their habitat, but it is possible, if not likely, that
their natural term of life is longer, so that if a pair of land
birds and of sea birds lived out their normal number of
years the latter would not only count for a longer time as
part of the population, but would be able to breed over a
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longer term of years, and in this way partly make up for
the fewer number of their eggs.

But precise facts as to the length of days in a bird's life
are not so casily obtained. This'is one of the matters on
which much light may be thrown by banded birds, especially
those banded as nestlings. It will be interesting, there-
fore, to review briefly some of the facts already known as
to the age attained by diffetent birds. These are gleaned
from two sources of unequal value: first, from observations
on wild individuals that have been marked or are other-
wise recognizable; secomd, from observations of captive
birds kept in zodlogical gardens or as pets. Observations
on birds living naturally in the open are the only ones that
really indicate the normal term of life under usual condi-
tions. It seems to many naturalists that few animals ever
die a “natural” death, they are so constantly exposed to
dangers from other animals that prey upon them, as well
as from storms, times of cold, hunger, drought, or other
accidents of Nature. At first sight it would seem that
birds kept in a zoblogical park, where food and shelter are
regularly provided, would be most favorably placed for
living out the natural period of existence. But to this it
must be replied that captivity is very likely to upset the
natural processes of the body, and disease is much more apt
to seize the captive. Perhaps, however, the dangers of the
free life are counterbalanced more or less by the luxury of
confinement, so that the comparative value of the figures is
nearly the same. But this remains to be proved.

Of the few good cases relating to wild birds, one of the
best known is that of the Herring Gull “Dick,"” which for
twenty-four winters came regularly to the Brenton Reef
Lightship off our coast. It appeared usually in October
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and left in April, and though tame enough to come to the
deck to feed it never could be handled. Its identity seemed
well established by its familiar behavior, though it was not
otherwise marked. Thert are records of captive birds liv-
ing for 21 and 44 years.

An instance of a Black-backed Gull is reported by Steen-
strup. It was taken from the nest in the Faroe Islands and
reared by one of the peasants, given its liberty at all times.
It became so tame that it would eat from its owner's hand,
but was more wary of the other members of the house.
Eventually it sought a mate and the pair chose a nesting
place on a cliff of the island. For many years this bird
returned to the peasant's home for food, eating freely from
his hand, but the mate never became so daring. This bird
was still living, sixty-three years from its birth, according
to Steenstrup who had personally verified the facts. In
captivity this species has been kept for 19} years.

Swans have been known to live long periods in domesti-
cation; one in St. James Park, London, was known to be
at least seventy years old, and a Domestic Goose eighty
years.

A Chipping Sparrow, identified by its having lost a joint
of one toe, as well as by its great familiarity, nested for
nine successive years at Annisquam, Massachusetts, and an-
other identified by its loss of the claw from a middle toe
came for three years to a locality in Virginia. Banded
Chipping Sparrows have been taken in Georgia over as long
a period. Many cases of Robins identified by some indi-
vidual peculiarity have been reported as returning for a
series of years to the same place, but usually for periods of
about three or four years. A captive Robin has been
known to live ten years.
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From records of birds in c.:aptivit}f, several extensive lists
have been compiled (see Mitchell,sig11) from which a few
of the long-lived species are the following :

Raven: 50 and 69 years,

Sulphur-crested Cockatoo: so and 8o years. There is a record of
an Amazonian Parrot reaching 102 years, and a Gray Parrot 93
years. -

Eagle Owl: 53 anll 68 } years.

Condor: 52 years.

Eagles of several species: to 56 years.

Pelican: 4o years. .

Collared Dove: 30 to 40 years.

A good many of the smaller birds will live from 15 to 20
years. Merriam records a male Cardinal kept by his
grandmother for 21 years. Its colors faded noticeably
several years before its death, till finally it looked very
like a worn female. Another was at least 13%% years old
in captivity. The same author knew of a Rose-breasted
Grosbeak that lived 18 years in confinement. An English
Song Thrush lived 16 years and finally turned quite black,
and a similar peculiarity is known in case of captive Robins
(which is of unusual interest in connection with the fact that
the European Blackbird is really only a black thrush, re-
lated to our Robin). Compared to the three or four years
or thereabout for known cases of wild Robins, the 13 years
in the London Zoo is much greater, and despite the lack of
specific knowledge T am inclined to regard it probable that
for these smaller birds a natural term of ten years in free
life is near a maximum, though under the protected condi-
tions of captivity nearly twice as long a life is possible.
Lankester has recognized such a distinction and terms the
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average longevity in the wild, “specific” longevity, in dis-
tinction to that in captivity, where the bird can with
good care reach the utmost limit possible until the bodily
mechanism breaks dowm. This he calls its “potential”
longevity.

Owls do not stand captivity well and are relatively short-
lived in confinement. Ten years is a long term for them,
though they have been known to reach five or six times that
in certain cases. Hawks and eagles are potentially long-
lived, and with ducks and geese can exceed 50 years. The
gallinaceous birds (fowls, pheasangs, grouse) are lower in
relative wviability, ranging to about 20 years, the Ostrich
tribe under §o.

As a whole there seems to be no correlation between size
and potential longevity. An Ostrich does not exceed a
crow or a parrot. There scems some support for the
theory advanced by Metchnikoff, that those forms having
short hind-guts tend to be longer-lived, for with these spe-
cies waste food products are not retained so long and there
is less chance for putrefaction by bacteria. There does,
however, seem to be some ground for believing that within
a group of related birds as the hawks, or the eagles, the
owls or the woodpeckers, the larger species live longest, but
this is not universal. As the study of individual birds by
means of banding continues, we shall :ventually acquire im-
portant and accurate data on this subject.

Some recent extensive studies of eggs show that the
weight of the newly hatched young averages about two-
thirds that of the fresh-laid egg. There is thus a loss of
nearly a third the original weight, and this is due partly to
evaporation and partly to chemical changes of the yolk and
albumen involved in growth whereby part of this stored
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food goes off in gases. For the shell of an egg is porous
and allows a certain amount of passage by gasew.

There is an interésting relation between the weight of the
yolk or more nutritive part of the egg and the condition
of the young on hatching. It is found that in those birds
whose young are well feathered with down and leave the
nest almost as soon as they hatch, the yolk varies from 22
to 50% (% to %) of the weight of the egg, while in those
that spend a considerable time as nestlings, the yolk is pro-
portionally smaller, only 15 to 25% (% to %) of the egg's
weight. The result is that these “‘nest-leers” or large-
yolked birds are much farther developed at hatching from
having a larger store of food to draw on, while the birds
with little yolk are proportionally less advanced. Such
young birds, that at hatching are almost at once active and
able to feed themselves, are called “pracocial.” They in-
clude the ostrich-like birds, tinamous, fowls, gulls, shore-
birds, cranes, ducks, geese, grebes, and loons. Since in
tortoises’ and crocodiles’ eggs the yolk is likewise large,
from 14 to % the weight of the egg, and the young are able
to fend for themselves on hatching, we are probably safe in
inferring that this “pracocial” condition is the primitive
one and that it has gradually been lost in those that have
smaller yolks and whose young hatch in a less-developed
condition as neéstlings. The obvious advantage of this
latter process is that the eggs hatch sooner and the parents
are not obliged to incubate for so long a time; on the other
hand the mortality of the young is probably greater and the
labor of feeding them increased. This nestling or helpless
condition of the young is spoken of as “‘altricial” (or
nursery) and is exemplified in the penguins, cormorants,
petrels, and albatrosses, herons and storks among the water-
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fowl, and is seen in.all pigcans.'uwls. hawks, parrots, swifts,
woodpeckers, and passerjnes. It is not necessarily a sign
of relationship to be of one or the other class, but merely
marks the degree of emancipation reached by different
groups of birds, from the long incubation period.

For some of the incubation periods are really long.
That of the Albatross is said to be nine weeks. For the
Emu it is 56 to 58 days (nearly two months) ; for the Cas-
sowary two months, and for the Ostrich a little less or about
six weeks. One of the large vultures incubates 57 days.
For most ducks this period is from_ about four weeks to as
much as 32 days; while shore-birds take three weeks more
or less; the domestic hen 20 days. Contrast this long
period with that of the Cardinal or the English Sparrow,
12 days, one of the shortest.

Finn believes that a bird must derive considerable satis-
faction from a long period of incubation, and particularly
such a one as the Eider which in some cases at least is said
not to leave her nest for the entire period. One cannot but
think, however, that for an active species it must become
intolerably dull, and that the shortened period of the more
evolved groups is an expression of their greater restlessness.

Nests—The nests of birds and the manner of their con-
struction have not been so carefully studied as they deserve,
and there is much yet to be learned as to the steps leading
to the development of many complex processes concerned
with nest building. In attempting to reconstruct some-
thing of their ancient history, it is natural to see if there
may not be some birds that still retain traces of reptile hab-
its in the care of their eggs. We know that most lizards
lay their eggs singly among dry rubbish or slightly buried in
loose earth. Turtles bury their eggs in a hole excavated
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for the purpose. There is'no such thipg as parental care
thereafter, but the young on hatchjng crawl forth and make
their way alone, reminding us of the “pracocial” birds.
But the alligators and crocodiles seem to show slightly more
interest in their children. They prepare nesting mounds
in which the eggs are laid all together. The Florida alliga-
tor gathers a quantity of reeds and grass, flattens it all
down, and after laying its,eggs in the center, covers them
with more reeds and grass. The male seems to take no
part in all this, but the female stays about and is reputed
even to attack persons disturbing the nest, though this
seems to be a trifle dubious. When the eggs are about to
hatch, it is said on good authority that the young can be
distinctly heard squeaking inside the eggs (and this is true
also of some of the water-birds). The watchful parent
then opens the mound and assists in the release of the
young.

To find among birds a parallel to these first instincts of
nesting, we naturally turn to the groups of birds considered
the least advanced of those now living and discover a habit
so similar among the Megapodes, or so-called Brush Tur-
keys, of Australia and some of the East Indies, that it
seems too good to be true. For this reason perhaps some
ornithologists have supposed the habit of this bird is not a
survival of primitive methods, but instead a degenerate
process on the part of birds that once knew better. Be
that as it may, these curious birds, which are distantly re-
lated to Fowls, scratch together a loose heap of leaves,
earth, and other rubbish, lay their eggs in the midst of it,
cover them, and leave them to hatch by the even but not ex-
cessive warmth of the mass. A recent careful account of
this process in captivity appeared in the [bis. Eventually

-
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the young hatch and either make their way out or are said
to be unearthed by the male birds, who assume the care of
this incubator. Several hens may lay their eggs in one of
these heaps, and it is recogded that a very large mound was
near 150 feet around. Here then is at least the method of
the alligator and it certainly meets the requirements for a
primitive one among birds. In any but a warm climate it
would probably not work. It js said that the temperature
within the mound reaches 9o®—g6° F. ﬁ.mong some of
these Megapodes a different expedient is found: they dig a
hole in warm sand, bury the egg, and leave it to hatch after
the manner of turtles. It is most interesting to find the
same habit in a bird related to the plovers, the Black-backed
Courser of the river banks of North Africa, the bird that
runs about among the dozing crocodiles and even picks
food from between their jaws. This bird buries its eggs
in the sand, and they hatch by its warmth. Such a method
is available for eggs requiring a moderate warmth over a
considerable period. It would not do for the more evolved
species that hatch in shorter time at higher temperature.
It may therefore be supposed that these methods, if not
actually relics of an ancient habit now largely abandoned,
are at least similar to those used by the primitive ancestors
of our present-day birds. Traces of the same thing are
perhaps the habit of grebes of covering theit eggs with the
damp weeds of their nest when they leave it for a longer
or shorter time, and the similar habit of ducks in covering
the eggs with the down of the nest lining on like occasions.
Possibly the habit of some birds of bringing green leaves as
part of the nest lining is a reminiscence from a stage when
they hatched eggs by the aid of green and fermenting
leaves.
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It is difficult to see othet earlier stages in the develop-
ment of parental care among living birds, for mast of them
scem to have gonesfar beyond such primitive ways. Among
the less-evolved species, including the various water-birds,*
there are, however, very primitive attempts at actual nests:
many make no nest, but merely lay their one or two eggs on
the bare ground and incubate them there. The penguins of
the Antarctic gather pebblgs into a mound for lack of any-
thing else, and’one species, the Emperor Penguin, living
where there is even less promising nest material, actually
holds the single egg on the backs of its feet and covers it
with a loose fold of feathery skin. Here it hatches, and
so is the baby carried.

Finn suggests that the desire to withdraw into a safe
shelter during the period of incubation may be the next
stage, and induces the bird to seek a cavity, a hollow tree,
or a deserted burrow in the ground. From the last, it is
not a long step to the clearing and enlarging of a cavity or
burrow, and finally to the actual construction of a burrow;
such steps as this are found for example among the Puffins
and Pigeon Guillemots that enlarge or hollow out burrows,
or seek deep clefts among or under rocks. Petrels do the
same. Dr. R. C. Murphy has pointed out that among ant-
arctic petrels, the large species nest on and the smaller in
the ground, partly no doubt because the larger kinds are
strong enough to defend their nests against each other and
the marauding Robber Gulls, while the smaller kinds unless
they sought shelter in burrows would be constantly in dan-
ger from these larger birds.

It seems reasonable to suppose that with most of the less-
evolved types, birds in which the young are able to run about
shortly after hatching, the important factor in the develop-
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ment of the nest-forming habif is safety to the parent dur-
ing the long process of jncubation. This is accomplished
among many birds that nese on the grouad, either by choos-
ing inaccessible places sugh as ledges on island clifis or by
secking a burrow or cavity. Among land-birds, the same
result is often attained by the development of concealing
patterns as in grouse, quail, woodcock, shore-birds, night-
hawks, and others. There are of course birds whose size
or habits preclude much concealment, as ostriches, alba-
trosses, cranes, swans. | hey must instead guard their nests
from attack by themselves being aggressive. In all these
species the nest construction is not elaborate, often there is
none at all, or at most a few feathers and bits of rubbish
brought from close at hand. Again, however, as in many
ducks, a thick layer of down is made as incubation proceeds.
This is plucked from the breast of the sitting bird, and
Finn has suggested that it may be a relief to the parent as
a counter irritant to the wear of the eggs against its breast,
rather than a thoughtful provision for keeping them warm.

An extraordinary protective habit is that found in the
horn-bill family of the tropics, in which the male bird ac-
tually plasters up the entrance to the nest cavity in a hollow
tree, leaving only a hole for the protrusion of the female's
beak, for while she is thus immolated he regularly feeds
her. >

The sandpipers and plovers as a group make a simple
nest on the ground that may vary from a bare depression to
a grass-lined hollow. There is, however, an exception to
this rule in our Solitary Sandpiper and its near relative in
the Old World, the Green Sandpiper, both of which utilize
the old nests of other birds built in trees. Sometimes the
Green Sandpiper will use a squirrel's nest, or a mossy tree-
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limb. This habit, though léng known in the Old World
bird, was not discovered in our Solitary Sandpiper till
recent years. It is an exception to the rule and may have
been a habit developed in comparatively late geological
times. Yet it shows a desire not seen in the other water-
birds considered, to nest in trees. It is this habit of tree-
nesting, or at least of nesting above ground, that has be-
come characteristic of most of the so-called “higher” groups
of birds and in tonnection with the helpless state of their
newly hatched young has perhaps been responsible for the
extraordinary development of nest architecture.

We find a suggestion of the tree-nesting habit in several
of the water-fowl, that come to it more or less from neces-
sity where their ground nests are in danger from rising
waters or ground-living mammals and reptiles. Thus the
Brown Pelicans of Florida, when their nests have been de-
stroyed by unusual tides, have occasionally taken to build-
ing rude nests in the mangroves. Herring Gulls some-
times build in trees on inland waters where the isolation of
small islands is not awvailable. Cormorants will usually
build in trees in the tropics, making strong compact nests
of twigs. Young cormorants, as well as young pelicans, are
helpless at hatching, so that it would perhaps be expected
that they should have some sort of nest to rest in during
their earlier days, but gulls leave their nests very soon after
they appear.

It is not until we come to the herons, storks, and pigeons
that we leave the ways of the more primitive water-birds
and come to those that regularly construct nests of some
pretense in trees. It is true that herons often make nests
on the ground in regions where trees are not available, and
some of the pigeon family are ground-nesting, for we shall
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constantly find that in nearly %very group of birds there
will be exgeptions to any general rule. Storks make very
solid nests and the Hammarhead Stork «of Africa, a small

»bird about the size of the, Night Heron, makes a huge af-
fair in the fork of a tree, resembling two bushels of twigs
with an entrance at the side.

Excluding for the moment some groups of birds such as
woodpeckers and barbets, that gxcavate nest-holes in dead
trunks, and such groups as t{}dlcs. kingfisher’s, and bee-bi rds.
that nearly all dig holes in banks, the tree-nesting birds in-
clude most of the more progressive species, such as hawks,
flycatchers, warblers, thrushes, starlings, and finch-like
birds. No doubt in many cases some of these birds have
gone astray in seeking other kinds of ne¢-*sites. Thus
among flycatchers, though the open nest is the u. 1al type, as
with Kingbird and Wood Peewee, there are the usual ex-
ceptions, for the Great-crest has taken to holes in trees and
the Phaeebe makes a mud foundation on ledges or under
bridges near water. Among swallows there are those that
nest in holes not of their own making, as the Tree Swallow,
others that dig their burrows either in the face of a sand
bank or in level ground, while the Cliff Swallow constructs
a retort of clay pellets and lines it with feathers and soft
grass. The Red-winged Blackbird belongs to a tree-nesting
family—the Orioles and Grackles are its felatives,—and
it is perhaps due to previous ages of tree-building that its
nest among cattail flags is so firmly made. Among spar-
rows and tree-warblers there are many that have perhaps
returned to ground-nesting in a similar way, as the Junco
and White-throat among the former, the Ovenbird and
Golden-wing among the latter.

Most interesting of all is the development of the social
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NEST OF AFRICAN OSTRICH
Dr. Wm. Lord Smith, phot.
NESTING COLONY OF WEAVER FINCHES IN EAST AFRICA—THE NESTS
ARE SUSPENDED FROM THE TWIGS OF A THORN-TREE
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instinct that brought about colonial and finally communal
nesting. Among the South American Black aad Yellow
Orioles or Cassiques, a single tree will often contain many
of their long hanging nests, so closely placed as to be al-
most if not quite in contact. The African weaver-finches
have carried this farther. Many species nest in colonies,
hundreds of birds placing their hanging baskets along the
tough branchlets of a single thorn tree. In nesting time
the constant jargon of their cries is an extraordinary sound.
It can be imagined that continued crowding would bring
the nests into contact so that entire branches would be cov-
ered, and we do actually find in South Africa a species that
makes a vast tenement of nests in some thorn tree, with
nesting compartments opening out on to little passages
along which the birds move. A species of parrot in Ar-
gentina has gone nearly as far, building great community
nests, in which, however, each chamber is separate, and to
which more are added till the mass weighs a quarter of a
ton or more, and may eventually fall of its own weight.

Such in brief are some of the steps by which we may sup-
pose that the more specialized birds with tree-living habits
and helpless young seem to have been led to construct sub-
stantial nests for holding the eggs securely and affording a
safe platform for the young during their first stage. A
recent very intéresting review by Herrick (1911) of nest
structures is suggestive of many further questions. He
specially emphasizes the idea that a first purpose of the
bird in making a nest is with the desire of building a ram-
part about the eggs. It seems to me further that the primi-
tive incubator method is perhaps an original factor, and
that tree-nesting habits have been largely responsible for
the development of the more complex structures.



CHAPTER IX
SOME PARASITIC HABITS OF BIRDS

A PARASITE is usually defined as an orggnism (be it plant
or animal) that gets its living at the expense of some other
plant or animal, and is thereby saved the need for itself
undertaking this labor. But thege are many degrees of
parasitism, ranging from mere highway robbery to actual
extermination of the host species. Many birds play the
highwayman in varying degree. I have seen Herring Gulls
close in behind a fish-laden Osprey and, by their mere in-
quisitive presence and eager feints at his booty, finally make
him drop his fish and hurry away. The gulls circled over
the spot where the fish struck the water, but evidently lost
their plunder. On the Pacific coast, Finley tells of watch-
ing Brown Pelicans fishing at Santa Monica. The birds
had been attracted by a school of small fish, among which
they dove, coming to the surface with their cateh. “A bevy
of twenty gulls were fluttering around to pounce on every
pelican that dove. The instant one dropped and came up
with fish he was surrounded by the gulls, each scrambling
to get a nose in the pelican's fish bag.” Another observer,
Gifford, has seen Noddy Terns fluttering excitedly about a
pelican while it was fishing, and often sitting on the long-
suffering bird's head while it swallowed the fish. He adds
that the solemn pelicans never seemed to be annoyed, nor
did he ever see the Noddies get any fish. Ewven the Laugh-
ing Gulls, 1 am told, will sometimes so harry terns coming
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in with fish for their young that relatively few may pass the
gauntlet and reach their nests without being forced to drop
their loads for the benefit of the gulls instead of their own
young. This condition, however, must be unusual, though
it has been observed in the breeding colonies of these birds
at Muskeget Island. The Bald Eagle, too, is often a buc-
caneer. Its love for fish frequently prompts it to pursue a
Fish Hawk nftr:f a successful dive, and when the latter at
length drops its prey, the eagle darts like an arrow after
the falling fish and seizes it before it reaches the water.
The eagle, however, can catch its own fish and will feed on
dead fish washed up on the shore. It is not difficult to
imagine that from an occasional practice such robbery
would become an established habit, until, as in case of the
Jaegers or Robber Gulls, it is a characteristic trait of the
bird.

In the tropics the forked-tailed Man-0o’-War Bird is well
known for its piratical habits. For although it can and
does fish much for itself, darting down to the water to pick
something from the surface, or even snapping up a flying-
fish in mid-air, it is nevertheless a constant tormentor of
the species of gannets with which it is associated in the
warmer parts of the globe. W. Alanson Bryan recounts a
visit to Marcus Island where a nesting colony of the com-
mon Brown Booby was the center of attraction for numbers
of Man-o'-War Birds. These were usually to be seen sit-
ting watchfully on the tops of trees or patrolling the air
high overhead awaiting the return of the boobies from the
fishing. Presently one or more would come in, bringing
fish for their young. At once a half-a-dozen of the Man-o'-
War Birds would leave their ambush, under full sail to
engage the returning fisher. “Swooping down upon it from
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every side, buffeting it with their wings, snapping at it with
their long hooked beaks, flying now above, now before, now
below it,” the menacing pirates so confused their victim
that it let drop its fish which then the robbers would swoop
upon, one of them catching it and carrying it off ere it could
reach the water. Just how many young boobies starve to
death as a result of the Man-o"-War Birds' robbery has not
been definitely estimated, but so doubt an appreciable bur-
den is laid upon them. Nor does this winged privateer
hesitate to turn cannibal, for it has been seen to snatch up
and fly away with a nestling of ity own species whose par-
ent had been frightened off the nest.

This habit of preying upon the helpless young while the
parents are temporarily off guard is mentioned by explorers
in case of the big Antarctic Skua, a relative of the Jaegers
or Robber Gulls. In South Polar lands these birds harry
the penguin colonies, devouring eggs or chicks that are mo-
mentarily left unwatched. So great is the menace from
these powerful birds that the penguins (Adélie Penguins)
have developed an interesting habit to foil them. For the
amount of food needed by the growing young of a colony is
large and requires the efforts of a large part of the adults
for its supply. Consequently a communal method has been
evolved, whereby the young birds are herded into little
groups of from 20—-30 each, protected by ‘a few old birds
who stand guard against the skuas while the other parents
are engaged in fishing for the younger population. The
voracious habits of the skuas seem also to react upon them-
selves, for Wilson says that although two chicks are always
hatched, not more than one of them is ever reared, because
one of the pair is almost sure to be gobbled up by some
other skua nesting near. This must be an unusual condi-
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tion and serves to emphasize’ the keen competition for ani-
mal food in these inhospitable regions. It is interesting
to see that in nearly all these cases in which adult birds of
one species rob others of food, the “bone of contention™ is
fish.

Among vegetable feeders, however, some of the ducks so
Afrequently appropriate part of the water weeds brought up
by diving Coots as to have garned for themselves the com-
mon name of Pochard. It seems probable, however,
from a study of the stomach contents that the duck is more
interested in the seeds while the Coot is especially fond of
the succulent roots and stalks so that there is seldom any
antagonism displayed.

Another way in which one species of bird becomes para-
sitic upon another is in the matter of using the nest of some
second species. Not infrequently an old squirrel's or crow's
nest is fitted over by an owl for her own use, or the first-
comers to a desirable nesting site may be driven out and
their home appropriated by a more aggressive species; but
actual parasitism hardly obtains until we come to cases in
which one species lays its eggs in the nest of a second and
leaves them to be hatched and the young cared for by the
foster parent. This habit has been independently acquired
in several groups of birds particularly by some of the
cuckoos and sofne cowbirds. In a slight degree we find it
among ducks also. Where many ducks are nesting in the
same marsh, the females seem to become somewhat careless
in depositing their eggs, and often lay in each other's nests.
It is common to find a single nest containing more eggs than
one bird usually lays; as if two ducks of the same species
had deposited their eggs in a common nest. Many such
instances are noted by Dr. J. C. Phillips in his work on this
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group. Thus with Mallard in’which ten eggs is an average
set, as many as 18 have heen found in a nest, and the same
is true of the Green-winged*Teal and others. Bent records
finding eggs of the Mallard in nests of Canvasbacks and
Redheads. Nests containing eggs of both Mallard and
Teal are also recorded. The Redhead is notoriously care-
less in this respect. Bent records finding its eggs in nests of
Ruddy Duck and Canvasback, in one case the latter species
incubating the combined batch. He adds also that both
Redhead and Canvasback seem to have the peculiar habit
of building nests in which both species deposit eggs but do
not incubate them. One such nest found in Saskatchewan
contained 19 eggs apparently belonging to Redhead, Can-
vasback, and Mallard. Another found in California con-
tained no less than 27 eggs (2% dozen!), 17 of one type and
10 of another. The Lesser Scaup Duck sometimes lays a
few eggs in nests of other ducks. Thus Bent found an egg
of this species in a Gadwall's nest and another in the nest of
a White-winged Scoter. It is noteworthy that all these are
marsh-nesting ducks, and we may suppose that the birds
either are forced to deposit their eggs when at a distance
from their own nests, or that the chance sight of a nest of
eggs of some other bird acts as a stimulus to cause the new-
comer to settle upon them and add to the set. It is un-
fortunate that the subsequent history of thlese nestfuls of
eggs has not been followed, to see if more than one female
bird takes part in bringing up the mixed brood.

In the case of species that nest in tree cavities, the scarcity
of suitable nesting sites frequently induces competition.
Thus in localities where the Hooded Merganser and the
Golden-eye Duck occur together, their hole-nesting habits
often result in two females trying to use the same cavity.
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The Wood Duck likewise comes into competition with these
species. One writer mentions finding in a singl¢ desirable
hole no less than 3o eggs of the Wood Duck and five of
the Merganser. The hollow of the tree was not very
large and the eggs were several layers deep!

It must be said, however, that none of these cases quite
fulfils the conditions of parasitism, for each species com-
monly makes its, own nest and rears its own brood. Yet
there seem to be degrees of frequency with which the differ-
ent ones lay in other ducks' nests, the Redhead being per-
haps the worst offendeg. It is easy to see, however, that
among hole-nesting species, when proper nest sites were
few and birds more common, a parasitic habit might be de-
veloped simply through one species being prevented from
regularly occupying a chosen cavity.

There is a South American duck, however, in which a
state of actual parasitism seems to have been attained.
This is the Black-headed Duck (Heteronetta), a species
found in the marshy parts of southern South America but
one that appears to be nowhere common, or at any rate very
little is positively known about it. A recent writer, how-
ever, has published some notes on its habits in Argentina
which confirm previous suppositions that this duck com-
monly lays its eggs in the nests of other marsh-nesting birds,
including the Rosy-billed Duck, the Limpkin, the Coscoroba,
Gull, Coot, Ibis, a large Rail, the Spur-winged Screamer,
and even a species of Kite (Milvus). It is difficult to
imagine how the young ducklings are cared for by such
foster parents, but perhaps they are able from the first to
fend for themselves. Possibly, too, the apparent scarcity
of the species may have some relation to the parasitic habit
and the precariousness of this mode of labor-saving.
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Among land birds the habit of laying eggs in other birds’
nests and*leaving them to the care of strange parents, has
been independently developed in severd]l unrelated groups.

In the Icteride, the family to which our orioles and
blackbirds belong, parasitism is well known in our common
cowbird, as well as in some of the South American species.
Our species lays its eggs in the nests of other, usually
smaller, birds, apparently onlw one in any particular nest,
though some of the cases in which two or three eggs have
been found in a nest may be the laying of a single bird, per-
haps, however, of more. The yoyng cowbird on hatching
speedily outstrips and generally crowds out his nest-mates
and alone survives, a provision perhaps made necessary by
his larger size and consequent need for more food and space
than the rightful young. By ruthlessly eliminating com-
petition he is thus able to usurp the entire efforts of the
foster parents and so profits by a more plentiful food supply
and speedier growth to maturity. It is strange that so
little is accurately known of the methods whereby the fe-
male cowbird finds the nests of her dupes and imposes her
own egg. And our ignorance of the way by which the
grown young regains the parent flock is equally great.
Hudson records that the young of a South American cow-
bird seemed quite indifferent to the warning calls of its fos-
ter parents, that would at once have caused their own young
to crouch motionless in the nest. Even after the young
cowbird has left the nest, it is still, he says, stupidly tame,
and more than once has he seen one carried off from its con-
spicuous perch by a hawk when it might have escaped had
it heeded the warning of its foster parents.

Hudson is the authority usually quoted in regard to the
cowbirds of the Argentine Republic. The Bay-winged
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COWBIRD

Courtesy of Charles Macnamara, phot.
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Cowbird (Molothrus &adius}'is said to be victimized by an-
other species, the Screaming Cowhjrd, for the Bdy-winged
makes its own nest”and performs its parental duties in a
proper manner. A third species.is again parasitic. Ap-
parently the males far outnumber the females, although
Azara's statement that it is 10 to 1 may well be doubted.
Nevertheless, this may have a bearing on the origin of the
habit. Hudson found thatsthe South American cowbirds
would place eggs in old forsaken nests or even in old nests
he put up in trees for the purpose, showing a lack of dis-
crimination not found apparently in the European Cuckoo.
He believes further that the same female will lay several
eggs in the same nest, and he has known several cowbirds
to lay in a single nest so that incubation was impossible for
the very number of the eggs. Thus in ten nests of the
Scissor-tail Flycatcher, with a total of 47 eggs, only 12 were
the flycatchers', but 35 were cowbirds'. So frequently is
this species parasitized that it is believed a large percentage
of flycatcher nests are abandoned as a result of the confu-
sion caused by the cowbirds. Moreover, it is said by Hud-
son that both male and female cowbirds destroy many of
the eggs in the nests they visit, by breaking or devouring
them.

In this same family (Icteride), parasitic habits have
been developed in one of the South American orioles known
as Hang-nests (Cassidix). According to Goeldi, one spe-
cies in eastern Brazil (C. oryzivorus) places its egg in the
nest of another Hang-nest of the same genus (C. persicus),
while farther south, at Rio Janeiro, it is even known to vic-
timize other related orioles of nearly its own size, as Os-
tinops and Cassicus.

In Africa is found the peculiar family of honey guides
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that haunt the neighborhood of wild-bee trees and appear
to lead ptople to these Jfor the purpose of claiming their
share of comb and larve. * Most of the species are incon-
spicuous dull green with-whitish breasts, and seem to be
nearly all of them parasitic, although much is yet to be
learned about them. Sparrmann's Honey Guide of South
Africa has been seen to leave the nest of a White-throated
Swallow, which on examination was found to contain two
small white eggs of the swallow and a third larger oval one,
presumably of the honey guide. A second species, the
Yellow-throated Honey Guide of South Africa, is known
to lay its eggs in the nests of the Black-collared Barbet, and
of the Drongo, a black flycatcher. Stark and Sclater relate
an instance of a honey guide of this species being pursued
by a pair of Drongos in whose nest close at hand were seen
three eggs of the Drongo and the nearly transparent one
of the honey guide. Still a third species, the Lesser Honey
Guide, has also been shown to be parasitic. Layard states
that its eggs have been found in nests of the Olive Wood-
pecker and of the Pied Barbet; and it is said that two other
species of barbets are also thus victimized, all therefore
hole-nesting species. Stark and Sclater relate an incident
in which the honey guide was at least partially frustrated.
The bird had flown to the nest-hole of a barbet, but was
opposed by the male, whose efforts were presently seconded
by the female's with such effect that the impostor was hus-
tled out and chased away by the female barbet, chattering
and fighting the while. In about five minutes the honey
guide reappeared, however, and the same scene was en-
acted. This continued for upwards of an hour when all
three birds were shot. The honey guide was found to
have an egg ready to be laid, indeed actually protruding
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from the vent, while the barbets’ nest contained two fresh
eggs. In another case a pair of the same species of barbet
was found feeding a young Lesser Honey Guide nearly full-
fledged in a similar nest-hole of which he was the sole oc-
cupant, having no doubt eliminated the rightful young.

It is noteworthy that the eggs of these honey guides are
white and those of the birds mentioned as parasitized by
them are also white, while, as we shall see, with the cuckoos
the eggs are speckled as are those also of its host species.
That is, the eggs of the intruder bear a general resemblance
to those of its host, though whether this is enough to de-
ceive the latter we cannot tell.

It is among the cuckoos of the Old World, that the para-
sitic habit is best known, and here it is found in several of
the species. Apparently the American cuckoos have not
developed the trait to any extent, though there are occa-
sional instances wherein a cuckoo’s egg nas been found in
an open nest of some other species. In the Philippines lives
a cuckoo called the Koel (Eudynamis) which is parasitic
upon a large Starling known as the Myna (Eulabes).
Sharpe points out that in this cuckoo, contrary to the usual
rule, the young bird in its juvenal plumage is not colored
like the adult female (that is, black above and streaked or
barred below) but is entirely black like the adult male of
its species and in this stage is therefore colored like the
black Mynas, its foster parents. Sharpe believes that this
similarity helps it the more easily to pass as the young of
the Myna by which it is thus reared. The true cuckoos of
the genus Cuculus seem to be generally parasitic, and are
widely distributed in the Old World. A South African
species (Cuculus gularis) is parasitic as also the Red-
chested and the Black Cuckoo. The last species is known
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to place its eggs in nests of the Wren-warbler ( Prinea) but
since the' nest of this species is very small and domed over,
it is apparently a physicdl impossibilify for the cuckoo to
lay its egg in the nest. s It is therefore believed that she
lays it on the ground and then carries it in her bill to the
nest selected. Some of the African Golden Cuckoos (of
genus Chrysococcyx) are also parasitic and apparently re-
move an egg from a nest to replace it with one of their own.
One of these birds, Klaas's Cuckoo, is known to have laid in
a kinghsher's nest, and another in a woodpecker’s hole.
A second species that frequently parasitizes small birds has
actually been twice shot in the act of carrying its own egg
in its bill to place in the nest of the host species. A third
genus of cuckoos (Coccystes), larger birds about 14 inches
long, has at least four species in South Africa, all of which
are parasitic, some on the shrikes, while two Indian species
parasitize Babbling Thrushes, laying blue eggs like those
of these latter. The Spurred Cuckoos (Centropus), how-
ever, all make their own nests.

The European Cuckoo—the Cuckoo of the poets and of
childhood tales—is most famed and has been most carefully
studied. The eggs of this bird are deposited in the nests
of a number of species of which, however, the Meadow
Pipit, Hedge Sparrow, and Pied Wagtail are among the
most frequent. It is believed that individual Cuckoos ha-
bitually lay their eggs in the nests of a particular species,
and that their offspring in turn parasitize the same species
that were their foster parents. Thus a certain Cuckoo may
lay its eggs in nests of the Hedge Sparrow and its young
later, from constant association with Hedge Sparrows in
youth, may in its turn lay eggs in nests of this species.
Sharpe even records a case of a young Cuckoo that was kept
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alive through the winter in the Zoélogical Gardens at Lon-
don, and by the following spring wgs to all intents’ an adult
bird. At that time*a number of ‘British species were intro-
duced, including a Hedge Sparrow when at once the Cuckoo,
“which had lived for months in the Gardens, and was per-
fectly able to feed itself, fluttered down to the little Hedge
Sparrow, and began with open mouth to clamour to be fed."
It seemed as if this Cuckoo mpst have been reared by Hedge
Sparrows and had recognized the foster species, an inter-
esting case of memory. The eggs of the Cuckoo are rela-
tively small for the size of the bird so that they are not
greatly out of proportion when placed with those of the
smaller victims. They vary greatly in color and appar-
ently each individual Cuckoo lays a more or less identical
style of egg, so that the eggs of a single bird are more or
less the same in pattern of markings or in ground color.
A careful study, “The Cuckoo's Secret,” recently made by a
British ornithologist, Edgar Chance, has confirmed and ex-
tended many previous observations on this bird. Chance
kept watch of a certain area where several pairs of Meadow
Pipits bred, a species commonly parasitized by the Cuckoo
in his neighborhood. His method was to discover 21l the
nests of the Pipit in this area and from blinds or in other
ways make continuous observations on these and on the
Cuckoo that frdquented the meadow. He found by pa-
tient watching that a female Cuckoo would control so far as
possible a given area, keeping out other females. Such a
bird he called a dominant Cuckoo, for in some instances
there were Cuckoos that seemed to have less nearly com-
plete control over their chosen meadow. Such Cuckoos
have favorite perches from which they can command a view
over their domain, and actually spend much time watching
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the nest-building operations of their intended victims. In
this way sthe Cuckoo discovers the situation of the nests
some time in advance ofs their readiness, and even flies
down from time to time to examine or to locate them more
exactly. Chance believes that this watching of her dupes
in the nest-building process acts as a stimulus to ovulation so
that the egg is ready for laying some five or six days after-
ward, an assumption that seems certainly very probable.
It also incites the Cuckoo to a feeling of proprietorship that
results in her driving off other Cuckoos from the territory.
He further believes that the number of eggs laid by a single
Cuckoo depends in part upon the number of such nests avail-
able within the preémpted territory and may be even as
many as 21 in a season. Lhere is thus a certain synchro-
nism established between the time when the nest of the vic-
tim is to be ready and the time when the egg of the Cuckoo is
to be laid. Any upsetting of this relation, as for example if
the completion of the victim’s nest is delayed or stopped,
results in the egg being ready for deposition too soon, so
that in such emergency cases it is laid in some other nest
ready at hand. Chance believes that this accounts for the
laying of an occasional egg in a nest other than that of the
usual host. That Cuckoos may even be “fooled” seems oc-
casionally to be shown, for if the intended nest be exception-
ally well concealed and difficult to find the Guckoo may even
lay in a dummy nest placed conveniently near. Having
located the nests of her intended victims, the female Cuckoo
by occasional visits discovers when they are completed and
the fresh eggs laid. When all is ready she leaves her ob-
servation post, glides softly to the nest, removes one of the
cggs in her bill and lays one of her own, presently flying
away again. The entire process is short, and occupies but
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a few seconds. A photograph was taken showing the adult
Cuckoo laying her egg in a Meadpw Pipit's nest) while at
the same time holding in her bill an egg of the Pipit’s that
she had removed to make place for her own. This seems
to be the general habit of the bird, but instances are given in
which this instinct had apparently become exaggerated and
two eggs of the host species were removed.

It is weli known that the streaking or marking on a
Cuckoo's egg is variable but with a given bird the eggs are
fairly true to a type and have thus an individuality. This
fact was in many cases demonstrated by Mr. Chance in his
study of the various layings of the same individual Cuckoo.
That the general similarity in pattern of the Cuckoo’s egg
to that of her victim's may have a bearing on the choice
of species parasitized has been further suggested. Chance
quotes the observations of Swynnerton who made a num-
ber of experiments in interchanging and substituting eggs
of several species breeding in South Africa. Some birds
showed a decided ability to detect the fraudulent eggs, while
others seemed quite indifferent, and accepted nearly any sub-
stitute. Chance suggests that a possible explanation may
be seen here of the fact that Cuckoos are mainly parasitic
upon certain species ‘'for the less discrimination and resent-
ment shown by the dupes, the greater is the chance of the
young Cuckoo being hatched and reared” by the foster
parents.

Among the many interesting notes by this observer is an
account of the courtship actions of a pair of Cuckoos, the
male pursuing the newly arrived female, and calling all the
while. The interesting point was that the female was
carrying a twig or straw about six inches long, which she
held for over a minute during this performance. This
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act of picking up nesting material is a common one in the
courting attions of many, species that build nests and may
thus be reminiscent of the'time when Cuckoos built their
* own nests. .

The origin of the parasitic habit may long be obscure.
Several facts, however, seem to point suggestively to pos-
sible ways of origin. Thus among the cages mentioned, it
will be recalled that many of the ducks occasionally lay
from one to several eggs in the nest of another species, or
two of the same species will frequengly lay in the same nest.
In case of the honey guides, the eggs are laid in nests of
hole-nesting species, as woodpeckers and barbets, which
have white eggs like those of the parasitic species. Of
two species of cowbird in South America, one is frequently
parasitic on the other or lays in nests of other birds that
have, like itself, a dotted egg. The smaller of two Hang-
nests lays in nests of a larger Hang-nest. There is thus in
these cases a certain closeness of relationship between the
parasitic bird and some at least of its victims; and thus a
certain resemblance between their eggs as well as in the style
of nest both originally constructed. Now in birds it is well
known that in certain species ovulation and egg-laying may
be induced by proper stimulus. Thus Craig found that
Doves could be induced to lay eggs in response to several
methods of stimulation; in one case a young female reared
in isolation, who knew only human companions, responded
in the typical way to constant caressing of her head and neck
and laid an egg at the usual interval from the beginning of
the experiment. Hens are very different in their method
of laying. With them epg-laying comes at a definite time
of year and, as with such birds as the Flicker, the presence
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of a nest-cgg seems to cnmumgc them to keep on laying as
if to attain a number whose contact stimulus would satisfy
the brooding instinct. It may be that in case of those ducks _
whose eggs seem so often to be laid promiscuously in nests
of their neighbors, the mere sight of a nest with eggs resem-
bling their own may act as a stimulus inducing them to add
to the number. The same suggestion may explain the oc-
casional laying af an egg in the nest of a different species,
as recorded of various birds; and from such habits para-
sitism may possibly have arisen. The case of the Cuckoos
seems different, for their victims are not near relatives of
theirs. Herrick has suggested that the habit may have
started from a lack of “attunement of egg-laying to nest-
building” such that the eggs were ready for laying before a
nest was ready for their reception. The fact that the habit
is found in so many species of cuckoo seems to prove that
it is a trait of ancient origin, so ancient that it had become
characteristic of the genus Cuculus before the various spe-
cies of the genus had been marked off from their parent
stock. With the cowbirds, however, the trait is not quite
so fixed, for there are some species that still make their
own nests. Should these become exterminated in years to
come and the parasitic species be prescrved we should have
a case similar to that of the Cuckoo in that the remaining
species into which the stock has now developed all have this
habit.

Still another possible way in which we may imagine the
parasitic habit to have started is shown by the peculiar nest-
ing habit of two of the sandpipers. The first is a European
species, a frequenter of fresh water, known as the Green
Sandpiper (Totanus ochropus). This bird has the re-
markable trait of laying in the abandoned nests of other
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birds, usyally of the European Blackbird and the Missel
Thrush. Their nests are found near the shores of ponds
in trees sometimes as hlgh as 33 feet from the ground.
Hintz, who found many*such nests in Germany, seems to
have been the first to publish much about this singular habit.
He records one case where he found eggs of the sandpiper
in a Missel Thrush's nest from which the young thrushes
had Aown but six days before! Sometimes the same nest
is used in two successive years. This writer has also
found the Green Sandpiper nesting in old half-ruined nests
of Jays, Wood Pigeons, or even on a squirrel’s nest. The
young as soon as hatched jump to the ground and flutter
down without harm. Cases are recorded by Dresser of
seven and of eight eggs in such a nest, instead of the usual
four, probably the combined effort of two birds, and indi-
cating a scarcity of desirable second-hand nests. In this
country a similar habit is found in case of the Solitary Sand-
piper whose method of nesting was till recent years un-
known and its nesting place a mystery until the discovery of
its eggs in an abandoned Robin's (?) nest in Canada.
Since then, this bird has been found nesting in Alberta and
elsewhere in abandoned nests of the previous year. It
seems to evince no special choice of nest, using those of
Bronzed Grackle, Brewer's Blackbird, Cgdar Waxwing,
Kingbird, Robin, Canada Jay, in situations up to 200 yards
from water. A dearth of nesting birds noted one season
in Alberta may have resulted in a dearth of sandpipers
through a lack of sufficient abandoned nests for their use.
In one case a Robin's nest of the year before had not been
fitted over in any way, but eggs were deposited on the orig-
inal mud lining.

If we suppose the acquirement of a similar habit in such
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a species as the Cowbird, it is easy to imagine that the bird
might not discriminate between a newly completed nest and
one recently abandbned. The fesult would be that if the
intruder laid in the new nest, its rightful owners would re-
sent the intrusion and prevent the repetition of the act,
even though they had themselves to bring up the unwelcome
addition. It is likely, too, that the greater abundance of
new than of desgrted nests,would favor the frequency of
such mistakes until the parasitic habit would have become
established.

One must therefore be prepared to find that this habit
has been acquired in more than one way, and independently
in these different groups mentioned.



CHAPTER X
THE SENSES AND BEHAVIOR OF BIRDS

IT is a failing perhaps not peguliar to the human race, to
think of ourselves as a center about which the rest of the
universe revolves, and to impute our own feelings and de-
sires to other animals that differ greatly from us. It is
only in very recent times that we have gradually learned to
take a different view of the matter. In our observation
of the habits of birds we must therefore be cautious in
assuming that they will act just as we would under given
circumstances, and in our interpretation of their actions
we must ever be on our guard against substituting our own
minds for theirs. 5o it becomes necessary to test as we
may the senses and mind-working of birds in order the
better to understand how they are affected by the impres-
sions they receive from without and how they respond to
these stimuli. The study of bird behavior is a wide and
fascinating field. Each species and individual proves to
have its characteristic traits, and there is much yet to be
learned by careful and critical observation of individual
birds. To do this in the natural state, there must be some
way of identifying the particular bird, and this difficulty is
met by marking them with the numbered bands now so
familiar.

In studying the senses of birds great difficulty is met in
eliminating possible sources of error. There are always

so many other things that might affect the result that we
216
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cannot aiwnys be sure of nur mterprctatmns This is
why tests in the laboratory where the conditions can
be controlled are usually necessary as collateral aids.
Hitherto comparatively few spécies of birds have been
studied under laboratory conditions, for even tame birds
seldom lose their instinctive quick response to unusual
sounds or movements or surroundings, so that we are not
always sure that their actiohs are deliberate and normal.

Sight.—The eyesight of several species of birds has been
somewhat tested in the laboratory. From field observa-
tions we receive the impression that in most day-birds
sight is fairly keen. The height at which hawks, eagles,
and vultures quarter the ground in their search for food is
apparently to be interpreted as a proof that they can see
as well as distinguish small objects at considerable distances.
Yet there is doubtless great variation among different birds
in the keenness of their vision. For example, some of us
may have had the experience of sitting motionless by a
river bank and allowing a company of American Mer-
gansers to pass a few feet distant without taking notice as
they swim along, feeding as they go. A Black Duck, how-
ever, is of so much more discriminating vision that he
would veer off long before reaching gun-shot range.

Birds' eyes are somewhat different from our own. In
most species they are quite at the sides of the head so that
instead of looking forward in the same way that the head
points, birds often “cock their heads,” as we say, in order
to bring one eye particularly to bear on something they
wish to scrutinize. In our own eyes there is a place on
the retina or sensitive surface where the focus is sharpest,
called the “yellow spot™ on account of its distinctive color.
In many birds it is found that there are two yellow spots,
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that is, one of the spots is at the best focus for seeing at the
side with'one eye, while- the other is at the best focus for
seeing with both eyes something directly ahead. The side
position of the eyes gives tommand of at least three-fourths
of a circle, instead of half a circle or thereabouts, as in
ourselves. Morcover, the eyes of birds are relatively
nearer the top of the head, so that they can see above them
to better advantage than most*mammals., Dr. J. C. Phil-
lips has recorded in his observations of tame Canada Geese
that he believes they have very far and keen sight. For
he has often, while concealed in a blind near tame decoys,
seen them cast an eye aloft and call out to a flock of wild
geese passing high overhead that no human eye would have
noticed save by the merest chance. In the Woodcock the
eye is so large and placed so high that it seems as if the bird
must easily be able to look behind as well as ahead. Prob-
ably the large size of the eye is an adaptation for dusk- or
night-feeding.

On account of the speed of flying birds their eyes must
have power to adjust their focus quickly, so that we find in
birds that there is a special muscle for changing the shape
of the lens of the eye by its pull, thus at the same time
changing the focus. There is a peculiar structure in the
interior of the eye, called the pecten from jts comb-like or
folded shape, which helps to increase the blood supply of
the eye. A similar structure is found in a few reptiles, thus
emphasizing once more the close relation between birds
and reptiles.

A few species of birds have been tested to see if they can
discriminate the different colors of the spectrum visible
to human eyes, and, as may be imagined, the matter is one
difficult of convincing proof. One recent investigator,
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Hess, using the Domestic FoWl, scattered white rice grains
on a black-matt background in a dark room and then illu-
minated the area with light thmugh a prism so that the
food was covered by broad bands of the rainbow colors:
red, orange, yellow, green, blue, indigo, violet. A hungry
hen, brought in from the light (light-adapted, as the
psychologist calls it), was then placed before this meal,
and at once started picking up the rice grains. Curi-
ously, it was found that each time it would bcgln picking
from the orange through the red areas, then coming back,
it would start in the yellow light, and pick the rice grains
through to the limit of green, but never in the blue, indigo,
and violet, which seemed to act as dark or blind areas.
When the same experiment was tried with hens that had
been kept in the dark just previously (‘‘dark-adapted™),
they acted much the same, except that they began pecking
in the orange-yellow instead of orange, then came back and
pecked a little farther into the blue-green, but never into
the blue. Pigeons used in similar experiments behaved in
the same way. Hess concluded that for day-birds as exem-
plified by these two species, the spectrum was shortened
at the violet end. Yet he might have concluded as well
that birds do not recognize blue rice as good to eat. A
more recent investigator, Watson (1915), has repeated
the work and darried it farther, but finds that the Fowl
is sensitive to the full set of spectrum colors, though there
are perhaps certain differences in comparison with our own
eyes. Nevertheless, he concludes, it appears safe to as-
sume that day-birds do see colors in about the same way
that we do, which, after all, is a comforting thought, for in
observing mammals we have to keep in mind that some
may be color blind.
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We see therefore that care rthust be used in making deduc-
tions from what seem perfectly obvious premises.

The sensitiveness of birds to light-intensity would seem
from field observation to be very keen, but laboratory
proof of this is difficult. 1 have supposed that it was a
factor of this sort that caused birds to wake in the morn-
ing, as by an alarm clock. While living in Boston one
winter, I noticed that the Hﬂl.l_sc Sparrows, which roosted
regularly in a vine near my window, began to awaken and
start chirping at approximately 15 minutes before the sun
rose. As the days grew longer, and the sun rose earlier,
the Sparrows awoke correspondingly sooner, until as spring
came, they were off and away before my own awaking
time, which seems controlled by some quite different stimu-
lus, though regular enough too. Those of us who have
lived in summer near Whippoorwills have remarked upon
the punctuality with which they begin their nightly ser-
enades; cloudy nights have the effect of starting them
somewhat earlier, as though their routine depended more
or less closely upon the degree of light-intensity. The late
Horace W. Wright published the results of very systematic
observations on the time and relative order in which many
of our commoner birds start to sing in the morning and
cease at evening during the breeding season, from which
it is clear that there is a considerable regalarity in these
times and that nearly every species has its characteristic
place in the schedule. The matter is one of common
knowledge, though its careful study is yet to be completed.
The crowing of the Chanticleer is of such regularity in the
morning that people who live in or near the tropics, where
sunrise does not greatly vary in time, make the cock-
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crowing equivalent to a rising bell. You recall the lines
from Omar the Tentmaker: i .

And, as the cock crew, those who stood before
The Tavern shouted—"Open then the Door!

You know how little while we have to stay,
And, once departed, may return no more."

Experiments made with small chicks, however, in an at-
tempt to see if, other factors being equal, they could learn
to discriminate between two lights of different intensity,
seem rather negative, and it was not until one light was
made ten times as bright as the other that they seemed to
notice a difference. Very likely there are other factors of
a mental nature involved.

Our familiar Robin seems to be one of the earliest of
the common birds to rise and sing in the mornings, but
whether it is the change in the intensity of light with the
approach of day, or whether other matters of habit are
involved, we are as yet unable to say. That the “pale
@y light of dawn™ may affect Robins so that they are
prumpttd tu -.inﬁ.u seems likely, and we have often noticed

gl“ goiadﬁlgmflf t]l",‘l:5 ;;“; hﬁtﬁ"iﬁ’ﬂf@ing l:‘lmn,hthc lur:'[-
t.:::ulugh to start a burst of melody. So appartar shower s

: . the country it 18 considered a sign of rain wh: ft:: :lnhu.,t
- | “More wet, cheer up.” 'lj'hr.rc is roo e
deal ¢ accurate observation, using photograp tti -
dﬂfd ai‘:rc testing Iight-intr:nsity by exposing :h: :ﬂ ;:n -
::l:'lr:i:tizcd paper, to ser; w:mt ;fgarcﬂti:i::;? he o
i i 5 to song. i
?:E::}gr:ltu?at?n;?taa::?Eitlmately connected with the awaken-
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ing actions, and that much difference will be found among
different species of birds,

The ability of animals to discriminate details seems to

«vary very much. Dogs are found to be very deficient in
their ability to distinguish between various shapes. Mon-
keys, however, are much more clever, and so are even
chicks.

Some work carried on with tame Crgws, and partly
published (Coburn, 1914) showed that they learned very
quickly to distinguish the correct exit door when placed in
a dark box from which there were translucent and lighted
exits, each of the same area and light-intensity, but of dif-
ferent shapes. In this way it was shown that they dis-
tinguished with very little practice between a circle, a tri-
angle, a square, and a hexagon. In this and in gther tests,
the experimenters were convinced that the Crow's reputa-
tion for brains is quite deserved, and that Henry Ward
Beecher was correct when he said that if men could be
feathered and provided with wings, very few would be
clever enough to be Crows!

A recent writer (Lewis: Emu, vol. 15, p. ~»7) con-
siders some birds to have a 'h‘g nee. :nmm:; h;m times
greater than that of humz=- 'c * =™ s various
SRR .t bﬂﬂ?ftttharmwhawk which spies out

and caund above them, M,'u &h hovering 300 feer from

mne .
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of sight, if such it be, that enables them to pick out these
insects while traveling at 80 miles an hour.

A suggestive note by Dr. J. Grinnell (1921) on what he
calls the “principle of rapid peering,” may explain in part
the quick active method of searching for small prey in the
twigs of trees, as employed by warblers, kinglets, and
others. For just as we, when standing still, see more
clearly the movement of an object, so conversely the bird
more readily detects the motionless insect or egg cluster
by rapidly changing the angle of sight, as by moving its
head from side to side.or hopping quickly from one twig
to another to scan a leaf surface. Kinglets for the same
purpose often hover momentarily before a cluster of leaves.
These movements serve to bring the small object into better
relief so that it may be perceived by the eye if the level of
sight be constantly changed, on the same principle that if
an object is dropped on a mixed carpet it is easier to see it
if we stoop down so that the eye is nearly at the floor level,
—"locking Indian-fashion,” as we used to call it. Grin-
nell, therefore, divides birds that seck living prey into those
that sit passively waiting to see it moving by, and those
that actively move about and perceive still objects by their
own frequent change of attitude.

Hearing.—The hearing of birds is probably next to sight
the most important sense to them and appears to be very
keen. The ears of birds differ from those of mammals
not only in having no outstanding portion for collecting
sound, but also in the structure of the transmitting portion.
In ourselves, for example, there is first, slightly inside the
outer opening, the ear-drum, which vibrates to the waves
of sound like a telephone diaphragm. This drum is
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slightly cpncave and connects with a series of three small
bones, named from theie shape in the human ear, the ham-
mer, anvil, and stirrup. The innermost of these covers a
minute opening in the inrfer ear or cochlea, which is shaped
somewhat like a snail-shell and is filled with a fluid. The
auditory nerve extends to this, and its inner wall is carpeted
with a layer of sensory cells, each of which has a little fila-
ment projecting into the fluid*® The vibeations of sound
are received by the ear-drum and transmitted by the chain
of three little bones to the fluid of the snail-shell, where they
are picked up by certain of these bittle filaments. At the
base of the spiral are the long filaments which vibrate to
sounds of lower intensity, and at the summit are the short-
est filaments corresponding to those of highest pitch. Now
in birds, the ear-drum is convex, like a plug in the tube of
the outer ear, while instead of a chain of three bones there
is a single rod-like bone, the columella, which acts like the
dasher of a churn to transmit vibrations to the fluid of the
snail-shell or inner ear so it may be that by this more
direct form of transmission birds are able to hear sounds
that we cannot. There seem to have been rather few at-
tempts at ~n accurate study of birds' hearing, though there
are many recorded notes of interesting observations.
During the Great War, parrots kept in Fpench fortresses
and on the Eifiel Tower gave warning of the approach of
aéroplanes that they could not possibly have seen, before
they were discovered by human beings. A recent authority
on earthquakes, Dr. Charles Davison, in discussing the dis-
tances at which great explosions may be heard, brought out
that pheasants during the War often showed evidence of
being disturbed by air waves from explosions or naval
battles which were not heard by human ears, and their be-
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havior has helped to throw light upon the problem of the
so-called “zones of silence” around great detonatiods, which
after skipping thes¢ zones, agaid become audible. These
inaudible sound waves were evidently perceived by the
pheasants, for they acted as if greatly frightened. This
action was noticed, for example, on January 24, 1915, dur-
ing the naval battle on the Dogger Bank, when at a dis-
tance of 216 miles from the action, pheasants “shricked
themselves hoarse,” as it was said, and smaller birds were
terrified, though no sound was heard by persons present.
In like manner birds reacted to the explosion of Zeppelin
bombs, 80 miles away, which was beyond the range of hu-
man earshot. In some cases, people did hear cannonading
200 miles away. If this were heard on the far side of a
silent zone, the pheasants were affected a little before per-
sons heard it, as if the inaudible vibrations arrived first,
but if it were on the near side, the audible waves arrived
first. It is supposed that the inaudible sound waves travel
across the silent zones close to the ground, while those
that are heard farther on make a detour upward and so
arrive later. It is also suggested that the inaudible waves
are of long wave-length, and set up vibration in loose ar-
ticles, so that the birds are frightened by the strange
quivering of their perches or other things.

It is well known that geese, tree ducks, or peacocks
are of acute hearing, and in case of alarms are often the
first to give warning, which the watch-dogs then take from
them, thus getting the credit rather than the birds! Few
can have failed to notice the peculiar reaction of pigeons to
loud sudden noises. On our Boston Common, where there
seems little chance that the many pigeons can ever have
been hunted or known the meaning of a gun-shot, an entire
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flock will spring into the air’ as one bird at the sudden
bang of dn automobile.

A special study of heartng in owls should be made. It
is untrue that owls canngt see by day, for they are often
given to basking in sunshine and are quite as able to see as
other birds. But it seems likely that in their nightly prowl-
ings they hunt in part by hearing. At least their structure
points that way. Not only are their feathers so softened
as to muffle every sound made by the bird itself in flight
lest it should not hear other noises but the ears of many
owls have some very strange peculiarities that suggest
special uses; but concerning these, good field observations
alone may perhaps inform us. In the Brown Owl of Eu-
rope, allied to our Barred Owl, as well as in the Barn Owl,
there is a curious flap of skin in front of the large ear open-
ing by which the opening may be closed. When raised,
however, this flap would greatly help to catch sounds.
The peculiar feathers which cover birds' ears are much
less dense than the usual plumage, and may be useful as
sound catchers. In some owls the ear region of the skull
is greatly enlarged, with a peculiar blind pocket outside
the ear openings covered by the flap. This pocket, as Mr.
Austin H. Clark has suggested to me, may act as a reso-
nance chamber to intensify small sounds. More strange
still, this pocket may be quite unsymmetrical on the opposite
sides of the skull. Thus in Tengmalm’s Owl of the Old
World (like our Richardson's Owl) the blind pocket is
above the ear opening on the right side, and below it on
the left, causing a considerable distortion in the shape of
the skull. Why this is, we do not know. May it be that
it gives a means for locating more exactly the source of a
sound? Or does the owl hear better on one side than on
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the other? Here is a matter for more observation. Per-
haps too the curious peering motions of owls help to give
more accurate sound location, just as the Eskimo test wind
direction by turning their heads till the force is equal on
both sides.

No doubt different species differ much in their sensitive-
ness to sound. Close observations on breeding Hermit
Thrushes (Hussey, 1917) seemed to indicate that sounds
alone, such as loud whistles or taps from an observation
tent but a few feet away, had little effect on the adult bird,
but if accompanied by a slight visible motion as of a finger
at the observation hole, the bird was at once alert. Young
Hermits up till ten days old were unafiected by loud noises
close by, thoygh they thereafter soon learned to associate
certain sounds with feeding.

Smell.—There has been much conflicting testimony on
the sense of smell in birds, in which apparently the evidence
on the negative side is large. Yet the organ of smell is
well developed in some birds. It consists of two lobes at
the anterior part of the brain from each of which the so-
called olfactory nerve extends to three small scroll-like
projections known as turbinal bones on the bony wall within
the beak. In many mammals these bones are remarkably
well developed, They are covered with a sensitive mem-
brane which receives the scent particles and the nerves trans-
mit the stimulus to the brain, producing the sensation of
smell. In birds these bones are small, and sometimes but
two are present, the one nearest the brain, often but a mere
projection, being then lost. In the flightless bird known
as the Kiwi or Apreryx of New Zealand, the organ of scent
is very well developed and the turbinal bones large.
Turner, who studied the organs of smell in over forty

o
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American birds, concluded tfmt the more primitive birds,
such as "water birds, had these structures least reduced.
They are smaller in marsh’birds, and ledst of all in the more
highly evolved groups, as sparrows.

A great many field observations have been made as to
sense of smell in vultures, most of them, however, incon-
clusive. It will be instructive to review a few of these.
Darwin in 1834 recounts his experiments, with Condors in
Chile. Several were tied by a rope in a row at the foot
of a garden wall. Darwin then walked back and forth
past these birds at three yards' distance, carrying in his
hand a piece of meat wrapped up in white paper. The
birds paid no attention to him, even when he threw it on
the ground before them. At length with a stick he pushed
it close till one of them touched the package with its beak.
“The paper was then instantly torn off with fury, and at
the same moment, every bird in the long row began strug-
gling and flapping its wings.” The trouble with this ex-
periment is that Darwin does not state if the meat was
wholly concealed, or if there were an opportunity for an
odor to escape from the package; nor does he mention if
there was a breeze to carry scent to or from the birds.
Audubon tried a few experiments which, too, were inconclu-
sive. (1) One was that of placing in a large field a well-
dried deer skin, including the hoofs. It was stuffed with
dry grass and provided with artificial eyes. The observer
concealed himself not far off, and presently a vulture sailed
down, tore open the hide and scattered the grass about.
No doubt, however, the watchful bird had seen something
going on from afar and merely came to investigate “on a
chance.” (2) A large hog was hauled to a ravine and cov-
ered with canes. In the warm weather it soon became very
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offensive, but though dogs fourdd and fed on the carcase, the
vultures failed to discover it.  (3) In another case’a young
pig was killed and ies blood scattéred about on the ground,
while the body was hauled into a ravine and covered with
leaves. The vultures found the blood and followed it down
the ravine to the carcase which they then found and de-
voured.

Bachman about the same fime tried several experiments
with similar negative results, in South Carolina: (1) A
load of offal from a slaughterhouse was dumped on the
ground at the foot of his garden, and a brush-covered
frame raised above the pile at some 12 inches from the
ground. Though hundreds of vultures passed over it in
the next 25 days, none noticed the meat. (2) He then
took a rough painting on canvas of a sheep skinned and
cut open, and placed this upon the ground 15 feet from
the pile. The vultures observed it at once, walked over it
and tugged at it with their beaks, yet never noticed the pile
of offal. (3) The most offensive parts of the offal were
next placed on the ground, and covered by a thin cloth on
which were placed a few pieces of fresh beef. These last
they ate but did not discover the offal underneath until a
rent was made in the canvas, whereupon it was seen and
eaten. Here again we have no information as to air cur-
rents, and the fihal trial proves little, as the birds may have
connected the scent of the offal with the sight of the fresh
meat they had eaten, and so have searched no farther.

These bits of negative evidence seemed fairly con-
clusive, until of recent years the entire subject has been
reopened. Beebe, in 1909, tried the following experi-
ment with Turkey Vultures and Black Vultures. Three
inverted boxes were placed on the ground in their
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cage and allowed to remaln there so that the birds
became wsed to them. Then after several days of fasting
a piece of tainted meat whas placed under the central box,
and care was taken also to go through the farce of plac-
ing something under each of the three boxes, lest any visual
hint be conveyed as to the location of the meat. The vul-
tures watched intently but made no move to come to the
ground ; the keeper then re-entgred and threw down a few
small bits of meat, at which every vulture swooped to the
ground and started to struggle for the morsels. Twice
the Black Vultures walked close about the meat box with-
out appearing to notice the odor, though it was clearly
perceptible to persons outside the cage. Next a Turkey
Vulture walked to the lee side of the box, then instantly
turned and started to examine the box closely on all sides.
He was soon joined by two others of the same species, all
three standing close to the source of the odor. Two of
the Black Vultures later came up, apparently from imita-
tion, and for a long time all five stood close to the box,
now and then going up to examine it carefully. Did this
indicate that the Turkey Vulture smelled the meat and
recognized the odor; and did it indicate that this vulture's
sense of smell is better developed than that of the Black
Vulture? Did the other vultures assemble because the first
acted as if food were near? Unfortunately*the experiment
was not repeated nor were the conditions carefully con-
trolled, so that we do not know what chance elements were
present.

Another recent writer (Gurney, 1922) has gone at some
length into the matter of scent in birds, marshaling an ar-
ray of observations drawn from many sources. He con-
siders most important a case related to him by a doctor of
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repute in Jamaica, who, while making a post-mortem ex-
amination, found presently that the roof of the house was
studded with vultures, attracted, ‘as he implies, by their
olfactory sense; while on another occasion, an old patient
of his at a distance having died, he found on arrival at the
house 36 hours later, that a number of wvultures were
perched on the ridgepole and in the neighboring trees.
But he overlooks the possibility that there may have been
a dead pig in a neighboring yard.

Experiments carried out on the Kiwi or Apteryx in the
island bird-sanctuaries off the coast of New Zealand
seemed to indicate that this bird has a sense of smell. This
species is peculiar in having its nostrils at the tip of its
long bill, and strange to relate they open on its under sur-
face. One species lives largely on earthworms, and a num-
ber of tests were made using this natural food. The ex-
perimenter used earthworms in the bottom of buckets,
covering them with four inches of earth and found the
bird much excited, probing eagerly for the worms, but
when he put down a bucket containing earth and no worms,
the birds would not even try it. On using a bucket of earth
that had been searched the preceding day, the bird again
disdained it, but on putting two worms at the bottom of the
earth and again presenting it, the bird promptly probed
for them “‘as if4t knew they were there." All these experi-
ments, though suggestive, are nevertheless too few and un-
certain to be conclusive, and tests made by Dr. R. M.
Strong on a captive Apteryx in the London Gardens were
negative.

Dr. Strong (1911) later devised an experimental cham-
ber, square in shape with a small entrance door, and in the
middle of each side a small opening to a food chamber.
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Carefully planned mechanism® for controlling the air cur-
rents within the chamber allowed the scent to be drawn
out from the food chamber toward the eenter of the larger
box, and out through a hole in its roof. Tame Ring
Doves were used for the experiment and at first trained to
look for food without the use of any odor, so that they
became quite used to looking at once in the food chamber,
of which a different one would e used in each trial. Owver
a period of nine months, however, using scent with the
food, the doves never learned to find their food with per-
fect accuracy, yet it seemed evident that of the various sub-
stances used, the oil of bergamot did stimulate them in a
definite way, so that they seemed to associate it with food
and entered the correct food chamber more times than
would happen if their choice were governed by chance
alone. This seems like fairly positive evidence, deduced
from so large a series of well-controlled experiments as to
be really conclusive.

Experienced duck-hunters often affirm that ducks can de-
tect the sportsman's presence by scent, and that pheasants
can do the same. A French experimenter is certain that
pheasants can discover water by the sense of smell.
Ravens are firmly believed by many to have keen powers
of scent. The only general conclusion that at present
seems warranted, is that many birds prob#bly do have a
certain power of scent, but that they are little dependent
on it. Their quickness of vision is of much surer service.
It should be borne in mind that the sense of smell is one
very difficult to experiment with. The perception of an
odor depends upon a contact of very minute particles with
the sensitive membrane of the turbinal bones. If these
particles are blown in the wrong direction, or lie in a lower
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layer of air, or for some other reason do not enter the
nostrils, there can be no response. Some scents may at-
tract, others repel, or again be of indifferent effect; if a
scent is not associated strongly.with an attractive or a
repellent object, it might be ineffectual. The whole mat-
ter is one for the most careful experiment.

Taste and Touch—1 often wonder how much sense of
taste those birds have that swallow hard seeds quickly and
in quantity. Probably there is very little discrimination
or enjoyment of flavors with many of them; nor can we ex-
pect there to be much in many fish-cating birds whose
tongues are exceedingly small, and whose prey is instantly
gulped down. With ourselves “taste’ is largely a matter
of smell after all, as any child will tell who has held its
nose while gulping down a dose of castor oil. Our own
sense of taste by the tongue is confined largely to the sen-
sations of salts, sweets, or acids. Probably birds recog-
nize by sight or touch what is their proper food. Finn
(1919) mentions a case where a toad was swallowed and
then rejected by two large gulls in succession, and then by a
third, which after retaining it a while, itself threw it up
and stood looking at the strange morsel, but seeing another
gull coming to investigate, again swallowed it and retained
it as long as watched. He concluded that during the pre-
vious killing and swallowing processes most of the irritating
mucous secretion of the toad's skin had been washed off so
that in its final disappearance, the unpleasant effect had
been much lessened. He thinks that the vigorous bill-
wiping movements we sometimes see birds make, are in-
dicative that the last swallowed morsel did not seem so
good as it looked. Probably it is often not until the food
arrives in the stomach that the bird can tell whether or
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not it “agrees,” and this is sometimes true with ourselves.

While sight in the diwri_mination of food is doubtless the
usual guide, it is likely that many birds do not see their
food. This applies to the probers and sifters especially.
We have all seen the characteristic feeding habit of the
Semipalmated Sandpipers as they run along the edge of a
sandy beach, making short quick probings several in succes-
sion in the wet sand and water. Woodceck and the Kiwi
of New Zealand probe soft earth for worms and doubtless
catch them in part through a sense of touch. The horny
tongues of most small birds are prabably of much more use
as organs of touch in manipulating and judging of food
than as organs of taste. The complex nerve endings in
the bills of ducks have been carefully studied and indicate
the sensitiveness of their sifting-plates at the edges of the
jaws. The finely divided brushes of honey- or sap-feeders
perhaps are in part feeling organs. Many birds are pro-
vided with stifi hair-like feathers which probably act as
organs of touch, such as the bristles about the mouths of
flycatchers and the nighthawk tribe. The bristly tuft cov-
ering the nostril of crows and ravens may be of use as an
organ of touch, but observations are lacking to help our in-
terpretation of them.

Life Histories.—Just as there is a certaig rhythm in the
succession of the seasons with the earth’s revolution, so
there is a corresponding series of yearly activities in animal
life, especially marked outside the Tropics, though none the
less evident there. The round of events comprising a
bird's life, its hatching from the egg, nutrition, bringing up
and final growth to adult life, with its own yearly succes-
sion of mating, nesting, flocking, migrating, comprise the
general background of the life history. Few more sug-
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gestive and careful studies, attractively written and illus-
trated, are to be foupd on the behavior of some of our com-
mon birds than those published by Professor F. H.
Herrick (1905) in his “Home Life of Wild Birds." He
concludes that much of the activities of birds in mating, nest-
building, egg-laying, hatching and rearing the young, form
a cycle of more or less instinctive acts which come on one
by one, reach their climax and give place to another set of
acts in a somewhat automatic fashion. As soon as one in-
stinct is satisfied, another seems to possess them with resist-
less force until it too wanes and gives place to another.
In other words there is no planned action in selecting a
time for house-building, laying eggs, and so on, but the
start once made the entire train of consequences is set off
and followed through. If, however, something happens to
interrupt this chain, the birds go back and start anew. In
this way, Professor Herrick supposes, when a Yellow War-
bler's nest is invaded by a Cowbird and one of the latter’s
eggs is added, the warblers, if the chain of instincts is suf-
ficiently disturbed, start over again and build another nest
on top of the violated one, thus, as it happens, effectually
burying the strange egg together with their own, and lay-
ing a new set in the added story. The whole matter is
merely the makipg of a fresh start because the peaceful
course of events was unduly interrupted; not that the clever
warblers foresaw that the hatching of the strange egg
would result in their own young being elbowed out, for ap-
parently they are quite as willing to hatch and raise the
young Cowbird as their own children. It would be inter-
esting to discover by careful observation what difference it
would make whether the Cowbird were discovered by the
rightful owners when she lays her egg; or if the Warblers
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are less mffected if she lays it before incubation starts or
after. All these things’ are matters of importance. The
two-storied nest of the warbler is not often seen and very
frequently no attempt is ‘made to outwit the Cowbird. It
is often the case that at first birds show very little feeling
for their eggs. Indeed many birds can easily be fooled by
substituting other eggs for their own. Hens will sit cheer-
fully on china eggs, and pigeons will do their best to hatch
one of their own eggs hard-boiled without seeming to
notice anything amiss. But these birds are not very intel-
ligent species. Hume tells of an®Indian Kite that, when
its egg was removed, contentedly sat upon a pill-box in its
stead until this was wrecked by rain, and Finn mentions
a pair of cranes nesting in captivity, but unable to produce
eggs, that fished up a couple of pieces of brick from the
bottom of their pond and made believe these were eggs.
Such facts make us careful in assuming that birds are able
to tell if their eggs are touched or if one is taken from the
nest. Yet some birds seem very sensitive to disturbance,
as the Indigo-bird. What interpretation, then, shall we
put on a case mentioned by J. H. Bowles, who found a
Virginia Rail's nest with nine eggs, but did not disturb it in
any way. Yet on chancing to pass back near it five min-
utes later, he saw a Rail standing among the eggs, stabbing
them with its bill. He interfered at once but not before
three had been quite thrust through. Bowles assumed that
the female bird was destroying her own eggs on account
of his discovery of the nest, but there are other possibil-
ities, such as that the bird he saw was a male of another
pair, eagerly eating the morsels. At all events, it is not
safe to assume that the parent bird was worried about

the eggs.
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As the incubation pcrmd l:ngthens there is ,a greater
attachment for thr: home site and its treasures, and an in-
creasing desire to guard the young. With the hatching
starts the process of feeding, in the manner of which there
is great variation among different birds. Stephens (1917)
has pointed out that there seem to be progressive steps in
the development of this duty as we proceed from the less
highly organized water birds, to the more specialized small
land birds. Thus gulls feed the little ones by throwing
up for them partly digested food. Others, such as peli-
cans and gannets, do not keep the young ones waiting for
this, but allow the young to thrust their bills into their
parents’ throats to feed on the predigested food, raised
from the stomach. In small land birds just the opposite
process takes place, for the young, at first blind, merely
lift their heads with open bills and the parents place food
well down into these, or in some cases seem to pump up
predigested food from their own stomachs into the gul-
lets of the young.

The development of instincts in the young follows a
regular cycle. In the small land birds, the sanitation for
example is at first performed by the parent, who carries
away the excrement of the young and drops it at a dis-
tance. As the  young grow and the nest becomes too small,
there comes a time when they all leave it more or less at the
same period. The sense of fear seems to be another in-
stinct that soon begins to appear. In the birds that leave
the nest soon after hatching, it is developed almost at the
same time, so that they are quick to run and hide if dis-
turbed. But in the small land birds that spend a good
while as nestlings, it comes later. Most of us have had
the experience of watching a nest till the young were well
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fledged. They were perfcctl’y fearless and opened their
bills for food as readily as if we were their parents or they
surveyed us calmly as they sat in the nest. One day this is
suddenly changed. We eome as usual to the nest but at
the first jar every bird springs up and flutters away. Fear
has come. So other instincts follow in their gradual un-
folding, and in regular order with the growth of the young
to matl.zrltjr .

It is with the nest-life of birds in their r:lntmns both as
young and as parents that much of their emotional life cen- -
ters, and there is much yet to be learned from careful and
intimate observation of this part of their lives. Professor
Wallace Craig’s (1908) excellent discussion of the use of
the voice in pigeons as a means of social control, points
the way to further studies. He shows that the young dove
on hatching begins to exert control over the parents by its
very movements stimulating them to secrete and feed to it
the pigeon's milk from their crops. If the young one is
hungry his voice has a similar strong effect on them. When
old enough to leave the nest, his insistent squealing as he
follows the old bird begging for food insures that he will
have due attention. The parents, unconsciously of course,
show toward the young the body-form, colors, gestures and
sounds of the species, so that the young bird learns to
recognize his kind. This effect has been many times
proved by letting pigeons' eggs be hatched by Ring Doves,
with the result that the young pigeons ever after associate
with the Ring Doves and try to mate with them; so it
seems that they come to know their own kind through their
association with their parents. In the same way they learn
to distinguish individuals. For at first a young pigeon will
beg food from any adult that chances to be near, and by
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constant rebuffs, comes to ;ﬁstinguish its parents. It is
shown by Professor Craig that at.weaning time the mother
becomes unwilling 'to feed long before the father does, so
the young one learns to tell its two parents apart. [t
was found that if two young birds be allowed to mate,
their inexperience seems to delay the nesting process and
causes a lack of precision in the various actions of mating,
nest-building and incubating. If, on the other hand, an in-
experienced bird be paired with an old experienced mate,
the result is very different, for the older bird takes the lead
in many of the operatipns, and in this the voice seems to
play an important part as a controlling or suggestive factor.
Thus tradition is seen also to be a means of social control.



CHAPTER XI
FLIGHT AND SONG

WitHIN the last two decades Map may be said to have
solved the problem of flight, even if only by aid of that ex-
tension of himself, a machine. But long ago the problem
was solved in part at least, not onlg by two groups of fishes
(one long extinct, the other including our flying fishes),
but also by reptiles, various mammals, and birds. There
is an entire order of extinct flying reptiles with true wings,
which were probably thin extensions of skin stretched on
the enormously elongated fourth fingers; these were the
pterodactyls or wing-fingered reptiles which died out with
the era preceding the last or Tertiary. The largest known
of these strange creatures, the Pteranodon, had a long nar-
row beak, no teeth, and a wing-spread of eighteen feet.
Among flying mammals, the most familiar are bats, of
which there are a great number of species. Birds must
have developed flight very early, for drchaopteryx, the
oldest known fossil bird, had strong wings._

The beginnings of flight are seen in many animals.
Those which glide or volplane from one tree to another
afford perhaps the first stage. The flying lizards of the
East Indies that spread a wide fold of skin by opening the
long free ribs like an umbrella, and so glide from one tree
to another, as well as our familiar flying-squirrels that
spread out the loose fold of skin along the sides of the body
are good examples, and this form of flying or gliding has

240
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been independently acquiredsnot only by certain squirrel-
like African rodents, but also by a very small Australian
opossum, hardly six inches longt and by still another Aus-
tralian marsupial (or pouched mammal) as big as a large
squirrel. In these species the tail is long and feathery and
aids in steering during the glide. In all, gliding or actual
flight has been independently acquired in at least seventeen
groups of vertebrates. 6

We do not know how birds first became fliers, but it is
supposed that their early ancestors ran on their hind legs,
leaving their fore limbs free to develop as wings or as sails
by the aid of which they glided from bough to bough or
from tree to tree. In this the wings were probably held
outstretched and the legs were extended behind. In many
bats additional support is gained by the growth of a mem-
brane which stretches between the extended toes and the
tip of the tail. This is called a “patagium.” It has been
argued that if the ancestors of birds had learned to glide
before their feathery covering had become evolved, they
would probably have had a thin membrane of skin stretch-
ing between the fingers and from the sides of the tail to the
feet just as there is in bats and in the extinct flying lizards
or pterodactyls. Since, however, this “patagium” is lack-
ing, it is believed that some of the feathers on the hand
had already Wecome large enough to sustain the bird in
the air. That ancient birds extended the legs behind in
flight is rendered probable not only from analogy with bats,
but also because most of the more primitive birds still do
so. For example, ducks, loons, herons, cranes, sandpipers,
gulls, as well as grouse, hens, hawks, owls, pigeons, and the
cuckoos all fly with the legs out behind when under way,
in contrast to many of the more specialized or perching
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birds which fly with the feet drawn up in front ready to
grasp a branch on alighting; such are the crows, sparrows,
warblcrs, thrushes. In cohnection withe this posture of the
lcgs m flight should be mentioned the so-called “pelvic
wing," r:ﬂcnﬂ}r described by Beebe (1915). This au-
thor finds in the young of pigeons, jacanas, Great Horned
Owls, that the feathers along the hinder edge of the
feather-tract on the thigh are much stouter and more
strongly developed than their neighbors, so that at an early
stage they seem to be as strong as the regular flight feathers
of the wing. He advances the theory of a primitive con-
dition in which there were wing feathers on the hind legs as
well as on the fore, so that the ancient ancestors of birds
were originally four-winged though they probably used the
front pair of wings for flapping and those of the hind legs
solely for additional supporting surface. Such a supposed
four-winged bird Beebe calls a tetrapteryx, and suggests that
the pelvic wing is a vestige of this tetrapteryx stage, the
remnant of the once functional flight feathers of the leg.
In the early gliding stages of flight, these long feathers of
the thigh were not of course used as flapping wings, but ex-
tended out behind to serve as an additional parachute in-
stead of a fold of skin. More recently this pelvic wing
has been found in young chicks and turkeys, and in these
early stages is apparently better developed than in later
life.

After the gliding stage, flight was perhaps acquired by a
laborious process of alternate flapping and sailing, much as
we see in the Sharp-shinned Hawk when not in direct flight.
The primitive flying birds were probably small species and
by gradually increasing the rapidity of their wing beats,
they developed swifter flight. Observations made in Eu-
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rope on birds harnessed to automatic registers showed in
the pigeon about 480 wing beats tq the minute, in’ a duck
540, and in the sparrow 780. bwight’s observations on
Herring Gulls showed an average.of about 180 strokes a
minute in free flight, while in such birds as swifts and hum-
mingbirds it must be very many times that. In these birds
the humerus of the upper arm is a very short bone. Once
the art of sustainipg the body in air was acquired, we may
suppose the more expert forms of flight followed, such as
soaring, or poising with delicate adjustment on air currents.
Such a form of poising is seen in the Rough-legged Hawks
which have learned to hang in the air nearly motionless by
balancing on an upward current coming over the brow of a
hill. Passengers on steamers have often admired the beau-
tiful flight of gulls which, taking advantage of the wave of
air forced upward by the advance of the vessel against the
wind, are able to poise on motionless wings in this cur-
rent and yet keep pace with the steamer as it advances.
Once outside a certain zone, however, the force of the
air current falls, and they cannot maintain their position
except by flapping. These two cases indicate a very deli-
cate adjustment of forces in the poising bird.

The most complex and interesting type of flight is true
soaring, by which is meant the ability to glide through the
air, to rise or descend, to increase or check speed, to circle
or go straight away, all without flapping the wings, or
greatly varying their general outstretched position. In a
recent book, “Animal Flight,” Dr. E. H. Hankin (1914)
has published the record of his long and minute observa-
tions carried on in India concerny.g this type of flight in
vultures, kites, and marabous (or '‘Adjutant Storks). That
there is much yet to be learned about its mechanics, he
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makes abundantly evident. * It is interesting, too, that
this forth of flight is faund chiefly among large birds, and
in the Tropics can be studied more easily since there vul-
tures, kites, and eagles abound. In our own latitude, stud-
ies of gulls, eagles, and one or two species of large hawks
may be made (indeed have been undertaken by Miller on
the Pacific coast) to see if Hankin's accounts may be cor-
roborated, while their bearing on humarn flight in engine-
less planes, as of late successfully undertaken in Europe,
is additionally valuable. Hankin began his study by mak-
ing accurate tracings of the courseg taken by soaring birds.
This he did by using a mirror and with a stylographic pen
containing copying ink, following the track of the bird's
flight as reflected on the glass. After the record was com-
plete, a piece of paper was placed on the glass and rubbed,
thereby producing a permanent copy. A metronome tick-
ing at half-second intervals supplied the time, which he in-
dicated by a dot or cross line, marking the tick.

Among the many interesting points brought out was the
fact that in circling in calm air or with light wind the hor-
izontal speed is less on the windward side of the circles,
which indicates that the gain in height comes here.  In calm
or nearly calm air there is very little drift down wind, but
instead the successive circles overlap. There may be cir-
cling without gain of height—or “ease-circling.” With an
increase of wind or often without wind the circles many
overlap less and less, making loops to leeward, and there
often comes a sudden increase of speed at the commence-
ment of the down-wind glide, following a slight adjustment
of the wings. In circling, the time required to make a com-
plete circle is closely the same in a given species, but differs
in different species.
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FIG. VI

Diagrams of a soaring Vulture showing relation of ctlnl'.li'r of gravity to
supporting surface in circling and fex-g ldm!ﬁ,f‘lrr T
In “ease-circling” without gain of height the wings are
held straight out from the shoulder. In gliding straight
ahead, however, there is a slight bend at the wrist which
advances the primary feathers of the wings nearly to the
level of the beak. This gives greater speed and is called
“fex-gliding"” ; the speed is increased by still further flexing
this part of the wings so that their tips are turned back-
ward, though the wrist is well advanced nearly to the level
of the bill. On perfectly calm days, hundreds of vultures
could be seen near the meat factory where Hankin's studies
were made, flex-gliding at all speeds and at various heights.
In general, of the five species of birds studied, the heavier
the bird the greater the height at which it more commonly
flex-glides. This flex-gliding is the most important and
specialized form of soaring flight.
This soaring flight does not occur at any or all times.
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On the contrary, in calm air, soaring flight may not be pos-
sible in early morning or, late afternoon, but as morning
advances its occurrence depends upon thé presence of up-
*ward currents of air due to the heating of the lowermost
layers of the atmosphere. In other words, the air be-
comes “‘soarable” at a more or less particular time, and this
“soarability” gradually increases, as proved by the fact
that the lighter birds first start circling and the heavier ones
follow in the order of their weight. An interval always
occurs between the time of commencement of circling and
the time of commencement of flex-gliding; also slow flex-
gliding begins before fast flex-gliding. As the day wanes
the “soarability’ of the air decreases, or the development
of cloud shadows may cause flex-gliding to cease while still
allowing the circling form of flight. In our latitude
(44° N.), true soaring birds seldom are seen, and it is likely
that the air does not constantly possess the properties neces-
sary for this form of flight. My recollection is, however,
that the towering of focks of Herring Gulls is seen on
bright days and in noontime hours, as if it were perhaps de-
pendent on this same effect of the sun which is so much
more evident in the Tropics. With us, soaring is more
often seen when there is a steady breeze, but this *‘wind-
soarability” is a quite distinct phenomenon; for the force of
the wind is the effectual supporting power.

We have rather little definite knowledge of the height
that birds may attain in flight, but there is little doubt it
has been much exaggerated. The supposition of Gitke,
the famous ornithologist of Helgoland, that migrating
birds attain a height of between four and five miles and
make their long flights at tremendous speed, is not now ac-
cepted.
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Observations made in this’country on birds crossing the
field of a telescope trained on the moon have madt possible
several fairly accurate measurements. Scott, at Princeton,
estimated the altitude of birds thus seen at from so00 to
10,000 feet, or under two miles. Dr. F. M. Chapman in
similar manner records observations of over two hundred
birds at various altitudes of from 1500 to 15,000 feet,
among these being five Carqlina Rails, the highest of which
was estimated to be at 13,500 feet or about two and one-
half miles. Measurements by Carpenter gave lower fig-
ures, from 1400 to 5400 feet,

More recently the airmen in the Great War have sup-
plied a certain amount of definite information, and Colonel
Meinertzhagen (1920) of the Royal Air Force has sum-
marized answers received in reply to his questionnaire.
Though some of these replies were facetious (one airman
reported surprising a flock of forty cock Ostriches at 17,000
feet, attacking them and so effectively breaking up the
formation that one nose-dived on to the general's tent),
yet on the whole pilots were agreed that birds were seldom
seen at altitudes above 2000 feet, and with their constant
and sharp lookout it is unlikely that many birds would have
escaped observation if in range of vision. In his summary
of the more accurate records, there are notes of Lapwing
and Golden Pldver at 6500 feet; two flocks of plover fly-
ing north at 1400 feet above a dense and continuous layer
of cloud, and a flock of eight ducks at 7500 feet in a snow-
storm. The highest record was of a flock of 60 to 70 Rooks
at 11,000 feet in England, and a single large vulture in
France at the same altitude. The general conclusion from
a large number of careful observations is that the bulk of
even migratory flight is at altitudes less than 3000 feet
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whether by day or night and*that it is exceptional to meet
with birds above 5000 fttt, that is, about a mile. It is
obvious, however, that at 'even 3000 fett the country must
appear to them spread oyt like a map for, at that altitude,
the visible horizon is 67 miles distant and at 5000 feet it is
86 miles.

The same author (1921) has published an account of ex-
tensive observations on the spc:& of H_vlng birds, which help
to reduce previous rough estimates and guesswurk to some
fair degree of accuracy. Similar observations could easily
be made by two observers working together at opposite
ends of a carefully measured baseline, and by stop-watches
timing the flight between two points aligned by posts. In
many cases Meinertzhagen used flying birds for practice in
stations. Other observations were made from airplanes
following birds and using the figures of the air-speed in-
dicators. From the summary of these and other records
of over forty species, the swiftest was perhaps the Lam-
mergeier, a large vulture, which, when chased by an airplane
made a nose-dive at the rate of 110 miles an hour by the
air-speed indicator. The next fastest record was of swifts
in Mesopotamia which easily overtook and circled around
an airplane going at 68 miles per hour. Various ducks and
geese fly at from 40 to 59 miles an hour in calm air;
pheasants are slower, from 34 to 38 milts, and Golden
Plover when pressed made 60 miles per hour; Lapwings
40 to 45 or 50 and the same for curlew and some of the
sandpipers. One's general impression that most land birds
except swifts and swallows are not so fast ordinarily is
borne out by various observations. Rooks and Jackdaws
average about 40 miles; crosshills, pipits, and wagtails
from 37 down to 20 miles per hour. The Starling, how-
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ever, is a swift-flying bird, with a speed of nearly 50 miles
an hour {43 to 49}. an |mprc53|qn which one readily gets
from seeing them in our region of late years, for their
flight is remarkably direct and stroag.

Birds in general are found to have two speeds: (1) a
normal rate for every-day purposes, including migration,
and (2) an accelerated speed, that is, they can “hurry”
if pursued or frightened so assnearly to double their normal
speed in some cases, though with certain of the heavier
birds it seems that the degree of “hurry” of which they are
capable is but little more than the normal rate.

There is opportunity for some interesting studies on the
formation and behavior of birds in flocks. There are many
sorts of flight-formations—from the scattered, rather
loosely associated companies of Robins to the soldierly pro-
cessions of geese and pelicans. Robins flying to a distant
roost at sundown illustrate a form of flock in which there is
little coherence. The birds may be widely and irregularly
spaced and though flying at about a constant elevation, the
successive detachments are larger or smaller, farther apart
or nearer, or occasional birds may suddenly leave the com-
pany and dart down for a moment's halt in the trees. One
would hardly expect anything different from such a scatter-
brain as the Robin. A contrast is seen in the dense com-
pact flocks formed by Cedarbirds that dash by in a solid
phalanx at speed, the entire company turning or shifting as
a unit, implying great quickness in adjustment of the in-
dividual to its neighbors. The same thing is seen in many
of the African weaver-finches, that live in great flocks for
much of the year. I recall seeing thousands of these birds
leaving the great river marshes on the Blue Nile in the
morning after the night's rest and whirling away to the
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inner country to feed. They formed a long narrow column
of perhaps ten feet fromt, stretching for near a quarter of
a mile and in this dense formation dashed by with a roar of
wings. It may be that such dense flocks in which birds
move with great speed, are found more often among species
that, like Cedarbirds and weaver-finches, are in close as-
sociation for a good deal of the year. Flocks of sand-
pipers in migration are oftem quite as ,dense and swift.
They add a feature in their maneuvers which seems differ-
ent from anything in the flocks of the species mentioned,
which may be called “streaming,’, a twisting and turning
all in unison, so that one moment the entire company
flashes white in the sun and then darkens again when, to a
bird, they turn their backs toward the observer. In alight-
ing, too, those that follow are apt to pass over those al-
ready down and alight farther on, so that their whole ac-
tion is like the waving of a great scarf.

Some birds never fly in such long columns but spread out
abreast. This is noticeable in parrots, many species of
which habitually fly back and forth in platoons between
feeding and roosting grounds. 1 remember watching for
their nightly flights in East Africa, as they came in from the
plains where they were feeding. Every bird seemed to
be screeching at the top of its lungs; and they flew all
abreast, company after company, spread out many yards
wide but with very shallow lines, disappearing in the dis-
tance on swiftly moving wings.

With many of the larger water-fowl, the procession or
file-formation is common. Pelicans are apt to fly in single
file. 1 recall one early morning seeing a flock of nearly
200 coming down the Blue Nile, one behind the other at
regular short intervals and at even height, some 25 feet
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from the water. At one point the leading bird apPar:nﬂ]r
saw something that for a moment startled him. At once
he rose in air a foot or two but immediately resumed his
former course and kept on at the original level. Every one
of the birds following as they deliberately winged their way
downstream, upon reaching this spot rose in air the same
way as the one before it, so that there was a continuous
hump in the line at that spot until all had passed. This in-
cident is rather instructive as showing perhaps how far they
played the game of “follow your leader" and that each
bird's responsibility, while in file-formation, was to watch
the one in front and follow his actions. With the Herring
Gulls, traveling birds often drop into a short file, not one
directly behind the other, as with pelicans, but with each of
the following birds a little to one side of the one in front.
A further development of this same type of flock-formation
is seen in the faster-moving ducks, geese, and cormorants,
which often maintain a V-shape, each bird slightly overlap-
ping the one in front. For faster-moving birds there is
perhaps an advantage in this arrangement, allowing each
bird a clear view ahead, so that there would be no occasion
for such a hump in the line as was noted in the slower-going
pelicans.

With some birds a particular type of flight is used in dis-
play before the female or afterward as a continuance of
this action during the nesting period. Such in simplest
form is perhaps the Kingbird's towering flight accompanied
by occasional tumbling and many twitterings. The pursuit-
flights of Chimney Swifts as they career through the air
in close groups of three or more, chippering as they go, and
the arrow-like dives of the Nighthawk with the extraor-
dinary rwang of air rushing through the wings as he turns
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up again at the bottom of the downward course, are famil-
iar examples of special forms of flight in display. Some of
our western hummingbirds have also béen described as per-
forming in this way by swiftly rising and coming down again
in a vertical course of over 75 feet, or there may be several
back-and-forth darts before the rise.

Voice.—The voice of birds is so often associated with
flight that it may be appropriately touched upon here.

With ourselves and in mammals generally, the voice is
produced by the vibration of the vocal cords or membranes
stretched on the firm cartilages of, the larynx or “Adam’s
apple’ at the upper end of the windpipe. In birds, how-
ever, this is not the case. The vocal organ or syrinx is at
the lower end of the windpipe (trachea) where it forks to
send a branch (or bromchus) to each lung. In general
three different sorts of syrinx may be distinguished, though
there are many variations in details. In the majority of
birds this organ includes the lower end of the windpipe (or
trachea) and the beginning of the two bronchi, and this
type is therefore called (1) a tracheo-bronchial syrinx.
Briefly, several of the lowermost rings (bony or of carti-
lage) which compose the windpipe fuse to form a more or
less solid tube, while the first few rings of the two bronchi,
instead of being complete, are open at the upper side and
the gap is filled by a membrane (the tympanic membrane ).
A more or less bony bar arising from the last ring of the
windpipe stretches across to the fork of the Y formed by
the two bronchi. This bar is called the pessulus and gives
support to a tough crescent-shaped membrane (the semi-
lunar membrane) directed upward between the two sides
of the fork. It is the vibration of these membranes that
produces the voice. A pair of slender muscles arise along
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opposite sides of the windpipe and go one to the upper part
of each bronchus. These arei called the intrinsic muscles,
because they are ﬁrhnlly attached to these tubes. There is
also a second pair each of which runs from the windpipe
to an outside attachment and is therefore called an ex-
trinsic muscle.  Such is the common simple type of syrinx.

In some birds the lower part of the windpipe only is
specially modified by having its bony rings of some particu-
lar form. This is called therefore (2) a tracheal syrinx,
and is characteristic of a large group of South American
passerine birds, and is found too in storks. The other ex-
treme is found in birds such as the Oil-bird (Steatornis)
and the Ani (Crotophaga), in which the windpipe is not
modified, but part way down each bronchus the bony rings
become incomplete and a membrane is stretched between
their ends, with the intrinsic muscle attached here to
tighten or loosen it. This type is (3) a bronchial syrinx,
because the modified rings are confined to the bronchi. In
the Ostrich the syrinx is very simple indeed, with no mus-
cles or pessulus and but a rudimentary vibrating membrane.
The voice is equally simple, a sort of bellow. At the other
extreme are certain song-birds and parrots with three or
four pairs of intrinsic muscles, instead of one, associated
with great power of modulating the voice. Unexpectedly
we find the Crow has a very full set of voice muscles. It is
these muscles that give parrots and certain passerine birds
such a variety of vocal modulations so that they can mimic
other birds or even the human voice.

Much has been written as to the origin and meaning of
song in birds. No doubt the diversity of views on this sub-
ject indicates that song arose in more than one way and
serves more than one purpose.
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Some birds, such as the Common Stork of Europe, seem
to have ho voice at all, but with them a clattering of the
beak is used instead to express variolis matters. With
many of the water birds, as some ducks, the voice is little
used or its expression is chiefly reserved for the breeding
period. With others there are special notes for use during
the mating activities. It is possible that among some birds
song may have developed as part of the mating display
which so many male birds go through before their intended
mates. These displays are often very complex and in the
nature of particular ceremonies perf'nrmed in a given order,
which, however, may not always be adhered to strictly.
They are indulged in not only before and during the period
of active mating, but are kept up after pairing and even
until after the young are hatched and well grown. Among
most water birds the part played by the voice during these
actions is a minor one. The display has been well described
by Julian Huxley in grebes, in the ducks by many writers,
and in the Laysan Albatross by Fisher. The latter author
has published excellent photographs showing that the mated
pair (the sexes are alike in color) face each other, going
through bowing and dancing motions till finally one or both
throw the head up to the full extent of the neck and utter
a curious groan-like note. The actions of the grebes are
different in the two sexes, and Huxley suggdsts that differ-
ences in behavior therefore preceded differences in plumage.
In the Mallard Duck the male is the chief performer. In
displaying before the placid-looking female he at first (1)
swims about or floats with neck drawn in; (2) then rears
abruptly on the water, at the same time passing the bill rap-
idly up the breast and giving a curious note, part whistle,
part groan; (3) next the breast is depressed in the water,
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tail raised, and a series of short notes uttered, foilpwed by
(4) an upward throw of head H}ld-tall then (5) by swim-
ming rapidly about with head and neck held out straight.

A peculiarity of many ducks is*the development, in the
male, of a bony enlargement of the syrinx as a rounded
chamber, which seems to have the effect of reducing the
voice to a faint wheeze, while that of the female is louder.

These displays:before and during the period of mating
become stereotyped and are at length carried on by the male
from a given post of vantage instead of directly before the
female. 1In the grouse and pheasant tribe they are accom-
panied often by particular wing-movements. Thus the
rooster flaps his wings before crowing, for the crow corre-
sponds to the song. It is said the Javan Jungle-fowl, a re-
lated species, claps the wings after crowing, as do pheas-
ants. In some pheasants the vocal part is omitted and
there is a flapping or even a rumbling flutter of the wings
instead, while our Ruffed Grouse has developed the instru-
mental part alone, making his well-known drumming.

In some groups of perching birds there is a similar dis-
play of wing action and voice. Thus, among the oriole
family the Bronzed Grackle and the Cowbird slightly ex-
pand wings and tail and puff up the plumage in giving vent
to their unmusical song-note. The Red-winged Blackbird
acts in a somewhat similar manner, spreading the wing to
show the red shoulder-patch, but in this species the song-
note is more prolonged and musical. In the Oriole and
Meadowlark there is ordinarily no display by wing-
movements in giving the song (though both do occasionally
sing on the wing, with a tremulous fluttering flight) while
in the Bobolink both song and display-flight are present
and highly developed, for the song-flight is often performed
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by peculiar short wing beats. Thus among the birds of
this single family we h:wJ at least three types of display:
(1) wing- and tail-spreading with an éxplosive note; (2)
a song usually without spreading of plumage, though some-
times given on the wing, and (3) a combination of flight
and song. It may have been that in such species the song
developed as part of the combined display of plumage and
voice, as seems so often the €ase in the, water birds and
eventually the song element became the dominant one.
Among many other birds, particularly the smaller land
birds, 1 imagine that song arose pagtly through the develop-
ment of call-notes for keeping mates in touch with each
other. This may have been especially the case among
tropical species that live the year around in a closely circum-
scribed area, and in which mating is more or less perma-
nent. [ recall the case of several species of African Bush-
shrikes, haunters of dense thickets, and of one especially,
with black back and scarlet breast, that is common in the
Sudan. In the winter season the two birds of a pair con-
tinue to keep much together, and seem to delight in each
other's company. Several times I noticed a male bird give
his loud whistled o-wheé-o, to which his mate instantly
would reply from the depths of the thicket with a harsh
churr churr, and presently join him. A male would reply
in similar instantaneous fashion to the noté of the female.
From this habit of quick reply must have developed the
remarkable responsive song of one or two other species of
East African bush-shrikes. 1 recall one in which the male
bird uttered a series of ringing notes like measured beats of
an anvil, while the mate replied with a series of double notes
exactly timed to fill the interval between the anvil strokes.
This pretty duet lasting several seconds was done with such
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precision as to give the impresdion of a single bird singing.
Sometimes the measured notes of 'the male were heard but
no response came from the mate, and one can readily imag-
ine that the male bird could still further develop his per-
formance into a coherent song in which his mate would
gradually take a less active part. Such a song, if fre-
quently indulged in, would still serve the original purpose of
keeping the pair’in touch by proclaiming: (1) the species,
(2) the sex, and (3) the individual. The female could
respond or not as her caprice might be. This song would
also serve to notify neighboring pairs of the location of the
first pair and so to preémpt for the latter a certain territory
which they might regard as their home ground.

This home idea is a matter of great importance. Nearly
all species of birds and mammals have the feeling of posses-
sion or right to a certain territory, which at least during the
breeding time forms for each pair a focus or home, to be
guarded against violation by others of their own or differ-
ent species. The song as a proclamation that a given terri-
tory is already occupied, is no doubt of value in producing
the proper spacing of breeding pairs so that each may have
its own sufficient domain and hunting-ground. In the case
of social or colonial birds, such as murres that nest close
together on a narrow ledge, or weaver-finches that hang
dozens of nests on a single limb, the occupied territory is re-
duced to the actual nesting spot itself, and in such cases as
occur to me, it is noticeable that the search for food is con-
ducted at a distance on common hunting-grounds. So it
results that in bird colonies the parents travel considerable
distances, as with terns, puffins, and murres, for fishing,
or as with the colonies of weaver-finches in which there is
a stream of birds coming and going into the neighboring
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area forsfood; while with ppecies that are not so fond of
company, each pair dcf:‘.nﬁ a certain gstablished domain.
This matter has lately been elaborated by Howard (1920)
in the study of various British birds, and in America by
Mousley (1919) who shows that with many warblers a par-
ticular tree is chosen by the male as a singing station near
the center of the domain. Moreover, it is suggested by the
latter author that in the process of matimg, the unpaired
male selects first his domain and attracts to himself a mate
by proclaiming his presence from such a singing station.
Further careful field studies of these matters are very de-
sirable, but there is already much evidence for believing that
in this way the female may actively be led to a mate, while
the male plays the more passive part in the search, by
merely advertising himself. Perchance the male Mocking-
bird that for several years sang all the spring in a certain
part of the Arnold Arboretum was an illustration of this
method of mating. At all events he appeared regularly at
his station, season after season, but in spite of his singing
seemed never to have attracted a mate.

Another bit of evidence that this method of mating is
common among singing birds is the experience of canary
fanciers, who, according to Finn (1919), in their attempts
to mate certain females to certain males, are constantly
troubled by finding that a female is so attracted or affected
by the song of a particular male that she will not pair with
any other bird as long as that singer is within hearing.

It would be interesting to trace the development of com-
plexity in bird songs, but only a word or two can be said
here. The songs of many birds probably arose as a repeti-
tion of one of their ordinary call-notes with the later addi-
tion of special modulations. A familiar case is perhaps
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that of the common House Sparrow whose best effort is
merely a louder and more quuiﬁ wtterance of his ordinary
chirrup; another is our Chipping Sparrow, whose simplest
song is a quick repetition of the ckip call-notes run together
as a sort of trill. There are several modifications of this
song, however, for one hears often the chipping style in
which the separate chips are distinguishable and another in
which they are more run tagether. A third variation is
heard before daylight in the breeding season, a succession
of modulated runs. A special twilight song is also heard
from the Wood Pewee.in which a refrain is added to its
usual utterance, and other birds, including Kingbird and
Robin, sing in somewhat different strain before daylight.

The simple type of repetitive song, which is based on the
repetition of a single note, may develop into a trill by more
rapid utterance, as we see in the Chipping Sparrow or the
Field Sparrow. The next stage of complexity might be the
addition of another and different note, as in some barbets
whose song is like a cuckoo clock striking twelve. Or the
simple notes may be grouped in twos (as the peer-weet of
the Spotted Sandpiper), threes or fours (as in the peabody
song of the White-throated Sparrow). From this to the
division of the song into bars as we find in our thrushes is
perhaps not a fa‘r cry and there may be a succession of bars,
cach different, repeated again and again, as with the Hermit
Thrush or Indigo-bird. Ewven the bubbling song of the
Winter Wren may be resolved into a series of trills with
different musical values, while of our common species it has
often seemed to me that the Warbling Vireo has one of the
most complex little songs of all.



CHAPTER XII
BIRDS AT REST

WE marvel at the restless aetivity of many birds, particu-
larly the smaller species, but it is far less often that we think
of their resting periods, or where and how the diurnal spe-
cies pass the night, and the noctugnal the day. It is a fa-
miliar fact that we see more birds in early forenoon hours
or in the latter part of the day than at other times. With
most species those hours are their periods of greatest activ-
ity when they are busy procuring food after the night's rest
or before the end of day. The reason for their apparent
absence at other times of the day is in part a result of les-
sened activity or in part of actual rest. In spring and sum-
mer the songs that so readily declare the birds' presence are
often hushed in the warmer hours and the result is that
birds are harder to find. Many birds become more or less
still at these times or move about quietly in restricted
haunts. This is perhaps particularly the case at times other
than the breeding season when the pzrcntnl Cares are over
and life is at a less fevered pace once more.

The habits of even so commonplace a bird as the Do-
mestic Pigeon are rather instructive in this regard. In late
summer I have frequently watched these birds enjoying a
morning's rest in chosen spots. One pair daily frequented
a cosy corner formed by a window-ledge and a rainwater
pipe outside my fifth-story window. One or two other
pairs as regularly resorted to generous window-ledges on
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the floor below. My notes show that in August, for ex-
ample, the first pair reached thei! sunny nook very promptly
about eight or slightly thereafter each morning, usually ar-
riving separately, but each evidently awaiting the other.
They then squatted side by side or at least close together,
apparently delighting in the comfort of companionship, and
settled for two or three hours of continuous rest. Yet
they were alert, seldom closing their eyes for more than a
few moments at a time, but ever and anon blinking or chang-
ing position slightly, standing to preen each other’s head
feathers, and once more settling down for another nap.
They seemed to enjoy the full sunlight and basked con-
tentedly till near noon. The characteristic posture in doz-
ing is squatted flat on the roof, the neck drawn in so that
the head sinks close in upon the shoulders, the bill buried
in the feathers of the upper breast, but never have I seen
the head laid back upon the shoulders, a posture so frequent
among sleeping birds of other species. The morning's
nap over, they would rouse themselves toward noon and
presently set forth to feed. Small flocks gather in street
or on lawn to feed and seem to wander about a good deal
in the afternoon, for seldom do they return to the resting
place again save for a momentary pause. It seems to be
true that the daytime resting places are difierent from the
night roosts, for invariably they retired at evening to a nar-
row ledge under the eaves on the inner or sheltered side of
the court, on the same building. Here some twenty birds
nightly slept, squatted in single file along a narrow projec-
tion barely wide enough for safe foothold, under the eaves.
As in their daytime sleep, their heads were drawn well in so
that their bills rested on their breasts as they slept. In
early winter the resting part of the forenoon was spent on
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the morg sheltered parts qf the building, particular pairs
resorting to their chosen Jindﬂw-l:dgcg, and they came in
carly to the roosting ledge, often by half-past two or three
o'clock of November afternoons; and | have known them
to be gathered for the night by two o'clock on a dark rainy
day in that month. The hours of rest have a fairly definite
relation to the time of sunset and sunrise at these seasons:
the earlier the sun sets the earier do the,birds come in to
roost.

There is a good deal of resemblance between Pigeons
and Herring Gulls as regards daytime rest. In the lower
Charles River basin since it has become a permanent body
of water, these birds come with considerable regularity to
rest and bathe during the middle hours of the day in that
part of the basin most distant from surrounding shores.
Just as pigeons on the Boston Common will sometimes
gather to the number of a hundred or two, standing or ly-
ing down in a close company, so the gulls “bed down” in
numbers often reaching hundreds. If there is ice with
open water, they stand along its edge or lie flat down quite
like the pigeons. They visit the larger ponds to rest in the
same way, but apparently they never pass the night in any
of these places. Dr. C. W. Townsend states that they
sometimes sleep in flocks on the upper beach above high-
tide marks. .

Herrick notes that in a nesting colony of Herring Gulls
the birds are more or less active throughout the night, but
the old birds take frequent naps at all hours whether perch-
ing or on the nest. Occasionally they will doze with head
drawn in and eyes closed, but usually the head is turned
back with the bill among the scapular feathers. He adds
that “some of the Pheasants sleep with the head either



TRUMPETER SWAN ASLEEP, STANDING, WITH HEAD AND NECK LAlD
BACK ON SHOULDERS
Courtesy of L. W. Brownell, phot.
COMMON PIGEON ASLEEF, SQUATTED, WITH HEAD DRAWN DOWN ON
BREAST
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drawn in on shortened neck, or turned back and concealed.”
In these two groups, thereford, we have birds in which
both postures may'be assumed in sleep, that is, with the
head drawn in upon the breast gr laid back between the
shoulders. It is therefore of special interest as affording
a stage intermediate between the more usual one and that
seen in the domestic pigeon which seems invariably to sleep
with head drawn _down. This resemblance is the more in-
teresting in connection with the possible relationship be-
tween gulls and pigeons through some plover-like ancestor.

On the coast of Maine many adult gulls, apparently non-
breeding birds that spend the day about harbors or hunting
along shore, repair to some small rocky islet at sunset and
may be seen in little groups or singly till nearly dusk, wing-
ing their way out to join the others. In such localities they
are comparatively free from disturbance but are quick to
change their sleeping-place if alarmed. Probably this
method of repaiting to a common point of safety for the
night's rest is the usual one. Dr. C. W. Townsend, how-
ever, believes that they may at times spend the night resting
upon the water. This is the case certainly with many
water birds, such as the ducks and swans, and there are in-
stances on record of the sleeping birds being frozen in by a
sudden cold snap and unable to extricate themselves from
the ice. 4

It is interesting here to notice that some at least of the
species of terns, relatives of gulls though they be, are
quite unable to rest for any length of time upon the water.
As a test of this point, in connection with over-sea flights,
J. B. Watson showed by experiment that, although Noddy
Terns can rest on the surface of the water over night, they
prefer not to and perch upon floating blocks or other foot-
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hold if possible. Sooty Terns, however, quickly become
water-logged and after twcﬁm four hours are no longer able
to rise from the surface. The two species are therefore
quite different in their ability to sleep on the water.

Many if not most water birds sleep with the head laid
back upon the shoulders, and the end of the bill buried in
the scapular feathers. Indeed, this seems to be a very gen-
eral posture in sleeping birds. « In a bird ,with a moderate
neck, this position allows the neck muscles to be relaxed in
some degree, for the head is pillowed on the back and so
does not need the support of the mugcles that usually hold it
up. It may be also that by burying the front end of the
head sidewise among the scapulars there is just enough
tension between the feathers of the two parts (pointing in
opposite directions) to keep the head from slipping off.

In Scott’s Voyage of the “Discovery,” Wilson briefly re-
counts some experiences with Emperor Penguins, the largest
and perhaps the most primitive of this strange group. “He
sleeps,” says this author, “upright with the tip of his long
curved bill tucked in behind his flipper.” This position,
with neck bent over and relaxed, is probably in most birds
the one of least muscular tension. Dr. F. M. Chapman has
published photographs of nesting colonies of Brown Peli-
cans and of Flamingos in which a similar sleeping posture
is assumed. This habit of sleeping on the rdest in the noon
hours is well illustrated in one photograph showing a con-
siderable part of the Flamingo colony enjoying a siesta with
their long necks twisted grotesquely backward to allow of
the bill being tucked among the scapular feathers.

The same author in an intimate study of a nesting colony
of Boobies, a small tropical species of gannet, found that
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“sitting or brooding birds spend the night upon the nest
with their mate standing at thelr side,” though the close re-
semblance of the two sexes made it impossible to determine
which bird undertook the nest duty. After the young
Booby is hatched and has grown too large to be brooded,
“it passes the night on the ground between the two parents
who stand on either side, all three with their heads tucked
under their scapulars.” .

Writing of the Laysan Albatross of the Pacific, Dr.
W. K. Fisher speaks of numbers of the young birds sleep-
ing at night, “their eyes tightly closed and bills tucked under
their wings. Some of them did not awake till touched and
then naturally were much startled. The old birds, on the
other hand, seem to be wide awake at night, but about g or
10 o'clock in the morning they frequently sleep near their
young, with the bill and one eye covered by the wing.” Pos-
sibly their activity at night may be connected with their
feeding on squid, which are more apt to be at the surface
then than by day.

Black Ducks, in localities where they feed much by night,
frequently may be seen during the day fast asleep in that
part of some large pond most distant from shore. This
is a common sight on our reservoirs or larger ponds in
eastern Massachusetts, With necks laid back on their
shoulders and bills tucked among the shoulder feathers they
look like black buoys anchored there. It is said that they
sometimes paddle automatically with one foot to keep from
drifting in a wind, but 1 have never seen this. When on
shore they often sleep, standing balanced on one foot, with
the head laid back on the shoulder and the other foot tucked
up among the feathers of the abdomen. Swans sleep with
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their heads laid back in a simﬂ&r.Wﬂ.}ﬁ allowing the long
necks to celax, and 1 dnul:} not that this posture is the
commonest sleeping positforl among birds.

Herrick has recorded some interesting notes on the
sleep of the Red-eyed Vireo, a nesting pair of which he once
had under observation. He found that, while the male ap-
parently roosted nearby, the female invariably slept on the
nest during the period when the young were in need of
covering. At from fifteen to twenty minutes after sundown
she was regularly at her post, and seemed to go at once to
sleep, with her head turned back and buried deep in the
feathers between the shoulders. If aroused in the night
by a movement of the observer's hand, she would peck
feebly at a raised finger, but if not further molested, she
would close her eyes and slowly settle her head again in its
former position. If actually driven off, she would return
at once and in a moment he fast asleep.

Birds that go about in flocks often roost in large com-
panies. Many descriptions have been given of Robin
roosts. Usually in New England these roosts are used for
a part of the scason only, for the local Robins which thus
come together depart in fall for the south. On their re-
turn in spring a common roost is sometimes established by
the birds of a locality, but such roosts seem to be much less
in number of individuals than those of fall. 4 1 recall one
which was established on a bushy island in a large pond, and
the evening caroling of the males as they arrived made a
splendid April chorus before they quieted down with the
gathering dusk. When the nesting begins the females ap-
parently remain on their nests at night, but certain males, at
least, continue to resort nightly to the roost, deserting the
vicinity of the nest till morning. Such at least appears to
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be fairly well established by the observations of the late
Dr. Walter Faxon, William B»t:u:ater, and other§. Brew-
ster gives some interesting notes on a roost established in a
thicket of lilacs in his own garden,at Cambridge. This was
frequented in March by the newly arrived local birds and
throughout the month of May he noted some fifty or more
nightly, all old males apparently. By the middle of June
these were joined by the first broods of young and a month
or so later by the adult females with their second broods.
Early in August the numbers reached u]}wards of seven
hundred birds. He discovered that a curious pattering
sound made as the birds came in at dusk, and which he at
first supposed to be caused by their wings striking the leaves,
is really made by the snapping bills of the birds as they
threaten each other in the contest for particular perches.
It may be that if individuals could be identified they would
be found to have each a particular perch to which they
nightly went. This is the case with pigeons, and they may
be seen resentfully driving away an intruder if he happens to
alight too near. Brewster found that after the Robins had
once quite settled down for the night he could pass within a
yard or two of the branches where they roosted without dis-
turbing them. On several occasions, however, he had
known the entire company to leave the roost in the middle
of the night with loud excited calling, disturbed perhaps by
a Screech Owl. Robins usually select for their roosting
places some dense growth of swampy woods, such as a
thicket of young red maples with bushy undergrowth, rising
from mud or standing pools. Such a roost I watched many
evenings at Lexington a few years since. During May the
birds came in singly, following certain flight lines. They
were probably chiefly if not almost altogether males. More
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than once I noticed that male birds of pairs breeding nearby
would start calling after sgnset, then sing a few moments
before flying off in the direction of the toost. As summer
came on the young birds, easily distinguished by their
cracked voices, came in also to the roost, and by late August
the numbers greatly increased. The birds streamed in at
or shortly after sunset in little flocks, rather silently and in
contrast to their conversationgl gath:rin‘g earlier in the
summer. By mid-September the roost seemed to have been
abandoned.

The Bronzed Grackle has rather similar roosting habits,
and often will the local Grackles use the same roost with
the Robins. This was the case at the Lexington roost,
where, on May 15, I counted some forty Grackles of which
all but about three were adult males, distinguished by their
long tails. They arrived in four or five small groups, soon
settling in the chosen thicket. Once they rose in a body
only to return a few minutes after. Later on two male
birds suddenly flew out in hot pursuit of one of the females
but finally returned after a wide sweep. In general they
were earlier to bed than the Robins; most of them came be-
fore the sun had quite set, gathering first on the higher tree-
tops near by, presently scaling in with set wings in slightly
undulating course. As with the Robins, the females do not
join at the roost till the young are on the wing. Thus it
was not till the first of July that I noted the birds at Lexing-
ton arriving in parties of adult males with females and
grown young. A number of such Grackle roosts have been
described. In New Jersey, where the species regularly
winters, the roosting place is found to be in use the year
through, though the most populous time is of course in fall
when birds are arriving from the north. Starlings some-
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times join in with them, or miy gather by themselves in
multitudes. - 3

This habit of roosting in large companies no doubt has
certain advantages, such as the sofial aid of companionship
and the lessened chance of being surprised by owls, though
on the other hand the whereabouts of such a multitude is
likely to be well advertised by the very numbers. I recall
the great flocks of weaver-finches that came nightly to roost
in the broad grass meadows along the Blue Nile of the
Sudan. This was in the winter season when the birds were
not breeding. They came in from the day's foraging in
the surrounding country at about sunset, settling in the tall
reedy grass in dense clouds. By the time they had quieted
down the brief tropic dusk had deepened and Nighthawks
of several species were already sweeping back and forth
above the grass tops for the rising insects. Time and again
one of these low-flying birds would pass in its course over
the spot occupied by a swarm of the weavers which, as if
mistaking the Nighthawk for a bird of prey, would rise in a
body to settle again with much chirping as it passed.

The communal roosts of House Sparrows are familiar.
These adaptable birds often sleep singly in sheltered cran-
nies of buildings, or pass the night behind a folded blind
perched on the cross-bar of the fastening. In summer they
resort to thick rines on buildings or even in winter sleep the
night out clinging to a twig of a tree. T have often passed
under a certain small tree on Boston Common where on a
winter's night some dozen or two sparrows sat perched
along the bare branches fast asleep, their heads buried in the
feathers of their backs, looking in the glare of the street
lamps like so many round balls.

Great gatherings of Chimney Swifts have often been de-
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scribed, as they congregatq in late summer preparatory to
departure. In former timpes focks probably roosted inside
great hollow trees, but nowadays I:!'nzgtr often select some
large chimney where they assemble at nightfall and, forming
a great revolving nimbus about its top, presently pour down
inside and settle for the night with much chattering. Pre-
sumably they sleep clinging to the rough surface of the
bricks and propped by their spiny tails. \Vith other species
of swifts, however, it has been recorded that they actually
cling one to another like bees when swarming. Thus
Sharpe quotes Stuart Baker in reggrd to the Crested Tree-
swift, a large species of India, that they roost in masses,
but in treetops, not in hollow trunks. “On arriving at their
proposed roosting place,” he writes, “they fly round and
round, gradually lowering their flight until one bird suddenly
makes a sweep and settles on some part of the tree near the
top. This is the signal for the rest to perch, and in a few
minutes they are all dotted about the higher branches.
They then begin to close up with the bird which first alighted
on the tree, finally collecting in a feathery ball, one on top
of the other. The first attempt, however, is seldom satis-
factory, and they scatter abruptly, when the same perform-
ance is again gone through. Sometimes this happens again
and again before they get settled, but at last the twittering
stops and they are asleep for the night. It is wonderful
how compactly these birds close up; a flock of eleven ap-
peared not to take up a space more than a foot long by
about half that breadth.” Baker also remarks the same
roosting habit in the Indian Swallow-shrike (Artamus).
He does not tell us, however, if the head is laid over on the
back in sleep, or sunken among the feathers of the breast as
in the Nighthawk, the more likely posture perhaps.
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The Colies or Mouse-birds of Africa, extraordinary al-
most parrot-like small birds, are allsn. said by Sharpe fo roost
together in small parties of six or eight, clinging one to
another. 2

The great autumnal gatherings of swallows for the
night's rest have been described by various writers. Miss
Abby Bates has written of such a one in Maine, where every
autumn immense numbers assembled at evening in a great
flock, which after 'much maneuvering presently settled for
the night in the top twigs of a row of large willows by a
stream. This roost, though used for only a short while at
the close of the summer, was nevertheless habitually re-
sorted to by the birds over a period of years. They were
chiefly Barn Swallows.

One must be prepared to find great differences in the
sleeping habits of birds, even though they are related species.
During a winter in the Sudan, this was obsetved in case of
two species of bee-eaters. One, the Nubian Bee-eater (Me-
rops nubicus) a beautiful pink-breasted swallow-tailed spe-
cies, we found hard to collect, as it spent so much time high
in the air. One evening at sunset we marked down a
flock of some thirty birds that went to roost in the dense
foliage of a green thicket. Thinking to see their awaken-
ing the next morning, I stole out while it was yet dark and
had nearly reacked their resort just at sunrise, when with-
out warning the entire flock arose from the far side of the
clump of large bushes and dashed off to a neighboring tree-
top. On another occasion 1 disturbed a company of
smaller bee-caters (Melittophaga) that were spending the
night in what were apparently their own disused nesting
tunnels dug in a bank by the river like Bank Swallow holes.
Chancing to walk along this bank at sunrise I aroused the
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entire flock which flew oyt from directly under me, dis-
turbed, probably, by the yibration of my footsteps. The
use of nests of their own or of anothef species as sleeping
places is probably uncommon. An interesting case is re-
ported by Mills of a flock of Gray-crowned Leucostictes that
came nightly during at least part of the winter to roost in
the abandoned retort-shaped nests of a colony of Cliff
Swallows under a high rocky cliff in Wyoming. They
seemed to lose none of their watchfulness while in these
nests and flew out at once if too closely approached in early
evening. They had not the certainty of entering that the
Swallows had, but hovered at the door of the nest before
making a dive at it, and occasionally missed their hold of
the bottle-neck entrance even then. These are ground-
feeding birds, but evidently appreciated the shelter and
safety of these nests as roosting places, where they would
be in no danger of becoming snowed in, in case of a storm.

In our cold northern winters sheltered nooks must be
hard to find. Tree Sparrows will resort to some frozen
marsh where, among the broken-down clumps of cattails or
at the foot of thick clumps of grass, they find protected
places in which there is shelter from wind or snow, as well
as comparative security from a surprise attack, for the stiff
reeds would rustle to the least touch. In such places | have
sometimes found them, but the flock scatttrs out to sleep
instead of gathering into one spot.

The Ruffed Grouse's habit of plunging into a snowdrift
from the wing, and spending the night under the shelter of
the snow is well known. In regions subject to occasional
sudden changes of temperature, however, it often proves
fatal if a light rain falls and a freeze crusts over the snow
so that the birds cannot break forth next morning. The
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fox also catches some of them., Quail, as is well known,
roost together on the ground in,a circle, all facing out, so
that if danger approaches, the entire flock scatters like a
bombshell in every direction in a,most disconcerting way.
It is natural that hole-nesting birds should seek shelter
at night in cavities. Chickadees do so, and 1 have on occa-
sion followed the birds in the winter woods of a late after-
noon and seen them finally enter some natural cavity, for
example at the base of a tree partly surrounded by snow.
The Brown Creeper has the interesting habit of clinging,
head up, in a depression,in a tree trunk. 1 once discovered
a Creeper roosting in a hollow about as big as my cupped
hand near the top of a fire-scar at the base of a chestnut
tree where the live bark slightly overhung the burned area.
The accumulation of droppings indicated that the bird had
been in the habit of coming to the spot during the winter.
Several English authors have of late testified to a like
curious manner of roosting on the part of the Tree-creeper,
a close ally of our own Brown Creeper. In several in-
stances these birds were found to have excavated small hol-
lows in the soft bark of giant Sequoias, grown in parks, and
in these the birds passed the night. In one such tree there
were ten or eleven holes, apparently dug out of the bark,
some two and one half to three inches long by two inches
deep, on all sides of the trunk at from three to eight feet
from the ground, below the lowermost branches. One bird
was watched at dusk in such a roosting cavity, and was seen
to rest with its head right in the hole and completely hidden
from sight, so that only the tail, part of the back, and wings
were visible. Another writer observed the same habit, but
notes that the bird clung in its depression in such a position
that its back was “on a level with the rugged bark of the tree,
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its beak pomtmg straight upward.” He adds that of sev-
eral hol€s in these trees pnly those on the lee side were oc-
cupied. Since this tree has only been introduced into Eng-
land for about 75 years, the habit of excavating these roost-
ing cavities in its bark must be a recent one. Perhaps the
usual roosting place of the creeper is of a slightly different
nature. At all events another English writer tells of an
old alder stump some ten feet high in which were a number
of small circular holes about one and one half inches in dia-
meter, made and used by these birds for roosting. In a
decaying willow nearby were several similar holes cut into
the exposed wood. It seems likely that these holes may
have been at least begun by woodpeckers, for the creeper's
slender bill seems ill adapted for excavating.

The little Bat Parakeet, Loriculus, earns its name from
its habit of hanging head down by one foot while sleeping,
a most remarkable attitude even for a parrot. Other pe-
culiar roosting habits have been reported for certain par-
rots.

Among the woodpeckers the habit of roosting in a cavity
is probably common. An unusual situation was that used
by a Cambridge Flicker which came nightly one August
to roost inside our kitchen chimney which had a T-shaped
funnel of earthenware, with a diameter of perhaps six
inches. The bird (a female) arrived abou® one-half hour
before sunset, flew to the entrance and, if uneasy, would
stay looking out of the hole for some while, finally backing
down into the vertical part of the funnel, and so disappear-
ing for the night. But what seems to me one of the most
interesting habits of all is that shared by both Downy and
Hairy Woodpeckers, birds apparently rather closely re-
lated. These familiar woodpeckers actually chisel out for
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themselves in the fall of the year a roosting cavity similar
to the hole they make in a degd.limb for nesting in the
spring. I have reason to believe that the birds we see mak-
ing new roosting holes in our city.elms in October and No-
vember are birds that have come in from elsewhere to their
accustomed winter quarters and so are not birds that have
been on the ground the entire year. This, however, is a
matter that can best be settled through banding such indi-
viduals and following their movements. Apparently both
male and female make their own holes, showing that the
cavity-making habit is common to both sexes just as among
the wrens the males make “cock nests” and, as some have
thought, for a similar nocturnal refuge. The construction
of these so-called ‘“‘cock nests” by the Common Wren
(Troglodytes parvulus) of Europe is well known; and our
own species, the House Wren, does the same thing as well
as the Long-billed Marsh Wrei.. A number of observers
in England attest to the use of these extra nests as roosting
places as well as temporary quarters for the young. Such
nests differ from the one in which the eggs are laid, through
having no lining. Bentham relates that he once found a
nest with five young, near which was one of these unlined
nests. On the evening following that on which they left
the nests, he was surprised to find the entire brood inside the
“cock nest,” where they remained three days more and
were fed by their parents. After this they came to it only
at night to roost and forsook it altogether at the end of
two weeks more.  This testimony is corroborated by other
English observers. One states positively that the male is
the builder and that the “cock nests'’ may be as many as five
to one of the brood nests. The birds may continue to sleep
in them till winter, for the species is resident in the British
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Isles. Indeed, a Scotch naguralist, Walton, states that they
are built at other times than the breeding season, for he
has found them in process of construction in autumn.
That even with this shelter the little birds sometimes fail
to get the protection needed, is shown by the same writer
who once found, in a sheltered ravine in the west of Scot-
land, one of these unlined nests containing the bodies of six
mature wrens, the sixth with itstail and pagt of its body pro-
truding from the nest. All had apparently been frozen to
death.

Here, then, in at least two unrelgted groups of birds, the
woodpeckers and the wrens, a roosting nest, if such it may
be called, is constructed, and this, too, by the male as well
as by the female bird.
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CHAPTER XIII
BIRD MIGRATION

ManKIND delights in a mystery of whatever sort, that
thrill of something unknown to be discovered! For long
years the migration of birds has stood as a delightful and
mysterious riddle of Nature, but now bids fair to clear away
and unfold more wonderful things than we dreamed of.
The autumnal disappearance of birds was anciently ac-
counted for in sundry ways. Swallows, it was firmly be-
lieved, spent the winter buried in the mud, and I recall an
account in a scientific journal of barely one hundred years
ago, telling of the digging up of some of these birds in their
winter sleep near Cambridge. FEuropean Cranes were sup-
posed to carry on their backs some of the smaller land birds
of weak flight and so to bear them to warmer climes. Nor
was it so very long ago that the ornithologist Giitke, of
Helgoland, affirmed that migrating birds ascended to a
great height and then on the wings of winds “that blew
between the worlds,” bore away southward at incredible
speed, covering vast distances in a very short time.

But during the last fifty years a very great deal has been
found out. The times and general migration routes of
most of our North American birds are now fairly well as-
certained in a general way and are found to vary with differ-
ent species.  Most of our insect-eating birds retire to the
southern States, many going farther, even into South Amer-
ica for the winter. There seem to be several ways by

277



278 BIRDS AND THEIR ATTRIBUTES

which small land birds pass to the southern continent. A
very few cross the Caribhean Sea or follow the West Indian
chain of islands. Thus Bobolinks gathier in the southern
rice fields and go thence py way of Cuba across to western
Brazil, and the Black-poll Warbler crosses in the same way.
The greater number of species, however, either cross the
Gulf of Mexico or follow its western shore and so stream
in to Central and South America for the winter season.
Some species have a different route in spring from that in
fall. Thus the Connecticut and the Orange-crowned War-
blers visit our coast in small numbers rather regularly in
their southward journey, but proceed far to the west in the
spring return. With many species nesting in the middle
west of northern United States and Canada, there seems to
be a general movement in fall directly to the Atlantic coast,
which is then followed to the south. Many ducks do this
and some of them, passing on to Virginia and the Carolinas
return north in spring by an interior route following water-
ways. Ihe frequent records of western birds that reach us
in fall perhaps indicate that they do the same or follow the
transcontinental winds eastward. Some of the water birds
have developed extraordinary migration courses, the best
known of which is perhaps that of the Golden Plover. This
bird leaves its arctic breeding haunts and, reaching eastern
Labrador, apparently takes a course overfeas direct for
Venezuela. Yet it seems incredible that the entire course
of 2500 miles can possibly be made, as is generally believed,
in a single flight. The same route was used in former days
by the Eskimo Curlew, a bird now nearly wiped out.
Easterly winds at the time of the fall flight were frequently
sufficient to turn these migrating birds in on to our shores,
but at other times they seldom were taken. This fact has
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been developed by A. H. Clark into a theory that in general
the birds kept their course oyersea by adjusting their
flight so that the wind was constantly “abeam.” As a
matter of fact, we are very ignorant of the whereabouts of
these flocks at such times, and I personally believe that they
may rest on the water and even obtain food from it, as
Phalaropes do. Their wintering ground is eastern Argen-
tina, which they leave in spring and follow north along the
Central American coast, Gulf of Mexico, and central United
States to Mackenzie, very exceptionally reaching the New
England coast in spring., The Pacific Golden Plover makes
a similar remarkable journey, breeding in Siberia and
Alaska, and migrating in fall to the Hawaiian Islands and
even to New Zealand.

According to Cooke, the longest m: sration route of any
bird is that of the Arctic Tern that nests within the arctic
circle and returns in winter to the south as far as the ant-
arctic circle, a distance of 11,000 miles, an almost incredible
flight, implying an average daily speed of at least 75 miles
in order to perform the requisite flying alone in ten months.
Yet the Wilson's Petrel certainly does almost as well, for it
breeds within the antarctic circle in the southern summer
and returns north, reaching our coasts in June, probably
following the Gulf Stream.

Another remarkable migrant of former times was the
Great Auk, whose breeding places on this side of the At-
lantic were one or perhaps two small islands off Newfound-
land. In winter the bird was common on the Massachusetts
and Maine shores, as attested by a few records and a number
of bones from Indian shell-heaps. Since it was unable to
fly in the air it evidently reached our shores by sea, either
swimming on the surface, or after the manner of auks,
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flying under water. The.penguins of the Antarctic also
undertake extensive migrations, partly, by swimming and
under-water flight, partly by being rafted short distances on
floating ice-cakes as the warmer season comes to a close in
their southern home,

While the general facts ascertained as to the migration of
various birds apply in the main to the species, we need now
to know more of the course of the individual. And facts
of this kind are already becoming common knowledge.
This is due chiefly to the experimental study of migration
by marking birds in such a way that we can identify the in-
dividual again. By “banding” birds with a numbered ring,
this is now easily accomplished, and already in America
many thousand birds have been so marked. Twenty years
ago this method of study was undertaken in Europe on a
large scale, and with such zeal that by 1911, over 110,000
birds had been banded or “ringed” (as they call it “over
there” ) in Germany, Hungary, and England.

The idea of marking birds so that they might subse-
quently be identified if captured, is not new. As long ago
as 1740, in Europe, Frisch tied red threads about the legs
of a number of swallows, thinking to test the belief, then
general, that these birds passed the winter buried in the
mud and came forth again like frogs in the spring. For
he reasoned that if they were under water “all winter, the
threads would have their color quite washed out by spring,
but if the threads would have remained unfaded he would
have inferential proof that the birds had gone south with
other migrants. In the following years some of these
“banded” swallows returned and were caught, with their
red threads still bright, so that Frisch believed he had ex-
perimental proof against the hibernation theory.
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There were other occasional attempts at marking | birds in
Europe during the 19th century, ene especially b}r Baron
van der Heyden of Hulland who placed marked rings about
the necks (not feet) of wild geese.and ducks in an attempt
to learn something as to their age and migration. He
found that many of these birds returned yearly to their ac-
customed breeding places. One Graylag Goose was
known to have came for 35 years to the Friesian neighbor-
hood.

The results already obtained in Europe furnish a consid-
erable mass of accurate information as to the movements of
individual birds and some of the more important cases are
worth reviewing here for comparison with results already
being obtained through similar work on our own con-
tinent. These results have been lately summarized by von
Lucanus (1923) and afford a mass of definite facts as to
migration that are very illuminating.

Of the Black-headed Gull ( Larus ridibundus), a common
European species resembling our Laughing Gull, a great
many young have been banded in the nesting colonies of the
British Isles, Denmark, Germany, and Hungary. The
numerous recoveries of these banded birds show that in
autumn there are three principal routes taken from central
Europe to the Atlantic and Mediterranean Sea. Some
birds keep westward to the seacoasts of England, France,
and Portugal, to northern Africa where many winter; others
on reaching the mouth of the Rhine in their westward
course turn south here, continuing up the Rhine to the Swiss
Lakes and across to the valley of the Rhone, which they
follow to the Mediterranean Sea; still others pass directly
south from northern Prussia to the Danube and the Italian
coasts. Several banded in England were recovered in win-
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ter in the Azores. Most interesting is the report of two
of these gulls banded insPrussia, one of ,which was recovered
near Barbados in the West Indies, the other on the coast of
Vera Cruz, Gulf of Mexico. This recalls the case of a
Common Tern banded by Dr. J. C. Phillips on our Massa-
chusetts coast, that was recovered in Nigeria, West Africa.
Thus among these strong-flying sea birds there is direct evi-
dence that in autumn they le#ve the norshern continents to
winter in equatorial seas, and that there may be an inter-
change of species in those latitudes, whereby some from
America reach Africa, while othens from Europe reach the
American tropics. If this interchange extends to other
seasons, it may be that occasionally European-bred birds
will come north in spring to nest on our coast, or American
birds may breed in Europe. Such a fact, if established,
would help explain why there has been no noticeable local
race developed on either side of the North Atlantic among
such birds as the terns.

Other interesting facts with regard to the European
Black-headed Gulls were also established. Thus the win-
tering of the same bird for at least two successive seasons
at Geneva was proved. Also the probability is indicated
that birds from the same nesting colony migrate in groups
more or less together, for gunners shot two birds from a
large flock that had been banded at the same locality.
Again, it appears that as with many species, those bred in
the British Isles may pass the entire year in that vicinity,
and are joined in winter by a large influx of gulls that had
summered in the marshes of central Europe. There is
thus a general westerly trend of migration to the more
equable shores of England and northern France where the
influence of the warmer ocean-currents is felt. It was
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found that young gulls start their wanderings carl}r, for
nestlings banded in mid-June in Pru:ism were taken in south-
ern France in late August. A very interesting conclusion
from banded birds is that these gulls do not breed until two
years old, and until then they frequently remain in their
winter quarters without returning northward, or wander
about the seacoasts until ready to pair. Adult birds were
found to return to their original nesting colonies in some
cases, but in others they turned up at some distance away.

Herring Gulls (Lams argentatus) banded in central Eu-
rope were shown in some cases to have remained the year
round in the same general region. A Lesser Black-backed
Gull (Larus fuscus) was* anded in Prussia in late Novem-
ber and recaptured thirteen days later at a distance of 1000
kilometers, making thus an average rate of about 50 miles
daily.

Many cases are already on record of terns (Common,
Arctic, Sandwich) banded as breeding birds on the coasts
of the North and Baltic Seas and on the English or Dutch
coasts, that were taken later in the year on the coasts of
Spain or France. One Sandwich Tern banded in England
was retaken on the Ivory Coast of tropical Africa, and in
several instances terns were recaptured after four, five, or
seven years.

Results of bdnding Mallard, Widgeon, and Teal are in-
teresting as indicating slightly different habits for each spe-
cies. The Mallard and Widgeon are practically non-
migratory in the British Isles. But the Teal goes a long
way, for three banded in Lapland and in 5t. Petersburg
were recovered in southern Europe; while Teal from
Sweden and Denmark are found to winter in the more
equable climate of the British Isles. There may be a gen-
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eral tiisen'raal for the nesting season, for Mallards banded
as nestlings in Holland, apd England, turned up later as
breeding birds in Prussia, France, and Sweden, while Eng-
lish-bred Teal were found nesting in Germany. On the
other hand, some of the English-bred Mallards have been
found two or even three years later in the place of their
birth.

Pintail Ducks have been estensively handed in the au-
tumn duck-drives on the west coast of Jutland, and of these
over 65 were later reported from their nesting grounds in
southern Sweden and northern Russia and Finland, so that
it is believed the birds passing down the Danish coasts in
fall are drawn from the northern parts of Russia in the
main. Moreover, some of these birds were recaptured in
Jutland in succeeding years, indicating that they follow a
known route to their wintering grounds in southern Eu-
rope and the Mediterranean.

With geese of at least certain species, it seems fairly
proved that families migrate together, the parents with
the young. The larger flocks are composed of numerous
families in loose association. This indeed was already as-
sumed but lacked the definite proof. If captive birds are
allowed to raise a brood of young, the latter will not mi-
grate south in fall so long as their parents are prevented
from going. ¥

By recoveries of banded birds, it is now shown conclu-
sively that although in most of Furope the European
Woodcock is a migrant, in the British Isles it cither does
not migrate at all or moves only a little way. Thus of 27
birds recovered, cight, banded on their breeding grounds in
northern England and Scotland, wintered on the west and
south coasts of Ireland, two others wintered in the south
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of England and sixteen banded in England as nestlings re-
mained near their’home m:ighbbrhuod, The birds of the
British Isles therefore behave differently from those on
the continent, for the latter are forced by the increasing
cold of winter to leave their inland marshes, and this they
do in the fall, while those of the more clement regions, as in
England, are able to remain the year round. In this way
no doubt have irisen some of the local British races of
birds, through their more sedentary habits.

The migration of the familiar White Stork of central
Europe has been studiéd by means of banded birds, and
the more easily on account of its semidomestic nature. In
Holland, Germany, Hungary, Denmark, Sweden, and
southern Russia a great number of nestlings were thus
marked. From those recaptured, it is established that the
birds from this area winter regularly in South Africa, some
9000 kilometers distant in a straight line. But the returns
show that the birds do not take a direct course southward.
Instead there are two distinct routes by which the birds
reach their winter home : the first is an eastern route across
Hungary and the Balkan States to Asia Minor and Pales-
tine, thence southward along the great valley of the Nile
and the African lakes to South Africa; the second route
is by way of France and Spain to Gibraltar and thence
across the western Sahara to the lake region of central
Africa. The region of the River Weser in western Ger-
many is at about the dividing line between the two groups
of birds, those to the east of this line migrating by the first
route, those to the west by the second, while those in the
Weser region itself go indifferently by one or the other.
The return migration in spring is by the same routes, the
birds breeding in western Europe coming back by way of
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Gibraltar, those of eastern Europe by way of the Nile
valley, Syria, and the Balkans. In otler words, it seems
as if they endeavor to avoid crossing any considerable
body of water but follow over a land route either way.

It was discovered further that in 83 cases birds banded
in the nest returned to the neighborhood of their origin,
possibly following the old birds. They do not breed, how-
ever, until their second year, but wander Prregularly about,
until in the second spring they settle down usually in the
neighborhood of their original home. There are also a
certain number of old and young that do not breed but stay
in small groups in the general region. In four cases birds
were killed shortly after departure for the south whose
actual time of leaving was known. These birds were found
to have averaged 12- miles a day at first, but the average
pace is slower later on for it takes them two and a half to
three months to reach South Africa. The return migration
in spring is nearly twice as fast, occupying about three or
four weeks. I have dwelt upon the stork at length because
its case illustrates a few of the many points that can be estab-
lished through returns from banded birds.

Several species of herons have been banded in Europe,
and appear to migrate uniformly in fall to the west and
southwest, in part coastwise. An interestipg thing is the
tendency of immature birds to wander in all directions from
their home grounds as soon as they can shift for themselves,
a sort of explosion in all directions from the colony. This
was found to be the case with the Black-crowned Night
Heron (Nycticorax nycticorax), the Common Heron
(Ardea cinerea), and other species, and is quite in accord
with results obtained from marking birds in our own coun-
try, especially in case of the Night Heron colonies at Wen
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ham and Barnstable. Pheasants and partridges were
proved to be very stationary. '

In 1911 and 1912 the Biological Society of Gothenburg
banded 154 young of the Rough-tegged Hawk in Swedish
Lapland, of which twenty were subsequently captured in
their winter wanderings. Most of them had taken a
southerly direction along the Swedish coast to Germany and
Hungary. One bird capturtéd on its wintering ground in
East Prussia was retaken two winters later at no great dis-
tance away in Brandenburg Province, showing the tendency
to return to the same general wintering place. In another
instance it was proved that the Duck Hawk may breed the
spring following its hatching, and while still in the first
year's plumage.

In Europe the Common Swift (Cypselus apus) is a famil-
iar species breeding under eaves of houses. They return
yearly to the same spot to nest, and there are two cases
on record where the same pair of mated birds returned for
three successive years to the same identical nest-box, show-
ing an exemplary marital faithfulness.

An Hungarian observer banded upwards of 2000 of the
common House Martins and Swallows in nesting colanies
with most interesting results. He proved that with both
species the same individuals return to their homes with
remarkable regularity, nesting yearly not only in or on the
the same building but frequently using the same nest from
season to season. One swallow used the same nest for six
successive years. In some cases the same two birds were
found to be mated for several years; in other cases, marked
birds found new mates in later vears or even mated with a
different bird for a second brood in the same season, as
Mr. S. P. Baldwin found the House Wrens may do in
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Ohio. , English-bred swallows have been retaken in winter
in South Africa. ’ '

The European Nuteracker, a northern bird somewhat
like our western species; is one that breaks out at intervals
in an invasion into southern Europe. One of these in-
vasions, occurring in October, 1917, gave opportunity for
banding many, of which four were subsequently recovered
at localities indicating that tht invasion kad continued in a
general southwesterly direction at a rate of from 7 to 20
miles a day.

The movements of the Starling are interesting to us on
account of its growing abundance here, since its introduc-
tion in New York City in 1890o. From the many returns
of banded birds, it seems that in Holland and England
Starlings are practically resident the year round in the
case of individual birds. A little farther from the influence
of the sea, as in Finland, Norway, Denmark, and northern
Germany, while some birds do not migrate, many others
do, passing along the coasts of the North Sea to Holland,
northern France, and the British Isles. This means a great
increase of the Starling population in England during the
winter. Many from south-central Europe, as Austria and
Hungary, move still farther south and west to Italy, south-
ern France, Spain, and even Algeria, while their places are
partly taken in the winter season by others from still farther
north. Young Starlings banded in the nest were found to
be of independent nature and start wandering as soon as
they are strong on the wing. They start migrating before
the adults, too, for young banded in the Baltic Provinces
were taken in North Germany and Holland even in July.
In many cases such young birds were found to have returned
to their home locality to nest in following years, some-
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times for four or five seasons, as proved by their numbered
bands. . :

Many finches are' found to be non-migratory as to indi-
vidual birds, such for example as the House Sparrow, Bul-
finch, Goldfinch. Skylarks, though migratory in central
Europe where the winters are severe, are not so in the
British Isles or on the southwest coasts of Europe where
the climate is more equable.

Other interesting results were had with nuthatches and
several species of tits (or chickadees). Thus, many nut-
hatches banded in winter at a feeding station were found
nesting in the neighborhdod the following spring, returning
again in the succeeding winter to the feeding station. The
young broods, however, in some cases stayed in the locality
of their home the following winter, but in others seemed to
disperse entirely to other regions. The case of titmice
is somewhat similar, Adult birds that have once settled in
a locality were found to keep rather closely to it throughout
the year in central Europe, whereas the young birds seem
to forsake it completely. At all events of 100 young Great
Tits (Parus major) banded one summer in Hungary, not
one appeared the following year at the feeding station fre-
quented by their parents, and of 170 Coal Tits ( Parus ater)
banded as nestlings, only one turned up the next winter at
the feeding station, although many of the parent birds of
the region came regularly. Yet in the following spring a
few of these young birds did return to nest in the land of
their birth. These results indicate that many of the mi-
grant tits must be young of the year, and in our own country
there is evidence of the same thing. It will be interesting
when we are able to assemble sufficient facts, to compare the
ways of our own with the European tits.
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Some of the European thrushes seem to behave rather
similarly, for of over 10p young of the European Blackbird
( Turdus merula) banded at Frankfurt, Gcrman}r, only one
was known to have returped to its home region, and of an-
other 100 banded in the Berlin Zodlogical Gardens, only
two were known to have returned to that neighborhood in
succeeding years, while of 120 nestlings banded at Ham-
burg, thnan}r. not one was gver heard from again,

Finally, an interesting case is recorded of a Robin Red-
breast that returned for at least two seasons to the same
winter quarters in Holland, just as we now know with our
Tree Sparrow the same individuals come back to the same
region with which they are familiar, to spend the winter.

Many other additional cases could be given of banded
birds that throw light on the nature of their individual
movements. Already the results obtained in our own coun-
try are important. The work of Mr. 5. Prentiss Baldwin
in Ohio and in Georgia is now familiar. He has shown
that in Georgia the resident species are very sedentary, sel-
dom going far from their chosen haunt, and that the mi-
grants arriving in early spring are birds that have passed
that way before and are returning over a known route
familiar to them. All this goes to show that migration is
not a haphazard wandering but a definite and orderly pro-
ceeding. We are measurably nearer a solutton of its causes
and methods. The point to be emphasized from this brief
review of some of the European investigations is that
there is no general rule. Every species is a law unto it-
self, and even the same species may behave very differently
in different parts of its range. Some remain in the same
place if climate and food-supply favor, while others leave
for more clement skies if the winter seasons are too rigorous
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in their nesting area so as to deprive them of their neces-
sary food. In stil} other cases, bitds that are usually sed-
entary, rarely going far from special haunts, are at times
forced out from great areas for réasons that we do not yet
wholly understand. Familiar instances are the occasional
winter invasions of Crossbills, Redpolls, or Pine Grosbeaks,
which may then visit us in numbers. Such eruptions are
presumably due #o the faiture of food in the northern
haunts. Crossbills, for example, come in winters when the
crop of spruce cones in the northern forests fails them.
Thus in the fall of 1924+there was an unusual influx of Arc-
tic Three-toed Woodpeckers into eastern New England,
even reaching New Jersey, possibly as a result of the great
spring and summer drought in parts of Canada and a con-
sequent reduction in the supply of bark-beetle larve that
cannot well sustain great dryness. This bird is resident the
year round in the northern forests and its visits to this State
are most exceptional.

Such diversity in the manner of migration in different
birds points, I think, to the conclusion that each migratory
species has developed this habit of changing its seasonal
haunts in accordance with its own separate need and in its
own particular way. Yet we can probably trace the steps
in the evolution of migration by taking examples here and
there from birds that show this trait in greater or lesser
degree. The fact that the Starlings in England remain all
the year surely indicates that here there is no need for mi-
gration since the birds can sustain themselves the year
round. The further fact that they are joined by others
from no great distance north and east where winter con-
ditions are severe, must prove that in this species migration
is partly developed among those individuals that have need
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to mowe. They go only so far as is necessary to reach
stable conditions where they can remairt comfortably. Un-
like the Golden Plover they do not undertake a trip to the
southern hemisphere. *

We have acquired a great deal of information as to the
manner of bird migration, its time, its destination in gen-
eral, the lines of flight. We still must solve these two
questions: (1) why do birdd migrate, and (2) how do
those that make long journeys over land and sea find their
way?

One of the primary causes of migration is no doubt the
need for seeking a sufficient food-supply. Thus it seems
obvious that the insect-cating birds that live among foliage
are forced to leave us with the autumnal disappearance of
the insects and the fall of the protecting foliage. In case
of the simpler types of migration, this supply may be close
at hand. Thus a Song Sparrow might easily winter in
southern New England if it retired from a brush-grown
pasture to a neighboring swamp with a brook that kept al-
ways open. The swamp might be nearer or farther off,
involving a migration perhaps of only a few rods or miles.
Some South American birds are known to make a vertical
migration, coming to the sea level in winter and ascending
to higher levels among the Andes in sumyner, as in case
of Condors and Flamingos. This tides over the winter
season; but what sends birds back from their winter to
their summer homes? Various causes have been suggested,
such as the need for suitable nest-sites, of which the warmer
or tropic haunts might not offer a sufficient quantity, or it
may be the need for certain sorts of food, or greater quan-
tities. No doubt many species when nesting require a cer-
tain average area of domain and so are much spread out at
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this time. Agriculturalists have worked out the approxi-
mate number of acres of particular, kinds of land that are
needed to sustain a single cow or a sheep, and similar facts
may be learned in a more or less approximate way for birds.
Counts of the numbers of each species nesting in relatively
large areas of the same kind of country, such as those made
by Forbes and Gross (1922) in the level parts of Illinois,
show strikingly that the awerage number of Mourning
Doves, for instance, that may populate a certain territory
is relatively small and does not increase beyond a certain
maximum. There is a spatial element that roughly con-
trols the number of bird inhabitants of a single species, or
of several species that can, by reason of some diversity of
habits, get along together and find sustenance and living
room in a given area. A suggestive article by English
(1923) puts forth the idea that birds may migrate from
the southern tropical latitudes to the high north for the
benefit derived from a longer period of daylight. He
postulates the fact that the tropical or subtropical repre-
sentatives of a species usually lay fewer eggs than those of
the more temperate climes. Thus the Mockingbirds of the
West Indies lay usually three eggs, but five is usual farther
north: the West Indian forms of Yellow and Prairie War-
blers seldom lay more than two eggs, but four or five in our
latitude. This may mean that the stationary species are
unable to raise more than these numbers of young, or that
the danger for the migratory form is more. In late May
and early June, the height of the nesting season, there are
about 12Y4 hours of daylight under the equator, 14 to 16
near the tropic, 18 in the latitude of England, and nearly
24 in parts of Scandinavia. The birds' “working day" in

our latitude may therefore be nearly half again as long as



294 BIRDS AND THEIR ATTRIBUTES

in the Tropics, giving time to rear more young, or perhaps
spreading the additional labor over moge time so that the
strain is less. It is interesting to see that in night birds
the rule may work the other way, too; for in the north the
Nighthawk and Whippoorwill lay but two eggs and their
“working night" is shorter than those of tropical relatives,
as the Frog-mouths, Oil-birds, and other Nighthawks that
lay three or four eggs and hage a longer night to work in.
The suggestion is a good one despite objections that may
arise. One might even add that the waning year with days
already shorter in August is a cause of southward migration
to keep pace with a longer day, more hours of activity, and
shorter daily periods without food. We shall be in a bet-
ter position to test this theory when we know how much
food migratory birds need daily and how long they can go
fasting without discomfort. Such perhaps are some of the
more immediate causes of migration.

With an increasing distance of migration comes in the
second and most puzzling fact. How does the bird find its
way? This, after all, is the great mystery of bird migra-
tion. But even this, I think, will eventually be made plain.
With some birds we know that in autumn adults precede
the young in the first southward movements so that it may
be they act as guides for the latter on the journey already
familiar to themselves. Thus with some ofthe warblers or
some of the shore-birds (for example the Black-breasted
Plover) the adults first appear from the north and later
the young with a proportion of older birds. Many birds
migrate by day, as swallows or Nighthawks that feed as
they go; others travel mainly by night, perhaps from one
feeding station or resting-place to another, as in case of the
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Ruddy Duck. On almost any autumn night in eastern New
England the frequent calls of passing warblers, sparrows,
and thrushes come to us from no great distance overhead,
and we may suppose that by these notes old and young are
enabled to keep in touch as they pass southward. By con-
trast, in the spring these notes are seldom heard. Are we
to conclude that there is less need for comradeship on the
return journey?, An interesting trait with many common
species is that the males arrive in spring before the females.
This is true of the Robin, the Bronzed Grackle and the
Red-winged Blackbird,, as well as sundry others. Ap-
parently in these cases the first arrivals of males include
birds that are returning to a familiar breeding ground.
Still other birds migrate in fall in families, both parents
and young together, as in the case of the Canada Geese;
while in others still, the young seem to act more or less in-
dependently. Thus the records of banded birds show, un-
expecredly, that with the Black-crowned Night Heron, the
young on attaining their growth start off in all directions,
north, south, east or west from the home colony going often
long distances northward in summer, before retreating
southward in autumn. Young banded Starlings were
found even in July to have traveled from northern Germany
to Holland, long before the parents move, and such young
appear to retukn in later years to the place of their birth in
certain cases. |'he movements of these young birds in sum-
mer seem more in the nature of erratic wanderings than of
real migration, yet it may be that they learn a good deal
of country in this way. Later in the year such birds pre-
sumably reach their usual winter quarters, but exactly how
this is accomplished we do not yet know.
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It is supposed that with many migratory species definite
routes are learned through following prgminent topograph-
ical features, such as great north-and-south river valleys or
coast-lines. On the other hand some species of birds, as
will later be shown, can find their way over long stretches
of sea where there are no 'andmarks to guide them. Birds,
then, appear to have a good sense of locality, if such it may
be called, nor is this surprising perhaps, when we consider
their mobility and the wider sweep of horizon that the alti-
tude of their flight gives them.

That birds may quickly learn a ngw migration route and
thus take advantage of new territory is perhaps indicated
by the visits of the Evening Grosbeak to New England in
recent years. Lhis fine bird breeds in western Alberta and,
in slightly different form from southern British Columbia
and northwestern Montana southward at higher altitudes
and eastward to the Rocky Mountains of Colorado and
New Mexico. In winter it regularly appears east of the
Rockies to the Mississippi Valley. lts presence in New
England was practically unknown previous to the winter of
1889—g0 when a considerable incursion took place into vari-
ous of the New England States, where they attracted much
attention by their handsome livery. For over twenty years
no more were seen here, until in 1903 a single bird was
reported from Cape Cod, and in the next winter a number
came. Since that time hardly a winter has passed without
a visit from these birds to our section of the country so
that we have come now to regard them almost as much a
winter visitor to be expected as the Pine Grosbeaks and
Crossbills and Redpolls. Had it been possible to “band"”
some of these many visitors and discover if they returned
in succeeding years, we might believe that these pioneers
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had repeated their previous journey and with others
had learned a new route to the East, which has now
by traditional use become familiar to certain groups of
these birds. It is possible, as fisst suggested I think, by
the late Dr. Walter Faxon, that the frequent planting of
the Box Elder of late years in central Canada and parts of
the West, has been a factor in tolling the birds across to the
Atlantic coast, for the seeds of this tree are a favorite
food and are probably to be had in much greater abundance
now than fifty years ago over the intermediate country.
The ability to return to,a given spot is a matter depending
in part upon close observation and in part upon a training
in finding the way. The unknown factor now is whether
this knowledge can become automatic or as we say “in-
stinctive.” We may therefore think of bird migration,
even in its most developed form, as a specialized “homing
instinct,”” the precise working of which must still remain
for further study.

The desire to return to some particular spot which with
ourselves may be called “home,"” is a very widespread one.
It is found not only in mammals and birds, but in fishes that
come back to spawn in their natal streams, and a certain
“homing instinct” has lately been proved in case of sala-
manders. It is strong in ourselves as well. What Eng-
lishman is thefe, in whatever remote corner of earth, to
whom England is not “home," and in whom there is ever
a fond hope of returning to spend his old age?

Traces of an attachment for familiar localities are shown
in very humble forms of life. The common limpet of our
tide pools may possess it in marked degree. A recent au-
thor has given the results of his investigations on limpets of
two genera which he marked by fling grooves in their shells
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for lateg identification. In this way he followed the watery
wanderings of several of these snail-like creatures for a
number of days, keeping a tracing of their track. At
high water they would erawl freely about over a radius
of one or two feet, but showed a marked tendency to come
back between tides to a particular spot, often for several
days at a time, then would move on to another place
that seemed worth staying insfor a longer period. Bees
have highly developed homing faculties, but apparently
learn the location of the hive and its neighborhood before
they are able to return by air-ling from very far. Ants
show the same thing.

In many birds the results of bird-banding have already
shown that not only do birds have summer homes to which
they regularly return, but that the same individuals have
likewise winter localities to which they as regularly resort
in the winter season. In birds, therefore, we may now sup-
pose that the “homing instinct” or desire to seek a certain
spot is in migratory species of a two-fold nature: for in
spring the bird is driven to seek its special nesting area and
in autumn is equally drawn to the wintering home. The
two forces are of equal strength and alternate in their
action. It is a normal response to the pulse of the year.

But how do birds find their way over thousands of miles
back to the same dooryard or tree? There is the real
mystery! And although the solution is not yet reached,
the following experiments are suggestive of lines of at-
tack in finding the answer.

It is an interesting thing that this homing faculty can
be developed in such a non-migratory bird as our common
pigeon, in which one would least suspect its presence,
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Those who keep Carrier 'Pigtnns know very well that in-
dividual birds vary greatly in their ability to find their way,
and that a bird must not only develop this ability but must
also in some degree know the country over which it is
flown in order to obtain best results. In some experiments
conducted by Hodge (1894) a number of years ago, he en-
deavored to learn something definite concerning this so-
called homing instinct. He took five young birds from
Massachusetts to Madison, Wisconsin, and placed them in
a pigeon-loft the only view from which was directly against
the wall of an adjacent building. After six months
these birds were releaséd from their loft for the first
time, one by one, and their actions watched. In each
case the pigeon released flew to a nearby roof and sat
for a number of minutes looking this way and that.
The first bird, for example, sat fifteen minutes on one
side of a chimney, then flitted to the other side of the
chimney and stood there five minutes gazing care-
fully about. It then flew to another house farther off,
then to a still more distant one, each time carefully scan-
ning its surroundings as before. Finally it flew off out of
sight behind a hill and after half an hour returned to its
loft. Each of the pigeons loosed for the first time behaved
in practically the same way, as if they were gaining a knowl-
edge of their original surroundings and then a little of the
neighboring country. All these were young birds not pre-
viously released. One of the old birds acted quite dif-
ferently when released at Madison. After circling a few
times, it flew straight away and was not seen for three days,
when failing no doubt to find trace of the familiar Massa-
chusetts country, it returned to the loft. After Hodge's
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pigeons had been given a few days of freedom in order that
they might learn the exact location of their huml:. six were
picked out at random and carried in ah open wire cage to
the top of a hill about half a mile distant, while at the same
time six others, also taKen at random, were carried to the
same spot in a cage closely wrapped in a black shawl. Of
the first six pigeons, five on being released started for home
at once, one, however, after a few preliminary side swings;
while the sixth starting in the wrong direction, finally turned
and alighted on the first house in the home direction. The
comparison with the six birds loosed from the covered cage
is most instructive. Not a single ‘one made a direct course
for home. Two began circling in the wrong direction, one
of them going far astray and searching over the entire city
of Madison. The others, after circling or swinging back
and forth a few times, finally saw familiar ground and
headed for home. There seemed to be, then, no instinctive
sense of direction. The birds in the open cage were able
to see how they were going and so to keep in mind the gen-
eral direction of their home-loft and, when released, easily
started in the right way, while those in the covered cage
had to recover from the break in continuity of their position
and make a general survey of their surroundings until some
familiar part was found to give them their location.
Watson and Lashley (1915) have gathsred some inter-
esting notes on long-distance flight in Homing Pigeons.
American fanciers have for years trained and raced these
pigeons, and some very remarkable flights have been made,
even of one thousand miles and over. The method is to
train the more capable birds at first over short distances and
then gradually to increase the distance a hundred miles at a
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time, up to one thousand miles. The story of Hobo, a bird
that once held the world’s record for this distance, is a most
interesting one. He made a number of flights during three
years of distances gradually increasing up to 400 and 617
miles (Little Rock, Arkansas, to Milwaukee). The fourth
year (1901) the bird was taken, after preliminary distances,
to Houston, Texas, a thousand miles away in an air line,
and there liberated with twenty-five others. All the birds
took the homeward course at once, and Hobo was the first
to arrive at Milwaukee, after an absence of ¢ days, 20
hours, 15 minutes. This performance has since been
beaten many times. A world champion, Bullet D-1872,
loosed at Abilene, Texas, reached its loft in Fort Wayne,
Indiana, an air-line distance of 1010 miles in 1 day, 11 hours,
6 seconds, which in contrast to Hobo's record, may indi-
cate a continuous flight. Other birds in similar flights
made the distance in a few hours more. But this remark-
able faculty is not found in all the birds. Thus out of 100
Homing Pigeons trained on flights of 500 to 700 miles in
the direction from Baltimore to Key West, not one ever
returned when they were released at Key West. The ac-
tion of the homing birds may vary, some starting directly
for home, others circling first. A speed of fifty miles an
hour is a good average on the mid-distance flights.

In the South Sea Islands, Frigate Birds are used after
the manner of Homing Pigeons to carry messages between
islands.

Further studies were made by Watson and Lashley on
Noddy and Sooty Terns in the nesting colonies of the
Tortugas, off the Florida coast. These birds arrive there
in late April to breed and leave again in September. With
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these species it seemed there would be less chance of their
returningd from a distance, by the aid of lgndmarks. for the
small islet where they nested is surrounded by ocean. In
three different years marked Sooty and Noddy Terns were
carried varying distances and released. They seemed to
have little dificulty in returning and were usually back in a
few hours even when carried to Key West, 65 miles away.
Going farther, three Noddies gnd two Sooties were taken
by steamer in the direction of New York, and released off
Cape Hatteras, approximately 850 miles in a direct line.
Nearly six days later both Sooties were back at their re-
spective nests, and several days later one of the Noddy
Terns, plainly marked with dabs of oil paint, was also seen
back at the nesting colony, but its mate had meanwhile
formed new “affiliations” so that it was not permitted to
alight on its nest.

Six of each species taken to New York Harbor and there
released were never heard of more, though this was no
doubt in part due to the poor condition in which they
reached that place. Better results attended birds placed
in covered cages and released in the Gulf of Mexico, some
460 miles west of their nesting colony. Of the seven birds
(four Sooties, three Noddies) all with one exception started
back east on being freed, while the seventh, after a short
flight west, came about suddenly and departedeastward with
the others, all flying within a few feet of the water. Two of
the Noddies returned, each in three days, but none of the
four Sooties was ever seen again. This is the first suc-
cessful flight of a homing bird over open water with no
shoreline visible.

In a second attempt, twelve of each species were taken
by boat to Galveston, Texas, and released as follows:
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2 Noddies released at 418 miles from Key West, none retyrned.

6 Sooties, 4 Noddies ‘wleased at 585 miles from Key West; 5 Sooties,
3 Noddies returned.

6 Sooties, 4 Noddies released at 855 miles from Key West; 2 Sooties,
1 Noddy returned.

Of the last three (Galveston), the two Sooties returned
in 6 and 74 days, the Noddy in twelve days. These re-
sults are the more remarkable, for the birds reached
Galveston tired out by confinement, and when freed went
at once to fishing.

The conclusion seems warranted that these two species
can find their way over nearly 1000 miles of open
sea. Exactly how this is accomplished is not yet clear,
nor do various suggested explanations seem to bring the
solution nearer. The experimenters consider, however,
that a distinction may be drawn between what they call
“proximate orientation,” that is, where the bird gets its
bearings through recognition of familiar surroundings near
home (as in the case of Hodge's pigeons), and “distant ori-
entation,” where the bird takes the right course when far
from any such visual aid. It is the latter faculty which
birds making long-distance migration seem to possess, and
the explanation of which we still seek. We must recall,
however, that these birds have probably been migrating for
an immensely long period, and a route as long as that now
taken, for example, by the Golden Plover, may have only
gradually become of such length. The learning of the
route may have been an age-long process, or there may be
other explanations. At all events, the case of the homing
pigeons seems to indicate an ability to keep constantly ori-
ented with regard to a given spot, so that as we say of our-
selves, the bird does not lose its bearings. Exactly how
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this is gccomplished remains to be explained. At present
speculation is fascinating but until morée facts are at hand
on which to build, it is rather futile. Nevertheless the ex-
perimental study by means of marked birds may confidently
be expected to solve the question eventually. After all,
it is a blessing to know that there still is a mystery to tan-

talize us.,
» .



CHAPTER XIV
NOMENCLATURE AND CLASSIFICATION

To most persons not professional naturalists, the sub-
ject of scientific nomenclature is one of vast mystery, and
classification is even farther remote from their known
world. But this need not be so. Nomenclature is merely
the naming of things in'a logical way so that in talking of
them we may have some word or words that will indicate
the same thing universally, as well to an American as to an
educated Russian. Nomenclature, or the naming of things,
began no doubt with early man as soon as he learned to
communicate with his fellows. Yet his wants were prob-
ably simple. Among the jolly African natives, we see the
early stages of nomenclature. Large or easily distin-
guished birds, for example, are given simple names, but
most of the smaller host are just “little birds.” So in
Xenophon's account of the Ten Thousand Greeks and their
march through Asia Minor, any small bird was called
struthds, or sparrow, while the Ostrich which they saw for
the first time was named megalds struthds, or the big spar-
row. Nomenclature implies then (1) a distinction between
objects as well as (2) a grouping of similar ones under dis-
tinctive names. Men early learned to distinguish birds into
groups with certain common characteristics, as owls, hawks,
ducks, swans, sparrows. Such words indicate the kind, or
in Latin the gens or genus. The Latin word Anas or duck
is therefore a generic term. But when more intimate

Jos
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knowledge led to distinguishing more than one kind of
duck, sdme descriptive word had to be pdded. So in the
earlier natural histories we find this done. Latin was the
universal language of scholars long after the Roman Em-
pire fell and is in some degree to this day. The earlier
books on natural history in the 16th and 17th centuries were
nearly all in this language, and even in the early part of the
1g9th century Latin was the lapguage of works on classifi-
cation. As knowledge grew, and more careful distinctions
were made, the number of birds or other animals of a single
“kind" or “genus’ was found often to be many, so that with
the generic name additional descriptive words had to be
used. Thus in Aldrovandus's Ornithology, late in the
16th century, the Indian Kite was spoken of as Falco rubris
alis Indicus (the Indian Falcon with red wings), though
for better-known birds he used a single term as Chrysaétus
for the Golden Eagle, or Aquila alba for the white-tailed
species. Obviously to use an entire descriptive phrase each
time one wished to speak of a particular sort of bird, is in-
convenient, nor would everyone use the same combination,
so that naturalists in writing of different animals came to
use as short and distinctive phrases as possible. Botanists
in particular set the fashion.

In 1707 was born Carolus Linnaus, as his name is
Latinized, a Swedish naturalist, who conceived the idea of
preparing a brief descriptive catalogue of all the known
plants and animals of the world. The first edition of this
great work appeared in 1735 and before the century was
out had reached no less than thirteen editions, the last of
which was edited by this great man’s pupil, Gmelin. As
this task progressed Linnzus apparently felt that there
must be some concise way of naming the thousands of differ-
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ent plants and animals so that they might be referred to
conveniently, rather than described by a phrase. His sys-
tem was therefore to use a Latin noun for each large group
or genus of related beings, and*a second word, either a
descriptive adjective or an appropriate noun, for the species.
Unlike his predecessors, therefore, he came to use consist-
ently only two names to signify each distinct sort of plant
or animal: firststhe kind, or generic name, as Anas for a
duck, followed by the sort or specific name, as acuta
(sharp), thus Anas acuta Linnzus for the Pintail (mean-
ing sharp-tailed duck),.or a noun, as sponsa (a bride), for
the Wood Duck or Bride Duck. This use of two names is
called therefore biomomial nomenclature, for it implies two
terms, the first of which designates similarity, and is called
the genus or generic name; while the second denotes diver-
sity and is called the species or specific name.

Zoologists are now in agreement that the 10th edition of
Linnzus’'s great work, the Systema Naturae, published in
1758, be taken as the starting-point for the nomenclature
of vertebrate animals. Since Linnzus's day, and indeed
during his lifetime, the discovery and naming of animals
and plants progressed apace, nor have we quite yet reached
the complete inventory of the kinds of either. It fre-
quently befell that the same species was named and de-
scribed more than once, either because two persons chanced
to be working unknown to each other, on the same subject,
or different sexes, plumages, or parts of one and the same
thing were thought to represent distinct species, or in other
ways it came about that more than one Latin name was
given the same animal. In such cases we in later years
have tried to find out the first name published, and this be-
comes the recognized name of the species, all the others syno-
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nyms, upiless indeed the first specific name prove to have al-
ready been used in the sitme genus, wher/it is ruled out, for
the name is thereby “preoccupied” and the first available
of the synonyms must then take its place. Or if there are
no such, a new name must be coined. It may be imagined
that with the many writers and many species to be named,
it often happens that a name already in use is given to
some such second species. But the rule ia purely a logical
one: that no two species can have the same combination of
names. It is due to these efforts to run down the earliest
published names and to identify them certainly that those
of many birds, for example, have been changed during the
intensive work of recent years. Much as we may regret
the inconvenience of such changes in our own day, the ideal
of a final stable result for the future is the goal of present
efforts. We are unfortunately still passing through this
period of revision of names.

The name of the original describer of a species follows
the Latin name, and in case a change is subsequently made
by transferring the species described to some other genus,
the author’s name is enclosed in parenthesis. This is often
a puzzle to printers and others who mistake the omission of
the parenthesis for a clerical error, and add one where
none should be. For while the species namg once properly
given cannot be changed, the name of the genus may be, if
some later investigator finds the species has been errone-
ously placed, or if on more careful study it seems best to
regroup species once thought of as belonging to a single
genus. Thus we now call the Wood Duck Lampronessa
sponsa (Linn®zus). Dificulties often arise from not being
able to tell certainly from a description alone what
species is meant. Names were formerly based in many
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cases upon published pictures of birds, but the best usage is
to designate a partitular specimen s the one described and
this becomes the type specimen, to which reference is made
in case of future doubts. Type specimens should be most
carefully preserved, preferably in some large museum of
general accessibility.

Such, very briefly, are the general methods of naming
species.  Yet difficulties and most unexpected complications
sometimes arise, to be decided often with difficulty. The
more exact study of single species has shown, too, that in
some cases further refinement in distinction can be made.
In a wide-ranging bird, for instance the Horned Lark, that
occurs from the arctic regions to the barrens of certain
mountains in northern South America, the different climatic
conditions in various parts of its range produce a gradual
change, so that northern birds may be large and bright-
colored, the desert-living ones pale and small, while those
of other areas are still different, yet all are Horned Larks.
Where these differences correspond with certain geographic
areas, cach with its particular climatic conditions, a sub-
species is recognized and a third name, or trinomial, is given
it.  Often it is difficult to tell where one subspecies leaves
off and another begins, so gradual may be the change from
one to the othgr extreme. Sometimes, too, the change is
fairly abrupt so that there is doubt whether to call two
closely allied birds distinct species or whether they may be
considered each a subspecies of a single kind of bird. A
convenient test is that if all the specimens can be referred
without doubt to one or the other sort, they are species,
as in the case of our Downy and Hairy Woodpeckers, which
agree essentially in most characters except size and in
certain dark marks on the tail. With subspecies, however,
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there are, at least on the borders of adjoining ranges, in-
dividuals that are intefmediate in one way or another, so
that the extremes are camp]:tel}r bridged. This is called
intergradation.

Nomenclature, or this system of giving names, offers also
a means whereby we may express the relationships of liv-
ing beings by arranging them in groups according to their
kind. Thus the various gedgraphic subspecies constitute
a single species. By grouping together closely related spe-
cies we form a genus, and several nearly similar genera may
constitute a family, or a family muy include a single genus
if no near relatives are known.

In zoblogy the family name is made by adding the end-
ing -ide to the stem of the name of the original or type
genus. The larger divisions of birds are orders, and may
include one or more families or only a single species in an
order, depending partly on the importance of the differences
and in part on our estimate of their importance. Such a
classification is first of all for convenience, but its useful-
ness is increased by making it express our knowledge of re-
lationships. Since this knowledge is imperfect, so is our
arrangement of groups liable to error and gradual correc-
tion.

The earliest classification of animals had psually much to
do with their use from a human standpoint. Thus in the
1 ith chapter of Leviticus, the Mosaic law divides birds into
those which were “‘unclean” or not fit to eat and those which
were suitable for food. "“And these are they which ye
shall have in abomination among the fowls; they shall not
be eaten, they are an abomination; the eagle, the ossifrage,
and the ospray. And the vulture, and the kite after his
kind; every raven after his kind; and the owl, and the
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night hawk, and the cuckow, and the hawk after his kind,
and the little owl,\and the cormorant, and the great owl,
and the swan, and the pelican, and the geir-eagle, and the
stork, the heron after her kind, and the lapwing, and the
bat.” It will be seen that most of these birds are flesh-
eaters, and some carrion-eaters, whence perhaps the “abom-
ination’ ; yet I have eaten cormorant on occasion and liked
it well enough.

In the ancient’ library of Nineveh, dating from about
B. ¢, 668, there have been found inscribed tablets show-
ing that the Assyrians had some knowledge of natural his-
tory and a rough classification of animals. Gregory
(1910) has quoted briefly from this account, and states that
birds were divided into classes such as those of rapid
flight, sea birds, or marsh birds. In the Middle Ages the
utilitarian point of view was that with which people were
most concerned. Thus an account of the Swallow in 1584
mentions chiefly that its ashes are good for improving the
eyesight, whereas the smoke from a burning swallow pro-
duces blindness.

But a true classification must be based on genealogy, just
as our own family trees are based on relationships. For
this reason we find it out of the question to arrange the
species of living birds in a continuous series that shall ex-
press their degsee of kinship, simply because all living spe-
cies are contemporaries, and rarely do we know much of
their ancestry. The best analogy is that of a many-
branched tree, whose leaves are all at the flattened top.
Every leaf will represent a living species of bird, each cluster
of leaves a genus, and each group of twigs whose stems run
to a common branch may be a family. That is, the various
related groups have diverged in their development but
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trace their ancestry back to a common stock in the more or
less rethote past. The living species of to-day are repre-
sented in a cross-section of the topmost twigs. Many
groups are easily made from adjacent twigs but often there
are long branches whose living species are not obviously
related to their near contemporaries. These are often
isolated primitive species, such as the New Zealand Ap-
teryx, that have survived here, and there like living fossils,
with no near relatives now known.

There have been many attempts to arrange birds in an
orderly sequence, beginning with the most primitive and
passing to the more specialized. There has been much re-
search, much diversity of opinion, but at the present day a
general agreement has been nearly reached and it remains
to settle the minor points. The system proposed by Fiir-
bringer in 1888 is the basis of the most modern classifica-
tion of birds, and this has been amplified by Gadow,
Sharpe, Beddard, and others. It will suffice to give the
outline of this, without attempting to enumerate the dis-
tinctive traits of the difierent divisions.

The known species of birds are divided into two great
groups: (1) Archzornithes or ancient birds, and (2)
Neornithes or later birds. The first group includes only
the Archzopteryx or lizard-tailed bird, that extraordinary
fossil from the Jurassic slates of Bavarim The second
group includes the rest of the known birds. They are
placed in twenty-one chief groups or orders, and the name
of each order is given the uniform ending “-iformes,” just
as each of its families has the ending “-ide"" plus the stem
of the type genus.

Beginning with the fossil toothed birds, Hesperornis and
Ichihyornis, each of which is placed in a separate order,
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there come next the true Ostriches, the Rheas og South
American ostriched, the cassowaries, the extinct New Zea-
land moas, the extinct giant-birds of Madagascar, and the
kiwis or dpteryxes of New Zealand, each of which is con-
sidered to have the rank of a separate order. All these
are in many important points of structure primitive birds,
survivors from very ancient times. They were formerly
placed in a sepasate group called the Ratite birds on ac-
count of lacking a keel on the breastbone, but it is now be-
lieved that this distinction is of less importance, for the
keel was independently added as a support for muscles in
the species of strong flight. The partridge-like tinamous
of South America are by some placed near these ostrich-
like birds. They show likeness to the Ostriches in the struc-
ture of the palate, but otherwise have leanings toward the
fowls. No doubt they retain certain primitive characters
once common to many birds.

The penguins form a special order (Sphenisciformes)
and are among the most primitive of living birds in many
ways. Their feathers are almost scale-like on the wings,
which are highly modified for swimming. The bones of
their skulls are less solidly fused than with most birds.
They have no special feather tracts, but are uniformly
covered, and their tarsal bones are barely fused into a can-
non bone, for’ traces of the three original bones still
appear.

The loons and grebes form a single order (Colymbi-
formes) though the two types, one with webbed, the other
with lobed toes, constitute each a separate division or fam-
ily. The petrels and albatrosses form a group (Procellari-
iformes) not nearly related to any of the others; all are
birds of the open sea and have peculiar tubular nostrils.
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Next cgmes the large assemblage of stork-like birds, which
includes a various company, some very’ unlike the others.
Thus the cormorants and gannets, herons, true storks,
ibises, and flamingos are grouped in this order, Ciconi-
iformes, each, however, constituting a distinct family.

Of this group the cormorants retain a hooked beak which
is likewise seen in embryo herons. But the other members
have it straight and tapering for fish-catching, a trait
probably acquired therefore as a later adaptation. Some
are web-footed, and the division comprising tropic-birds,
pelicans, cormorants, darters, gangets, and frigate-birds is
peculiar in having all four toes included in the web. The
herons and storks have adopted tree and land habits to such
a degree that the web has disappeared and the legs and
toes are lengthened, but the flamingo combines the web on
three front toes and the elongated leg. The duck-like birds
are perhaps not distantly related but with the South Ameri-
can screamers, which are a sort of land duck, perhaps of a
primitive ancestral kind, they constitute a separate order
(Anseriformes). The vultures, falcons, eagles, kites, and
hawks are probably more nearly akin to cormorants and
herons than we are apt to think, though placed in a group
by themselves (Falconiformes). Their hooked beaks and
strong feet recall those of the cormorants. The order Gal-
liformes is a very distinct and rather primitive group in-
cluding the pheasants and fowls. A remarkable feature of
one of the groups of this order, the Curassows, fowl-like
birds of tropical America, is that they build a nest in a tree
and lay two eggs only. The curious Hoatzin, with claws in
the wing-fingers of the young, is included here as an aber-
rant branch. All the living fowls are land birds, but some
have traces of a web between the toes.
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The crane-like birds (Gruiformes) are poorly repre-
sented in North Mmerica, but inslude a few cranes and
rails. One, the Whooping Crane, is now nearly extinct,
though formerly common. An inferesting but small point
of difference between herons and cranes is that, although
both are long-legged and long-necked, the herons, in flying,
curl the long neck in an S-shape with the head drawn back
near the shoulderg, but the cranes and rails hold it stretched
out in front. In the structure of palate (schizognathous)
and nostrils (slit-like) they differ anatomically from herons.
The young are pracocial.

A most interesting group of water birds is that contain-
ing the plover-like species (Charadriiformes). They illus-
trate very well what Osborn has called “adaptive radia-
tion"; that is, various members of the group have taken
up differing ways of life and become somewhat changed in
consequence. Huxley believed the true plovers (e. g., our
Golden Plover) were the most generalized of the group.
They are closely related to the sandpipers and snipes in
one direction, and to gulls and terns in another, the one
group being thus adapted for marsh and shore life, the
other to a different life along coasts or lakes, while a third
branch includes the auks, guillemots and puffins, with their
peculiar upright posture and diving habits. In another di-
rection still thd plover-type seems to lead to the pigeons,
which may therefore be thought of as water birds that have
taken up land habits. Traces of this former state are
seen perhaps in some of their traits, such as the readiness
with which they wade into water to bathe, sometimes even
alighting on the surface of deep water. They also delight
to lie or stand in quiet groups after feeding, just as gulls
do. There is a curious group of Old-World birds, called
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sand-grouse, which in many ways indicate the transition
from plovers to pigeons. They have sémewhat the habits
of quail, but are active by night.

There is an interesting point about the birds of all these
orders of Neornithes so far mentioned, which is that they
are walkers or runners, moving the legs alternately, and
holding them out behind as they fly. Though some of
them, (such as pigeons, hawks, and herons) may perch freely
in trees, they are nevertheless typically ground birds and in
this respect differ widely from the Passeriformes, or great
order of perching birds which typically are twig-hoppers
that jump from perch to perch, seizing it with both feet,
and in flight holding the feet forward against the breast.
The feet of these birds have four strong toes for grasping
whereas in many of the walking types of birds the hind toe
is reduced in size so as to be in some cases nearly function-
less, or it has altogether disappeared. [ believe this differ-
ence is a very ancient one. The oldest known bird, Arch-
eopteryx, has a typical perching foot, and I have not the
slightest doubt that there existed at the same time other
birds with a walking type of foot. The two types un-
doubtedly go back an immense distance in time. Where
passerine birds have taken again to ground habits, they
have learned to walk or run, but this is probably a second-
ary adaptation, The larks are walkers, sothe of the spar-
rows run well, while others both hop or run, as the Robin
that runs on comfortable flat surfaces, but hops if there is
grass. This order, Passeriformes, includes most of the
sparrow-, wren-, warbler-, and thrush-like birds, and con-
tains over a third of the living species, approximately seven
thousand in number. It is divided for convenience into
about 65 families, but the general agreement in important
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characters is relatively close. As Gadow says, thg chief
structural difference between a Chickadee and a Crow is in
size. This group of birds is usually considered the most
specialized. They are chiefly of small or medium size, and
the primaries are reduced to cither ten or nine, while their
syrinx has a more complex muscle system than in most other
orders of birds. They include therefore the best singing
birds, though in many the song is relatively simple or, as
in the Crow, hardly developed. Yet even the Crow has
many different modulations of his characteristic caw.

There are two other,large and varied groups of land
birds which are in many respects more primitive though per-
haps not distantly related to the sparrow-like birds, namely
the cuckoo-like birds (Cuculiformes) and the roller-like
birds (Coraciiformes). The cuckoo tribe have a yoke-
toed foot (two toes in front, two behind) and with them
are now included the parrots, which evidently were sep-
arated long ago, for no living links are known. Their re-
mains are found fossil in Miocene deposits in France. The
rollers are Old-World birds, but they are related to the
kingfishers, swifts, hummingbirds, woodpeckers, and goat-
suckers. Most of us are not in the habit of thinking of
owls as related to nighthawks and whippoorwills, but their
place is really here rather than near the hawks with which
they were formerly associated. A superficial point of re-
semblance is the fact that nearly all these birds lay white
eggs, and most owls are, like the goatsuckers, night birds.
The beautiful little bee-eaters surprise one by nesting in
holes in a bank, like kingfishers.

While birds of both the cuckoo and the roller tribes
are quite at home in trees, they are not active twig-hoppers.
Parrots climb about in the branches by means of feet and
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bill, wgodpeckers hitch themselves jerkily up the trunks or
even hop rather clumsily on the ground,” but most of these
birds flit from spot to spot rather than walk, hop, or run.
Their feet are often small and weak as in swifts and hum-
mingbirds. It would be interesting to know how the feet
are held in all these birds while flying. I am certain that
in some cuckoos they are stretched behind, and this is the
case also in owls. The legs ase so short in others of these
two groups that it is a point dificult to be certain of.
Probably the primitive method of holding them out be-
hind largely obtains however. :

By way of convenient summary, the orders of birds are
given again below, arranged in general beginning with the
least specialized and ending with those that seem farthest
from the original stock. This is the arrangement adopted
by Knowlton and Ridgway (1909).

Crass Aves.

Subclass [—ARCH/EORNITHES ..... Archzopteryx
Subclass 1I—NEORNITHES ........ :
Order 1.—Hesperornithiformes . . Hesperornis
Order 2.—Ichthyornithiformes . . Ichthyornis

Order 3.—Struthioniformes .... True ostriches (Africa,
India, fossil)

Order 4.—Rheiformes ......... South Asnerican rheas

Order 5.—Casuariiformes ...... Cassowaries and emus

Order 6.—Crypturiformes ..... . tinamous {South Ameri-
can)

Order 7. —Dinornithiformes ....moas (New Zealand ; ex-
tinct)

Order 8.—/Fpyornithiformes. . . . giant-birds (Madagascar;
extinct )

Order g.—Apterygiformes .. ... kiwi (New Zealand)
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Order 10.—Sphenisciformes .. ... penguins {suu.thcrn
' . oceans)
Order 11.—Colymbiformes ...... loons and grebes (mainly

northern hemisphere)
Order 12—Procellariiformes . ... petrels, albatrosses (pela-

gic)

Order 13.—Ciconiiformes ....... cormorants, pelicans, her-
ons, storks, flamingos

Order l4.—'ﬁ|‘l$:‘fﬁﬂﬂﬂ!‘!‘ _______ SCreamers {Suuth Ameri-
ca): swans, geese,
ducks

Order 15.—Falconiformes ....... vultures, hawks, cagles

Order 16—Galliformes ........ fowls, hoatzin, hemipodes

Order 17.—Gruiformes ......... cranes, rails, bustards

Order 18.—Charadriiformes ..... plovers, shore birds, jaca-
nas, sand-grouse, pi-
geons

Order 19.—Cuculiformes ....... cuckoos and parrots

Order 20—Coraciiformes . ..... rollers, kingfishers, owls,

goatsuckers, humming-
birds, swifts, wood-

peckers
Order 21.—Passeriformes ....... flycatchers, larks, thrush-

es, wrens, swallows,
crows, warblers, finch-
[

L

In closing these brief outlines of certain general matters
relating to birds, I wish to call attention again to the evo-
lutionary viewpoint from which they have been treated.
There i1s much discussion at the present day concerning
“evolution” by persons having the most superficial knowl-
edge of what it implies. To many it means merely that
“men came from monkeys,” an indignity that seems too
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great to be borne; so that certain of our eminent country-
men have been led into making open watfare agamst what
they call “evolution,” believing that such doctrine is false
and agnostic. Few laymen, however, have the slightest
knowledge of the vast and illuminating discoveries made by
skilled and devoted men within the last fifty years. It is
now as firmly established as any of our knowledge that
throughout the period during which life hgs existed on this
globe, there have been growth and development, progress
from stage to stage through the generations of living be-
ings that have gone before. For progress comes with ef-
fort, stagnation with ease, and atrophy from disuse. Evo-
lution, far from being the fallacy that some would have us
believe, is really the most hopeful thing I can think of in our
existence.

THE END
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Age attained by birds, 18g »
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Albatross, 141, 170, 190; food, 123
Laysan, 254, 265
Aldrovandus, 23, 24
Alericial birds, 189
Amazonian Parrot, age of, 187
American Merganser, 156, 217
Anarfiynchus, %o
Ancestors of birds, 119
Ani, 251
Anseriformes, 314, 319
Antarctic Skua, 200
Ant Thrush, 119
Ants as food for birds, 118
Apple tree attracting birds, 162
Apteria, 46
Apterygiformes, 118
Apteryx, 84, 93, 96, 227, ag, 313,
113, 318; nostrils, 84; wing, 100
apus, Cyprelus, 287
Archeopteryx, 130, 137, 140, 240,
312, 316, 318 pelvis, 95; ribs, 99
Archeornithes, gra, 318
Arctic fauna, 159
Arctic Tern, 152; migration, 279, 283
Three-toed Woodpecker, g1
Ardea cinerea, 296
argentatus, Larus, see Herring Gull
Art, birds and, 6
Artamus, 270
ater, Parus, 28q
Audubon, J. I, 33; his collection, 28
Audubon’s Warbler, 177
=y

Auk, Great, 112, 154, 177, 279
Little, 12
Razor-hilled, 177
Auspices, derivation, 1
Awakening of birds, 221

BansLing THrUsSH, 208
Bachman's Sparrow, 177
Background patterns, 67
badius, Molothrus, 205
Baird, 8. F., 28
Bald Eagle, 107, 171, 199
Baltimore Uri:r!. 177
Rarh, 47
Barbet, 259
Black-throated, 206
Pied, 206
Barbules, 47
Barn Owl, 226; diet, 115
Swallow, 42; roosts, 271
Barred Owl, 226; fish-eater, 108
Bartram, John, 26
Basisphenoid, g2
Bat Parakeet, 274
Bay-breasted Warbler, 176
Bay-winged Cowbird, 204
Bee-eater, Nubian, 271
Belonius, 23, 24, 25
ngi:t's Swan, 172
Bill, plates of sheath, 83; shedding
of sheath, 84
Bills of birds, 78
Bird-banding, 280
Bird-skins, oldest, 26
Birds and art, 6
Birds and forests, 166
Birds and forest succession, 162
Birds and insect pests, 5
Birds as food, g, 10
Rirds, Human relations with, 1
Birds of Paradise, g8
Bittern, 67; display of, 73
Least, 157
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Black and White Warbler, 116

Black and Yellow Oriole, 197

Black Cuckoo, 207 .
Duck, sleeping, 265; vision of, 217
Guilfcmu, 177
Tern, 156
Vulture, 228

nglh. -E
Blackbird, European, 187, 214, 290
Red-winged, 54, 77, 157, 196, 255,

295

Ye -headed, 157
Black-backed Courser, 192

Gull, 186
Black-bellied Plover, 156
Black-breasted Plover, 294
Blackburn, Mrs. Annn, 26
Blackburnian Warbler, 26, 68, 176
Black-collared Barbet, 206
Black-crowned Night Heron, 8o, 286,

205
Black-headed Duck, 203
Gull, migration, 281
Black-poll Warbler, 145, 176, 278
Black-throated Blue Warbler, 74, 177,
Gray Warbler, 177
Green Warbler, 68, 144, 160, 163
Blue Jay, 44, 163
Blue-win, Warbler, 146
Boatbill Heron, 8o .
Bobolink, 54, 70, 77, 255; migration,
278; spread of, 143
Bonaparte, Prince, 32
Booby, 180; sleep of, 264
Brown, 110, 155, 199
Boreal zone, 158
Boston Museum, 28
Box elder attracting birds, 1612
Breasthone, 96
Bronchus, 252
Bronzed Grackle, 64, 255,
roosts, 268
Brown Beoby, t1o, 155, 199
Creeper, 143, 158; roosting, 273
Owl, 226
Pelican, 195, 198; sleeping, 264
Thrasher, 163, 164
Browne, Sir Thomas, 22
Brush Turkey, 53, 133, 191
Bulfinch, 289
Bunting, Snow, 54
Bush-shrikes, song of, 256

-

255,

INDEX .

Canapa Goose, 218, 295

{;,v. 143, 145

arbler, 158, 163

Cannon-bone, go

Canvas-back, 122, 152; parasitized,
202

Cnlg: May Warbler, 68
Igﬂm‘tr

1
Verde [J:nd:. seabirds of, 154
Cardinal, 146; age of, 187; incuba-
tion, 190
Cariama, 135
s Carinate, 97 .
Carolina Rail, 247
Cassicus, 203
Casnidiz oryziverus, 205
persicus, 205
Cassin, John, 32
Cassique, 197
Cassowary, 18, 149, 190, 313, 318;

€ 179
Casvariifformes, 318
Catbird, 164

Cateshy, M., 29

Causes of migration, 292

Cedarbird, 249; eating snow, 125

Cedars spread by birds, 16

Changes in distribution, 1

Charadriiformes, 315, 319

Chat, Yellow-breasted, 146

Chestnut-sided Warbler, &7, 74, 143

Chewink, &g, 163, 164 "

Chi:k;du, 74, 143, 273; destruction
of, 37

l.".‘l:innmqr3 Swift, 43, 259; roosts, 269

Chinese Goose, 16

Chipping Sparrow, 162, 259; age of,
186

Chrytococcyx, 208
Ciconiiformes, a4, 319
cinerea, Ardea, 286
Clapper Rail, 157
Clarke's Nutcracker, 119
Classification, o5, 10
Claws of birds, 38

Cliff Swallow, 196
Climate and evolution, 146
Coal Tit, 208

Coceystes, 208

Cock nests, 274

Cockatoo, Sulphur-crested, 187
Collared Dove, age “fr ]l?
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Collections of birds, 23
Colors of birds, s&; of eggs, 177;
concealing, 63; uses, 5.I
Columbus, bil!:ﬂi iet-n by, 3
Columella, 224
Colymbiformes, 313, 319
Common Heron of Europe, 286
Stork, 254
Swift, 287
Tern, 152, 154, 283 ; migration, 282
Wren, 275
Concealing colors, 63
Condor, 292 age, 139 ; scent in, 22%
Congoe rain lmeu, 159
Connecticut Warbler, 278
Contour feathers, 19
Coot, 156, 201; diving of, 1112
Coraciiformes, 317, 319 .
Coracoids, 99
Cormorants and fish, rry; trained, 11
Cormorant, Harris's, 154
Peruvian, 113
Coscoroba, 203
Catingin, 62
Countershading, &5
Courser, Black-backed, 192
Coverts, 39
Cowbird, 204, 215, 55
Bay-winged, 204
Screaming, 205
Crane, European, 277
Whooping, 115
Creeper, Brown, 141, 158, 273
Crested Grebe, 172
Tree-swift, 270
Crop, 86
Crossbill, 145, 296; migration, 3ag1
Crotophaga, 253
Crow, 144, 163, 22, 253, 316
Crypturiformes, 318
Cuckoo, 164; parasitic habits, 207,
208, 213
Black, 207
Golden, 208
Klaas's, 208
Red-chested, 207
Spurred, 208
Yellow-billed, 145
Cuculiformes, 317, 319
Cuculus gularis, 207
Curassow, 314

Curlew, 8o
Eskimo, g4, 278 .
CypsMluy apug, 287

DeaTH rate of birds, 182, 183
Desgrr fauna, 159
Quail, 160
Desmognathous palate, 94
Diastataxis, 40
Diatryma, 130, 135
Dickeissel, 163
Didus ineptus, 133
Digestion of birds, 86
Dinornis, 134
nlmmlthlfumu, 318
Dinosaurs, 139
Dipper, 111, 156
Display, 73
Flight, 251
Distant orientation, 303
Distribution of birds, 141
Diving habits of ducks, 110
Petrel, 170
Dodo, 26, 133
Domestication, 12
Double eggs, 173
Dove, 212
Collared, 187
Ring, 233, 238
Mourning, 145, 182, 293
Dovekie, 177; food of, 124
Down, 45
anny Woodpecker, 167, j309; roost-

.'Jrrpanorz}-ﬂrh:, fa
Drink of birds, 124
Drumlogu-rhuua palate, 93
Drongo, 206
Duck, Black, 217; sleeping, 265
Black-headed, 203
Lesser Scaup, 202
Muscovy, 15
Pintail, 284
Rosy-hilled, 204
de. 255
Torrent, 156
Wood, 67, 202, 307, 308
Duck Hawk, 11, 287
Ducks as food, 10; destruction of, 10;
diving, 110; domestication, 14;
moult, g6; parasitism, 201;
scent in, 232
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EacLe, Bald, 107, 171, 199 Finch, Sharp-tailed, 67
Fish, by First nuptial plumage, 54
Gaolden, j06 . Winter plumage, s4

Ecdysis,

Eclipse pﬁmage, 56

Ecological relations of birds, 150

Ecology, 150

Eggs of birds, 172; number laid,
179; shapes of, 174

Egg-shape and vigor, 176
ptian bird figures, 8

Eider, 122, 190

Emperor Penguin, 193; sleeping, 264

Emu, 38, 93, 96, 190; egg of, 179;
wing, 1ot

English Sparrow, 190; turkey and, 18

Environment, types of, 151

Eskimo Curlew, 4, 278

Eudynamis, 207

Eulabes, 207

Eumelanin, 59

European Blackbird, 187, 214, 290

Swallow, 287
Woodcock, 284
Eutaxis, 4o
Ev:ni:g Grosbeak, 296; box elder
and, 160

Evolution, climate and, 146

Eye mask, 69
Eyes of birds, a1y

FavcosiFormEs, 314, 318
Falconry, 11

Fear, 237

Feather structure, 35, 47
Feather-tracts, 46

Feeding of young, 237

Feet of birds, 87

Femoral tract, 47

Femur, 89, 50

Ferrante Imperato, coMection of, 25
Fibula, go

Field Sparrow, 146, 164, 259
Filoplumes, 48

Fish Eagle, 107
Hawk, 171; fibula, 90
Fish-catching by birds, o8
Fish-ecaters, economic value of, 112
Fish-eating birds, 1oy
Flamingn, 292; early figures, 6;
sleeping, 264
Flicker, 146, 212; ant diet, 119; eggs,
. I79; roostng, 74
Flight, 290 *
Flightlessness, 153
Flock formations, 249
Flycatcher, Least, 146
Scissor-tailed, 42, 205
Food wf birds, 106
Foot of birds, 88, 8g
Forest fires, effect of, 164
Forest, relation of birds te, 160; suc-
cession, 163
Fork-tailed Petrel, 185
Fossils, preservation of, ray
Fowls, Barnyard or Domestic, 13,
219; breastbone, 97; early uses,

15
Jungle, 14
Fox Sparrow, 89, 177
Franklin's Gull, r56; monument to, 5
Fresh-water habitat, 153
Frigate-bird, 42, 101
Frizch, experiment with
280
Fro th, 2
Fulica, 111 2
Furcula, 100
fuscus, Larus, a8y

swallows,

Gapwar, 202 *
Galliformes, 314, 319
Gallus bankiva, 14
gallus, 14
sommerafi,
Gannet, 18o;
Booby, 110
Geese as food, 10; destruction of,
1o; early figures, 6; sacred to
Juno, 2
Geologic periods, 190
Grospiza, bills of, &1
Greranoadfus, 131

shing, 109
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Gesner, Conrad, 23, 24
Giant Kinghsher, 108
Giant-bird, 133, 149, 313, 318
Giantism, 134
Gizzard, 86
Giodwit, 8o
Golden Cuckono, 208
Eagle, 306
Plover, 4, 247, 248, 303, 315; mi-
ation, 278
Golden-checked Warbler, 177
Golden-crowned Ki.ngl-ﬂ 142
Golden-eye, 202
Golden-winged Warbler, 196
Goldfinch, Eurnpean, 289
Goose, migration, 284
Canada, 218, 295
Chinese, 16 '
Domesticated 16; age, 186
Embden, 16
Gray-lag, 16, 282
Spur-winged, 102
Goshawk, 11
Grackle, Bronzed, 64, 255, 268, 295
Grass patterns, 67
Grasshopper Sparrow, 146, 177
Gray Parrot, age of, 187
Gray-crowned Leucosticte, 272
Giray- Ini joose, 16, 281
Great Auk, 86, 113, 1354, 177; mi-
gration, 279
Blue Heron, 177
Gray Owl, 135
Hormed Owl, 1of, 242; ecarly fig-
ures, 7, 8, 22
Tit, a8y
Great-crest, 196
Greater Yellowlegs, 16y, 169
Grebe, Crested, 172; display, 254
Pucd-hulled 112
Green Sandpiper, 194, 213
Green-winged Teal, 302
Grosbeak, Evening, r6o, 296
Pine, 55, 143, 145, 291, 296
Rose-breasted, g5, 76, 187
Grouse, Red, 172
Ruffed, 35, 64, 123, 255, 372; egpEs,
179
Sand, 160
Spruce, 123
Gruiformes, 315, 319
Guano from birds, 113

Guillemot, Black, 177
Pigeon, 183, 193 .
Guirfea Fowl, 17, 19
Gull, Black-backed, 186
Black-headed, 281
Franklin's, 5, 156
Herring, 119, 167, 195, 198, 243,
246, 251, 262, 383
Kittiwake, 183
Laughing, 119, 198
Lesser Black-backed, 167, 283
Little, 172
Robber, 193, 199
Skua, 179, 200
Gull “Dick,” 185
Gulls as scavengers, 114

Hamy Wooorecker, 7o, 167, 309;
roosting, 274

Haleyon, 22

Hammerhead Stork, 196

Hamulus, 48

Hang-nest, 205

Harpy Eagle, 124

Harris's Cormorant, 154

Haw-finch, 161

Hawk, Duck, 11, 287
Fish, 171
Pigeon, 145
Red-shouldered, 6o, 145, 146
Red-tailed, 145, 146
Rough-legged, 243, 287
Sharp-shinned, 70, 77, 144, 145, 242
Sparrow, 145

Hawk Owl, 145

Hawks, diet of, 115

Hearing in birds, 223

Heath-hen, 29

Hedge Sparrow, 208, 209

Height of birds' fight, 246

Hen, 236

Henslow's Sparrow, 177

Hermit Thrush, 259; hearing of, 227
Warbler, 177

Heron, Black-crowned Night, 8o, 286,

195
Boatbill, 8o
Common European, 286
Great Blue, 177
Ward's, 177



332

Herring Gull, 119, 167, 185, 195, 198,

243, 46, agr, 262, 283
Hﬂpﬂgrﬂl,lxsn. 136, 154, 322¥ 318
Hesperornithiformes, 318
Heteranetta, 203

Hoatzin, 1oz, 114 =
Hoba, sor
Hodge, homing experiments of, 299

Hole-nesting birds, 196
Homing instinct, 297
Honey Guide, 120
Lesser, 206, 207
%P-rmuml’:. 206
ellow-throated, 206
Hooded Merganser, 202
Warbler, 146
Horn-bill, 125; nest, 194
Horned Lark, 44, 54; subspecies, 309
House Martin, 287
Sparrow, 20, 54, 57, 150, 320, 259,
28g; roosts, 269
Wren, 275, 287
Huia, 81, 116
Humeral tract, 47
Humerus, ror
Hummingbirds, bills of, 82

Ins, o

Ichthyornis, 130, 136, 112, 318

Ichthyornithiformes, 318

Incubation period, 1g9o

Indian Kite, 06
Swallow-shrike, ajyo

Indigo-bird, 5%, 216, 2359

ineptus, Didus, 133

Insects and birds, 5; as food, 126

Intergradation, jro

Intestine, coiling of, 86

Iridescent colors, 61

Island species, 143

fa;nu.u, toes of, 8g
ackdaw, 248
Jaeger, 199
Jay, 214
Blue, 44, 163
Canada, 143, 145
ohnstonus, 23
unco, 72, 145, 176
ungle-fowl, 255
uvenal plumage, 53

INDEX, -

King Ram, 157
Yulture, conventionalized heads, 8§
Kinghird, 146, 162, 196, 251, 259
Kingfisher, 22
Giant, rof
Kinglet, Golden-crowned, 14z
Kite, ao3, 216
Kittiwake Gull, 183
Kiwi, B84, 118; scent
231, See A preryx.
Klaas's Cuckoo, 208
Koel, 207
L]

in, azj,

LAMMERGEIER, 248
Lampornis, 82
Lampronessa sponsa, o8
Land birds, distribution of, 158
Land ®nvironments, 158
Lapwing, 247, 248
Lark, Horned, 44, 54, 309
Larus argentatus, see Herring Gull
fuscus, a8y
ridibandus, 281
Lavghing Gull, 119, 198
Laysan Albatross, 156, 254, 265
Least Bittern, 157
Flyeatcher, 146
Sandpiper, &, Iaii
Legs, position in flight, 241; use of,
116
Lesser Black-backed Gull, 167, 283
Honey Guide, 206, 207
Seaup Duck, 202
Yellowlegs, 167, 169
Leucosticte, Gray-crowned, 272
Life histories, 234
Limpkin, 203
Lincoln's Sparrow, 177
Linnxus, 306
Lipochromes, 59
Little Auk, 124
Gull, x72
Lizard-tailed bird, 137
afpferyx.
Long-billed Marsh Wren, 157, 275
Long-eared Owl, 44
Longevity of birds, 187, 188
Loon, 156, r8o; eggs, 179
Loriculus, 274
Louisiana Water-thrush, 177

See Archa-
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M, derivation of, o
maccormicki, Megalestris, 179
Magnolia Warbler, 160
Magpie, 143
major, Parus, 285 i
Mallard, 15, 202; display, 254; mi-
gration, 283
Man-o’-War Bird, 199
Marabou, 243
Maritime birds, 152
Marsh Wren, 146
Martin, House, 287
Maya figures of birds, 6, 7, 8, 9, 22
Meadow Pipit, 208, 209, 211
Meadowlark, 255
Megalestris maccormicki, 179
Megapodes, 191
Melanins, 59 '
Melittophaga, 271
Merganser, 108
American, 156, 217
Hooded, 202
Merops nubicus, 271
merwla, Turdus, 290
Metacarpals, 102
Metatarsals, Eg
Metopidiug, radius of, 101
Migration, 277; causes, 293; wverti-
cal, 292
Migratory Quail, 3
Mimetic coloration, 64
Mimicry, 64
Missel Thrush, 165, 214
Mistletoe and birds, 165
Mon, 134, 149, 313, 318
Mucting%ird, 146, 258, 293
Molothrur badius, 205
ﬂnTnmm in ewltitlnn. 74
onkey-eating Eagle, 124
Mother Cary's Ch.g.lhhn, 170
Motmot, 48

Moulting,
Mourning gnw. 145, 182, 203

Mouse-bird, 271

Muscovy Duck, 15

Museums, modern, 27

Myna, a"l:‘rz

Myrtle Warbler, 121, 145, 176

NataL down, 53
Neomorpha, 81. See Huia

Neornithes, 312, 318
Nests, 172, 190 .
Niglahawk, 64, 65, 72, 88, 178, 251,

2

Night?:r. Pennant-winged, 45

Nﬂd_djr Tern, 155, 198, 263, go1

Nomenclature, 305

Northern Water-thrush, 177

Nubian Bee-eater, 271

nubicur, Merops, 271

Number of bird species, 29

Nutcracker, Clarke's, 119
European, 288

Nuthatch, migration, a8g
Red-breasted, 143, 158

Nuttall, Thomas, 30

Nycticorax mycticorax, 286

OsriTeraTive shading, 65
ockraopus, Totasmus, 214
Qil-bard, 253, 204
Olive Woodpecker, 206
Orange-crowned Warbler, 278
Orchard Oriole, 146, 177
Orders of birds, 318
Crientation, 303
Origin of birds, 126
Oriole, ass
Baltimore, 177
Black and Yellow, 197
Orchard, 146, 177
erygivorus, Cassidiz, 305
Osprey, 107, 198
Catinops, 20§
Outrich, 19, 20, 46, 76, 83, 141, 190,
E:;, 313, 118; age, 188; breast-
ne, g7: coracoid, 1o00; foot,
88; hand bones, 102; pelvis, 95;
sternum, §6; syrinx, 251
Ovaries, doub?t, in birds, 172
Owvenbird, 196
Ovulation, stimulus to, 213
Owl, 21, 22; foot, 88
Barn, r1s, 226
Barred, 108, 226
Brown, 226
Eagle, 237
Great Gray, 145
Great Horned, 7, 8, 22, 108, 242
Hawk, 145
Horned, o
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Long-eared,
Saw-whet, :41:
gcrmh, 44, 267 .
nowy, 14
Tengmnhngh 226
Owl broth, 21
Owls, diet of, 115; hearing of, 226
Oystercaicher, 81

Paciric Golden Plover, 279
Parakeet, Bat, 274
Parallel evolution, 75
Parasite, 198
Parasites of insects, 117
Parasitic birds, 198
Parasitism, origin of, 212
Paris Basin, fossils in, 134
Museum, 27
Parrot, Amazonian, 187
Gray, 187
Parrots, hearing of, 224
Partridge, 28
Parula lr'h er, 68
Parus akr.!ﬂp
or, 2
mi‘:u, Tro;n‘un‘;.rr.r, 275
assenger Pigeon, 130
Passeri 116, 319
Peacock, 19, 42; fan of, 44
Peale, Titian, 32
Peale's Museum, 28
Pecten, lsua
Pectoral Sandpiper, 66, 156
Peewee, WMJJ,, 196, 259
Pellgﬁ birds, 152
Pelican, age of, 187; flight, 250
Brown, 195, 198; sleeping, 264
White, 84
.Pr.!'lr.u:ndu, Ir
Pelvic wing, 242
Pelvis, 94
Penguin, 4, 5, 46, 153, 280, 313, 318
élie, 180, 200
Emperor, 193, 264
Penguins and Ruskin, 5; destrue-
tion of, 5
P:nnl.nt-ﬂinged Nightjar, 45
Peregrine, 11
ersicus, Cassidix, 205
enpccurn markings, 66
Peruvian Cormorant, 113
Pessulus, 252

INDEX

Petrel, Diving, 170
Fork-tailed, 183
Wilson's, 170, 279

Pezophaps, 133

Pheomelanin, 5

Phalaropes’ colors, 75

Pheasant, 287; hearing, 224; sleep-

ing, 262
Reeves's, 49, 73

Phebe, 1

Pied Barbet, 206

Pied Wagtail, 208

wied-billed Grebe, 112

Pigeon, 12, 20, 74, 180, 181, 219, 216,

238, 241, 243, 260, 299, 315; food,
123; homing faculty, 298, j00;
reaction to sound, 225

Cape, 170

Passenger, 1o

Wood, 214

Pi Guillemot, 183, 193

awk, 14 Ii

Plgﬁm: milk, 86, 123

P:fm:mn of f:a:heu, 58

Pileated Woodpecker, 44, 118, 163

Pine Grosbeak, 55, 143, 145, 291, 296
Siskin eating snow, 128
Warbler, 146

Pine-creeping Warbler, 68, 144, 160,

16y, 176

Pine-woods Sparrow, 177

Pintail Duck, 3o07: migration, 284

Piping Plover, 156

Pipit, Meadow, 208, 209, 211

Piita, 41.

Pliny,

Pluver Blacké-clhcd 156, 254
Golden, 4, 247, 248, 278, 303, 315
Pacific Golden, 279
Piping, 156 .

Semipalmated, 68
Stone, g
Wrybill, 8o

Pneumatic foramen, ror

Pochard, zox

Powder-downs, 49

Precocial birds, 18g

Prairie Chicken, decrease of, 11
Warbler, 68, 146, 293

Primaries, 39

Prinea, 208

Pro-Aves, 140
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Procellariiformes, 169, 313, 319
Proximate orientation, jo3
Prarmigan, 145, 159
Pteranodon, 240

Pte id bones, g2

Pre , 46

Prerylosis, 46

Ptilopin, 62

Pseudosuchians, 139

Puthn, 84, 193

Pygidium, 96

QuanL, 64, 273; eges, 79
Desert, 160

RApiuUs, 47, 101
Rafinesque, Charles, 32
Rail, Carolina, agy ¥
Clapper, 157
King, 157
Sora, 157
Virginia, 157, 236
Ramus, 47
Rancho la Brea, fossil birds of, 130
Rapid peering, 223
Ratite, 97
Raven, 21, 232; age, 187; broth, 21

Ray,

Ra{n:tilled Auk, 177

Rectrices, 39

Red Gruuu,ﬁ?z

Red-bellied Woodpecker, 145

Redbreast, Robin, 290

Red-breasted Nuthaich, 143, 158

Red-chested Cutkoo, 207

Red-eyed Vireo, 144; sleeping, 266

Redhead, 122, 152; parasitized, 202

Eedpoll, 145, 296; migration, 391

Red-shouldered Hawk, 60, 145, 146

Red-tailed Hawk, 1Yz, 146

Red-winged Blackbird, 54, 77, 157,
196, 255, 295

Rzeeves's Pheasant, 44, 73

Regulus, 6o

Remiges, 10

Rest of birds, 260

Rhachis, 37

Rhamphocelus brasiliensis, 24

Rhamphaotheca, 83

Rhea, 38, 313, 318

Rheiiformes, 318

Ribs of bhirds, 99

ridibundus, Larus, 281

Ring Dove, 238; scent in, LT

Robher Gull, 153, 199

Rohin, s2, 162, 165, 2231, 249, 259,
295, 316; age, 186, 187; roosts,
266; trees spread by, 165

Robin Redbreast, 290

Rook, 247, 248

Rose-breasted Grosbeak, ss, 76, 187

Rosy-billed Duck, 203

Rough-legged Hawk, 243, 287

Ruddy Duck, 202, 295

Ruffed Grouse, 35, 64, 123, 255, 272;
eRRS, 179

Ruptive patterns, 68

Ruskin and penguins, 5

Samp Grouse, 160
Sandpiper, Green, 194, 213
Least, 66, 156
Pectoral, 66, 156
Semipalmated, 156, 214
Solitary, 194, 214
Spotted, 255
White-rumped, 156
Sandpipers, flocks of, 250
Sandwich Tern, 283
Sanitation, 237
Savanna Sparrow, 74, 177
Saw-whet Owl, 145
Scapula, 100
Scarlet Tanager, g1, 144
Scaup, 152
Schizognathous palate, g4
Scissor-tailed Flycarcher, 42, 205
Secoter, 122
White-winged, 20z
Screamer, 46, 99
Spur-winged, 207
Screaming Cowbird, 20g
Screech Owl, 44, 267
Sea Eagle, 107
Sea-birds, distribution of, 154 ; drink-
ing, 125; number of eggs, 183
Seaside Sparrow, 146, 157, 177
Secondaries, dgg
Secretary-bird, fossil in  France,

134
Seeds sown by birds, 16g
Selection, sexual, 75
Semipalmated Plover, 68
Sandpiper, 156, 234
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Senses of birds, 216
Sexual dferences in aize, 170
Selection, 75 -
Shading, obliterative, 65
Shapes of e 174
Sharp-shinned Hawk, 11, 70, 77, 1444
45, 242
Sh:‘f—niled Finch, 67, 157
Sheldrakes as watchdogs, 2
Shore environment, 156
Short-billed Marsh Wren, 157
Sight of birds, 217
Siskin, 145
Size diversity in Tubinares, 169
Relations of birds, 167
Skua, Antarctic, 200
Gull, 179, 200
Skull of birds, 91, 92, 93
Skylark, 289
Sloane, collection of Sir H,, 26
Smell in birds, 227
Smithson, James, 27
Smithsonian Institution, 27
Bnipe, 66, 67, Ra
Snow Bunting, 54
Snowy Owl, 143
Soaring, 243
Social nesting, 197
Solitary Sandpiper, 194, 214
Song, origin of, 253 use of, 257, 258
Sﬂni Sparrow, &3, 66, 163, 184, 292
Thrush, 187
Sooty Tern, 155, 264, J01
Sora Rail, 157
Sparrmann's Honey Guide, 206
Sparrow, Bachman's, 177
l:l'lipnj'nin[1 162, 186, 259
English, 18, 190
Field, 146, 164, 259
Fox, %9, 177
Grasshopper, 146, 177
Hedge, 208, 209
Henslow's 177
House, 20, 54, 57, 150, 220, 259,
26, 289
Lincoln's, 177
Pine-woods, 177
Savanna, 74, 177
Seaside, 146, 157, 177
Sharp-tailed, 157
Song, 63, 66, 163, 184, 202
Swamp, 67, 157, 163

INDEX .

"!_'l't!. 145, 272, 290
esper, 73, 74
Wh?:e-cru\!mld. 177
White-throated, 63, 145, 177, 196
Sparrow Hawk, 9, 145
Speed of flight, 248
Sphenisciformes, 311, 319
Spinal tract, 46
Spine of birds, g4
sponsa, Lampronessa, 108
Spotted Sandpiper, 259
Spruce Grouse, 123
Spurred Cuckow, 208
Spur-winged Goose, 102
Screamer, 203
Squid eaten by birds, 123
Starling, 64, 248, 268 ; migration, 288,
291, 265
Kteatornis, 253
Steganura, 41
Sternum, gé
Stimulus to ovelation, arz
Stone Plover, ¢
Stones swallowed by birds, 112
Stork, Adjutant, 2413
Commaon, 2, 254. See White Stork
Hammerhead, 196
White, migration, 285
Striped patterns, y2
Struthioniformes, 309, 319
Subspecies, 309
Sulphur-crested Cockatoo, 187
Sunbirds, bills of, 82
Swallow, 311; roosts, 271
Barn, 43, a7
Cliff, 196
European, 287
Tree, 54, 106
White-bellied, 12
White-throated p 206
Woaood, .tly
Swallow-shrike, Indian, 270
Swamp environment, 157
Swamp Sparrow, 67, 157, 163
Swan, age of, 186; sleeping, a2ég;
SODE, 20
Bewick's, 172
Swift, 87; food of, 222
Chimney, 42, 251, 269, 287
Symbiosis, 2
Syrinx, 252
Systema Nature, jo7
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Taste in birds, 233
Tail-coverts, variation in, 19
Tail-feathers, medifications in, 42
Tanager, Scarlet, 51, 144
Tarsals, go
Tarsus, 8g
Teal, 283

Green-winged, 203
Teeth in birds, 136
Temperature of birds, 37
Tengmalm's Owl, 226
Tennessee Warbler, 145

Teratermis, 131 .
Tern, Arctic, 152, 279, 233
Black, 156

Common, 153, 154, 282, aly
Noddy, 155, 198, 26g, jo1

gundwirh. 283 .
ooty, 155, 264, o1
Tttnlu;t bii t, 3;!:“

Territory, asy
"Ferlia:k:. 39
eIraplerys. 242
Thick-knei, g
Thrasher, ﬁrm,, 163, 164
Three-toed Woodpecker, 87, 143,

145

Thrush, Ant, 115

HBabbling, 20f

Hermit, 227, 259

Missel, 165, 214

Song, 187

Wood, 52, 146
Thunder-hird, 32
Tibia, 9o
;id:—hird. 114

inamou, 83, 93, 98, 313, 318
Tit, Coal, 289

Great, 28g
;ilmi:e. 28y '

ongues, 34
Torrent Duck, zg6
Totanur ochropus, 213
Touch in birds, :?1
Townsend's Warbler, 177
Tradescant's Museum, 25
Tree Ducks as watchdogs, 2

Sparrow, 145, 290; roosting, 2732

Swallow, 54, 196
Tree-creeper, roosting, 273
Tree-nesting habit, 195
Tree-swift, Crested, 270

Traogladytes parenlus, 275
Trogon, r41; distribution, 148; foot,
L1

Tropic Bird, 155

Tubinares, 169

Turgein, 62

Turaco, &1

Turdus merula, 290

Turkey, 16, 42
Brush, 53, 133, 192
Wild, 14

Turkey Vulture, 228

Turner, William, 23

Tutelar plumage, 56

Type specimen, 309

Orwa, 101
Uncinate process, 59

VANE, 47

Variegated plum: 67

Vegetahle food of birds, 120

Yentral tract, 47

Vesper Sparrow, 72, 74

Violet pigment, 62

Vireo, d-eyed, 144, 266
Warbling, 259
Yellow-throated, 146

Virginia Rail, 157, 236

Vaice of birds, 252; use of, 248

Vomer, 92

Vulture, scent in, 228
Black, 228
King, figures of, 8, g
Turﬁy. 228

Wactan, Pied, 208
Warbler, Audubon's, 177
Bay-breasted, 196
Black and White, 116
Blackburnian, 26, 68, 176
Black-poll, 176, 278
Black-throated Blue, 74, 177
Black-throated Gray, 177
Black-throated Green, 68, 144, 160,
163
Blue-winged, 146
Canada, 158, 163
Cape May, 68
Chestnut-sided, 67, 74, 143, 161,
164
Connecticut, 278



338

Gaolden-cheeked, 177
Goldem-winged, 196
Hermit, 177 .
ooded, 146
Magnolia, 6o
Myrtle, zan, 145, 176
Orange-crowned, 278
Parula, 68
Pine, 146
Pine-creeping, 68, 144, 160, 164,
176

Pu“irrie. 68, 146, 164, 176, 293
Tennessee, 145
Townsend's, 177
Yellow, 176, 235, 291
Yellow Palm, 176

Warbling Vireo, 259

Ward's Heron, 177

Water environments, 156

Water Ousel, 111

Water-thrush, Louisiana, 177
Morthern, 177

Watson and Lashley, experiments of,

Jo0
Waxwing, Cedar, 125
Weapons of birds, 1oz
Weaver-finch, 43, 249; roosts, 269
Webbed feet, 29
Weight and yolk of eggs, 189
Whippoorwill, g4, 72, 88, 146, 179,
220, 294

White Pelican, 84

Stork, migration, 285
White-bellied Swallow, 121
White-crowned Sparrow, 177
White-rumped Sandpiper, 156
White-throat, 163
White-throated Sparrow,

77, 1

Ew:rhw?‘m
White-winged Scoter, 202
Whaooping Crane, 315
Widgeon, 284
Wild Turkey, 145
Willughby, 24
Wilson, Alexander, 29
Wilson's Black-cap, 145

63, 145,

INDEX

Petrel, 170; migration, 279
Wing-bones, 1o1
Winter Wren, 63, 158, 259
Wood Duck, 67, 202, jo7, 308
Peewee, 196, 259
Pigeon, 214
Swallow, 49
Thrush, g2, 146
Woodeock, 67, 8o, 172, 218
European, 284
Woodpecker, Arctic Three-toed, 291
Downy, 167, 274, 309
Hairy, 70, #67, 274, 309
Olive, 206
Pileated, 44, 118, 168
Red-hellied, 145
Three-toed, 87, 143, 145, 201
Wnnlreckeu, feet of, 87; tongues
of, B¢
Wren, Common, 275
House, zﬁ. a8y
Long-billed Marsh, 157, 275
Marsh, 146
Short-hilled Marsh, 157
Winter, 63, 158, 259
Wren-warhler, 208
Wryhill Plover, 3o
Wydah, Black, 43

Yerrow Palm Warbler, 176
Warbler, 176, 215, 293
Yellow-billed Cuckoo, 145
Yellow-breasted Chat, 146
Yellowlegs, 156
Greater, 167, 169
Lesser, 167, 16
Yellow-headed Blackbird, 157
Yellowthroat, 163
Yellow-throated Jioney Guide, 206
Vireo, 146
Yoke-toed foot, B7
Young, food of, 123

ZoDERYTHRIN, 60
Zotxanthin, 6o
Zygodactyl, 87



Catfalug
0
DOVER BOOKS

BOOKS EXPLAINING SCIENCE

(Nolg: The books listed under this cafe are general introductions, surveys, reviews, and
non-technical expositions of science the interested layman or scientist who wishes
to brush wup. Dover also publishes the largest st of inexpensive.reprints of books on inter-
mediate and higher mathematics, mathematical physics, engineering, chemistry, astronomy,
ete., for the professional mathematician or sclentist. For owr complete Science Catalog,
write Dept. catrr., Dover Publications, Inc., 180 Varick Street, New York 14, H. Y.)

COMCERMING THE MATURE OF THINGS, Sir William- Bragg. Royal Institute Christmas Lectures
by Mobel Lawreate. Excellent plain-language introduction to gases, molecules, crystal struc-
fure, efc. explains ° ud::& biocks™ af mlw,wu basic properties aof mlt:r wilh simplest,
tll-lll-ll Iﬂmﬂ“. demonsirations. 32pp. of pholos; 57" figures. .ZJHI? x B.

31 Plp-utbmmd $1.35

MATTER AND LIGHT, THE NEW PHYSICS, Louis de Brogiie. Won-lechnical explanalions by a
Nobel Laureate of electro- rla];lutln theory, relativity, wave mechanics, guantum ph lil:l,
Ehilulunlﬂ!i of science, etc. Simple i-l accurale sniroduction to work af Planck, T,
instein, other modern physicisis. Omly 2 of 12 chapilers require mathematics,

T35 Paperbound §1.

THE COMMOMN SENSE OF THE EXACT SCIEMCES, W. K. Clifford. For 70 years, Clifford's work

has been acclaimed as one of the clearest, yel most precise introductions 'lh mm'lbﬂl
lism, measurement, surface hm.nd:lrln. position, space, motion, mass

Prefaces by Bertrand Russell and Karl Pearson, Introduction by lames H n 130 fig

248pp. 5% x 8. rhound

THE NATURE OF LIGHT AMD COLOUR IN THE DPEN AIR, M. Minnaert. Whal causes mirages?
haloes? “multiple” suns amd moons? Professor Minnaeri explains these and hundreds of
other fascinating natural optical phepomena in simple terms, fells how to observe them,
suggests hundreds of experimemis. 200 illes; 42 pholos. =i + 36

\ T196 Paperbound $1:85
SPINNING TOPS AMD nmmrn: MOTION, Jahn Classic elementary text on dynamics
rul rotation treats gyrosc tops, how quasi-rigid I! i5 induced in pa dill:i. smake

, chains, ele, hr rlpbu mation, precession, earth's mofion, efc. Con !. mlnr easy-to-
pl experiments. Appendiz on practical uses of gyroscopes. 62 ﬁrw 12Bpp.
16 Plpcmnunl $1.00

A CONCISE HISTORY OF MATHEMATICS, D. Strulk. This lucid, easily followed  history of
mathematics from the Ancient Wear Easl to modérn times reguires no malhemalical back-
:roum itsell, yet introduces bolh mathematicians and laymen fto basic concepts and
iscoveries and the men who made them. Contains & collection of 31 traits of eminent
mathematicians. Blbliography. xix + 299pp. 5% x B, 5 Paperbound $1.75

THE RESTLESS UNIVERSE, Max Born. A remarkably clear, thorough exposition of gases,
electrons, jons, wawes and parlicles, Hlﬂl’{l‘ll:‘ structure of the atom, nuclear physics,
written. for the layman by a Nobel Lawreate. "Much -more thorough and deep than most
atlempts . . . easy and delightful,” CHEMICAL AMD ENGINEERING 5. Inciudes T animated
seguences showing motion of molecules, alpha particles, efc. 11 fl.l“ipll‘l Mates of pholo-
graphs. Total of nearly 800 illus. 315pp. 6Vh x 94, 412 Paperbound $2.00

§ WHAT IS5 SCIENCE?, M. IL The role of uplﬂmurlL the function of mathematics, the
™~ naturs of scientific laws, the limitations of science, and H olher provocative topics
arg explored without technicalities by an eminent scientist. “Still am “aﬂllnl introduction

to scienfific philosophy,” W, Margenau in PHYSICS TODAY. 192 5% x A
! e i 543 Paperbound $1.25
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I.I.It AND FALLACIES IN THE WAME OF SCIENCE, Martin Gardner. The standard account of
the waripus l:ulu quuu.n;ltmt and delusions which have recently masgueraded as sclence:
hollow earth t is, dianetics, Reich's orgone*theory, flying saucers, Bridey Murphy,
Funulu, Irﬂu nosis, many other fascinating fallacies that deluded tens of thousands.
d be r by eweryome, scienlist and non-scienlist alike,” R, T, Birge, Prof. Emeritus,
Univ. n\‘ mlrbrnll Farmer President, American Physical Soclety. Form titled, “In the
Hame of Sclence.” Revised and enlarged edition. x + J65pp. 5% = B,
1394 Paperbound $1.50

'I'Ill STUDY OF THE MISTORY OF ll-lulllllal-ﬂl:! THE STUDY OF THE HISTORY OF SCIENCE,
G. Sarten. Two books bound as one. Both volumes are standard Introductions to their fields

by an emineni science historian, 'I'hatr adiscuss problems of historical research, teaching,
tfalls, other matters of interest to the historically oriented H'I'“Ir teacher, or student.
hawe extensive bibliographies. 10 Hiustrations, 1 , 5% x T2a0 Paperbound $1.25

THE PRINCIFLES OF SCIEMCE, W. 5. Jevons. Unabridged reprinting of a milestone In the
development of symbolic logic and other subjects concerning scientific methodology, proba-
hl\llﬂ' inferential validity, elc. Also describes levoms' “logic machine,” an early precursar

of medern electronic calculators. Preface by E. Nagel. B39pp. 53 x B. 5446 Paperbound $2.88

SCIENCE THEDRY AND MAN, Erwin !ﬂrﬂlhﬁﬂ Chmplete, unabridgdd reprinting of “Science

and the Human Temperament™ Mus an sdditional essay “What is an Elementary Particle?”

Kobel Laursate Schroedinger dl::uuu mn,b::;““ of modern physics from nowvel points

of wiew which provide unusual insights for laymen and |;+I'|;|'II4:|1?=*|\2 13.2 5‘ i‘?lll
pe n

BRIDGES AND THEIR ll.lll.ltl! D. B. Steinman & 8. Watson. Information aboul ancient,
medigval, modern bi huw were bullt; who btillt them; the structural principles

oyed; the materials tl!l_'f are It of; etc. Written by one of the world's leading
a ities om bridge design and construction, New, revised, expanded edition. 23 pholos;
26 line dnmlnll. wil + 401pp. 5% 1 & T43l Paperbound %1.95

HISTORY OF MATHEMATICS, D, E. Smith. Mos! comprehensive non-lechnical history of math
in English. In two volumes. Vol. |1 A chronological examination of the growth af mathe-
matics from primitive concepts up to 1900. Yal. 1l: The development of ideas in specific fields
and areas, up thr elementary calculus. The lives and works of over a thousand mathema-
ticlans are coversd; thousands of specific historical problems and their solufions are
clearly explained, Total of 510 illusirations, 1355pp. 5% x B, Sel boxed in attractive con-
taimer, T429, T430 Faperbound, the set $5.00

PHILDOSOPHY AND THE PHYSICISTS, L. 5. Stebbing. A philosopher examimes the philosephical
lmiﬂﬂbﬂl‘ of modern sScience b]' posing a lively critical attack on the lar science

sitions of Sir James Jeans and Arthur Eddington. mvi + T9Spp. 5% x
T4RD Plpt-rhuu'ld §1.65

OM MATHEMATICS AND MATHEMATICIAMS, R. E. Maritz. The first collection of guotations by
and aboul mathematicians in English. 1140 anecdotes, -mhm: definitions, speculations,
elc. give bnm mathemalicians and layman Itllmiilln nn insights into what mathematics
is, and into the personalities of the great mathematiclans from himedes to Euler, Gauss,
Kloin, Weiersirass. Invaluable to teachers, writers, Extensive cross index, 410pp. 5 x 8.

T489 Paperbound $1.95

NATURAL SCIENCE, BIOLOGY, GEGLDC‘?Y. TRAVEL

A SHORT HISTORY OF AMATOMY AND PHYSIOLOGY FROM THE GREENS TO HWARVEY, C. Singer.
A great medical historian’s fascimating Intesrmediate sccount of the slow advance of anatom-
ical and siological knowledge from pre-scientific times to 'iunllu-l Hln' . 139 wnusu-
ally interesting illustrations. 221pp, 5% x 8. Pm-hm:l §$1.75

THE BEHAVIOUR AND SOCIAL LIFE OF WONEYBEES, Ronald Ribbands. The mosl comprehensive,
lucid and authoritative book on bee habits, :nmmniutlm. duties l:l|| life, mativations,

gtc, A MUST for every scientist, amrlmuﬁtn and educator, an happy and waluable
seleclion for all interested in the hone AMERICAN BEE JOURNAL. m item bibliograph
127 illes.; 11 pholographic plates. 3 ﬂ-ﬂ % B 5410 Clothbound ﬂ;n

TRAVELS OF WILLIAM BARTRAM, ediled by Mark Vam Derem. One of the 18th century's most
delightful books, and ome of the few frst-hand sources of information aboul American
Iﬁﬂﬂlr. natural history, and anthropology of American Indian tribes of the time. “The
m of a scientist with the soul of a poet,” John Livingston Lowes. 13 original illustra-
tions, maps, Introduction by Mark Van Doren, 44Bpp, 5% x B, T326 Paperbound §2.00

STUDIES OM THE STRUCTURE AMD DEVELOPMENT OF WVERTEBRATES, Edwin Goodrich. The
definitive study of the skeleton, fins and limbs, head region, divisions of ihe body cavity,
vascular, respiratory, excretory systems, etc., of veriebrates from fish o hllhn mammals, by
the greatest comparative anatomist of recent times, “The standard liﬂml JOURNAL UF

MY. 754 illus. 69-page biographical stwdy. 1186-item hlhlln:ri ? vols. Total of

. 5% x B perbound $2.50
'l'nl II 545D P‘ipetbourrd $2.50
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THE BIRTH AND DEVELOPMEMT OF THE GEOLOGICAL SCIENCES, F. D, Adsms. The most com-
plete and thorough history of the serth scionces in print. Covers over 300 geological thinkers
and systems; reats fossils, thecries of stone growth, paleontology, earthguakes, vulcanists
vs. neplunists, odd thecries, stc. 91 illuihlllm, includin medieval, Renaissance wood cuts,
ote. 632 fwhwtﬂ and bibliographic notes. 511pp. 30Bpp. lﬁ-‘h A s PW ﬂ_ﬂ

FROM MAGIC TO SCIENCE, Charles Singer. A close study of s of medical | f
the Roman Empire through the Ranaissance. The el Gl Sy B Bk
ol Hildegarde of Bingen,” nre probably the bes! studies of these subjecls available. ISE
unusual classic and modieval ilustrations. xxvil + 365pp. 5% x 8, T Paperbound $2.00

SAILING ALDNE ARDUND THE WORLD, Jllll]] Slecum. Captain Slocum's b
account of his single-handed '".’.'.:f arpund the world in & 34-foot boal he rebullt himsalf,
A classic of both seamanship descriptive writing. “A nawtical walent of Thoresu's
account,” Yan Wyck Brooks. &7 illus. 308pp. 5% x 8. Ta26 Paperbound $1.00

TREES OF THE EASTERM AMD CEMTRAL UMITED STATES ANU CAMADA, W. M. Harlew. Standard
middie-fevel guide designed to hll' you hnow the characteristics of Eastern ftrees and
identity them at sight means ln B-page symopltic key. Mare tham 600 drawings and
photographs of twigs, leaves, fruit, other features. will + 28Bpp. 4% x G4y,

. » T385 Paperbound $1.35

FRUIT KEY AND TWIG KEY (“Fruit Key to Hurﬂuntlfl Trees,” “Twig K o Deciduous
Woody Plants of Easterm North America™), W. M. MWarlow. identify ftrees in fall, winter,

spring. Easy-to-use, synoplic keys, with phnh:;rlphl ol Bvery E' and  fruit ldlnlllhd
Covers 120 different fruits, 160 differenl twigs. Over 350 phnlu: Hi | ies. Glossaries,
Tatal of 143pp. 5% x B34, perbound $1.25

*
INTRODUCTION TO THE STUDY OF EXPERIMENTAL MEDICINE, Claude Bernard. This classic
records Bernard's far-reaching efforts to ftransform mrilnluﬂ' inta sn exact science. It
covers problams of wivisection, the limils of physiological experimani, hypotheses in medical
experimentation, hundreds of others. Many of his :mn famous Eupu:mnts an 11“ liver, the
pancreas, elc,, aro used as examples, Foreword by |. B, Cohen. xav Eﬂ? n B
T4 mmwn $1.50

THE ORIGIN OF LIFE, A. 1. Dparin. The wrsl modern statemen! that lite evolved from complex
pitro-carbon compounds, urnlulrr presented according o modern biochemical knowledge of
primary colloids, organic molecules, etc. Begins wll:h historical Introduction to the problem
of the origln of Ife. Bibliography, xev + 270pp. 53 n B, 5213 Paperbound $1.75

A HISTORY OF ASTRONOMY FROM THALES TO KEPLER, ). L. E. Droyer. The only work in English

which I.ururldus a detalled picture of man's nmmudnlrur views tfnm Egypt, lonja, Greece,

and Alexandria 1o Copernicus, Tycho Brahe and Hig b roference on Greek

astronomy and the Copernican revolution,” SKY ARD TELESCOPE. Futmlr]r called A H‘-lltur'_r of

Planetary Systems From Thales lo Kepler." Bibliography. 21 diagrams. mnll + m s ‘I.
u

URANIUM PROSPECTING, W. L. Barnes. A professional geologist tells you whal you need to
kmow. Hundreds of facts aboutl minerals, tests, detectors, sampling, assays, claiming, develop-
ing, governmenl regulations, elc, Glossary of lechnical lerms, MHBIIIN b |II'.| rlf&
x + Il7pp. 5% x B, Taoe

OE RE METALLICA s Agricola. All 12 books of this 400 year old classic on metals
and metal production, fully annotated, and contaming all ZBS of the 16th century nﬂ-udcuh
which made the origiogl an artistic masterpiece. A superb fﬂt for muluu.u Engineers
libraries, artists, historpns, Translated by Herbert Hoover over, Ilhrln-guphr.
survey of ancient authors, 288 illustrations of the excavating, nuplng, !l'lwtll'l.!,‘I r ning,
and countless other metal production operations described in the text,

Deluxe lbary edition, Sﬁ ¢ ulhbourbu HI.

DE MAGNETE, William Gitbert. A fandmark of science by the man who firsl used the Ill’d-
“glectricily,” distinguished between stalic electricily and mumtu.m and founded a
science. P. F, Mottelay translalion. 90 figures. lin + 5% x $470 Flnlrbuund ﬂ.ﬂ

THE AUTORIOGRAPHMY OF CHARLES DARWIN AND SELECTED LETTERS, Framcis Darwin, ed,
Fascinating documanis on Darwin's early life, the voyage of the “Beagle,' the discovery of
lwa»hnu:.rlEI Darwin's thought om mimicry, plant development, viviseclion, evolulion, many
other jecis Letlers to Henslow, Lyell, Mooker, Wallace, Kingsiey, elc. Appendix. Jﬁﬁ%
5% 1 B T479 Paperbound $1

A WAY OF LIFE AND DTHER SELECTED WRITINGS OF SIR WILLIAM OSLER. 16 of the grea
sigian, teacher and humanist's most inspiring writings on 2 ﬂn ctical philosophy of H‘Fl.

science and the humanities, and the history m-ldll;mu ip Ing“gﬂcl Introduction by

6. L. Keynes, M.0., F.R.CS5. xx + 278pp. 5% x B & Paperbound $1.50
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WORLD DRAMA, B, M plays from Ancien! Greece, Rome, to india, China, Japan.
Flays Aeschylus, So m:luh Elﬂioldllholn:hphlrln. Plautus, Marlowe, Jonson, Farguhar,
Goldsmith, Emlnhl aligr ethe, Schiller, Ibsen, many ofhers. One of the
most comprohensive mHl:Iimt af i rlant plays trom all literature available in English.
Over % of this rrutaﬂl.l l!. m.lu'li le in amy other current edition. Reading lists, 2 wol-
umes, Total of 1364pp, 5 ¥ol. |, TST Paperbound

Yol. Il, T58 Paperbound $2.00

MASTERS OF THE DRAMA, lohm Gassner. The maost comprehensive hisfary of the drama in
print. Covers more than B00 dramatiSts and over 2000 plays from the Greeks to modern
Western, Mear Eastern, Orjental drama. Plot summaries, theatre history, efc, "“Best of s
kind in ish,”" NEW REPUBLIC. 35 pages of bibliography. 77 photos and drawings. Deluxe
edition. xxii 4+ B90pp. 5% x 8. Ti00 Clothbound $5.95

THE DRAMA OF LUIGI PIRANDELLD, D. Vittorinl. All 38 of Firandello’s pl#: (to 1935 sum-
maritied and analyred in terms of lml-: technigques, plot struclure, elc i'm'l:f authorized
work. Foreword Pirandeilo. Biography. Bibiiography. xzili + 350pp.

. - 143-5 Plplrhnund $1.98

mmmu THEDRY OF Pl:lE'I‘l'lr lllb THE FINE ARTS, 5. H. Bulcher, ed. The celebrated
“‘Butcher translation' faced pag p-lfl with the Greek text; Butcher's 300-page introduc-
tion to Greek poetic, ﬂumtlt ﬂl-uu Modern  Artstotelian criticism discussed by John
Gassner. |xavi + 421pp. 5% x B
& T42 Paperbound $2.00
EUGENE O'NEILL: THE MAN AMD WIS PLAYS, B. H. Clark. The first published source-book on
O'Neill's lite and work, Analyres each play from ihe early THE WEB up fto THE ICEMAN
COMETH. Supplies much information about environmental and dramatic influences. ix + l!z%
5% x A, T379 Paperbound §1

INTRODUCTION TO EMGLISH LITERATURE, B. Dobrée, ed. Most compendious literary ald in ils

gr'lﬂ' ﬂnv. Extensive, categorired bibliography (with entries up to 1948) of more than

000 5. dramatisis, nmovelists, as well as historians, philosophers, ecenomists, religious

writers, travellers, and scientists of |(terary stature, Information about manuscripts, impar-

III'II hl aphical data. Critical, historical, background works not simply listed, bul evaluated,
volume also contains a lml Iﬂtﬂldl.lﬂlbﬂ to the period il covers.

Yol 11 THE BEGINNINGS OF ENGLISH LITERATURE TO SKELTON, 1509, W. L Renwick. Ortan.
450pp. 54 Tis Clothbound §3.80

val, Il: THE :numt REWAISSAMCE, 1510-1688, V. de Sala Pinte. 381pp. 546 3 Tha.
T76 Clothbound $3.50
Wol, I1l; THE AUGUSTANS AND ROMANTICS, 1688-1830, M. Dyson, 1. Butt. 320pp. Sle x- Tl
T77 Clothbound $3.50
¥ol, IV: THE VICTORIANS AND AFTER, 1830-1814, E. Batha, B. Dobrée. 360pp. 5% x 744,
T78 Clothbound $3.50

EFI: AND ROMANCE, W. P. Ker. The standard surve tIo-l'l Medieval epic and romance by a fore-
maost authority on Medieval literaturs. Covers historical background, plot, literary analysis,
l-I ificance of Tewlonic eplcs, Icelandic sagas, Beowuwlf, Fremch chapsons de geste, the
ungenlied, Arthurian romances, much more, 422pp, 5% x 8, 1355 Paperbound $1.85

THE HEART OF EMERSON'S JOURMALS, Bliss Perry, od. Emarson’s i intimate thougats,
improssions, records of conversalions with mnmu. Hawthorne, Ahoreau, etc., carefully
chosen from the 10 volumes of The Jourpals, ““The essays Ih pol raveal the power af
Emerson's mind , . n do these hasty and informal writings,” M. ¥. TIMES. Preface by
B. Perry. 370pp. 5% x B. T447 Paperbound $1.85

A SOURCE BOOK (N THEATRICAL WISTORY, A. M. Magler. (Formerly, “Sources of Thealtrical
H'.II.'I.IF}'..'} Over 300 selected passages Ilj' clﬂl‘ll.ll‘l'llltlrrllzI nhurvers l!“ about styles of acting,
direction l'ﬂl.vl-llb scene uur:nlni great peripds from ancienl Greece
o the Th nmsm.h- Complement to the. study of drama.” EDUCATIONAL
THEATRE JOURMAL, P:ul WIF Yale Univ. School of Drama, also supplies notes, references.
A5 (Nustrations. 611pp. 5% = TE15 Paperbound %2.75

THE ART OF THE STORY-TELLER, M. L. Shedlock. Regarded ss the fGinest, most helpful book

on teliing stories fo children, by a 8 ellef, ‘How to catch, hold, recaplure altention;

E.""m.',iu‘"“'t T it . Idesee: reale Jewcn, o
s most success o5, extensive ography of other slor

5% n B T245 Clathbound Hgl

THE lh'll.”l DICTIONARY, Ambrose Bierce. Over 1000 short, ironic definitions In alphabetical
by America's reatest satirist in the classical tradition. ““Some of the most gorgeous
wlm:hm in the English language,” H. L. Mencken, l44pp. 5% x B,  T4E7 Paperbound $1.00



DOVER BOOKS' :
MUSIC

A DICTIONARY OF HYMNWOLOGY, lohm lutfan. More than 30,000 entries on individual hymns,
their authorship, textual w-mm. location of texts, dates and circumstances of composi-
tion, denominational and al usages, the biographies of more than 5000 I'Lj'ﬂTn writers,
-m::ﬂm important Iu Iu such as children's hymns and Christmas carols, hundreds

sands of other important facts asbout l'r;rmrll which are wirtually impossibla to il'ld

anywhere olse. Conveniont alphabetical listi a 200-page double-calumned |ndex of
first lines enable you to track down wirtually Hﬂ' hymn_ ever written, Tolal of J‘M%
Bla x 94, 2 volumes. T133. The Sel, Clothbound $15.

STRUCTURAL WEARING, TOMAL COMERENCE IM MUSIC,"Fellx Salzer. Extends the wall-known
Schenkar approach to include modern music, music of the middle ages, I!'Iﬂ Renajssance
music, Explores the phenomemon of tonal organization by ﬂilmlll1 mare than 500 composi-
tions, and offers unusual new insights into the theory of composition and musical relation-

r “The foundation om which all teaching in music theory has been based al this

Ilege,” Leopold Mannes, President, The Mannes College of hnll: Total of & ml b,
2 wlumes. 8 The set, Clot $8.00

A GEMERAL HISTORY OF MUSIC, Charles Busmey. The complete history of music from The
Greeks up lo 1TED by the D8th century musical historian who personally knew the great
Baroque composers. Covers sacred and secular, wocal and instrumental, operatic and sym-
phonic music; treats theory, nolation, forms, instruments; discusses composers, performers,
important works. Invaluable as a source of information on the period for :mu histarians,
musicians. "S.urrlla.lduly few of Burney's statements have been invalidated "madern re-
search . . . still of great value,” NEW YORK TIMES. Edited and corrected by Frank Mercer,
a5 n.ures. 1915pp. 5% ® Bi4g. 2 wolulnes. T36 The set, Clothbound $12.50

JOMANN SEBASTIAN BACH, Phillip Spitta. Recognized as one of the Ill'n‘ll!t accomplishments
of musical scholarship and far and away the definitive coverage o Hundreds
of individual pieces are analyred. Major works, such as the B Minor Hll-t and the S,
Matihew Passion are examined in minute detail, Spitta also deals with the works of
Buxtchude, Pachelbel, and others of the period. Can be read with profit even those
without a knowl of the techmicalities of musical composition. “Unchallenged as tha last
word on one of the supreme geniuses of music,” John richam, SATURDAY REVIEW SYNDI-
CATE. Total of 1819pp. 5% x B. 2 volumes. T252 The set, Clothbound $10.00

HISTORY

THE IDEA OF PROGRESS, ). B. Bury. Prof., Bury fraces the evolution of a ceniral comcepl of
Western civilization n Greek, Roman, Medieval, and Renaissance 1t T to i1‘.l Hn“l'bnl
in the 17th and 18th cemiuries. Introduction by "Charles Beard. xl + PR

T35 I:Inlﬂmuml $1.85

T40 Paperbound $1.95

THE ANCIENT GREEK HISTORIANS, ). B, . Graek mslnrhnl such as Herodotus, Thucydides
Xenophon; Roman historians such as Tacilus, Caesa Livy; scores of others I'ully luh'i:ni
in terms of sources, concepts, influences, et hr ‘a great scholar and historian. 291
5% x 8. 7397 Paperbound $1

HISTORY OF THE LATER ROMAM EMPIRE, ). 8, . The standard work on the Byrantine
Empire from 385 AD. ‘g the death of Justinian in AD,, by the leading Byzantine scholar
of our time. Covers FL jtical, social, cultural, theological, military history. Quotes contem-
rary documents extensively, “Mast unlikely that it will ever be su erseded.” Glanville
ney, Dumbarton Oaks Resesrch Library. Genealogical tables. 5 maps. Bibfiography. 2 vols.
Total of 965pp. 5% x 8. TI98, T399 Paperbound, the set $4.00

GARDMER'S PHOTOGRAPHIC SKETCH BOOK OF THE CIVIL WAR, Alexander Gardner. One aof the
rarest and most valuable Civil War pl‘nlnrrlEhI: mliltllm exactly reproduced for the first
time since 1866, Scenet of Manasias, Bull Run, Harper's Ferry, Appomattox, Mechanicswille,
Fredericksburg, Gettysburg, efc.; battle ruins, prisons, arsemals, a slave pen, fortifications;
Lincoln on the feld, officers, men, corpses, BLME of the maost famous pioneers in docu-
;n»!nury EMJET;TI!W Oriy Inlll‘ {:nn}n_-; of l':]"ph.csltﬂ:tchphm[‘ _'IDM' Inir ?Wi"r“m l?lspa‘“lw‘nsﬂ&
ion by wiler ull-page X raphs (original size), pp. X

T476 Clothbound $6.00

THE WORLD'S GREAT SPEECHES, L. Copeland and L. Lamm, eds, 255 g hes from Pericles to
Churchill, Dylan Thomas. Invaluable as a guide o speakers; fascinaling as history past and
prosent; a sturce of much drl'l':":uu-lu;rﬁm_l mﬂnﬁ:ll- I'?'nlljudn an _::l“;lu i;ﬁtlon &:»1' informal
and humarous speeches. 3 Indices apic, ar, on. XL i X B

4 : Tits Paperbound $2.48

FOUNDERS OF THE MIDDLE AGES, E. K. Rand. The best non-technical discussion of the
transformation of |.|l|q :.'ll'll'l.l'l'l inta medieval civilization. Tertullian, Gregory, Jerome,

us, Augustine, platonisis, other crucial figures, philosophies examined. Excel
lent for the hﬂ-lh.mt I'Infldﬂlml“!i_ “*Extragrdinarily accurate,”” Richard McKeon, THE
NATION. ix -+ 365pp. 5% x 8. T369 Paperbound $1.85



: " CATALOG OF

THE POLITICAL THOUGHT OF PLATO AND ARISTOTLE, Ermest Barker. 'Fh:u standard, compre-
hansive eapasition Greek political b, Covers every aspect of the “Republic” and the
“Politics” as well as minor writings er philosophers, theorists of the period, and the
later history of Greek political 'Ihnl.ri:l'lt Unabridged edilion. 584pp. 53 x

1521 Paperbound $1.88
]

PHILOSOPHY

THE GIFT OF LAMGUAGE, M. Schlasch. trwmarl?: “The Gift of Tongues.”) A sound, middie-
lavel treatment of linguistic familigs, word histories, grammatichl processes, semantics,
lan, e taboos, word-coining of loyce, Cummings, Stein, etc. 232 bibliographical notes.

5% 1 8, 1243 Paperbound $1.85

THE PHILOSOPHY OF HEGEL, W, 7. Stace. The first work in English to give a complete and
connected wview of i"s enfire system. Especially valusble to those who do nol have
time to stedy the highly complicaled original texis, yel waml an accurate presentation by
a most re le scholar of one of the most Inﬂurnhij 191h cenftur mnw: Includes a
14 x 20 fold-oul chart of Hegelian system. 5332# 5% x A, 54 Paperbound $2.00

ARISTOTLE, A. E. Tayler. A lucid, non-lechnical account of hllh‘lli writton by a foremost
Platanist. Govers life and works; thought on matter, form, causes, In[!:: ﬂ physics,
metaphysics, efc. Bibliography, Mew index compiled for this edition. |28pp.

T280 Fap!meund $1.00

GUIDE TO PHILOSOPHY E. M. Joad. This basic wor] dn:rlhu the major philosophic nrol:-

lems and evaluates Ii-.u answers propounded by ilosaphers n)m the Greeks
Whitehead, Russeil. “The finest introduction.” Bﬂ TDN RANSCRIFT. Bibllography, 55?&
5% x A, T297 Paperbound $2

LANGUAGE AND MYTH, E. Cassirer. Cassirer’s brilliant demonsiration that bensath both lan-
guage and myth lles an unconscious ‘‘grammar” of experience whose categories and camons
are not those of logical thought. Introduction and transtation by Swusanne Langer. Index.
1+ 103pp. 5% x B. T51 Faperbound $1.25

SUBSTANCE AND FUNCTIOM, EINSTEIN'S THEORY OF RELATIVITY, E. Cassirer. This double wol-
wme contains the German philosophers profound philosophical Tormulation of the differences
between traditional logic and the new logic of science. Mumber, space. energy. relativily,
many other topics are treated in detail. Authorized transialion by W. C. and M. C. Swabey.
il + 465pp. 5% x &. T80 Faperbound §2.00

THE PHILOSOPHICAL WORKS OF DESCARTES. The definilive English edition, in two wvolumes,

of all major philosophical works and letters of René Descartes, father of modern philosophy

of knowledge and sclemce. Translated by E. 5. Haldane and G. Poss. Introductory noles.

'I'utl.lnf!&ﬂm 5% x 8, T71 Vuol. 1, Paperbound $2.00
T72 Wel. 2, Paperbound

ESSAYS IN EXPERIMENMTAL LOGIC, ). Dewey. Based upon Dewey's theory thal knowledge
impliies a judgment which in turn implies an inquiry, these papers consider such topics as
the thought of Bertrand Russell, pragmatism, the logic of values, antecedamis of thought,
data and meanings. 452pp. 5% x & T73 Paperbound $1.85

THE PHILOSOPHY OF HISTORY, 6. W. F. I. This classic of Weslern thoughl is Hegel's
detailed formulation of the thesis that his ¥ I8 naol chance but & rational process, the
realization of the Bpiril of Freedom. Translated and introduced by . Sibree, Introduction

C. H Special Introduction for this edition by Prof, Carl Friegfich, Hareard llnhler;ll;p
nxix + -H'.I'Irp 5% x 8. T112 Paperbound $1.85

THE WILL TO BELIEVE and HUMAN IMMORTALITY, W. James. Twe of James's most profousd

investigations of human belief in God and Immortality, bound as one volume. th are

powarful expressions of James's views on chance ws. delerminism, pluralism vs. monism,

will and intellect, arguments for survival after death, efc, Two nnrlirlnza '-:il ! 5::. i l
n

T201 Paperbound ."

INTRODUCTION TO SYMBOLIC LDGIC, 5. Langer. A lucid, general introduction fo modern
c, covering forms, classes, the use of symbols, the calculus of propesitions, the Boole-
eder and the Russell-Whitehead systoms, etc. “One of the clearest and simplest infre-

ductions,” MATHEMATICS GAZETTE. Second, enlarged, revised edilion. “{;‘fp' 5w n B
5164 Paperbound $1.75

MIND AND THE WORLD-ORDER, C. ). Lewls. Building upon the work of Peirce, lames, and
Dewey, Professor Lowis outlines a theory of knowledge in lerms of “conceplual pragmatism.”
and trates why the traditional wnderstanding of the a priori must be abandoned.
Appendices, xiv + Jm: 5% 1 8 T359 Paperbound §1.95

THE GUIDE FOR THE PERPLEXED, M.Maimenides One of the greal philosophical works of all
fime, Maimonides' formulation of the meeting-ground between Old Testament and Aristotelian
thought is essential to anyone interested In Jewish, Cheistian, and Mosiem thought in the
Migdie Ages. 2nd revised edition of the Friediander translation. Extensive intn tion. lix
+ 4l4pp. 5% x B. | T351 Paperbound $1.83



DOVER BOOKS .

THE PHILOSOPHICAL WRITINGS OF PEIRCE, ). Buchler, ed. (Formerly, “‘The Philosophy of

Peirce.”') This carefully integryled selection of Peirce's papers (s considered Iht best cov-

erage of the complete thought of ong of the greatest phllosophers of mdar times, Covers

Peirce’s work on the ”'Ilﬁl'!' of & gﬂlﬂl“!ﬂ epistemology, symbolic | the scientific

methad, chance, efc. wl + B T!l! lmnm .ﬂ
T217 Paperbound $1

HISTORY OF AMCIENT PHILOSOPHY, W. Windelband, Considered the clearest survey of Greek
and Roman phnlou&y Enm-nu hu!ﬂ, Anaximander, Anaximenes, Heraclitus, the Elsatics,
Empadocies, the Socrates, Democritus, Stoics, Epicureans, Sceptics,
Meo-platonists, elc. m;u nn Plltn; fl] on Aristotle, 2nd German edition fr. by E.
Cushman. »v + 393pp. 5% x . T357 Paperbound 11.“

INTRODUCTION TO SYMBOLIC LOGIC AND ITS IMIHTIUIE R. Carnap. A comprehensive,
rigorous  introduction to modern logic by perhaps s grnl:ui living master. Includes
demonsirations of applications in mathomatics, physics, biology. ** the rank of a
masterpiece," I, fir thematih und ihre Grenrgebiete. Ower 300 exercises., xvi + 241pp.
LR Clothbound $4.00

5453 Paperbound $1.85

SCEPTICISM AND ANIMAL FAITH, G. Santayama, Santayana's unusually lucid exposition of the
difference bebwoen the independent existence of objects and the essence our mind altributes
to them, amd of the necessity of scepticism as a form of belief and animal faith as & meces-
sary condition of kpowledge. Discusses belief, memory, intuilion, symbols, sic, xii + 31

B. 1235 Clothbound

5% x o
T236 Paperbound $1.50

THE AMALYSIS OF MATTER, B. Russell. With his wsual brilllance, Russell analyzes physics,
causality, scientific lﬂflrdﬂﬁ Weyl's theory, lensors, invariants, Pﬁmﬂlflﬁ', elc. in Dl'dl'l'
to discover the basic conc ﬁu of sclentific thought aboul matter. **Most treatment
of the subject,” THE NATI Introduction. @ figures. viii + 408pp, 5% x
T3l Pmrhmlﬂ $1.85

THE SENSE OF BEAUTY, G. Santayana, This important philosophical s ol “{;1 and

how hu-ulr lpuars amd what conditions must be fulfilled, is in Itseil a revelation n'I' the
bieau an ‘It s doubtful if a better treatment of the subject has since appearsd,”
PEABODY JOU N.I.L I1 + 275pp. 5% x B, T238 Paperbound $1.00

THE CHIEF WORKS OF SPINDZA. In two volumes, Vol. I: The Theologico-Political Treatise and
the Political Trealise. ¥ol. Il; On the Improvement of thd:lnllnﬂin:. The Ethics, and

Selected Letters. The permanent and enduring ideas in these works on God, the universe,
religion, sociely, etc., have had tremendous impact on later phrlnunl'llcll works. Introduc-
tion. Total of BE2pp. 5% x 8, T248 Yol. I, Paperbound r.ﬂ

T250 Vol. I, Paperbound §1.50

TRAGIC SEMSE OF LIFE, M. de Unamums. The acknowledged masterpiece of one of Spain's
most influential thinkers, Between 'uu despair al the inevitable death of mam amd all his
works, and |-|'|ﬂ desire for immortality, Unamuno finds a “saving incertitude.” Called "a
mastorpiece.,” by the ENCYCLOPAEDIA BRITANMICA. xix <+ 3X2pp. 5% x B8,

T257 Paperbound §1.95

EXPERIEMCE AND MATURE, Jahn . The enlarged, revised editiom of the Paul Carus
lectures [1925). One of Dewey's clearest presentations of the philosophy of ampirical natural-
ism which reestablishes the confinuity between “inner™ experience and *“outer’” nature.
These Ilﬁlﬂl'l'! are among the mast significant ever delivered by an Mﬂlﬁl phi .
A57pp. 5% x B. \ TAT1 Paperbound 31.85

PHILOSOPHY AND GIHHE.I.'I'I!N IN THE MIDDLE AGES, M. de Wull. A semi-popular ulr"{
madieval intellectual life, religion, philosophy, science, the arts, etc. thal covers feuda HI‘I
vs. Cathalicism, rise of fhe universities, mendicant orders, and similar topics. Bibl

vill + 320pp. 5w x B, T2B4 Paper 3.

AN INTRODUCTION TO SCHOLASTIC PHILOSOPHY, M. de Wull. (Formerly, “'Scholasticism Old
and MNew.') Prof. de Wulf covers the central scholastic Iradition from 5t Anselm, Albertus
Magnus, Thomas Agquinas, wp to Suarez in the 17th century; amd then ireats the modern
val of. scholasticism, the Louvain position, relations with Kantianism and positivism,

B. 1296 Clothbownd

rew
elc. i + 271pp. 5% x
T283 Paperbound §1.78

A HISTORY OF MODERN PHILOSOPHY, H. Hofd An exceplionally clear and detailed
::d::ﬂ:l'ﬂﬁ FH“\'I!:IJH!' fl'ﬂ;l'l E‘I? ?ﬂmiﬂ‘-}l‘fﬂl.t; 1] ﬂ:tt -MI'%;J‘I 19th tll'ltl.lrl' Dﬂ'lhhw
inor figures are_examined in terms eory of know c, gy, PSYC

Covers Pomponazzi, Bodin, Boshme, Tﬂl‘liil. Brung, Copernicus, ?ﬁl‘.‘ll‘lll. 'El).ﬂ

Locke, Hume, Kant, H:hla Sel hauer, Mill, Spanc-r Langer, scores of others. p. mnﬂru
reference work. 2 volumes. Total of 1158pp. 5% x B. Ti17 Vol. 1, Paperbound

T118 ¥el. 2, Paperbound

LAMGUAGE, TRUTH AND LDGIC, A. ). Ayer. The first full-len dmlupqnm Loglcal
mﬂslr: In E“'“#'u:u“lfl :; the t;ﬁi!’t. of stdilﬂitlt -lltlrI mad "mmu

" r presen nE one o MDE mlliflt B w
ical thought. 180pp. 5% x 8. m-rb:d $1.25



*CATALOG OF
URIENTALIA AND RELIGION

THE MYSTERIES OF MITHRA, F. Cumont. The great Bfgian ::hullr"u definitive iiuir
Persian ﬂﬁ-lir]‘ religion that almost vangquished Christianity in the |deoclogical !'II'H

? masterpiece of scholarly detection thal reconmstructs secret ||
nmmulm wl es. Mithraic art is discussed and analyred. 70 (llus. 2389pp. 5% x
- Ta23 mould $1.85

CHRISTIAN AMD ORIENTAL PHILOSOPHY OF ART. A. K. Coomaraswamy. The late art historian
and orientalist discusses arlistic ssrr-hult-tm the role of traditional culture II'I rlflrlchlng u‘!
medieval art, folklore, philosophy of l-l't other similar topics, !mrlqu:phlr

Pmmuul:l ii.ﬂ-

TRAMSFORMATION OF NATURE IN ART, A. K. Coomaraswamy. A basic work on Asiatic religious
arl, Includes discussions of religious arl in Asia and Medieval Europe (exempli
Meister Eckhart), the origin and wse of images in Indian art, Indian Medieval aesthelic
manuals, and other fascinal litthe  nown hm:l Glossaries of Sanshrit and Chinese
terms. Bibliography. 41pp. of notes. 245pp. 5% x 8 TIEE Paparbound $1.78

ORIENTAL RELIGIONS N ROMAN PFAGANISM, fumont. This wellknown shedy treats the
ecstatic cuits of Syria amd Phrygia (Cybele, .lltl: Adonis, their orgies and mutilatory rites);
the mysteries ol El;’l!l I_ESHIE:I-'I- Isis, Osirish; Puﬂhﬂ dualism; Mithraic culls; Hermes
Trismegisius, Ishtar, Asta and their in uunmr on the refigious thought ur Ifu
Emplre. Introduction. 55pp. of notes; extensive bibliography. wxiv + ml}P

Taz1 lp-lfbmmd 1.1,“

ANTHROPOLOGY, SOCIOLOGY, AND PSYCHOLOGY

PRIMITIVE MAN AS PHILOSOPHER, P. Radin. A standard snthropological work based on
Radin’s investigations af the Winne Maori, Balak, Zuni, other primitive tribes. Doscribes
Eirniuu thought on the purpose ol ||f| m-riul rullﬂuu. death, personality, pnd:. elc,

tensive selections of Grigimal primitive dacuments. !hllu:nphr. hllrl;‘i-l-". 3&’;;

FRIMITIVE RELIGION, P. Radim. Radin's thoroughgoing treatment of supernatural n-um

|umnlm initiations, religious expression, etc, im primitive socleties. lrum‘.l Ashan
Bushman, Crow, Fijian, many other tribes sxamined, 'El.tldllnt NATURE. le

p.rulau by the suthor. Bibliographic notes. x + 322pp. 5% x 8. 303 Paperbound $1.85

SEX IN PSYCHO-AMALYSIS, 5. Ferenczl. (Formerly, “"Contributions to Psycho-analysis.”) 14
el ected & op impotence, transference, analysis and children, dreams, obscens words,
homosexuality, paranoia, etc. by an associate of Freuwd, Also included; THE hE'l'EI.ﬂHEH!I‘ oF
PSYCHO-ANALYS!IS, by Ferenczi and Otte Rank. Two books bound as ome. Total of 406pp.

5% x A, Ti24 Papertound $1.85

THE PRIMCIPLES OF PSYCHOLOGY, William lames. The complete text of fhe famous “long
course,” one of the greal books of Weslern thoughl., An almost incredible amount of Infor-
mation sboul psychological processes, the siream of consclousmess, habif, time perception,
memaory, emolions, reason, consciousness of sell, abnormal phu'mm- F
Based nn James's own discoveries integrated with the work of Desc
Wundl, Berkeloy, Lotse, Herbarl, scores of others, "Fn classic of mmfm'lm L
HIATRIC GUARTERLY. 84 jllus. 1408pp. 2 wolumes. 5% x 8.
1381 Vol, é Paperbound 42,90

THE POLISH PEASANT IN EUROFE AND lﬂlliﬂlf . . Thamas, F. Inamieckl. Monumental
sociological study ol peasant primary groups (family and community] and the disruptions
produced by-a new industrial irﬂﬂn irld !I'I'Ii alion 1o America, by two of the foremost
sociologists of recent tII'I'II'i im| t.lnT works in sociological thought.
Includes hundreds of Eu pnmlry ﬂuumlﬂh point by point analysis of causes
of social decay, breakdown ul' muorality, :rlmt. dmrl’ﬂl'lrll:t:1 prostitution, etc. 2nd revised
edition. 2 volumes. Tolal of 2250pp. 6 x @ Tar8 2 wolume set, Clothbound $12.50

FOLEWAYS, W. E Sumner. The greal Yale sociologlst’s detailed exposition of thousands of
social, sexual, l'l“*llll.li customs in hundreds of cullures from ancient Greece to Modern
'n'aslarn societies, Prefsce by A. G. Keller. Introduction by William linrl Pheips. Tm
5% x A, 5508 Paperbound

BEYOND PSYCHOLOGY, Otto Rank. The author, an early associate of Frewd, wses psychoanalytic
techniques of myth-analysis to explore ultimates of human existence. Treats love, immor-

tality, the soul, sexual rdentity, kingship, sources of state power, many other topics which
illuminate the irrational basis of human existence. 291pp. 5% x 8. T485 Paperbound $1.78

ILLUSIONS AND DELUSIONS OF THE SUPERNATURAL AND THE l.'ll:l:H‘l.'l' 0. H. Rawcliffe. A ra-
tional, sciemtific examination of crystal gazing, automatic wrltrng table Il.lmhu st ta,
the Indian rope trick, dowsing, telepathy, clairvoyamce, ghosts, # PH, thousands o other
supposedly occult phenomena, Originally titled “The l'!rchnlm af ‘the Oceult.” 14 [llustra-
tions. 551pp. 5% 1 B, T503 Paperbound $2.00

»
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'I'm A SCIENTIFIC I'I'I.I..I.l,t‘I'IM, Koveor T. Behaman. A scientific study ﬂ ll'll“p"ﬂr!inlnll:-ll
girf-hblnlltll effects of ﬂﬁ: mu-plmn writtén under the auspices Yale Uni-
I'II'II institute of Human Relatiohs. Foreword by W. A. Miles, '|'I|l- Univ. 17 E:ﬂn.r.l;h

HOAXES, C. D. MacDou, Delightiul, mhinlnl.ﬂm l:huhr!r exposition of how hoaxes

It-ll't wh]l Ihey suc dmntld with stories hundreds of I‘.M most famobs hoawes.
A stupendous collection . . . and shrewd analysis, “MEW YORKER. revised edition,
54 photographs. 320pp. 5% x B, T465 hlplrbcund $1.75
CREATIVE PFOWER: THE EDUCATION OF YOUTH IM THE CREATIVE ARTS, Mearns, Named

by the Nationsl Education Association as ane of the 20 foremost books on education in
recent limes. Tells how to help children express themselves in drama, poefry, masic,

develop lalent creative power, SMQ.IIII be read by overy parent, lll:tl'llr , enlarged,
revi edition. Introduction. 272pp. 5% x 8. T480 Paperbound $1.50

LANGUAGES

" "
NEW RUSSIAM-ENGLISH, ENGLISH-RUSSIAN DICTIOMARY, M. A. 0'Brien. Over 70,000 entries in
new orthography! ldiomatic usages, colloguialisms. One of the faw dictionaries t‘lut indicate
accent changes in conjugalion and declension. “One of the best,” Prof. E. Simmona,
Comell, First names, geographical terms, bibliography, many other features. ?llpp ‘44 ¥ Bla.

T208 Paperbound $2.00

MOMEY CONVERTER AMD TIPPIMG GUIDE'FOR EUROPEAN TRAVEL, C. Vemacka. Invaluable, handy
source of currency regulalions, conversion lables, tipping rules, ?ﬂﬂhf rates, I'II.ICI'I other
travel information evary European country plus Israsl, Egypt and h.u‘)‘ 128pp. 3% x 5i4,

60 Paperbound 60%

MOMEY CONVERTER AMD TIPPING GUIDE FOR TRAVEL IN THE AMERICAS (including the United
Siates and Canada), €. Yomacka. The informaftion you need for informed and confident travel
in the Americas: money conversion tables, lipping guide, postal, telephone rates, efc.
12Bpp. 3ve & 54, T iPmrbmm

DUTCH-ENGLISH, ENGLISH-DUTCH DICTIOMARY, F. 6. Renier. The mast convenient, practical
Dutch-English dictionary on the markel. New ol'lhulrlp More than &0,000 entries: idiams,
compounds, technical terms, etc. Gender of mouns | icated. wvili + S571pp. 5% % Gl

T224 Clothbound $2.50

LEARM DUTCH!, F. G Renmier. The most satistactory and nlll;u.ud rammar of modern
Dutch. Used and recommended by the Fulbright Committee in Na lands, COwer 1200
simple exercises lead to mastery of spoken and written Dutch, Dutch-English, English-Duich
vocabularies. 181pp. 414 » Tla. T441 Clothbound %1.75

PHRASE AND SENTEMCE DICTIOMARY OF SPOKEN RUSSIAN, English-Russian, Russian-English,
Based on phrases and complete sentemces, rather than isolated words:; recognized as one of
the best metheds of learn the idlomatic speech of a country, Ower 11,500 entries, indexsd
by single words, with more than 32 000 English and Russisn sentences and phrases, in imme-
diately usable form. Probably the largest list ever published. Shows accent changes in con-
],mliun and declension; irregular forms listed in both alphabetical place and wunder main
orm of word, 15000 word eniroduction covéring Hlll!-lﬂl sounds wriling, grammar, lr'ﬂ-“.
Ill appendix of graphical names, money, Important signs, given names, foods,
Soviet terms, ‘ﬁ?: Travellers, businessmen, students, governmeni emplayees have

iuw this their best sodrce for Russian llprﬂ-:hm Originally puh!kshl-d: as U5, nmenf
Technical Manual TM 30-944. iv + 573pp. x 8%, T496 Paperbound $2.75

PHRASE AND SENTENCE DICTIOMARY OF SPOKEM SPANISM, Spanish-English, English-Spanish,
bmnpvlllﬁ from lﬁgun Spanish, emphasiring idiom and col al usage in both Castilian and
Latin-Amer re than 16,000 enlries containing over 25000 idioms—the largest list of
idiomatic mslmum! ever published. Complele senlences given, indexed under single words

in immediately usable form, for bravellers, businessman, students, eotc. 25-page
mlruﬁ?fw ides rapid survey of sounds, grammar, syntax, with full consideration of irreg-
ular verbs. Especially apt in modern treatment of phrases and structure. 17-page glossary
gives transiations of geographical rumes. maoney values, rlurlba-n national holidays, important
stroel signs, useful expreszions of I'li frequency, ?'Iﬂ uniqut p&rﬂlmrr of Spanish and
Spanish-American foods and dishes. rl;ul.lll:r published as U.5. nmant Technical Man-
ual TM 30-800. v 4+ 513pp. 5% n Bde T485 Paperbound $1.78



- CATALOG OF
SAY IT language phrase books

“SAY IT" in the foreign ln:uln of mr choice! Wh have sold over 4% million copies of these
popular, useful language boo 'I"hlf will not make you an expert linguist overnight, bul they
da cover most practical matters everyday life abroad.

h' 1000 wseful phrases, expwessions, with additional variants, substitutions.
o H Useful! Humdreds of phrases not available in other texts: “Nylon.," *‘air-condi-
oned," elc.

The ONLY ine xnliu phrln book completely indexed. Everything is available at a flip
of your fimger, r

Prepared by native Ilnlulit: Irlﬂl anperts.

Based om years of fravel experience abroad.

This handy phrase book may be used by itsel!, or it may supplement any other text aor
course; It provides a living element. Used R.mmr colleges amd Institutions: Hunter College;
Barnard College; Army Ordmance School, rdeen; many others.

Available, 1 bogk per language: |

Danish (TH1E) 75¢ Italian nm]
Dutch T{R17) 75¢ Ky
English (for German-speaking people) (TBO1) BOG lapan I.'Tl-l.-l: -
- Hnr wmﬂml peaple] lilip BOC m“""h!m ﬁ; ;ﬁ
o ;th ng people) (TBOZ) 6O¢ ’ mmlm“ {811 5o
s et Yiddish :m:’j 7
Madern Erut’ (TH{3) 75¢ m‘h%ﬁ :?5:;
Hebrew (TEOS) 60¢ Partuguese (T809) 75¢

LISTEN & LEARN language record sets

LISTEN & LEARM is ihe only III'ITI.II ge rocord course designed especially to meet your travel
Illﬂi or help you learn essential foreign |l|'lﬂlllt quickly by yoursel!, or in conjunction with

ny school course, by means of the automatic association method. Each set confains three
3:“-'4 rpm  long- playing records — 114 hours of recorded speech “1;'1 eminent native
speakers who are professors al Columbia, M.Y.U., Queens College and er leading univer-
sities. The sefs are priced far below other sets of similar quality, yet they contain many
special features not found in other record sels:

* Over BOO selected phrases snd sentences, 3 basic vocabulary of over 3200 words,

* Both English and foreign language recorded; with a pause for your repetition.

* Designed for persons with limited time; no time wasted om material you cammol use
Immediately.

. l;l;nml. modern expressions thal answer modern needs: drugstore ilems, “sir-conditioned,"

. Iﬁlti-ﬂi page manuals contain everything om the records, pl} simple pronunciation
Evides,

* Manual is fully indexed; find the phrase you want instantly.

* High fidelity recording—equal to any records costing wp to $6 each,

The phrases on these records cover 4] different categories useful to the traveller or student
interested in learning the living, spokem language: greetings, (ntroductioms, making yourself
understood, passing customs, plames, trains, boals, buses, taxis, nightclubs, restaurants,
menu items, sports, concerts, cameras, automobile ftravel, repairs, drugstores, doctors,
dentists, medicines, barber shops. beauty pariors, laundrles, many, many more,

"Emllllnl : wvery best on the market," Prol. Mario Pei, Dun}hnl Romance
f-ﬂl.lml l“‘“?'lulf!“I “ine ive and well-done « an | ssant,"”

HJH’M e genuinely helpful tham In}tﬂrﬂ of its Kind which | have
MM“I Ilmﬂlflﬁ Sidney Clark, WHM autha l' of " THE BEST" ftravel books.
containg 3 33% rpm  pure  vinyl pg'u wilh full

rocord flext, and album, One language per sef. LI l l.t#llll record sels are now avail-

able in—
FRENCH the set $4.95 GERMAN the set §4.55
ITALIAN the set $4.95 SPANISH the set 54.95
RUSSIAN the sel $5.55 JAPANESE * the set

* Available Sept, 1, 1959

UNCONDITIONAL GUARANTEE: Dover Publications stands bahind ev Listen and Learn record
sel. M you are dissabisfied with these sels for ahy reason whalever, return them within
10 days and your money will be refunded in full.

»
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DOVER BOOKS ,
_ART HISTORY

STICKS AMD STONES, Lewis Mumford. "&n nlm-lnllln of forces jnfluencing American archi-
tecture: the medieval tradition in mli’ n%llﬂd the classical influence in Jeferson’s
lima, Iht Brown Decades, the imperial facade, the machine age, etc. “A lruly remarkable
book,” SAT. REV. OF LITERATURE. 2nd revised lﬂrlm 21 illus, wvil + 2 'ﬁh‘l‘ 8.

THE iH'I'IIlIIIM‘I’ OF AN IDEA, Louis Sullivan. The architect whom Frank Lioyd W‘l'i.lht
called “the master,” records Whe development of the theories that revolutionized America’s
shylinge. 34 full- l:lu pulu- of Suilivan's finest 'mlrl. New Introduction by R, M. Line.

xiv 4+ 33%pp. 5% X T281 Paperbound §1.85
THE MATERIALS AND TECHMIQUES OF IEIIHIL PAINTING, D. V. Thompsen. An Irlﬂllulbll
study of carriers and grounds, binding Eilﬂlﬂt’ ﬂuul; used in #hﬂhu fresco
and al secco technigues, blrmlhinl. -I: uad the medieval lrl.ntaﬂ Bernard
Berenson, 239pp. 5% x T327 Paperbound $1.85

PRINCIPLES OF ART HISTORY, H. WalMlin. This remarkably instructive work demonstrates the
tremendous change in lqmu: concephion ffom the [4th to the 18th unlurm by mlm“
164 works by Botticelli, Dires, Hobbema, Holbein, Hais, Titlan, Remdb ndt, Vermeer, efc -
and pointing out exaclly what is meant by “baroque,” ‘'classic,’ "ptimiuu T picluresgue,”

and other i terms of arl history and criticism. “A remarkable lesson in the art of
seping,” SAT. REV. OF LITERATURE. Transiated from the 7th German edition. 150 §llus,
254pp, Bla x 9. T276 Paperbound $2.00

FOUMDATIONS OF MODERM ART, A. Sremfant. 'Sl.lrrmlilmf discussion of human crealivity from
palealithic cave painting to mudern inting, architeclure, decorative aris, Fully ilustrated
with warks of Gris, hgzéutr. Leger, Picasso, primitive, modern arfitacts, architecture, |

trial art, much more, iltustrations, J68pp. 6l x 914, T215 Paperbound $1.85

HANDICRAFTS, APPLIED ART, ART SOURCES, ETC.

WILD FOWL DECOYS, ). Barber. The standard work on this fascinating branch of folk art,
ranging from Indian mud amd grass devices lo realistic wooden d . Discusses styles,
types, periods; gives full informafion on how to make decoys. 140 illustrations (including
14 mew plates) show decoys and provide full sels of plans for handicrafters, artists, hunters,
and students of folk arl, 281pp. 7% x 103&, Deluxe edition. Til Clothbound $8.50

METALWORK AND EMAMELLING, H. Maryom. Probably the besl book ever writlen an IM
subjoct, THIs ﬂlrﬁlhl? necessary for the home manufacture of jewel rings,
nts, bowis overs materials, ftools, soldering, fligree, settin r{n nlu

patterns, repousséd wprk, damascening, niello, cloksonnd, polishing, assaying, t-l-'l-liﬂl..
dazens of other techniques. The best substitute for apprenticeship to 8 master metalworker.
363 photos and figures, J74pp, 5% x Bli, T183 Clothbound $7.50

SHAKER FURMITURE, E. D. and F. Andrews. The most illuminating stedy of Shaker furniture
ever writlen, Covers chronology, cralismanship, houses, !h'r‘! ete, Includes over 200
photographs of chairs, tables, ciocks, beds, benches, etc. N Mrs. Andrews know all
there is fto kmow aboul Shaker lurnltur-.“ Mark Van Doren, I'H.TIEH. “ l’m- plates.
152pp. Deluxe clolh binding. 7% x 10%., $6.00

PRIMITIVE ART, F Boas. & great American anthropologisl covers Iﬂmrhmhnlcll wlr-
twosity, styles, syn.'glism, patterns, etc. of primitive art. The more ustrations
will interest artists, "designers, craftworkers. Over 900 illustrations, 376p

28 lehuuml $1.95

ON THE LAWS OF JAPAMESE PAINTIMG, H. Bowie. The best possible substitule for lessons
from an oriental master. Treats boih rit and technique; exercises for confirol the
brush; imks, brushes, colors; wse ol dots, lines o express whole moods, etc, 220 illus.

132pp. 64 x 9%, T30 Paperbound $1.85
HANDBOOK OF ORNAMENT, F. 5, Meyer. One of fhe m 51 :nllutlnn of copyright-free tradi-
tional arl: over 3300 line cuts of Groek, Roman, Medieval, Renaissance, Barogue, 18th and

19th century arl maotifs (lracery, mmuut elements, fower and animal motifs, elc.) and
docorated objects (chairs, thrones, weapons, vases, jewelry, armor, efc.). Full text. 3300
ilustrations. 562pp, 5% x T302 Paperbound

THREE CLASSICS OF ITALIAM CALLIGRAPHY. Oscar Ogg, od. Exacl reproductions of three
famous Renaissance calligraphic works: Arrighi's INA and 1L b&)[‘.‘o Iujurm‘: La
FRESENTE LIBRO, and Palatino's LIBRO NUOWO, More than 200 complete al thousands
of lettered specimens, in Papal Chapcery and other besutiful, urnalu ﬂlmwruuni Inlro-
duction, 245 plates. Z832pp. Gla x 94a, T212 Paperbound §1.85

THE WISTORY AMD TECHNIGUES OF LETTERING, A. Meshitt. A thorough history ul' Iﬂllrlﬂl
from the amclemt Egyplians to the present, and a 65-page course in lether for artists.
Every major development in leftering history is illustrated by a complete alphabet, Fully
analyres such masiers as Caslon, Mooh, Garamont, Jenson, and many more. H alphabats, 1
other spiecimens. 317pp. 5% x B, , 1427 Pa



. ‘CATALOG OF

LETTERING AND ALPHABETS, ). A. Cavanagh. An unabridged reissue of “Lettering.” containing
thee full discussion, o{“ |.||ullut~|u of BB pasic hamd lettering tyles based on Caslon,
Bodoni, Gothic, man Hundreds of teghnical hints on construction, strokes,
?unl brushes, ste. B Hﬂl.be‘tl '.'! lettered specimens, which may be mgamduuﬂ parmission-

121pp, 5% x 8 Faperbound $1.28

THE HUMAN®FIGURE IN MOTION, Esdweard Hﬁiﬂln. The Iarm.l collection in print of

ridge’s famous high-speed I:Ibnn‘ohlﬁm aphs in more than 500 lchnm
strip-sequences (at shutler speeds up flo 1/6000th of & second) illustrdte men, wome

chlrdun—mnltlr undraped—pearforming such actions as walking, running. getting wp, Irins
% objects, throwing, efc. “An unparalieled dictionary of action for all artists

.I.HEMI:AN ARTIST, S‘N full-page plates, with 4785 photographs. Ilur_r !InnE stock, reinforced

binding with headbands. 7% x 10%. lothbound $10.00

AMIMALS IN MOTIOM, Eadweard Muybridge. The largest collection of inllrnll action photos
in print. 34 different animals {horses, mules, oxen, goats, camets, nli:. Ilus gnus,
, monkeys, eagles—and 22 others) in 132 bhlra-clurlilll; actions. All 3919 photographs

are laken in series al speeds up 1n 1/1600th of A second, offering arlists, molnlisu., Ccar-
toonists a remarkable opportunity o see ¢utll how an usln:h s head bobs when running,
how & lion puts his foot down, an ‘s knee bends, how & bird flaps his wings,
thousands of ﬂ"ldt HlPﬁMTEH ﬂ!lilil- "l reslly l'l'ﬂl\'ll\'lll!- seses of plates,"” NATURE.
380 full-pages of plates. Heavy glossy stock, reinforced binding with headbands, 739 x 10%,
T203 Clothbound su.un

THE BOOK OF SIGNS, R. Koch. 493 symbols—crosses, MENOErams, nlmn;lcﬁ hlvlnghal
symbols, runes, eic.—from anclent manuscripts, cathedrals, coins, catacombs, po By,
be reproduced permission-free. 493 illustrations by Frlt: Kredel. ml?p 6l X

plrbwnd $1.00

A HANDBODOK OF EARLY ADVERTISING ART, C. P. Hormung. The largest collection of copyright-
fram early advertising art ever compiled. Yal. |+ 2,000 illustrations of animals, old aulomo-
biles, buildings, allegorical figures, fire engines, Indiams, ships, trains, more than 33 other
calegories! Vol 10: er 4, typographical imens; 600 Roman, Gothic, Barmum, O
English faces; 630 ornamental iype faces; hundreds of scrodls, inifials, Mourtshes, ete, “A
remarkable collection,” PRINTERS' INK.

Wol. |: Pictorial Yolume, Over 2000 illustrations, 256pp. 9 % 12, T122 Clothbound $10.00

Vol. 11: Typographical Valume, Ower 4000 speciments. 319pp, 9 x 12, T123 Clothbound $10.00
Two wolume set, Clothbound, only $18.50

DESIGN FOR ARTISTS AND CRAFTSMEN, L. Wolchonok. The most thorough course on the
croation of art motifs and designs. Shum-riruu stm-hr -step, with hundreds of examples and
113 detsiled exercises, how to create origingl desigms from meiric patterns, plants,
birds, animals, humans, and man- mmmwﬂl “A great contribution to 'IM field of design
and crafts,” M. Y, SOCIETY OF More than 1300 II'IIII‘I'; iMustrations,
o o+ 207pp. T x 10%, T274 Clathbound $4.95

HANDBOOK OF DESIGNS AMD DEVICES, C. P. Wernumg. A remarkable working collection of
1836 basic design®and varlations, all copyright-free, Variations of circlle Hnl l:ml dllrrlmd.
swaslika, star, scroll, shield, mamy mare, Motes on symbolism ? EVETY
“designer who would be original without having to laber heawily," l-HTISt lud DVERTISER.,

204 plates. 240pp. 5% x B
. i T125 Paperbound $1.90

THE UMIVERSAL PENMAN, G Bickham. Exact reproduction of beagliful 18th l.‘lrltlll‘r
book of hamdwriting. 22 complete alphabets in finest English ruunﬂurlr' other ml over
2000 elaborate flourishes, 12? calligraphic illustrations, e : Material tog;l “An
essential part of any arf library, and a book of permanent value," HITI!'I' 212
plates. Z24pp, 9 x 13%. T20 Clothbound $10.00

AN ATLAS OF AMATOMY FOR ARTISTS, F. Schider. This slandard work contains 180 full-page
plates, more than 647 Elustrations of all aspects of the human sheleton, musculature, culaway
porticns of tho body, sach parl of the anatomy, hand forms, w-llﬂ breasts, location of
muscles under the flesh, ste, 50 plates (llustrate how Michelangelo, da Vinci, Goya, 15 others,
drew human anatomy. New 3rd ldltlnn enlarged 52 now illuslratlou by Cloguet, Barcsay.

“The standard reference tool,” AMERICAN LIBI ASSOCIATION, Emﬂllﬂt" ENEIHSHI
ARTIST, 189 plates, 647 illustrations. xxvi + 192pp. 7T x 10%. 1241 Clethbound $6.00

AM ATLAS OF ANIMAL ANATOMY FOR ARTISTS, W. Ellenberger, H. Baum, H. Dittrich. The largest,
richest animal anatomy for arfisls in ish. Form, musculature, tendons, bone structure,
expression, detalled cross sections of head, other features, of the harse, lion, dog, caf, deer,
sedl, I-In m cow, bull, goat, monkey, hare, many otheér animals. “Highly recommended,"
DESIGN ond, revised, mllr,[ed edition with new plates from Cuvier, Stubbs, etc, 288
fiustrations. 153pp. 11% x 8, TE2 Clothbound %6.00

AMIMAL DRAWIMG: AMATOMY AND ACTION FOR ARTISTS, C. R. Knm 158 studies, with full
uwnﬂnl text, of !-I.Iﬂl animals as the gorilla, bear, bison, dromedary, camel, vulture,
ican, ana, ll'url: In' nrm of the greatest modern masters animal drawing.
r|.|'||.||'|'|:|r| e ftips on hun pxpression into your work. "I.I'I ll:llMﬁt reference

ri," SAN FRANCISCO CHRGN E 15! Mustrations. 156pp. 10V X
'I'-u'ﬁ Plﬁnmnurd $2.00
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DOVER BOOKS .

THE CRAFTSMAN'S HANDBOOK, Cenning Cenmini. The fines? Engiish translation of IL LIBRO
DELL" ARTE, the 15th century II'IIMHI to art technigue that is both a mirror of Quafro-
conto lite and a source of mal ful but near ﬂmﬂlﬂ facets of the painter’s art,
4 jllustrations. xxvil + 142pp. D. hummm trans . B% ® 9%,  TS54 Paperbound $1.50

THE BROWN IIHIII. I.tﬂs Mumfard. H picture of the “buried renaissance' of the i

Clwil War and Toundin mosdern lr:hlhctum 15|.|Illm Ric

Roeblin dicm dhilwmt | rll‘l Oimstead, "Eliol), and the graphc arls ﬂ-lumr.

hhnl. ,‘dnl‘h 2 revised, enlarged edition. Bibliography. 12 illustrations. xiw + 286 pp
T200 Paperbound lIJI

l'l'lllll GLASS, F. W, Humter. The slory of the mast hllhl:]l esteamed oar Ammm .ﬂul-
ware, fully illustrated. How a German adventurer, “‘Barcn' Stiegel, found tm
dl'l.:lild -:m of Indlrldnl glasswork, “This pioneer work is I'ml:l'llld irl an edition
beautiful than the original,”” ANTIQUES DEALER. Mew introduction by Helen
Ilclluriu 171 illustrations, 1! In full color. xxil + 338pp. 77 x 10%.
Ti28 Clothbound $10.00

THE HUMAN FIGURE, ). M. Yanderpoel. Not just a picture book, but & complete course by a
famous fgure artisl. Extensive hl.'! iustrated g pmml and charcoal drawings of
both male and female anglomy. 2nd lnllr.rl Hltlnﬂ fwnnrﬁ 430 (Mus. I.-l»!lrp Bl x 94,

T432 Paperbound $1.45

PINE FURNITURE OF EARLY NEW ENGLAND, R. H. Kettell. Over 400 illustrations, over 50
working drawings of early New England tluir:, benches, beds cupboards, mirrors, shelves,

tables, other furniture esteemed for simple beauty and character. “Rich store of illustra-
tions . . . omphasites the individublity and varied design,” ANTIQUES. 413 illustrations,
55 vmrl:m.[ drawings. 475pp. 8 x 1084, T145 Clothbound $10.00

BASIC BOOKBINDING, A. W. Lewis. Enables both beginners and experis to rebind old books
or bind pa ks in hard covers. Treals materials, tools; gives step-by-step Imstruction in
Eﬂl’ h; collate a Hml. sew i1, back it, make boards, elc. 261 1ll|.|l lpgﬂdim 155pp,

T X perbound $1.35
DESIGN MOTIFS OF I.III:IIH‘I' Hllﬂﬂ 1. Enciso. Nearly 90% of these 766 superb designs from
Artec, Oimec, 'lnlmuc l Toltec origins are unobtainable elsewhers! tains

pll.l'l'lld “I‘MI'IT-I- I'Ilﬂ'lllll- demons, dancers, monsters, alc, Excellent Iﬂill\!ﬂ
design source. l:IrI’InlIllI H?.’ﬂ 766 (llustrations, thousands of motifs. 1 . B4 %
Te4 Pu-rbeund !1.“

AFRICAM SCULPTURE, Ladislas Segy. 163 full-page plates llustrating masks, fertility figores,
ceremonial objects, #tc., of 50 West and Central Adrican tribes—85% never betore illustrated.
34-page Introduction to African sculpture. “Mr. Segy is one of its top authorities,” NEW
YORKER. 164 full-page pholographic plates. Intrndu{:tlun Bmun;uphp :“;E Gl x 90,

perbound §2.00
THE PROCESSES OF GRAPHIC REPRDDUCTION IN PRINTING. H. t-lrll l. Ihumuih and prac-
tical survey of wood, linolewm, and rubber engraving; copper engr drypatn

mezralin,
elching, aguatini, steel engraving, die sinking, stencilling, Ilﬂmlnphr 1||l.ul|uulr.| phn'h-
graphic reproduction wiilizing line, comtinuous tone, photosngravure, collotype; every other

ess in general use. Nole on color reproduction. Section on bn-uh.blndm: 200 ilustra-
ions, 25 in color, 143pp. 54z x B4 1512 Clothbound $4.00
CALLIGRAPHY, ). G. Schwandner. First reprinting im 200 wears of this legendary book of
beautiful hmdwrltm: lh-r 300 ormam Initials, 12 cnrlplﬂe ulll*rlpm:“ ﬂph&ﬂs
b, ons, etc., nmu—

sands of flowrishes,

5, lll: by the greatest 18th :anlur:.r masters, All material can be
gm:ululd3 or adapted w
x 13

| permiﬂlm. Historical introduction. 158 1'u|| &ullpllh;u m
athbow

150 ornate frames ” panels, 75 calligraphic pb:turu of che
tﬁm

L A

A DIDEROT PICTORIAL ENCYCLOPEDIA OF TRADES AND INDUSTRY, Manulacturing and the
Technical Arts in Plates Selected from “L'Encyclopédie ou Dictionnaire Raisonné des Sciences,
des Arts, of des Métiers,” of Denis Dide edited with text by C. Gilllspie. Over 2000
ilustrations on 485 full-page plates. M.agmllunl 1atn century engravings of men, women,
and children working at such trades as milli cheesemaking, charcoal burning, mining,
sliverplating, shoeing horses, making fine lls nrlntlng hundreds mofe, showing ﬂ.ulrs
of machinery, differenl steps. in sequence, elc, A romarkable arf work, but also the la
collection of working figeres in print, copyright -free, for art directors, designers,
Two wols. 920pp. 9 x 12. Heavy library cloth. T2l Twa uulum- sal ﬂl.‘lﬂ

. ¥ %

SILK SCREEN TECHNIQUES, ). Biegeieisem, M. Cohn. A practical 5teph;:nlup home course in
ong of the most versatile, least expensive graphic arls processes, How build an inexpensive
silk screen, prepare slencils, print, achieve special textures, wse color, efc. Every step
explained, diagrammed, 149 [llustrations, 8 In color. 200pp. 6% ® b,

T433 Paperbound $1.45



& "CATALOG OF
PUZZLES, GAMES, AND ENTERTAINMENTS

MATHEMATICS, MAGIC AND MYSTERY, Martin Gardnet. Astonishing feals of mind reading,
mrnlljlrr:; “magic” Iricks, are often based on mathemalical principles anyone can learn,
is shows

Thi you how to perform scores of tricks with cards, dice, coins, knots, mumbers,
nlc., % usimg simple principles from sel theory, theory of numbers, lopology, ofher areas
of mathematics, fascinating in thomselwes, Mo special knowledge required. 135 (lles. 186pp.
5% x &, 1335 Paperbound $1.00

MATHEMATICAL PUIZLES FOR BEGIMNERS AND ENTHUSIASTS, G. Moth-Smoth. Test your
oblem-solving technigues and powers ol inference on 1BE challenging, amgsing pustles
sed on algebra, dissection of plane Wgures, permutalions, probabilities, elc. Appendix of

primes, squate roots, efc. 135 |llus, 2nd revised edition. 248pp. 5% x B,

Ti68 Paperbound §1.00

LEARN CHESS FROM THE MASTERS, F. Reinfeld. Play 10 games agalnil Marshall, Bronstein,
Rajdorf, other masters, and grade yoursell om @ach mowe, Detailed annotations reveal prin-
ciples of play, strategy. elc. as you proceed. An excellent way lo gel a real irm'g‘hl inta the
game, an'lurfr titied, “'Chess by Yoursell." 81 diagrams. vil + Iddpp. 5% 2

. » 1362 Paperbound %$1.00

REINFELD ON THE EMD GAME |M CMESS, F. Reinfeld. 62 end games of Alekhine, Tarrasch,
nnmn{s other masters, are carefully amalyred with emphasis on transition from middie
end play. Tempo moves, queen endings, weak squares, other basic principies clearly
lustrated. Excellen! for understanding why some moves are weak or incorrect, heow to avold

errors. Formerly titied, *‘Practical End-game Play.” 62 diagrams, wi + il'l'rn. 53 x 8.
. Tél7 Paperbound $1.25

1001 PUZILES IN THOUGHT AND LOGIC, C. R. Wylie, Jr. Brand new puriles you meed no special
anmﬂ.ﬂr to solve! Each one is & gem of I:aunu}l:r that will rull; chifilenge your probiem-
salving hnigue. Introduction with simplified explanation of scientic puziie soiving, l!l%
5% x 8. T167 Paperbound $1

THE COMPLETE NOMSENSE OF EDWARD LEAR., The only complete edition of this master of
mm madness at a poputar price. The Dong with the Luminows Nose, The Jumblies, The
and the Pussycat, hundreds of other bits of wonderful nonsense. 214 limericks, 3 sets
of Monsense Bolany, 5 Nonsense Alphabets, 546 fantastic drawings, muth more, JTD%
5% x B. T167 Paporbound $1

28 SCIENCE FICTION STORIES OF M. G. WELLS. Two complefe novels, "Men Like Gods' and
““Star Begotten,”' plus 26 short stories by the master science-fiction writer of a1l time,
Stories space, lime, future adventure thal are among the all-lime clagsics of sciemce
fiction. 92Bpp. 5% x &, 1265 Clothbound $3.95

SEVEN SCIENCE FICTION MOVELS, H. 6. Wells, Unabridged texts of “The Time Machine,”
“The Island of Dr. Moreaw,” “First Men in the Moon' “The Invisible Man" “The War
of the Worlds,” **The Food of the Gods," ““In the Days of the Tomel.” “One will have to go
far 1o match this for enterfainment, excilemenl, and sheer pleasure,” N. Y. TIMES. 1ulSpp.
5% x A T264 Clothbound %3,

MATHEMAGIC, MAGIC PUZILES, AND GAMES WITH NUMBERS, R. ¥. Heath, More than 60 now
les and slunis based on number properties mltlleln: Ilr&n numbers mentally, fnding
he date of any day in the year, elc. Edited by J. 5 Meyer. 76 illus, II‘QFO- ¥ oz 8,
T11g, Paperbound 51.00

FIVE ADYENTURE NOVELS OF H. RIDER HAGGARD. The master story-lellus five best tales of

m““"" and adventure sel against authentic African bachgrousnds: “She,' “King Solomon's
nes,” “Allan Quatermain,” “Allan‘s Wife,” "'Maiwa's Revenge.” lligp. 5% x B

TI0E Clothbound $3.95

WIN AT CHECKERS, M. Hopper. (Formerly “'Checkers.) The former World's Unrestricted
Checker Champion gives you valusble lessons in openings, traps, end games, ways 10 draw
whien are behind, etc. More than 100 questions and answers anficipate your problems.
mﬂ' 75 problems diagrammed, solved. 70 figures. = <+ 107pp. 5% ® A

T363 Paperbound $1.00

CRYPTOGRAPHY, L. D. Smith. Excellent introductory work on ciphers and their solution,

history of secret wriling, technigues, elc, lmﬁlflﬂﬂ on lapanese methods, the Baconian

cipher, frequency tables. Bibliography. Over probiems, solutions, lﬁﬂp;..p:r% x B
T247 rbound §1.00

CRYPTAMALYSIS, W. F. Gaines. (Formerly, “Elementary Cryptanalysis,') The best book available
on eryplograms and how to solve them. Contains all major techmigiees: substitution, transposi-
tion, mized alphabets, multafid, Wasiski and Vignere methods, etc. Word frequency appendis,
167 problems, sclutions. 173 figures. Z36pp. 5% 1 8. THT Paperbound $1.85

FLATLAND, E. A. Abbel. The science-fiction classic of life in & 2-dimensional world that is
Wlﬂ & first-rate imtroduction to relativity and hyperspace, as well &8s a ing
on sociely, politics and religion, Tth edilion. 16 illus. 128pp. 5% w &,

T1 Paperbound $1.00
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HOW TO FORCE CHECKMATE, F. Reinfeld. (Formerly ""Challenge 1o Chessplayers.”) Mo board
needed to sharpen your checkmabe skill on 300 checkmate situations. Learn to plan up to
3 moves ahead and play a superior end game., 300 situations diagrammed: notes and full
solutions. 111pp, 5% x A, Ta3s Paperbound $1.25

MORPHY'S GAMES OF CHESS, P. W. Sergeant, ed. PF.?' forcefulty by following the techniques
wied Ih:t Tntg.ﬁ%lgﬁﬂlllt :h-':! :I':Ill'ﬂ.pluniﬁ :m: nr.hlﬁl a!?;gsdl_urﬂu ly “ﬁ'l.ll to
reveal principles. ography. New introduction by F. ams. x ‘
5% % 8, THI Paperbound $1.7%

MATHEMATICAL RECREATIONS, M. Krailchik, Hundreds of wnuiual mathematical i and
odd bypaths of math, elementary and advanced. Greek, Medieval, Arablc, Hi problems;
figurate numbers, Fermal numbers, primes; magic, Euler, {ﬂil‘l squares; fairy chess, latruncles,
reversi, jinx, ruma, teirachrome other positional and permutational games. Rigorous solulions.
Revised second edition. III- ilus. 330pp. 5% x 8, TIB3 Paperbound $1.78

MATHEMATICAL EXCURS . H. A Merrill. Revealing stimulating insights into elementary
math, not usually taught in school. 90 problems demonstrate Russian peasant multiplication,
momary systems M, magic squares, dyadic systems, division by inspection, many more.
Solutions to difficult problems. 50 illus. 5% x A T350 Paperbound $1.00

MAGIC TRICKS & CAmD TRIENS, W. Jonson. Best introduction to tricks with coins, bill

eggs, ribbons, slates, cards, easily performed without elaborate equipment. Professiona
routines, tips on presentation, misdirection, etc, Two books bound as ome: 52 tricks with
cards, 37 tricks with commen objects. 106 figures. 224pp, 5% x B, T909 Paperbound §1.00

MATHEMATICAL PUZILES OF SAM LOYD, selected and edited by M. Gardner, 177 most Ingenlous
mathematical purries of America’ ﬂ!iﬂtlt purzle originator, based on arithmetic, algebra,
14

!mt thl.-ogu. dissection, route t g, operations research, probabliity, etc. 120 drawings,
iagrams, Solufions. 187pp. 5% x 8. Tdbe Paperbound $1.00
THE ART OF CHESS, J. Masen. The most famous general study of chess ever written. More
than B0 openings, middle gamae, end game, how to atlack, sacrifice, defend, exc , form
general ﬂma&r. Supplement on "How Do You Play Chess?” by F. Reinfeld. 448 diagrams.
356pp. 5% x T463 Paperbound $1.85

HYPERMODERN CHESS as Deoveleped in the Games of its Greatest Expom ARDN MIMIOVICH
F. Reimfeld, ed. Learn how fthe me's greatest innowator defeated Alekhine, Lasker, and

mamy ofhers; and use these methods in your own game. 180 diagrams, . 5% x B
Td48 muuul $1.35

A TREASURY OF CHESS LORE, F. Reinfeld, ed. Hundreds of fascinating stories by and aboul
the masters, accounts of touwrnaments and famous mes, aphorisms, word portraits, Hitle
known incidents, photographs, etc., that will delight the chess enthusiast, captivate the
boginner, 48 photographs (14 full-page plates), 12 diagrams, 315pp. 5% x A

T458 Paperbound $1.75

A MNOMSENSE ANTHOLOGY, collected by Carolyn Wells. 245 of the best nonsense verses ever
written: nonsense puns, absurd arguments, mock epics, nonsense ballads, “sick' werses, y
Latin werses, Fremch nonsense werses, limericks. Lear, Carroll, Belioe, Burgess, noarly 1

other writers. Introduction by Carolym Wells, 3 indices: Title, Author, First Limes. xxxili +
279pp. 5% x A, T439 Paperbound $1.25

SYMBOLIC LOGIC and THE GAME OF LOGIC, Lewis Carrell. Two delightful puzzie books
the suthor of “Alice,” bound as ane. Both works concern the symbelic representation
traditional logic amd ether contain more than 500 ingenious, amusing and instructiee
syllogistic puzziers. Totud of 326pp. 5% x B, Taaz 'Pmm $1.50

PILLOW PROBLEMS and A TANGLED TALE, Lewis Carroll. Two of Carroll’s rare puzzie works
bound as one. “Pillow Problems' contain 72 original math les, The puzzles in “A Tan
Tale™ are given in delightful story form. Total of 291pp. sﬂn: B T493 Paperbound $1.50

PECK'S BAD BOY AMD HIS 6. W, Peck. Both wolumes of one of the most widely read
of all American humor books, A classic of - American folk humor, also invaluable s & portrait
of an age. 100 original illustrations. Introduction by E. Bleiler. 31?;1. 5% x 8

497 Paperbound $1.35
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