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PREFACE

The following chapters were originally prepared as a

series of lectuyes under the auspices of tlle New England
(now Northeastcrn) Bird Banding Association to serve as

an introduction to a general survey of Birds, their structure,
their habits and their relations to ourlelves. In view of the
prescnt widespread delight found by out-of-door people in
the companionship of birds it was believed that sucf a .or.s" .
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
pake the book attractive. Especially are my grateful
thanks due to Mr. Frank W, Benson for permission to usd
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. Brownell
Dr. Jonathan Dwight, Charles Maciram3Lra, Profcssfr -
Loye H. Miller, George Nelson, Dr. R. W. Shufeldt, Dr.
Wm. Lord Smith, and through its late Superintendent Ned
Hollister, the National Zotilogical Park..

G. M.{.
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BIRDS AND THEIR ATTRIBUTES

CHAPTER I

SOME HUMAN RELATIONS WITII BIRDS

Tnr very g.eat g'eneral interest in birds seen at the
present day 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
tirds 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 auspic..6

comes from the Latin aois,-a bird,-and spicere,-to
Iook at,-and relates,to the ancient custom of divination
from flights of birds, or the notes of tame birds, or from
4n examination of the entrails of birds kept by the augures
lor th. purpose of,foretelling the probable ori"o-. oi 

"nyundLrtaking. '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,

t
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.l

will be due to the favbrable tusoicts of the bird club that.
instituted them. t 

. '!' )
r But if the days of divination by the aid of birds are now

remote, it remains true that bdth in the pist and at the pres-
ent time, many crises in htman life and many important
events of everyday existence are intimately associated with
birds. Are we not ushered into earthlife by the Stork, thus
continuing in the New World a4 ancient.tradition of the
Old? It is a temarkable fact that so large a bird as the
Common Stork of Europe, belonging to a group of uncom-
monly wary species, should have tst3blished what is in ef-
fect a relation of symbiosis with man ; that is, the two species

live together with mutual advantage. For in ceotral 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 birct5' 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 usefulnos of birds at critl
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, f.rr
they feed much at night and are quick to give vent to their
alarm at any unusual or untoward circumstance.

I,
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, SOME RELATIONS WITH BIRDS 3

The timely arlval pf grcat fochs of Migrator!'Quail,
it may be recalled, saved ttre Israeliles from qtarvation in
their wanderings in Arabia. But though it seemed a miracle
to themr we now khow that it,was but the usual yearly migia-
tion of the birds, after all porhaps a miracle in a wider
sense of the word,

Dr. Frank M. Chapman was the first to point out
(r896) the important pqrt played by birds in Columbus's
discovery of America. The great navigator sailed from
Cadiz in southern Spain in the late summer of 1492, a,nd on
reaching the Canary Ishnds in latitude 36' 3o' north, bade
farewell to these we'sterly outposts of the Old World and
bore atyay westward on this same parallel, with the favor.
ing northeast trades, into unknorrn seas. On September
18, Pinzon, who commanded one of the three caravels'

'hailed the Admiral and informed him that "from the fight
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 Leep about orghards and groves, came in the morn-
ing and flew away again in the evening," cheering the hearts
of the dismaved mariners. The next two weeks of the
voyage were witJrout special event, and daily the crews
betame morerand 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
,visited "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

t
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were io; some 650 miles froill the pahimas. Finally, on .
October 7, firds becatne so nrrntrous and the direction of
their flight so uniformly soirthwest, that Columbus actually
ch'ang'ed his course to correspcnd with tbeir line of flight.
Fiske, the historian, remarlc that this was a fortunate cir-
cumstance, for had he persisted on the parallel, he might
have reached northern Florida after 7zo miles, but the
change brought him to the Bahama Islands with a saving
of ovir zoo milcs ere making landl It was iherefore due to
birds alone that Columbus materially shortened his yenture-

some voyage and landed in these i.slands instead of on the
continent. What the birds that he law 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
qBcstion whether, in the absence of these migratory
birds, Columbus would have been able to influence his
timid and superstitious sailors to pr.ess 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 t{'re

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 rcturned to Holland. In our own day,
two men of one of the recent Antarctic expeditions were

)
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cast away and kepi ali,ve thrcughout the long winiei until
help came, living on Pengulnc. ' .

We may never know just hdw much English literature
owes to Penguins.i Ruskin rllates, however, that whehevbr
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 "qympathetically ridiculous." So wero his
spirits revived;'and this bne ."n casily 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,Labout r 6oo.

The pttempt made a few years ago to kill Penguins by
the wholesale, to boil thcm 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'! Gulls which appeared 3t
a critical time and devoured the hordes of locusts that
'threatened destruction to the first crop of the pioneers at
Salt Lake, Utah. Fo'r if this crop failed they wire without
provision for the winter or seed for another sowing.
' The value of igsect-eating birds to the agriculturalist is
a inatter thatr 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
insects in check are (r) fungous diseases and (z) other
insects. Were it not so, we ourselves should long since
have been oyerwhelmed. But insects form a world of their

,,, , . )., tl
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o*n. 'Mo.t species hare enerries in.the'shape of parasitic
insects, which are so rpecialized that each kind of parasite
attacks some particular klnd of insect, and more than
th'at,'one set of parasites attrcks only S" "gg, 

a second
species only the young gru[, 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 ploportionsl and presently
themselves become rare. When this condition is reached,
the host species, suddenly relieve$ of attack, may again
break forth in enormous numbers, andrgain a great lead be-
fore the parasites can increase fast enough to check it. So
the see-saw process goes on between the insect or, [he 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
giurr.n in the walls of io-. of the limestone iaverns of
southern Spain, the work of men of the Stone Age who.
lived in these shelters perhaps z5,odo 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, .v"n ?h" ryammoth ;ird
the rhinoceros now long since extinct in Europe. Though
most of th9 figures are of quadrupeds, a few are of birds,
including some obyious 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

)



r , r.. !

$oME RELATTOilS WrTH BIRDS

I
3

4

:1!'

@

,6
TLc Grc.t Horacd Owl ar a rtotif io prc-Columbian dcsigor by Ccoual

Amcric.n Indians. t atrd 3, Mcricaa; 2, ltlaya al Yucetan; 4, ltone
erviog Yucateo; 5, orrl io 0ighq carv.d iq dood, Yucata!
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the native creatures fa?niliar t6 their'eviryday life. Some
of the figures of the'Grea.t Hlorrned Owl are wonderfully ,;
eypressive and were used in a most decoratiye manner to
fill a panel or an irregularly shbped spacd In their picture-
writing they used the conrtntionalized representations of
various birds as well as of other creatures. A very inter-
esting series of figures can be brought together from one

I
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ConveDtionalized heads of the King Vulture showing thc stages in r€duc-

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 nanralistic 6gure ryith
the squarish wattle on the beak to a glyph inrwhich notEing
remains but the beak and the wattle to stand for thc 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 hiero-
glyphic writing in which many of the characters are birds
Fr-ilim to them. The outline figures of these are made in ' I
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a conventionalized, a;d inde'ed a prescribed ,tyl", yet are
readily identified. Among them are sden the vurlture, swal-
low, sparrow, sparrowhawk, pindait duck, ibis-all f aailiaS
and common specieb 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 longJegged bird,

tt,

I

, FIc. II
Pre-Columbian design .ombining Ocellated Turkcy and King Vulturc

, (Yucatan Mava Indians)

possibly the Stone Plover or Thick-knee, a common species

of nbrth Africdn streams, act;ve 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 z)gz.ag sign denoting water, seems

nJyertheless suspiciously like the outline of an owl's ears.
Few of us realize the really enormous numbers of birds

annually killed for food even in the United States. Some
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recent statistics on ttle subie'ct in. Grinnell, Bryant, and
Storer's "Gamc Bir& of Qalifo?nia" (r9r8) are illuminat-
ipg..In that State a decrea'se in numbers-of ducks and geese

was noticeable fifty years ado, thoughSthe degree of re-
duction rested mainly on the 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. T\e writers;rnentioned, how-
ever, give the'actual numbers of ducks receiyed by game-
transfer companies in San Francisco, from which it appears
that a single company in I9o9-1q-h2ndled over zo,ooo
geese; another in rgro-rr nearly fz,ooo ducks; a third,
in the five seasons 1906-rI, a total of over 357,qlo ducks
of various species I Dr, J. C. Phillips records that, accord-
ing to information furnished him by the Game Commis-
sioner of California, between Soo,ooo and r,ooo,ooo ducks
are annually killed in that State, and even greater figures
are given for the yearly toll in Minnesota. Dr. Phillips
toncludes from a careful survey of the statistics available,
that in the United States alone, between six and ten million
dud<s are killed every year, and thilis probably about half
of what it was before the more recent enactment of bettcr
laws for the protection of these birds. We do not realize
how very greatly the face of our coungy is changing. Ii
many parts of the West, where once werC vast aredb 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, {orests have been ruthlessly
cut down or as carelessly burned, and the entire aspect of
the country changed. At the present time the clearing ald
draining process is rapidly progressing in Florida and will
eventually greatly afiect the existence of many of the larger '
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I A W}IITE STORK AND BROOD ON A GERMAN HOUSE-TOP
Auerbach, lhot.

TNAINED CORMORANIS IISHING
Frotn an old engraaing by De BrTt
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,SOME RELATIONS WITH dIRbS II,t
birds there. In my ohn gollege da'ys, before the sale of
game had been stopped, it #ai apommbn sight to see Prairie
Chickens hanging by dozens. in our markets at Christmls
time. At the preient day thly have been so reduced in the
middle West, partly through lntensive cultivation, that I
have not been able to obtain a specimen needed for some
investigations.

Among peculiar and irferesting uses to which birds are
put, it may be recallcd that the Chinese and Japanese have
long employed tame Cormorants to catch fish for their mas-
ters. The birds are pregented 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 r59o 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 Per+,
grine was a favorite, though several species were used, and
trained to pursue anC, 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
phiases descriptive of its many aspects. An interesting
point brought out is the difierence in method used by various
sorts of hawks ; the f alcons 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
es Goshawk or Sharp-shin, grasp or "truss" the quarry and
bear it to earth, an adaptation perhaps to the difierent
habitat of the two groups, for a wood-haunting species,
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if it st.u.k its prey Hown, might. iari'iy lo.. it in thc- -t . f
undergrorgth.

,Tfu: use of homing or cairier pigeons seems to have been

known eyen in the days of NEah, Thede are merely spe-

cially bred birds of the salhe wild stock as our common
street pigeonr and are trained to return to their home-loft
across long distances. But to this subject we will return
later (under Migration). The gractical galue of carrier
pigeons was delnonstrated in the Great War, where they
proved of effective service in the sending of messages and
were much used by the French armies.

It is but a step from the taming of 'yorrrg 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-
tbns 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 ther4. 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, protected from enemies,
and kept in unnatural surroundings without ndbd for wat'ch-
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 I

The most serious result under conditions of captivity is tho
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 nnly ,u.ti biids as can mat6 anri nest freel'y under
restraint thai may rcally bi called <loriresticated.

At the risk of seeming tri,rial', it is worth mentioniDg the
few species that riren have tfius turned to their own use in
this way and succeeded in making part of their household-
Foremost in importance is our Barnyard liowl. Domesti-
cated since very ancicnt times in eastern Asia, perhaps

Burma, it was 4 favorite pith the Chinese in antiquity, and

according to tradition they received it frorrl the west about
I4oo B. ('. The hen is mentioned in the older Sanskrit Ved-
das (poems). An ancicnt 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 aftcr 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 represcntation in Europe is found in Crete, and it
was pictured by the Greeks in works of art after thc 6t+l
century B. c. It was probably brought into Europe as a re-'sult mainly of the Prrsian invasions. Aristophanes men-
tions it as the "Persian bird." A dwarf rnce 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

32i B-c., and Lucilius mentions cockfights. Roman hen-
houses had ladders, roosts or slecping porches, and nesting
boxcs, and thc 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,
alajestic tail, erect rerl comb, and above all, a very pugna-
cious temperament. Cockfighting was much in vogue with
the ancient Greeks, who even uscd iron spurs for the 6ght-

I
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ing biids. This formrof sport is sill .3-.on with Latin
peoples. Ir those days, whitethens were in disfavor in .
b5ee{ing, on account of tlieir more easily falling prey to
hawks; but for certain purpoles they wgre especially kept
and used, as in Egypt as an ofiering 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 appropriatc sacrifice to tlre nymphs and to Aphro-
dite. In early{imes, hens were irs.d to hr't.h eggs of pea-
cocks and ducks, apparently first by the Egyptians. Black
hens were used as ofierings to th€ Goddess 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 ffen. Perhaps, too, Gallus bankiva (or better,
G. gallus, the older name)' of northern India to Cochin
China is a wild prototyp€. This Jungle-fowl lays eight to
t7r'elve 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 equiv.alent of our letter U
in the Egyptian alphabet, and often appears in their hiero-
glyphics.

The Common Du& was probably fir.st domesticated in '
southern Europe. Bones in the Swiss lake-drellings and in
the caverns of Europe are those of wild birds. They were
apparently but rarely kept as domestic crcatures by the
Greeks and the Italians, and probably at first those in cap-
tivity were mercly wild-caught birds being fattened. The
Romans made elaborate pens for the fattening of wilf
ducks for the table, consisting of an enclosure with a 15-

foot wall, the top screened with wide-mesh netting to keep '
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the birds in and hawksror eagles out'; there was in the cen-

ter a dry place where plant. k..e seti and the,whole must
be near a swamp or lake, with a canal for introductign gf
running water. Siach a nessdtophium, as it was called, is
described in the villa of Seius, {fhe Germans are supposed
to have received domestic duc.ks from the Romans, and
they were apparently kept by the dwellers on Cyprus and
Rhodes associaged, too, yith the worship of Venus. In
Egypt ducks were used as ofierings to the Strn God, Ra, to
whom the God of the Nile brings among other water-
products a bundle of ducks. The Egyptians hatched ducks'
eggs by 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-
erat;ons to domesticate the bird almost completely, so read-
ily does it thriye 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-browr
bird with a white area at the bend of the wing, and with
curious pinkish excrescpnces 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
'hi. -"n found on their arrival in the fuest Indies that the
islahders 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 r5 14 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 r5th century. The name

tt.,
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Musc,ivy Duck is saidto be derived Irofi the name of the
Muysca Indians of T'{icaragrra I and later comupted into
l{usc.ory.

- 
Our tame Geese are apparerltly in all tEeir various breeds

descended f rom the comm(rr wild GrayJag 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 ig not known when it was
first domesticattd, 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 Germ?ns had geese when
Crsar's armies invaded central Europe, and in lag:r days
the German geese were especially sought by the Romans.
Their chief value lay in their feathers, which were plucked

foe times yearly (for feather beds came beforq furnaces)
and in their livers which formed one of the chief delicacies
of those days and one that now survives in the "foie gras"
qf 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 gens, 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 tlrat Dickens wrote -
an entire book with a single quill-pen. Wr still use the
word "penknife" for a small sharp blade, though no Ionger
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 World (excep3
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 tlie W,est Indies and Mexico publishld in
rSzT by Oviedo, a Spaniaid; who sptnt severel years in
these newly discovered countriet, The Mexican Tqrkey
had already been domesticate'd by the natives of that part
of America, and it was from tltem that the Spaniards ob-
tained it and brought it to Europe, where it was established
as early at least as r53o. It seems not to have been known
in England muc\before r.i4r. 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, tS5S. From Eirope 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 focks 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 real
son to suppose that the New England Turkeys were some-
times kept tame here, hrrt they were not truly domesticated.
The Mexican bird difiers from ours in having whitish-
tipped feathers, and this distinguishing character the do-
mestic race persistently retains, The Wild Turkey in New
Engiland 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 focks became broken up and
the birds ceased to breed. A few old gobblers remained
hcre and there and were either 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 iate William Brtwster relater 'hoi a single old and
wary Turkry cock lived in the'Concord region about rz5
y,€arg ago, the Iast of its race in these parts. Though many
liunters sought its life, it wfs never stiot, but finally suc-
cumbed to other enemies dr died of old age. In England
Turkeys were early dedicated to the Christmas feast, It
was natural therefore that our forefathers having the wild
Turkey here at their doors, regagded it as 1 proper bird for
their Thanksgfuing feasts. To this day the Vermont- or
Rhode Island-bred Turkey is famed for its excellent flesh.
It will not occur to many, howevcr,.that the English Spar-
row has any connection with the present scarcity and high
cost of our Thanksgiving dinner. This is neverth6:less 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 ameba-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 whipJike appendage, by tly: 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 the
tp".r&, which, iro-wever, is immune from its attack. 

'The-

sparrows in visiting the barnyards for gAin 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 harle
not become accustomed to cope with them.

To this brief list of domesticated birds may be added thc '

t.
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Peacock, originally'a n'ative of pcnins&lar India ,rd iiylon,
and always used as a symbdl r:f pride.' King Solomon im-
ported it 6rst into Palestine, ind it was known tq the
b".eks, mor" esp$cially aft'er the eastern conquesi o'f
Alexander. In early times itsr fesh was esteemed as a

delicacy, and in the days of chivalry one of the most solcmn
oaths was taken "on the peacock," served up garnished with
its own plumage- .

The Ostrich of South and East Africa ltas 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 ddcorative plumes. ft makes a some-
what unBttractive 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 haie be-
come more mature. fhere 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
Irom their enemies.

The Guinea.hen, a native of Africa, was early brought
to Europe and seems to haye been known to the Greeks and
Latins. It was carried to our own West Indies in thc
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 pErhaps to be.'adied to the list of
domesticatld birds, 

ithoujh ifi Sommon with the European

floqsc Sparrow it is perhaps to be classed with the so-called
i'fov.al'i or fireside speciis thrt thrivd in human associa-
tion, like flies, dogs, mice, certain weeds, grass. It is
interesting that the number of such adaptable species is so

small, yet fortunate perhaos that it is no larger.

HISTORICAI-

It would be interesting to trace the earlier history of
ornithology and to exam]ne in detiil some of the oider
works by European authors. Some of these are ;eviewed
by Gurney (r9zz) 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
pur 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 shoul( imitate, who, per--
ceiving what gain there was in death, shotld die sin$ing
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 Osrich, and swallow my sword like
a great pin." The Ostrich in heraldry is often represente.d
with a horseshoe in its beak. I recall the surprise of an
English officer visiting an ostrich farm in East Africa,'

I
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But it was by su'ch irb.e.vant and rthinking men as the
young€r Pliny and Sir Th6nlas Browhe that *ruth was
gradually demonstrated and natriral history gradually.be-.
came shorn of its legends add 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 view 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 ol 

"ou... 
in Latin, but a modern re-

print and translation is available (Turner, r9o3). 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.
Hc 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, Iargely a compilltion from classical sources of all
available refcrences to birds. Belonius's book was more of

. an original piece of work, and included an account of the
dnatomy of birds as well as pictures and descriptions with
somdthing on uhe habits of the species known to him.
Several later authors, as Aldrovandus, Johnstonus, werc
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, r 544, in the postscript to his "Ayium
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Hisioria," begs his i.udcrs to- se,rd niL drawings of any
birds they{nd that'are unknbdn to them.

, Gesner (1555) and iU{rovandus (1645) had large
natural-history collections, b'ut appareritly no birils among
them. The latter had a lreat collection of drawings and
pictures, still preserved in the Bologna Academy and un-
published.

Willughby (rg5-1672) ar5d Ray (1628-17o5), the
two greatest' ornithologists of the rTth century, were
Englishmen. Both were rarely able to have a "dried" bird
for study and had apparently no ornithological collections
of their own. Their joint work was issued in r 676,
"Ornithologia libri III, in quibus aves omnes. hactenus
cognita . . accurate describuntur iconibus elegan-
tissimis et vivarum avium simillimis aere incisis illustrantur"

-folio, 
London, 77 plates. Even up to the end of the

rSth century many birds w€re described from unpub-
lished drawings.

. The voyages of exploration in the r5oo's-r5oo's famil-
iarized people with many foreign species. Prepared skins
of birds must have been already.brought from America
early in the r5oo's, for Belonius in r555 wrote that "those
who carry on trafic for merchandise in the new lands, lose
no chance to bring back curiosities which they claim to havt
bought there; indeed, since they can not.bring baclf the
birds alive in their vessels, they dry them, in order to have
their skins, chiefly those of the most beautiful colors, arnong
which is the one here described, by which the mariners have
great profit, called thc Merle de brdsil." This was a
bright-colored Brazilian Tanager (Rhamphocelus brasil-
ius) and is one of the first American birds to be described
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and figured by a Europ'ean,naturalist. . Belonius gives di-
rections to his readers for prederying bi;ds by relnoving the
entrails, stuffing with salt an{, hanging the bird up by. the.
legs to dry. He ailds that so preserved the specimen will
keep indefinitely unless destroyid by worms-a f ate un-
fortunately that overtook most of the birds in the early
collections.

About r59o, ryre Ferrante Imperato, a rich apothecary
of Naples, had a largc natural-history cabiriet (as it was
then called) which contained among other things some
birds described in Lagin as, "Trochilus pusilla Volucris,
fulgida violaceis pennis"-perhaps a hummingbird ; "avis
Diomedee" (supposed to have been a Shearwater) ; "Hal-
ryones" (or Kingfishers, once used suspended as weather
vanes) t "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 ofi by thc natives, which gave rise to the belief that the.
birds never came to earth but floated always in the air.
Finally this remarkabb collection contained a bird de-
scribed as picas marinus, a bird of shining red feathers
b,rought from America-perhaps a Scarlet Ibis.

A most important early collection was Tradescant's Mu-
seuni in Englarld. His son John was sent to Virginia in
1637-4o 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 r 669
gaye it to Oxford University on condition a building be
erected for it. The remnant of this collection is still at

I
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Oxford. It contaiged among oth'er things a Dodo from
Mauritius how long extingt;'and a feather of the fabulous
Phcnix. . .In the rSth century a good mally 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 {ew 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 qrecimens are still in ex-
istence at the Museum of the University of Parma and
after r5o y€ars are, with the exception of those rt t psala
given in 1747, the oldest birds' skins now extant.

The use of arsenic came in about 174o, and aided against
the ravages of insect pests.

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

'the basis for some of the great natural-history works of thc
time-such as Seba's Cabinet so often quoted by Linneus.

England led in natural-historyr collections. The bird
collection of Sir Hans Sloane consisted at his death in r753
of over r roo specimens. It was then bought by the Britis[
Government and formed the nucleus of the grcat British
Museum of Natural History, the most ifiportant if 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 Ber-
tram of Pennsylvania, the collections of Mrs. Anna Black-
burn (chiefy North American birds) , for whom our Black-'
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burnian Warble r was rlamgd; Sir Jriseph Banks and Sir
Ashton Lever made importaht . donafions, but of these
nearly all were entirely destrgyed. In this century, too.,
the "Cabinet of th.l King" at-Paris was a growing collec-
tion, and contained many birds.' It became in t793 the
Mus6e d'Histoire Naturelle, the great Paris Museum,
where Cuvier, Milne-Edwards, the Geofiroys, and other
eminent naturalisfs did splendid work in making known the
fauna of the earth.

In later days the national museums of England, France,
Germany, Sweden, aqd 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 thc modern museum no longer places all
its specimens on exhibition, but instead a sclection is made
for public show, and the real bulk of the collection is stored
in cascs that protect the specimens from light, dust and
insects. Of Iarge Ameiican 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
illustrated by his folio work; other birds are among the
first brought baCk f rom 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 r826, for
laak 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-

)
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nian Institution. an 
!establishmenf 'for' 

the increase and
Jifiu.ion of knowle'dge ,rnohj -.n." This amount did
pot.become available till r838, but it was not until I85o,
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 S. F. Baird's
biography by W. H. Dall, rgrg).

Among early American collections, Audubon himself had
several hundred skins, indi$erently prepared and largely
unlabeled. Part of this collectioq 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 rvere un-
questionably the very ones that served Alcxander Wilson
for his colored figures, and may be matched dctail 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 an{
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 speiies,
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 compor-
ison of specimens side by side that we can properly discrim-,

t.
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inate the difierent kinds'anrl the amoupt of their variation
in color or structure.

The latest estimate of the, nrlmber of known difiorenl
kinds of birds in th€ world is very nearly I9,ooo, belonging
to about z8ro genera. If the'reader will count up the
number of species he knows and subtract it {rom r9,ooo,
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. Catesby
was an Englishman who traveled in America in rTro-r9
and again in tTzz-26- His two large volumes appeared in
173r to 17+3, and were the first really pretentious works
on North American zodlogy, for the eighteenth century
shows a dearth of ornithological literature concerning this
continent.

7n 1794, however, ahere arrived at Newcastle, Dela-
ware, a Scotchman who was destined to become one of the
Joremost ornithologists of his time, Alexander Wilson.
Born at Paisley. in t766, he learned the weaver's trade, but
at twenty-one idopted the life of a pedlar. He had the
Scotch gift for song, and his 6rst volume of poems was
published in r79o, though it met with a cool reception.
Two years latcr he published "Watty and Meg" anony-
mously, which, becoming attributed to Robert Burns, quick-
ly sold roo,ooo copiesl For having written a scathing

,satire upon a Paisley person, Wilson was thrown into
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prison and afterwa5d forced.tg buin the libel with his own
hand at Plisley Cross. [t was upon his release from jail
rhat he came to this countay and, tuSning schoolmaster,
taught in several Pennsylvania schools.' It was here, too,
that he made the acquaiitance of William Bartram, the
botanist, who stimulated his already keen interest in birds.
In r8o6 he was engaged to assist in editing Rees's Ameri-
can Cyclopedi.a, and shortly prcpared thc first volume of
his American Ornithology which appeared in r8o8, follow-
ed by seven others illustrated from plates drawn by himsclf,
largely from mounted birds. His trail strength failed him
here, for he had much overtaxed himself in the labor of
preparing the text and plates for press. He died in l8r3
at Philadelphia. FIis was the first real ornithology to be
published in this country; for it was more than a series of
plates with explanatory text, it trcated 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 scientifc men was gathered at
Philadelphia and before its second decade had founded the
Academy of Natural Sciences and started the long serieg
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 q86 in humble
circumstances, he became a journeyman printer, and when
only t\renty-two years of age came in r8o8 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,

I
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and was fired with ital to spend lis life in the stiudy of
plants. He made ..',n..ul jor.n.y, ihto the frr W..t, ih.,
an almost unknown region, paSsing through various -Indian
tribes, making laige botanic'al collections, and returning'to
Philadelphia to write up the results of his researches.
He underwent many hardships and accomplished astonish-
ing journeys in his enthusiastic love of science. Such a
reputation di{ this devgtion and his writings on botany,
geology, and travel bring him, that in r82z he was called
to Cambridge to fill the chair of Natural Science at [Iar-
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 r83z-34) was the first
of many handbooks on birds to be issued in this country.
His further travels again took him West. FIe crossed the
continent with J. K. Townsend in r834, thence visitcd the
Hawaiian Islands and returned to Boston by sailing around
Cape Horn in r835, but straightway went back to Philadel-
phia to continue his studies. In these years an uncle with-
out {amily of his own bequeathed him an estate called Nut-
g'rove near IJiverpool, England, on condition that he reside
there at least nine months a ye ar, which with some rcluc-
tance he at length decided to do. Ffe only once again
visited this country, and since hc could not be absent for
more than three months in a year, he took the last three

, months of t847 and the first three of r 848, busying himself
again zt Philadelphia for part of the time. His death in
r 857 was partly due to overstraining himself in unpacking a
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heavy'case of specimerA. Many arrrisin! tales are told of
him. On o4e occasidn he wan&red away from the cara-
van which he was accompanling across the western country
ant his party sent back some friendly Indans 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 had the greatest horror
of Indi"rrr, shortly discovered thit he *".tb.ing 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 aftir 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 Bonaparte; who wrote
a four-volume supplement to Wilson's Ornithology; Titian
Pealc, 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 hand
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 t John Cassin reas another of this remarkable com-
pany of men at Philadelphia. The wonderful collection of
iirds at the Acade-y wm under his charge. FIe was author'
of the volume on birds in the great series of government

.t
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reports on the explora'tions for a raillvay route to the Pacific
coast.

But the most romantic figure'in American ornithology is

John Janes Audulon, whose'genius still burns in our tridst.
Numerous biographies may be,consulted for details of his
life, the most recent, that of Professor F. H. Herrick
( t9t7) in two volumes. His French parentage gave him
the fire and enthusiasm that carried him ahead through all
fortunes and mide his wr'itings 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 ord'er that he might ful6l his ambition to
pr€pare a series of portraits of American birds. In France
he studied drawing under the great artist David, and re-
turned to this country in r798, taking possession of a €arm
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. lfere in r8o8 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 o-ut his
slender resources. Always he labored at his task of gather-

' ing notes and specimens for his great work, the Ornitho-
lolical Biognphy, which appeared in five volumes, begin-
ning in 1833, and is really the text, of which the 4oo 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
tro .on. and their iamilies he passed the' remaining years.

' He was less of a trained scientific man than a keen and sym-
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pathetic obseryer withla love for outdoors and unbounded
delight in thg beauty'of birds qn?l their lively ways, an ap-
preciation which he was amply able to impart to his readers,
for td this day there has ngt lppeared injthe 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 II
FEATII[,RS

Bttos are distinguished from all other groups of animals
by the possession of fea$ers, 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 ofi
scales, to be carefully distinguished from the scales of fishes,
each of which is a distinct structure, homologous with a
tooth, and can be sripped ofi, 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,
difiering in difierent 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
scalEs, as we fiall presently see, are probably comparable
in their nature. A recent writer (Bornstein, rgrz) has in-
vestigated this matter, studying the origin of feathers in
connection with the scales of the foot. In the Rufied
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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breedi of fowl. Such keather-growdis appear in connection
with the scales. A inicroscopic'al study of the developing
foot shows that the scale a?ises as a little oroiection of the
o'rt., horny layer of skirl while the fdaih€; starts from
adjacent layers a little deeptr, soon growing up to meet the
scale which itself sinks in slightly. When the structure is
ncarly mature, it is seen that the feather is borne on the
outer part of the scale. The infgrence is z.ot that feathers
are transformetl 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 supprcssion of the scaly portion, the feather
is left. This development of featheis 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 preyent the escape of
animal hcat from the body. For fishes and frogs, for
example, take their temperature fro3n 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 reptil€s, with'
their skin exposed to the air, take their body temperah.tre
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 arc
obliged to suspcnd activity during thc colder months.
Birdl, however, with their feathery covering interposed b!-
tween themselyes and the outer air, are protected as by a'
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sort of double-window,' for, the ai. hlld in by the feathers
is so non-conductive of heat that the warmth of'the bodv is
not so readily lost. This florible-window efiect can bg

somewhat increased by pufing out the feathers by the action
of certain skin muscles and thus'making a deeper layer for
retaining thc air, as we see Chickadees or other birds doing
in zero weather. The occasionally disastrous result of
wetting such f,ufiy plur4age as the Chickadee's was
exemplified a few years ago in our region, wh'en a long-day's
drizzle in midwinter was ended by a sudden changc to in-
tense cold. The busy littlc birds could hardly have escaped
somewhat of a wetting and the suddenness of the freeze
must have chilled many o{ 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.
Moieover, instlad 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
aqtivity, 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 rooo Fahren-

I
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heit to r ro", that of mammals pot irsually exceeding 98o F.
The recentkork of Wetnlore ( r9z r ) has shown that those
!irds generally considered 3he less highly organized, as
grebes, herons, pelicans, have a distinctlf lower temperature
than the more highly orlanized species, such as pigeons,
woodpeckers, sparrows. There is also a marked day-time
range of temperature in small birds, which may be 6" or 7o
warmer in midday; while in owle, which aje most active by
nrght, the reverse is true.

It is assumed that the first form of plumage developed by
the ancient types of birds was dovgn, because young birds
still go through a downy plumage as a first stage, and down
is the simplest form of feathe r. 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. ln the Emu the body
feathers are found tobe 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 in.a 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 lonpl
as the main shaft in the Emu but absent in the South Amer-
ican Rhea or Ostrich. It is well develope'd in the Cisso-
wary and in Grouse. In its origin, it appears on the under
side of the developing feather opposite the main shaft. It
is supposed ( r ) that this is an ancient type of feather, ( z )
that many primitive birds may have had these double
plumes, and (3) that the simple type of feather is derird
from it by a gradual disappearance of the aftershaft.

In a bird such as the Robin or Crow in which there ari
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no obviously peculiar'feathers, the vlsible part of thi plum-
age is seen to consist of the smaller feathers,covering the
body and limbs and the lalgtir fcathers constitutir\g the
wings and tail. ',These arc'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 ar9 primarieso those of the second joint or part
corresponding to our forearm are the sccdndaries an<) are
dil{erently shaped, less stifi, and with more rounded ends.
The few at thc end of the humerus or elbow are the terti-
aries. Each of thesi larger feathers is accompanied by a
shorter one above and below, called a covert and there
are seyeral rows of these, distinguished as greater, middle,
and lesser coverts. The long feathers of the tail are called
rectries 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 nt.ajor cozert 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 ( r9I8 ) 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

,had 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 whiih coverts are feloer thzntfre teil-feathers is found in
some of the.grous€ and pheasants, and is typical of the
Passe ge s-that is the small'lagd-birds, as- finches, f ycatch-
ers, orioles, warblers, thrushes. In these ihe 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 somc others,
there is a curious discrepancy in tJ're rule thSt 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'
d,iastataxis, or arrang€ment with a gap, while the condition
in which the 6fth covert does have a corresponding flight
feather is cdled eutatcis or typical arrang€ment. (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, qrckoos, woodpeckers,
and other so-called perching birds. Several theories have
been advanccd 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 thc primitive
bird the rows of feathers on the hand as it was folded back.
against the foreat'm, ran lengthwise along the fingers, while
those of the forearm ran diagonally across it as we now s€€

,.



FEATHERS
,

4t
them. At the bend oT thp wrist, therefore, an adjustment
between these two sets of directions became Aecessary and
was efiected by setting the fgathers in such a way that th,ey
formed the points of a triangle,.a method often seen where,
as in the zebra, two sets of 'stripes running at difierent
angles to the midJine meet. If the tip of the triangle were
the fourth secondary, the two coverts forming the points of
its base would 7fiord the,extra one. In the later evolution
of the hand with the shifting of the quills oI the three digits
and the wrist back on to the forearm, the place where this
triangle comes is still 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 five, 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 haye
shifted outward, so that in these the outermost feather of
each row hastrecome 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.

I
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Thcre are many curious modifipatitrns of the tail feathers
that would be intcr€sting to trace. At one extreme are
c€Jtain thrush- and wrenJike birds that sp.end much of their
lives on the ground, in thickets and undtrgrowth, seldom
flying any distance (Pira, 3tc.). 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, thc Barn Sryallow, 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 stifiened and pointed to act as a brace against the
trunk when the bird is at work; while in thc Chimney Swift
all the tail feathers have stifiened tips devoid of web, for
use as a support in the same way. Many other interesting
and rcmarkable forms of the tail feat'l-rers 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 oI enormously
lcngthened 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 the.
othcr 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 ig often a t"nddnry for one to liecome
thc chief function at the eipense of the other. , An interest-
ing case is seen ir seve ral of ihe African Weaver-fipches.
In one small speicies (Stegazura) two of the upper tail-
cov€rts are immensely enlarged 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 pcrcJr facing .ghe wind on the topmost twig of
some thorn tree, looking like so many litde weathercoc.ks,
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 Eait 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 ofi the grass blades and laying them
on the floor, A single cock bird alights in this ring, and
prescntly with wings spread, head thrown back, and tail
drooping, hops up to a height of about two feet and drops
back again, showing ofi the plumage to fine efiect. When
it comes to fying off, however, troubles arise. f once saw
a small flock of females and a single male fly ofi 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
ups€t by the strong following brceze that he shortly came
about and dropped to the ground.

,
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Perlraps the longest ].uth.r. o.f any bird are the two cen-
tral pairs of.tail-feathers of the-Reeves's Pheasant, a spe-
cies of the wooded and ste'eo mountain vallevs of central
w8stein China. This beautifirl bird is ixceedingly wary,
keeping closely in cover of the pine and oak forcsts 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 tha,t its extraordi-
nary tail is brou'ght into use during fight when it wishes to
make a sharp change of direction. At such times the bird
throws the tail up nearly vertically, -turning its expanded
surface and that of the wings sharply igainst the air, which
causes thc 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 6nd similar
horns in one of the Whippoorwill-like birds, dgroup whose
relationship to the owls is undoubtedly close. On the other
hand, these tufts are present in a bird so far removed as the
fforned 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

T
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upper tail-coverts, extr;ordinarily enlJrged till they fdr ex-
ceed the tail itself. There may be peculiar danelopments
of the primaries as well. Thui there is a certain Afri-
can nighthawk ( ttie Pennant-winged Night-jar) in whicli
the ninth primary, after formin$ a short web, develops a
very long slender shaft, so that as the bird fies the two
ends, one on each side, flap along behind, giving the
impression whenrfirst seen in 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 dificult 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 appendqges 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 flufiy feathers or "down," similar to the down which
to a greater or less degree forms thc first covering of young

'birds. There is a very interesting relation between these
two sorts of felthers: for not only does the downy plumage
precede the more advanced stage of contour plumage but
the downy feathcrs of the young bird develop in the samc
way as do the downy feathers of the old bird. In other
words, down, whether found in young or adult bird, is to
lrr Iooked upon as a primitive kind of feather, and we may
suppose that the adult plumagc of the ancient ancestors of
'our present-day birds was chiefly of down. The broader
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and stiller feathers were probpbly' developed later in the
history of their race, for in the individual bird they are

prec.eded by down featheri qxcept where these have in cer-
tain species become suppressed.

P terylosis.-From the e'xternal 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 and their gelatives, as well
as Penguins add 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 de$nitc feather-tracts (or
pteryla) between which are areas of bare skin (termed
apteri.a). 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. flence it is that we find then in most birds of the
present day confined to these feather-tracts or pteryla.
There is much variation in the extent and shape of these ,
tracts in difterent groups of birds, even among those that
in other important characters are undoubt&ly closely re-
lated. The fact is that birds as a group have so much of
their structural peculiarities in common that it is di{ficult 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: .

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

,
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r, Alar or wing tract; 2, humeral tract; 3, head tract; 4. dorsal or spinal
tract; 5, ventral tract (in two bands); 6, Iemoral tract; 7, leg tract;

8, caudal or tail tract.
Allet Duigh,

QUILLS OF A PIGEON,S WING SHOWING (At 5) THE GAP IN TIIE
SECoNDARIEs ( diastatar's )
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back, and an area along'the, middle of the back to the basc
of the tail. Sometimes this tlact is internipted by a
featherless space dividing the 6ack into fore and aft areas,
or instead there m'ay be an abrrJpt transition on the back
from larger to smaller feathers. Sometimes this tract is
divided lengthwise in the middle.

(z) The oentral or breast ract, which feathers each
side of the breasl and leavts 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.

(a) The f emoral 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.

Feother structure.-If we examine a contour feather, we
find it to consist of a central tapering axis, the shaft (rha-
,clris), the lower part of which is hollow and transparcnt,
with a little hole at the end into which projects the germ
whence successif,e feathers later develop. The upp.rlart
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 t:ane of the feather. The web of
the feather is easily pulled ztpart, and is seen to consist of
a.long row of barbs (or rami) , one row on either side of
ghe shaft. Each barb under a microscope looks like a small
feather and has a row of barbules (or radii) on either side

I
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corresponding to the barbs. . Th'ese barbules therefore
spread out'on each side gf the barb parallel to the main
rhaft of the feather, and arc seen to ov.erlap, The set of
barbules on the side towald th€ tip of ttre feather overlaps
neighboring barbules, 

"nd'ce.tain 
s-rll hookJike p.o...r.,

(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 rhe little hooks are lacking

rrI

FIC. T[
Croso-scctioas of feathcr-barbs (B) to ahow iutcrlocking of barbulcs (Dy'.,

,r.) by 
',eans 

of rhc hamuli (2) 
Aftcr 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 flufis out.' There are many ways
in which this structure may be modified to produce peculiar
feathers. Thus the hairJike feathers which we singe ofi.
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 hairJikc bristles in some birds
are of this nature. In the Birds of Paradise the long wire-
like fcathers seen in the tail of certain species are merely
thc elongated middle tail-feathers from which the entirq,
web has disappcared. In our American Motmots (birds

,
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of the tropics, distantiy' releted to K'logfi.hers) the adults
have a space devoid of web for, an inch or mdre near the
end of the two rpiddle tailJeathers, so that there.is I
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 bclow the tip, leaving a stem as it
were. ft has eycn been srid that the bird actually prunes
ofi the barbs of this portion with its beak, but the real ex-
planation s€ems to be that in this region they are somewhat
brittle and break ofi dirring 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 overkoked, 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 (rgzo) discovered that in young herons
these patches aie 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

fer oiling the plumage, so that the function of the powder-
y'own patches is to take its place in the early life of the
bird, Wetmore sugg€sts that the oil gland may even have

I
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originated from a patch of these' peculiar feathers, the
many minufe oil ducts of wlrich may have combined to form
6,his single largc gland.

The developing feather.in its earlier stages 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 littlc circular
clump and being without hooks to hold their minute bar-
bules together, flufi out as down by the breaking r.way of
the enclosing sheath. They have but a very short tubeJike
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, {or this is carried out on the
tip of the new feather, and is finally rubbed oft. As the
growing part of the feather reaches its full size it "sets" or
becomes horny and is henceforth cut oft 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 livi-ng 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 more
complex process than might at 6rst be supposed. For noq
only do difierent species difier in the number and time of

,
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moults, but there may'bt iny'ividual difierences due to vari-
ous factors, as age, sex, conditiop, and so on. 'Very valu-
able studies of this matter could be made by following th9
process in birds thai have been individualizei by "banding,"
and caught for examination at fr'equent intervals. Careful
notes made at these times should, however, be checked by
the examination of preserved specimens, for it will invari-
ably occur that ay'ditional grints will come out that w€re not
at first noticed. The refercnce collection is almost indis-
pensable in any serious work of this sort. Studies of caged
birds, though interesting, 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 difierent from that occurring in the natural
state. American ornithologists have been foremost in the
study of plumage-change in birds. The works of Stone
(I899), Chapman, and Dwight (r9oo) may be especially
consulted. While an extensive treatment of the subject
cannot be given here, the following general facts are im-

POrtant.
(r) AII our smalle r,land-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.

(z) 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 we ll-marked spring moult in their first
and second years, may later discontinue it after the full
idult plumage is acquired. The male Scarlet Tanager in

t
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its first winter plumage is olive. witf brown wings and tail.
In the follOwing spring ig moults to the familiar red and

!lack except that the brown.primaries and secondaries of
the wing are retained, and do not come in 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 a.transitionll 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.

(l) 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 difierentJooking plum-
ages that a bird may have, depcnds on the number of moults
required to reaclr the final or adult stage. And these dif-
ferent steps may be Iooked upon xs 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
ih. young of -uny other thrushlike birds, and one still '
retaine d in the adult Wood Thrush, for exlmple; 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 Gcrmany five crogs
of feathers used to be plucked in old times from the tame
geese in the course of a year.

t
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Dwight has suggeste'd special names for the successive
plumages of birds: The first of all is called tbl- (r) natal
down, in which the young bigd develops downy featierl
only. This plumage is most useful and attains its fullest
expression in the young of certaih birds that leave the nest
very shortly after hatching, such as loons, ducks, sandpipers,
the hen and grousc tribe, all of which have a thick covering
of down, so fargiliar in the chicks and ducklings that fill
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 progresrive evolution. In the Australian
Brush Turkey, it is said, the stage is passed through before

^hatching, 
so that the downy plumage is not found in the-young 

except in the egg. This process of thrusting stages
in development farther and farther back into the earlier
course of life is called accelcration, and often finally results
in the individual skipping the particular stage altogether.

The second covering of feathers is called (z) the first or
juvetal plumage, and consists of contour feathers, which
carry out on their tips the down of the precedi4g plumage.

, Th" wing- and tail-feathers attained by the young bird at
, ihis time are of much the same character as those of adult

l
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birds but the body feathers are. usirally more flufiy. This
plumage is larried for a vqrying time, thrce or four months
ip some birds, but in others is very soon .replaced by

( 3 ) the frst winter plumage, in which all the feathers are
of the same texture as thole 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 of.our smallpr 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 tt$s first winter plumage
that the birds migrate from our latitud€s. 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 frst 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 that.differ markedly in the
appearance of the spring and fall dress, undergo the most
extensiye change at this moult, while those which difier litde,
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 thc feather.
They very soon break ofi and the result is the contrasting
black and white livery of the breeding plumage. The ficc
black throat of the common House Sparrow likewise resultc
from the breaking ofi of the feather tips of this part,

a

I

t



FEATHERS 55

The young bird of the previous year has now reached
adult life, and it is probable tlat nearly all the smaller
species may breed phen a year old, with the attainment of
their first nuptial plumage. In'some birds, as our Rose-
breasted Grosbeak, the most beautiful feathering is not
rcached until another spring or two, after successive sum-
mer and spring moults. It is a question, too, whether some
individuals of cprtain 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 :

(r)
(z)
(s)

'(+)

Namc ol
Plamagc

Natal down

Juvenal plumagc
First wintcr plumage
First nuptial plumagc

Namc of
Moult

(I) post-natal moult
(z) post-juvenal moult
(3) first pre-nuptial moult
(4) first annual or post-nuptial

moult

lost by

(bird a ycar old)
(S) Adult or second winter plum- (S) adult or second pre-nuptial

age moult
(6) Adult or second nuptial (6) sccond post-nuptial moult
, plumagc

, (bird two years old)
etc.

I



I

56 BIRDS AND THEIR ATTRIBUTES
I

It should be understood that whlle these are the general
series of plumages, difiergnt species show great variation
in the degree of completenoss of all byt the post-nuptial
moult. That is, the entire. 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 mary 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 gots 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 t[e
original winter plumage will be so shortened that it will
disippear altog.ther and th. plu-uge that once was as'-

I
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sumed only in spring, illl instead be 'attain.d at th€ annual
post-nuptial moult and be worn till the next fost-nuptial
moult in the follor4ing 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 staAes 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. f,his is only one of the many in-
teresting problems connected with the subject of moult,



,

CHAPTER III
BIRDS, COLORS AND TIIEIR USES

Tnrnp used to be a conundrum : What makes a leop-
ard spotted? The answer is: .His spotsr 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 dcvelop-
ing barbules attain their form and coloring matter, after
which they go through a proc€ss 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 difierent 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 oft 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 arc
due chiefly to two factors: first, the pigment produced in-
side the structure of the forming feather, and second, the
structqre of the feather itself; that is, the light reflected
from the surface of a feather may produce an effect of color
difierent from that of the coloring matter in the feather it-
self. To illustrate this latter case, take the deep-bluq
feather of an Indigo-bird, place it under the microscope

.58
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with a drop of oil td'subpergc the feather surface's, and
on Iooking at it by light transmitted from below, the layer
of pigment granules inside tlre'feather structure is seen to
b" Li*r. in thi dry feather, of course, the color apicais
blue because the layer of brohn pigment is not directly
visible but the peculiar structure of the feather intervenes
producing minute refecting surfaces by means ol t byer
of cells above those containing the pigment.

I 2

FIC. IV

Crosr-section of barb from blue {eather oI (r) Ant llhrush, Piffa, and (z)
a Cotinga (gr..tly magni6cd), shorring a laycr of rcfccting cclk ovcr-

lying pigraeotcd cclls 
Aft€r R. M. strong

A very recent writer (Gtirnitz, r9z3) has given an ac-
count of the ordinary pigments of birds that seems fairly
simple. These are of two sorts : (t) melanins (meaning
blacks) and (z) lipochrornes, meaning oily or fatty colors.
The melanins.are pr€sent in the feather as minute granules
and are soluble in concentrated acids. They are of two
sorts: (a) eumelanin, 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 appcar at the outer end
of the feather, (b) The second sort of melanin is called

, phaomelanin, 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 distribute{ in'iows of granules pro-
duces some. of the delicate rCddish colors. These two
kinds of melanin sranules'are chemicallv similar and the
litte'r may cven bI the ,u."' ", the foimer, only greatly
oxidized. '

The lipochromer 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;orts: (a) -zoiixanthin (or
animal yellow) of pure yellow color; and (b) zotiuythrin
(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 phaomelanin or
brown pigment granules give the reddish-btown 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 cres? of the King-
let) ; (c) the combination of eumelanin and
zotixanthin is frequent and gives yellowish olive-
green if concentrated, brownish olive-green if
dilutc. Thus by the gradual disappearance of the
zotixanthin (iipochrome) in a desert race of the
Kinglet (Reguius) the bird becomes a paler grayi
ish-green on the back.
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71. Pigment + srrkrurol lorm ol 'th, J"othr when com-
bined give gray or'ye llowish-browns arld blues with
the melanin; green is ptoduced by the combination
of structdre, melanin'and z.ocixanthin. The itrut-
tural modi6cation ofteh consists of a deep layer
of unpigmented cells over those carrying the pig-
ment and serves as a sort of refecting surface.

Iridescent color. 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 efiect called "Newton's rings" is produced, with
rainbow tints.

Thcre is another remarkablc and unique sort of pigment
which is found only in the three genera of Plantain-eaters
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 pigrgent was accidentally made by M.
Jules Verreaux in r8r8, 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 whith he had seizcd 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
oll from the feathers, reducing them to a pale rose hue.
V"rr.ar* believed that when the feathcrs were dry the red

'pigment was renewed but this is doubted by Sir Arthur

I
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Churdh (r9r3), who has lately-surnmed up our knowledge
on the subject. It appears thit this red coloring matter
is easily dissolved in soft (but not hard) water, or water
fid ioap. Tame birds \epi by an En'glishman "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 neuralizing with weak hydrochloric acid the crimson
pigment, whicf, is called turacin'(from Tfraco 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 ofi any oil, and then
roasted, there is finally left a black ash, amounting to
about %o of the original weight, which is found to be oxide
of copper, about 7/o 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 tur.acin was found also in
a Philippine cuckoo of a difierent family.

G6rnitz and Rensch (1924) have lately shorvn that
most violet color is structural. In some cases, however, it '
may be the result of actual violet pigmene. 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 whos!
walls, in honeycomb fashion, build up the structure, reflect'

'62
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light from their varioG surfaces so'that the feathe'r ap-
pears white since most of the light falling upon it is not
absorbed. For it is the absolption of certain of the rays
of the light-spectrirm by pig-.at that gives the coloi id
an object. We see only those rhys that are reflected back
to us. If all the rays are refected, the object looks white;
if the reds, yellows, and greens are absorbed and the blue
only is reflected, the objec,t is blue to our eye, and so on;
while if all the light is absorbed, the object looks black.

'We may now inquire, Of what use are color and pattern
to birds? Time was when men believed thc purpose rvas
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 care{ul 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 relatively simple lights and shades, sky
and sca. Birds living in sunlit foliage tcnd to be yellow or

' yellowish-green with black markings, such as many of the
warblers, goldfnches, 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 on€ to be studied carefully.
' The subject of concealing colors has been exparimentally

'studied by the late Abbott H. Thayer (G. H. Thayer,

I l.'
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r 9o9 ) , and his work has been spmdrihat further elaborated
by certain dnglish naturalists. In his remarkable book
setting ft-rrth his cxperinieqts and observations, Thayer
takes as his main thesis that all colorCtion in the animal
kingdom is for the purpote of concealing its wearer. But
we haye seen that a single organ may serve more than one
purpose, so we may expect to 6nd that some colors are
for other purposes than merely.concealment.

We distinguish a bird or an object from its background
either (r ) because it ofiers a contrast in coloring or
(z) because it stands out in relief through the efiect of
solidity produced by shading. It must be said that a bird
standing motionless is likely to be efiectually 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 coloration 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 method nearly to per-
fection, and it well suits their ground-nesting habits. In
the case of such birds as Quail and Rufied Grouse the gen-
eral tone and broken nature of the background are imitated,
rathe r than its minute detail. There is a slightly mimetic
efiect even in the case of such birds as Starling and Bronzed
Grackle which are often difficult to detect if they stand
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quietly among black brahchrs, for they look like .o-.ihing
th€y are not, namely, parts of branches.

Iiut while the \ighthawk ir Jfiectually concealed by his
mimetic plumage,'*. -o.t recall that his legs ".. u.{
short, he squats closely on the 

-ground, and his plumage
is in actual continuity with his surroundings. What of the
longerJegged 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 prinpiple called by Thryer obliteratiae
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' [-Inion 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 fe€t the middle potato was nearly invisible, though
the two others stood out by reason of the darker shading
of the under side. After suffciently mystifying his au-
dience, hc stepped forward and by a turn of the spit in-
verted the potatoes, rvhen to our surprise we saw that the
middle one's Iower side had been painted white, thus coun-

'terbalancing the efiect 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 efiect 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
i;s background in strong relief. It is a widespread method

,of efiective concealment and is, taken advantage of by a

.t ,'
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greai variety of sp€cies. ThuS itii that birds with whitc
bellies and dark backs are so hard to see when they remain

.still. against an approprigte backgrgund. Sandpipers,
grouse, many sparrows and a host of birds that feed much
on the ground are comm3nly 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 nqcessarily for the
purpose of giving concealment, for he said, a watcrmelon
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 /ess conspicuous survived to
reproduce their kind, and so gradually an exquisite ad-
justm€nt was reached.

Another interesting color efiect 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 efiect 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 ofthe bird chime
in with the foreground of the scene, whilc the finer top-
markings correspond to the apparently smaller details of
the more distant portion, an eftect probably at once more
obvious to an artist than to one unused to considering ob-
jects in perspective. In Thayer's own words, this styfe
of top-markings in animals already obliteratively shaded,
is a representation of patterns beyonil the animal, allow-'

.,
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ing it to appear either'is a,fat plane (that is, withott re-
lief) or as merged into the scenes behind it.

Additional examples of the, rdproduction of background
patterns in the plumage are readily brought to mind. Thd
grass-patterns of alternate dark'and light stripes simulat-
ing high light and shadows of narrow lengthwise blades are
beautifully illustratcd by many swamp-living birds, Snipe,
Woodcock, Swalnp Sparrgws, Sharp-tailed Finche s. The
striped neck of the Bittern is a familiar example, and many
have probably seen the wary bird stand motionless after
alighting among tall gfasses, the pattern of its outstretched
neck closely simulating the light and shade of the stems.

With an artist's authority Thayer describes the varie-
gateil 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 €ye tones with a bit of a waterlily flower
bcyond; white streaks, in the plumage pass as glints of
light, and other finer markings tone with other elements

. of the background. So with a variegated bird such as- 
the Chestnut-sided Warbler, the yellow crown simulates a
sun 6eck on I leaf, the black eye-line a dark twig, other
dark marks are shadows, th€ chestnut side is reddish bark.
Amidst its natural s€ttings 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
pnly one aspect of the matter. Among tree-living war-

, blers a vcry great variety of color patterns seems to be
found, made up of these same color elements in difierent

,
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combinations. The Cape M3y, 'Prairie, Pine-creeping,
Blackburnim, Black-throated Green, and Parula Warblers
all have yellow and gr"eni light and dark markings, some
Sith 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 tinJs that woyld produce the
same obliterative efiect 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 difierently arranged
in difierent species. This, I think, indicates a two-fold as-
pect of such color patterns, namely, that they have (r) an
oblitcrating efiect at middle distances, and (z) 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 difiering elements of their mosaic
pattern are useful to the difierent species for display at
close range or for help in identifying matesf or for other
purposes ?

Still another type of coloration is that producing so{alled
"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 snoqry breast disappears from view'
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wonderfully when staiding among pebbles with 'their

rounded contours and alternate lisht and shade: It is this
principle that was, widely u.ei 'd"rring the Great Wa.r to
ieduce the visibility of warships by breaking ,p ih.ii
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,conspicuorls 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 bir.ds 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
obseryation 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 eqiripment. 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 {rom 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
factcr for wh6lesale 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
qrises, and at such times serve their purpose, just as a cat

.carries its claws sheathed except when in the act of seizing.
' Th.r" are many other ways in which color may be usl-

t'
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ful. ' While a bird in more qr ldss rapid motion cannot
escape being seen by watchful enemies, it is possible that
eveq at such times a pursuer gray 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 dilf,cult 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 blpck. 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 agthor believes that the
dark-andJight barring of a Sharp-shinned Hawk's wing
makes the final dash of this bird less conspicuous, for thc
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 escrpe, 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
cry 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 evcn associating it.
with my presence as it went by, slackened specd for the frac-
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tion of a second. That hasrenough, however. The wood-
pccker gained a good yard and was safe behied the tree
trunk in a twinkliqg. For aq sirch moments the fraction
of a second is a ielatively long.time ; and once the first'
dash fails, a hawk seldom pursuei farther. A shrike loes,
however, but that is another matter. This littlc incident
goes to show the difierence between life and death that
some momentary diversio4 may make, such as a sudden
noise, or some unexpected action that puts an adversary at
a psychological disadvantage for eyen 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 seize his tail. No doubt other enemie s 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-
standy. While this member remains wriggling in your
fingers to create a diyersion, the rest of the lizard runs off,
and in time grows a newr 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 ofiering a bait in case of sudden pursuit.
Now in the caie 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 escap€.
This perhaps accounts for some of the prematurely tail-less
individuals one sometimes sees. Again, a sudden opening

4nd shutting of a black-and-white tail might have a mo-
mentary starding effect, and make the minute difierence
between life and death. Such may be the case with so
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mani birds that have conspiqlout ' white feathers in the
tail, as Juneos, Vcsper Sparrows, and others. It is equally
probable that such a use is'lilrely to be altogether incidental
'and that such markings are really present from some very
difierent cause. Yet onE can imagine how they might
prove of advantage. The sudden contrast made by the
fashing of white markings may often be helpful in dazzling
or confusing a pursuer. We haye often had the experience
of startling a Nighthawk or a Whippoorwill by day in the
woods, and being astonished at its instantaneous disappear-
ance when the conspicuous white pgtches on wings or tail
wcre hidden as the bird alighted.

Withal we must still bear in mind that such devices,
while pcrhaps 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 cver tried to catch
one by stepping on it as it slipped oft through the grass, you
will realize that the matter is lees 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
pa.t of the snake is seen it seems to be going -uch mor. '
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 Iengthwise sriping among
grass-living birds has a similar efiect and that their motions
on the ground amid proper surroundings are less conspicrl-
ous for this reason. An opposite efiect would be produced
by cross-striping, such as is'so commonly seen in the tails of'

I
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many spccies of pheidantg. These birds are thii:ket-
haunters, A rapidly moving tail of this patternwould give
to the eye the impression oI a, f'aster motion than reality, 

-
on account of the ripid succession,of light and dark bars or'
if fast enough, a blurr would reiult. 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 sq conspicuous 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. Moreovcr, it is interest-
ing to see that in pheas4nts 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 afiord suggestions to be
kept in mind as we obserye birds in their natural haunts.
A single device may be put to seyeral 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, better, 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 difierently from the female and more bril-
liantly, and gois 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
i4 some way affected by this, and that her choice of a mate
gray in part be governed by the efiectivencss of the show.
The tufts of white feathers of the Bittern, which usually

I
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arc toncealed under the wing. ar8'at the breeding season
flashed in.view during the bird's display. The amorous
stre.et pigeon, strutting bEfgre his matir turns around and

'around with lowered head, allowing the play of light to
bring out the iridescencc' of his neck-feathers, In many
species the male is not notably difierent from the female at
any season, as in the Savanna Sparow, Vesper Sparrow,
Chickadees, and thrushes, though even in these thcre may
be slight minor difierences of tone or local color. In the
first autumnal or juwenal plumage there is commonly very
little difierence between the two seles; but in some species
the next moult brings a difierent 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 in her olive-green livery
with bufty breast. This stage seems to have been skipped
entirely. Why this difference ? If the more brilliant -
plumai. is for display before the female, and is thus not'
useful until the breeding stage of the firtst spring, why
should the Black-throated Blue Warbler attain it whilc
still in the childhood stage of the first 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, oncq
a start is made along a certain line of development it may

I
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continue in response to,irrknpwn forces, quite regardleis of
its need. The classic case of this is found in an,extinct line
of nautiluses, whicf in earlier. plriods wcre curled, s4ail-
like; thcn later the terminal .oil,.gr.* straight away, and'
finally in a still later period curled around so that it gr€w
against the erect portion. This seemed to be unfavorable

-a kind of species-suicide-and the race died out. The
Black-throated $ue's case may remind us to be wary in sup-
posing that the difierence of color between thc two sexes
is a result of the male's propensity for display of his plum-
age before the femalc,4nd 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 difierences of
color, but it may prove to be only a guiding influencc on
certain growth tendencies which find a sort of incvitable ex-
pression in the chemical and physical processcs 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, is,seen 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 undertaIes 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" I This reversed relation of the scxes
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,

)

t



t

16 BIRDS AND THEIR ATTRIBUTES
'l

the brightest and most bcautifrl fimales would be selected
as mates by the males. This certainly appears to be a rea-

.songble inference, but may cot be the tntirc explanation.
Nor does it seem that. the duller color of the female is

altogether a device to ren'der 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 aare to sqe 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. Yeqit 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 thc eggs, despite its usually conspicuous black
and white plumes. From these and many other like cases,
it is not difficult 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 t*ris habit is partially de-
veloped, to determinc exactly what share the male does
take in the process, and to see whether or not difierent in-
dividuals o. difi.r.rrt species do not show variable d"gr".r'
of paternal assistance. This can be done a8curately by thc
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 higr
more often the object of pursuit by bird enemies. This ip
exemplified in almost any collection of bird skins in which

I
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it will usually be found'that,the bright-plumaged malei are
far in excess of the duller females and young, showing per-
haps the greater conspicuousngss' of the males. One,can
easily imagine that' a Sharp-shinned Hawk passing ove r a'
nesting colony of Bobolinks or' Red-winged Blackbirds
would find his attention much more readily drawn to the
hrighter males than to thc females, so that a mor€ con-
spicuous plumage of the mlle would rcally serve as a pro-
tection to the other members of the colony. Such an al-
truistic relation may secm 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 th€ many
possibilities that may underlie them. There is a very great
opportunity here for close and careful obscrvation 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
'-.usrr" of all things," but a well-known biologist has
warned us thad Man is likely to mislead himself when he
puts his own meaning into Nature.

)
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CFIAPTER IV

BILLS, PEET, WINGS, AND BONES

A rtno's beak serves it for.knife, fork, and spoon, as
well as for hammer and chisel in many species. Its chief
use is in conne ctiori .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 f6rm 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 varicty. The beaks of thrushes for instance
are somewhat elongated and pincerJike compared to those
of finches, which are heavier and sharper-edged, adapted
for picking up, cutting open, or crushing seeds. The bills
of fycatchers are broadened sidewise and provided with
brisdeJike feathers at the base, tbe 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 oui of line,'
so that they cross. The tip of the lower jzfw may cross to
the right or to the left of the upper. This device'scrvcs
as a wedge to pry ofi scales of pinecones. The seeds thus
exposed are deftly picked out by the tips of the beaks which
can be brought closcly together when the bill is opened
slightly.

The beaks of woodpeckers are adapted for being driven
in and prying apart the wood of decayed trunks and ari

,a
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powerfully constructed. ' 'Thp 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 befirre our noses and the jar it might give '
if w€ att€mpted to split even sofi logs with them I 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 loes not have to be ex'tricatcd
from the trunk. 'Their bills are not at all chisel-like but
more nearly of the short, broad type, and with curved up-
per profle.

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 sraight pull, and by
piercing the flesh in seizing, starts the piece that is being
torn out. The same form of beak is found in vultures,
petrels and albatrosses, which feed by pulling the mass of
food in pieces. Cormorants, too, have hooked bills. In
all these groups the feet a,9e probably but little used in
holding the food.

It is interesting to find that herons, which by some nat-
uralists are considered not distanily related to cormorants,
fiave a decidedly hooked beak in the embryo. This soon
straightens out ih young stages, however, to form the long
straight daggerJike 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, giving additional lcngth of
thSust and reach after the escaping prey. The same thing
is ieen in other unrelated groups, as in the fish-eating loons,
giebes, snake-birds and terns. The same principle is illus-

a..t r;.
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tratcd, too, by cats and dogs,,for'the former leap on their
prey frorn ambush, seizing by the clarvs and then biting,
while the.log or wolf givqs opcn pursuit and reachcs for-

' ward to nip with its teetjr;partly for this reason, no doubt,
cats are short.snouted,' dogs long-snouted. Among the
herons there is one, the Boatbill, in tropical America rvhich
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 feeiiing 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 s/zorl 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 movement 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
Zealan,J. Wrybill Plove r (/ narhwchus) , 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 ston-es,

keeping to the right-hand sirle, but there seem to be flw
exact obseryations on the habits. The bills of OystJr-
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catchers are flattened ficim ride to side at their tips, ind
are often used, it is said, to pry off limpets clinging to the
rocks, for which they must be vcri well suited.

New Zealand is a place of strange birds. One species-
thc Huia (N eomorpha) , ( 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 difierent 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 ce;tain 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 thc Galapagos Islands oft South America live several
closely related sparrow-like birds all placed in the genus
Gcospiza whose beaks in the difierent species have ap-
parendy all developcd from a single prototype; som€ ar€
longer and narrower, others shorter and heavier. It
would be thought that the heavy-beaked birds rvould feed
on larger or haider seeds that required strength for crush-
ing, and that the smaller-beaked species would eat thinner-
shellcd 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-
nertion could be established between hardness of food and
str€ngth of beak. So one must be careful in making hasty
conclusions. Nevcrtheless it is probably true that the large-
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beaked species have a poterrialfy wider range of foods
than those of weaker bills.

- ,Another group of relaied birds amopg which we find di-
verse types of bills associated with various feeding habits
are the hummingbirds. 'Our Ruby-throat has a straight
necdle-like bill for probing the corollas of flowers, but in
South America we find those with longer beaks, some
slightly, others greatly curved; others still are slightly up-
turned and rapierJike, for feeding on particular species of
flowers, certain of which are actually dependent for fer-
tilization upon these birds, througlr 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 very 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-straped titt, f 'oit"ri
saw feeding among yellow blossoms whoEe 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 majy
of them perish quickly with any great change in their
surroundings. Many birds in the Hawaiian Islands and in

I
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New Zealand, for example, had become so specialized that
nearly their entire lives were speqt in particular'species of
trees on whose flowgrs or othel products they fed. With ,
the destruction of these by men thp 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 dcvelops.
In petrels and albatrosses these pieces remain usually more
or less clearly marked, so that, as some one has said, thc
beak looks as if it opengd in several difierent 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. Each 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 partridgeJike 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.
Ltinnberg, a Swedish zotilogist, has recently shown (r9o4)
that the difiererit 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
co5rcspond 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

I
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plate, while the one or two phtes at the side of the jaw arc
comparable to the infra-Jabials of a lizard. In the pecu-

. liar flightless Kiwi ot Apteryr of Ner Zezland, it would
secm that it is the part.pahind rathet than in front of the
nostrils that has become lengthened to form the long bill,
for in this bird the nostrils are Lt the tip of the beak and
open on its lower surface ! The horny sheath of thc bill is
often provided with membrarous expaqsions and in the
ducks and geesc has little cross-plates that scrve 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 shcd after the breeding season in the Pufrns and
some of the auks. In the White Pelican it dcvelops a
Iarge knobJike excrescence toward the tip of the uppcr
mandible like a gun-sight, and this too is shed after the nest-
ing period, so wc 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 thtt are similar in difterent
groups or species where the same mechanical use is made
of them,

Tongues.-Nor is a bird's bill always -an index of the
sir. oi its tongue. In the cormorants lor 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 si&s.
Such tongues are used in the handling of seeds or insects.
In thc West Indies the little honey-creepers which famil.
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' TONGUES OT SOMD COMMON BIRDS

r, z, Chimney Swift, young and adult;3-s, Screech Owl. youlrg to adult;
6,'8, Downy Woodpecker, young and aduh; 7. 9, enlarged tips of same;
ro. ir. Ruby-throared Humminsbird, young and adult; 12, a West Indian

Hummingbird (Selicotes hol$er;c*.r), and 13, its tip enlarged.
Alter F, A. Ltcas
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iarly come about the'houges and gardens have a honey-
sucking tongue which is long, with a bushy end. Its sides
are partly rolled inward, and 6y running it into the long
tube of a flower it can brush out the nectar. In some df
the Old World sun-birds, whiCh are flower-feeders, and
in form much resemble the honey-creep€rs, the rolling is
carried still farther so that an actual tube is formed,
through which, honey car; be sucked from deep fowers;
the fringing of the tip of these tongues also aids the ftow
of liquid by capillary attraction. The hummingbirds, also
honey-feeders, have long and deeply cleft tongues with a

delicate in-rolled mernbrane 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 hoad and actually pass over the fore-
head, coming togeth€r at th€ 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 thc 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 brushJike, for gathering up sap (see Lucas, r 89Z) .

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

I
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swallowed, the gullet is capabJe 6f much stretching, so
that when gicking up food such as seeds, they can rapidly
fill the whole crop, zs this falt is called, from the mouth to
the stomach, and then leq it gradually pass into the first
division of the stomach olr gizzard whose walls are very
thick and muscular, and its inner lining hard and rough.
Ffere 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 swallowing 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

^n 
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 found, 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 witl-rin the body.
A minute study of the way in which this coiling takes place
has been made by several recent investigators to see if
Iight might bs thrown thereby on the relationships of birds.
There appear to be two principal ways in which this length-
ening is efiected: 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 firsq type is the simpler and doubt-
less the more primitive; the number of lengt[rwise loops
is usually four. These two sgrts may be still further dis.
tinguished;nto at least eight difigrent types of folding.

Birds' feet are as diverse in fdrm as are their bills' In
no bird are there normally more than four toes, and these
correspond to the four inner toes of the five-toed lizard.
Probably the outermost o,r 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 haye 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 tocs turned back, the second and third
iurned forward. This is called a zygodactyl or yoke-toed

I
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condition, and is of use in clirybin'g. The owls show an
intermediats condition, and can turn the fourth toe back
at will. In thc trogons ' (bright-plumaged birds of the
South American and African tropics ) there are similarly
two tocs front and two tbes back, but here it is the first
and scconil 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

difierent way. The greatest reduction of the foot is found
in the Ostrich which has but rrro toes, these corresponding
to the original third and fourth. This is doubtless a result
of the running habit, which tends to 6ring 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 somc albaJrosses, and thus afiords
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 sharpnessf 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 combJike
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-'



h vbalcctot oF cELEBEs' wlrg LoNc roEs roR LILY-PAD RUNNTNG

" t"'#"'*i- 
tip'"'y"'), n ",o "'ss 

BrnD or NEw ZEALAND

I

)
I

l



't
I

BILLS, FEET, WINGS, AI.JD BONESt 89

ing, as in Hens or .o-. if clrr common finches-Fox Spar-
row or Chewink. In the tropical JaEanas, hortever, they
are extremely long pnd slender; and act like snorvshoes for
giving support "r it. ti"d runs pbout over lily-pads and'
swamp vegetation.

While most land birds have thc toes separate quite to the
base, in others as the barnyard fowl, there is a slight web-
bing between thg bases of,the thrce front toes. This is
greatly developed in swimming birds, as loons, ducks, pen-
guins, flamingos. Its extremc condition is seen in pelicans
and cormorants in which the web includes not only the thrce
front toes but thc small hinil 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 ths foot and shank (tarsus) is thrown into
scales, which yary in size and form. The entire tarsus
may be envelopcd in a single one, when it is spoken of as

bootef , or there may be many very small scales like a net-
work, a reticulated condtion, The form of this scaling
is oftcn useful in classification.

. Wc all remember the surprise of Alice in Wonderland,
when using the Flamingo for a croquet-mallet, to find that
its knees bent ihe wrong way, backward instead of for-
ward. This curious condition, I 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
hcell 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 sirrg-I. one, called a "cannon
bone" frotr its long gun-barrel shape. At its lower end

. are thc three original tips of these fusgd bones, to each of
which the appropriate loe 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 tarsals). In birds the nearer row has
wholly fused with the shin-bone (or tibiq) 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-tarsal joint. In some birds
there are still to be seen traces of the three bones of the
foot that arc now fused into the one shank. Thus in
pcnguins 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 ourselvesr This joint of the leg
has really two bones, the tibia or main bone and the fbula,
a much more slender bone on the outer side from knee to
ankle. In birds the lower end of this bone has io -any'
species disappeared, and the fibula is a m?re splint at the
upper part of the tibia. ft 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 compactnest and driving power for the
muscles that ply the great swimming feet with their flattenqd
knife-edged tarsus. The lowrp end always has double
articulating surfaces: (I) the small outer one fitting
the head of the slender fibula, and (z) the main large one
that fits against the tibia.

While most,persons shrink from the study of bones as

being intolerably "d.y," the matter is really one of the
utmost interest and importance, not only as throwing light
on the evolution and relationships 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
cxamination of the internal framework afiords many and
significant points of difierence 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 ofice for impulses governing the relations of
the animal to- its surroundings.

If we take'a skull of eaci 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 difierence 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,gro 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 tide, whereas in the lizard
it bears upotr a small sep4rate moveable bone called the
qgadrate. In birds the arrangement agrees with that in
lizards and is another impo;tant point of similarity. With-
out going into too great d€tail, 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. Thir 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 difterent 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 moye 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 n0rnber of relations with
each other which Huxley used as a basis of general clas-
sification. Of special interest are ( r ) the small bone lying
in the midJine 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 ca.lled. the oomer. Thcre are two
other rodJike 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

I
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SXULLS OF SOUTII AMERICAN OSTRICH (ICft) AND GIANT KINGTISI{ER
(right), rRoM BELow

,y'rr., rnaxillo-palatine ; Pl., palatine; Parr., prernaxillary; Pl., pterygoid;
Vo., vomer,
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stout process ending iri a 9at surface that bears against a
similar round surface of each pterygoid, giving.side support
to these moveable,bones. In thi Ostriches, Emus, Apteryx,
and related birds, collectively klown 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 rcspects too are primitive, so for
this reason Huxley called this type of palate "dromaogna-
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 quadrato bone. Since in all these points the
skull of the ostrichJike 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 r double

fread 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 ic glireral structure in the
birds other than the ostriches and their kin, differs in the de-
tails of the palatal arrangcinont, so that $uxley made three
lirge groups for the remailing sp€cies:

(r) 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.

(z) Desmognatlroas or unitedpalate bir$s, in which the
clcft is closed and the palatal bones unite in the middle.

(3) Egithognathous or sparrow-palated, the t)?e char-
acteristic of most sparrows and pasperine 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 difierent as their names
might imply and are useful only in the study of smaller
groups, for difierent types of palate may occur in birds
which in other ways are obviously related. This again em-
phasizes the fact that the difrerent 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 difiers very. greatly from that of
mammals, The neck in almost all mammals consists of
seven bones (vertebra). 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 giriffe, the same
seven bones are each greatly lengthened to give the requi-
site reach. In birds, however, the number is more vari.
able; the long-necked swan for example has 25, geese 19,
while the ducks with their still shorter necks usually have
t6 or 17. Hummingbirds have no less than 14 to 15 nec\
vertebra I This greater number of bones gives the neck.
morc flexibility, and this is aided by the peculiar form of
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the joints between the'iert6bra which are usually somewhat
convexly rounded at the sides in front, allowing much side-
wise play.

At the lower part of the back, a number of the vertebri
become solidly fused together and the bones of the hips (or
pelvis) ate usually firmly attached to them so that the
lower back is a nearly solid piece. This is necessary in
order to give s.tiffness 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 ti.e lower or pubie portions of each hip,
in birds /o zo, unite below except in a few of the known spe-
cies. That the two pubic bones, forming the front of the
pelvis in reptil€s and mammals, are not joined in most birds,
is probably an adaptation to allow the passage of the Iarge
eggs, by springing apart sidewise. These bones havc
therefore, so to speak, let go instead of clasping at the mid-
line below. It is inter€sting 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 retention probably of the original condition
in thc reptileJike 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 lizartl-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 tue of -ost -4p-i1s. Thc joints of the
ox's tail we eometimes recognize at restaurants in our ox-
tail soup. What then has 6e6ome of the.long tail in birds?
fts primitive lizardJike co4dition will be mentione d in con-
nection with the Archaoptiryx, but it will sumce 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 lengt!ening of the tail-feathcrs.
In the familiar roast ctricken as it lies on a platter before us,
all that is left of the long lizardJike 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 plateJike 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 sternurn of birds is an important struc-
ture. It is so difierent 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,
conyex 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 ttiat the ostrichJike
birds were probably never in the history of their evolutioq
strong-flying birds, and never developed their wing powers.
to any great extent. Flence it is reasonable to suppose that
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their stock branched od i.o- the main line of descent at a
very early time, and that those now surviving irr the south-
ern land-masses arr; the last r.-riants of this branch. On
account of their simple breastbonep without keels for muscle'
attachment, they have been placed in the group Ratite or
birds with fat or raftJike breastbone, as opposed to the re-
mainder of living species which have been called Carinate
or birds with keeled breasfbone, 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 tog€ther as we trace thcm 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, thc common FowI presents
a breastbone of peculiar interest. When ncxt you carve a
chicken, obscrve these peculiarities I Thcrc 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 lcast six ribs join this edge, the distance is
much shortened. As you carve the meat from the breast of
the chic,ken, a high keel is exposed, arising from a broad
plate. This kiel 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 oyer the shoulder,
raises it on the up stroke. This flat plate corresponds to
t[e simple shield of the Ostrich in which, however, no keel

[as 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 the'.hi.k.r, th.r. projections
have grow?r backward so.as to be relatively very long, as

long indeed as the keel of.the breastbone. In the South
'American Tinamous, prignitive partridgeJike 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,.so that wlren the isolated
bone is stood on its back its whole aspect is that of a curious
sixJegged bug.

Now in birds that are good fliersand 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 eyen 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 stips 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 sire
and extended backward from the front of the chest to coyer
the whole lower part of the body.

I
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The breastbone is att'achgd to the spine by a series of
ribs, as in ourselves. There are a number of,interesting
points about these, ribs. In rpa'ny reptiles, especially in
snakes, the ribs are numerous. ,Typically, as in snakes,'
there is a pair to each of the veitebra or scparate 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 excapt their fork-shaped end that
joins the vertebri. Thi. 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 breastbonc to the spine,
there are usually in the more specialized birds, including
most small land-bitds, 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 lo 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 indepeldently 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 th€ front pairs,
that overlaps the rib next behind, helping to give firmness
to the body wall. This hookJike piece is called the az-
cinate process, and among reptiles is found also in croco-
diles. It is absent in the South American Screamers and in
the extinct primitive bid, Arch.aopteryx. In the Rails it is
sometimes but loosely attached and easily comes away.

-'Two other i-poit"nt bones, the ciracoids, fatiened,
sbmewhat rodJike pieces, spring out from the front of the
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breastbone, one on each side.. The same bones are well
developed in rcptiles, but in mammals are represented only
by a little projection at'tbe edge of .the shoulder-blade.

'In birds, they unite by ;trong cartilage to the shoulder-
blade (or scapula), and form 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 cerlter by a small opening for
the passage of a blood vessel, and the sho'ulder-blade fuses
with its top, but does not make an acute angle, such as seen
in the birds with keeled breastbone. These traits arc
primitive, and serve to emphasize ihe ancient character of
the ostrichJike 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
fight is strong and helps to keep the shoulders sprung
apart when the wings are raised. fn 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 llst as naturally as we do
with angels. A wingless bird is an anomaly, yet in the
Kiwi (/ptery*) of New Zealand, the wings are so small
as to be mere stumpy remnants neady hidden in the feathers
of the body. How this bird came to lole 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 zoalk up and doin
the stairs ?;' In the embryo of the Kiwi theri are trace's

l
I
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of five distinct wrist bones rnd 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, an .osrichJike 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 I

The wing of 4 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 mist4ke in anatomy. The upper-arm
bone (humerus) has a much fatter 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 pneumatie foram.en) 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 Lucas 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 ,i.,d out." 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 Jaganas-
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
6ghting. For a number of birds srike powcrfully 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 Spurwinged Gecse of Africa, this
spike is on one of the tvo 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 rcduced from the five-fingered
condition of the lizard or manmal. In 3ll living and ex-
tinct birds-so fx1 15 fu16s,11-1here are not more than three
of the five fingers left, though in the embryo Ostrich traces
of a fourth are evident at one st3ge but later disappear.
Thcre has been some doubt as to which of the five fingers
these three r€present, 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 eentrale, while the other is the fifth
metacarpal of the primitive hand. The first finger in birds
is always small, and the long bones (rneracar?als) of the
t*,o 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 o4 one or two of
these digits as a reminder of their lizariJike 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 Wo6ld
l'ultures the tip of the long second fingcr often bears a
minute claw, and so does that of geese and even of swifts.

t
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This is often hard to find,among the feathers, for it is
minute, or if the tip of the bone does not protrude from the
skin it may not haye a nail. No doubt ancient birds had
well-dcveloped claws and used'them to advantage in
scrambling about among branches. This matter will be
mcntioned again in considering bird ancestors.

lir-sacs.-ln many birds the bones, instead of being
filled with Dnarrolr, are hollow, or with many empty spaces,
so that they appear spongy in section. Thesc apparently
empty spaces are filled more or less completely by cxten-
sions of the breathing system called air-sacs. The number
and €xtent of these vary much in difierent birds and opinions
as to their use are equally diverse. They are connectcd
with the wind-pipe or *achea where this forks to send a
branch (or bronchus) to each of the two lungs, It is a fact
familiar to many sportsmen that a broken-winged bird is
difrcult 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 reccnt exhaustive
study of air-sacs in the domestic pigeon has been made by
Bruno Mtiller ( r 9o8 ) , and seryes 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 pasling down the wind-pipe enters each of its
two branches, and then before the lung is reached, a tube
passes ofi 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
o(the wind-pipe just before the lungs are reached. Miiller
found there were five sets of these sacs on each side of the
body: (r) 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 mupcles: (z) the sacs between the

. clavicles or wish-bone, and eituated on cach 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 thc upper-arm bone);
finally (3-4) there are two pais of internlediate 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. fhey are very elastic and
constandy 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 fying 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 the.chamrleon. Some have
supposed they increased the buoyanry of the body in flight,
but, in terns for cxample, the bones are not penetrated by
them, and they are poorly developed in ma-ny 0iers; others
have suggested that they serve to give sippleness 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 belicves 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 9f
the breathing system allow a larger quantity of air to
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enter the body. Finally, thc most re ce nt writer, Wetmore
(r9zr ), comes out strongly in support of the vieW that they
act to regulate the body.temperature, so that if overheating
takes place through sudden €xertion the blood -uy -o."'
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.



CTTAPTER V

THE FOOD OF BIRDS

Tnr chief activities of an anjmal may !e 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 o{, thc 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-gearcd 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 th"t there
is a comparatively small amount of waste given ofi as

excreta, even the kidney waste bring 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 natire, afiords the
most concentrated form of nourishment, while seeds of all
kinds with their stored energy of oily or starchy matter
come next in value. Yegetable matter of other sorts, as

leayes or pulp, is less nutritious, requiring greater amounts
and longer periods of feeding to produce the equivalc4t
energy.

Birds doubtless inherit from their lizard-like ancestors a
ro6
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predilection for animal food; indeed, most of the living
reptiles capture insects, fish, eggs, and various'species of
amphibians, small mammals, on even birds. For example,
one of the South American Bushmasters (Bothropsf 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, an{ the same, is true to a certain degree of
birds. The many sorts of animal food utilizcd by birds,
and their methods of obtaining it, form one of the most
interesting topics in ornjthology.

Turning 6rst 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 tribcs, 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 ar€ more likely instances of
specialization. For example, the herons arc a group in
which fish-eating is a gentral habit; hawks arc 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 Eaglc 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
specializatlon within its particular group, we may perhaps

. include the kingfishers, distant relatires 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 kingfishers, especially the smaller
species, the fish-eating custom is widespread in the group
from the tiny bright-colored rAlcedo o( 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 6rst suspect.
The Barred and the Great Horned Owls are known to catch
horned pout by night at holes in the ice whcre 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 forcepsJike bill of t{re 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 siill and patience, .tr'n,ling quietly in
shallow water until a fish is detected within striking distance
of the long neck and bill. 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 thaoe
threc unrelated groups is long, slender, and forcepsJike
for reaching and seizing, The wings are not ordinarily
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used for propulsion unAer,water in these birds, but instead
the powerful hindJegs with their shortened fernur and long
tibia furnish the ,rnotive powpri 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 Chilcan coasts also departs from the
method usual in its kind, and joins with the gannets in
plunging for fish from a |reight overhead, as described by
Dr. R. C. Mrirphy. The hovering and plunging of the
kingfishers and terns is a familiar sight to dwellers along
our coasts. The kingfsher usually chooses a lookout
perch from which to make his sally or may hover momenta-
rily in onc 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 accurary of
their aim. It is seldom that they miss. With the larger
and heavier plungers, such as thc gannets, a difierent
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 efiort izlo the wind,
until a sufficieht 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, ( r ) from
the summit of the plungc to the water, ( z ) 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

I
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fock of birds after the fish. fhe'value of these diving
terns and gennets 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 Indics a Booby
Gannet followed in the lee of our steamer for miles to
plungc aftcr the flying-fsh, flushed, as it wcre, by the cut-
water. As with the birds that Dursue fish under water, so
with these plunging birds there'is a certain similarity in
the shape of the beak among unrelated groups, for in the
tern, the gannet, and thc kingfisher, the pointed.bill rcgu-
larly increases in depth toward the bise until it forms with
the skull a javelinJike 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
morc or less characteristic in extent for difierent 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 alga. He remarks that on actount of their difierent
ways of feeding the competition is reduced to a minimum
between those groups of birds that like herons wade in
shallow water for their prcy, thosc that plunge for it near
the surface like gannets and kingfishers, thosc that dive to
the bottom for it like the diving ducks and those that, like
Ioons and snakebirds, pursue it (in part at least) at in-
tcrmediate depths, From a great number of accurate de-
terminations, Dewar has made out for diving ducks a vcry
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 accurary the

I
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depth of the water by observing the time during which the
bird is down. This was found to be for the first fathom zo
seconds, and for erh additional fathom ro seconds. This
implies that in ordinary dives of.over 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 6ve 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:

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 (Filiea) and, strangely enough, in
one group of Passerine hirds, namely the Dippers or Water
Ousels, thrushJike 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 zo f ro, 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 ro
instead of zo seconds for the first fathom and then to 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 r ater plants, merely seizes a beakful of these
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and at once returns with them tJ the surface. In othcr
words it hds no "bottom-gime," but having snatched what

.it may of the vegetable groryth, bobs again to the surfacc
and eats it there.

Here may be mentioned an inte resting 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 rq,cent expeditions
to the ice-capped Antarctic that the chief knowledge gained
as to the geological nature of the sea-bottom in ccrtain
places was derived from the pebb[es retricved from the
stomachs of penguins killed there. The Great Auk ap-
par€ntly 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 thc
fish diet of birds is whether or not it aftects adversely the
available supply of food fish. This matter has lately
been invcstigated for six species.of grebes of thc 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 €aten are of little 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 yery
destructive to crops; Pied-billed Grebes also feed exteg-
sively on giant water-bugs which arc said to destroy fis[
fry. Tayerner has recently published the results of an in-

I
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yestigation into the alleged, damage done to the salmon
fishery of the Gulf of St. Lawrence by cormorants, From
an examination of qome 3o stopichs' he calculated that a
well-filled one would weigh r/s pounds and that on the basis '
of two full meals a day each, 7oo cormorants would in thc
five months from May to September consume 45 tons of
fish a seasonl The fish found in the stomachs (taken

June to August) comprised,, however, not salmon, but scul-
pin, herring, fo'under, tomcod, capelin, and eel. The
salmon would be in danger only while as young (smolts)
they descend to deep sall water in their second year; for on
their return again to fresh water as grilse they arc of e-5
Ibs. weight and large enough to be safe from cormorants.
The evidence is that whatever efiect 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 6sh are occasionally
eaten. For with most species of fish, the number of fry
is far greater than can 5e 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
"the most valuable bird in the world," not for itself, but
foi the guano derived from the multitudes of birds that
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congregate on these dry and otherwise nearly barren places.
This valuable fertilizer is derived from the immense quan-
ties of anchovies which'swarm in thele waters and form

' the chief food of the birds. The annual output is some

9o,ooo tons, and forms a gr€at soufce of revenue for the
government.

While living fish are prey for many birds belonging to di-
verse groups-as loons, grebe5, ducks, auks, herons, owls,
hawks, kingfishers-dead fish are eaten by but few. The
larger gulls, however, have developed the taste for this
sort of food to such an €xtent tha! 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 dcad 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 visual radius, through see-

ing those nrar€st 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 Ef fish. For ex-
ample, of the various cliffs 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 nearJy
perpendicular drop to the water. Moreover, they must
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be lituated not too far frore shoals where fish congregate in
abundance.

Altogether the relations of birds to fish are of very great
interest and importance.

Of other forms of animal food available universally and
in abundance, small rodents of many difierent kinds stand
out prominently in the diet of many of the hawks and owls.
Since many ki4ds of micr interfere with human agricul-
tural and other interests, the destroyers of mice are
reckoned among our beneficial species, though in nature
they play thcir part ,no less efiectively 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 ret;re 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
conservatiye basis of two a day, this would make 73o 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 r4o7 mice, 143 r^ts, 7
bats, 5 young rabbits, 375 sparrows, 23 starlings, 24 other
birds, 4 small lizzrds, r74 frogs, z5 large night moths, 5z
crickets, and a few other insects, chiefly beetles. Probably
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 carefully protected by lrw iin South Australia, with
a penalty in addition to a.fine of gz5 for each bird killed.
Only lately have the California fruit growers learned to
'encourage Barn Owls about the storage-sheds for their
value as killers of rats that do great damage to fruit await-
ing shipment.

Among land birds, the most gen€ral source of animal
food is that supplied by insects. , Such is th.e profusion and
wide variety of insects that birds of various species have
become adapted for pursuing them in their several difier-
ent modes of life. We are all farpiliar 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 BIack and lYhite 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 finchJike species,

dig them out of decaying wood; another group of birds
pursue the insects that frequent leaves and the smaller
twigs, including warblers, many sprrows, kinglets, orioles;
while yet other groups, as swallows, flycatchers, and swifts,
pursue insects in the air capturing them as they fly. Again,
many groundJiving insects are sought by birds that fre-
quent this type of habitat, as thrushes, blaCLbirds, pittas.
Much has bcen written as to the economic value of birds
as insect destroyers. They are an efiective aid in helping
to reduce the enormous numbers of insects that are pro-
duccd and which are needed to maintain the numerical re-
lations of these creatur€s. 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 insscts specially adapted for prey-
ing upon particular host species aye of next imp6rtance per-
haps, but these, tcro, may have secondary pa.rasites which,
in turn kill ofi the (from our vi€wpoint) beneficial pri.
mary parasitcs. As Holmes put it,

"Big fleas have little fcas upon their backs to bite 'em,
And little fleas have lesser flcas, and so ad infinitum."

When, therefore, a bird €ats an insect, it may destroy
( r ) a spccies neutral in value from a human standpoint,
(z) 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 eftectivc
in reducing thcir numbers. It is also recognized that other
parasitic insects as well as diseases are even more efrcacious,
so that the control of newly imported insect pests such as

gipsy and brown-tail moths in New England is to be hopcd
for chiefy through the uSe of parasites of this nature rather
than by birds. The same checks act to regulat€ outbreaks
of native species. It must be borne in mind, as pointed out
by Fitch (see pced and Dearborn) that it is not to the ad-
vantage of any bird or parasitic insect that it should
wholly exterminate the creeture 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 ins€cts to a large degree from time to
time, should they increase so as to reduce the host specics
too far. With birds, no doubt thc same is true, but in
less degrec, for an insect-eating bird is seldom so specializcd
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as to feed exclusively on a si.gle kind of insect. In all
this it is important to bear in mind that in the course of

-ages the present conditions have been rprked out whereby
'each successful species produces young sumcient 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. If, therefore, birds are found at any
time destroying useful species o{ 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 tropics an abundant and
always available source of food, so that it is not surpris-
ing to find animals of difierent groups specially fitted for
preying upon them, such as ant.eaters of various kinds,
certain carnivorous mammals, peculiar kirids 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 ,core on felling. It is to secure these
wood-boring ants that the Pileeted Woodpecker cuts its'
mortiseJike 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 prohably the greatest con-
sumer of ants aInong the 4astern 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 neuualized.

Many tropical birds feed largely on ants, including the
f amily of Ant Thrushe s ( Formicariida ) . There are
others that follow columns of driver ants and prey upon
them. Many species of swifts are fond of winged ants,
and at tire swarming prriods great toll is taken of them
by many other birds. I havc eyen seen Flerring Gulls and
Laughing Gulls rather clumsily catching them in mid-air
during a September afternoon when millions of thc 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 samc perhaps is accountable for
the liking of some species for bees or wasps. I recall see-
ing a Clarke's Nutcrackcr, onc summer morning in Utah,
perching beside a nest of.hornets frequently picking ofi
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and swallowing one of the insetts. Its movements and ac-

tions so jarred the twig from which the nest hung, that
thc inmates were thoroudhly aroused, and buzzed angrily

'about the intruder, but the Nutcracker sat calmly, picking
ofi 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 .pake a ho.t 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 bces and the
honey seem to be usually more or less inaccessible to the
birds, but the latter have the remarkable trait of attracting
thc 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 becs and secure the honey, taking care to
Ieavc a portion of the comb for the bird. This I have my-
self seen done, though the bird hadnot far to lead us. In-
deed, bee-trees are frequently visited by the Honey Guides,
partly for the purposc of preying on the bees. It is re-
Iated of a South African species that its stomach was
filled with the hind legs of bees, that had teen bitten off
for the pollen basket carried on them. It is also related
that the clever bird does not discriminate between wild
and "tamc" bees and may lead one to a beehive 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 briefy the vegetable food of birds. This consists
chiefly in ( r ) the more nutritious stored matter in the
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seeds of various plants, or,(2) it may be the soft pulp of
thc fruit or less often (3) the,leafy tissue itself. It is

natural that the seds of plants should be most used since
they contain the most concentrated nourishment. This'
involvcs a cutting open of the seed and extraction of the
kernel, as we see so deftly managcd for example by many
of the finches. For grinding up the meat of the seeds a

strong-walled giVzard is nocded with the addition of a cer-
tain amount of grit picked up with the food. So largely has
seed-eating been adopted by the finchJike birds that it is a

habit almost character!,stic 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-cating 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 eady
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 coines to live in wintcr partly upon bayberries
(Myrica) whose waxy coating is evidently nutritious, for
thcse 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 b. r"spa,siCle for its early arrival
and late stry with us, matters in which it difiers from our
other species. The pariol family wirh their powerful
teaks afford an example of a group of tropical birds that
Iive 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 maay 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 beanJike
pods such as those of the thorn trees on which some of the
smaller species feed.

Pulpy fruits are relished by many birds and undoubtedly
afiord 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 derived or adaptive diet of
vegetable matter are the ducks and their tribe. Yery
young ducks feed largely on animal matter, as water insects,
and the same is true of the summer food of most of the
Anatina or river ducks. The sea ducks oi diving ducks
(Fuligulina) also live largely upon animal matter, fish,
mollusks; but in autumn some species may become chiefly
vegetable feeders, such as Canvasback and Redhead.
Others, 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 seeds of water
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weeds) become excellently Ilavored for the table, while
those feeding on an animal diet are more rank i, 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 a{ults 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. I have seen
the Spruce Grouse with its crop stufied with fir needles in
fall, and its well-k-nown habit of eating buds has given
the Rufied Grouse a bad name in some localities where
apple orchards have been too persistently visited.

It will be seen that r,,'ith most birds that have adopted
a vegetarian diet, there is still " return to the more prim-
itive custom of tal<ing animal food during the early stages,
or in some species insects and occasional other animals
are added to a diet chiefy 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 corlsists of the so-called "pigeon's milk," a

whitish fuid 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-eaters, for squid are likely
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to be more at the surface by.night than in daytime. The
same is tnre, too, in sorqe degree of many species of small
marine crustaceans composing the plankton of the sea.

'This may in part explaitr the nocturnal feeding habits of
many petrels. The Little Auk or Dovekie is also a
plankton-feeder, rather than a fisher, and 6nds certain times
of day best for feeding when these minute animals are
nearer the surface. In times of rough geather 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 trundreds 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 ofi the ticks which
abound in tropical countries. The huge beasts in their
turn are relieved of these anrloying 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 Argerica, a special
enemy of the sloth, and the Philippine Monkey-eating
Eagle.

A final word as to the drinking habits of birds, which
haye 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 difierent 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 tha't prospectors in desert
country are often able to locate *prings 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, how&er, need fresh water. No doubt some
species must go long periods without drinking, as in case

of certain birds that inculate 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. I 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-

.iect on which more information might easily be secured.



CHAPTER VI

ORIGIN AND DISTRIBUTTON OF BIRDS

IN previous chapters we haive 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 breast6one, the occasional pres-
ence of claw vestiges on the fingers of the hand (or wing),
in the eggJaying habits, and in other ways. If birds have
evolved through ageJong processes from some sort of
lizardJike 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
cventually trace the two types to a common source. Let us
cxamine briefly the evidence available. But, first, a word
as to fossils. Most people are ept 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, 1ve 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 td be kept for in-
definite years and still preserve their shape and appearance,

rz6
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When a bird dies and is'left lying on the ground, what
usually becomes of it? In wargr countries dicay quic,kly
sets in, larva of beetles and tertain flies devour its soft
parts or vultures and small bealts 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 i4 a quiet paol, sinks to the bottom, and by
another rare chance becomes covered with mud before the
many lvater 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 oI moisture and gradual accumulation of
soil over them, and so many become protected and mineral-
ized. In this way bones of small creatures brought into
caves by owls are often preserved. In California, there
are wells of sticky asph:llt 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, pe$aps 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 rvxters, so that they
poison birds which drink them; but after death so alkaline
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are the rvaters that fat birds ale actually turned into cakes
of soap, in'part at least, and so, vrhen subsequently cast

3shore, they become coveretl rvith sand'and are effectually
buried before they are eltcn. These are a few of the
ways in which birds' bones mav be kept from destruction
and gradually tul'ned to stone by the slow dissolving of the
bones and their replacement by mineral matter. The
chance of a bone being preservdd 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 birdJife of tho globe were a sparrowl
a loon, and an ostrich, it is obvious what a poor idea we
could gather of the l9,ooo 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 6nd at the top of each page
the number of years that wcre 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 [ater dates together, and adfling seven days
for the creation of the earth, the exact time is obtained-
no less than 4oo4 ycars and 7 days r. 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 skil[ 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 rathcr definitely made ,out and thest rhythmic
pulses of time gil,e 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 wcaring 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 nep clevation starts the whole process

again, so that the surface of the earth is constantly being
worn down fat 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 difierent
periods may be had. \Iarious 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 h'elium and lead in rocks of yarious 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.
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are very rare and on account of their fragile nature arc
seldom more than fragments of the stronger bones. It
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is natural that the more r€tent deposits should have most
abundant bird remains for they,have undergclne less dis-
turbance. In our bwn country. the asphalt lakes at Rancho
la Brea, California, have yieided thi remains of a greai
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 continuati.on 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
o{ a kind no longer living, as well as a large hawk of a genus
(Geranoattus) 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 livcd over a

wide range in North America, but now occur only in the
southern continent. There are also two vultures similar
to those of the Old World, and representing a difierent
stock from ours.

-{ most extraordinary discovery in these same asphalt
Iakes of California is that of an enormous eagleJike bird,
which has been named Teratornis. Its skull alone is twicc
the size of a Bald Eagle's and other bones are in propor-
tion. In flighi it must have appeared a veritable airpline I

Altogether Professor Loye Millcr has made out at least
z5 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 gradual extinction of these large mammals was a con-

I
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tributing cause to the decline of this splendid company of
eagles, hawks, and vulture;, for large birds must have large
amounts of food and it must be available in su{f,cient
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. V

Skull outlinc: of (upper) the extinct Californian aaglc, Teratorni;
(middlc) California Condor; (lowcr) 

"",OOrt#,i. n. ,,,,..

For these people still retain tales of a Thunder-bird that
fed on bison and even carried ofi human beings. One such
tradition relates that the bride of a certain young chieftain
was carried ofi 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-



ORIGIN AND. DISTRIBUTION OF BIRDS I33

self stood boldly forth on a,rock below the eagle's eyrie and
defiantly sang the death song. The terrible bird at length
appeared, and swooped upon him, but as it was in the act
of bearing ofi its prey, was shot to death by a volley ol
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-
Iands, though more reqent investigations seem to show it is
a connecting form, near the Central Ame rican Brush Tur-
k.y.

The most famous of recently extinct birds is probably the
Dodo (Didus inepns), 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 r598, and believing they had discovered a sailors' para-
dise, the entire crew remained there for a time enjoying its
delightful climate and feeding 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 Riunion met a
like fate, rhe Pezophaps. On Mauritius too was a large
flightless rail.

Madagascar was the home of several species of Giant-
birds ( -zEpyornis ) , all of which seem to have become ex-
tinct in the last or Pleistocene period. Many of their
enormous bones have been found and eyen fossil eggs a

foot long. The largest specics stood near ten feet high,
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with ponderous leg-bones but rmall head and degenerate
wings, In .New Zealand, too, was a race o{ large birds
now wholly gone-the Mots (Dinornir ) , representing a

'wholly distinct type frorn 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 birdt are among the first to go
with any disturbance of their quiet island life. It is a rule
of evolution that the development of Iarge size is a final
stage in growth and indicates an adjystment 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 cayes and date back, according to Bar-
rell's estimate, nearly 6o million years to the early part of
the Tertiary era or Eocene time. From one deposit at
Quercy over 4o species representing some 25 genera have
been identified among the bones fowrd. They include owls,
a vulture allied to an American genus, a Secretary-bird or
longJegged eagle now confined to Africa, as well as vari-
ous storks, herons, sandpipers, partridges, sandgrouse, and
swifts, Most interesting too are th€ remaiis 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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yct 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 tLan what we can glean from a few bones,
we should find they were in ' many rcspects difierent'
from their prescnt-day represent atives.

We must accustom ourselves to the concept that the
living birds rvc are familiar with arc the varied descend-
ants of a yet more various, company, and that in the past
as now some became so specialized for particular habits
rhat they dicd out long since with changed conditions.
Matthew is of the opinion that, as with mammals, most of
the larger modern groups were well marked at the begin-
ning of the Tcrtiary era, though probably few or none of
the genera and species were quite the same as their de-
sccndants. A recent and most important discovery of this
early time is a nearly cornplete skeleton of a very large
ground-bird, Diatr',,tma, which from its degree of complete-
ness really is a landmark in our knowledge of ancient birds.
It comes from the Eocene of Wyoming and portions of a

similar bird have been found in New Mexico. It was prob-
tbly as large as au Ostrich, ncar sey€n feet high, healry-
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 specr'es. \rery recently the impressions of long
plumy ostrichJike feathers havc 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 plateJike 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 ( "desmognathous" or roofed-over), agree-
ing with tlrat of so-called Carinate birds (Euornithet).
This remarkable species thus combines,characters of both

'Ratite and Carinate birdsr and indicates that the t\po typcs
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 fcw are of utmost interest. In addition to sundry
bones from the chalk deposits of Eggland, 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 roo million years ago. They repre-
s€nt 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 th€se toothed birds was rather gull-like in general style,
and its breastbone had a prominent kcel. The wing was
well developed, with the three fingers as in modern birds.
It is called lchthyornis or Fish-tird. The other was in
general form probably like a huge grebe, with a long body
and nec.k, long narrow bill, with the addition of teeth, and
the same short thigh bone, long tibia, and an €normous
knee-cap for muscle attachment. It was efidently a won-
derful diver, but was flightless. The breastplate has no
kcel becausc of the very small sizc of the wing. This is
the Hesperornis or Western-bird. Thus we see that birds
in thesc early days had not yet lost their teeth. The say-
ing, "Scarce as hen's teeth," would havc meant little in
Cretaceous timcs. \[e must realize, however, that even
then there were these birds of habits so specialized that
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they had lost the use of thoir wings, and that these are but
two of the many kinds of birds,that must have lived dur-
ing the 4o million.years of the' Cretaceous period.

It is hard to push our inquiry. farther back into the pasti
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, Solenhofer, Bavaria, of such exceeding fine
grain that they are much sought for purposcs of lithog-
raphy. This slate was probably laid down as very fine
silt in still water thesgeons 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 lrchaopteryx, 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, /rchaopteryx is a real
connecting link with the lizards. This lizardJike bird was
a little bigger than a magpie, its beak was blunt and snout-
like, with r3 simple tecth 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
vertebra , 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 bcen 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 ln tie middle line, they are
not fused. 'In this as wqll as in the reduced number of
teeth.in the lower as comparcd with the upper jaw, a begin-
ning is seen toward the more 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 har 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 knifeJike piece (pygi-
dium); while the tail-feathers that in lrchaoptery* 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 prov€ 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 ofi from the ground; the formation o'f their pelvic
bones was like that of birds; and they had long tails like
Archcopteryx. Dinosaur eggs have lately been discovered,
and eyen 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 Archaopteryx 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-pclint whence the small birdJike dinosaurs
as well as true birds were derived, with slight changes.
These creatures werc evidcntly common and widespread,
and have the euphonious name of Pseudosuchians, which in
Greek signifies "imitation crocodiles." Bones of this an-
cient group of leptiles ha'.e been found in the Triassic
formations (z4o million years ago) of localities so far apart
as Connecticut, Scotland, and South Africa. Living in the
period preceding that in,rvhich we find Archaopteryr, they
seem to supply the ancestral stock of both the birdJike
dinosaurs and the lizard-like birds. These "imitation
crocodiles" have not yet gone too far on a line of special
developm{nt to preclude such ancestry. The bird pelvis
could be derived from theirs by turning the Swer 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 on running on the two legs. For it
is hard to see how a foot of this type could have evolved
through climbin4 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 (r9I3), 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 for
cannon-bone], and had lost thc fifth digit from the manus

[hand]" would meet all the requirements of the ancestor
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of birds. Such hypothetical atcestors, for which therefore
there is abundant cvidegce from a study of comparative
anatomy, are called by Pycraft, an English anatomist, Pro-

'Aves, or immediate forerunners of birds. Who knows but
we may yet discover the fossil remains of some t The
critical point in their evolution came with the development
of feathcrs from long overlapping scales. They were
doubtlcss 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 tre€ to tree. They
retained the sharp-pointed conical teeth of the "imitation
crocodiles" but eventually lost them (as even ,trchtopteryx
had bcgun 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 reptileJike ancestors
during a time of perhaps zoo 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.

ffaving thus briefly glanced at the birds 6f past times in
an attempt to guess their probable ancestry, let us, before
Ieaving the subject, once more look back across that aw€-
some gulf of r5o million years to the days when lrchaop-
tcryxes 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 r 5o feet
long, each foot representing a million years; ourselves a
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point at this end, Arch.aoptlry* a point at the other. lf
we start moving toward the anqient bird, we. shall find
that by the time $e 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 thq early Stone Age of Man, and at the end
of an inch we shall be well into Glacial times. The first
foot of our rso-foot journey will have brought us only to
the beginning of the lagest or Pleistocene epoch of earth's
history, and we shall have accomplished less tlran 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'journcy's end, we are still a long way
from the starting-point of birds. Thus we rnay rellize
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.-lt 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 rclatives in South America, but none betwecn thcse
distant points? Why are albatrosses not norr found regu-
larly in the North Atlantic, and why are trogons confined
to the tropics of both Old, and New Worlds but absent else-
whcre ? 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, wt find that
there are fossil Ostrich remains in Asia, a fossil albatross
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in England, and fossil trogonl in France we may conclude
that in fofmer times thq ranges of these birds were either
more extensiye or else vcra difierent from what they are

'no*, .o that there was so;e 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 pres.nt distribqtion 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 endeavgr to adapt themselves,
whether consciously or not, to its great variety 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 west€rn Europe and the British Isles quite
across the northern parts of Asia to eastern North Amer-
ica, difiering 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 frorii 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 everlreen forest rathcr than for
open country or deserts or maple yoods. For this reason,
after having reached this continent, we find them devoted
to its evergreen forests. If thc latter were now to be

burned, cut ofi, 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 gs well as rnammals 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 common 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 Nuthatches, 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 ofiCrs. 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 toing-in of bush growth in-
stead gives a new thoug[ temporary field for the Chestnut-
sided Warbler, which nowcertainly ocors 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 rhose' pre ference is for these
trecs, as Scarlet Tanagers, Grosbeaks, and Red-eyed
Vireos. Following these trees, come in gradually a few
white pines or pitch pines, and witlr them come the Black-
throated Green and Pine-crceping Warblers, Crows, Sharp-
shinned Hawks. In short, there is found to be a regular
succession of faunas characteristic of the difierent 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. Thcse difierent sets of birds, mammals, or
insects that go with certain kinds of vegetation are called
associatiots, 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 Nef England con-
fined largely to white pines in the same way, though farther
north it frequents spruces. Othcr 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: frst, birds that breed chiefy in the
north, and in a general way are limited in their southward
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range by the southern extef,sion of the spruce and pine
forests that cross the north part of,the continent and follow
south along the higtrer elevatiorts of the Allegheny, Rocky,
and Sierra Nevada Mountainsl teeond, birds that breed
chiefly in the warmer, southern parts of the continent and
extend north to mect those of the first group. In the East
where there are relatively low mountains and the land is
not greatly varigd in leve[ 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 |righ 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 z5o 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
cquivalent 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-tailedf Pigeon, and Sharp-shinncd 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+ap. Equally characteristic southern birds
are : Wild Turkey, Mourning Dove, Red-shouldered and
Sparrow Hawks, Yellow-billed Cuckoo, Red-bellied Wood-

I
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pccker, Flicker, Whippoorwili', Kingbird, Least Flycatcher,
Orchard Oriole, Cardinal, Grasshopper Sparrow, Seaside
Sparrow, Field Sparrow,. Yellow-throated Yireo; 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 same;.some exte5rd farther north,
others farther south according to their special preference
for difierent sorts of country, or vegetation, or other condi-
tions.

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 6fty years, and other similar changes
could be recounted at length. fn 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 treeJiving birds of
this great area is derived from those species that still are
found in places where occasional g.ou.. 1luv. 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" (r9r5), 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 continentt have had more or less
the same general outlines as those we now se€ for an im-
mense period, subject, however, *o pcriodic and relatively'
slight changes of level. For after an uplift there follows
a long period of wearing dorn of the land to baseJevel,
with slight shiftings along ccrtain lines to equalize pres-
sure of the material carried down by the action of strcams
and winds. The result of the wearing-down process is
the removal of high mountains, a more uniform temperature
everywhere, and overfqw 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 r,'inds, 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 betr.,rcen vuhat were before isolated areas, just
as a depression makcs 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 on the rectangle of Mercator's projection, it
is obvious thai the great land masses ar€ in the northern
hemisphere. These have been the chief centers of evolution
and Asia, as the greatest area of all, was doubtl€ss 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 fnding of related
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groups of birds in Africa and S6uth America is now readily
explained, if we suppose.that thcy have spread out from
a more northern center intd these southtrn corners by way

'of Asia ( and Europe as a peninsula of Asia ) . From this
central Asiatic land-mass, successive wayes of life seem to
have spread out from time to time, finally rcaching the
southern remote corners. So the primitivc ostrichJike
birds reached opposite ends of the globe by spreading from
the north, zot by following a dircct conncction between
Africa and South America. So too, in case of the trogons,
now found in these trvo continents, the fossil rcmains from
France, where the birds no longer exist, show that in
early Tertiary times thcy ranged farther north than now
and so, if thcy lived in northeastern Asia as well, could
have crr:ssed to North America when the two continents
were joined end the climate was warmer as it scems to have
been in the early Te rtiary. I-ater, with increasing cold,
they retreated southward, and so each branch became
isolated, onc in the Old World, one in the Ne w. 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 cxplain what seem othirwise peculiar
and haphazard distributions.

Another interesting problem is oficrcd 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-



?

TIIE SECRETAXY-BIRD OT ATRICA-A LONG-LEGCED WALKINC EACLE

OSTIICIIES ON AN EAST AFRICAN PA'RII, COCKS AND ITENS
Dr. Wm. Lord Smith, phor.

I

I

-';

-n
\

,.

b--

t't



l'
ORIGIN AND.DISTRIBUTION OF BIRDS r4s

planation ...-, prob"bl" )lr, c".. of Australia with its
remarkable huna of so many living species Vhose like
has elsewhere so largely died out. But here the subse-

quent isolation must have been 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 pealand, and the Cassowaries of Ceram.
For free from many enemies and with plenty of food at
hand there was no hindranc€ to their development in size.
Through the protection of this isolation, too, it has often
happened that birds have suryived 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 our ken.



CHAPTER VII

SOME ECOLOGICAL RELATIONS OF BIRDS

Tnn word "ecology" is derived from two Greek words
that mean the study of the "house" or the surroundings in
which a being lives. These surroundings 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 difierent 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 ex-ample, with the
introduction of the European House Spirrow 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 thirly 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 be)en therefore a change or re-
adjustment of relations in the space of compardtively few
years. On the othbr hand ther0 are adjustments that seem

to pro...d very slowly over immense periods of time. '

We know for example that most if not nearly all modern
species of mammals are difierent in greater or less degree
from the related species that occupied their territory in
some past geologjcal period,' 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:
(r) water, (z) 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 spol<en 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



rs2 SINDS ENN THEIR O"*".,'U[
turn become accustomed to a r{arrowed and particular set
of conditiotrs.

In more detail, the wata environmett may be divided
'into (a) satt water and (b) fresh water. S;lt water im-
plies the ocean I 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 tAat range farther ofishore,
the pclagic species. To the former (maritime or coastal
species) may be reckoned such as the auks, guillemots,
cormorants, gannets, the Common end Arctic Terns, and a

number of ducks, especially o{ the group known as sea

ducks or diving ducks, species that seek 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 r€ar their young along the edge of the sear 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 thc non-breeding periods. The
second class, or pelagic birds, has departed even farther
from the primcval shore life, and like the petrels and alba-
trosses are at home on the open sea, seldoni 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 allils must be able to travel im-
mense distances, and so must have sustained iowers of
flight; hence they fiave develoied special ways of flight
such as soaring in the larger spec'ies 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 xhich 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 rin such places are forced out and must
retreat by flight over land to other favorable areas of
fresh water. Even the rivers freeze in the north, so that
the fresh-water habitat becomes in the temperate and frigid
zon€s more or less discontinuous according to season. It
is because of this difterence, I presume, that fightlessness
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 fligtt through having developed
the wing into a paddle.. The Great Auk is an example

. of a sea bird that has used its wing m6re advantageously
for flight under water thln in the air, and so was able to
dispense with adrial flight since the water route is un-
interrupted. In the Galipagos Islands ofi the west coast
of South America, Ffarris's Cormorant has reached a like
condition, and though in othef respects a cormorant, has
such reduced wings that they arc no longer available for
flight. Since cormorants normally swim under water by
means of the feet alone, this case. difiers 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 Hesperorni.s, 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 ofi 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 (Larida)
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 thelWest Indies and South Atlan-
tic Islands, the Brown Booby and the Tropic Bir'd but lack
the Noddy and Soo{ Terns so cDmmon in the same latitude
in the Caribbean Sea. Some invisible barrier, as it were,
holds ofi 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 fagorable 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 8o' F. and its northerly limit 7o' F., and
covcrs about the distance from central Florida to Cape
Hatteras on our coast. The interesting point is not that
the water-temperature is of tlirect influence in the distribu-
tion of the birds but that it afiects them in some indirect
way through its influcnce perhaps on their food supply,
which again is controlled by various factors. The tempera-
ture of the surface water thercfore is but one of the eco-

logical factors that control the breeding ranges of these
terns, but its inAuence, 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

I
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of varied food organisms apfropriate for these species, to
approach'thc surface.". He adds that the great albauoss
colony of the Laysan Island of the Pacific, may be made
possible by the mer€ shallowing of the ocean about this
island, so that a concentration is produced of the vast
quantities of cephalopods needed to support these birds.
For according to Fisher's estimate the consumption of these
by the breeding albatrosses amounts tS) some 6oo tons
daily.

But to return to a classification of water environments.
Those of fresh water include lalgs and streams, whether
large or small, and are characterized by a number of
familiar birds. The Loon, various grebes, certain of thc
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 environm.nt -uy be thought
of as very restricted in extent, and again as of various typcs,
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
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marshes may also be includld as shores, and have been
invaded by a few birds of the land as Seaside aird 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 soaarps 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 bir&, 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 afiorded 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 6lled 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 characteriz-ed 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
ofier conditions quite difierent 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, Lh.re cool conditions obtain
that occasionally attract6uch more northerly birds to nest

. as Canada Warbler, WintEr Wren, Bfown Creeper, Red-
breasted Nuthatch. Verf few exact observations seem to
have been made as to the precise conditions obtaining in
such pIaces.

The classification of land environments may be carried
out with a considerable degree'of refinerrnt, 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 ( r ) the great
transcontinental evergreen forest; (z) 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 thosc 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 sti[[
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 conditionef more or less
by geological and topographical features. Bird-life is
dependent in its distribution upon these factors only iz-
directly as they afiect 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 limes than now,
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so that the graduat retreat .]f the forest from the far west-
ern United States has brought al2out great changes in the
distribution of bir8s and other animals. The drying out
of the winds as they come from the 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 adrial
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 dislribution 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 ( r ) the
Congo rain forest with its abundant precipitation, (z) 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 dly- 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 wolyes. The arctic des-
€rt is of course quite difierent from the torrid desert in
many ways, but both agree in ofiering 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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descrts as creatures that ha* invaded them from somc
adjacent but more favo;able type of country. In a hot
desert the outstanding factor in the conlrol 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 the Dese rt Quail 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 desergJiving Sand Grouse of
the Old World ha1'e an interesting habit of saturating the
breast feathers with water at such times as they drink, and
fying back to the nest. The young birds obtain their
water supply by 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
dwcllers, 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 \Yarbler shows a very decided preference for
the Pitch Pine; the Black-throated Green Warbler is par-
tial to the White Pine, the Magnolia \Yafbler 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 AshJeaved 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,

BIRDS AND THEIR ATTRIBUT
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it occasionally came in winttr to the Middle States, as far
east as Illinois. !t was quite urknown to Ndlv England
ornithologists until the dinter df r 889-9o 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 gver twenty years. Early in the present
century, however, a second fight came in r9o3, 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
tl.rat the extensiye 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 qome with quite as great regularity as cer-
tain of our other expected visitors of winter. Still 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 relatiye 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 frrds. Particularly, I think,
the apple ttee has been a.large factor in the lives of many
species. The readiness with which Roblns, 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 h increzsing the number of
these birds in our rural districts. A recent writer has
shown that the planting of apple orchards in Oklahoma
in Iate years is directly responsible Jor the gradual spread
of the Robin across that State from east to west and of one
of the Kingbirds in the opposite direction. ffere 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 ( r ) ponds in
which one end is beginning to filI up with the accumulation
of dead leaves and floatsam of various kinds; (z) ponds
in which this accumulation is enough to forni 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 arc 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 t)?es of growth has its

t
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particular birds. The Swalnp Sparrows are found in the
inner grassy ring; Song Sparrows, and Yellowthroats in the
bushy border; while in the cool 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 othor types of succession. A white-
pine forest cut ofi in southern New Hampshire may not re-
produce itself easily. The bare ground slowly recovers
and a growth of busheq 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 becomc a pole forest, the shorterJived
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 covcrs,
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 ofiers 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-
fuence 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 condltions results in a gradual
succession of bird faunas. from grassJiving to bushJiving
types, and from small-tree lovers to folest birds, over a

long period of years, we rgay see the difierent 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 q,here the dominant type of
forest at length prevails, and as in any so-talled primeval
forest, becomes at length self-perpetuating. In the central-
eastern States this climax forest is of deciduous trces.

Succession of floras and faunas thiough 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 pin€, 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-si?ed 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 difierent 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 mattefs.

Birds as dissemirlators of seer:ls 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 mistlctoe. The berry includes a layer of sticky sub-
stance which hardens on exposure to air and is used in mak-
ing birdJime. When the Thrush eats the berries, it re-
jects the seeds, which often stick to its bill and have to be
rubbed ofi against a branch. The sticky substance then
hardens and thc seed ip fixed until it germinates, often
months later, when in May the temperature is sufficiently
high. Professor Keeble tells of a ccrtain telegraph wire in
Ceylon, where €yery year hundreds of seedlings of an allicd
species of mistletoe appear. These start from seeds
rubbed ofi upon the wire by birds from their bills. They
do not last long,. however, as no nutriment is obtainable
from the wire, brrt 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 opcn fields at a considerable distance from the
nearer cedar trees will be found to have a sprinkling of small
seedlings, the 'forerunners of more 'tedar plstures."
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.

I
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The seeds pass through the dtgestive tract and this appar-
ently is arraid to their ggrmination. Indeed, Mr. William
Brewster once told me thfi his attemlts to grow ground

'juniper from seed were elways unsuccessful until he dis-
covered that in order to germinate, the secds 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 o[d 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 prcventing
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 €astern [Jnited 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 ih which
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birds are intimately connedted with the welfare of the
forest.

There are so-.'v..y 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 chie0y difier-
ing in size. A familiar case is that of the Hairy and thc
Downy Woodpeckers, birds which difier chiefly in size
but have similar plumage. In this case the under side of
the tail in thc Downy i9 barred with black, whereas in the
Hairy, thc tail is usually unmarked below. Anothq casc
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 arc practically alike except in size and in the
tint of the mouth and the feet, yet they live harmoniously
tog€ther for all that we can see. In all such cases I believe
that some dificrence in habits goes with this difierence 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 thc smaller
branches, even to the twigs of trees or of bushes, whereas
its larger ielative is more confincd 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 spccializa-
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tion which results in a resrictfon of the larger species to a
more limited feeding area. Further increase of size would
Iimit the field of aciion still more, 

". 
*1. ."" 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.supply. fhis the Pileated
Woodpeckcr 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 reach 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 Pileate d 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 Jor 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 f)owny is commoner than the
Hairy, and the I{airy 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 difierences in the twi species of Yellowlegs may be
correlated with feeding habits in a similar way, The
Lesser Yellowlegs ts shorterJegged 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. Thc 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 [rger species, conversely to what we
saw with the woodpeckers, would here have a slight ad-
yantage, 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,
Yct a further large increase in proportions of the Greater
Yellowlegs might prove a disadvantage, requiring so much
more food to maintain a body much laiger that the ad-
vantage of a gleater feeding radius would be lost. There
are thus factors tending to limit the ext€nt 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 hais studied these birds in a
long oceart voyage to t\e southern seas where they most
abound, has brought out'some intertsting points. He

'plotted the bodyJengths of the various species of thc
group, with the exception of the Diving Petrels whose
habits are difierent, and found the resulting curve to show
three well-separated peaks, which indicated the three chief
groups of sizes-the first including the.smallcr Mother
Carey's Chickens, tle second the medium-sized shear-
waters and fulmars, the third, the larger albatrosses.
These birds are all pelagic and cgnstitute practically the
whole a€rial 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 arcas
such as islands or thc cdges of the antarctic contincnt.
flere again th€ extremes of size zre brought together in
close proximity where competition for fobd 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 largcr preda-
cious species or seeking 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 adong a host
of larger and mor6 powerful blrds.

There are other size relationg 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 ov€r the male in hawks secms to have re-
ceived very little attention. The disadvantage of being
small or the advantage of being larger was brought out
by a r€cent note in "The Auk," recounting a scene witnessed
in Florida. The smal!.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 str€ngth bore it away to the eyrie-ap-
parently a fine case of co6peration between the treo sexes.
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CHAPTER VIII

EGGS AND NESTS OF BIRDS

Itt all vertebrate (back-boneC) animals. the reproduc-
tive organs are paired glands, which in early life become
difierentiated into testes (in the male) or oaaries (in the
{'emale). In the chick this difiere46e 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-ofi of the germinal
cells. In no other group of animals is this known, except
in case of certain sharks. It is supposed to be correlatcd
with the large size of birds' eggs, and the necessity for room
inside the body to contain them. As some one has re-
mark€d, a Guillemot with more than a single egg within
would surely burst (though more likely the egg would) I

Very recently, Gunn (r9rz) 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 r4 cases out of rrz in which both
ovaries were present-including owl, Crested Grebe, Red
Grouse, Bewick's Swan, Woodcock, and L,ittle 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 ofi by the ovary, and
r72
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consist each of a single dnormous cell, the germ from
which the chick develops. The s,ize is a result of the quan-
tity of yolk or nhtritive matcrial with which the cell is

filled. On being given ofi by the ovary, the cgg is caught'
by the trumpet-shaped end of the oviduct, a tubeJike organ
down which the egg is passed by a series of wave-like con-
tractionsr until it comes out or is "laid." On its journey
down the oviduct, it passegby 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 haye all seen occasionally the so-called "double eggs"
Iaid by hens. There are two chief sorts (see Parker,
r9o5) : 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 ofi 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
eggs are found one inside the other, the case is difierent,
for obviously the inner one must have reached the lower
end of the oiiduct where the shell-glands are, before the
outer one. Observations on such eggs s€em to prove be-
yond doubt that after the first or inner egg has been com-
plcted 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.
Flere 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 €gg is'completcly enclosed by the
albumen, slcin, and shell o.f the second. Sometimes eggs on
such a reversed journey do not meet a selond 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 tfe winter and spring (see
Parker, 19o6 ).

An anxious lady during the Great War once came to me
to inquire about some eggs she \ad 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 extralong 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 vcry nar-
row and long in proportion to width.

The shapes of birds' eggs are more'various than
one would at nrst supposc. Those who have read the
Cruise of the Kawa recall Captain Traprock's discovery
of thc bird that laid square eggs I But though his tale is
discredited, there are neyertheless many variations from
the simple oval that we know so well in the hen's egg.
This its€lf is subject to much fuctuation in size, for some
hen's eggs are long or pointed, others nearly spherical. In

I
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the times of Horace, epicuies chose for eating the long
pointed eggs, for these were beligved to be more delicate,
with a clearer "wfiite." It wrs 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 thq, 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 sizc 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 clifi, whence
often the cgg rolls ofi if the birds are suddenly disturbed.
Yet, as has often been pointed out, the very shapc 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 oftea prevented from going over thc 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 ilt together, if laid in a cav-
ity. But probably this js only an incidental matter, for
woodpeckers, which have probably nesteU in cavities longer

'than owls, have elliptical eggs,
Eggs and Vigor.-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 ( r9z3 ), who
confrms a previous statement cf Coues ir1 r884, that the
short diameter of the egg, since it corresponds to thc caliber
of the oviduct, is less variable than the long diameter, and
sincc an increase in the amount of gtored 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 (r923) 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 northernt]nited States
and northward, and vinter in South America,-namely, the
Black-poll, the Bay-breasted, the Blackburnian, and the Yel-
low Warblers,-this ratio averaged r.3? '(ranging from
r.35-r.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 r.32, the

I
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lowest being the Yellow Palm ( r.z9 ). For the Black-
throated Blue it is r.37, which, hoyever, is as grrat as the
average in his first gtoup. With a second set of egg meas-
urem€nts, his results zre r46 forJhe first group of species

and r.3r for the second. Five western warblers whose mi-
gration is short-Audubon's, Black-throated Gray, Town-
send's, Hermit, and Golden-cheeked-average r.z6 for one
series of eggs, and r.jz for, additional eggs, which accord
fairly with those liven for the other set, and are much less

than that (t37) of the long-distance warblers. Other
species of birds seem ir1 general to conform to this rule;
thus in the Northern Water-thrush, a bird of long migra-
tion, the ratio is I.3o, in the Louisiana Water-thrush, of
shorter migration, it is r.z4; for the Baltimore Oriole,
r.48, for the Orchard Oriole, r.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 difierent 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 r.38, while Grasshopper, Hen-
slow's, Seaside, Pine-woods, and Bachman's Sparrows
(southern species) show an average of only t.27. As an
example of this'same relation, the ratio in the Great Blue
Iferon is r.66, whereas in the Florida form,-Ward's
Heron, which is not migratory,-the ratio is r.43.

Birds greatly difiering 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 r.6o and r.63, while
in the smaller Black Guillemot and Dovekie it is but r.45
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and 1.47 respectiv€ly, and all bf the species have about the
same migratory range, .

Averill adds further that in certain Ulrds of great power

' of vigorous flight, as swlllows, swifts, and hummingbirds,
the €ggs are relatively most elongated. Among the owls,
many of which are very little migratory, the eggs are most
ncarly spherical.

The colors of eggs are not.especially varied. Reptiles
(including lizards, turtles, crocodiles, and snakes) all lay
white cggs 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 rath€r 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 Phcebe's eggs are nor-
mally white, though very rarely with a few speckles. The
question arises, then, is the Phebe losing the spotted type
of egg, and is it dcveloping 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

I
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closely simulates its backgroirnd and so is not conspicuous
when exposed; yet its close relative, the Whippoonwill, with
a similar habit of rtesting on thc bare ground, lays nearly
white eggs with a few pale blotc[es only. It may be that '
this is correlated with a difierence in habits, for the former
often flies by day, but the latter is, I think, much more
strictly nocturnal and sits closely all day, concealing its
tell-tale eggs.

Curious are th! 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 fiye. The Ostrich and the Emu stand n€ar the
head with about r5 and r3 respectively, and Rufied Grousc
and Quail may lay as many. By taking areay 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 numbcr.
Probably the record is held by a Flicker that is said to havc
reached nearly 7o in this way, a remarkable example of the
action on the bddy of an unfulfilled instinct.

A large number of species lay but two eggs, and there are
some gingular relations among certain of these birds. In
the Antarctic there is a large species of Skua Gull (Megales-
tis maccormicki), a bird which in those regions takes the
placc of hawks in preying on its inofiensive neighbors.
This bird lays two eggs, but it seems that only one chick
eyer liycs to grow up, for almost invariably one of them

l
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gets gobbled up by one of th'e neighboring old Skuas who
seem not to discriminage between the eggs and chicks of
their own and other species .,f birds. .

The Ad6lie 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 weaker brother in-
variably fails to grow up would be interelting 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 th;s. 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 mortdlity through
this flocking habit, but such was probably the case, and it
allowed the species to economize by reducin'g 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,

I
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that these are invariably male and female. So careful a

worker as the late C. O, Whitman, after considerable ob-
servation, came to' the concluslon 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-produccrs." The whole matter has lately been
carefully studied by the French zorilogist, Cudnot, and by
Cole and Kirkpqtrick ( r 9 r,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 Cu6not, that in the long run
there is a slightly larger number of male than of female
birds produced, in the ratio of about ro5 males to roo fe-
males. This is a slightly smaller disproportion than re-
ported by the French worker, who, however, had but r36
birds in all, while.the conclusions of the American authors
wcre based on over r6oo birds. This discrepancy in pro-
portion of the sexes is doubtless a normal one and is found
in other animals, though in difierent 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 years, there is, however, a higher death
rate among the females. As to the current belief that the
tvo 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 6rst of the two eggs laid is about the
same as the relative proportion of the sexes and was ac-
tually ro3: roo instead of Io5: too, The number of cases
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in which the two eggs produced either two females or two
males is llbout the samo as th€ number in which there was
one young of each sex, a rtsult quite in'accord with the ex-
pected if it were a mattet 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 r6.5-17 days, but it is interesting to note that if
for some reason the eggs fail to hatch thq 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 Iatter 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 adiustment is a perfect one, or
that it is capable of a quick readjustment ir1 difierent species

if they become exposed to new factors of peril. The sub-
ject ofiers 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 (r9ro), who regards the
small number of iggs laid by sea birds as proof that their

I
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life is a comparatively safe one. Of the various alba-
trosses, petrels, shearwaters, auklets, murres, ahd pufrns
of the North Pacilic, but one b'rood is raised yearly, and
this consists of but a single young. These birds typically
resort to islands for breeding.

The Pigeon Guillemot and the Kittiwake Gull usually
Iay rtoo eggs. The former nests in clefts of rocks, the
latter on shelves. of precipitous clifis. 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 given 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 So%
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 r5o whcre before it was roo. 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 qquals the annual hatching but is distributed
over the entire colony, old and young. The agc 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 fock 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 ailult life, and this was especially high in females

. between the ages trf one and two years. '
But to return to the cbmparison 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 Sparrom, 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
€vents, the mortality would be, on these assumptions, 8olo
instead of 33Yt% 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 healy 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

a



EGGS AND, NESTS OF BIRDS r85

longer term of years, and in this way partly make up for
the fewer number of their eggs,

But precise facts'as to the lerigth of days in a bird's life ,
are not so easily 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 knoyn as

to the age attainfd by difielent birds. These are gleaned
from two sources of unequal value: frst, from observations
on wild individuals that have been marked or are other-
wise recognizable; secutd, from observations of captive
birds kept in zo<ilogical gardens or as pets. Obseryations
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 zo<ilogical park, where food and shelter are
regularly provided, would be most favorably placed for
Iiving out the natural period of existence. But to this it
must be replied that captivity is very likely to upset th€
natural processep 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 ofi our coast. It apoeared usually in October
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and left in April, and though lr*. 

"nough 
to come to the

deck to fee'd it never could be handled. Its identitv seemed

. well established by its familiar behaviori though ii was not
otherwise markcd. Thert are records of captive birds liv-
ing lor zr and 44 years.

An instance of a Black-backed Gull is reported by Stcen-
strup. It was taken from the nest in the Faroe Islands and
reared by onc of the peasants, liven 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.
Evcntually it sought a mate and the pair chose a nesting
place on a clifi of the island. For many years this bird
returned to the peasant's home for food, eating freely from
his hand, but the mat€ never became so daring. This bird
was still living, sixty-three years from its birth, according
to Steenstup who had personally verified the facts. In
captivity this species has been kept for rgyz yearc.

Swans have been known to live long periods in domesti-
cation; one in St. James Park, London, was known to be
at least s€venty 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, MassacJrusetts, 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 pe riod. 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.

II
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From records of birds in captivity, several extensive lists
have been compiled (see Mitchell,,rg r r ) from which a few
of the longJived st'ecies are thi following:

Raven: 50 and 69 years.

Sulphur-crested Cockatoo: 5o and 8o years. There is a record of
an Amazonian Parrot reaching ro2 years, and a Gray Parrot 93
years.

Eagle Owl: 53 and 68f years.

Condor: 5z 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 r S to 20
years. Merriam records a male Cardinal kept by his
grandmother for zr 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 r8 years in confinement. An English
Song Thrush lived r6 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 r3 years
in the London Zoo is much greater, and despite the lack of
spec;6c knowledge I 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 wildi "specific" longevity, in dis-
tinction fo that in captivity, where the bird can with

. good care reach the utmo3t limit possible until the bodily
mechanism breaks dowrr. 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 fivq, 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, pheasanls, grouse) are lower in
relative viability, ranging to about 20 years, the Ostrich
tribe under 5o.

As a whole there seems to be no correlation between sizc
and potential longevity. An Ostrich does not exceed a
crow or a parrot. There seems some support for the
theory advanced by Metchnikofi, 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 ind-ividual birds by
means of banding continues, w. sh"ll eventially 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 freshJaid 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

I ,
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food goes off in gases. For'the shell ol an egg is porous
and allows a certain amount of plssage by gasev.

There is an intercsting relatioh 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 zz
to So% (% to ll of the weight of the egg, while in those
that spend a considerable time as nestlings, the yolk is pro-
portionally smaller, only I S to z S% (% to %) of the egg's
weight. The result is.that these "nest-fleers" 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 adyanced. Such
young birds, that at hatching are almost at once active and
able to feed themselves, are called "pracocial." They in-
clude the ostrichJike birds, tinamous, fowls, gulls, shore-
birds, cranes, ducks, geese, grebes, and loons. Since in
tortoises' and crocodiles' eggs the yolk is likewise large,
lromT/t 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 n6stlings. The obvious advantage of this
latter process is that the eggs hatch sooner and the parents
are not obliged to incrrbate 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 pigeons,'owls, hawks, parrots, swifts,
woodpeckers, and passerjnes. It is not necessarily a sign
of relationship to be of one or the oth& class, but merely

'marks the degree of errancipation reached by difierent
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 (nearlptwo months); for the Cas-
sowary two months, and for the Ostrich a little less or about
srx weeks. One of the large vultures incubates SZ days.
For most ducks this period is from.about four weeks to as

much as 3z days;while shore-birds take threc weeks more
or less; the domestic hen zott/z days. Contrast this long
period with that of the Cardinal or the English Sparrow,
r z 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 th€ 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,

Nasls.-The nests of birds and the mannei of their con-
struction have not been so carefully studied as they deserve,
and there is much yet to be learned as to tfr€ 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

I
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for the purpose. There is'no such thigg as parental care
thereafter, but the young on hatchjng crawl forth and make
their way alone, reminding us of the "prccocial" birds.
But the alligators and crocodiles ieem to show slightly more '
interest in their children. They prepare nesting mounds
in whjch 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 reedi and grass. The malc 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 somc
ornithologists have supposed the habit of this bird is not a
survival of prlmitive 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 Ibis. Eventually

I
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the young hatch and either mate their way out or are said
to be unearthed by the rgale birds, who assume the care of
this incubator. Several hans may lay tfieir eggs in one of

' these heaps, and it is recorded that a very large mound was
near rjo 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 is said that_the temperature
within the mound reaches 9o'-96" F. Among some of
thesc Megapodes a difierent expedient is found: they dig a
hole in warm sand, bury the egg, an.d 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 lcast 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 theli 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.

I
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It is dificult to see othet earlier stages in the develop-
ment of parental care among living bird's, for mast of them
seem to have gone.far beyond such primitive ways. Among
the less-eyolved 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 ncxt
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 a,nd the smaller iz
the ground, lartly 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-

I
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ment of the nest-forming habil is safety to the parent dur-
ing the long process of jncubation. This is accomplished
among many birds that nes! on the grouad, either by choos-

. ing inaccessible places suqh as ledges on island clifis or by
seeking 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 arq of course birds whose size
or habits preclutle much concealment, as'ostriches, alba-
trosses, cranes, swans. They must instead guard their nests
from attack by themselves being aggressive. In all these
species the nest construction is not elxborate, often there is

none at all, or at most a few feathers and bits of rubbish
brought from close trt 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 kceping 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
ner.

The sandpipers and plovers as a group make a simple
nest on the ground that may vary from a bare depression to
a grassJined 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 utilizc
the old nests of other birds built in trees- Sometimes the
Green Sandpiper will usc a squirrel's nest, or a mossy tree-
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limb. This habit, though l0ng known in the Old World
bird, was not discovered in our Solitary San{piper till
recent years, It is an exception tb the rule and may have
been a habit developed in comparatively late geological
times. Yet it shows a desire not s€en 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 chrracteristic of most 9f the so-called "higher" groups
of birds and in tonnection i,ith th" helpless Jate oi th.i.
newly hatched young has perhaps been responsible for the
extraordinary development of nest architecture.

l{e 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 groundJiving 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 available. 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 dals, but gulls leave their nests very soon after
they appear.

It is not until we come to th€ 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

I
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constantly find that in nearly tv.iy group of birds there
will be exq,eptions to any general rule. Storks make very
solid nests and the Haminchead Storkof 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.excavate nest-holes in dead
trunks, and such groups as todies, kingfisher's, and bee-birds,
that nearly all dig holes in banks, the tree-nesting birds in-
clude most of the more progressive species, such as hawks,
fycatchers, warblers, thrushes, st'arlings, and finchlike
birds, No doubt in many cases some of these birds have
gone astray in seeking other kinds of nr ^'-sites. Thus
among flycatchers, though the open nest is the u" ral type, as

with Kingbird and Wood Peewee, there arc the usual ex-
ceptions, for the Great-crest has taken to holes in trees and
the Phcbe 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 Clifi 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 rtlatives,-and
it is perhaps due to previous ages of tree-building that its
nest among cattail f ags is so firmly madc. 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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instinct that brought about 'colonial and finally communal
nesting. Among the South Amqrican Black aad Yellow
Orioles or Cassiques, a single ttee 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 singh 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 6nd 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, howcver, 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 th.t the more specialized birds with treeJiving habits
and helpless young seem to have been led to construct sub-
stantial nests for holding th€ eggs securely and afiording a
safe platform for the young during their first stage. A
recent v€ry intdresting review by Herrick (r9rr) 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 thc more complex structurcs.
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SOME PARASITIC HABITS OF BIRDS

A panasrre is usually defined as an orglnism (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 degre e. 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 Paci6c 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 tlre surface with their catch. "A bevy
of twenty gulls were fluttering around to porince on every
pelican that dove. The instant one dropp-ed and came up

",ith 
firt he was surrounded by the gulls, ?ach scrambling

to get a nose in the pelican's fish bag." Another observer,
Gifford, has seen Noddy Terns futtering excitedly about a
pelican while it was fishing, and often sitting on the long-
sufie ring bird's head while it swallowe d the fish. He adds
that the solemn pelicans never seemed to be annoyed, nor
did he ever see the Noddies get any fish. Even the Laugh-
ing Gulls, I am told, will some times so harry terns coming
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in with fish for their young tfrat relatively few may pass the
gauntlet and reach their nests witllout being forccd to drop
their loads for the*enefit of thc 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 after a successfirl dive, and when the latter at
length drops its'p..y, 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-o'-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 Bo6by 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, bufieting it with th'eir wings, snapping at it with
their long hooked beaks. flying now above, now before, now
bclow it," the menacing pirates so cdhfused their victim
that it let drop its fish which then the robbers would swoop
upon, one of them catching it and carrying it oft ere it could
rcach the water. Just how many young boobies starve to
dcath as a rcsult of the Man-o'-War Birds' robbery has not
bcen dcfinitely estimated, but ro doubt an appreciable bur-
den is laid upon them. Nor does this winged privateer
hcsitate to turn cannibal, for it has been seen to snatch up
and fly away with a nestling of itq own species whose par-
ent had been frightened ofi the nest.

This habit of preying upon the helpless young while the
parents are temporarily ofi 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-
mcntarily left unwatched. So great is the menace from
these powerful birds that the penguins (Ad6lie Penguins)
have dcveloped an interesting habit to foil them. For the
amount of food needed by the growing young of a colony is
large and requires the efiorts of a large part of the adults
for its supply. Consequently a communal method has been
evolvcd, whereby the young birds are hcrded into little
groups of from zo-3o each, protected by'a few old birds
who stand guard against the skuas while the other parents
arc engaged in fishing for the younger population. The
voracious habits of thc skuas seem also to react upon them-
selvcs, for Wilson says that although two chicks are always
hatched, not mo{e 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 bc an unusual condi-

I
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tion and serves to emphasize'the keen compctition for ani-
mal food in thesc inhospitable regions. It is interesting
to see that in nearly all thcse canes in which adult birds of
one species rob others of food, thp "bone of contention" is
fish.

Among vegetable feeders, however, some of the ducks so
,frequently 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 probablc, 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 ther; is seidom arry
antagonism displayed.

Another way in which one species of bird becomes para-
sitic upon another is in the matter of using the nest of somc
sccond species. Not infrequently an old squirrel's or crow's
ncst 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
leavcs 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 solne 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 inkhich t€n eggs is an average
set, as m:fiiy as r8 have |een 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 rccorded. The Redhead is notoriously care-
less in this respect. Bent records finding its eggs in nests of
Ruddy Duck and Canvasback, io one case the latter species

incubating the combined batch. He adds also that both
Redhcad and Canvasback seem to have the peculiar habit
of building nests in which both species deposit eggs but do
not incubate them. One such ncst found in Saskatchewan
contained r9 eggs apparently belonging to Redhead, Can-
vasback, and Mallard. Another found in California con-
tained no less than z7 eggs (z/+ dozenl), r7 of one type and
ro of another. The Lesser Scaup Duck sometimes lays a
few eggs in nests of other ducks, Thus Bent found an egg

of this spccies 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 tllese nestfuls of
eggs has not been followed, to see if more than one femalc
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 Duct 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 co,i,.s into competition with these
species. One writgr mentions finding in a singld desirable
hole no less than Jo eggs of the Wood Duck and five of
the Merganser. The hollow of the tree was not very '
large and the eggs were several laycrs deep I

It must be said, however, that none of these cases quite
fulfils the conditions of parasitism, for each species com-
monly makes itq own nest end rears its own brood. Yet
there seem to be degrees of frequency with which the difier-
ent ones lay in other ducks' nests' the Redhead being per-
haps the worst ofiendeg. 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 (Heteronelra), 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 politively 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 Rbsy-billed Duck, the Limpkin, the Coscoroba,
Gull, Coot, Ibis, a large Rail, the Spur-winged Screamer,
and even a species ol Kite (Mibus). 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 parisitic 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 andtleaving them to the care of strange parents, has
been independently developed in severdl unrelated groups.

In the Icteridr, 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 only 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 yoqng 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 consequ€nt need for more food and space
than the rightful young. By ruthlessly eliminating com-
petition he is thus able to usurp the entire eftorts 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 thc methods whereby the fe-
male cowbird finds the nests of her dupcs and imposes her
own egg. And our ignorance of the way by which the
grown young regains the parent flock is equally grcat.
Ffudson records that the young of a South American cow-
bird seemed quite indifierent to the warning.calls of its fos-
ter parents, that would at once have caused their own young
to crouch motionless in the nest. Eyen after the young
cowbird has left the nest, it is still, he says, stupidly tame,
and morc than once has he seen one carried ofi 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 (Molothrus badius)'is said to be victimized by an-
other species, the Screaming Cow\ird, for the Bdy-winged
makes its own nest'and perforrfis 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 ro to r may well be doubted.
Nevertheless, this may have a bearing on the origin of the
habit. Hudson found that,the 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 tz 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 C assicus.

In Africa is found the peculiar family of honey guides
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that haunt the neighborhood Lf *ild-be. trees and appear
to lead ptople to these Jor the puipose of claiming their
share of comb and larva. ' Most of th'e 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 Floney Guide of South
Africa has been seen to leave the nest of a White-throated
Swallow, which on examination was founfl 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 $outh Africa, is known
to lay its cggs 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 on€
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 Picd 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 efiorts were preiently seconded
by the female's with such efiect that the impostor was hus-
tled out and chased rwzy 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 bariets' nest contained two fresh
eggs. In another case a pair of the same species'of barbet
was found feeding d young Lessei floney Guide nearly full-
fedged in a similar nest-hole of *hich 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, at 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, tholgh 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 ext€nt, though there are occa-
sional instances wherein a cuckoo's egg has been found in
an open nest of some other species. In the Philippines lives
a cuckoo called the Koel (Eadynamir) 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 entirelv black like the adult malc 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 impossibilily for the cuckoo to
lay its egg in the nest. . 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) *e also parasitic and apparently re-
move an egg from a nest to replace it wit[ one of their own.
One of these birds, Klaas's Cuckoo, is known to have laid in
a kingfisher's nest, and another in a woodpecker's hole.
A second species that frequently p;r.rasitizes 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 (Corrystes),larger birds about r4 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 thc 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 Wagail are among the
most frequent. It is believed that indiviilual Cuckoos ha-
bitually lay their eggs in the nests of a particular species,

and that their ofrspring 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 thi Zotilogical Gardens at Lon-
don, and by the following spring wps to all intents'an adult
bird. At that time.a number of 'British species were intro-
duced, including a Hedge Sparrow rvhen 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 mgst have been reared by Hedge
Sparrows and hai recognized the foster species, an inttr-
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 lcss identical
style of egg, so that the eggs of a single bird are more or
lees 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 confrmed 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 discove r all thc
nests o{ the Pipit in this area and from blinds or in other
ways make continuous observations on these and on the
Cuckoo that frdquented tlre 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 weri Cuckoos that seemed to have less nearly com-
plete control oyer tlreir 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 wav.the Cuckoo discovers the situation of the nests
som€ time in adyance Lf. th.i. readiness, and even flies

. down from time to time (o 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 seelns ccrtainly very probable.
It also incites the Cuckoo to a feeling of pfoprietorship 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 nu?nber of such nests avail-
able within the predmpted territory and may be even as

many as 2 r in a season. There is thus a certain synchro-
nism cstablished 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 dificult to find the Cfuckoo may even
lay in r 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
thc fresh eggs laid. When all is ready she leaves her ob-
seryation post, glides softly to th€ 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 photograt'h was taken showing the adult
Cuckoo laying her egg in a Meadpw Pipit's nes( while at
the same time holding in her bill an egg of the PipiCs 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
tuo 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 indifierent, 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 obseryer 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
hcld for over a minute during this performance. This
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act of picking up nest;ng mate?ial is a common one in the
courting a'ctions of many. species that build nests and may
thus be reminiscent of the'time when euckoos 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 anmng 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 frequently lay in the same nest.
fn case of the honey guides, the eggs are laid in nests of
hole-nesting species, as woodpeckers and barbets, which
have white eggs lik€ 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 spccies ovulation and eggJaying may
be induced by proper stimulus. Thus Craig found that
Doves could be induced to lay eggs in resp'onse 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 difierent in their method
of laying. With them egg-laying comes at a definite time
of year and, as with such birds as the Flicker, the presenc€

I
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of a nest-egg seems to encourage them to keep on laying as

if to attain a number whose contact stimulus would satisfy
the brooding instintt. It may b'e 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 €ggs r€sem-
bling their own may act as a stimulus inducing them to add
to the number. The same suggestion may explain the oc-
casional laying qf an egg irt the nest of a difierent species,
as recorded of various birds; and from such habits para-
sitism may possibly have arisen. The case of the Cuckoos
seems difierent, for thejr victims are not near relatives of
theirs. Herrick has suggested that the habit may have
started from a lack of "attunement of eggJaying to nest-
building" such that the eggs were ready for laying before a

ncst was rcady 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 ofi from their parent
stock. With the cowbirds, however, the trait is not quite
so fixed, for there are some species that still maLe their
own nests. Should these become exterminated in years to
come and the parasitic species be preserved, we should have
a case similar qo that of the Cuckoo in that the remaining
species into which the stock has now developed all have thi-s

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
specics, 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, usgally of the European Blackbird and the Missel
Thrush. Their nests are found near the shores of ponds
in trees sometimes as hig'h as 35 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 flown but six days before! Sometinres 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 efiort 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, C;dar Waxwing,
Kingbird, Robin, Canada Jay, in situations up to 2oo 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 suficient 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

I
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a species as the Cowbird, it i3 easy to imagine that the bird
might not discriminate between a qewly completed ncst and
one recently abandoned. The lesult would be that if the
intruder laid in the ncw nest, its rightful owners would rc-
sent the intrusion and prevent the repetition of the act,
even though they had themselves to bring up the unwelcomc
addition. It is likely, too, that the greater abundance of
new than of desgrted nests,would favor the frequcncy of
such mistakes until the parasitic habit would have becomc
cstablished.

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

i



CHAPTER X

THE SENSI]S AND BEHAVIOR OT' BIRDS

Ir is a failing perhaps not peguliar to the human race, to
think of ourselyes as a center about which the r€st of th€
universe revolves, and to impute our own feelings and de-
sires to other animals that difier grcatly from us. It is
only in very recent tim€s that we have gradually learned to
take a difierent yiew 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, So it becomes necessary to test as w€
may the senses and mind-working of birds in order the
better to understand how they are afiected 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 prov€s to
have its characteristic traits, and there is much yet to be
learned by careful and critical observatiori 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 dimculty is met in
eliminating possible sources of error. There are always
so many other things that might afiect the result that we
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cannot always be sure of our interpretations., This is

why tests in the. laboratory .where the conditions can
be controlled are' usually n..'.r.r.y as collateral aids.
Hithcrto comparatively few spdcies of birds have becn
studied under laboratory conditions, for even tame birds
seldom lose their instinctive quick response to unusual
sounds or movem€nts 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 yultures quarter the ground in their search for food is
apparently to be interpreted as a proof that they can sea

as well as d.istinguish 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 ofi long before reaching gun-shot range.

Birds' eyes pre somewhat difierent 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 sensitiye 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 luo yellow spots,

t
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that is, oqe of the spots is at tie best focus for seeing at the
side with'one eye, whilothe other is at the best focus for
seeing with both eyes somithing directl| ahead. The side

' position of the eyes givestommand of at least three-fourths
of a circle, instead of half a circle or thereabouts, as in
ourselvcs. Moreover, the eyes of birds are relatively
nearer the top of thc head, so that they can see above them
to bett€r advantage than most.mammals. . Dr. J. C. Phil-
lips has recorded in his observations of tame Canada Geese
that hc believes they have very far and keen sight. For
he has often, while concealed in a Slind near tame decoys,
seen them cast an eye aloft and call out to a flock of wild
geese passing high overhcad that no human eye would have
noticed saye by the merest chance. In thc Woodcock the
eye is so large and placed so high that it scems as if the bird
must easily be able to look behind as well as ahead, Prob-
ably the large size of thc cye 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. Thcre is a peculiar structure in the
interior of the eye, called the pecten from its 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 mor€ the close relation between birds
and reptiles.

A few species of birds have been tested to see if they can
discriminate the difierent colors of the spectrum visible
to human eyes, and, as may be imagined, the matter is on€
difrcult of convincing proof, One reccnt investigator,
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Hess, using the Domestic Fo&l, scattered white rice grains
on a black-matt background in , .l? rk room and then illu-
minated the area wii-h ligt t 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), rpas then placed before this meal,
and at once started pickiag up the rice grains. Curi-
ously, it was found that each time it would begin 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, cxccpt that thcy began pecking
in the orange-yellow instead of orange, thcn came back and
pecked a little farther into the blue-green, but never into
the blue. Pigeons used in similar experiments behavcd 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, \flatson (19r5), has repeated
the work and Carried it farther, but finds that the Fowl
is sensitive to the full set of spectrum colors, though there
are perhaps ccrtain difierences in comparison with our own
€yes. Nevertheless, he concludes, it appears safe to as-
sume that day-birds /o 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.

I
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We see therefore that care rfiust be used in making deduc-
tions frorn what seem perfectly obvious premises.

The sensitiveness of 6irds to light-intensity would seem
. from field observation to be very keen, but laboratory

proof of this is dificult. I have supposed that it was a
factor of this sort that causcd birds to wake in the morn-
ing, as by an alarm clock. While living in Boston one
winter, I noticed that the Hou.se Sparrows, which roosted
regularly in a vine near my window, bcgah to awaken and
start chirping at approximately r5 minutes before the sun
rosc. As the days grew longer, and the sun rose earlier,
the Sparrows awoke correspondingl! sooner, until as sprilrg
came, they were oft and away before my own awaking
time, which seems controlled by some quite difierent stimu-
lus, though regular enough too. Those of us who have
lived in summer ne ar Whippoorwills have remarked upon
the punctuality with which they begin their nightly ser-
enades; cloudy nights have the efiect 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 evcning during the breeding season, from which
it is clear that there is a considerable regttlarity 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 thc tropics, where
sunrisc does not greatly vary in time, make the cock-
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crowing equivalent to a rising bell. You recall the lines
f rom Omar the Tentmaker :

And, as the cock crew, those who stood be{ore
The Tavern shouted-"Open then the Door I

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 difierent intensityt
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 difierence. 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
gl-:J lisht of tlawn" may afiect Robins so thxt they are
prompted tu 'ing' seems likely, and we have often noticed
ihet in davtime hours '",' ' [r'"n,preeding season,. the sud-
a"n .louding of the skY wtr

r :*ki:l i : l*; :,: H':ir;^ ii'fi';5,*' 5ilii
"arol "More wet' cheer 'P',, ,.t^*' , nn"l*r"!n::-:-.li
Je"l of ac.u.at. ,!:t:"itt-"^t*il""f,y -.ipo.ing a strip.o

"iin. fot testing light-tnt:t:"I-.1":';;;"? th. .o'ing
::H' ; ;; o"r.,I, :. :::. IY:JXIt'ii',.' I'i:\,'i;":Ti:'
rlavlisht has as a strmutus ':l;:;i"..;;J*ith ihe awaken-

f"ctois of hlbit are tnttmatt
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ing actions, and that much difference will be found among
different specie s of birds.

The ability of animals to discriminatt details seems to
.vary very much. Dogs q,re 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 wit[ tame Crows, and partly
published (Coburn, r9r4) showed that th'ey 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 liglt-intensity, but of dif-
ferent shapes. In this way it was shown that they dis-
tinguished with very little practicc between a circle, a tri-
angle, a square, and a hexagon. In this and in other tests,
the experimenter, *.r. .o^,in..d that the Croi's reprtr-
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 Crowsl

A recent writer (Lewis: Emu, vol. rS, p. na,r) con-
siders some birds to have a sharpneo^. ' 'l"ron Ioo times

ff*r**ff*ffi
s nead. Imagine the poyer
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of sight, if such it be, that enables them to pick, out these
insects while travelins at 8o milec an hour.

A suggestive noi. 6y Dr. J. drinnell ( rgzr ) on what he
calls the "principle of rapid peeding," 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 movament of art object, so conversely the bird
more readily detccts th€ 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. I(inglets for the same
purpose often hover momentarily before a cluster of leaves.
These movements serve to bring the small object into better
relief so thit 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,

-"looking 
Indian-fashion," as we used to call it. Grin-

nell, therefore, divides birds that seek 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.--\he hearing of birds is probably next to sight
the most important sense to them and appears to be very
keen. The ears of birds difier 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 wavcs
of sound like a telephone diaphragrn. This drum is
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slightly cpncave and connects with a series of three small
bones, named from their. shape in the human ear, the ham-
mer, anvil, and stirrup. The innermost of these covers a

minute opening in the inn'er ear or cochlea, which is shaped
somewhat like a snail-shell and is filled with a fuid. 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 vibcations of sound
are receiyed 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 little 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 rodJike 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 i'n accurate study of birds' hearing, though there
are many recorded notes of interesting observations.

During the Great War, parrots kept in Fgench fortresses
and on the Eifiel Tower gave warning of the approach of
adroplanes 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 rnay be heard, brought out
that pheasants during the War often showed evidence of
being disturbed by air waves from explosions or nayal
battles which were not heard by human ears, and their be-
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havior has helped to throw lilht upon the problem of the
so-called "zones of silence" around great detonatiorls, which
after skipping thesc zones, agairl become audible. Thesc
inaudible sound waves were evidcntly perceived by the
pheasants, for thcy acted as if greatly frightened. This
action was noticed, for example, on January 24, r9r5, dur-
ing the naval battle on the Dogger Bank, when at a dis-
tance of zr5 mi[es from the action, pheasants "shrieked
themselves hoarsi," as it was said, and smaller birds rvere
terriFed, though no sound was heard by persons present.
In like manner birds reEcted to the explosion of Zeppelin
bombs, 8o miles away, which was beyond the range of hu-
man earshot. In some cases, people did hear cannonading
zoo miles away. If this were heard on the far side of a

silent zone, the pheasants were aficcted a little before per-
sons heard it, as if the inaudible vibrations arrived first,
but if it rpere 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 frightencd by the strangc
quivering of their perches or other things.

It is well kriown 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 g€tting the credit rather than the birdsl Few
can haye 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 eyer have
been hunted or known the meaning of a gun-shot, an entire
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flock will spring into thc air'as one bird at the sudden
bang of ln automobile. .

A special study of hearlhg in owls should be made. It
. is untrue that owls cannet see by day, for they are often

given to basking in sunshine and are quite as abl€ 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 feaghers so softened
as to mufle 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 pe.culiarities that suggest
special uses; but concerning these, gooil 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 fap 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 bn the oppositc
sides of the skull. Thus in Tengmalm's Owl of the Old
World (like our Richardson's Owl) the blind pocket is
aboqe the ear opening on the right side, and belos,t 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 givcs 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? Flere is a matter for more observation.
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Per-
haps too the curious peering motions of owls help to give
more accurate soun'd location, ju'st as the Eskimo test wind
direction by turning their heads till the force is equal on
both sides.

No doubt difierent species difier much in their sensitive-
ness to sound. Close observations on breeding Hermit
Thrushes (Hussey, I9r7) Beemed to indicate that sounds

alone, such as loud whistles or taps from an observation
tent but a few feet away, had little efiect on the adult bird,
but if accompanied by a slight visible motion as of a finger
at the obscrvation hole, the bird was at once alert. Young
Hermits up till ten days old were unafiected by loud noises
close by, thoqgh 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 receiyes 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 Apteryx 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

I
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American birds, concluded tirat the more primitive birds,
such as twater birds, had these structures least reduced.
They are smaller in marsh'birds, and leist of all in the more
highly evolvcd groups, a€ 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 r 834 recounts his cxpcrimentg 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' flistance, 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 ofi with fury, and at
the same moment, every bird in the long row began strug-
gling and fapping 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 sc€nt to or from the birds.
Audubon tried a few experiments which, too, were inconclu-
sive. ( r ) One was that of placing in a la.rge field a well-
dried deer skin, including the hoofs. It was stufied with
dry grass and provided with artificial eyes. The observer
concealed himself not far oft, and presently a vulture sailed
down, tore open the hide and scattered the grass about.
No doubt, however, the watchful bird had seen som€thing
going on from afar and merely came to investigate "on a

chance." (z) A large hog was hauled to a ravine and cov-
ered with canes, In the warm weather it soon became very



ofiensive, but though dogs fourld and fed on the carcase, the
vultures fai.led to discover it. (3) Jn another casera young
pig was killed and its blood scattered about on the ground,
while the body was hauled into a yavine and covered with
leaves. The yultures found the blood and followed it down
the ravine to the carcase which they then found and de-
voured.

Bachman about the same ;ime tried seyeral experiments
with similar negative results, in South Carolina: (r) A
load of ofial 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 rz inches from the
ground. Though hundreds of yultures passed over it in
the next z5 days, none noticed the meat. (z) He then
took a rough painting on canvas of a sheep skinned and
cut open, and placed this upon the ground r5 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 ofial. (3) The most ofiensive parts of the ofial 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 at€ but did not discoyer the ofial 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 eyidence seemed fairly con-
clusive, until of recent years the entire subject has been
reopened. Beebe, in r9o9, tried the following experi-
ment with Turkey Vultures and Black Vultures. Three
inverted boxes were placed on the ground in their

SENSES AND BEHAVIOR OF BIRDS Lzg
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cage and allowed to remaln there so that the birds
became uted to them. Then after several days of fasting
a piece of tainted meat'ras 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 evcry vulturi swooped to the
ground and started to struggle for the morsels. Twice
the Blac,k Vultures walked close about the meat box with-
out appearing to notice the odori though it was clearly
p€rceptible 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 ? IJnfortunatelylhe 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, rgzz) has gone at some
length into the matter of scent in birds, marshaling an ar-
ray of observations drawn from many sources. lfe con-
siders most important a case related to him by a doctor of
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repute in Jamaica, who, whi{e making a post-mortem €x-
amination, found presently that the roof of the house was
studded with vultrxes, 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 arival at the
house 36 hours later, that a number of vultures 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 ireighboring yard.

Experiments carried out on the Kiwi or ,lpteryx in the
island bird-sanctuaries ofi the coast of New Zealand
seemed to indicate that tl-ris 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 oa 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 ifit 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 ,lqteryx in the London Gardens were
negative.

Dr. Strong (r9rr) 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 chambcr allowed thc scent to be drawn
out from the food chamdel toward the renter 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 difierent one would !e used in each trial. Over
a period of nine months, however, usin! scent with the
food, the doves never learned to find their food with per-
fect accuracy, yet it seemed evident that of the yarious sub-
stances used, the oil of bergamot iil 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 afrrm that ducks can de-
tect the sportsman's presence by scent, and that pheasants
can do thc same. A French experimenter is certain that
pheasants can discover rrater by the sense of smell.
Rayens are firmly believed by many to have kcen powcrs
of scent. The only general conclusion that at present
seems warranted, is that many birds probdbly 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 dificult 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.o-" oih., reason do not enter the
nostrils, there can be no responsg. Some scent's may at-
tract, others repeli or again bd of indifierent efiect; if a

scent is not associated strongly. with an attractive or a

repellent object, it might be inefiectual. The whole mat-
ter is one for the most careful experiment.

Taste and Touch.-l often wonder how much sense of
taste those birdg have that rwallow 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 muclS in many fish-eating birds whose
tongues are exccedingly 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
(r9r9) 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 an'd 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 efiect 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 "aerees." and this is simetimes true with ourselves.
---- -- a- - -While'sight in the dise rimination of food is doubtless the

usual guide, it is likely tliat many birds do not see their
food. This applies to tfie 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 wate?. Woodcock 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 probably 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 hairJike feathers which probably act as
organs of touch, such as the bristles about the mouths of
flycatchers and the nighthawk tibe. The bristly tuft coy-
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, ar€ to be foupd on the behavlor of some of our corr-
mon birds than those published by Professor F. H.
Ilerrick ( r9o5 ) in his "Home Life of Wild Birds." He
concludes that much of the activities of birds in mating, nest-
building, eggJaying, hatching and rearing the young, form
a rycle of more or less instinctive acts which come on one
by one, reach their climax ant 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 rrznes 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 ofi
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, efiectually
burying the strange egg together with their own, and lay-
ing a new set in the added story. The whole matter is
merely the makigg 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 difierence it
would make whether the Cowbird were discovered by the
rightful owners when she lays her egg; or if the Warblers

1
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are less €fiected if she lays it before incubation starts or
after. All these thingf are matters of importance. The
two-storied nest of the warbler is not often seen and very
frequently no atte mpt 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 pigeoris 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 spe cies. 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 thc
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

^ny 
wzy. Yet on chancing to pass back near it five min-

utes later, he saw a Rail standing among t[e 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 period' lengthens there is.a greatcr
attachment for the home site qnd its treasures, ind an in-
creasing dcsire to' guard the young. With the hatching
starts the process of feeding, in the manner of which there'
is great variation among difierent birds. Stephens ( l9r7)
has pointed out that there seem to be progressive steps in
the development of this duty as we proceed from the less
highly organizerJ 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 rrot 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 cages s€cm 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 6me 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 perfect$ fearless and opened their
bills for food as readily es.if we were their parents or they
surveyed us calmly as theyiat in the nesl. One day this is

' suddenly changed. We come as usual to the nest but at
the first jar cvcry bird springs up and flutters away. Fear
has come. So othcr instincts follow in their gradual un-
folding, and in regular order with the growth of the young
to maturity.

It is with the nestJife of birds in their relations both as
young and as parents that much of their emotional life cen- ,

ters, and therc is much yet to be lqarned from careful and
intimate observation of this part of their lives. Professor
Wallace Craig's ( r9o8 ) 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 efiect on them. \Yhen
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 efiect has bedn 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 rebufis, comes to &istinguish its parents. It is

shown by Professor Craig that 1t ,weaning time t6e mother
becomes unwilling'to feed long'before the father does, so

the young one learns to tell its two parents apart. It
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 difierent, for the older bird takes the lead
in many of the operations, 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.

)
)
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FLIGHT AND SONG

'WngrN the last two decados Man 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 only by two groups of fishes
(one long extinct, the other including our flying fishes),
but also by reptiles, various mammals, and birds. Therc
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. gteat number of species. Birds must
have developed flight very early, for Archaopteryx, 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
afiord perhaps the 6rst stage. The fying lizards of the
East Indies that spread a wide fold of skin by opening the
long free ribs like an umbrella, anil so glide from one tree
to another, as well as our familiar fying-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 acquired'not only by certain squirrel.
like African rodents, but also by a very small Australian
opossum, hardly six inches longl dnd 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
llight has been independently acquired in at least seventeen
groups of vertebrates.

We do not kiow how birds first became fliers, but it is
supposed that their early ancestors ran on their hind legs,
Ieaving their fore limbs free to develop as wings or as sails
by the aid of which thiy glided from bough to bough or
from tree to ree. 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 tlecome large enough to sustain the bird in
the air. That ancient birds extended the legs behind in
fight 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 grouser 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

I

I

I
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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,
warblers, thrushes. In totrnection wittrthis posture of the
legs in flight should be. mentioned the so-called "pelvic
wing," recently described by Beebe (rSr5). This au-
thor finds in the young of pigeons, jaganas, Great Horned
Owls, that the feathers along the hinder edge of the
feather-tract on the thigh ar-e much stouter and more
strongly developed than tf,eir n'.ighbo.., s6 that at an early
stage they seem to be as strong as the regular flight feathers
of the wing. Ffe advances the theory of a primitive con-
dition in which there were wing fealhers 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 fapping and those of the hind legs
solely for additional supporting surface. Such a supposed
four-winged bird Beebe calls a tetrd?tery$, 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 fying birds were probably small species and
by gradually increasing thc rapidity of their wing beats,
they developed swifter flight. Observations made in Eu-
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rope on birds harnessed to aulomatic registers showed in
the pigeon about 48o wing beats.tq the minute, in'a duck

54o, and in the spa'rrow 78o. Dwight's obscrvations on
Flerring Gulls showed an average.of about r80 strokes a
minute in free fight, 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 fight followed, such as

soaring, or poising with delicate adjustment on air currents.
Such a form of poising iq seen in the RoughJegged 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 th€
wind, are ablc 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 de'scend, 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 ( 19r4)
has published the record of his logg and minute observa-
tions carried on in Ihdia con rrny'.E this type of fight 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 forih of fight is fqund chiefly among large birds, and
in the Tropics can be stu'died more ea'sily 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 humag 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
fight 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 windsard 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-circllng." 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 difiers
in difierent species.
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FIG. VI

Diagtams of a soaring Vulturc showing relatioo of ccnt.r of grrvity to
supportint surfacc in circliog and f.*-8lidin"Af 

,", H.ntio

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
"flex-gliding"; the speed is increased by still further fexing
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.

6

3



2+6 BIRDS AND THEIR ATTR,IBUTES

On the contrary, in calm air, so'aring fight may not be pos-
sible in eaily morning or.late afternoon, but as morning
advances its occurrence depinds upon th6 presence of up-
hard currents of air due to the heating of the lowermost
Iayers 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 $e 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 f ex-gliding; also slow fl€x-
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 fight. In our latitude
(++' N.), rue 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, howcver,
that the towering of flocks of Herring Gulls is seen on
bright days and in noontime hours, as if it were perhaps de-
pendent on this same efiect 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 efiectual 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 Giitke'
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 accufate measurenients. Scott, at Princeton,
estimated the altitude of birds tfus seen at from 5ooo to '
ro,ooo feet, or under two miles. Dr, F. M. Chapman in
similar manner records observations of over two hundred
birds at various altitudes of from rjoo to r5,ooo feet,
among these being five Carqlina Rails, the highest of which
was estimated to be at r3,5oo feet or about two and one-
half miles, Measurements by Carpenter gave lower fig-
ures, from I4oo to 54oo feet.

More recently the airmen in the Great War have sup-
plied a certain amount of definite information, and Colonel
Meinertzhagen (r9zo) of the Royal Air Force has sum-
mariz-ed answers received in reply to his questionnaire.
Though some of these replies wcre facetious (one airman
reported surprising a flock of forty cock Ostriches at r7,ooo
feet, attacking them and so efiectively breaking up the
formation that one nose-dived on to the general's tent),
y€t on the whole pilots were agreed that birds were seldom
seen at altitudes above zooo 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 65oo feet; two focks of plover fly-
ing north at r4oo feet above a dense and continuous layer
of cloud, and a flock of eight ducks at 75oo feet in a snow-
storm. The highest record was of a flock of 6o to 7o Rooks
at rl,ooo 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 3ooo feet
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whether by day or night and'that it is exceptional to meet
with bir{ls above 5ooo -feet, that is, about a mile. It is
obvious, however, ihrt it'.u.n 3ooo fett the country must
appear to them spread out like a map for, at that altitude,
the visible horizon is 67 miles distant and at Sooo feet it is

86 miles.
The same author ( r9z r ) has published an account of ex-

tensive observations on the spegd of fying birds, which help
to reduce previous rough estimates and guesswork to some
fair degree of accuracy. Similar observations could easily
be made by two observers working together at opposite
ends of a carefully measured bascline, 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 rro 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 mifus, and Golden
Plover when pressed made 6o miles per hour; Lapwings
40 to 45 or 5o 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 4o miles; crossbills, pipits, and wagtails
from 37 down to zo miles per hour. The Starling, how-
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ever, is a swift-flying bird, with a speed of nearly 5o miles
an hour (43 to 49), an impressign.which one readily gets
from seeing them iir our region of late years, for thcir
flight is remarkably direct and strong.

Birds in general are found to have two speeds: (r) a

normal rate for every-day purposes, including migration,
and (z) an accelerated speed, that is, they can "hurry"
if pursued or frig\tened so as,nearly 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-f ormations-f rom the scattered, rather
loosely associated companies of Robins to the soldierly pro-
cessions of geese and pelicans. Robins fying 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 n€arer, or occasional birds may suddenly leave thc com-
pany and dart down for a moment's halt in the trees. One
would hardly expect anything difierent from such a scatter-
brain as the Robin. A contrast is seen in the dense com-
pact flocks formid 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 fecd. They formed a long narrow column
of perhips ten feet frontr stretching for near a quarter of
a mile and in this dense formation dashtd 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 ofter quite as.dense and swift.
They add a feature in their maneuvers which seems difier-
ent from anything in the focks 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. I 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 Aut 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. I recall one early morning seeing a flock of nearly
zoo comirig down the Blue Nile, one behind the other at
regular short intervals and at even height, some z5 feet
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from thc water. At one point the leading bird apparently
saw something that for a momerlt Startled him. ht onc.
he rose in air a foo't 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 a.t 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 fiIe, 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,
rvhich 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'feinale 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 arrowJike dives of the Nighthawk with the extraor-
dinary twang 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 exaniples of special fu1ms of flight in display. Some of
our western hummingbirds have also be'en described as per-
forming in this way by swiftly rising and coming down again
in a vertical course of over 7S feet, or there may be several
back-and-forth darts before the risc.

Voice.-The voice of birds is so often associated with
flight that it may be appropriately touche.d 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 ol 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 tt
the losser end of the windpipe (trachea) where it forks to
send a branch (or bronchus) to each lung. In general
three difierent 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 (r) a tracheo-bronchial syrinx.
Briefly, several of the lowermost rings (bony or of carti-
Iage) 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 uppcr side and
the gap is filled by a membrane (the tympa?ric 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 betlveen 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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I

opposite sides of the windpipe and go one to thc uPPer part
of each bronchus. These arel called the intrinslc muscles,

because they are fiholly attachld'to these tubes. Therc is
also a second pair each of whiclr runs from the windpipe,
to an outside attachment and is therefore called an a,r-

,rinsic muscle. Such is the common simple type of syrinx.
fn 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 (z) 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 syinx,
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.
Thc voice is equally simple, a sort of bellow. At the other
extr€me are certain song-birds and parrots with three or
four pairs of intrinsic muscles, instead of one, associated
vith great power of modulating the voice. IJnexpectedly
we find the Clow has a very full set of yoice 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.

I
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Some birds, such as the Common Stork of Europe, seem

to haye ho voice at all, -but with them a clattering of the
beak is used instead to' J*press variohs mattersl With

. many of the water birds,. as some ducks, the voice is little
used or its expression is chiefly reseryed 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 performed 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
difierent in the two sexes, and Huxley suggdsts that differ-
ences in behavior therefore preceded difierences in plumage.
In the Mallard Duck the male is the chief performer. In
displalng before the placidJooking female he at first (r )
swims about or floats with neck drawn in; (z) 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,

I
\
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tail raised, and a series of short,notes uttered, follgwed by
(4) an upward throw of head ahd'tail, 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 efiect 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. In the grouse and pheasant tribe they are accom-
panied often by particular wing-movements. Thus the
rooster faps 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. fn some pheasants the vocal part is omitted and
there is a flapping or erzen a rumbling futter of the wings
instead, while our Rufied 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 pufi 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 remulous futtering 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 bepts. Thus among thc birds of
this single family we hav/at least three types of display:
(r) wing- and tail-spreading with an ixplosive note; (z)
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 ease in thq water birds and
eventually thc song element became the dominant one.

Among many other birds, particularly the smaller land
birds, I 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 livc the year around in a closely circum-
scribed area, and in which mating is more or less perma-
nent. I 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-
tinuc 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*thei-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 not8 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, I recall bne 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 strokcs.
This pretty duet lasting several seconds was done with such
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precision as to give the impresr$on of a single bird singing,
Sometimes the measured notes bf '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 pcr-
formance into a coherent song in which his matc 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 bi, proclaiming: (r) the species,
(z) the sex, and (3) the individual. The fcmale could
respond or not as her caprice might be. This song would
also serve to notify nei{hboring pairs of the location of the
first pair and so to pretmpt 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 difier-
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 havc
its own suficient domain and hunting-ground. In thc case

of social or colonial birds, such as murres that nest closo
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, pufins, and murres, for fishing,
or as with the colonies of weaver-6nches in which there is
a str€am of birds coming and going into the neighboring
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area forrfood; while with ppecies that are not so fond of
company, each pair def€nJs a certain established domain.

. This matter has lately been elaborated by Howard ( rgzo)
in the study of various British birds, and in America by
Mousley ( r9r9) who shows that with many warblers a par-
ticular tree is chosen by the male as a singing station near
th€ cent€r of the domain. Moreove r, it is suggested by the
latter author that in the proctss of mating, 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 seyeral 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 haye 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 ( l919), in their attempts
to mate certain females to certain males, are constantly
troubled by finding that a female is so attracted or afiected
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-
plcxity in bird songs, but only a word or two can be said
here. The songs of many birds probably arose as a rep€ti-
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 Sprrow whose best,efiort is

merely a louder anrl more liqui.\ Dtterxnce of his ordinary
chirrup; another is our Chipping Sparrow, whose simplest
song is a quick repetition of the chip 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 together. 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 difierent 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 difierent 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 peet4reet of
the Spotted Sandpiper), threes or fours ( as in thc 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 far cry and there may be a succession of bars,
each difierent, repeated again and again, as with the Hermit
Thrush or Indigo-bird. Even the bubbling song of the
Winter Wren may be resolved into a series of trills with
difierent musical values, while of our common species it has
often seemed to me that the Warbling Vireo has one of ihe
most complex little songs of all.I

I
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BIRDS AT REST

WB marvel at the restless activity of m4ny 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 noctuqnal the day. It is a fa-
miliar fact that r,ee see more birds in early forenoon hours
or in the latter part of the day than at other times. With
most speci€s 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 parental cares are over
and life is at a less fevered pace once more.

The habits of even so commonplace a bird as the Do-
mcatic Pigeon are rather instructive in this regard. In late
summer I have frequently watched these birds enjoying a
mrirning's rest in chosen spots. One pair daily frequented
a cosy corner formcd by a windowJedge and a rainwater
pipe outside my fifth-story window. One or two other
pairs as regularly resort€d to generous window-ledges on

tu
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the floor below. My notes shqw that in August, for ex-
amplc, the first pair-reached thei\ s'lnny nook very promptly
about eight or sligh'tly thereafter each morning, usually ar-
riving separately, but each evidontly awaiting the other.
They then squatted side by side or at least clos€ together,
apparently delighting in the comfort of companionship, and
settled for two or three hours of continuous rest. Yet
they were alert, qeldom 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 €nioy the full sunlight and basked con-

tentedly till near noon. The characteristic posture in doz-
ing is squatted fat on the roof, the neck drawn in so that
the head sinks closc in upon the shoulders, the bill buried
in the feathers of the upper breast, but never have I secn
the head laid back upon the shoulders, a posture so frcquent
among sleeping birds of other species. The morning's
nap oyer, they would rouse themselves toward noon and
presently set forth to feed. Small flocks gathcr in strect
or on lawn to feed and seem to wander about a good deal
in thc 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 difterent from thc
night roosts, foi invariably they retired at evening to a nar-
row ledgc under the eaves on the inner or sheltcrcd side of
th€ court, on the same building. Here some twcnty birds
nightly slept, squatted in single file along a narrow projec-
tion barely wide enough for safe foothold, under the eavcs.
As in their daytime sleep, their heads werc drawn well in so
that their bills rested on their breasts as they slept. In
carly winter thc resting part of the forenoon was spent on



262 BIRDS AND THEIR ATTRIBUTES
the morl sheltered parts qf the building, particular pairs
resorting to their chosen findowJedges, and they came in
early to the roosting ledge, often by half-past two or three
o'clock of November afternoons; and I have known thcm
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 defnite
relation to the time of sunset and sunrise at these seasons:
the earlier the sun sets the ear{ier do the.birds come in to
roost.

There is a good deal of resemblance between Pigeons
and Herring Gulls as regards daytjme 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 wayr 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 thc Pheasants sleep with the head either
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drawn in on shortened neck, or tprned back and concealed."
In these two groups, thereforr\ ye 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 afiording
a stage intermediate betwe€n 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 ploverJike 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 arc 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 thc 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. '

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 ferns, however, quickly become

waterJolged and after tyo,fto four hours are no longer able
to rise from the surface.'The two sp'ecies are therefore
quite difierent in their ability to sleep on the water.

Many if not most wat€r 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 thc mqpcles 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 ofi.

In Scott's Yoyage 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 fipper." 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 slecping on the n'est 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 ncst
with their mate standing at the [r side," though tho close re-
semblance of the two sexes madL 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 parentg
who stand on either side, all three with their heads tucked
under their scapula rs."

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 tu&ed undcr
their wings. Some of them did not awake till touchcd and
then naturally were much startled. The old birds, on the
other hand, seem to be wide awake at night, but about 9 or
ro o'clock in the morning they frequently sleep near their
young, with the bill and one eye covered by the wing." Pos-
sibly their actixity 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 I have never seen this. When on
shore they often sleep, standing balanced on one foot, with
the hcad laid back on the shoulder and the other foot tucked
up among the feathers of the abdomen. Swans sleep with

I
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I
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their heads laid back in a similar'way, allowing the long
necks to eelax, and I doubf not that this posture is the
commonest sleeping positlorf among birds.

Henick has recorded some inte resting notes on tho
sleep of the Red-eyed Vire6, 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 twinty minutc! 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. IP 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 be 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 season 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.. I 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 tle observations of the latc
Dr. Walter Faxon, William Brtewster, and other6. Brew-
ster gives some intiresting notest o'n 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 fir1t broods of young and a month
or so later by the adult females with their second broods.
Early in August the numbers reached upwards 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 pcrch 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 middlc
of the night wlth 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
I

would st?rt calling after sfnset, then sing a few moments
before flying ofi in the di.6ction 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 aftcr sunset in little flocks, rather silently and in
contrast to their conversationpl gathering earlier in the
summer. By mid-september the roost seeined to have been
abandoned.

The Bronzed Grackle has rather similar roosting habits,
and often will the local Grackles u'se the same roost with
the Robins. This wab the case at the Lexington roost'
where, on May r5, 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 few 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 tving. 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 mpy gather by themselves in
multitudes. t '

This habit of robsting in large companies no doubt has
certain advantages, such as the sogial 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 focks of weaver-fir1ches that came nightly to roost
in the broad griss 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 s€ttle again with much chirping as it passed.

The communal roosts of Ffouse 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 tines on buildings or even in winter sleep the
night out clinging to a twig of a tree. I 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, Iooking 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 congregatg in late summer pr'eparatory to
departure. In former trrrps flocks probably roosted inside
great hollow trees, but nowadays thei 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 surfac€ of the
bricks and propped by their sphy tails. pith other species
of swifts, however, it has been recorded that they actually
cling one to another like bees when swarming. Thus
Sharp€ 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 yettles on some part of the tree near the
top. This is thc signal for the rest to perch, and in a few
minutcs they are all dotted about the higher branches.
They then begin to close up with the bird which first alighted
on the trec, 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).
IIe does not tell us, however, if the head is laid over on the
back in sleep, or sunken among the feathors of the breast as
in the Nighthawk, the more likely posture perhaps.
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Thc Colies or Mouse-birds o{ Africa, extraordinary al-
most parrotJike small birds, are also- said by Sharpe to roost
together in small pirties of six bi eight, clinging one to
another.

The great autumnal gathering's of swallows for the
night's rest have been described by various writers. Miss
Abby Bates has written of such a one in Maine, wh€re €very
autumn immense numbers asqembled at €vening 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 summei, was neyertheless habitually rc-
sorted to by the birds over a period of years. They wcrc
chiefly Barn Swallows.

One must be prepared to find great difierences in the
sleeping habits of birds, even though they are related species.
During a winter in the Sudan, this was obselved in case of
two species of bee-eaters. One, the Nubian Bee-cater (Ma-
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 reachd their r€sort just at sunrise, when with-
out warning the entire flock arose from the for side of the
clump of large bushes and dashed ofi to a neighboring tree-
top. On another occasion I disturbed a company of
smaller bee-eaters (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 few oqt from directly under me, dis-
turbed, 'probably, by thg t'bration of my footsteps. The
use of nests of their own or of anothef species as sleeping
places is probably uncorymon. 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 Clift
Swallows under a high rocky clifi in Wyoming. They
seemed to lose none of their watchfulnCss while in these
nests and flew out at once if too closely approached in early
evening. They had not the certainty of entering that th€
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 eyen 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 ',-irich there is shelter from wind or snow, as well
as comparative security from a surprise attack, for the stifi
reeds would rustle to the least touch. In such places I have
sometimes found them, but the fock scatttrs out to sleep
instead of gathering into one spot.

The Ruf{ed 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
Iatal 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 facinf out, so
that if danger appioaches, the entire flock scatters like a

bombshell in every direction in a.most disconcertirig way.
It is natural that hole-nesting birds should seek shelter

at night in cavities. Chickadees do so, and I have on occa-
sion followed the birds in the winter woods of a late alter-
noon and seen t[em 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. I 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 haye 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,

i
I

I
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its beak pointing straight qpward." He adds that of sev-
eral hole's in thcse trces onlv thosc on the lee side were oc-
cupied. Since this trec f,ai'only been introduced into Eng-
land for about 75 years, th€ 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 difierent
nature. At all events another English writer tells of an
old alder stump some ten feet [igh in which were a number
of small circular holes about one and one half inches in dia-
metcr, made and used by these birds for roosting. In a

decaying willow nearby were several similar holes cut into
thc ixposed wood. Ii seems like$ that these holes may
have been at least begun by woodpeckers, for the creepcr's
slender bill seems ill adapted for excavating.

The little Bat Parakeet, Loiculus, earns its name from
its habit of hanging head down by one foot while sleeping,
a most r€markable attitude evcn 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 kitchcn chimney which had a T-shaped
funncl of earthenware, with a diametcr of perhaps six
inches. The bird (a female) arrived abouf one-half hour
before sunset, few 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 yelr a roosting cavity similar
to the hole they make in a deqd.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 fest be setded 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 cammon to both sexes just as among
the wrens the males make t'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 pan:ulus) of Europe is well known; and our
own species, the House Wren, does the same thing as well
as the Long-billed Marsh Wrer,. A number of observers
in England attest to the use of these extra nests as roosting
places as well as temporary quarters for thc young. Such

nests difier 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 rpas 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 ncst," #here 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 thc brood nests. The birds may continuc to sleep
in them till winter, for the species is resident in the British

(,
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Isles. Indeed, a Scotch na;uralist, Walton, states that they
are buift at other time5 $an the breeding season, for he
has found them in process of constiuction 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 wrenst the sixth with itstail and palt of its body pro-
truding from the nest. All had apparently been frozen to
de ath.

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.

I



MaNrrNo deli,ghts in a mystery of whatever sortr that
thrill of something unknown to be discovered I For long
years the migration of birds has stood as a delightful and
mysterious riddle of Naqure, 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 ,ligging up of some of these birds in their
winter sleep near Cambridge. European 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, aftrmed 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, coverinf 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 difier-
ent species. Most of our insect-eating birds retire to the
southern States, many going farther, eyen into South Amer-
ica for the winter. There seem to be several ways by
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which small land birds pas, to the southern continent. A
very fe* cross the Cariblean Sea or follow the West Indian
chain of islands. Thus Bobolinks gatlier in the southern
rice fields and go thence !y 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 Amqrica for the winter season.
Some species have a difierent 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 Unitetl 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-
\pays. The 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 overSeas direct for
Venezuela. Yet it seems incredible that the entire course
of z5oo miles can possibly be made, as is generally believed,
in a single fight. 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
suficient 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 th,eir course oyersea by adjusting their
fight 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 ni:gration 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 r r,ooo 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 rerirarkable 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 ofi 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. Sincc 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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fying under water. The.penguins of the Antarctic also
undertake extensive migrgtions, 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 ol 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 th4t 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 z-eal that by r9rr, over rro,ooo
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 r?4o, 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 markingtrirds in
Europe during the,rgth century. Dne especially by Baron
van der Heyden of Holland, who place d 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 Gray-lag Goose was
known to have come for 35 years to the Friesian neighbor-
hood.

The results already obtained in Europe furnish a consid-
erable mass of accurate iaformation 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 afiord a mass of definite facts as to
migration that are very illuminating.

Of the Black-headed Gull (Larus ridibunilzs), a common
European species resembling our Laughing Gull, a great
many young have been banded in thc 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 Meditemancan Sea, Some
birds keep wesiward 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 lhe Azores. Most interesting is the report of two
of thesi gulls banded in,Prussir, orr. if.*hi.h was ..covered
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 norttrern continents to
winter in equatorial seas, and that ther€ may be an inter-
change of species in those latitudes, whereby some from
America reach Africa, while others from Europe reach the
Amcrican 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 eithcr 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 thc 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 gunncrs shot tlgo 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 infux 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
infuence of the warmer ocean-currents is felt. It was
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found that young gulls start t\eir wanderings early, for
nestlings banded in mid-June in Pruqsia were taken iir south-
ern France in late hugust. A very interesting conclusion
from banded birds is that these gulJs 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 (Larus argentatus) bandcd 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 r anded in Prussia in late Novem-
ber and recaptured thirteen days later at a distance of rooo
kilometers, making thus an ayerage rate of about 5o 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 Scas 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
scveral instances terns were recaptured after four, five, or
seven years.

Results of bCnding 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 St. 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 dispersal for the nesting season, for Mallards banded
as nestlings in Hollandr apd England,,turned up later as

breeding birds in Prussia, France, and Sweden, while Eng-
lish-bred Teal were forurd nesting in Germany. On the
otficr 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 extensively b3nded 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 Rugsia 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 {ollow 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 par€nts 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 Europe the European
Woodcock is a migrant, in the British Isles it either does
not migrate at all or moves only a littlc way, Thus of z7
birds recovered, eight, 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 neighbbrhood. The tirds 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 studiEd 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
gooo 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 trrrr, by the second, while those in the
Weser region itself go indifierently 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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Gibralter, those of easterh Europe by way of the Nile
valley, Syria, and the dalkans. In other words, it seems
as if they endeavor to avoid crossing any considerable
body of water but follo# 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, btt warider ltregularly 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 tllat 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 rz' 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
l{ercn (Nycticorax nycticorax), the Common fferon
(Ardea circrea), 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 F{eron colonies at Wen



BIRD MIGRATION 287

ham and Barnstable. . Pheasants and partridge,s were
proved to be very rtationary. I

In rgrr and r9r2 the Biological Society of Gothenburg
banded r54 young of the Rough-legged 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 capturcd 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 gmeral wintering place. In another
instance it was proved that the Duck Hawk may brced the
spring following its hatching, and while still in the first
year's plumage.

In Europe the Common Switt (Cypselus apxs) 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 Flungarian observer banded upwards of zooo of the
common House Martins and Swallows in nesting colonies
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 years or even mated with a

difierent 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 Nutcracker, a northern bird somewhat
like our western speciesi is one that breaks out at intervals
in an invasion into southern Europe. One of these in-
vasions, occuring in October, LgrTt gave opportunity for
banding many, of which four were subsequently recovered
at localities indicating that tht invasion Lad continued in a
gcneral southwesterly direction at a rate of from 7 to zo
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 r89o. From the many returns
of banded birds, it s€ems that in Holland and England
Starlings are practically resident the year round in the
case of individual birds. A little farthcr from the infuence
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 ltaly, 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.--M;;y 

finches are' found to be nln-migratory as to indi-
vidual birds, such for example as $e 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 interestiirg 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 titmico
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 roo 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 r7o 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 d,id rettrn 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
similarli,, for of over rqp young of the European Blackbird
(Turdus mer a) banded at Frankfurt,'Germany, only one

. was known to have returped to its home region, and of an-
other roo banded in the Berlin Zoblogical Gardens, only
two were known to have returned to that neighborhood in
succeeding years, while of rzo nestlings banded at flam-
burg, Germany, not one was gver heard from again.

Finally, an interesting case is recorded'of a Robin Red-
brcast that returned for at least two seasons to the same
winter quart€rs in Holland, just as we now know with our
Tree Sparrow the same individuali 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. S. 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 ariving 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-
ce€ding. We are measurably nearer a solution 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 difierent parts of its range. Some remain in the same
placc if climate and food-supply favor, while others leave
for more clement skies if the winter seasons are too rigorous



BIRD.MIGRATION 29r

in their nesting area so as to deprive them of their neces-

sary food. In still other cases, bilds that are usually sed-
entary, rarely going far from special haunts, are at times
forced out from great areas for rcasons 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 numlers. Such eruptions are
presumably due to the faifure bf 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 rgz4.there was an unusual influx of Arc-
tic Three-toed Woodpeckers into east€rn New England,
even reaching New Jcrsey, 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 difierent
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 nced
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to mor€. 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: (r) why do birdf migrate, and (z) how do
those that make long journeys over land and sea find their
way ?

One of the primary causes of rnigration is no doubt the
need for seeking a sufficient food-supply. Thus it seems
obvious that the insect-eating 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 tlpes 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 sumlner, 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-sitcs, of which the warmer
or tropic haunts might not ofier 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 acrres of particular, kinds of land that ar€
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 (r9zz) in the level parts of Illinois,
show strikingly $at the avrerage 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 numbcr 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
northi the West Indian forms of Yellow and Prairie War-
blers seldom lay more than two eggs, but four or five in our
latitude. This lnay 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
abovt r2ya hours of daylight under the equator, 14 to 16
near the tropic, r8 in the latitude of England, and nearly
z4 in parts of Scandinavia. The birds' "working day" in
our latitude may therefore be nearly half again as long as
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in the Tropics, giving time to rear more young, or perhaps
spreadiig the additionat labor over mo;e time so that the
strain is less. It is interesting to see that in night birds
the rule may work the olher 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 haye 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 of the 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
fceding station or resting-place to another, as in case of thc
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Ruddy Duck. On almost any autumn night in eastern New
England the freqrlent calls of pacsing warblers, sparrows,
and thrushes come to us from no great distance overhead,
and we may suppose that by these notes old and young arc
enabled to keep in touch as they pass southward. By con-
trast, in the spring these notes are seldom heard. Arc we
to conclude that there is less need for comradeship on the
return journey ? , An intermting trait with many common
species is that the males arriye in spring before the femalcs.
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 malcs 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 Iess in-
dependently. Thus the records of banded birds.show, un-
expecredly, that with the Black<rowned Night Heron, the
young on attaining their growth start ofi in all dircctions,
north, south, east or lvest from the home colony going oftcn
long distances northward in summer, before retreating
southward in autumn. Young banded Starlings were
found even in July to have travcled from northern Germany
to Holland, long before the parents move, and such young
appear to retuln in later years to the place of their birth in
certain cases. The 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 dcal
of country in this way. Later in the year such birds prc-
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

. coastJines. 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 landmarks to guide them. Birds,
then, appear to have a good sense of locality, if such it may
be called, nor is this surprisingi perhaps, ghen 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 ryew migration route and
thus take advantage of new territory is perhaps indicated
by the visits of the Evening Grosbeak to New England in
r€c€nt years. This fine bird breeds in western Alberta and,
in slightly difierent 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 thc
Rockies to the Mississippi Valley. Its presence in New
England was practically unknown previous to the winter of
r 889-9o 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 r 9o3 a single bird was
reported from Cape Cod, and in the next w?nter a number
cam€. 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"
somc of these many visitors and discoyer if they returned
in succeeding years, we might believe that these pioneers
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had repeated their previous journey and wit\ others
had learned a netr route to thr East, which has now
by traditional use become familiar to certain groups of
these birds. It is possible, as first 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 thc birds across to the
Atlantic coast, fpr the seeJs of this tree are a fayorite
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 rve say "in-
stinctive." We may therefore think of bird migration,
even in its most devcloped 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 str€ams, 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 theie, in whatever remote corner of earth, to
whom England is not "home," and in whom there is eyer
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. Thc 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 filing 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 moye on to another place
that seemed worth staying in.for 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 airline 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 zEiztar 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? Thtere 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
bc tlcveloped in such a non-migratory bird as our common
pigeon, in which one would Ieast suspect its presence.



BIRD N,IIGRATION 299

Those who keep Carrier Pigeons know very well that in-
dividual birds vary greatly in their ability to find their way,
and that a bird musl not only develbp this ability but must
also in somc dcgree know the country over which it is
flown in order to obtain best resulti. In some experiments
conducted by Hodge ( t89a) a number of years ago, he en-

dcavored to learn something definite concerning this so-
called homing instinct. ffe 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 releas€d 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 chimnen 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 ofi,
then to a still more distant one, each time carefully scan-
ning its surroundings as before. Finally it flew ofi out of
sight bchind 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 orginal surroundings and then a little of the
neighboring country. All these were young birds not pre-
viously released. One of the o// 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 mlght learn the exact location.of their home, six wcre
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 talien 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 irong 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 homeJoft 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 ( 19 r 5 ) 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 fights 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 hundrcd miles at a
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time, up to one thousand miles, The story of Hobo, a bird
that once held thelworld's record fpr this distance, fs a most
intere sting one . He made a number of flights during three
years of distances gradually increasing up to 4oo a,nd,617
miles (Little Rock, Arkansas, to Milwaukee) . The fourth
year ( rgor ) the bird was taken, after preliminary distances,
to Houston, Texas, a thousand miles away in an air line,
and there liberated with tw,enty-five others. All the birds
took the homeward course at once, and Hobo was the first
to arriye at Milwaukee, after an absence of 9 days, 20
hours, r5 minutes. This performance has since been
beaten many times. A world champion, Bullet D-r 872,
loosed at Abilene, Texas, reached its loft in Fort Wayne,
Indiana, an airJine distance of Ioro miles in r day, r r hours,
6 seconds, which in contrast to Hobo's record, may indi
cate a continuous fight. 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 roo
Homing Pigeons trained on flights of 5oo to 7oo 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 m€ssages 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 lcss chance of their
returnin! from a distance. by the aid of lgndmarks, for the
small islet where they nested is surrouniled by ocean. In

. three difierent years marked Sooty and Noddy Terns were
carried varying distances and released. They secmed 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 qnd rwo Sooties were taken
by steamer in the direction of New York, ind releascd ofi
Cape Hatteras, approximately 85o miles in a direct line.
Nearly six days later both Sooties were back at th€ir re-
spective nests, and several days laier 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 "afiliations" so that it was not permitted to
alight on its nest.

Six of each species taken to New York Elarbor and there
released were nev€r 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

45o miles west of their nesting colony. Of the seven birds
(four Sooties, three Noddies) all with one exception started
back east on bcing frced, while the seventh, after a short
fight west, came about suddenly and departedtastward 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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z Noddies released at 4t 8 rniles f rom Key West, none retyrned.
6 Sooties, 4 Noddies teleased at 585 miLs Irom Key West; 5 Sooties,

3 Noddies returned,
6 Sooties, 4 Noddies released at 855 miles {rom Key West; z Sootics,

r Noddy returned.

Of the last three (Galveston), the hro Sooties returned
in 6 and 7l days, the Noddy in twelve days. 'fhese re-
sults are the lnore remafkable, 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 rooo 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, thatthese 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 lccomplished remains to be explained. At present
speculation is fascinating but until mory' fact. 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 qucstion eventually. After all,
it is a blessing to know that there still is a myster,r to tan-
talize us.
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CHAPTER XIV

NOMENCLATURE AND CLASSIFICATION

To most persons not prgfessional 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 ol
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 rnan 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. La,rge or easily distin-
guished birds, for example, are giv€n 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
sruthds, or sparrow, while thc Ostrich which they saw for
the first time as named megal6s struth6s, or the big spar-
row. Nomenclature implies then ( r ) a distinction between
objects as well as (z) 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 ot genus. The Latin word Anas or duck
is therefore a generic term. But when more intimate

305
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knowledge led to distinguishing more than one kind of
duck, sdrne descriptive ryord had to be ;dded. 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 r6th and rTth centuries were
nearly all in this language, and even in the early part of the
rgth century Latin was the lagguage of works on classifi-
cation. As knowledge grew, and more caieful 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
r6th 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 Chrysadtus
for the Golden Eagle, or A quila 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 erreryone use the same combination,
so that naturalists in writing of difierent animals came to
use as short and distinctive phrases as possible. Botanists
in particular set the fashion.

ln t7o7 was born Carolus Linnaus, as his name is
Latinized, a Swedish naturalist, who conceivtd the idea o{
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 Linnrus apparently felt that there
must be some concise way of naming the thousands of difier-
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€nt plants and animals so that they might be referred to
conveniently, rathbr 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: first.the kind, or generic name, as,{nas for t
duck, followed by the sort or specific name, as actta
(sharp), lhns Anas acuta Linneus 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 bionomial nomenclature, for it implies two
terms, the first of which designates sinilarity, and is called
the genus or generic name; while the second denotes d.hser-

siry and is called the species or specific name.
Zorilogists are now in agreement that the roth edition of

Linnaus's great work, thc Systema Natura, published in
r758, be taken as the starting-point for the nomenclature
of yertebrate animals. Since Linnaus'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 y'rsl name published, and this be-
comes the recognized name of the spccies, all the others syno-

I
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nymsr ulless indeed the first specific name prove to have al-
ready been used in the srme genus, wherlit 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 giyen to
some such second species. But the rule ir purely a logical
one: that no two species can have the same combination of
names. It is due to these eftorts 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 rcsult for the future is the goal of present
efiorts. We arc 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 puzz-le 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 namt 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 i{ 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 (Linnaus). Difficulties 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 tpage is
to designate a partitular specimen ds the one described and
this becomes the tt?e 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 diffitulties and tnost 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 desertJiving ones pale and small, while those
of other areas are still difierent, yet all are Horned Larks.
Where these difierences correspond with certain geographic
areas, each with its particular climatic conditions, r sub-

species is recognized and a third name, or trinomial, is given
it. Often it is difficult to tell where one subspecies leaves
ofi 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 lre, at least on the borders of aljoining ranges, in-
dividuals that are intelmediate in one'way or another, so
that the extr€mes are completcly bridged. This is called
intergradation,

Nomenclature, or this system of giving names, ofiers also
a means whereby we may €xpress 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 togeth€r closely related spe-
cies we form a genus, and several nearly similar genera may
constitute a family, or a family may include a single gcnus
if no near relatives are known.

In zo6logy the family name is made by adding the end-
ing -id.a 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 difterences
and in part on our estimatc of their importance, Such a
classification is first of all for conyenience, but its useful-
ness is increased by making it express our knowledge of re-
lationships. Since this knowledge is imperfect, so is our
arrangem€nt of groups liable to error and gradual correc-
tion.

The earliest classification of animals had ysually much to
do with their use from a human standpoint. Thus in the
r rth 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,pnd the cormor.ant, and the grdat 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 ttabom-

ination" ; yet I have eaten cormorant on occasion and liked
it well enough.

In the ancient'library of'Nineveh, dating from about
B. c. 668, there have been found inscribed tablets show-
ing that the Assyrians had some knowledge of natural his-
tory and a rough cla'ssification of animals. Gregory
( rg ro) has quoted briefy 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 degree 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 t 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 divcrged in their development but

I
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trace their ancestry back to a common stock in the more or
less reihote past. The.living species o/ 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 ,4 p-
terytc, that have survived here. and there like living fossils,
with no near relatives now known.

There haye 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 r888 is the basis of the most modern classifica-
tion of birds, and this has been amplified by Gadow,
Sharpe, Beddard, and others. It will sufrce 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: (r) Archeornithcs or ancient birds, and (z)
Neornithes or later birds. The first group includes only
the Archaopteryr or lizard-tailed bird, that extraordinary
fossil from the Jurassic slates of Bavari*. The second
group includcs 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 "-ida" plus the stem
of the type genus.

Beginning with the fossil toothed birds, Hesperorris and
Ichthyornis, each of which is placed in a separate order,
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thcre come next the true Ostriches, the Rheas o6 South
American ostricheJ, the cassowarie*, the extinct New Zea-
land moas, the extinct giant-birds of Madagascar, and the
kiwis or Aptery*es of New Zealard, 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,
suryivors from very ancient times. They were formerly
placed in a separate 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 partridgeJike 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 scaleJike 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 cames the large assemblage of storklike birds, which
includes a various company, .o-. ""./,rnlike 

the othcrs.
Thus the cormorants and gannets, herons, true storks,
ibises, and flamingos arc grouped in this order, Ciconi-
iformes, each, however, constituting a distinct family.

Of this group the cormorants retain a hooked beak whiih
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, gannets, and frigate-birds is

peculiar in having all four toes included in the web. The
herons and storks havc 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 duckJike 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 prinlitive 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 cggs 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 trac€s of a web between the toes.
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The craneJike birds (Gruiformes) are poorly. repre-

sented in North .America, but include a few craries and
rails. One, the Whooping Crane, is now nearly extinct,
though formerly common. An intreresting but small point
of difierence between herons and cranes is that, although
both are longJegged and long-necked, the herons, in flying,
curl the long neck in an S-shape with the head drawn back
near the shoulderp, but the crpnes and rails hold it strctched
out in front. In the structure of palate ( schizognathous )
and nostrils (slit-like) they difier 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 difiering 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 difierent 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 thC 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 fceding, 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 p'lovers to pigeon3. They have somewhat 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
ate zoalkers or runners, moving the legs alternately, and
holding them out behind as they fy. Though some of
them, ( such as pigeons, hawks,Snd herons ) may perch freely
in trees, they are nevertheless typically ground birds and in
this respect difier widely from the Passeriformes, or great
order of perching birds which tfpically are twig-hoppers
that jump from perch to perch, seizing it with both feet,
and in fight holding thc 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 toc
is reduced in size so as to be in some cases nearly function-
less, or it has altogether disappeared. I believe this difier-
ence is a very ancient one. The oldest known bird, Areh-
aopteryx, 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, softre 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, Passcriformes, includes most of the
sparrow-, wren-, warbler-, and thrushJike 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, thp chief
structural difierencl between a Chickadec and a Crow is in
size. This group of birds is usually considered the most
specialized. They are chiefly of srnall or medium size, and
the primaries are reduced to either 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 difierent modulations of his characteristic ca@.

There are two other,large and varied groups of land
birds which are in many respects more primitive though per-
haps not distantly relatcd to the sparrow-like birds, namely
the cuckooJike birds (Cuculiformes) and the rollerJike
birds ( Coraciiformes ). The cuckoo ribe 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 rgo, 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 fornierly associated. A superficiat 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



318 BIRDS AND THEIR.ATTRIBUTES

bill, wqodpeckers 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 fying. I am certain that
in some cuckoos they are stretched behind, and this is the
case also in owls. The legs are so short in others of these
two groups that it is a point difficult 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 ( r qoS ) .

Cr-ass Avrs.

Subclass l-aecu,€oRNlrH Es . ' . . . Archreopteryx

Subclass II-NnonNITHEs . . . . . . . . .

Order r ,-Hesperornithif ormes .. Hesperornis

Order z.-lchthyornithi{ormes ..Ichthyornis
Order 3.-struthioniformes . .. . True ostriches (Africa,

India, fossil)

Order 4.-Rheifolmes . .......South American rheas

Order 5.-Casuariiformes . . . . . . Cas.solvaries and emus

Order 6.-Crypturiformes ...... tinamous (South Amcri-
can)

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

Order 8.-,'7Epyornithiformes . . . . giant-birds (Madagascar;

extinct)
Order 9.-Apterygi{ormes ..... kiwi (New Zealand)
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Order ro.-sphenisciformes 
.'t"iilllll 

(southern

Order rr.-Colymbiformes ...... loons and grebes (mainly
northern hemisphere)

Order Iz.-Procellariiformes .i "p",t"lt, albatrosses (pela-
grc)

Order r 3.-Ciconii{ormes ..... . ' cormorants, pelicans, her-
ons, storks, famingos

Order r4.rAnseriformes' .. '.... screamers (South Ameri-
ca); swans, geese,

ducks

Order r5.-Falconi{ormes ..... .. vultures, hawLs, eagles

Order r6.--Calliformes ........ fowls, hoatzin, hemipodes

Order 17.-Grui{ormes ,........ cranes, rails, bustards

Order r 8.-Charadriiformes . '...plovers, shore birds, jaga-

nas, sand-grouse, pi-

Order rg.-Cuculiformes ....... 
",rin"otJr" 

uno ourro,"
C)rder zo.-Coraciiformes ....,,rollers, Lingfishers, owls,

goatsuckers, humming-
birds, swifts, wood-
peckers

Order z r.-Passeriformes ....... flycatchers, larks, thrush-
es, wrens, swallows,
crows, warblers, finch-
es.

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 is 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

I
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great to be borne; so that certain of our eminent country-
men have bcen led into making open walfare against what
they call "evolution," believing that such docrine is false
and agnostic. Few layuren, 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 vhich 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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Aftirshaft,38
Agi attained by birds, rts
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Aldrovandur, 23, z4
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Amazonian Parrot, age of, t87
Am€rican Mcrgansrr, 156, 2rz
Atarhynclut, So
Anccstom of birds, r39
Aoi,253
Anacriformcs,3r4,3rg
Antarctic Slua, 2oo
Ant Thrush, rr9
Ants ar food for birds, tr8
Applc trce attractilg birds, 162
Apteria, +6
Aptcrygiforhca, 3!8
A|tcry, t4, g!,96, 2.?, 23t, 3t.,

3!3, 3r8; Do3trils,84; wiog, r@
alut, Cr?tclat, 2t7
Afcheprtcrtr, \3o, r37, r4.,, z4o,

3t2, 3t6, 1r8; pelvir, 95; riba, 99
Archaornithc!, 3!?, 3rt
Arctic fauna, rJ9
Arctic T€rn, ts2i rbigratio\ 27g, 2t!

Thrce-tocd Woodpeckar, 29r
Ald.a .in.rrd,286
drtentarat, L6nrr, .ce Hcrring Gull
Art, bird! .od, 5
Afiamu, 27o

Audubon, J. J., 33; hi! collcction, 28
Audubon's Warblcr, r77

Aul, Great, trz, tS4, 177, 2Ig
Little, r24
Razor-billed, r77

Auspices. derivation. r
AwaLening of birds, zzr

BAaELING THRUSII, 2o8
Bachman's Sparrow, r77
Background patterns, 67
badiur, M olothru, zo5
Bai.d, S. F., 28
Bafd Easle, to7, t7\, tgg
Baltimorc Oriole, rzz
Batb, 47
Barbet,2sg

tsiack-throated, 206
Pied,206

Barbules,4T
Barn Owf, 226i diet, tts

Swallow, 4z; roosts, 27!
Barred Owl, 226; fish-Eat€r, ro8
Bartram, John, 25
Basisph.noid, g2
Bat Parakeet, 274
Bay-breasted \Yarbler, r76
Bay-winged Cowbird, zo4
Bce-eater, Nubian, z7r
Belonius, 23, 24, z5
B€trick's Slyan, r72
Bill, plates of sheath, t3; shedding

of shearh, 84
Bills of birds,78
Bird-banding, 28o
Bird-skins, oldest, z6
Birds and art, 5
Birds and foresrs, 166
Bitds and foresr succession, 16z
Birds and insect pests, q

B;rds as {ood, e, ro
Birds, Human relations with. t
Birds of Paradise, a8
Birtern, 67; display of, 73

Least, rj7
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Black aDd Whitc Warbler, 116
Black aod Ycllow Oriob, !97
Blecl Cucloo, zoz

Duch rlceping, z6si virion ot,.t7
Guillcmot, rzz
Tcro, t56
Vultura, r28
Wydah, +r

Blaclbird, Europcan, tB7, 2t4, aga
Rcd-ringcd, s4,77, ts7, tg6, zSSl

.95
Ycllow-hcadcd, r57

Bl.ct-bscted Cour!.i, r92
Gull, tE6

Bl.ct-bclli.d Plov.r, tJ6
Black-br..rted Plovcr, 294
BlaclburD, Mr& Anna, 26
Bhctburniah Warbler, 26, 6t, 126
Bl.ck-collarcd Barbct, 2D6
Blacl-crorncd Night HcroD, tq 2t6,

a9s
Blacl-hcadcd Duck, 2o3

Gull, migration, z8r
Black-poll Warblcr, t4s, t76,.7t
Blact-throatcd BIuc W.rblct, 7 4, t7j,

Gray Warblcr, r77
Grceo Warblcr, 68, t44, t6o, 161

Blnc lay,4+, 163
Bluc-wingcd Warblcr, rc6
Boetbill flcron, to
Bobolinl, 54, 7o, 77, zssi tui$rraioD,

z7t; aprcad of, r43
Boaaparc, Princc, 3z
Booby, t8o; rlcep of, 264

Brown, rrq r55, r99
Boraal zooc, t58
BoltoD MulcurD, 2t
Box cldcr atfacting birds, r5r
BlaastbotrG, 96
Btoochur, z5z
Broozed Gracklc, 64, ,55, .g1i

roorta, 268
Browo Booby, !to, t55, r99

Crccpcr, r43, ts8; ,oostioB, zZ3
Ofll, a26
Pclicao, r95, r98; slc.piDg, 264
Thralh.r, !63, 16+

Btowoc, Sit Thomat, 2a
Brurh Turlcn J3' r33, t9r
Bul6nch, zt9
BuotiDg, SDow, s4
Burh-shrilcr, xong ot, 46

CANADA Goo8E, 2t8, 29j
Jav, ,+r, r+s
Warbler, i58, r53

Cannon-bone,90
Canvas-back, nz, tsz; paradtized,

Capc May Warbler, 68
Pigeon, r70
Vcrde Islands, scabird! of, r54

Cardinal, 146; age of, rt7; incuba-
tion, r9o

Cariama, r35
o Catinata, 97 .

Carolioa Rail, 247
Cattittrt, zos
Catsidix or lzi,uoru, zo5

lcrritu,2os
Cassio, John, 32
Cassique, r97
Cassowary, 38, r49, r9o, 313, 3r8;.88 r19
Casuariiformest 3rt
Catbird, r64
Cat€sbr, M., 29
Causcs of migration, z9z
Cedarbird, z+g; .atiog sDow, t25
Ccdars spread by birds, t55
Change! in distribution, 146
CharadriiforrDca, 315, 3t9
Chat, Ycllow-breasted, 146
Chesmut-sided Warbler, 67, 74, t43
Chewink, t9, 163, 164
Chickadee, 74, rq3, .7!i d.structioD

of,37
Chironcy Swift, 42, ,Sgt toc€ta, 269
Chinesc Goose, 16
Cbipping Sparrow, t62, rsg; eE of,

r85
Chrytototty*, zo8
Ciconiiformes, !r4, i19
cinerea, ,4rdea,z86
Clappcr Rail, r57
Clarkc's Nutcracker, rr9
Classification, 3o5, 3ro
Claws of birds, 88
Clift Swallow, 196
Climate and .volution, t46
Coal Tir, 2o8
Coctyrtat,2og
Cock nests,275
Cockatoo, Sulphut-crclted. t8?
Collared Dovc, age of, r87

INDEX
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Collcctions of birds, 21
Colors of birds, s8; of eggr, r77;

conccaling, 63; uses, 58
Columbus, birds sccn by, 3
Columelle,224
Colymbiformcs, 3r3, 3r9
CommoD Heron of Europ€, 286

Storl,25+
Swift,287
Tern, rs2, rj4, 283; migration, 28,
Wren, 275

Conc€aling colors, 63
Condor, z9z;.ge, r8t; sccnt in,228
Congo rain forest, r59
conD€cticut warbler, 278
Contour fcathers,39
Coot, rj5, 2or; diving of, ltt
Coraciiformes, 3r7, 3t9
Coracoids, gg
Cormorants and fish, rr3; trained, rr
Cormorant, Harris'a, r54

Pcruvian, rr3
Coscoroba,2o3
Cotingio, 52
Countcr.hading,65
Courscr, Black-bacted, r9a
Covertr,39
Cowbird, 2o4, z3S, l|s

Bay-winged,2o4
ScrcaminF, zo5

Crane, Europcan, 277
Wlrooping,315

Crecper, Brown, 43, t58,273
Crcsted Grcbe, r7z

Tree-swift, z7o
Crop,86
Crossbill, r45, 296; migration, 29t
Crotollaga,2SS
Crow, r44, ,63,22.t,251, 3r5
Crypturiformes,3r8
Cuckoo, r64; parasitic habits, zo7,

2O8t 2t3
Blacl,2o7
Goldcn, zo8
Klaas's, zo8
Rcd-ch€sted, 2o7
Spurr.d,2o8
Ycllow-billed, r45

Cuculifprmes,3rT,3rg
C*ulu gulariq za7
Curassow,3r4

Cullew, 80
Eskirno,4,278

C!?rDlu alb, 28?

DEATE ratc of birds, rtz, r83
Dc.ert fautra, rs9

Quail, t60
Dcamognatbous palate, 94
Diastataxis,40
Diotl!fia, 4o, t3S
Dictclsscl, r63
Didut in4tl.t, tlt
Disestion of birds, 86
Dinonit, r34
Dinornithifolmes,3rt
Dinosaurs, r39
Dipper, !rr, rj6
Display, T3

Flight,25r
Distant orientation, 3o3
Distribution of birds, r4r
Diving habits of ducks, rto

Petrcl, r7o
Dodo, 26, r33
Domcatication, r2
Double cggs, r73
Dovc,2t2

Collarcd, t82
RinB,232,238
Mourning, t+5, t82,293

Dovekic, t77; Iood of, rz4
Down, +<
Downy WoodpecLct, 162, 3o9; roost-

ing, zz +
Drrlalorhtnthur, 8a
Drink of birds, rz4
Dromeognathous palate, 93
Drongo, 206
Duck, Black, zr7; slceping, 265

Blach-headed, zo3
Lcaser Scaup, 2o2
Muscovy, rj
Piotail,284
Rosy-billed, zo3
Ruddy,295
Torrcnt, rj6
Wood,67,2oz,3o7, log

Duck Hawk, tr,2t7
Duckr as food, ro; drstruction of, to;

diving, rro; domestication, r4;
,noult, 56; parasitism, 2or ;
scent in, 232

I
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EAcLr, Bald, to7, \jt, r99

Fish, rt7
Golden, 306

Finch, Sharp-tailcd, 67
First nuptial -plumage, 54

Winter plumage, s+
Fish Eagle, ro7

Hawt, r7r; 6bula, 9o
Fish-catching by birds, ro8
Fish-eaters, economic value of, rr2
Fish-eating birds, ro7
Flamingo, z9z; early 6gures, 6;

sleeping,254
Flicler, 146,2r2; ant diet, t19; eggs,

t79; roosttng, 274
flighr,24o
Flightlessness. r sr
Flock formations, 249
Flycatchcr, Lenrt, r46

Scissor-tailed, 42, zo5
Food if birds, 106
Foot of birds, 88, 8s
Forest 6res, eflect o{, r54
Forest, relation of birds to, 16o; suc-

cesston, r62
Fork-tailed Petrei, r83
Fossils, preservation of, rz7
Fowls, Barnvard or Domestic, r3,

2r9; breasrbone, 97; early uses,
r3

Jungle, 14
Fox Sparrow, 89, r77
Franklin's Gull, r55; monumcnt to, s
Fr€sh-water habitat, r53
Frigate-bird,4z,3or
Frisch, experimeot with swallows,

28o
Frog-mouth,294

Furcula, roo
frtcut, Lants, 283

GADiVALL, 2o2 a

Galliformes,314,319
Gallus bazhioa, r4

Cannet, r8o; fishing, ro9
Booby, rro

Geese rs food, ro; desrruction of,
ro; early figures, 6; sicrcd to
Juno, z

()eologic perio,ls, r3o
G.orriz.,, bills of.8r
Geranoaltu, t3\

Harpy, food of, rz4
Mooley-cating, !24
Sca, ro7

Eagle Owl, r87
Ecd_vsis,5o
Eclipsc plumage, 56
Ecological relations of birds, t50
Ecologr, r5o
Eggs of birds, r72; numbcr laid,

r79; shaper of, r74
Egg-shape and vigor, 176
Egyptian bird 6gures, 8
Eider, r22, !9o
Empcror Penguin, r93; sleeping, 264
Emu, 18, 93, 96, t9o:. eEg of, t7g;

wing, ror
English Sparrow, r9o; turkey and, rt
Environment, types of, r5t
Eskimo Curlew, 4, 278
Eudyranis, zo7
Eulaber, zo7
Eumelanin,59
European Blackbird, 187, 2t 4, 2p

Crane,277
Cuckoo, zo8
NutcracL€r,288
Swallow,287
Woodcock, 284

Eutaxis,4o
Eveniog Grosbcak, 296; box eldcr

and, r60
Evolution, climatc a[d, t45
Eyc mask, 69
Eyes of birds, zr7

Flr-cotrronues, 314, 3r8
Falconry, rr
Fear,237
Fearh€r structurc, 3s, 47
F€ather-tracrs,46
F€eding of young, 237
F.ct of birds, 87
Femoral tract, 47
Femur, 89, 90
Fcrrantc Imp€rato, coHection of, z5
Fibula, go
Field Sparrow, 146, t64, 2ss
Filoplumcs,48

I
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Guillcmot, Black, r77

Pigeon, r83, r93
Guirlea Fowl, 17, 19
Gull, BIac['bacL€d, r86

Blact-h€aded,28r
Franklin's, S, rj6
Herring, rr9, \67, tg', tgSt 243,

246, 2St, 264 28!
Kittiwake, r83
Laughing, rr9, r98
Lesser Black-backcd, r57, 283
Little, rz2
Robber, r93, r99
Skua, r79, zoo

Gull "Dick," r8S
Gulls as scavengcrs, tr4

HAIRY \ryooDPEc(ER, 7o, 16?,3o9i
roosting,274

Halcyon, zz
Hammerhead Stork, 196
Hamulus,48
Hang-rest,2o5
Harpy Eagle, t24
Harris's Cormorant, t54
Harv-finch, r6r
Hawk, l)uck, rr, 287

Fish, 17r
Pigeon, r45
Red-shouldered, 60, r45, t46
Red-tailed, r45, r46
Rough-legged,243,287
Sharp-shinned, 7ot 72, r44, t45,2+.
Sparrow, r4s

Hawk Owl, ra5
Hawks, di€t of, rr5
Hearing in birds, ze3
Heath-hcn, z9
Hedge Sparrow, 2o8, 2o9
Height of birds' flight, 246
Hen,236
Henslow's Sparrow, r77
Hermit Thrush, zsg; hezrine ol, zz7

Warbler, r77
Heron, Ulack-crowncd Night, 80, 286,

295
Boatbill,80
Common European,286
Great Blue, r77
Ward's, t77

I

Gesner, Conrad, 23, 24
Giant Kingtirher, r08
(;iant-bird, rJ3, r+9, 3I3, 3r8
(;iantism, r3+
Cizzard,86
(iodwit,80
Golden Cuckoo, zo8

Eagle,306
Plover, 4, 247,248, 3o3, 3r5; mi-

gration,278
Golden-chccked Warbler, r77
Gold€n-crowned Kinglct, t42
()olden-eye, zoz
<;olden-uinged Warb)er, r96
Goldfinch, Iuropean, 289
Goose, migration, 284

Canada,2r8,29j
Chinere, r6
Domesticated 16; age, 186
Embden, r5
GtayJag, 15,28r
Spur-winged, to2

Goshawk, rr
Grackle, Bronzed, 64, 255, 268, 295
(;rass patteros,6T
()rasshopper Sparrow, I45, r77
Gray Parrot, age of, r8Z
cray-crowned Leucostictc, z7z
Gray-lag Coose, 16,28r
Great Arrk, 86, ttz, tsl, t17i mi-

gration,279
Blu€ Heron, r77
Gray Olvl, r4S
Horned owf, rc8, 242i eatly lE-

ur€s, 7, 8, 22
Tit, 289

Grcat_crest, r96
creat€r Yellowl€gs, t67, r69
Grebe, Crested, r12; disPlay, 254

Pied-billed, rrz
Green Sandpiper, r94' zr3
Green-*inged Teal, 2o2
Grosbeak, Dvenins, r5o, 296

Pine, 55, r43, t|st 291, 295
Rose-breasted, 55, 76, 187

Grouse, Red, r7z
Ruffed, 35, 64, t23,255,272i eEEs,

r?9
Sand, 16o
Spruce, rz3

Gruiformes,3r5,3r9
Guano Irom birds, rr3

I
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Hcrring Gull, rt9, 162, r8j, r95, r98,

2+3, 2+6, 2Sr, 262, 283
II€tlerolnir, !30, r35, r54, 3r2i 3r8
Hesperornithiformes, 3r8
Iletzfon2lta,2o3
Hoatzin, roz,3r4
Hobo, jor
I{odge, homing €xperiments of, 299
Hole-nesting bilds, r95
Homing instinct,297
Honey Guide, r2o

Lcaset, 2o6, zo7
Sparrmann's,2o5
Y€llow-throated, 206

Hooded Merganser, zoz
Warbl.r, 146

Horn-bill, r25; nest, r94
Horned Lark, 44, 54; subspecies, 3o9
House Martin,287

Sparrow, zo, 54, 57, t1o, 2zo, 259,
289; .oosts, 259

w,ten, 27S, 287
Huia, 8r, rr6
Humeral tract,47
Humerus. ror
Hummingbirds, bills of, 82

IBrs,9
Ittultyorflit, r30, r36, 3r2, 3r8
Ichrhyornithi{ormes, 3r8
Incubation period, r9<r
Indian Kite, ro6

Swallow-shrike, z7o
Indigo-bird, 58, 236, 2Sg
iatfttu, Didu, 43
Insects and birds, 5; as food, 116
Intcrgradation,3ro
Intestine, coiling of, t6
Iridercent colors,6r
Island spccies, r48

JAg^NAs, toes of,89

KrNc RArL, rj7
Vulture, convcntionalized heads, 8

Kingbird, 146, 162, 196,.st, 2sg
Kingfisher, z.:

Giant ro8
Kinglct, Golden-crowned, r4z
Kite,2o3, 236
Kittiwak€ Gull, !83
Kiwi, 84, 318; sceDt in, 227,

4t. See ,4ltetyx.
Klaas's Cuckoo, 2o8
Koel, znz

LAMMERGETEI,2{8
Larnlornir, S2
Lamlronetra !loltd, Jol
Lrnd birds, disrribution of. ti8
Land tnvironments, rj8
LaQ\nin*,247,248
Lark, Horned, 44, 54, 3og
Laru! orgentat t, sec Herting Gull

lu!tu!,281
idibundus. z8r

Laughing Gull, rr9, rq8
Laysan Albatross, t56, z54, 265
Least Bittero, r57

Flycatcher, r46
Sandpiper, 66, r56

Legs, position in flight, z4r; usc of,
3ro

Lesser BIack-backed cull. r67. 2s,
Honey Guide, 2o6, zo7 " '
ScauD Duck. zoz
Yellowlegs, r67, r69

Leucostifte, Gray-crowDed, 272
Life hisrorie!,2?a
Limpkin, zo3
Lincoln'! Sparrow, r77
LionEus,306
Lipochromes,5g
Little Auk, rz4

Glull, r7z
I"izard-tailed bird, t37. 6ec Archa-

Long-billed Marsh Wren, r57,275
Long-eared Owl, 44
Longevity of birds, r87, rS8
Loon, r55, r80; eggs, r79

I.ouisiana \rya(er-thrush, r72

J
J
I
aildaw, a+8
acger, t99
ayt 2r+
Blue, 44, 163
Canadr, r43, t45

Johnstonus,23
lunco, 72, tts, tz6
Jungle-fowl,255
JuYehal plumage, 53
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N€ornithes,3r2,3r8
Nests, r7z, r9o
Nigtthawk, 64, 6\, 72, 8t, t1t, .Sr,

294
Nightjar, Pennant-wiogc<I, 45
Nod-dy Tern, r 55, r98,263,3or
Nonienclature,3o5
Northern Wa(er-thrush, r77
Nubian Bce-eater,27r
,tulticut, M.rort,2?t
Number of bird species, z9
Nutcracter, Clarle's, rr9

European,288
Nuthatch, migration, 289

Red-breast!d, r43, r58
Nuttall, Thomas, 30
N tr. I it ot al nt.t it o? ar, 286

Orrrrererrvg lhading, 55
othlorut, Totanu, 213
Oil-bird,253, ?94
Olive Woodpecker, zo6
Orange-crowned Warbler, z7t
Orchard Oliole, t46, r77
Orders of birds, 3r8
Orientation,303
Origin of birds, 126
Oriole,255

Baltimore, t77
Black and Ycllow, r97
Orchard, 146, r77

olyzieor,/!, Cat idi*, zo5
Osprey, ro7, r98
Orttnols,?aS
Ostrich, r9, 2ot 46t 76, 83, r4r, r90,

3o5, 3r3, 3r8; ag€, r88; breast-
bone, 97; coracoid, roo; foot,
88; hand bones, roz; pelvis,95;
sternum, 96; syrinx, 253

Ovaries, double, in birds, 17:
Ovenbird, r96
Ovulation, stimulus to, zrz
Owl, 2r, 22; foot, 88

B^tn, tti,226
Barred, ro8,226
Brown, 226
Eagle, r87
Great Gray, r45
Great Horn€d, 7,8, 22, ro8,2+,
Hawt, r4j
Ilorned, g

I

M. derivation of, q

n ad orm i.hi, M. gal c! u it, t79
Magoolia Warbler, 16o
Magpie, r43
major, Parur,289
Mallard, rj, 2o2; display, 254; mi-

gration,281
Man-o'-War Bird, r99
Marabott,243
Maritime birds, r52
Marsh Wr.n, 146
Martin, House, 287
Maya figurcs of bir&, 5, z,8, 9,2)
Meadow Pipit, 2o8, 2o9, ztr
Mcadowlark, a55
Mcgalettr m.rctotnicli,t7g
Megapodcs, r9r
Melanins,59
M.littorhaga,2Tt
McrgaDlcr, t08

American, r56, zr7
Hooded,2o2

llferort nubi.tt, 27t
mer a, Tudut, z9o
M€tacarpals, ro2
Metatarsals,89
ll.tolidiur, radius of, ror
Migration, 277; causes, 2g2i verti-

c"l, 292
Migratory Ouail,3
Mimetic coloration, 64
Mimicry,64
Miss€l Thrush, r5s,2r4
Mistletoe and birds, 165
It{oa, r34, r+9, 3r3, 3r8
Mockingbird, ,+6, 258, 293
Molothru bddiut, 2os
Momcntum in evolution, 74
Monkey-earing Eagle, rz4
Mother Cary's Ch.tken, r7o
Motmot,48
Moulting, 5o
MourninS Dove, t4S, r82, 293
Mouse-bird, z7r
Muscory Duck, 15
Muscums, modern, z7
Myna, zo7
Myrtle Warbler, t2r, t4s, tZ6

NAIAL dowD, j3
Neornorrha, 8r. See Huia
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fetrel, Diviog, r7o

Fork-tailed, r83
Wilson's, r7o,279

Pero0hart, t33
Pheomclanin,5g
Phalaropes'colors, Z5
Pheasant, 287; hearing, zz4; sleep-

ing, z6z
Reeves's, 49, 73

Phabe, r96
Picd Barbet, 2o5
Pied Wagtail, zo8
rPied-billed Gr.be, r!2
Pigeon, rz, 2ot 74, r8o, t8!,2r9,236,

238t 24r, 243,26o,299, 3tS; Iood,
rz3; homing faculty, 298, 3oo;
reaction to gound, 225

CaF, r70
Passenger, r8o

Pigeor Guillemot, r83, !93
Hawk, r45

Pigeon's milk, 86, r2j
Pigments of feath€rs, 58
Pileat€d Woodp€cker, 44, rt8, r68
Pine Grosbeak, 55, t43, ,45,29r,295

Sis&in €ating snow, i2j
Warbler, r46

Pine-creeping Warbler, 68, t44, r6q
164, t75

Pine-woods Sparrow, r77
Pintail Duct, 3o7; migration, 284
Pipiog Plover, !55
Pipit, Meadow, 2o8, 2og, 2rt

Pliny, 2\
Plover, Black-bellied, rs6, zs+

Goldcn, 4, 247, 248, 278, 1o3, 1t\
Paci6c colden, 279
Piping, rj5 .
Semipalmated,6S
Stone, 9
Wrybill, 8o

Pneumatic foramen, ror
Pochard,2or
Powdcr-downs,49
Precocial birds, r89
Prairie Chicken, decrease of, rr

Warbler, 68, r45, 293
Primaries,3g
Pritea, zo8

I

Long-carcd, 44
Saw:wlct, r4J
Screcch, 44, r57
Soowy, r45
TctrglDrlllr'!, ,16

. Olrl brott. zr
Onvlr, dict of, rtj; hcariDg of;426
Oyltrrcatchct, t!
Pecrqc Golden Plovct, 279
Patatcct, B.t, ,74
Palallcl cvolution, 75
Parasitc, r9t
P.ralitcl of iD.ccts, rt7
Pareritic birdr, r9t
P!ralitism, oriEin of, 2!2
Psris Bario, forsile in, r34

MuscuE, 2z
Parrct, AmazotriaD, ttz

Gray, t87
Parrots, hcariDs of, aa4
Partrid8c, a87
Parula Warblcr, 68
Patu att, ,-8g

major, z8g
,aratlut, Troglodlt.r, 27s
Pa.scDgcr Pigcoo, rto
Pe*criforocs,316,3r9
Pcacoclr, r9, 42i lzn of,4+
Pcelc, Titiaa, 3u
P.alc'r MutcurE, 28
Pccteo,2r8
P.ctor.l Sstrdpipcr, 66 156
P.cwc., Wood, 196, 2J9
Pclagic birds, r5z
Pclicao, agc of, t87; 0ipbt, 2so

Btown, t95, r9t; ilcrping, 264
Wtit., 8+

Pclitaxoidet. rr.t
Pclvic witg, a4u
Pelvir, 94
Pcnguitr, 4 t,46, rrt, r8o,3rt,3r8

Adali., rto, 2@
E Ep.ror, r93, i64

Pcnguior end Ruskin, 5; dastruc-
tioo of, 5

Pcnoam-wiogcd Nightjar, 45
Pcrcgrinc, rr
,cttictt, Catridiz, xs
Pcrrpcctivc marking!, 66
ParuviEn CormoreDt, rt3
Pcrrulur, z5z
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/idibund t, Lanu, z8t
Ring Dove, 238; sccnt in, !32
Robbdr Gull, r93, r99
Robin, j2, ,62, 165, 22t, 24gt 2Sg,

295, 3t6i agq 186, t87; roosts,
,66; trees spread by, t55

Robin Redbrerst, 290
Rook, z+7,248
Rose-breasted Glosbeak, 55, 76, !87
Rosy-billed Duck, zo3
Rough-lcgged Hawk, 249, 287
Ruddy Duck, zoz, 295
Rufied Grouse, 35, 64, ,.3,2SS,27.i

€gas, r79
Ruptive patterns,68
Ruskin and pcnguins, 5

S^ND GRousE, t6o
Sandpiper, cr€.D, r94, 2t3

Least, 66, r55
P€ctoral, 56, r56
Semipalmated, rS6, 234
Solitary, r94, z14
Spotted,259
llrhite-rumped, r55

Sandpipers, focks of, z5o
Sandv'ich TerD, 283
Sanitation,23T
Savanna Sparrow, 74, t77
Saw-wh€t Owl, t4S
Scapula, roo
scarlet Tanagcr, jr, r44
Scaup, r5z
Schizognathous palate, 94
Scissor-tailed Flycatcher, 42, 2oJ
Scot€r, !22

White-wingcd, 2o2
Screamer,46,99

Spur-winged,2o3
Screaming Cowbird, 2os
Scrcech Owl, 44, 257
Sea Eaqle, roz
Sea.birds, disrribution of, r54; drint-

ing, rz5; number of eg$, rE3
Seaside Sparrow, t+6, r57, t77
Secondaries,3g
Secretary-bird, fossil in Fraocc,

r3+
Seeds sown by birds, 169
Selection, sexual, 75
Semipalmated Plovcr, 5t

Sandpiper, r 56, 214

I
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Procellariiformes, t69, 313, 3t9
Proximate ori€ntation, 3o3
Ptarmigao, r+j, r59
Prarafiodon,24o
Pterygoid bones, 9z
Ptcryla,46
Pterylosis,46
Ptilopin,52
Pseudosuchians, r39
Puffn, 84, r93
Pyaidium, 96

Qe^tL, 64,2?!; eggs, !79
Desert, 16Cl

RADrus, 47, tot
Rafioesque, Charles, 32
Rail, Carolina, z+z

Clapper, r57
King, t57
Sora, r57
Vitginia, tsj, 46

Ramus,47
Rancho la Br€a. fo:sil birds of, rro
Rapid pcering, zz3
Ratita, 92
Reven, 2r, 232) age, \87; broth, 2r
Ray, z4
Razor-billed Auk, r77
Rcctrices,3g
Red Grouse, r72
Red-bellied Woodpecter, r4j
Rcdbreast, Robin, 290
Red-breasted Nuthatch, r43, r58
Rcd-chested Cudkoo, 2o7
Red-eyed Vireo, r44; Bleeping, 266
Redhead, rzz, r5z;' parasitized, zoz
Redpoll, r45, 296; migration, 29r
Rcd-shouldered Hawk, 6o, r+t, r+6
Red-tailed Hawk, rl5, 146
Red-winged Blackbird, 54, 77, r57,

196,255,295
R.rves's Pheasant, 4+, 73
Resdus,6o
Remiger,3g
Rest of birds, 260
Rhacbis,4T
Rhan?hokel r bratilientit, z4
Rhamphotheca,83
Rhea,38,3r3,3rB
Rheiiformes,3r8
Ribs of birds, 99



I

fi6 INDEX
Scns.s of birds, 2r5
Scxual di{fercnccs in size, r7o

Seleclion, T5
Shadiog, obliterative, 6i
Shapes oI eggs, r74
Sharp-shinned Ha$k, rr, 70, j7\r4+,

145, 242
Sharp-tailed Finch, 67, r57
Sheldrakes as watchdo$, 2
Shore environment, r56
Short-bill€d Marsh Wrcn, r57
Sight of birds,2r7
Siskin, r45
Size diversity in Tubinatcs, 169

Relations of birds, r67
Skua, Anrerctic. 2oo

Gull, r79, zoo
Skull of birds, 9r, 92, 93
Skylark,289
Sloane, collection of Sir H.,25
Smell io birds, zz7
Smithson, James, zT
Smithsonian Institution, 27
Snipe,66,67,80
Snow Bunting, 54
Snowy Owl, r45
Soaring,243
Social nesting, r97
Solitary Sandpiper, r94, 2r4
Song, origin of, 2S3; use ol, 257, zSB
Song Sparrow, q, 66, 163, r8*,292

Thrush, r87
Sooty Tern, tSS,26+, 3ot
Sora Rail, r57
Sparrmann's Honey Guide, zo5
Sparrow, Bachman's, r77

Chipping, r62, r86,259
English, !8, r90
Field, 146, r64,2j9
Fox, 89, r77
Grasshoppcr, t46, !77
Hedge, zo8, zo9
Henslow's r77
House, uo, s4, 57, tso, 22o, 2sgr

269,289
Lincoin's, r77
Pine-woods, r77
Savanna, 7+, r77
Seaside, r46, r57, r77
Sharp-tailed, rS7
Song, 63, 65, 163, r84,292
Swamp, 57, rj7, 163

Trce, \+5,272, zgo
Ycsper,7z,74
White'crown.d, r27
Whit€-throatcd, 63, t4s, t|L tg6

Sparrow Hawk, 9, r4j
Spccd of fight, 248
Sphcnisciformcr, 3r3, 3r9
Spinal tract, 46
Spine of birds, 94
r lonra, Lam ?/ one t t a, 3o8
Spotted Sandpiper, 2j9
Spruce Grousc, rz3
6purrcd Cuckoo, 2o8
Spur-winged Goose, ro2

Scr€amc!,2o3
Squid earen by birds, re3
Starling, 64, 248, 268; migration, 28t,

2r\ 295
Sleatornis, zS3
Stcgantlra, +1
Srernum, g6
stimulus ro ovulation, ,r2
Stone Plover, g
Ston€! swallowed by birds, r12
Stork, Adjutant, 243

Common, 2,2j4. S.c Whit. Stork
Hamrnerhcad, r96
Whitc, migration, 285

Striped pattcrns, 72
Struthioniform€s, 3o9, 3t9
Subsp.cies,3og
Sulphur-crest€d Cockatoo, rt7
Sunbirds, bills of, t2
S ,allow, 3rr; roosts,27r

Barn,42,27r
ciifi, re6
European,287
Tree, 54, 196
White-bellicd, rur
White-throatcdf 206
Wood, 49

Swallow-shrikc, Itrdia!, 27o
Swamp cnvironment, !jz
Swamp Sparrow, 67, ti7t 16,
Swan, agc of, 186; slceping, 26j;

song,20
Bewic!'s, rzz

swift, 87; food of, 222
Chimney, 42, 2St, 269, .tz

Symbiosis, z
Syrinx, z5z
Systema Natura, 3o7
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TAsrE in birds,233
Tail-coverts, variation in, 39
Tail-feathers, rnodifications in, 42
Tanager, Scarlct, sr, r44
Tarsals, go
Tarsus,89
Teal,283

Green-wing€d, 2o2
Tc€th in bird3, 136
Tempcrature of birds, 37
TeDgmalm's owl, 225
Tennesscc Warbler, 145
T.tatorni', t3r
Tern, Arctic, ts2, 279, 2t!

Black, r56
Common, t52, t5+, 282t ,83
Noddy, r55, rg8, 268, 3or
Sandwich,283
Sooty, rjs.264,30r

Terns at Mustcget, r99
Territory,2jT
Tertiaries,3g
TetrapreryI,242
Thick-kne/,9
Thrasher, Brown, 163, 164
Threc-to€d Woodpect€r, t7, r43,

r45
Thrush. Ant, rr9

Babbling,2o8
Hermit, 227, 259
Missel, r65,:r4
Song, r87
Wood, 52, 146

Thunder-bird, r3z
Tibia,90
Ti&-bird, !24
Tinamou, 83, 93, 98, 3r3, 3ttTit, Coal, 289

Great,289
Titmice,289
Tongues,84
Torrent Duck, !56
Totdntt othtolut, 2t3
Touch io birds,233
Townsend's Warbler, r77
Tradescant's Museum, 25
Tree Ducks as watchdogs, 2

Sparrow, r45, 2go; toostlng, 272
Swallow, 54, r96

Tree-creepcr, roosting, 223
Trce-nesting habit, r95
Tree-swift, Crcstcd, z7o

Troglodyr.r raroulut, 2? 5
Trogou, t4r; distribution, r48; foot,

8!
Tropic Bird, rs5
Tubinarcs, r69
Tur{cin,62
Turaco,6r
Tutdu mer a, zgo
Turkey, !5,42

Brush, t3, r33, r9r
Wild, r45

Turkey Vulture, z28
Turner, William, 23
Tutelar plumage, 56
Type specimeo, 3o9

Ulxe, ror
Uncinate process,99

VANE,47
Variegatcd plumag€, 57
Vegetablc food of birds, r2o
Ventral tract,47
Vesper Sparrow, zz, z+
Violet pigmcnt, 62
Vireo, Red-cyed, r44, 255

lVarbling,259
Yellow-throated, r46

V;rginia Rail, r s7, 2i6
Voicc of birds, z5z; usc of, z1t
Vofter, 92
Vutturc, scent in, zz8

Black.228
King, fgurcs of, 8, 9
Turkey, zz8

WAcrArL, Pied, 2og
lVarbler, Audubon's, r77

Bay-brearted, r76
Black and Whire, rr5
Blackburni.n, 26, 68, t76
Blick-poll, r76,278
Black-rhroaled Bluc, 24,, rzl
Black-throared cray, 177
BIack-throatcd G.ecn, 68, r44, t60,

r6!
Bluc-wingcd, r46
Canada, r58, r63
Cape May, 68
Chestnut-sid€d, 67, 74, 143, r6t,

t64
Connecticut,2T8

I
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Goldeo-chcckcd, r77
Goldcr-Ein8€d, r96
H.rmit, !77
Hooded, 146
Maanolia, 160
My*le, rzr, r45, 176
Orangc-crowncd, 278
Parula,68
Pin., t46
Pine-crceping,68, t44, t6o, t64,

u6
Prairic, 68, tt6, t64, t75,293
Tcnnesscc, r45
Toworcod'!, r77
Ycllow, ,76, 2rs, 293
Ycllow Palm. rz6

Warbliag Virc6, i59'Ward'r Hcron, r77
\vatcr eoviroDEanE, rj6
Watcr Ouscl, rrr
W'atcr-thru6h, Louisisna, r77

Northeru, r77
Wetsoo aod La3hl.y, crpcrimeno of,

300
W'axwiog, C.d.r, r25
'Wcapons of birds, roa
Wcaver-6nch, 43, 2+91 roorts, 269
Wcbbed fcct, 8g
Weight and yolt of cggr, r89
\{hippoorwill, 44 72, tt, \46, tjg,

22O, 294
White Pelican, 84

Stor!., migratioo, 2tr
Whitc-bcllicd Swallow, rrr
White-crowncd Sparrow, r77
Whitc-rumpcd Sandpipcr, rs6
White-throat, 163
Whitc-throat.d Sparrow, 63, r45,

tIt, t96
S*allow, zo6

Whitc-wingcd scoter, 2o2
Whooping Cranc, 3r5
Widgcon, a83
Wild Turt.y, r4S
Willughby,2a
Wilson, Alcxandct, u9
WilroD's Blact-cap, r4j

Pctrcl, r7o; miglation, 229
Wing-booes, ror
W'iorcr WrcD, 6t, t'q,2Sg
Wood Duck, 6?,.0., lol 3ol

Pccwec, t96, 2J9
Pigcon, zr4
Swallow,49
Th.u!h, s2, 146

Woodcock, 61, ta, t7a, 2r8
Europlen,284

Woodpech€r, Arctic Thr.G-tood, 29r
Downy, r57, 274, tog
Hai.y,7o,.67,274. 1og
Olivc,206
Pilcst.d, 44, rrt, r6t
Red-bellied, r45
Thrcc-tocd, t7, t4t, t4s, 2gt

Woodpcckcrs, fcet of, 87; tongues
of, 85

Wran, Common, 275
Houa., 275, 287
Long-billed Marsh, t57, z7g
Mar.h, 146
Shon-billed MaBh, rJ7
Winte., 63, r58,2j9

Wren-warblcr, zo8
Wrybill Plovcr, 8o
Wydah, Blact, 43

Yrr,r,ow Palm Wa.bl.r, t76
Watbler, t76, 4i zgt

Ycllow.billed Cuckoo, r45
Ycllow-brcastcd Chat, r45
Yellowlcgs, t56

Grcatar, 167, t69
Leslcr, t67, 169

Ycllow-headcd BlacLbird, t57
Yellowtbroat, r,
Ycllow-throared

Virco, r,46

69

Ioocy cuid., ,06

Yok€-toed foot, t7
Young, Iood of, r23

zoiirr.rrsut, 60
Zdixanthin,60
zygodaciyl, gI
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lNoter The boots listed under tiis cetetory are Ieneral introductions. !urueys, revaeYvs, and
non{echnicrl ermsitlons ol sc{enca lor lhe rnterested layman or screnllsl who wlshes
lo brush u9, oover also publishes lhe larSest llsl ol inerpEnsive.reprints ol boolis on lnler-
nediate and iipher mathematcs, Balhemalrcal physrcs, enEineering, chemr5try, asl,onomr,
etc., lor the Diofessional matnemalicrrn or sclentist. for our complete Sciencc Catalot,
write Dept. calir., Dover Publ'crtron5, hc., 180 varict Street, {tew York 14, N. Y.)
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CollcEttllll0 lllt tllIUrE 0F IllIIGS, Slr Wllll.m. Br.tg. Royal lnstitute Christmas tectures
by Nobel Laureate. Ercellent plaln-lansuase lntroduction to 8ases, mol€cules, cryslal skuc-
ture, elc. erolains "burldln8 blocls" ol universe, basic properties of matter, witn simplesl,
cl€aresl examples, demonstrations.32pp. ol pholosj 57'l'sures.244pp. 5lt r E.

131 Paperbound 11.35

ITIAIIER AtlD LlGllT, IllE llEw P[lslcs, loulr d0 BroSlie. Non.technical erDlanations by a
Nobol Laureate ot electro.maSnetic th6ory, rel6trvily, wave mechanica, quantum physics,
phllosophies ot science, etc. Sinlple, y€t ,ccurale inl'oduclion to work of Planct, Bohr,
tinstein, other modern physicists. Only 2 ol 12 .hapters require mathematlcs.300pp.
5:h x E. T35 Papsrbound t1.60

TIE Coltitol .sEI{sE 0t TIE Exacr sclt],lcts. lv. x. cliftord. For 70 y€ars. ctifford's worl
has been acclaim€d as one of the clearest, yet most precise introductions to mati6matical
srmbolism, mearurement, sudrce boundarles, position, space, motior, mass.nd {orce, elc.
Pr€taces by 8€rlrand flussell and lGrl Plarson. lnlroductlon by James Newnan, 130 tigures.
249pp. 5:,b x 8. T6l papGrlound 11.60

IllE |iITURE 0t llElll tllD c0l0tl ll{ IllE oPEll llR, I{. inn.ert. what causes mira8es?
naloes? "multiple" suns and moons? Proleslor l{'nnaert erplarns these and hundreds of
oti6r lascinatinS natural oplical phenomena in simple terms, tells how lo observe tiem,
suggests hundreds ot experlments.200 illusi 42 photos. xvi + 362pp.

\ T196 Paperbound llr5
sPlrxlllc ToPS tLo GYIoSCOPIC lroTlox, ,ohn P.rr. classic e,emenlary tert on dynamlcs
ol roLlion teats Syroscopes, tops, how quaririgiditt is induced in paper dlsls, smote
rings, chains, etc, by rapid molion, prccession, earth's motion, etc. Contains many easy-to-
perform experiments. Appendir on practlcal uses ol gyroscopes. 62 tigures. l28pp.

T416 Paperbound 11.00

I cot{ctsE tttsToRY 0F litAIttE}ilAIlcs,0, stuil. Thls lucid, easily followed history of
mathemrtics from the Anclent Nerr last to modern tines requires no malhamatical bact-
ground ltself, yet introduces boti mathematicians tnd laynen to basic concepts and
discoyerles and tne men who mad6 lhem. Contains a collection of 3l portraits of eminent
matiematicians. Sibliosrapny. xar + 2ggpp. 5% r 8. T255 Prperbound t1.75

TllE iESIIESS UIIVEnSE, ilrr lorn. A rem.rkebly clea., lhorough exposilion ol g.ses,
electrons, ions, waves aod partlcles, el.ctronic slructure or the atom, nuclear physlcs,
written for tne layman by a tlobel La!reate. "Much .more thorougn and deep tnan mos!
attemptr . . . easy .nd delighlful," CH€MICAL AlilD ENGINEERING IEWS. lncludes 7 animated
sequences showina molion ot molecules, alpha partlcles, elc- ll tull.paSe plates ol photo.
lraphs. Total ol naarl, 600 lllus. 3l5pp. 6lt r 9y.. 1412 Pap.rboood l2.ql
rVlll lS SCIEIICE?. ll. G.m!D.ll. The role ol exDeriment, the function of m.lnemalics. the
nature of scientific l.ws, the llmrt.tions ol scie.ce, and me.y olhcr provocst've lopics
.re .rplored rnitftout tecnnicrllties b, an emin.nt scientist. "Stll an €rcerlent lnt.oducllon
to sclentific phllosopny," tl. Margenau in PIIYSICS TOOAY. l92fp. 5 r 8.

S.:l P.p.rbound 11.25
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tlDS ll{0 flttrclEs lil TllE l{At{E 0l SClEllCE, il.rtin G.rdner. The slandrrd account of
ths varlous cutts, quacl systems and delusions wnich have r.€ently masqueraded as sciencsl
hollow earlh theory, Atlsntis, dlanotics, Reicn'r orSone.theory, flying saucers, Bridey llurphy,
pslonlcs. i.rldlasnosls, many othe. lasclnallnS tallacies that deluded tens oI thousands.
"snould be reld by evlryone, scientist ,nd non-scientist alike," R. r. Bir8e, Pror. Emerilus,
Univ. ot Caliaorni.; rorner P.esident, Am€rican Physical Society. Formerl, titred, 'ln li€
ame ol Sclcnc.." 8.y,sed and enla,gea editron. x + 365PP. 5li r 6.

T394 PaDerbound 11.50

T[t SIU0Y 0F IxE ll|SIoRY 0f IAIIE AI|CS, TltE SIU0Y 0F Tfi[ ItSToiY 0f SCtElCt,
e. Sadon. Two bools bound.s one. Soth volumes are standard invoductlons to ttelr ti€ld!
by an eminent science hlsionsn. They.discuss problems of historical research, teachlns,
pltfalls, other mrtters of interest fo th6 historicalry onenled writGr, t€ache., or student.
Bolh have extenslve blblrographles. l0 lllustrations. l88pp.5 x 8, 1240 Pape.bound tl.2t
TIt PnIICIPIES 0t SClEtlCE, lY, S. J.vorr, Unab.idsed.eprintlnB ol a milestone ln tne
development of symbollc logic and other subjecls conc€rnrng soentific nethodolo8y, proba-
bllity, lnferential validlly, etc. Also describes Jevons"'logir machlner' an ea.ly precursor
of modern electronac calculatols. Prelace by E. na8el. 839pp. 5% r 8. S446 Paperbound t2.9!
SCIEI{CI IllEOlY lI0 illI, Eruin Schro.dlnt.r. Ctftplete, unabridgA reprinting ol "science
.nd th. Humsn Temper.ment" plus an.dd,tional essa, 'what is an El€flentar, Partrcle?"
llobel Lauroale Schro€dinger dis.usses man, ,specls ol modern physlcs from nover points
of riew wlrlch provide !nus(al insights lor both laymen and phy!icists, 192 pp, 53a x 8.

I42E Paperbound tl.3l
allDeES ll{0 llilln lUll,0EIS, D. 8. St.lnmrn & S, 8.-Wrt.on. lnrormation about anoent,
medieval, modern brldSes. hovi they were bullt; who b-uilt them; the st.uctural princilres
amployed; lhe malsrlals tiey are built ol; etc, Wrilten b, on6 of the world's leading
,lthorities on bridgs design and constructlon. l{ew, revised, expanded edition. 23 pholost
26 llne drawints, rval + 40lpp. 5% r E. I43l Paperbound 1t.95

ItlSIoiY 0f Xlllltt AIICS. 0. t. Smitt. Most compreiens,ve non.lech.,cal history or math
ln English. ln two volumer. V0l. l, A cnronological eIaminatlon ol lhe Erowth ol mathe-
matlcs from primitive concepls up to 1900. Vol. ll, The development ol id€as in specilic tields
and areas. u0 lirou8h €lomenlary calculus. Th€ llves and worfs ol oler a thousand nrthema.
tlclan3 are cov6redi thousands ol specilic historical problsfls and their solutions ,re
cl€.rly erplained. Total ol 5I0 illustrations, 1355pp.5% x 8. Set boxed ln attractlve con.
tlinor. T429, T430 Prperbound, the set 15.00

PIlIoSoPllY li,l0 Illt PllYSlGISTS, L, S. St6itln8, a philosopher eralnines the philosophrcol
lmpllcations of modern science by posinS a llveiy crltic.l altack on lhe popular science
.xposltions of Sir James Jeans and Artnur EddinSton. xvi + 295pp.5qt x E.

T480 Paperbound t1.65

0ll lllIllEttATlCS Al'10 flATll:ilAIlCl^lls, i. t. orltr. The ,irst collection of quot.tions Oy
,nd about mathemahcians in Entlish. I140 anecdotes, apho.isms, delinltrons, speculatro.si
ctc. rive both mrtnomaticlans and layman stimulatinR new insirhts lnlo what njthemal,cs
ls, and into lhe personalities ol lhe s.eat mathomalicians irom Archlmedes 10 Euler, Gauss.

T4Eg Paperbound ll.9!

NATURAL SCIENCE, BIOLOGY, GEOLOG/, TRAVEL
t

I Slloit xlslo 0t lllll0rrl lll0 PllYSloLoCY rm TIE siEtxs I0 tARvEY, c. sht!..
A traat medical hislorian's fasclnatlng inlcrmedl6ta account of the slow advance ol anatom.
lcal and physlological knowledge from pra.scicnlific times to Vesrllus, Haruey. 139 u.usu-
.lly hteresting llluskatlons. 22lpp. 5+t r 8. T3E9 Pap€rbound tt.rs
TllE lEllAVloun Al{0 SoClAl LlfE 0f X0I{EYBE:S, Ronrld Rlilrrd.. The most conprehenslve,
lucid and authorltallve book on bae habit3, commtinication, dutles, cell l,re. motiernons,
etc. "A IUUST for avary scaentist, erp6rirnenler, and educator, and a happy and vatusble
s.l.ctlon lor.ll ini8resled in lhe hon6yb.e," AMERICAN BEE lOURNAL.690-item blbliograpty,
127 illus.i 11 phototr.phic prates. 352pp. 51t x 8%. 5410 Clothbound t4.50

IllVElS 0f Ul[lftl Stllttil, edited by il..t Y.r Dorar. one of lhe l6th cenlury's most
dellrhUur bools, atrd o.. o, lhe lew lirst-tand sources ol inlormalaon aDout Afi.rlcen
tao&3Ohy, nelural lrlslory, and anlhropolo8y ol American lndi.n trlbes of the time. "The
mard of a sci6nli3t witn ti6 soul ot a poet," John LrvrnSston Lowes, t3 ofl!inat rttuslra-
tlons, mrps. lntroduction by Mark V.n Ooren. 448pp. 516 x 6. T326 Paperbound 12.00

sTUotEs otl llt: SIRUCTURE allD DEvELoPIrlEl{T 0F vERrESSAIES, Edwin Gooirlch. The
delinitive study of the slel€ton, fins and lmbs, hoad reglon, divrsions ol the body cavily,
vr3cular, respliatory, orcrrlory systems, etc,, ol vertebrates lron nsh to hiSher mammals, by
th! areatest cohp...trve anatomrst ol recent llmes. "Tne standard textbook," JOURIIAL 0f
ANATOMY. 754 lllus, 59.Date blotraphrcal study. 1166.item bibliography. 2 vols. Tolal ol
s.6pp.5rb x 8. ,l;i,i. tHi i3B:liSlll lllS
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THE ElBIll AND oEVELOPIUEIIT OF TlrE G:OLoctCAt SCttttCES, F. D. td.n.. The most com-plele 3nd thorough hislory ol the e{rth sciences in prlnt. Covers over 300 reotocic.t thinrers
.nd syslems. lreals rossils, theories ol .tone srowth, pateonloto8ri earlnqu.teis, vutc.nists
vs. neplunlsts, odd theories, etc.91 ttlustrations, inctudins n.dtcval, Renarsilnce yrood cuis,
etc. 632 footnotes :nd biDliosraphic notls. sltpp. 30Epp. 59t r 8. TS papcrbound t2.0ti
ri0il MAGIC T0 SClEtlCE, Ch.rle3 Shter. A close studB of aspects ol medicat scionce troh
the Roman Empire tirouSh the Renairsance, Ihe sectioia on e,rly h6rbets, and ,.Tns Vlslonsol tllldegarde of Bin8en,",re probrbly tne besl sludtss ol thase subjects avaitrbte. is8
unusual classic and medlovat itllsiralons. Ixvit + 365pp. 516 r E. T390 prDerbound t2.0o
Slll,lllc Al0l{E lRoUro TIE W0rl.0, C.rt ill ,otiua Slocun. Capt in Stocum's oersonat
eccount ol hrs srngle-handed voyaSe rround lhe world'ln a :14-tool boat he rebuttt hrmsett.
A classic of bolh seamanshlp and descriptlve wnling. "A nrultcat oquivat.nt ot Tiorcau s
a.count," Yan Wyct Srooks, 67 illus. 308pp. sti x E. T326 Paperbound 3!.00
IREES 0I IHE EISIEn AI0 CENTnAL UtllIEo SIATTS A 0 CA|{ADA, W. it. Hartow. stand.rd
mlddlelevel g!ide designed to help you l$ow the characterisllc! of Eastern trees snd
idrnlily fiem at siSht 0y means of an a.pa8e synoptlc key, More tnan 600 drawtnss and
pholosraphr or lwigs. leaves. fru'i, olher ,ealures. x'il + 288pp. 416 x 6lt.

T395 Paperbound tt.35
FiUII l(aY AllD IWl6 XEY ("truil Xey to Northeaslern Trees," ,,TwtE lGy to ooctduous
Woody Planls of Eastern Norlh Ameriia ), W. M. tlrrlow. tdent,ly tr-res in latl, wtnter,
sFrinE. Easy-to-use, synopnc heys, with photocraphs ot euery twis and lruit ldenttfiod.
Coeeru 120 differenl f,ults, 160 dlfierent !wigs. 0ver 350 pholos. Bibtiosraphies. ctossartes.
Iotar or 143pp. 5% x 8%. TStt P.perbound t1.25

l|{T800UCIl0ll I0 llla STU0Y 0f EI?EItitEt{IAl EDtCtIE, Ct.ud. 8.rn.rd. Ihts ctassic
r€cords Berna,d's lar-reaching efforis to transiorn phys'ology lnto.n exact sclsnce. lt
covers problems ol viviseclion, the limits of physiological elperiment, nypotneses tn medlcal
erperimentation, hundreds of others, Many o, his own lamous experiments on the tiv!r. the
pancreas, etc., are used as examples. Fore$,ord by t. L Cohen. )uv + 266pp. 5]r x E.

1400 Parerbound fl.50
TIE 0nl6lil 0t Llrt! A. l.oDarln. The rlst modern slat€nent thal ttte evotved from comDtex
nrko.carbon compounds. carerully presenled accordrns lo modern biochemical knowtedra ol
pnmary collords, orSanic moleculesi etc Begins wrln hrstoicat rntroductron to the DroDtem
ol the ong'n of lile. Erbrioarrphy. xxv + 270pp.5J,! r 8. S2r3 Paperbounit t1.75

A lllST0RI 0t ASTnoIoilY tRol\l IIIALES T0 XEPLti. i. l. E, D.eyer. Th6 only work in Entllsh
which provides a detalled picture of man's cosmoloSical liews from E8ypt, Babylonra, Greace,
and Alexandria to Copernicus, Tycho Brahe and l(epler. "Standard reference on Gre.I
astronomy and the Copernican .evolulion," SrY AilO TETESCOPE. formerl! called "A llistory of
Planetary Srstems rrom Thales to Xepl€r." 8abliosrapnr.2l diasrams. wli + 430p0.5+t x 8.

S79 Paperbound ll.0t
lrlAlilUU PnoSPECTlllc, fl. L. Barnei. A professional geologlst tells you what you need to
l.ow. Hundreds ol lacts sbout miner.ls, tests, delectors, samplrns, ,ssays, clrlmins, develoo.
ing, Sovernment r€Sulatlons, elc. Glossary ol technical terms. Annotated bibllogr.phy.r + 117pp. 516 x E. T309 Paperbound ll.O0
0E lE iIETALLIGA, 6.or!lul Alricol.. Arl l2 boots ol this 400 year old classic on metats
and melal production, rully annotat€d, .nd conLa,nrnB all 2E9 ol lhe 16lh century woodcuts
which made the onsi, il an artrslic nasl€rp,ece. A super! Sitt ior teolotists, entinosrs,
rrbra,les, artsls, h,sloitns. Iranslated by Herbert Soovor 81. H. Hoover. Blbliosraphy,
suruey ol ancrent authors. 269 illuslratlons of the excavatlng, assaying, smeltin:, rllining,
a,ld counlless other metal productlon operations described in the text,672pp.6y4 r 10y..
Deluxe llbrary editlon, 56 Clothbound lr0.0o
OE lGllETE, William Gll08.t. A landmart or science by the man who lirst used the yvord

"electricity," distinguished between statlc eleclricaty and magnetlsm,.nd loundod . new
science. P. f. Mottelay tanslation, 90 figures. llx + 358pp. 5% x 8. 5470 P.perbound t2.00

TflE AUTO8TOGRAPIY 0t CHTRLES 0lnwlt A O SELECIEO LETIERS, lrancir t.mln. ed.
fascinating documents on 0arwin's early llfe, the eoyag€ of th€ "B€.gle," lhe discov6ry ol
evoluion, 0arw'n's thoughl on m,mrcry. planl devclopmenl, vlvrseclion, evorulim, many
olher tublecls Lellers lo Henslow, Lyell, Hooter, wallace, xhSsley, elc. Appendir.365pp,
51t x 8. T479 P.perbound al.CE

A wAY 0t LlfE Atlo olflEn slllclEo WilTlttGS 0l Sli Wlltl^tl ostli. 16 of the 8r€at
pnysrcran, leacher and hunanrst's most lnsplring srltings on a pract'cal phllosophy ol lils,
screnc€ and the numanrtles, and the h'story ol medrcrne.5 photoSraphs. lnlroduction by
G. L. Xeynes, M.0., F.R.C.S, xx + 278pp, 5% x 8. T488 Paperbound lt.l0
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CATALOG OF

,

LITERATURE.
WOll,D DIAUI, B. ll. Claat. 46 plays from Ancl6n't Greece, Rome, to lndia, China, Jepan.
Plays by Aeschylus, Sophocles, Euripides, Aristophanes, Plaulus, Ivlarlowe, ronson, larquhar,
Goldsmith,-C€rvanlos, Molla,e, Dun.s, Goetie, Schirler, lbsen, many olh€rs. one of the
mosl comp'rehenslve collectlons ot lmportant plays from all literature available in Enrlish,
Ov€r 15 df th's malonal ls unavailrbie in ani olner currenl editron. Readiis l,sts. 2 vol-
un€s. Total of 1364pp. 53,l x 8. Vol. l, T57 Paperbound t2.00

Vol. ll, T59 P.De.bound 12.00

I{ASTEIS 0t TllE 08ll{A, rohn er!.[.r. The most comprehensive histo.y of the drama in
print. Covers mor€ then E00 draDatllls 3nd over 2000 plays from the Greoks to modem
Westsrn, Near Eastern, oriental drana. Plot summan€s, theake nistory, etc. "Best ol its
tlnd ln English," I{EW nEPUBl.lC.35 pates ol bibriotraphy. TT photos and d.awin8s. Deluxe
€dition. xrii + 890pp. 5}t r E. Tl00 Clolnbound l!.95
,HE 0i^ttll 0t lulCl Pln 10€110, O. Yltt0rlnl. All 38 o{ Pirandello's plays (to 1935) sum-
marized and analyled ln terms or symbolic techniques, plot structure, etc. The only authorited
rork. foreword by Pirandello. Eiography. Bibliography. xili + 350pp. 5+t x 8.. . T435 Paperbound t1.96

ArlSI0TLE'S TfiEonY 0t POEIRY Al{b IIE fltlt ARIS, S. ll. Brtchff, !d. The cel€brated
"But.her translatlon" faced page by ,age with tie Greel tert; Sulcher's 300-pa8€ introduc-
tion to Greek poetic, dramatlc ttouSil. Modern Aristotelian crilicism discuss€d by lohn
Cassner. lrni + 42rpp. 53/r x E.

. 142 Pape.Dound 12.00

EUGEXE o'tlEILL: TllE ilAll AllO lllS PtlYS, 8. [. Gl.rl. The trst publlshed source.bool on
O'fleill's lif€ and wor*. Analyzes each play from lhe early THE WEB up to TtrE lCElrrAt{
C0lVlETH. Supplies huch information ebout environm€ntrl and dramatic lnlluences. ir + l82pp.5 x 6. T379 Paperbound 1t.25

llllloouclloll T0 EXG[lsI LlIEttIUlE, A. Do!r5e, ed. Most conpendious literary aid in its
prlce rante. Eltensive, cateSorized bibllography (wilh enlries up lo I949) ol more tian
5,000 poets, dramatlsls, nov€lists, as well as hislorians, philosophers, econom,sls, relisrous
writers, travellers, and scientists of literary stature. lnlormalion aDout manuscrrrts, iriDo.
tant brosraphical data. Critical, historlcar, backsround worlG not slmply listed, but evaluated,
Each volume also cont.ins . long introduction to lhe perlod lt covers.

Vol. l: I{E 8Eel lllgs 0t Et{eusll tltEnlTuiE I0 StELIoX. 1509. w. 1. lenf,lcl. ll. orton.

T76 Clolhbound $1.50
Vol. lll: IHE AlrGUsIAllS ll{0 r0 lt{IlCS, 1389.1830, ll.orson, t. 8utt. 32opp.51A \'lvs.

T77 Clothbound 33.50
vot, tv, TIE vtclonllils alto aFTEt, lt3Gttl4, l. 3.tho, 8. D0!r4.. 360pp. 5tt x 716.

T78 Clotnbound 33.10

:PlC l]10 iotalllCE. W. ?. t.r, Tne stand.rd sud€y ol Medieval epic.nd rom.nce by a lore-
mosl autnorlty on M.dieual Iiteratur€, Covers nislorlcrl brclSrou.d, plot, lrtrr.ry analysls,
signlficrnce of T6utonlc eplcs, lc!landic aagrs, Etowulf, fronch chansons de 8este, the
Nlebel0ngenlied, Arthurian romancos, lnuch mor6. 422pP, 53/: x 8, T355 Paperbound t1.95

IllE HEAiI 0f EMEFSoN'S rounilALS, 8ll3s Perrr, ed. EmeBons
impresslo.s, records of conversalions $ith Ch.nnins. Hawlhorne,
chosen lrom the l0 volumes o, Tne Journals. "The essays do
Emerson s mind .as do tiese hasty and intotmal writinSs,"
B. Perry. 370pp. 5% r 8.

,trst lntimate lhou1llts,
tnoreau. etc.. carelulrv

not reveal lie power of
N. Y. TIMES. Prelace by

T447 Paperbound ll.!5
I SoURCE 800X ll{ IIIEATIICAL lllSt0[Y, A. Ll. l{r8lsr. (Formerly, "Sources of Theahical
Hlslory,') 0ver 300 solected passa{es by contemporary obselvers lell about slrlcs of actng.
dirsct,on, mare.up, s.ene d€siBnin8, etc., in tie theatre's Ereat periods lrom a.cient Greece
to the lh€etre Libre. "lndispensable complement lo the slud) or drama.' EDIJCATIONAL
THEAIRE IOURNAL. Prol. atre., Yale Unrv. Sciool ol orama, also supplies noler. rele.ences.
85 lllustrations. 611pp. 51t r E. T5l5 Paoerbound 12.75

il. t. Shedloct. Resarded as lhe linest, most helprul boot
r ,real slory-t€lter, How lo calch, hold, recdplu,e attenlronl
oth€r asoects. Also includes: a 99.o.re seleclion ol Miss
ies; extensive bibliography of other stories. xxl + 320pp.

T245 Clolhbound 13.50

T{E ANI OT IIE SIOII.TEIIES,
on tellin8 sloraes lo child.€n, by
how to choose mater;ali many
Sh6dloct's most snccessful stor
5%r8.

Ilit DtVll.'S 0lCTl0Nl8Y, Am!rose aierce.0ver 1000 short, ironlc deliniiions in alphabeiical
o,der. by Amefica s s,eaiesi sal,risl ,n lhe classacal tradition. "Some ol tlre mosl sorseous
wrltrcisms in the En8lrsh lan8ua8e," fl. L. lvlencken. l44pp. 5% x E. T4E7 Paperbound $1.00

I



DOVER BOOKS I

. MUSIC
A DlcllotlllY 0f lYrril0l,0cY. loln rulfrn. lvtore than 30,000 6nlrl.s on irdividu.l hymns.
tielr aulhorshlD, textual varialions, Iocrtlon ol texk, dal33 3nd clrcumstrnces of composl.
tlon, denominatlonal and ritual usales, the biosraphie3 ot mo.€ thrn 9,000 hy[n writors,
essays on lmoortant toorcs sucn rs children's hvmns rnd Christmas carols, an6 hundleds
of thousands 

'of other imporlant facls about hymfls vrilch .16 virluslly lmiosslDl6 to lind
.nywhere erse. Convanieni alphab€tlcal llstln8, rnd.200.9.go doutl6.columned index ot
iirst llnes enable you to kack down !klutlly lny hrmn .v.r wrltt!n. Totrl of l786pp.
6y. x gva. 2 volumes. 1133. The Sot, Clothbound 115.00

sTnucluRlL tlEARlNE, l0t{lL C0HtiEtlCE lN IUSlC,'f.llr Stlr.r. Ertpnds lhe well.known
Schenker approach to ioclude modern music, music ol tne middl. ates, and nenais3rncc
,husrc. Irplores lhe ph€nomlnon of lonal organlration by discussin[ more lhan 500 composl.
lions, and olfers unusual new inslShts into tte lheory of composition .nd muslcrl r6lation-
shrps. "Ihe foondal,on on which all teachins in music lheory hrs been based el lhls
collese,' Leopold Mannes, Presrdenl, lne Mannes Colles! ol Mus'c. Iobl ol 65Epp, 614 x 9V.,
2 volumes. S4lE rtc set, clothbound lt.oo
A GEXEnAL IISTORY 0t Ml,SlC, Ciarle3 Buret, The complete nlstory of muslc from the
Greets up to 1789 by the l6th century nullcil iislorlan who personally knew the sreat
Baroque composers, Covors sacred and secul.r, vocrl and lnstrumental, operatic and sym-
phonic rnusici lreals theory, notalion, forms, instrumentsi dlscussss composers, p€.tormer5,
impo.tail worhs. lnvaluable as a source ot informstion on tne porlod lor students, historlans,
musicians. !'Surprisln8ly l€w of Burney's statements nave besn lnvalidated by modsrn 16-
search . . . slill of sreat value." flEW YoRX TIMES. Edited rnd corected by Eranl M6rc.r.
35 tigures. 1915pp. 5y, x Eyr. 2 voldnes. T36 The s€t, Clothbound $12.10

,Ollltll sEaasllll{ 8ACtl, Phllll, Splttz. necosnized as one ot the Erealest accompllshmonts
of nus'cal scholarship and far and away the definitive coverate ol 8'ch's worts. Hundr.d3
ol ,nd'v,dual !reces are analyzed. Maior ldo.ts, such as the I illnor Mass and th€ Sl.
Matthew Passion are elamrned ln minute delril. Spilla rl3o desls with the worls or
Suxlenude, Pachetbel. and others ot lhe penod. Can b! ro.d w'ln proft even by tnoss
wllhout a knowledae ol lne technlcalit,es ol musical composillon. "Ufthallen8ed as the hsl
word on one ol the suDreme E€n,us€s ol musrc," John Barlh.m, SATURoAY REVIEW SYllDl.
CAIE. Total ol 1819pp. 5 r E. 2 volumes. T252 Tie set, Clothbound t10.00

I{ISTORY
lury. Prof. Bury lrecos th6 ovolulion of , cenlrel concopt of
noman, M€di€val, and R.fl.133.nc6 thousht to lts f,oworlnt
. lnkoducllon by Ct8rl.s B..rd. rl + 357pp. 5+t r 8.

T39 Clotnbound tl.!5
I40 P.p.rbourd tl,ls

TIE IICtE T SREEI XlSIoIllllS,
Xenophonr Roman hislo.i.ns such
in terms of sources, conr€pls,
51t r E.

,. B.8urr. Greek histo.ians sucn as flerodotus, Thucydides,
as Tacrlus, Cresar, Liry; scores of olners fuUy analyzed

inJluences, etc., by, Sreal sciolrr .nd hlstorian.29lpp.
T397 Paperbolod t|.30

lllSI0RY 0t IllE LAIER n0MAtl ElrPlIE, L B. Bllry. The slandard worl on lhe Byzantine
Empire from 395 A.D. 'o the dealh ol lusl,nran in 565 4.0., by the leadlng Eyz.ntine scholrr
ol our lime. covers rJitical, social, cullural, lheoloSiaal, lnilitary history.ouotes conlem.
oorary documenls erlenllvely. "Mosl unlikely that it will ever be superseded." Glanville
Downey, Dunbarton 0aks Researcn L,brary. Genealogical lables.5 maps. Erbliosraphy.2 vols.
lotal of 965pp. t% r 8. T39E, T399 Pap€rbound, the set 14.00

GlnDIES's PlloToGBlPtllC s(tlcll 8001( 0E ItE clvlt wAi, Alcllrder G!.drer, one ol tho
rarest and most valuable Civil War photograph,c collecnons exaclly reproduced lor tha tirsl
line since 1866. Scenes ol Manassas, Bull Run, llarper's Feny, ADpomattor, Mechanicsvilla,
rrederi.ksbure, GellysburE, elc.; battle ruin!, pnsons, arsenals, a srave pen,,oltificatlonsl
Lincoln 0lr the neld, ofiicers, men, corpses. 8, one ol the most lamous pioneers in docu-
menlary photography. Oriainal copies ol the "Sletch BooI" sold lor $425 in 1952. lntloduc.
t'on bi i. 8l;,rer.'lo0 iull-pa8a 7 r Io photosraphs (0,i8'nal slzei. 244pp. lov. t av2

T475 Clothbound t6.00

TiE wonLoS GREAI SPEE0HES, L. Gopol.ni and t. Ltmm, eds.255 speeches llom Perlcles lo
Churchlll, Dvlan Thomrs. lnvalirable is r aulde !o sp6rkers; fasclnallng as hlstory pasl and
present; a source of much ditlicrrlt.to.lrnd material. lncludes an ertenslv€ sectlon of lniormal
and humorous speeches.3lndlcos, Topic, Author, Natlon. xx + 745pp.5qt x 8.

T468 Papehou[d 12.43

FoUll0Eis 0F TllE MloDLE leES. t. x. n.nd. The b.st non.lochnical dlscusslon of the
transformation of Latin Dasanisn into medieval civillration. Tartullian, Gregory, Jeroml,
Soethlus, Au4ustine, tne Neoplatonlsts, olhor cruci.l fi8ures, phllosophies elamlned.:rcal'
l.nt lor thi inteliirent non.soecialist. "Extr.ordinarllv acc0rrle." Rlchard lttcrcon, TliE
aTlo . rx + 355pp: 5+. r 8. T3,99 PapelDootld tt.li

,

TflE toaa 0f PRoenEss, t. 8.
Western civilizalion in Greet,
ln tte tTtn and 18th centuries
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(

I

i



. CATALOGOF
tllE rolltloll louSllt 0t P]lrc ! lllsmttE, l.n..l 1. .r. Tne slandard. comDre.
h.nsive exposition ol Gro.k polltlcrl thought. Covors 6ver, as!.ci of the.,Repubticr and'lto
"Polltlcs",s well as mlnor writlngs, other phllosphGrs, th?orlsts ol lhe pertod, and tha
lrtor history ol Gresk polltical thoughl. Unabridged odillon.5E4pp.5% r L

I52l Pap€rbound ll.ti

PHILOSOPHY
IIE elFI 0t l,lleuleE, r. Sdlluch. (lormerly, "The Cift ol Tonsues.") A sound, niddl!.
l€vel kealment ol lhgursIc tamil'$, word- hrstones, SrammaliCrl processesi somrflticsi
Irnguage t boos, word-colnrrg ol ,oice, Cummrngs, Stern, elc. 232 bibl'osraphical not.s.
350pp. 5tt x 8. 1243 Paperbound tt.!!
tllE PllllJosoPlll 0t llECEt, lY. L Strca. Tte lirst $orl In Englisi to sive a complete rnd
connocted view ol llegel's entlre system- Especlall! raluable to $ose who do not taye
tlm6 to study lhe ilgnly compllcated original texts, yct went an accurat€ presentation by
a most reputrble scholar ol one ol the most inlluential lgtn century thinh€rs. lnclud€s a
14 r 20 fold-out chart o, Heaellan system. 53Tp. 51t x 8. . T254 Prpe.bound 12.00

lilST0T[E, l. E. I.ylor. A lucid, non-technical account ol Arlstotle writien by. foremost
Plrtonlst. Covers llle and wo.*sr thouSht on matter, lorm, c.r.rses, logic, God. phy3lcs,
mctaptysics, etc, Bibliotrrphy. New index co,npiled for thrs editon. l?8pp.5ct x 6.

T260 Paperbound t1.00

eUlD: l0 PllltoSOPHI, C. t. l{. ro.a, TIis basic worl describes the maior ptilosophlc p.ob-
lams and evrluates tio ansners propounded by g/Eat philosophers irom the creehi to
Whitenead, Russell. "Th6 finlst ankoduction," 80ST0N IRANSCnIPT. Bibliography, S92pp.
53t x E. T297 Papubound t2.OO

tlXSUlSE AtlO rYTll. E. Grt.l.er. Cassirefs brilliant demonstration Ual b€neati both lrn.
8ua8o end mrth li.3 an uncolscious "Srammaf' ol erperience lriose caleSories and canona
er. not lhose of logicel ttougnt. lnvoduction and lranslatlon by Susanne Langer. lnd€r.r + l03PP. 5 , E. T5l Paperbound 1t.25

SUaSTAIICE Al{D fullcllol{, ElNSTEltl'S TllEoRY 0F nt[ATlVlTI, E. C.lsirer. This double vol-
ums contains the German philosopneas profound philosopnlcal formulation of the diff€ren€es
belween traditional logic and the new logic of scienCe. Numb€r, space, enerSy, relativity,
many o$er topics are lreated ln delail. Authoft?ed translat,on by W. C. and ir. C. Swrbey.
xii + 465pp. 5% r E. T50 Paperbound 12.00

l: PlllLosoPll|CAL W0RXS OF 0ESGARIES. The delinilive Enslish edllion, ln tv{o volumes,
of all malor philosophlcal wo.Is and letiers ot Rend Descartes, lalier ol modern philosophy
or tnowledte and scienc.. Transl.led by E. S. Haldane and G. Ross. lntroductory notes.
Totrl ol 642pp. 59b r 6. T7l vol. 1, Paperbound t2.00

T72 Vol. 2, Paperbound 12.00

ESSIYS ll{ EXPEIIiltLlAL loclG, r.o.rry. Based upon oewey's theory tnat lnowledge
implies a ludtment whlch in lurn impries an inquiry, these papers consider suci toplcs a.
the thouSht ol Bertrand Russerl, pragmalism, tne logic ol values, ante.edents ol lhought,
data and meanlngs. 45299.5* t E. I73 Papeftound fl.gl
IllE Pllll0s0PllY 0f ll|SIoRY, G. W. t. lletel. Ttis classic ot weslern thoucht is H€sel's
dotail€d lormulation ol lhe thesls tnat hlslory is not chanc6 but a rational process, th6
reallzatlon of the SDirit of treedom. Translated and inlroduced bv/. Sibree. lnkoduclron
by C. tletel. Special-introduction lor this edilion by Prol. C.tl ltlerich, Haruard llniv€rslty.

rlx + 447pp. 5Et r E. -Tll2 Paperuound Sl.,!
IllE WILL t0 EELIEYE and llul{lx ll,LlollALln, ll. lane!. Two of rames's most prolound
investi8alions ol human beliel in Cod and immortalily, bound rs one r,olume. Eoth a16
pow€rlul erpressions ot Jamess views on chance vs. dete.mrnism, plurrl'sm vs. monlsm,
will and inlellect, ar8uments tor surv'val aller death, etc. lwo prefaces. 429pD. 5qt r 8.

T294 Clothbound tr,r5
,291 Paperbound t1.05

Itanooucll0l{ I0 SYttSOtlC toclC, S. LnAer. A lucid, 8€neral introduction to modern
loglc, coverlng forms, classes, tie use of symbols, lhe calculus of proposltions, lhe Boole.
Schro.d.r and tie Russell.Wh'l€h6ad systehs, elc. "0n. o, the clearesl and simprest lntro.
ductions," MATIIEMATICS GAZITTE. Second, enlarSed, revis€d edition. 368pp. 5% r 8.

5164 Paperbound ll.rj
illI0 All0 IllE W0RLD.oiDEn, C. L Lef,ls. Building upon the worl ot Peirce, James, and
Dewey, Prolessor Lewls outlinss a theory of knowledge in terms of "conceptual pragmrtlsm,"
and demonstrales why the trrdltional understandlng ol the a prlori musl be abandoned.
Appendices. Iiv + 446pp. 5qt x 8. T359 Paperbound 11.95

IHE GUI0E t0* tllE ?ElPt€Xt0,X.ll.lnonidrs One of lhe 8real philosophical worts of all
llme, Maimonides'lormulation of the meellng-ground belw6en old l€stament and Arlslolelian
tnought is essentlal to anrone lnterested ln rewlst, Ch.istl.n, and Moslem thou8ht In tte
Middle Ages. 2nd revised edltlon ol the triedlander translation. Erlehsive Introduction. llx+ 4r4pp, 5% x E.. T35l Paperbound ll,!5

,
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DOVER BOOKS
lllt PlllLosoPlllCAl. WllTlIcS 0f PEllcl, r. aucihr,.d. (tormerly,,,Ihs Ptitoiophy of
PeilCe.") This carelully i.tet.it€d selection ol Pekce's papers ls conslderod the bssl cov-
eraS€ of the complete thouSht-of one ol lhe greatesl phllosopiers of mod6h timas. Covers
PelrLe s wort on the theory ol siErs,'praamatlsm, epislemoloay, symboLc loarc, the sclent{fic
melhod, chance, etc. wl + 366pp. 5 16 x 8. T2l5 Clolhbound l!.00

I2l7 Pa9.rbourd ll.ll
ll|ST0RY 0F AllclElll PllltosoPlll, w. wlnd.li.nd. tonsrdered tie clesr.rt survey ol Gr..l
and Foman ,n'losophy, Eramines Thales, Anaxlmand6r, ,Anaxlmenes, tleraclltu3, lha Elarllcs,
Enpsdocles, the Pythrgor8ans, tie Sophlsls, Socrales, Damocritus, Stoics, Eplcuraans, Scaplics,
Ieo.Dlatonisls, elc. 50 9ases on Platoj 70 on Aristollo. 2nd Germ.n edrtion k. by H. E.
Cushman. rv + 393pp. 5% x 8. . T357 P.p.rbound ll.t!
liln0oUCTl0t{ T0 SltrtSoLlC IoGIC rilo ITS IPPLl0lllolls,8. G.m.p. A comprehatslvo,
rlgoroos introduction to modern logic by perhaps lts greatesl living mast6r. lnclud.s
demonstralions ol appllc.tions in mathematics, piyslcs, bioloty. ,'01 th6 ranl ol a
masterpiece,i' Z. liir Malhemalrl und ihre Gr6nr86br6ta,ov.r 30O exsrcisas, xyl + 2419p,
51t r 8. Clo$bound l4.0o

s453 P.Perbo0nd tl'l!
SCEPTICISIil A 0 Ai,llilAl tAlTll, G, S.nt.nn.. S.nt yana's unusu.lly lucld exlosltlon of tho
dlfference belween lne lndependont eristenco of objects and the assence our mlnd attributes
lo ttem, and ol the necessity ol scepticism as a form of bcliel and anlmal falth rs a naccr-
sary condition ot lnowledSe. Dlscusses belief, memoay, lntultion, symbols, ctc. Iil + 3l4pp.
53t t 8. T235 Clolhbound tl.to

T236 Paperbound tl.t0
IllE lllALYSlS 0t I{AITEn, B. tr,tell. Wilh his usual brilllance, Russell anrlyzes physlct,
causahly, sc'enti6c inlere.ce, w€yl s theory, tensors, anvariants. Deriodicit,. etc. ln ord.r
to drscover lhe basrc concepts ol sclentific $ou8hl about matier, "ltost tiorougi trurtmant
ol lhe subjecl,' ItlE NATlOil. htroduchon. 8 fisures. vlli + 406pp, 5!,! x E.

T23l Paparbound ll,t6
Tlll SEIISE 0t BIAUTY. G. S.nt r.rr, Tnis important ptllosophlcal study ol why, when, rnd
how berul, appears, and what condihons must be lulflled, is ln ltself a revel.tion ol lhe
be6uty of lansuase. "lt ls doubtlll if a better lrertment ol tne subject hrs slnce applrrcd."
PEABODY .|oURNAL. it + 275pp. 5 x 8. T238 Pap.rbound ll,00
IllE ClllE WORXS 0t SPllloZA. ln two volumes. Vol. l, The Th.ologlco-Polilic.l Treetl.e .nd
lh€ Polltical Tre.trse. Vol. ll:0n lhe lmproveme.l ol Und!.sLndlfls, Th€ Elhica, .nd
Serecl€d Leilers. Th. perhanent .nd endurins ideas ln the3e worts or God, the unlv!.s..
r€ligion, society, etc., iave had tremendous impact on laler philosophical worls. lntroduc-
tlon. Total of 862pp. 5% r 8. T249 Vot. t, Papcrbolnd lt.lo

T250 Vol. ll. P.perbound 31.50

tlfflc SEISE 0t llf€, r. de lrn.nuno. The aclnowlcdted masleelece ot on. of Sp!i.'s
nosl rnfluonlial thrnters. Belweei tte despalr at the ineritable daath ol mrn snd all ils
lvorls, and the deslre ,or immortalitr, t namuno !!nds a "savin8 lncertltudo." Callad r.!
masterpiece," by tne ENCY0|oPAEDla BRITA NIcA, xlx + 332pp. 5+t r 8.

T257 P.p.rbound ll,l!
IIPERIEIIGE lll0 IIATURE, ,otn o.rer. Tie enlarged. revised edlllon of lh. P.ul C.rus
lecluras (1925), 0n€ ol Dewey's clsarest presentatlors ol the philosophy of emplrlcal natural-
ism whlch reestablishes the continurty betweeo "inn€i'exp;.lonce and "outer" nrlur..
These lecturos 6re amon8 lhe most signific3nt €ver d€liversd by an Amerlcan philosophcr.
457pp. 5:lt r 6. \ T47l Prpedound lt.a!

,
PllllOSOPllY lI0 Clvltlzltl0x lll IllE lrlo0tE IGES, I. ds f,llf. A semnpopula. sury.y ol
medieral intellectual lile, religlon, philosophy, science, tne.rls,.tc. that covrrs toudalism
vs. Catholicism, rise ol lhe lnlverslties, mendicant ordorc. and slmilrr toplcs. Elbllosraphy.
vill + 320pp, 5% r 8, T2E4 Prp6rbound lt.rl
lll ll.I8ooucllo I0 SCliOllsIlC Plllloso?llY, . da lYull. (rormerly, "Scnolrsticlsm Old
and New.") Prof. de lvull covors the cerkal scholastic tradition kom St. Ansolm. Albartus
Mrgnus, Thomas Aquinas, up Io Suarer ln the lTth cenlury; and th€n trlrts lhe modarn
!evlval of. scholasticlsm, the Louvain positlon, relatlons with Xantr.nism lnd positlvltm,
etc. rvl + 27lpp. 51t r 6. T296 Clothbound 1t.30

T2E3 Par.rDound lt.rl
I lllSIo[Y 0t 00ERI PlllLOSOPllY, ll. flnidht. An erceptronally cl6ar rnd drl.iled coy!r.t.
of Western phrlosophy iiom the Renaissanc. lo the pnd of the tgth century. Both mrlo,
and minor liSures are-examined in terms of thsory ol lnowledge, lotlc, cosmology, psycioloiy.
Corers Pofiponaai, Bodin, Boenm€, Telesius, Sruno, Copernicus, Descartes, Splnoza, Hobbrs,
Locle, Hume, l€nt, fictte. Schopenhauer. Mill, Spencer. LrnFr, scores ol oliara. A strodard
reloronce worl. 2 volumes. Total ol llsgpp. 5 x 8. TllT Vol. l. P.porDound lll,0o

TllE Vol. 2, P.pertound t2.tp
LINGUAGE, TRUTII AI{D LOGIC,
Posrvitism in English, Building
school, Ayer ores€nls the terets
ical lhoutht. l60pp. 516 x 6.

A. r. Arer. The lirst lulllengtn devoiopment of Lo8lcal
on the wo,l or Scnlick, Russell, Carnrp, ,nd th6 Vl.nnt
ol one ol the most lmporlant syslems ol modern phllosoph.

T10 Prperbound llrt

I

I



.CATALOG 
OF

ORIENTALIA AND RELIGION
TllE l,lYSIEilES 0t lllTlllA, t. Cunont. Th6 8rs.t Erlgian scholar's definltive study of $e
Persian mystery relision that almost vanquished Chrlstlanity in the ld€ol08ir.l stru8rle lor
tne noman Empir€. A mast€rpiece of scholarly detectlon th.t reconstructs secret doctrines,
organization, lites. Mithraic a.t is discuss.d and an.lyz6d. 70 lllus.239pp.5+. x E.. T323 P.p.rbound lt.!!
CllRlSIlAl{ AllD o E}lllt PlllLosoPlll 0t lit. l, l(. Coonrr.3s.my. The lale art historlan
and orient6l|st dlscusses artrshc srmbolism, the role of lradrtronal culture ln €nriching art,

- medieval art, follrore, philosophy or arl, other slmrlar top,cs. BibloSrsphy. l4Epp. 5h x 8.
T376 paDcibound i1.25

InAXSt0Rti{lTlo}l 0t IIAIUIE ll{ AnI, A. X. Coomtra3f,tmy. A basic work oi Asiatlc relislous
art. lncludes discussions of rell8ious art in Asia and Medieval Europe (eremplified by
Meister Eckhart). the oriSin and ure ol images in lndlan art, lndian Medieval aesthetic
manuals, and other rascinatins, little lnown topics. Glossaries of Sanslrlt and Cilnese
terms. BiblioSraphy. 41pp. ol notes. 245pp. 5 x 8. T368 Papeoound t1.75

08lEI{IAL RELlGlolls lll R0ltlAll PAGAlllS , t. Cumont. Tnls wellinoan stirdv treats tha
ecstatic cults ol Syria and Phrytia (Cybele, Atlis,'Adonrs, their orgils and nutilalory flles);
the myslenos ol Esypt (Serdprs, lsis, Osiris)i Persian dualism; I$itnralc cultsr Hermes
Tflsmesistus, lshtar, Astarte, etc. and thBir inlluence on the rslirious thoushl of the Roman
Empke. lntroduction.55pp. of not€si extenslve bibliotrapny. rxiv + 298pp.sqt x 6.

T321 Paperbound 11.75

ANTHROPOLOGY, SOCIOLOGY, AND PSYCHOLOGY
PRllt Ttvt t\tAil AS P[tLoSoPxtR
Fadin's investiBanons ot the winne
primitave thoucht on the purpose
Ixtensive selections of 0ricinal pri

. P. Radln. a standrrd anthropological vrorl based on
ba8o, Maori, 8.tat, Zuni, othe. primrllre kibes. Desclbes
of I'f€, marital relatrons, death, personality, gods, etc.
mitive documents. Elbliography. rviil + 420pp. 5}t x 8.

T392 Paperbound t2.00

Pnl lIlvE BEtlgloll, P. ladln. i.din's thoroughgoing treatment of supernatural beliefs,
shamanism, initlations, religious erpression, etc. ln prlmilive socleties. Aruntat Ashanti,
A2tec, Susiman, Crow, Fiiian, hany other t bes examined. "Exccllenl," NATUiE. er{
prelace by the euthor. Biblaographic notes. r + 322pp. 51t r 8. T393 Prpe.bound tl,!5
SEI ltt PSYCI|0'AiIALYSlS, S. Ferercrl. (Formerly, "Contributions to Psycho.an.lysis.") 14
selected papers or impotence, translerence, analysis and ch'ldren, dre.ms, ooscGne words,
iomoseruality, Daianoia, etc. by an associate of Freud. Also included, THE 0EVEIoPIiENI 0F
PSY0Ho-A|{A[YSlS, by Ferenczi and otto Rank. Iwo boolG bound as one. Totsl of 406pp.
5% x 8, T324 Paperbound S!.!5

TllE PllXctPLEs 0t PsYcltoloGY, wllll.m ,.m... Ih6 complete telt of the famous "lon8
course," one ol the great bools of $/estern thought. An almosl incredible amount ol infor.
mation about psychological processes, the stream ol consciorsress, haDlt. tlme pcrception,
memory, emotions, rerson, conscrousness of self, abno.mal phenomena, and simllar toprcs.
gased on lames's own discoverles inteBrated wilh the work ot Descarles, locle, flume,
Royce, Wundl, Serheley, Lotse, tlerbart, scores of others. "A classic of Interpretatlon,"
PSYCHIaTRIC QUARTERLY.94 lllus. l408pp.2 volunes. 536 

ir,t.r rr.l paDerbound g2.!o
T362 vot.,2, Paperbound S2.!o

TllE PoLlsll PEAslllI lt{ EtllorE rX! lilERlCA, w. l. Tlroltr3, t. zll'rl0ctl. Monument l
soc,olosical study ol peasant prlmary groups {ramily rnd community) and the disrupllons
Droduted by. new rndusllal syslem and emiltal'ol lo Anerica, by ll'to ol lhe foremosl
sociolosists ol recent tlmes. one ol llre mosl i,nportant works in sociolotical ttouait.
tncludes hundreds ol pases ot p.ihary documentetlonr point by point analysis ot carses
of socral dec.y, breakdown oi morallty, crime, drunlenness, prostatution, ek.2nd revlsed
edrtion. 2 volumes, Total of 2250pp. 6 x 9. T478 2 volume set, Clothbound tt2.50
foL(wAYs. w, c, sunner. The arert Y.le socioloslst's detall€d exposltlon ol thousands of
social, serual, and relisious customs jn hundreds ot cultures fron ancient Gr€sce to Modeh
West€rn societies. Prefac€ by A. G. Keller. lntrodlctlon by william l-yon Phelps. 705pp.

SEYotto PsYcttolo8Y,otto Ranl. The autior, an early associate of rreud, lses psrchoanalytlc
t€chniques ol mylh-analysis to erplore t]ltimates ot numsn existence. Ireats love, immor-
tality, tte soul, sexual identity, klngsnip, sources of state power, many other lopics whlch
llluminate lhe irrational basis of hunan existen(e. 29lpp. 5it x 8. T465 Paperbound l'1.75

lllustot{s AND DtLusloNs 0f Tll[ suPERraruRAL aNo Tll:occutr,0. {. nrwcllfie. A ra-
tionat, screnltfic examination ol crystal gaz,ng, automatlc writinS, table tuming, stigmata,
the rndisn roDe kick, dowsins, telepalhy, clairvoyance, snosts, EsP, Px, thousands of other
sugposedly oicult ph€nomen..0rlg'nally lrtled ''Ihe Psycholog, ol the occurl." l4 illuslra-
lions. 55ipp. 5 r 8. . 1503 Paperbound t2.00

I



DOVEN BOOKS,
Ioel. A SclEll'lflc EVltUAIloI, Xoyoot f. Bllrtll.n. A sc'ont"ic slud, ol the thysiolo8icai
and psycholoSlcal efiects of YoEa disclDl'ne. wrltten under the ,usorces ol lhe Y.lB U.i-
v8rsity l.3tllute ol Human R€latroris. fo.rwo.d by W. A. irtlles, Yale tnlv. l7 thotogr.phs.
290pp. 5% x E. T505 P.perbound ll.l5
llOlItS, C.0. lfacoout.ll. Dellshtful, eflt€drlnlnt, y6t scholsrly 6roosilion of how hoexes
start, why lhey succ6ed, docuoented with stories of hundreds of th€ mosl famols hoarcs.
"A ltup€ndous collectlon ,nd snrBwd analysis, "({EW YoRXER. liew, r€vls€d 6dltion.
54 phototraphs. 320pp. 5 x 8. T465 Pap.rbound ll.7!
CIEIIIVE ?OWEn! ItE ElucAlloli 0f YoUIll lll IllE CiEATIVE AXIS, HoSi!. M..m.. llem.d
by the Nrlional Eduaation Association as one of lie 20 foremost bools on eduratlon in
recent tlmes, Tells how to help childron express liei'tselves In drama, poetry, rlllsla, art,
d€v€lop latent crealiv6 power. Should be read by every parent, teacher. New, entarged,
r€vised edilion. lntroduction. 272pp. 53/6 r 8. T490 Prp€rbound tt.50

LANGUAGES
llEw lUssllll.tll6Llsll, EllGLlsI.nUsslAll 0lCIlotllIY, ll, A. 0'8rien, 0v€r 70,000 6ntries in
naw orthorraohyl ldlomalc usases, colloquralsms.0ne ol lh€ lew dicl'ona.ies lhal 

'ndrcaleaccenl chan8es in coniusataon and d€clension. "one ol lhe best," Prof. E..1. Simmons,
cornell. rrrst namos, geotraphrcal terms, b'bl'ography, many other leatures. 73499. 4y2 \ 6y.,

1208 Paperbound t2.00

lilol{EY CoRv:iTtr Ailo TlPPlllG GUIDPt0R EuSoPEAX TRAVEL, l. vomac*.. lnvalurbl6, lr.ndy
source of cu.rency resulations, con!ersron tables, tipprns rules, poslrl rates, much olner
k.vel inlormatlon lor every Europ€an couniy plus lsrael, Egypl and Iurley. l28pp.3r/t x 5v..

T260 Paperbound 60+

iloi,ltl CoilVtnTEn All0 TlPPll{G GUIDE ton TiAVEL lN THE AI\lEllCAS (includlns'lh€ unilod
Slales and Canada), C. vomacl(a. The inlormation you need ,or inrormed and contident kav6l
ln tne Americas. money conversion lables, lipprns BUrde, poslal, telephonB rales, 6tc.
l2app.3y2 x 5y4. 1261 Papodound 6!+

DUTCll.EllGLlSll, EllGtlSll-0UTcll 0lCIl0l{ARY, t. G. ien
Duich.E.slish dictionary on the martet. ,tew orthograph)
conpounds, lecinical terms, etc. Gender ot nouns indi

ler. The most convenient, practical
. More than 60,000 entries, idioms,
caled. xviii + 571pp. 5rt r 6Yr.

T224 Clotnbornd t2.50

ItAit oUICli!, f. G. ienier. The most satislactory and easily-used grammrr of modern
Dutch. Used and recommended by ihe fulbriSnt Commiltee in the Netherlands.over 1200
simple erercises lead to mastery o, spolen and writlen outcn.outch-English, Entlish-oulcn
vocabularies. l61pp. 4y4 x 7V4. T441 Clothbound tl.ri
PtlrSt AllD SttlTll{CE 0lCIl0l{AiY 0F SP0l(El{ lUSSlAlt, English-flussian, R!ssian.English.
Based on phrases and complete sentences, rather than isolat€d wordsi reco8nized as one of
the besl methods ot learnins the idiomrlic speech ol 6 co'rntry. Over 11,500 entries, indexed
by sinsle words, wiin more than 32,000 English and Russian sentences and phrases, in imme-
d'alely usabl€ lorm. Probably lh€ largesl lrst eve, publlshed. Shows accent ch.nges rn con-
jusatlon and declension; iregola, Io,ms llsled ln bolh alphabelical place and under mal.
lorm ol word. 15,000 word inlroduction coverint Russian sounds, writins, srammar, synlar.
l5 -oaEe appendlx ol geographical names, money, imporlanl slBns, 8!ven names, toods,
special Sov'€t lerms, \.k, Travellers, businessmen, students, government efiployees hava
lound lhis lhe'r best soJ,ce lor Russran expressions.0ris'nally published ds u.S. Governmenl
Iechnicsl Manual li,l 30-944. iv + 573pp. 5qt r 61t. T496 Papcrbound 12.75

?llBlSE AllD StllTEl{Ct DIDTIoIAnY 0f SPOXEII SP^tllSll, Spanish'Enclish, [nrlish.Spanasn.
Comprled lrom sporen Spanrsh, pmphasizins idaom and colloqui.l usase in both Caslilian and
Latrn-America., More lha. 16,000 enlries contrining over 25,000 idioms the tarSesl lisl ot
ldiomatic co,lstruclions ever pl/blished, Complete sentences tiv€n, indered under single words

-rarau.8e 
in immed'alel, usable lorm, tor l,avellers, businessmen, students, etc. 25-pagr

rnlroduclion prov,des.aprd suryer ol sounds, grammar, syntar, wiU tull consideratlon ol iflet.
ular verbs. Especrally apt in modern trealment o, pirases and skuctu.€. 17'pa8e glossary
sives lranslations o, Seographical nanes. money values, nunbers, national holldays, imporlant
streel signs, useful erpressions of nieh lrequency, plus unique 7-pa8e glossary ol Spanish and
Spanlsh-Ame,lcan foods and drshes. 0I8'nally publshed as U.S. Governmenl Technical Man.
ual TM 30.900. iv + 513pp. 5% x Egt. T495 Paperbound tl.rl



CATALOG OF

SAY IT language phrase books
,SAY lT" In tn.lor.lSn l.ni!.i. of your cholc.! ll/l h.vE sold over 14 million coDlss of thaso
popular, usolul |rniur8a book3. Ttay will nol mala rou 6n dport languist olernlght, bd l'lay
do cover mo Dractldl mattcr8 ol av6rrda, llta abro8d.

orar l0o0 olallll ,l!?aaa,, axFatslons, witi addltlonel variant3, substitutions.
Iod.fll lr..ftrll Hundr€ds of pftr...3 nol .vell.bl. in oh.r t.xt3: "Nylon," ".lr-condts

tlonad," alc.
Th. olltY lnGrp.nllre pi63. lool conDhl.ly lodud. Er€rythina is available al r lllt

of your finglr, r.rdy tor Usa.

Pr.p.r.d by qtly. llntulsl3, t..v.l arp.dt.
Easad on y.3rc of traycl cxparlancr abroad.

Thl3 hndy phrlsa bool may ba u3od Dy ltsall, or lt may slpplemlnt eny otner text or
cou6a; ll provldos a livlnt clamalrt. Usad by mUry collegas and lnslllutions: Hu.ltsr Collst.;
8.rHrd Collagc; Army Ordnanca Sciool, Aba.dooni and many otiers.

Av.ll.bh, I bo|l p.r lrntu.86. .
ll.ll.r {1806) 60c
,rranese (I807) 60C
tloruariar (I814) 75c
Ruriian (T810) 75C
Sp.ni$ (I8lI) 60C
Trrtl3n (1821) 75c
Yiddi.h (T815) /5C
Srcdi,n (T812) 75C
Poll3n (T808) 75C
Portugreie (T809) 754

o.rlri (T818) 75C
ol|lct I(El7) 75C
tngll.t (lor German-speating poople) (T801) 6oC
lnSllri (for ltallan-speaklng peopt€) (1616) 60ctntllrt (for Spaolsh-speatlng p6ople) (T602) 60+
Ealer.nto (T820) 75C
fr.nci (T803) 60C
G.rmrn (T604) 60C
Iodorr Gr.cl (T813) 75C
l.trof, (]805) 60C

LISTEN & LEARN language record sets

llSTEil & rEAitl ls the only lanSuai€ rocord course d6si8ned s3pecially to mest your travel
needs, or nelp you learn essentisl loreisn lansua8€ quickly by yours€lf, or in cofljunclion wlth
any school course, by means ol the automatic .ssociation melhod. Each sel contains three
33 rpm long. playinS records - llt hoirrs of record€d speecn iy eminonl natlve
spsaks.s who are prolessor3 al Columb,a, N.Y.U., Queons Coll6ge and other leading unlver.
slUes. The 3ets ar. prlced f.r b6low oth€r s6l3 of similar qurllty, yet lhey contain nany
39ecial f.atur6s not found in oti.r rccord setsl

' over E00 selectsd phrasd and 3entencer, e besic vocebulary of over 3200 words,

'Both EnSlisn and lorslgn lsnSuagc rccordedi wlth a pause lor your repetltion.

'D63ign6d lor porcons with llmited tim6; no tlme w$ted on mrterlal you cannot use
lmn.di.t.iy.

'Llvhg, modlrn expre$ions thet 6l|6wer hod€rn needs: druSstore items, "air.conditlon6d,"

r 128196 pa8e manuals contain everylhlng on the records,
Suides.

'Manual is lully lndexedr fnd lh€ phrase ,ol, wanl lnstanllr. v simple pronunciatlon

'HlSh fd.lity r.cordlnS*squal to any r.cods costlnt up to 96 eaci,

Th. Dirrses on liese recordr covlr 4l dlflrerl catesorl$ uselul to the lrav€ller or student
inlrr.sied llr l.arnln! tho llvlnr. sml.n lanrutl.r rr.llinfs, htroductior3. malinr yoursell
underrtood, passint cu3lom3, planas, kains, boats, buaos, taxls, nrshtcluDs, r.stiurrnts,
manu ilrm!, sporls, conc6rts, cama.aa, lutomobila traval, rop.l.s, druSslores, doctors,
dcntists, ,r.6lclnrs, ba6ar shops, baaut, parlors, laundrl6a, meny! rnany mor€.

"Ercollent . anong tha vsry bast on th. m.rt.t," Prol, Mario Pei, Dept. of Somance
hniutaes, Columbl. lJniv.r8itr. "lns$ensiv. lnd w.ll{one . an lderl prosent,"
CHICAGo SUI{DAY TRIAUNE. "Mor! t.nuinaly helptul lhan anythins or its tlnd whlch I have
g.rvaously en.ountercd," Sldney Clrrt. well-tnown .uthor of "Atl- TtlE 8EST" tr.vel bools.
Each sot cont in3 3 33rA rpm pur. vlnrr r.cords. 12& 196 pase wllh rull
rrcord text, and .lbun. 016 1.n8u.8. p.r s.t. LlSTEll & LEIRi{ record set! are now avail.
.blo in-

flEXCll lho set t4.95 SEtIlll th€ set 54.95ll tllL th. sot $4.95 Stltalsll lte set t4.95iusslltl tfto set $5.95 llPlllESE' tie s.t $5.95
'Av.ll.blo S6pt. 1, 1959

U?,lC0llDlTl0t{AL GUARA IEE: oovsr Publicatlons stands b€iind lvery Llsten and Ler.n r.cord
sot, It you a16 dlssstl3li€d with the3€ sets for an, reason whatever, retorn them wllnin
10 drys and your money will b. r.fund€d in lull.

I



DOVER BOOKS

. ART HISTOR,Y
SIICrc AI0 STOIIES, Larls l{unford.'An examinatlon of lorcos Inlluenclnt Amarlcan archl-
l€cture: the medieval tradition h early ltew England, the classlctt influance ilr J6tr.soa's
lima, th6 Erown oecrdes, lhe imperial facade, tie macftlne aae, ltc. -A truty romartable
book," SAT. REV.0r LITERATI RE. 2nd revisod editlon,2t tllus. rvii + 228!p, 59t x 8,. I2O2 Paperbou d 3t.30

IHE lUIoSloenlPHY 0f lI l0:1, loul. Srllly.n. The archltect whom frant Ltoyd Wrl.it
called "the master,'! records the development o, the theorles lhat revolutionirld -Amortci,s

slyline. 34 lull.paSe plates of Sullivan's finest wor*. New Introductlon by R. il. Ltne.
rlv + 335pp. srt! x 8. . I28l P.pedound lt.!6
TltE IIERIILS Alto T€CHilllUES 0f EDIEVIL Plll{Tl116, D. V. Iionr.on. An tnv.tuabte
study of c.rriers and grounds, binding media, piBments, metals us6d in oaintinr, !t frosco
and al secco technlques, burnishing, otc. us6d b, lhe medleyal mastars, Protacc by Eernrrd
B.renson. 239pp. 5 x 8. T327 Papsrboi,ld lt,at
PlltlClPLtS 0t mI SIoIY, I. Wifnh. Tnls remarlably lnstructlve worl demonstr.lc3 thc
lremendous cnange in atlislic concepllon tom tne 14tn to tie l8th centuries, by analyrlng
I64 works by Botticelli, 0Ur€r, Hobbema,-llollein, Uals, Trllan, nembrrndt. V6rmeer. 6tc.,
and poinllng out exactly whal ls meant by "baroque," "classic." "pamitlve," "plctursique!"
and otner basic terms ol arl history and crilicism. "A remartable lesson in the arl of
s€€in8," SAT. R€V.0F LIIERAIURE. Trenslated trom the 7th German edition. 150 lllus.
254pp. 6y6 x 9y4. T276 Papeoound 12.00

toullolTlolls 0t ilootll AnI, A. ir.nt.nt. Stimulating discusslo. of hum.n cr..tlelty frcm
paleolrthlc cave paintint to mqdern paintinS, archltec[ure, decorative arts. Fully llluatr.ted
with wo.Is ot Gr's, Lipchitr, Le'8er, Prcssso, prlmitlve. modern arlllacts, .rchil6clure, lndus.
trl.l ad, much more. 226 illu3tratlons. 358pp. 5 r Sy.. T2l5 P.perboond ll.g!

HANDICRAFTS, APPLIED ART, ART SOURCES, ETC.
WlLo t0wl oECoYS, ,. 8.risr. The standard worl on this lascinatrns tranch ol foll !rt,
rangrns trom Indlan mud and Erass devicEs to realrslir wooden decoys. Dlscusses stylss,
typ€s, perlods; gives lull lnlormalion on hos to make decoys. 140 illustrations (including
14 n€w plale, show decoys and provide lull sets ol plans ror handrcrallers, arlists, hunt€rs,
and studenk ol lolk a.l. 2E1pp. 77^ x I0y4. Deluxe edilion. T1l Clothbound lt.!o
tlltwoll( lllD lllAfElllllc, I. r..ron. Probably lhe lrest book ev€r wrltten on ths

subject. Telrs everythina necessary ror the home manulacture ol jewelry, rinas, orr
pendrnls, bowls, elc. Covers materials, tools, soldenns, riliEree, setllnr stones, rrlslni
patlerns, repouss6 work, damascen'n8, Ilello, clolsonna, polish'n8, assarinS, castinS, and
dozens ol olher lechn'ques. Th€ best substitule lor apprentceshrp to a masler m.talworlor.
363 photos and ligu.es, 374pp. 5't x 8rl. Tr83 clolhbound 1r.50

SllllEn tURlllIUrE, E. 0. and t. lndr.I3. The nosl illuminatins study ol Shak.r fornllur6
ever wrltten. Cov€rs chronology, c.altsftanship, houses, shops, etc, lnclud63 over 2q)
photoSraphs ot chalrs, tables, clocks, beds, benches, etc. "Mr, & Mrs. Andr6\i6 know ell
lhere ls to lnow sbout Sh.ker furnllure," Marl Yan Dorcn, NAIl0N. 48 tull.pr86 pl.t.s.
l92pp. Oeluxe cloth blndlng. 7% x 10t4. T7 Clothbound t8.00

PnlMlIlVE ART, f 1|rr Boas. A Breat American anthropologlst covers theory, t6chnicrl !lr-
tuosily, styles, syr,\9lism, paltorns, elc. ot primitive art. The more than 900 lllustr.tlotrs
will Interest artrsh,'designers, crallnorrers. over 900 rlluslratlors. 376pp. 5+t x 8,

T25 Paperbound al.l!
0X IltE LIWS 0f ,IPIXESE PAlllTltlG, ll, loxle. Ihe best possible substltute lor l€slons
lrom an on€ntal master, 1r€rts both sprrt.nd tochniquai excrcises lor control ol tlre
brushi lnts, brushes, colorsi use ol dots, lines to express whole moods, elc. 220 lllu3.
132pp. 516 x 9y., T30 Prporbound 11.15

llAtlDEooi 0f ollAiltlll, f. S. l{.rer. one of lie largost collecllons of copright.koe k!di-
tlonal art over 3300 line cuts ot Greek, Roman, Medleval, Rearissance, Baroqu6, lSlh and
lgth century art mollrs (lracery, geometric elenents, tlower and.nimal hotils, €tc.) rnd
decorated objects (chairs, thrones, we.pons, v.ses, lewelry, .rmor, elc.). full lert. 3300
illustrations. 562pp, 5% r 8, T302 Prperbound t2.0o

Iflntt C|ASSICS 0f lTlrlm ClLLlCllPIY, o.car 0rl. ed. Exrcl reproductions ot llrr.6
f.mous ienaissance calllSrapnlc yvorks: ArriShi's oPEnl A .nd lL M000, T38ll6nt6's L0
PRESEflTE tlBRo, and Palatno's LlBRo NU0V0. More than 200 complete ,lDhabets, thous.nd8
o, letlered specimens, in Papal Chancery and other beaulllul, ornrl6 handwrillns. lntro.
ducllon. 245 plates. 282pp. 6y. ,9y., T212 Paperbound tl,l5
IllE lllSTolY Al{0 TECIINICUES 0f LETTEmI{G, A. llerlltl. A thorougn hlstory ol lett€rlng
lrom lh€.n.ierl E8yptiais lo lhe present, and a 65-pa8e course rn lettering tor .rllits.
Every major dev€lopment ln lottering history rs illuslrated by a complete alph.bei. Full,
analyres such mrslers as Caslon, (och, Garamont, Jenson, and many more. 89 alpnabels, 165
othsr speclmens. 3r7pp. 5% x 8. , T427 Paperbound t2.00
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CATALOG OF
ItTTtRlllG Al{0 ALPBAAETS, i. l. Crv.rarn. An unabrldald reissue ol "l"etterlna," cont.ining
tho ,ull discussion, anarysjs, lllustration ol E9 Dasic hand.letl6rins tyles based on C6slon,
Bodonr, Golhlc, Inany olher types. Hundreds ol leAlnical hrnls on const.uct,on, slrokes,
pens, brushes, etc, E9 elphabels, 72 letlered specim6na, whlch may be reproduced parmlssion.
lr€6. l2lpp. 974 r E. T53 Paperbound ll.2!
IXE llUitAti'tlGUnE lil M0Tl0il, E.dya.flt lll|rlrldis. The larSest collectlon ln prlnt of
Muybndge s iamous hrgh.spe€d action.photos. 4789 photograpns ln more than 500 action.
strip-s€qu€nces (at shutter speeds up to 1/6000th or a second) lllustrate men, women,
chlldren-mostly u.draped-gerlorm'.s sucn actions as walkanE, runnins, ssttins up, lylns
down, c. ylng obj€cts, lh.owins, etc. "A. lnparall€led dictionary of ,ction lor all artists,"

. AMERICAN ARTIST. 390 lult.pase plal€s, wrth 4769 photographs. lieavy glossy slock, reinlorced
brndins wilh headbands. 776 x 10%. ' T204 ClothDound t10.00

ANI ALS ll{ inOTl0l{, E.dweard Murn.i(ke. The rarsest collectio. of anim.l aclion photos
in prnl. 34 difie.ent anrmals (horses, mules, oxen, 8oals, camels. p,ssi calsi I'onsi snusi
d€er, monleys, easles-6nd 22 othe.s) in 132 characlerislic ,cl,ons. All 3919 photosraDhs
are taken in series at speeds up to L/16001h ot a seco.d, olternB art,sls, b'orosists, car
toonists a rena.kable opportunity lo see exactly how an ostrich's head bobs when running,
how a lion puts his rool down, how an elephanl's lnee bends, now a bird llaps h,s winss,
ilrousands of other ha.d{o-ralch det.rls, rrA re.lly maruelous se3es of plales,' AItRE,
380 lull-pa8es ol plat€s. tl€avy Slossy stort, reinfo.ced binding wrlh headbands. 7% rloy..

T203 Clothbound ll0.0O

TllE B0Ol( OF SIGIS, [. lGci,4'93 synbols-crosses, ftonosrams, astrolo8ical, biolosical
symbols, runes, etc.-from rncient manuscrlpts, calh€drals, coins, catacombs, pottery. May
b€ r€produced permrssion.free. 493 rllustratlons by rrt, xtedel. I04pp. 5ys r 9y... 1162 Papedound t1.00

I llANoloOX 0, EAnIY AoVEnTISING AnT, C. P. fiorBurg. Tne largest collection of copyright
Iree edrly adverlising rrt ever compiled, Vol, lr 2,000 illustrations ol animals, old artofio-
blles, buildings, alleSorical ,isures. fire engines, lnd'.ns, ships, t/ains, nore than 33 otner
c.t€gories! Vol ll: over 4,000 typographical specihens; 600 Roman, Golhic, Barnrm, old
English facesr 630 ornamental lype iaces; iundreds ol scrolls, initiars, llourishes, etc. "A
remarkable collecllon," PRINTERS' lNK.
Vol. l: Pictorirl vorume. over 2000 illustrations. 256pp. I r 12. T122 Clothbound llO.00
Vol. ll, Typograptical Volume. over 4000 speci,nents. 3l9pp. 9 x 12. T123 Clolhbound 110.00

Two volume set, Clotnbound, only tlt.lo
DtSlcl{ fon lnTlSIS lxo CXAIIS E}i, L. wolclronll. The most thorougn course on the
creation of art motlls and desiSns. Shdws you step.by-slep, with hundreds ol examples 6nd
ll3 delailed exercises. how to c.eate o.isinal desif,ns ,rom aeometric patterns, plants,
birds, animals, humans. and man-made obrecis. "A rr,.l conkrbut'on to lhe field of des'8n
and c.alts," N. Y. SoCIEIY Or CRAFTSMEI{. Mor€ lhan 1300 ent,r€ly new ,llusltatlons.
N + 207pg. 7r/. \ LOyA. T274 Clolhbound t4.95

llAl{IlB00l( 0F DESIGIIS ANo oEVICES, C. P. llornunS. A remrlkable worl(lnt collection of
lE36 basic desisneand variations, all cbpyrisht-rree. Vaftatro.s of clrcle, lin., c.oss, diamond,
swaslika, st.r, scroll, shi€td, many more, Notes on symbolrsm. r'A necesslty to eve.y
teslSier who vvould be original wilhout hav'n8 to l8oor he6vrlr," aRTTST and aovEnllsEn.
204 plates 240pp 5qt x 8 

T125 pap'ftound rr.go

IllE UtIIVERSAL PEI{MAtl. Georr€ alclh.fi. Enct reptodudion ol beautlful l8lh centurv
book ol ha.dwritinr. 22 aomolele alDhabels in tnesl tnsrrsh roundhancrothGr scripts, ove,
2000 elabor.te frouiishes, r22 calliaraphic 'llustraloss, etc, Matetial ;,/copynghl'lrec, ''An
ossEntial part ol any atl libftty, end a boot of permanent value," AMERICAI{ ARTIST. 212
pletes. 224pp. 9 x 1374. T20 Clolhbound t10,00

lX Allls 0f llAIoMY fon ARllSlS, f. Scild.r. Tils slandard work coot lns 189 fullpa8e
plales, more than 647 illusktions of all aspects ol the human slel€ton, fiusculature, cut wa!
portlons o, $e body. eact parl of the analomy, hand lorms, eyelrds, brersts, loc!tion of
muscles under the flesh, etc.59 plates illustrate how Mlchelan8elo, d5 Vincl, Goya, 15 others,
drew huma. anatomy. New 3rd iditron enrar8ed by 52 new illustrallons by Cloquet, Ba.csay.
"The slandard reference tool." AITTERICAN LIBRARY ASSoClAIl0N. "Excellent," AiIERICAl{
ARIIST. 189 plates, 647 illustrations. xxvi + l92pp. 77 x 1016. T24l Clotnbound t6.ql
al aTLAs ot Al{t al aIAr0titY toi alltsrs, w. Elleni.rSrr, fl, 8 m, [. olttrlci, The larSest,
richest a.imal analomy lor arlists in Enrlish, torm, musculature, lendons, bone structure,
erp.ossior, delailed cross sections ot nead, other features, of the hors€, lion, dog, cat, deor,
seal, kanf,aroo, cow, bull, soat, rhonkey, haro, tnany other anlmals. "HiShly r€comfiendod,"
oEslc . Second, revised, enlar8ed edition with new plates lrom cuvier, Sl!bb6, etc.2E6
lllusirations. 153pp. llqt r L T82 Clotnbound t6.00

ANltilA[ 0nAwl G: ANAIoIUY lll0 ACTlol{ ton AnTlsTs, C. R. hl8ht. 158 studles, wltl full
accompanying text, o, such animals as the Sorilla, bear, bison, dromedary, c.melr vullute,
pelican. iguana, shark, etc., by one of lh€ treatest modern m.sters ol animal drawlng.
tnnumerable tips on how !o aet Ille erpression inlo rour work. "an ercellenl refersnce
work,' SAN TRANCISC0 CHROIIICLE. l5E illustralions. l56pp. l0y2 x aV2.

T426 Paperbound 12.00
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DOVER BOOIIS
IllE CmflSlllta's flAI0800(, C.nnlno C.nnlnl. Ti6 finest EnSlllt h:nslatlo. ol lL LlBio
oELL' anTE, th6 l5th contury lnlroductoi to art tochnlque that ls hoth a mirror of Quatro.
c.nto lite and , source ol many useful but nearly forgottell lacets ol lh€ painter's arl,
4 illusk tions. xxvil + 142pp, D, V. Tiompson, translator.6 x gva. 154 Paperbound t1.50

TllE 8Rowtl oEGADES, [.rlr ltlrmtord, A picture ol the "buried renrlssance" .]rf lhe post-
Clvll war p€riod, and lhe founding of modern arcilleclure (Sulllran, nlcn,tdson, Root,
Rosblha), landscape development (Marsn, 0lmstead,'Ehot), and the SrapHc ,rts (Homer,
Eallns, nrder).znd r8vised, enl.rged edltion. Sibllography, 12 llhslrrlions, xir + 266 pp.
5+t ! 6. T20O Prperbound t1.65
SIIECIL euss, t. w. ll!nl.r. The story ot tho most hiSnly esteemed early American gl.ss-
wsre, lutly illustrated, How a G€rman adv6nlur6r, "laron" stleSel, lounded a Slass emplr6i
daLll6d acco!fits ol lndlvldusl glassworl. 'Thii plonoer worl( is reprinled in an edition
6v.n more beautrlul than the orlsinrll," ANTIoUES OEALIi. N€w introduction by tlelen
Mcx€rrln. 171 illuslratlons. t2 ln lull color. IIll + 33Epp. 77 x roya.

Tl28 Clothbound 110.00

IttE ttuitAt{ FICUBE, ,. ll. vrndlrp.l. Not iult . plcture boot, but a complete courss by a
fsmous tigure artist. Ertensive text. illultrated by 430 pencrl and charcoal drawln8s ol
both nalo 

'nd 
female anltomy,2nd erlargp, edltlon. foreword.430 lllu3. l43pp. 6tls x 9y..' T432 Paperbound l!./t5

?lxE tuilllTunE 0f tlnlY ItW Ellcllt{o, n. [. Ilttell. over 400 illustrations, over 50
worlins drawines o, early ilew Englrnd chalIs, benches, beds cupboards, mirrors, shelves,
labl€s, olher ,urnrture esteemed lor srmple beauty and ch.racler. "Rlch store or illustra.
tions emphaslzes the lndivldullity and varled deslsn," ANTIoU€S. 413 illustratlons,
55 worling drawings. 475pp. a x lor/4. Tl45 Clolhbound 110.00

BISIC SooxBlllDlllc, A. lV. lesl3, Enables both beginners and experts to reblnd old books
or bind paperbacls in hard covers. Ireats melerials, toolsi sives step-by-slep lnstruction in
how to collate a book, sew il, bacl it, mek! bosrds, etc.26l lllus. Appendices. 155pp.
5% x 8. T169 Paperbound 11.35

DISlGll lloTlFS 0l Allcllill EXlgO, l. tnclto. liearly 90% of tnese 766 superb designs lrom
Azlec. 0lmec, Totonac, Maya, and Tortec oritins are unoblainable elsewhere! Conla'ns
Dlumed serpents, w'nd sods, rn'mals, denons, dancers, monslers, etc. Erc€llent aoplied
desrgn source. 0rltinalty $17.50. 766 illuskstlons, liousands ot molifs. 192pp. 6tr x 9y4.

T84 Paperbound 3'1.15

ffnlcAll SCUTPTURE, Ladl.l.r S.8J. 163 full"pe8e plates illustrrting maslG, fertility fi8ures,
cerehonral objecls, etc., of 50 West and Cenkal Afrlcan tribes-95% never before lllustrated.
34.prae introduct'on to Alncan sculplure. Ivlr. Sesy is one oI its top authorities, ' ltEW
YoRKER. 164 lull-pa8e photo8rtphic plates. lnlroduclion. BiblioBrrphy. 244pp.6vB x 9v..

T396 Paperbound 12.00

II|E PR0CESSES 0f Gll2BlC nEPioDuclloll lx PnlillliG. ll. crru.n. A liorolsh and prac.
tlcal suney ol wood, llnoleum, and rubber €ngravlns; copper entmving; drrpolnt, mezrotlnt,
€tchins, aquatint, sle€l ensravina, die sintinl, stencallins, lithosraphy (extensiv€ly)i pnoto-
,raphic reprodrction utilizlnS line, continuous lone. pholoengravure, collotypei every otier
orocess ln seneral use. Not€ on color reproduction. Seclion on boohbrndins. over 200 illustra.
tions, 25 in color. l43pp. 5y2 \ 8y2. TEr2 Clothbound 14,00
GALLIGiIPHY, l. G. Sctf,mdnlr. First reprlnti.g in 200 years of this loaondary book of
beautiful handnriling. Orer 300 ornament.l inltlals, 12 complete cailisraphlc atphabets, over
150 ornale rrames and panels, 75 calligraphic pictures of cherubs, stass, lions, etc., t,tou-
sands or flourishes, \crolls, etc., by the Sreatest l6th centrry masters. All rhaterial can b6
copled or adapled $lthout permissron. tlistorical ankoduction. 158 fullpase plates. 368pp.
9 x 13. 1475 Clothbound gl0.0o

A 0l0E[0T PlCToilAL lllcYolottolA OF TIIoES ltlD lilouslnY. Ivanufacturin8 and the
Technical Arts in Plates Selected lrom "L'Encyclop6die ou Dictionnaire Ralsonne des Sclences,
des Arts, et des Matiers," ol Denis Diderot, edlted with text by C. Glllispie. over 2000
illustrations on 4E5 tu,l-pa8e plates. Masnificenl lSlh century enSravings of nen, women,
and children working at such trades as millins flour, cneesemaljnr, charcoal b!rnins. mlnins,
sllverplatins, shoejng horses, making {ine glass, printinsi hundreds more, showine details
ot mrchinery, ditrerent st€p! in sequence, elc. A remarkable art work, but also th. larsesl
collecl,on of worhinS riSures in p,int. copylShl.lree, lor art d,,eclors, desisners, etc.
Two tols. 920pp. 9 x 12. Heavy library clotn. I42l Two volume set 3t8.!0

step.by.step hom€ courso ln
How to build an inerten3lva
use color, 6tc, Every 3tapth t gYa,

T433 P.p6rbouod tl.as
t

SIL( SCIEEN TECHlll0UES, l. Bleg€leiser, il. Cohn. A practical
one ol lhe most versatll€, least etpensive graphrL arls processes.
srli screen, prepare sienL'ls, pr.nti ach,eve speL'al lerlures,
expl.ined, diasramned. 149 illustrations, 8 ln color. 20lpp. 6

!-,



CATALOG OF

PUZZLES, GAMES, AND ENTERTAINMENTS
itlTllEt AT|CS, ltlAclC AID TYSIEnY, iltlrlln G.rdnr. Ast;nishins feals ol mind rsadln8,
mystlfylnr "naric" trlc|(s, sre ollen tased on mathemallcal princiDl€s anyone can learn.
This book shows you now to perlo.m scoros o{ lricls with cards, dic€, colns, knols, numbers,
.tc., by usir simple prlnclples ,rom s€l theory, theory ot numbers, topolo8y, olher a.eas
of malhematics, lascinating in tllomsel€s. l{o specisl lnowledSe requ'red. 135 lllus. l86pp.
59t r 8, T335 Pape6ound $1,00

ilATllEItlATtCAL PU,:!ES fol SEGll{l{ERS AND ENTIIUSIASIS, G. Mott.Smott. Test your
probl.m.solving l6chnlques and powers of lnference on 188 challanginS, anurslng purrles
brsad on algebr., dlssection of plane igures, permutations, probabillties, etc. App6ndix ot
prlm€3, squarB roots, etc. 135 lllus.2nd revised edrtion. 248pp. 51b x 8.

Tl98 PaperboiJnd tl.txl
LEltl{ CIIESS FRoi, IllE I\{ASTEiS, f. lehlold. Play rO tames asalnh luarsharl. B.onsteln,
Nsldorf, otner masters, and trade yours€ll on each mov€. 0etaired annotations reveal prin.
clples ot play, strat88y, etc. as you proceed. an ercellent wa, to s€l a r.a! insl8nt lnto the
samo. Foroerl, ltfl0d,,,chiss by yourself.,,9l diasrams, ",, * ,flttr,Hi",L_o lr.,
ItllllELD 0ll IllE lllD GliiE lX CxtSS, r, lllrflld. 52 end gam€s ol Alethjne, Tar.sch,
ilorphy, olher masteG, are carefully analyred witt emphasis on lransitlon frcm fiiddl€
a6ma to end play, Tempo moves, queen endlngs, weak squares, olher baslc prlnclrles cl€arly
illustrated. Erc€ll6nt for understanding whl lome moves are weaf or incorrect, tow to ,void

. TtlT P.perbound ll.2!
l0l ?UZIES ltl TllouGllT al{D Loclc, C, i. Wrll., rr. Erand new puzzies-yo! need no special
tnowledga to solve! [rct one ls a gem ol rngenuity that wrll .eally chrl€nge your probl€m.
solvlnS technique. lntroduclion wlth srnpLfied explanatlon of scientlc puzzle solvinB. I28pp.
lili t 8. Tl57 Paperbound 11.00

E C0rPLETE XotlS:XSt of EowmD [ElR. The only complete €ditio. of this master ol
a6ntl. madness at a popular prlce. Tne oong with the Luminous Nose, The ,!mbli!s, Th.
owl .od the Pussycal, hundreds oI olher bits of wonderful nonsense. 214 hmericks, 3 sets
o, Ilons€nse Botany,5 Nons€nse Alphabels, 546 fantastrc drawin8s, muth more. 320pp.
59t r E. T167 Papeftound 11.00

2l lcllllcE tlcTlot{ Sl0nlES 0f tl. e. WEttS. Two complele novels, "Mer Llle Gods" and
"Star 8.Bott€n," plus 26 short slories by the master science-tiction writer ol .ll tlme.
5101166 ot sprca, lime, fuluro advenlure that are amon8 the alltime classics ol sclence
ficton. 92Epp. 5% r E. 1265 Clothbound t3.95

SEYEil sciE cE ftcTtot{ l{ovELs, H. G. walt!. unabridged texts ol "The Time t/tachlne,"
"Th. lsland of Dr. Moreau," "Flrst Men ln the Moon," "The lnvlsible Man," "L'e War
ol th6 llorlds," "Ihe food of tne Gods," "ln th€ oays ol tne lomet." 'One will have to go
l.r lo m.lch thrs tor entertainment, €rcltement, and sheer pleasure," N. Y. TIMES. l!l5pp.
5}t x E, T264 clothbound 13.95

*lTHElilAGlC, l{Aelc PUIIIES, ltlD GIt ES rrllli NUtrlBaiS, n, v. ll.rti, IMote thrn 50 n€w
puzzlos and stunls based on number properties, multiplying lrrge numbers mentelly, finding
lie d.t! ol .ny &y rn lh€ y€.r, etc. Ediled by J. s. Iueyer. 76 rllus. l29pp. 5% x 8.Ill, Pape'bound 11.00

tlvt llV:taTUnE IOYEIS OF ll. ll! lUCellD. The mtst6. story.telly'3 fre best t l.s ol
mystsry ,nd adv€nture set .8r'nsl authentrc Afrlcan backgrounds, "Sha," 'Xins Solomon's
Mlnes,r' "Allan quatsrnain," "Ailrn's Wll6," "Maiwa's Rev€nge." E2lpp. sq,E x E.

T108 Crothbound 33,93

f,lll It CllECtElS, . flopplr. (Formerly "Checkers.") The lormer World's Unreslrlcl.d
Choclar Champion tlves you vrluoble lessons ir openings, traps, end games, r(ays lo draw
whcn you rr. bohlnd, etc. More th.i 100 questions and answers anlicipale your problems,
Ap96ndlr. 75 problems diagrammed, solved. 79 fi8ures. xr + 107pp. 5q6 r 8.

T363 Paperlouod $1.00

CtYtIoStAPxY. L.0. sftiti. Ex.ellent introductory worl on ciphors and their solution,
ilslory of secret writlns, lochnlques, elc. Appendices on japanese methods, tne Saconian
clplDr, lrequency labl.s. Eiblio8raphr.over 150 problems, solu|o.s. l60pp. 5lt r E.

T247 Peperbound tt.00
CrYPtll{llYSlS, ll. F. Cllnei. (Formerly, "Elementary Cryptanalysis.") The best bool avallaDle
on cryptograms and how to solve lnem. Contains all malor techniques: subsllt[tion, transposl-
tlon, mlxed .lphebots, multslid, Xaslski ,nd Vlgnere metiods, etc. Word frequency appendir,
167 problcms, solutions. 173 tigures. 235p9. 51t r 8. T97 Pape.bound 11.95

tlllllllo, E. l. litot. The sclence.liction classic of llle in . 2-dinersloml world th.t is
consld6r6d a tirstrrle introductlo,r to relativity and hyperspace, as well as a scatning
s.llrc on soci.ly, pollllcs and relision. 7th 6ditron. l5 illus. l26pp. 51t x 6.

Tt Paperbound lt,0O
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DOVER BOOKS,
llow I0 IoiCE CIIECI IIE, f. i.hl.ld. (torm.rl, ,'Cft.ll.n8e to Ch.ssplryers.,') l{o board
needed to sharpen your checkmate.skrll on 300 checlmlte altu.tlons. L.ain lo r,.n up lo
3 moves ahead and play a superlor end aam.. 300 sll{rtrons dragrammod; noles and full
solulions. lllpp. 51t x 6. T439 Pspcrbound 31.25

mo[PllY'S eA ES 0f CllESS, P, W. S.rlefit, 6d. PIay forcefulty by lollowln8 lne technlques
used by one oflhe grealest chess chaftpions. 300 ol Morphyl Sames carefully anrtLted lo
revcal principles. Aibliogr.phy. ltew introduction by F. Rtlnltltl. 235 diaarans. x + 3520p.
516 r 8. T386 Paperbound ll.r5
flfltl{lllcAL iECBElIlollS, l{. l(r.ltctl*. Hundreds ol unusurl malhemallcrl puzrl..s .nd
odd bypalhs ol math, elem6nlary and sdvanced. Greek, I[edreval, Arablc, Hindu probhmsr
fiaurate numb€rs, rermat nuFbers, prlmes; matrc, Eul.r, utin squares; tairy cness, lavuncl.s,
relersl, linr, ruma, tetrachrome other posrlronal ,nd permutational games, nlgorous solutlors,
Revrsed second editon. IEL illus. 330pp. 5lt x 8. T!63 Paperbouod t1.75

I{ATHEI{ArtclL ErcunstoL r. a.i ar.ttt. R6veattnr sttmut.ting insiaiB into otoment ry
malh, not usually taught ln school,90 probloms d6monstrat6 Russlan parsant multipllcatlon,
memory systems for pa, maSic squlres, dy.dic systehs, division by Insp6ction, many mora,
Solutiors to difiicult probl€ns. 50 illus. 51t x 8. T3$ Paperbound ll.OO

lllclC Trlcxs I cfio nltrc, W. ,on5!ll, e.st lntroductlon to tricts with colni, bllls,
eags, ribbons, slales, ca.ds, easily p€rlormed without elaboral6 equlpment. Professloml
routlnes, tips on presentotlon, misdlrection, etc. Two bools bound as one:52 trlcks wlth
cards, 37 trlcks with common objects. 106 figures. 2249p, srt x 8. T909 Pape6ound 11.00

llAlllElrallclL Puzzrfs 0t Sltil toYD, selected rnd .dit6d by I. C.rdn... 177 most ingenlous
msthelnatical puzles of Amerlca't greotest pozzle origlnator, based on arithmetic, algebrr,
same theory, dissection, ,oute tlbclni, oporallons reserrch, probsblllty, elc. 120 drrwlngs,
draarams. Solutlons. r87pp. 5lt r 8. T498 Paperbound tl,00
IXE lrT 0t ClltSS, r. frror. The most famous Seneral study ol cliess €ver written. iior.
lhan 90 openinSs, middle game, end tame! how to attack, sacrilice, delend, exchante, to.i!
S8neral str.tegy. Supplement on "How Do You Play Chess?" b, t. Relnleld. 446 dllgnms.
356pp, 59t x 8. T453 Paporbound tl.ls
IYPtlr00aitl cflEss .. o.v.l.p.d in li. E.m.t ol lt Gre.t..t Epon.nt, lRoll IlmIoYlcH,
F. illnteld, ed. Learn how lhe same s sreat€st lnnovator defeated Alolhlne, Lasker, tnd
many otiersi and use these melhods ir ,our own 8ame. lEo diasrams. 22Epp. s:lt r E.

T44E Pap.rbound ti.35
t TnEISURY 0f CITSS toRE, f. lalnlald, ed. Hundreds ol lasclnatlng stories by and aboul
the masterg, accounts o, tournaments and famous aames, aphorlsms, word portralts. llttle
lnown lncidents, pnotographs, etc., that rdll delighl lne chess entnuslasl, captivate tne
bs8inn6r, 49 pnotographs (14 full"paSe platss), l2 diagram.. 315pp. 5 x E.

1458 Paplrbound ll.ts
A NotlSEtlSE Alilllol.ocY, collected by C.rclrn Uellt. 245 of lhe besl nonsenso verses 6yer
wrlttenr nonsenso puns, absurd a,gumenls, mocl epics, nonsense b.tlads. ,.sjct, verses. dor.
Latin verses, Frenih ninsenso veises, t.m€rtcks. reai, ca;;tia 8eiioc, Buisin, niriiti -rrio
other writers. lnkoduclion by C.rolyn welts.3lndrces: Titte. Autior, fi.3l t-tn.s. uxik +
2790p, 5$ x 8, T499 Prpsrbound ft.25
SY SoL|C LoGlC.nd IHE lAmE 0F LoclC. l.rh C.rrlll. Two d.ttrntfut ouzztc boot! b
the author ot "Alics,' bound as one. Both worls concern the symbotic reDresenbtion ol
tradillonal lotic .nd Ueth€r contain more tn.n 500 ingenlous, enusins and instrucltvo
syllogistlc purrlors. Tot") ol 326pp. 5+i x 8. T492 ?.perbound al.Sa

PlLLow Pr0ErE S d A IlilGtEo lllE, L.rl. c.noll. Two ot Carrott,s rare euzrto worls
bound as one. "Pulow Problems" conlaln 72 orlglnal m.ti puutes. Tne puutes ii ,,A Tsnrt.d
Iale" are Siven in dcllghllul story lorfi. Totat ot 29lpp. 59t r 6. T493 pap.rbound ti.Jo
PlCt'S 810 80Y lno llls Pl, G. W. ?s.I. Both vorumes ol one of th€ most widotv rerd
ot all American lrumor books. A classlc ot Amerlcan fotl humor, atso invatuabte is s Dortralt
ot an ate. 100 originel lllustretions. lntroduction by E. Etetter. 3iupp. 59t x 8.

T497 Paperbound lt.3t

D@er publi.hor boob tu ott, mM4 ohil@ophu, lia6ratttu, lanobo.s, history, socid.L
ecie^ces, psv.hotoou, lu;^ttcialts, orientalia, pnrrles ai.l a^t.rtoinh.nts, ch.ss. oatr
6nd oat.ld|, boob erpldinino eidc., iLterm.d.iate and hicha, mathen&ti.s ndth-
e aticdl ,,huias, .noif.e,ino, biolaoiad ,oiencd, earth Baie6.., clr{,ics o, scienca, c,c-
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