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I. Introduction

The study of bird behavior is of intense interest to a great many people.

A few fortunate individuals are able to pursue this study vocationally,

but to most it can be no more than a hobby. Bird behavior is complex,

varied, and challenging at all seasons of the year. Each season induces

some different activity, such as migration, mating, nesting, molting, or

flocking. One must go into the out-of-doors to study these activities, but

he need not go farther than his backyard to find much of interest and

importance. Certain psychological analyses of how and why birds be-

have as they do and the testing of sense organs, reflexes, and conditioned

responses may be done in the laboratory, but it is necessary to study the

bird in the field under free, natural conditions to get normal behavior in

its full complexity and significance.

Early ornithological studies were concerned principally with making

collections of specimens, and with morphology, classification nomencla-

ture, distribution, and economic values. Buffon, of the eighteenth cen-

tury in Europe, and Audubon, of the early nineteenth century in North

America, were unique in opposing this emphasis and in compiling in-

formation on the life histories of birds and on natural history in general.

Toward the end of the nineteenth century and into the twentieth

century an increasing number of ornithologists gained prominence, in

part or in entirety, because of their attention to out-of-door studies of

bird behavior. In North America the following names come to mind:

William Brewster, Charles Bendire, Frank L. Burns, Frank M. Chapman,

Francis H. Herrick, Henry Mousley, Arthur C. Bent, Arthur A. Allen, to

mention a few. Bendire (1892) made an outstanding compilation in his

Life histories of Nortli American Birds with special reference to their

breeding habits and eggs. This was the authoritative reference for a

long period. In 1919, an ambitious new series was begun under the

authorship of A. C. Bent which sought to include information on all

phases of the life histories of all species and subspecies of North American

birds. During the next thirty years, seventeen volumes appeared and the

series is not yet complete. Needless to say, Bent's Life Histories have ex-

erted a tremendous influence and stimulus in ornithology.

Jourdain ( 1930 ) has traced the early development of interest in atten-

tive behavior in England and Europe. Three outstanding recent com-

pilations of life history information have been Die Vogel Mitteleuropas,

prepared by Oskar and Magdalena Heinroth between 1924 and 1933;

Niethammer's Handbucli der dciitsclwn Vogelkiinde 1937-38; and Tlie



2 PARENTAL CARE AND ITS EVOLUTION IN BIRDS

Handbook of Britisli Birds by H. F. Witherby, F. C. R. Jourdain, Nor-

man F. Ticehurst, and Bernard W. Tncker. The five volumes of this

last work were issued between 1938 and 1941.

These lengthy compilations are extremely useful in bringing together

in one place a vast amount of information on the life histories of every

species, in exposing the great vacancies in our knowledge of even the

most common species, and serving as a point of departure for the more

detailed, specialized approach of modern research.

The modern period of life history studies began about 1920 and is

characterized by the emphasis placed on such special concepts as

"territory" (H. E. Howard 1920, Nice 1941), "despotism" ( Schjelderup-

Ebbe 1922), and "releasers" (K. Lorenz 1935, N. Tinbergen 1948); and

on the use of such techniques as bird-banding (Baldwin 1919, 1921)

and nest activity recording-mechanisms (Bussman 1924, Baldwin and

Kendeigh 1927, Kendeigh and Baldwin 1930, Kluijver 1933). In ad-

dition, there is an increasing effort being made to uncover the physio-

logical basis or conditioning influence on behavior (Rowan 1931, Ken-

deigh 1934).

Before the modern period, bird observers had frequently noticed how
incubating birds left the nest to get food for themselves and the fre-

quency with which they fed the young in the nest. It required me-

chanical recording, however, to demonstrate the regularity and length

of the periods on and off the nest during the incubation period and to

give emphasis to this phase of nesting behavior. Baldwin and Kendeigh

( 1927 ) called these intervals spent on and off the nest, periods of at-

tentiveness and inattentiveness respectively, and emphasized the impor-

tance of this underlying rhythm throughout the reproductive period.

The periods of attentiveness are defined as those intervals of time when
a bird of either sex is actually engaged in nesting activities, whether

these activities be singing, nest building, incubating, brooding, feeding

the young, or scolding at enemies. Periods of inattentiveness alternate

with periods of attentiveness and are the time intervals devoted to feed-

ing, batliing, preening, or resting.

Essentially there are two basic drives involved, that of self-mainte-

nance or existence and that of reproduction. Attentive behavior is that

phase of life history wherein the interplay between these two drives

becomes expressed. Attentive behavior is nearly synonymous with par-

ental care except that it is concerned more with the time relations of

nesting activities, while parental care also includes other behavior mech-

anisms and relationships between adults and young. It is primarily with

the timing aspect of parental care that this discussion is concerned.

The house wren. Troglodytes aedon, is the species that will receive the

most detailed treatment in this study. The field data were collected
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primarily at the Baldwin Bird Research Laboratory, formerly located

at Gates Mills, near Cleveland, Ohio, during the years 1925 to 1939

inclusive. This species had long been the object of concentrated atten-

tion at this laboratory; it was numerous, its nests placed in boxes were

easily accessible, and considerable information of other kinds had been

worked out about it. The study of attentive behavior was part of the

program that involved a detailed comprehensive study of the life history

of the species.

Many other species were also available on the fifteen acres surround-

ing the laboratory, so as time was available for observations and as instru-

ments were free for registering nesting activities, attention was paid to

the attentive behavior of seventeen other species. Two additional species

were studied at the Edmund Niles Huyck Preserve near Rensselaerville,

New York.

Altogether, some 127 separate automatic recordings were made of

nesting activities of the house wren and some 39 recordings made of

other species. Usable data were obtained from some 1,075 daily 24-hour

records of the house wren and some 428 daily records of other species.

Probably the usable daily records constituted between one-half and

two-thirds of all those actually obtained, several of which were im-

perfect in one way or another.

The analysis of this large amount of data was no small task. The first

thing necessary was to convert the graphical record made by the auto-

matic recorders into time intervals that could be compiled, classified

in various ways, and from which averages could be made. The writer

had the help of several assistants over the years for the handling of the

records. Miss Mae McNab was especially helpful in devoting much
time to inscribing the hourly intervals on the original records. Student

assistants employed under the National Youth Administration during the

1930's were largely responsible for converting the graphical record into

numerical tables and computing averages. Most of the computations were

made on an automatic calculating instrument and rechecked at least

once. The supervision of this statistical work and the final interpreta-

tion of the data were, of course, the author's responsibility.

The review of literature bearing on this subject, especially in the sum-

mary of attentive behavior in the various families of the birds of the

world, was begun shortly after the study was initiated and kept more or

less up to date as new publications appeared. Several hundred reference

cards accumulated, and all of these references had to be consulted and

pertinent data compiled. Student research assistants were helpful in this

connection, although when the time came to the actual writing of the

summaries, the original literature often had to be consulted a second

time. The review of literature was essentially completed by January,
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1950, and it is believed that all important publications bearing on atten-

tive behavior up to that date have been consulted and listed in the last

section of this paper.

Finally, I wish to acknowledge the indispensable role of Dr. S. Prentiss

Baldwin in this study. Without him the study would probably never

have been undertaken. Dr. Baldwin organized and financed the Baldwin

Bird Research Laboratory, where I was employed as a research associate

for the summer periods of fifteen years. He had an unusually open mind

for new techniques and ideas in ornithological research, and, what is just

as important, was willing to devote time and money for developing them.

He had many stimulating new ideas of his own, and his constant day-

by-day contact with all phases of the work going on in his laboratory

was a continuous source of inspiration and encouragement. Dr. Baldwin

died on December 31, 1938. Had he lived, he would certainly have been

a joint author of this paper. As it is, this book is contribution No. 44 from

his laboratory, the Baldwin Bird Research Laboratory, Gates Mills, Ohio.

I wish also to express my indebtedness to Mrs. Margaret M. Nice, who
read the entire manuscript and offered many valuable suggestions and

criticisms. Chapter V was read by David Lack, of England, R. E. Moreau,

formerly of Tanganyika, South Africa, Alexander F. Skutch, of Central

America, and L. E. Richdale, of New Zealand. Each of these men is an

authority on the birds in his area and the world-wide coverage attempted

in the review of the literature on parental care has benefited from their

suggestions, from their citations to literature which I had overlooked, and

from unpublished data that they gave me. I hereby acknowledge my
obligation to them. -^

Department of Zoology s. charles kendeigh

University of Illinois



II. Methods of Study

The extensive development of this study of attentive behavior was

made possible by the invention and adaptation of automatic instru-

ments to record all the visits of the parent birds to the nest. These

instruments permitted 24-hour daily registration of all trips and the

amount of time spent at and away from the nest. Observation alone could

not have amassed such a voluminous record without a prodigious ex-

penditure of time and expense.

Mechanical Methods

The automatic recording of animal activity, including that of birds,

over long continuous periods has been practiced in the laboratory (Szy-

manski 1914). Devising equipment for use out-of-doors presents special

difficulties, as it is highly desirable that the bird or animal be inter-

fered with as little as possible and that it lead an entirely normal and

natural existence. However, a number of methods have now been

devised or adapted for the automatic recording of trips made by birds

to and from their nests. These may be conveniently classified under three

different main types of equipment. The thermocouple and potentiometer,

and the itograph constituted the equipment used in the accumulation

of the original data of this report.

Thermocouple and potentiometer. Baldwin and Kendeigh described

in 1927 the adaptation of the thermocouple and recording potentiometer

to registering nesting activities. Details need not be repeated except

briefly to explain that the thermocouple is an electric circuit made of two

different metals, in this case copper and constantan, with a recording

potentiometer included in the circuit. The apparatus records temperature.

When heat is applied to one junction of the thermocouple and the other

junction is held constant, there is a difference in electrical potential

established with the resulting flow of a minute amount of electric cur-

rent. The potentiometer contains a sensitive galvanometer, a slide wire,

and a system of levers, cams, writing device, etc., to measure the flow of

electric current and record automatically in degrees of temperature the

amount of heat applied at the warm junction. The apparatus used was

purchased from The Leeds and Northrup Company, Philadelphia, Penn-

sylvania.

The warm junction of the circuit may be carried as far as 200 feet

from the potentiometer and placed so as to record the nest temperature.

The end of the warm junction is made in the form of a thin, flexible

5
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wire which is threaded through the nest from one side to the other in

such a way that the junction itself Hes just above or on the eggs. The

visits of the adult are recorded when the incubating bird settles on the

eggs and applies heat to them. The departure is instantaneously recorded

by a drop in temperature.

The thermocouple will register a visit only when the bird applies heat

to the eggs. It will not record a visit to the rim of the nest only, nor the

time spent at the nest when not actually incubating. Obviously this

method is useful only during the incubation and brooding periods. The
thermocouple can be placed in almost any kind of a nest with little diffi-

culty. Recording potentiometers require electric current, however, and

this is a limiting factor. Indicator potentiometers, operated manually,

are available that do not require electric current, but there is little ad-

vantage in their use over observation.

Perch contacts and electromagnet. The itograph was first described

in 1930 (Kendeigh and Baldwin). It is based on quite a different prin-

ciple from the thermocouple and does not register temperature (Fig. 1).

The necessary parts are a double set of perch contacts at the entrance

of the nest, a set of dry-cell batteries, an electromagnet with a pen at-

tachment, and some means of unwinding a roll of paper at a uniform

rate. Two types of itographs were used in this study: a multiple type,

which had seven electromagnets and pens recording simultaneously on

a wide strip of paper that was unrolled by an electric motor in the

laboratory; and a portable type, which had a single electromagnet that

r-egistered on a narrow strip of paper, unwound by a 48-hour clock, and

did not require connection to an electric current. It is possible to make
an efficient portable itograph using a doorbell for the electromagnet and

an alarm clock to unwind the paper (Hann 1937). The portable ito-

graph is light in weight and may be used almost anywhere in the field.

The itograph records all trips to the nest; it will therefore record nest

building and feeding the young as well as incubation. The total time at

the nest is registered, not just the time on the eggs.

The portion of the setup requiring special ingenuity in adapting to

the nest location is the double-perch arrangement. Two perches instead

of one are used so that the record will show whether the bird is enter-

ing or leaving the nest. The two perches are balanced on a central pivot

with springs so that the electric circuit to the electromagnet is closed

only when the perch is pressed down. On entering the nest, the bird will

press the outer perch down first, then the inner perch. This will swing

the pen attached to the electromagnet first to the right, then to the left.

On leaving the nest, the perches are pressed down in the reverse order,

and the pen will swing first to the left and then to the right.

Three sets of perches have so far been devised, as shown in figure 1.
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rnonf view Side, iz/etv'

Perch contacts for boxes

Recorder tvifh

electromagnet Perch contacts for

ground nests
Perch con-f-acts for

open nests

Ito graph

Recorder £/ecfromagnef -Dnj Cell batteries,

Terraqraph

Fig. 1. Apparatus for the automatic recording of trips made by adult birds to

their nest. Both the itograph and terragraph use an electromagnet with a pen

attachment which writes on paper moved at a constant rate by a clock. The
itograph uses a double-perch arrangement that may be adapted to different

nest sites and which distinguishes between the arrival and departure of the

bird at the nest by the direction in which the pen is moved on the paper. The
terragraph uses only a single contact at the nest.
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For such birds as house wrens that nest in boxes, the adaptation is fairly

simple witli one perch just outside and the other just inside the small

hole through which the birds must enter and leave the nesting cavity.

With open nests, it is necessary to enclose all approaches to the nest

except one, and then build a short tunnel on that one side in which to

place the double perch. The enclosure is made of wire-mesh hardware

cloth. The perches may be varied in size to fit the bird. The third type

of perch has each of the two sections separately hinged in the middle

and is made low and flat so that it can be partly buried in the bottom

of a kingfisher's nesting tunnel. For a comparison of data obtained dur-

ing the incubation period from the itograph and the temperature-

recorder, see pp. 26-27.

The terrograpli is also an electromagnetic instrument and was in-

vented by a German, Count von Hegendorf, for studying the habits of

foxes and badgers. It was first applied to bird activities by Bussman

(1924, 1933).

The apparatus consists of a clock with a horizontal disk attachment 19 cm.

in diameter which makes one revolution with the clock in each twenty-four

hours. On this disk is placed a paper dial-plate marked with hours and half-

hours with a carbon paper on top, both being held in place by a tin disk

15 cm. in diameter, which is tightened by means of a central nut.

A telegraph magnet with a pencil attachment is stationed near the disk.

When the circuit is made, the pencil presses on the carbon paper, making a

short line 4 mm. in length on the paper disk beneath.

The contact at the nest consists of two small pieces of wood fastened together

at'one end by a flat steel spring (Fig. 1). This contact is placed in circuit

by means of insulated copper wire with two pocket batteries and the telegraph

magnet, so that when a bird alights on the contact the magnet records on the

paper disk.

This instrument is adapted primarily for recording the rate of feed-

ing the young in the nest, and several sets of data for different species

are given. A single mark is made in the record for each feeding trip as

the bird stands on the perch during the feeding process. The instrument

is less useful for recording attentive behavior during incubation, as there

is no distinction made in the marks to indicate whether the bird is coming

to or leaving the nest or whether the bird alights on the perch and then

immediately leaves. The most important difference between the itograph

and the terragraph is that the itograph does record the direction of

movement with its two marks.

Kluijver ( 1933 ) used a mechanical recording apparatus which he

called the aphisigraph, in his intensive study of the starling and later

of the great tit ( 1950 ) . The perch contact appears very similar to that

used with Bussman's terragraph. It was placed directly beneath the en-

trance to the nest cavitv and recorded onlv the entrance of the bird to its
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nest. There was a second hole on the side of the box through which the

bird left. Trap arrangements prevented the bird's going in or out in

the wrong direction. Ruiter ( 1941 ) also used an aphisigraph for measur-

ing the rate of feeding of young European redstarts.

Schantz ( 1939 ) used an electrical apparatus to announce or record

the arrival of robins at their nest. He does not describe the details of his

setup but states that it was impossible for the adults to come to the nest

without ringing an electric bell or making a recording on paper tape.

The mechanical registration of visits by tlie willow warbler to its

nest made by Kuusisto ( 1941 ) utilized an electromagnet and a pen writ-

ing on paper unrolled at a uniform rate by a clock and a system of

weights. He had two types of contacts at the nest. A thermo-contact was

a glass tube containing mercury with one end expanded like a thermom-

eter. Two platinum points were inserted in the tube so that, when the

bird applied heat on the nest, the expansion of mercury closed the

circuit. This contact was usable only when the bird was incubating or

brooding. It had certain disadvantages in that an egg would occasionally

get against the contact and insulate it against the heat of the incubating

parent, and in that one minute was required to warm the mercury suffi-

ciently to close the circuit. Kuusisto's pressure contact was in the form

of a cradle or seesaw that closed a circuit momentarily when the

bird settled in the nest and again on leaving but did not distinguish

between entrance and exit. Koskimies ( 1950 ) used a modification of this

apparatus in his study of the swift, Apus {Micropiis) opus.

Marples and Gurr (1943) also used a mercury contact at the perch,

but the closure of the circuit did not depend on a change in temperature.

The perch was similar to that used by Bussman, but the contact on the

lower half of the perch was a small cup of mercury into which a small

wire projecting from the upper half would dip when the perch was

pressed down by the weight of the bird. The two halves of the perch

were hinged at one end, and the upper half was supported on the lower

half at the other end by a spring adapted to the weight of the bird.

The recording mechanism differed in the use of a sharp-pointed lever

which was activated by an electromagnet to scratch a mark on the

smoked drum of a kymograph.

Nohring ( 1943 ) does not describe the self-recording device that he

used at one nest of the pied flycatcher, but apparently it included a

nest box constructed with a double floor, the upper one supported by

a spring which carried the weight of the nest and made a contact when
the bird entered.

Pullen ( 1946 ) installed an electric recorder at the nest box of a blue

tit which was operated by a very sensitive switch fitted in the entrance,

so arranged that passage of a bird, either in or out, was recorded as a
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spot on a moving strip of paper. Gibb ( 1950 ) used a trigger at the

entrance to a nest of the great tit and an automatic counter of some

sort which is not described.

Pliotoelectric cell. An entirely different principle was used by Yates

( 1942 ) in his recording of the visits of a house wren to its nest. "... a

photoelectric cell with a suitable six-volt lamp was installed and con-

cealed in such a manner that the wren had to cut the beam on each trip

she made for food. This interruption operated a relay connected with an

electrically-actuated counter." This equipment would seem to have great

possibilities, especially if it were connected with a recorder rather than

a counter, but it has not been used extensively.

Observational Methods

Although there are many advantages in using mechanical recording

of nesting activities, direct observations should never be dispensed with.

Much can be learned through observations that cannot be recorded auto-

matically. The part played by each sex must be determined by obser-

vation, and also the number of young fed per visit to the nest. Other

behaviorisms associated with attentiveness need description, such as the

ceremony of nest relief, turning of eggs, sanitation, kind and amount

of food brought to young on each visit, feeding of incubating bird by

its mate, associated songs and call-notes, and similar items. Furthermore,

direct observations should always be made to check the accuracy of

automatically recording devices. Instrumental technique requires con-

stant attention, adjustment, and checking; and the more the results

obtained from it can be verified by observation, the more reliable and

satisfactory they become. Birds often make unexpected movements or

have exceptional activities and, unless these can be checked through

observation, the interpretation of the record obtained from the apparatus

will be faulty.

Instrumental techniques have not yet been designed which are suit-

able for all species of birds, although the fabrication of such equipment

is a challenge to research workers interested in the quantitative side of

ornithology. This means that observational methods must be used en-

tirely if information on some species is to be secured. Further, it is not

always convenient or practicable to take apparatus into distant or less

accessible locations.

Blinds are often useful to enable the observer to be closer to the nest

and observe activities in greater detail. Herrick (1901) long ago de-

scribed the use of blinds, and various types of blinds have been em-

ployed since, both for close observations of nest life and for photography.

Very often, however, one does not need to use blinds but may obtain all
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the information he requires by sitting quietly at a distance and taking

his observations through a high-powered field glass.

All-day observations are very desirable, even if they can be carried out

only at intervals. As will be repeatedly shown later (Figs. 9-14), the rate

of activities at the nest varies greatly from hour to hour during the day.

Comparison of rates of attentiveness at different nests or by different ob-

servations on different species is not trustworthy if the information is

obtained at different times of day. All-day obsei-vations take in all these

hourly variations, give a more complete record of the species' behavior,

and make comparisons more reliable. Usually, all-day observations require

the cooperation of two or more observers relieving each other at intervals.

R. E. Moreau was able to employ natives in Tanganyika, Africa, to ob-

tain observations over long continuous periods of time. The long hours

of observation by Otto Steinfatt at the nests of many species are also

noteworthy. In selecting the particular days for making all-day observa-

tions, one should keep in mind that the rate of nest building activity may
decline greatly after the first day; that the amount of attentiveness usually

increases day by day during the egg-laying period; that the rate of atten-

tiveness is fairly constant throughout the incubation period except for the

first and last days and as modified by pronounced changes in temperature;

that the amount of brooding after the young hatch progressively declines

after the first two or three days; and that the rate of feeding increases

as the young birds get older.

Often, it is not possible or convenient to take all-day observations.

Perhaps only a few hours are available. In choosing the time of day for

taking these observations, the usual daily rhythm of bird activities should

be kept in mind. Often the activity of the bird is unusually great or un-

usually low or modified in some way during the first hour or two in early

morning. It is well to avoid these hours if more nearly average rates are

desired. Normally, however, maximum activity occurs at some early

hour and then declines steadily to late morning or midday. During tlie

afternoon, activity is usually minimum but rises again in late afternoon

or evening. Probably the best time for observations of a few hours only

and for getting nearly average rates is between 0600 and 1200 hours.

The midday recession in the rate of the bird's activity is less pronounced

or may actually be eliminated on cool days, so that similar data may
be obtained at almost any hour. On the other hand, activity may be-

come reduced on hot days. All of these variables need to be considered

in evaluating data and making comparisons. The description of the con-

ditions and circumstances under which the observations are made should

be as complete as possible in the presentation of the data.
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Presentation and Evaluation of Data

Pitelka (1941) and Moreau and Pitelka (1943) have discussed the

proper presentation of attentive data. One important point emphasized

is that the data should be presented in table form. Details and important

information are often lost or obscure if given in the text of a publica-

tion. Graphs may supplement the tables but should never replace them,

as it is very difficult for the reader to compile statistics from a graph.

Furthermore, a certain amount of condensing and averaging of the data

by the author is desirable. The reader quickly becomes confused and

discouraged when he is required to work through the raw data as it

comes from the record or directly from observations.

Desirable information that should be presented includes the stage of

the nesting cycle, number and age of young, which sex of adult is active

or whether both are, length of record, time of day, and weather (es-

pecially temperature). Data should be given for each sex on the average

length of the attentive and inattentive periods. It is not sufficient merely

to state the percentage of time the adult birds are attentive, as the length

of the attentive and inattentive periods cannot be computed from this

information. However, if the length of the attentive and inattentive

periods are known, the percentage of time that the bird is attentive can

be easily calculated, as can also the number of periods per hour. When
both sexes incubate, the attentive and inattentive periods are often of

equal length as one bird is on while the other is off. When neither sex

is on the eggs between exchanges, these average intervals should be

added to the inattentive period. If there is a ceremony at nest relief,

this should be described; also call-notes or other behaviorisms associated

with attentive behavior.

In respect to feeding the young, it is always desirable to know the

average number of trips to the nest by each sex per hour. It is not suffi-

cient to know only the average interval between visits. One cannot com-

pute the number of visits per hour from the average interval unless he

also knows the average duration of the visits. This knowledge is de-

sirable, but very often it is not given in the published reports of ob-

servers. Sometimes the feeding rate is stated on the basis of an entire

day, especially when comparative data are available for the whole

growth period. In these cases, the niunber of hours of feeding per day

should also be given so that the hourly rate can be calculated. The

assumption is usually made that young are fed on every visit, but this

is not always the case. It is desirable to know the average number of

young fed on each visit, and this may vary with the age of the young.

Additional points worth recording are amount of food given per feeding,

amount of brooding, and nest sanitation.

Periods of attentiveness and inattentiveness can be determined as long
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as the young are regularly brooded. However, with feeding only, they

are usually difficult to distinguish, especially if the feeding rate is fast,

although close study indicates that they still exist. Probably the analysis

of these periods should be based principally on the incubation period.

Attentive behavior is usually quite variable. It is worth while to have

some idea of the extent of this variability. This would be best shown

by the standard deviation and coefficient of variation, but these calcu-

lations are long and tedious and may not always be practicable. They
will not be employed in this study. As an alternative a statement of

extreme values has some usefulness.

Any reliable information, however scant, on the attentive behavior

of rare species is worth while. On common species a study of attentive

behavior should be based on more extensive data. Moreau and Pitelka

( 1943 ) seem to agree that, with exceptions, the minimum period of con-

tinuous observation within any one day should be five hours. Actually

no such general statement is justifiable. In many orders below the

Passeriformes, a single attentive period during incubation or a single

inattentive period between consecutive feedings of the young may be

much longer than this. With such species, one needs to keep continuous

records at nests, either by observation or mechanical instruments, for

days at a time. But with species that have a fast attentive rhythm, even

two or three hours of observations are of value. Such observations should

be repeated, however, at the same time of day throughout the nesting

cycle to show changes with the stage of incubation or growth of young,

and should be repeated at various times on certain days to show changes

in the daily rhythm.

The daily rhythm in attentive behavior is conveniently shown during

the incubation period by the number of minutes each hour spent at

the nest, or it may be shown by the percentage of time spent in atten-

tiveness. During the feeding of the young, the number of trips to the

nest per hour is the most obvious method of presentation. We prefer to

consider the hour as extending from one-half hour mark to the next

rather than from the beginning of the hour to its end. This permits tabu-

lating and graphing the data on the even hour rather than on the half-

hour.

An important aspect of attentive behavior is the activity of the birds

at night, especially in regard to which sex incubates or broods, how soon

the adult starts spending the night on the eggs as they are being laid,

how late during the growth of the young she continues to brood, and

whether or not the adult leaves the nest at night or shows other restless-

ness. In this connection it is desirable to know for each sex the exact

time in relation to sunset and sunrise that the night period begins and

ends.



III. Attentive Behavior of the House Wren

Since more information is available on the attentive behavior of the

house wren, Troglodytes aedon, than on any other species, the concept

will be treated extensively in this species before comparisons are made

with other forms.

Territorial Activities of the Male at the Nest Site

Since wrens nest in natural cavities or prefer boxes when they are

available, recording of their activities at the nest site is obtainable with

the itograph. A part of the procedure in establishing territories, along

with singing and fighting, is the finding and holding of anywhere be-

tween one and seven nest sites. The location of these nest sites helps to

outline the territory, and their possession is indicated by the insertion

of sticks, spider nests, and other materials that make up the nest founda-

tion. The male may visit all of his boxes each day. Neglecting to do so

permits the intrusion of other males and the loss of this portion of his

territory. The intruder may be challenged, but sometimes he is not.

Usually, the male is more active at some one preferred box than at others,

but the female, when she comes, may choose some other box for her

nesting than the one preferred by the male.

The need for regular attendance at all boxes in a male's territory is

shown in the accounts of territories 153 and 154. The complete history

of these territories, as well as others listed by number in this paper, may
be found in Kendeigh (1941c). Male, L24956 was forced to care for the

young alone when the female deserted on June 15. This he did success-

fully, and the young left on June 25 and wandered outside the terri-

torial boundaries with the male attending them. This exposed his

territory to invasion by male 34-86085 from the adjacent territory. The

itograph shows that a bird, probably this invading male, made 49 visits

to the box on June 26. On June 27, the owner returned and attempted to

defend his possessions, but he was distracted by the need to feed his

young, and he lost in the competition. Altogether, 238 trips to the box

were made on this day by the two males. There was no disturbance of

the nest structure nor were there additions made to it; the males simply

went in and out at frequent intervals.

In repossessing a nest box that has already been used, the male re-

moves the nest lining that the previous female inserted and completely

cleans out the nest cavity. Then, when he obtains a new mate or the

14
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same mate a second time, she inserts fresh nest hning. The male ordi-

narily tears out the old nest lining with considerable energy and gusto,

singing vigorously. Usually two days are used for this task, but it may
extend over four days. The average of eight records on different males

gives an average of 113 trips to the nest each day.

Ordinary activity at a box to insure its continued possession is not in-

Table 1A. Activity of male house wrens alone at the nest box.

Ordinary activity

New (N) Number Average

Band or Year Terri- Box First of number of Extremes

number return (R) tory date days

record

trips

per day

A38398 R 1930 98 51 June 23 7 22 4-67

A38398 R 1930 98 51 July 12 6 25 12-42

A94242 N 1927 63 6

A942-t9 R 1928 75 11 June 1 6 42 9-87

B97018 N 1929 90 9 June 16 13 24 3-45

B97018 N 1929 90 9 July 7 6 5 3-13

B97018 N 1929 90 49 July 2 17 12 2-35

C68252 R 1931 111 74 July 11 7 52 1-148

C68252 R 1932 122 53 July 12 3 19 6-26

Unknown N 1932 123 10 July 8 6 59 14-133

C68800 N 1930 99 10 June 22 8 50 31-127

C68800 N 1930 99 10 July 11 4 10 6-13

Unknown N 1930 103 68 June 22 6 43 19-70

C68801 R 1931 106 10 June 12 11 64 5-178

C68801 R 1931 106 30 June 19 5 57 12-154

C68801 R 1931 106 25 June 25 7 34 4-184

C68910 R 1931 105 3A July 11 6 44 3-81

C68910 R 1931 105 10 July 25 2 7 1-13

C68910 R 1933 129 49 June 28 11 29 0-218

C68911 N 1930 96 25 July 20 6 2 1-9

F45763 N 1932 121 49 June 30 3 30 23-36

F45946 N 1932 117 10 June 18 3 36 6-91

F45946 N 1932 117 25 July 10 4 8 5-15

HI8580 N 1933 126 10 July 2 8 28 9-76

HI 8582 N 1933 128 25 June 24 8 22 3-98

HI 8600 R 1934 141 25 July 12 18 12 1-25

L24956 N 1934 139 10 June 9 5 30 12-63

L24993 N 1934 140 10 June 17 4 60 33-106

35-13634 N 1936 164 53 June 6 8 14 0-77

35-13634 N 1936 164 53 July 3 14 10 0-39

35-13634 N 1936 164 49 July 4 13 8 0-22
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Table IB. Activity of male house wrens alone at the nest box.

Remonng nest lining

^ ^ c . q a

c 02 G ^ (V, s rs i^'-s o ^- ^ —

'

A38398 July 9 1 167 43 5.4 6.5

A94242 June 19 1 86

A94249 May 30 2 112 95-129 10 9.0 10.6

B97018 July 13 4 75 36-107 23 9.0 14.6

C68252 July 14 1 65 18 3.7 43.8

F45763 June 28 2 81 79-83 33 4.8 14.7

H 18580 June 30 2 196 146-245

HI 8582 June 30 2 121 75-167 21 4.8 34.3

tense. An average of 30 records on 18 diflFerent males gives 29 visits per

day ( Table 1 ) , but the number is variable. This average may be some-

what high, as itograph connections were not often made to a box where

there was evidently little or no activity. When the male is busy carrying

in sticks or is excited by competition and singing, the number of trips

to the box may exceed 100. At other times, days may be skipped with

no^ visits or only a very few. Sticks may or may not be taken to the nests

on these infrequent visits, and it is not practicable to divide the activity

of tlie male during this period on the basis of whether or not additions

of nest material are made.

There is a tendency for return males that nested the preceding year

to be more active than new birds nesting for the first time. The number

of trips to the box per day, however, is only 34 and 25, respectively, and,

with the variability noticeable, this difference is probably not very sig-

nificant.

Itograph records were simultaneously obtained in three instances at

two boxes in the territory of a single male. With B97018 in territory

90, the male averaged 5 visits per day at one box and 12 at another.

Male C68801, in territory 106, averaged 64 visits at one box and nearly

the same, 57, at another. Likewise, with 35-13634 in territory 164, the

average numbers of trips to each of two boxes were 10 and 8. In terri-

tory 117, male F45946, had a female with a nest in box 26 and averaged

only 8 trips per day to his former nest site at box 25.

The males may possibly be more active in May in establishing pos-

session of new nest sites upon their arrival from the south than they are

in preparation for second nestings in late June and July. Unfortunately,
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no quantitative data are available for May. However, during the first

two weeks of June there is no significant variation from the general

average for June and July.

The arrival of a new female to inspect a box and for mating purposes

is a stimulant to the male for increased activity. For instance, male

H18600 in territory 141 averaged 12 visits to his box in over 18 days, but

on June 20 a female was observed in his territory in the early morning and

there is a record of 44 trips for the day. Perhaps the female was respon-

sible for the recording of a half dozen of these trips, but the male's excite-

ment was evidenced by increased activity at the box during the rest of

the day, after the female had gone elsewhere.

A similar record is that of the male in territory 90. From June 16 to

29, when the male was alone, he averaged 24 visits per day to this

box, but with a new female nearby the trips recorded to this box for the

insertion of more sticks averaged 125 on June 30 and July 1. The female

may have accounted for some of these recordings, although she did not

insert nest lining until July 2 and 3. She deserted without laying any

eggs, after which the male averaged only 5 trips to the box per day.

In territory 111, male C68252 was very actively singing on July 12

and made 148 trips to the box. The next day a female inspected the box

but did not stay. There is a registration of only 56 trips this day, and two

days later the number dwindled to six. On July 18 a female came and

accepted him and his box, and 129 trips were made by the two birds

to the box.

The activity of bachelor males follows the general pattern of periods

of attentiveness alternating with periods of inattentiveness, although it is

not often practicable to analyze the length of these periods from the

itograph record. The males do not regularly enter the box at the begin-

ning and end of each period, and much of their activity during an atten-

tive period is away from the box. When the male is removing nest lining,

however, he often devotes his full attention, sometimes even to cessation

of singing, so that some idea of the length of his periods may be ob-

tained. The length of these attentive periods varies considerably, but the

average for six males when most active at this task is approximately 6

minutes ( Table IB ) with intervening inattentive periods of 20 minutes.

One extreme in activity is the male in territory 98 having attentive periods

averaging 5.4 minutes spaced only 6.5 minutes apart. This male entered

the box 167 times during the day, or about 4 times each attentive period.

But in certain attentive periods, males may go in and out of the box

many times as often. The other extreme is shown by the male in terri-

tory 122 whose attentive periods at the box averaged only 3.7 minutes

and were nearly three-quarters of an hour apart. He doubtless had other

attentive periods devoted to singing or other activities, during which he

did not visit the box at all. Observations of three unmated males around
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their nest gave an average of 7 minutes for 12 attentive periods devoted

entirely to singing, with inattentive periods averaging 6 minutes. A few

observations indicate that during an attentive period the intensity of

singing starts at a low level, rises to a maximum near the middle, then

decreases toward the end. Even when the male is disturbed, he scolds

only for intervals, between which he drops to the ground to eat.

Nest Building by the Female

When the female accepts a male and a nest site, she takes primary

responsibility for completing the nest. If the nest foundation of sticks

is not satisfactory, she will carry in more sticks, and the male will aid

her. Herschler ( 1919 ) observed a pair carrying in sticks and straw at the

rate of five to six times a minute. This joint action is rarely necessary,

as the female ordinarily begins insertion of the nest lining immedi-

ately, regardless of the size of the nest foundation, and in this the male

does not aid. Although the male may accompany the female on her trips

back and forth and may occasionally alight on the outer perch of the

box, he seldom enters the box after the female arrives, until the young

hatch. The record of the itograph during this period is primarily that

of the female. The record for box 6 in territory 63 is somewhat unusual

in showing 86 visits per day into the box, presumably by the female

alone, and 59 contacts per day on the outer perch only, perhaps prin-

cipally by the male. The data presented in Table 2 is therefore mainly

the record of the female's activities.

Tlie average of 13 records over a total of 29 days is 118 trips into the

box per day by the female. Observation indicates that the female usually

inserts material into the nest lining on each trip, although this is not in-

variable. Two or three days are normally involved in this task, but

sometimes nest lining continues to be added during egg-laying. The
average rate of trips per day, from the insertion of the first lining to the

laying of the first egg, does not give the true picture of the female's

behavior as there is a progressive change in rate from day to day. The
record for the female in territory 112 is more representative. The num-

ber of trips per day varied over four days as follows: 165, 133, 33, 47.

The nest lining was virtually completed during the first two days after

mating was consummated, after which there was a period of comparative

rest until the first egg was laid. The figures given for the maximum
number of visits per day (average maximum: 170) more nearly indicates

the rate during actual nest building, and this at times may exceed 300

trips per day. The data on minimum number of visits per day (average

minimum: 68) are usually for the interval between the near completion

of the nest lining and the laying of the first egg.

Periods of attentiveness and inattentiveness are sometimes evident in
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the records, but the female may not spend her entire attentive periods at

nest building and doubtless may often not visit the box at all during

periods of time between active feeding, so the data in this regard are

not satisfactory. In two records where an attempt was made to measure

the attentive periods they averaged 6.9 and 9.4 minutes, with long inter-

Table 2. Nest building by the female.

Number of trips

•per day into box

-a

a

C

a

>>

o

S
X
o

1
73

CO

o

3 >
<

S

'x

3
g
'c

A94248 N 1927 63 6 June 20 2 86 98 75

B5640 R 1931 112 80A July 4 4 94 165 33

B45348 N 1928 78 51 June 27 1 104

B45348 R 1929 90 9 July 3 1 184

C68253 X 1930 96 25 June 13 2 76 107 44

Unknown 1930 98 51 July 11 1 132

Unknown 1931 111 74 July 18 3 80 129 17

C94219 R 1932 120 53 June 5 2 75 97 52

Unknown 1931 123 10 July 19 3 72 80 65

L24101 R 1934 146 49 June 23 3 197 294 126

L24987 N 1934 140 10 June 22 2 207 276 138

34-4445 N 1935 154 25 July 4 3 73 116 49

35-13635 N 1936 164 49 May 27 2 159 336 83

vals between. When the bird is very active, however, as the female in

territory 164 on May 27, her attentive periods averaged 7 minutes and

her inattentive periods only 10 minutes. The next day, with most of the

lining in, her attentive periods averaged 15.2 minutes and the inter-

vening periods 44.5 minutes. Probably the record obtained for this fe-

male on May 27 represents approximately the true proportions of these

periods during the active nest building phase.

The Egg-Laying Period

During the period of forming the set with the laying of one egg each

day, the true incubation behavior becomes established. The development

of this behavior is a gradual one with progressive changes from day

to day, so that averages and comparison of data from different females

can be made only for the corresponding days. The egg is usually laid

during the first or second attentive period after leaving the box in the
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morning — not just before leaving the nest in the morning as is the case

in the great tit, Parus major (Khiijver 1950).

House wrens lay sets varying in size from three to nine eggs, but five-

or six-egg sets are the most numerous. Elsewhere (Kendeigh 1941b) we
found that high air temperatures inhibit the laying of large sets while

low temperatures stimulate it. Air temperatures for the period 48 to 24

hours before the egg is to be laid appeared critical as to whether or not

the egg appeared—this being the presumed period of rapid increase in

size of the egg cell, just preceding passage from the ovary into the

oviduct. To determine if there were any behavior factors associated with

these environmental-physiological relations affecting the size of the egg

set, separate analyses were made of activity associated with five-egg,

six-egg, and seven-egg sets.

After the formation of a nest cavity and the laying of eggs, the thermo-

couple and potentiometer may be used. Several such records were ob-

tained which have the special advantage of showing the exact time that

the female spent on the eggs, which is, of course, of importance to their

incubation. At three nests, the temperature-recorder and itograph were

run simultaneously: A94248, C68253, C94219. A comparison of these

records shows that the female made several trips into the box each day

without sitting on the eggs. These trips were of brief duration, so the

average duration of the attentive periods as registered by the itograph

was shorter than that registered by the temperature-recorder. Likewise,

with more trips recorded, the inattentive periods were also of shorter

length.

Table 3 was compiled with the above considerations in mind. An
average of fragmentary data on seven nests with five-egg sets obtained

with the itograph shows, except for the single record for the first day,

a progressive increase in number of attentive periods per day, an increase

in their length, and a progressive decrease in the length of the intervals

away from the box. The attentive periods are similar in length as during

the nest-building period until the time the fourth egg is laid, and then

they become somewhat longer, averaging 11.9 minutes for the last day.

It is quite possible that the periods spent away from the box are broken

up by short nonfeeding periods corresponding to periods of attentive-

ness, so they do not represent inattentive periods in the true sense. The

data show clearly that the amount of time spent away from the box

decreases as the set nears completion.

The more extensive data obtained with the temperature-recorder per-

mit more detailed analysis, although the measured periods of attentive-

ness are only for the time spent on the eggs. This, however, is of special

interest in relation to the amount of heat applied to the eggs. A com-

parison of the data for the five-egg and six-egg sets is made in figure 2.
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Fig. 2. Comparison of attentive behavior during egg-laying between females

laying five-egg and six-egg sets.
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For the five-egg sets, the development of the incubating behavior is

regular and progressive as shown by increase in number and length

of attentive periods, and decrease in periods away from the nest. The

same phenomena occur with the six-egg sets, but not until after the third

egg is laid. From figure 2, it appears that beginning with the day on

which the fourth egg is laid the increase in the number of periods per

day in six-egg sets lags about a day behind the increase in five-egg sets.

The increase in the average length of the attentive period goes along at

the same rate in both set sizes, although averaging longer in duration in

the six-egg sets. In both cases the maximum length for the attentive

period, 12.7 and 15.7 minutes, respectively, is attained on the day that

the fifth egg is laid. The decrease in average length of periods away

from the nest lags in the six-egg set about two days behind the five-egg

set during the first four days, after which the lag is equivalent to one

day. Variations in average time away from the nest is a function of the

number and duration of trips or attentive periods made to the nest, and

it appears that the chief difference in behavior of the female when lay-

ing sets of five or six eggs lies in the number of attentive periods per day.

The total daylight activity of the female during egg-laying averages

nearly 16 hours. The total percentage of this time spent on the eggs in-

creases regularly from day to day when sets of five eggs are laid: 5.0,

12.3, 19.9, 32.2, 53.3. When sets of six eggs are laid, there is again evi-

dent a lag of a day in developing the same percentage of attentiveness

:

11.0, 9.4, 12.4, 18.1, 37.8, 52.6.

It is interesting that these differences in attentive behavior begin to

show on the day that the second egg is laid but become particularly

definite on the day that the third egg is laid. This is the third 24-hour

period before the laying of the sixth egg. As mentioned above, a pre-

vious analysis showed that environmental temperature during the second

24-hour period preceding the time of laying exerts a critical influence

on whether or not the egg is laid. The present data indicates that this

critical period also includes one day earlier, although the relative im-

portance of the third compared with the second 24-hour period preced-

ing laying is not known.

This suggests that differences in behavior are associated with dif-

ferences in environmental temperatures during this critical period when
the size of the set is determined. If air temperatures are favorable, a sixth

egg completes its development and this is correlated with a lag in the

appearance of incubating behavior. On the other hand, if conditions are

not favorable for the maturing of a sixth egg, the incubating behavior

develops much faster.

The cessation of egg-laying and onset of broodiness is believed to be

under hormonal control. This hormone may be prolactin, described by
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Riddle ( 1938), which is secreted by the anterior pituitary gland; or there

may be two hormones involved, one concerned with nest building and

incubation, and the other with brooding and care of the young (Nal-

bandov and Card 1945 ) . The rate at which secretion of hormone occurs

during the egg-laying period would determine how soon egg-laying

would cease and how soon the incubating behavior would become es-

tablished. There has been no demonstration as yet that the secretion of

these hormones may be directly affected by environmental conditions.

The incubating behavior may be considered fully developed when

the attentive periods average longer than the inattentive periods. In the

five-egg sets, this condition was reached, in five of the seven records

made, on the day that the last egg was laid. In six-egg sets, the inatten-

tive periods did not become shorter than the attentive periods until

the sixth and last day of egg-laying. In one of the five records this did

not occur until the following day. Likewise, with one record of a seven-

egg set, the inattentive periods did not become shorter than the atten-

tive periods until the last day, which in this case was the seventh day.

The data for the last three days in this record are as follows:

Day fifth egg laid: 23 periods; attentive period, 13.1 minutes; period away

from nest, 25.9 minutes.

Day sixth egg laid: 20 periods; attentive period, 19.5 minutes; period away
from nest, 22.0 minutes.

Day seventh egg laid: 23 periods; attentive period, 19.3 minutes; period

away from nest, 18.9 minutes.

Thus, although the incubating behavior in its full expression is not es-

tablished until the last egg is laid, it is in the process of development dur-

ing most of the egg-laying period.

Figure 3 gives the progress of an unusual record, apparently made by

the same female throughout, as all eggs laid were similar in detailed

markings and other characteristics. The record was exceptional even dur-

ing the first four days, in having an unusually large number of short

attentive periods. At around 1900 hours on the fourth day, all four eggs

were removed from the box, possibly by one of the two male wrens

who were then engaged in territorial conflict. In spite of this, the female

spent the night in the box and laid egg number five the next morning.

However, the number and length of her attentive periods and the per-

centage of total daylight time that she was attentive dropped consider-

ably. The following day she laid egg number six and her attentiveness

began to recover. During the following three days she reverted to carry-

ing in nest lining as well as sitting on the eggs. After this interval she

laid eggs seven, eight, and nine on successive days. With the laying of

these last three eggs her attentive behavior, which was already con-

siderable, increased still further and became fully characteristic of an
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incubating bird. It would appear that the normal increase in secretion

of the hormone concerned with increasing attentiveness and initiating

incubation was temporarily interrupted on the fifth day. This may have

been due to the excitement of competition between the two males for

territory and for her attentions, and to the removal of her first four eggs.

The formation of the fifth and sixth eggs was apparently too far advanced

not to be completed. Possibly the interruption in hormone secretion on

the fifth day, along with revived mating excitement, started a new ovula-

tion cycle, which culminated five days later in the laying of the seventh,

- Dumf/on of- attentive periods

Dqljs on t^n'ich egcjs ^ere hid
3 .Averaae
incubation

Fig. 3. Unusual egg-laying record of female L24101, at box 49 in territory

160, June 21 to July 2, 1935, recorded on the itograph. In evening of day on
which fourth egg was laid, all four eggs disappeared from the nest.
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eighth, and ninth eggs. Evidence has accumulated elsewhere (Kendeigh

1941b) that a psychological stimulus, presumably the male's attention

and copulation, is necessary to initiate ovulation and egg-laying in at

least some passerine species. It may also be necessary that a lack of such

intense excitement is required for increased hormone secretion to bring

about the cessation of egg-laying and the onset of full incubating be-

havior. The sequel to this history is that eggs five and six each hatched

15 days after it was laid, eggs seven and eight each 14 days later, and egg

nine 13 days later. Since hatching days were respectively 8, 9, 12, 13, and

13 days after the ninth egg was laid, it is obvious that the first ones laid

received considerable heat before the last one was laid. The last young

hatched, which was smaller than the others, disappeared when only

three days old, but the other four young birds left the box together late

in the afternoon, 18, 17, 14, and 13 days, respectively, after hatching.

The usual period of nest life is 15 days.

Incubation Period

During incubation of the eggs, periods of attentiveness and inatten-

tiveness were recorded both with the temperatvu'e-recorder and with the

itograph. Data from these two sources are presented in Tables 4 and 5

and are given separately for each day. The first day of steady incuba-

tion is the day the last egg is laid, and the data given for this day are

the same as in Table 3. The last day of incubation is considered to be

the day preceding the one on which the eggs begin to hatch. The num-

ber of inattentive periods per day is always one more than the number
of attentive periods, since the female spends the night on the eggs and

there is an inattentive period preceding the first attentive period in the

morning and after the last one in the evening. Table 6 gives a descrip-

tion of the nesting record of each female. Where two or more records

are given for the same female they may be separately identified by noting

whether they were obtained with the temperature-recorder ( TR ) Table 4,

or the itograph (I) Table 5, and the order in which they are given.

Comparison of potentiometer and itograph records. The data obtained

from the temperature-recorder and from the itograph are comparable

during incubation, as normally the female enters and leaves the box

without delay on each visit and spends all her attentive period on the

eggs. This similarity is shown in the averages obtained for the behavior

of three females on which both recording devices were employed through-

out the period of incubation (94248, C68253, C94219, Table 6). The
two sets of data are not, however, identical. There is a tendency for

the itograph records to show more periods per day, for the inatten-

tive periods to be shorter, and for a greater total daily period of activity.

Part of this discrepancy may be due to faulty interpretation of the
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record. Occasionally the female may not register on one of the two

perches of the box, so that her visit is not completely recorded. Some-

times the male comes onto the outer perch and may even enter the box,

although normally the male does not visit the nest during the incuba-

tion period. Such trips would be registered in the itograph record but

not in the temperature record. Probably the data obtained with the

temperature-recorder are more accurate than those from the itograph

when the length of individual periods or the averages and totals for

single days are concerned. In the averages over the entire incubation

period for the above three birds, the discrepancy between the number

of periods per day is about 4 per cent, between the length of the atten-

tive periods, about 3 per cent, between the length of the inattentive

periods, about 5 per cent, and between the total daily period of activity,

about 3 per cent. If the record obtained from the temperature-recorder

is accepted as correct, then the accuracy of averages obtained from the

itograph may be relied upon within the limits of plus or minus 4 per

cent.

Changes with progress of incubation. To demonstrate possible changes

in behavior with progress of incubation, data were averaged day by day

for those females whose records extended throughout (71653, A94247,

A94248, B96433, C68253, C68705, C94219, B45350, B45348). These

averages are shown in figure 4, separately for the temperature-recorder

and itograph. Data for the three females referred to in the above section

are included in both sets of curves.

There is evident in both sets of data a tendency for the number of

periods per day to increase for at least the first eight or nine days.

The length of the attentive period fluctuates from day to day but shows

no consistent tendency for any progressive change. On the other hand,

the inattentive periods decrease in length as their number per day in-

creases, and there is an inverse relation between the two. When total

time at and away from the nest each day is computed, there is some

suggestion that attentive time increases and inattentive time decreases

during the first three days, after which they fluctuate around a me-

dian during the rest of incubation. For the most part, however, attentive

behavior appears essentially uniform throughout incubation.

Average air temperatures were computed for the days on which the

records were obtained. The air temperature is the average for the 24-

hour day as measured at the Cleveland weather station, some 12 miles

away. Although the behavior records are only for the daylight period, it

is quite possible that any effect of temperature on the bird at night might

be carried over into the behavior on the following day. The variations

in mean daily temperature are small, however, and they appear unrelated

to variations in attentive behavior.
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Fig. 4. Changes in attentive behavior with progress of incubation.
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Table 4. Incubation period: records from temperature-recorder.
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1st Day 2nd Day

71653 70°F. 46 12.8 6.6 68°F. 46 13.5 5.7

664751 75 26 14.7 15.1

A38446 76 39 12.9 11.5 71 37 15.9 9.0

A93420 52 23 19.3 18.9 54 28 20.4 11.5

A94247 64 34 17.6 6.5 72 38 14.0 8.7

A94248 60 40 12.6 8.9 66 41 13.4 7.4

B45321 79 48 9.8 9.7 77 46 9.3 9.4

B45536 66 24 18.0 14.2 69 46 14.0 7.7

B56490

B96433 76 25 17.8 12.4 74 38 13.5 9.7

B96900

B97003

C68253

C68253 66 29 13.1 14.9 68 36 12.1 12.0

C68253

C68705 63 39 15.6 7.0 75 33 15.5 10.2

C94219 68 44 11.9 8.2 64 37 14.2 9.7

3rd Day Mh Day

71653 68 48 12.3 6.3 70 45_ 11.8 7.4

664751 63 26 19.9 10.7

A38446 76 38 12.2 10.5 82 41 10.4 10.1

A93420 63 25 23.5 10.0 66 22 26.1 10.1

A94247 70 36 17.5 6.8 64 50 11.3 6.1

A94248 64 45 12.8 6.3 68 45 11.6 6.8

B45321 75 58 8.3 7.0 69 40 15.1 6.7

B45536 74 38 12.7 11.2 76 43 10.2 9.5

B56490

B96433 76 41 13.3 8.7 70 37 14.6 8.6

B96900

B97003 74 22 14.5 25.7

C68253 56 18 21.3 18.1 49 20 27.1 15.8

C68253 72 31 18.1 10.9 74 36 14.2 10.4

C68253

C68705 73 35 15.9 8.6 71 49 12.1 5.5

C94219 66 34 15.5 10.5 70 32 16.6 11.5
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Table 4 (cont.). Incubation period: records from temperature-recorder.
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5th Day 6th Day

71653 68°F. 44 14.0 6.8 67°F. 46 12.7 5.7

664751 64 34 13.7 10.9 71 33 14.4 11.1

A38446 71 30 20.3 8.0 66 34 18.2 7.0

A93420

A94247 70 56 9.3 5.8 73 52 9.8 6.3

A94248 77 45 10.9 8.1 70 42 13.0 7.4

B45321 65 37 16.8 7.2 66 46 13.1 6.3

B45536 80 54 6.9 9.1 76 41 8.8 10.9

B56490 74 42 8.2 12.5

B96433 69 36 15.5 8.6 76 42 12.0 8.5

B96900 78 46 6.6 11.8

B97003 72 28 15.6 16.4 72 32 15.3 13.1

C68253 49 26 21.2 11.1 52 27 20.5 9.9

C68253 77 31 14.8 13.0 77 31 15.0 11.5

C68253 64 43 11.2 8.6 75 62 6.7 7.2

C68705 70 64 9.3 4.6 76 49 11.3 7.1

C94219 68 34 16.0 9.8 70 39 14.4 8.5

th Day 8th Day

71653 68 43 14.0 5.8 69 50 11.3 5.5

664751 72 28 18.4 12.0 80 23 14.0 12.3

A38446 68 34 19.0 7.0 60 43 15.8 5.0

A93420

A94247 72 62 8.1 5.4 81 73 7.7 4.2

A94248 62 44 13.5 6.5 62 55 10.6 5.7

B45321 74 45 9.1 9.6

B45536 79 50 7.2 9.6 74 49 8.4 8.0

B56490 69 50 9.7 7.9 69 47 12.4 7.7

B96433 77 38 13.4 7.9 70 38 14.2 7.4

B96900 76 39 11.5 9.5 74 42 10.7 9.7

B97003 74 40 12.2 9.3 72 39 12.6 10.7

C68253 50 25 21.1 10.3 48 27 19.7 11.5

C68253 77 38 12.0 10.8 71 36 16.9 7.9

C68253 64 30 20.4 8.9

C68705 71 44 13.9 6.0 72 44 13.4 6.6

C94219 76 34 14.7 11.0 74 41 12.1 9.7
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Table 4 (cont.). Incubation period: records from temperature-recorder.
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71653 7rF. 50 9.3 5.6 78°F. 42 13.5 5.7

664751

A38446 60 40 17.5 5.8

A93420

A94247 82 74 5.9 6.0 76 61 8.5 5.6

A94248 64 53 10.3 6.1 67 44 12.4 7.1

B45321 76 54 6.8 9.2 Eggs removed

B45536 76 53 8.1 7.2 72 60 7.5 6.4

B56490 66 56 8.6 7.3 73 63 7.4 6.9

B96433 70 38 15.2 7.2 68 36 15.1 7.9

B96900 77 43 9.1 10.7 79 41 8.1 13.8

B97003 68 41 15.6 9.0 67 40 13.4 8.7

C68253 48 30 17.3 10.5 56 34 15.7 8.7

C68253 68 32 19.8 7.4 62 43 13.4 7.3

C68253 55 34 18.3 9.0 55 38 16.9 6.5

C68705 71 43 13.2 7.2 76 37 13.9 8.3

C94219 76 46 11.2 8.0 74 34 13.2 9.1

nth Day 12th Day

71653 78 42 14.1 5.6 76 45 14.0 5.3

664751

A38446

A93420

A94247

A94248

B45321

B45536

B56490

B96433

B96900

B97003

C68253

C68253

C68253

C68705

C94219

74 41 15.6 5.5 77 65 7.3 5.5

74 45 11.1 7.6 71 37 13.7 8.2

72 68 8.1 6.0 Egg.s removed

73 60 6.2 8.3 78 57 5.8 7.6

73 37 13.7 8.5 72 42 12.4 7.1

83 46 7.7 13.1

68 46 10.3 9.5 68 41 14.0 8.0

62 31 18.2 10.2 73 41 13.0 9.0

72 50 9.2 8.7 80 37 10.4 11.8

60 35 16.2 9.1 68 45 11.1 7.8

60 58 9.7 5.4 61 51 11.6 5.4

74 36 14.3 10.2 65 37 15.5 8.5
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Table 4 (coi^t.). Incubation period: records from temperature-recorder.
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71653

664751

A38446

A93420

A94247 74°F. 44 13.2 6.1

A94248 62 44 13.1 6.1 62°F. 36 13.5 9.1

B45321

B45536

B56490 75 74 4.0 7.9 74 77 5.8 6.4

B96433

B96900

B97003

C68253 Deserted

C68253 70 41 12.4 8.7 62 45 12.9 6.7

C68253 70 33 18.9 7.3 62 39 16.1 6.7

(loth Day: 66 29 19.6 8.8)

C68705 70 46 11.5 6.7 76 55 8.8 6.6

C94219 64 38 13.0 8.0
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Table 5. Incubation period: records from itograph.
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1st Day ^?jd Day
664751

A93513

A93526

A94248

A94248 60°F. 44 12.4 7 2 66°F. 43 12.7 7. 1

B5640

B5640

B5640 70 41 11.5 10. 3 77 33 9.4 12. 4

B45348 76 50 9.1 8 8 79 48 10.8 8 1

B45348 70 43 11.5 9. 2

B45348

B45349

B45350 66 33 12.7 14 9 69 36 13.6 9 2

Unknown 69 51 11.7 5 7

Unknown 70 47 12.0 6 7 69 51 10.5 6 7

C68253 66 34 14.0 12 4 68 36 12.7 11 4

C68257

C94219 68 48 11.4 7 4 64 48 11.2 9 1

F58248

H18583

L24101 70 62 6.1 8 4 79 56 8.1 6 9

L24101

L24987

34-86072

35-13635

3rd Day 4th Day

664751

A93513

A93526 55 54 9.3 7 3 53 52 9.9 6 8
•

A94248 82 46 7.2 12 7

A94248 64 45 13.3 5 .9 68 44 12.4 7 1

B5640 70 36 16.8 8 .1 68 41 15.5 5 .9

B5640

B5640

B45348 79 43 11.6 9 3 70 45 13.1 6 5

B45348

B45348
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Table 5 (cont.). Incubation period: records from itograph.
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3rd Day Continued 4th Day Continued

B45349 76°F. 37 15.4 8.3 72°F. 42 11.8 8.9

B45350 74 29 18.5 10.1 76 49 10.1 7.9

Unknown 74 67 8.7 4.8 76 50 10.0 7.2

Unknown 76 49 10.8 7.1

C68253 72 31 18.0 11.1 74 37 13.8 10.1

C68257

C94219 66 39 13.8 9.1 70 38 14.3 9.3

F58248 64 53 10.3 5.9

HI 8583

L24101 77 36 12.2 7.5 80 32 17.9 9.1

L24101

L24987

34-86072

35-13635

5th Day

72 38

6th

12.7

Day

11.0

664751 66 43 12.5 9.0

A93513 77 57 9.5 6.1 74 52 11.3 5.6

A93526 56 55 10.0 6.1 58 54 9.6 7.2

A94248 80- 51 6.0 11.8 74 48 7.8 10.8

A94248 77 45 11.5 7.6 70 43 14.9 6.6

B5640 73 33 19.1 7.7 72 39 13.7 7.6

±)OD4U

B5640

B54348 68 49 10.8 7.3 75 66 5.9 7.5

B54348 70 91 4.6 3.3

B54348 49 57 9.6 5.7

B45349 74 52 6.5 9.3

B45350
Unknown

80

80

41

38

12.2

13.3

9.3

9.0

76 42 9.7 8.8

Unknown
C68253 77 29 17.3 12.8 77 32 20.8 11.8

C68257

C94219 68 40 13.8 8.3 70 46 12.2 7.1

F58248 71 54 8.5 6.9 73 55 8.3 7.0

HI 8583

L24101 80 29 18.2 10.3 76 32 12.5 1.17

L24101 76 26 21.4 9.4



ATTENTIVE BEHAVIOR OF THE HOUSE WREN 35

Table 5 (cont.). Incubation period: records from itograph.
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L24987

5//i Day Continued 6th Day Continued

34-86072

35-13635 70°F. 38 15.2

7th Day

8.3

664751 68 31 17.1 11.3

A93513

A93526 64 54 9.6 6.7

A94248 62 47 10.9 8.6

A94248 62 45 13.3 6.0

B5640 62 40 14.0 5.4

B5640 62 38 16.3 6.6

B5640

B54348 81 64 6.2 7.5

B54348 68 86 4.5 5.1

B54348 49 46 8.3 10.0

B45349 75 48 10.1 8.3

B45350 79 53 6.9 6.9

Unknown

Unknown
C68253 77 41 11.1 10.4

C68257

C94219 76 32 16.1 10.5

F58248 74 53 9.3 7.0

HI8583

L24101 68 32 17.0 9.2

L24101 69 25 21.8 12.0

L24987

34-86072

35-13635 67 41 11.0

9th Day

10.6

664751

A93513 67 73 8.0 4.4

A93526 52 63 8.7 5.3

A94248

A94248 64 57 9.7 5.6

B5640 70 45 13.1 5.7

Sth Day
68°F. 40 12.8 9.4

67 58 9.6 5.4

58 59 9.9 5.4

62 58 9.9 4.8

63 40 15.6 5.6

66 34 16.4 7.8

79 50 11.2 6.5

73 76 4.8 6.4

52 51 8.2 8.6

Further record uncertain

74 46 11.4

71 34 18.7

72 37 13.5

6.7

8.2

74 40 14.4 7.7

72 58 9.2 6.2

82 62 8.0 6.7

72 43 11.0 7.0

64 26 25.0 9.0

10.0

10th Day
72 47 9.3 9.9

73 74 6.8 5.1

53 55 9.8 6.3

67 53 10.4 5.7

70 38 16.4 6.7
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Table 5 (cont.). Incubation period: records from itograph.
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9th Day Continued iOf/) Da;/ Continued

B5640 59°F. 40 16.4 6.1 54°F. 46 12.9 6.4

B5640

B45348 77 74 5.9 6.0 75 62 7.9 6.6

B45348 72 56 8.3 5.0

B45348 50 31 11.7 15.4

B45349

B45350 76 44 11.9 7.6 72 38 14.6 7.7

Unknown 72 42 13.5 7.0

Unknown
C68253 68 33 18.8 8.0 62 44 13.4 6.7

C68257

C94219 76 39 15.4 7.6 74 26 20.3 10.2

F58248 74 51 8.0 8.7 82 64 6.8 6.9

HI 8583 88 64 9.7 4.7 78 70 6.4 6.3

L24101

L24101 67 25 23.4 10.4 60 28 20.0 10.1

L24987 68 44 12.6 6.9

34-86072

35-13635 56 40 15.1 6.4 62 48 12.2 5.8

nth Day 12th Day
664751 76 52 8.1 9.1 79 41 11.5 10.4

A93513 ... ... 66 58 10.8 4.4

A93526 ... ... 58 63 8.8 4.7

A94248 74 46 10.6 7.6 71 39 13.4 7.8

B5640 78 39 15.2 6.5 76 46 12.5 6.7

B5640 57 41 14.8 6.3 64 42 15.1 6.6

B5640

B45348 69 52 10.9 6.2 65 50 12.3 4.9

B45348

B45348

B45349

B45350 72 36 16.1 7.9 74 51 9.6 7.1

Unknown 72 44 12.5 6.8 74 45 12.4 6.5

Unknown
C68253 72 38 14.5 9.3 80 41 10.2 11.6
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Table 5 (cont.). Incubation period: records from itograph.
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7rF. 35 9.5 15.7

74 41 11.4 10.0

88 50 6.0 12.4

78 68 8.2 4.8

49 28 21.7 7.8

68 45 11.9 7.5

64 49 10.0

13th Day

8.0

60

62

54

78

64

77 7.2

56 4.8

30

44

45

19.6

14.0

10.4

4.4

62 42 13.7 6.2

74 55 12.2 5.2

66 45 11.6 9.1

9.5

75 45 11.5 7.4

75 38 14.7 7.6

70 41 12.6 8.7

62 57 7.1 8.6

64 52 10.3 7.9

68 61 5.0 9.5

8.0

6.8

9.3

l"2th Day Continued

68°F. 43 7.4 13.4.

65

78

83

52

72

38

58

34

45

14.4

7.5

9.0

17.4

68 46 9.0

IMh Day

62 64 9

62 41 14

Eggs did not hatch

62 45 11

69 43 12

10.3

8.1

4.0

7.0

12.8

9.8

3 4
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One itograph record was obtained on an unidentified female who con-

tinued to incubate eggs that failed to hatch for six days beyond the

normal period. An average of nine of the first 13 regular days of incuba-

tion gives 51 attentive periods per day, 7.7 minutes in length. Inatten-

tive periods average 10.1 minutes. An average of data for three of the

following six days shows a reduction in number of attentive periods per

day to 40 and their length to 5.7 minutes, while the inattentive periods

increased to 16.5 minutes. However, these differences are probably not

attributable to the prolonged incubation but more likely to the high air

temperatures, which averaged 83° F. (28.3° C.) and had a maximum
of 98° F. (36.7° C). The nest box was exposed to the sun, and doubtless

the excessive heat interfered with normal attention to the eggs.

Averages for individuals and the species. The detailed daily data given

in Tables 4 and 5 are averaged in Table 6 for each record of each fe-

male. There are 40 nesting records involved, obtained on 30 females

over a total of 332 days. The average of all these records indicates that

45 attentive periods per day are typical for the species, with these

averaging 12.1 minutes in duration and taking up 58.2 per cent of the

daytime activity. This compares with 46 inattentive periods averaging

8.5 minutes in length. Considerable variation between records for indi-

vidual females occurs, however, and these variations need to be ex-

plained.

Changes with age, mates, and season. Apparently the age of the fe-

male and her nesting experience of previous years do not explain the

variations, as the records for three females (B5640, B45348, C68253)

obtained over two and three years show no consistent changes.

Female B45348 had the same mate at box 51 in 1928 and 1930, and

female C68253 had the same mate at box 26A and box 25 in 1930; other-

wise these three females had a different mate for each nesting. It does

not appear that a change of mates affected the female's behavior very

greatiy.

In Table 7, the records are averaged for each of the four months dur-

ing the nesting season. There is no clear-cut correlation apparent with

the progress of the nesting season.

Influence of air temperature. When the records are analyzed in re-

spect to the average air temperature over the entire period during which

they were obtained (Table 8), there is some tendency shown for a rise

in air temperature to be accompanied by an increase in number of

periods per day and a decrease in the average length of the attentive

but probably not the inattentive periods. However, the trends are

irregular and not altogether convincing.

Further analysis of the influence of temperature is made in figure 5.

To obtain the curves shown in this figure, the number and duration
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Fig. 5. Changes in attentive behavior correlated with mean daily air tem-

perature.

of the periods each day, as given in Tables 4 and 5, were sorted out and

averaged for each female for each five-degree interval of daily air

temperature. Averages were then made of the records of all the fe-

males in each range of temperature and plotted against the median

temperature of this interval. When both an itograph and a temperature

record were available for the same nesting, only the latter was used.

Averages were made of all data for each temperature regardless of the

fact that the record of no single female extended over the complete

range of temperature.

Some persistent trends are to be discerned in these curves. There is

a tendency for the number of periods per day to increase as the air

temperature rises, but this is pronounced only at the extreme tempera-

tures. From 48° to 53° F. (8.9° to 11.7° C), all three females showed an

increase in number of periods per day. In the range from 53° to 78° F.

(11.7° to 25.6° C), only 45 per cent of comparisons of records on indi-
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vidual females from one temperature interval to another showed an in-

crease, so the slight upward trend in the curve for these medium tem-

peratures is probably not statistically reliable. Although the curve rises

abruptly to 83° and 88° F. (28.3° and 31.1° C), only 56 per cent of the

records shows such a trend, so there is considerable individual variation

between females.

Table 7. Variations in attentive behavior with progress of the nesting season.

Number Air Number Atten- Inatten- Percentage

of temperature of tive tive of total

Month nestings periods periods periods time

recorded °F. °C. per day (min.) (min.) attentive

May 9 62 16.7 47 12.6 8.0 60.7

June 10 69 20.6 42 12.3 10.3 53.8

Julv 20 73 22.8 46 11.8 8.0 59.1

August 1 66 18.9 45 12.3 6.9 63.6

Table 8. Variations in attentive behavior vi^ith differences in air temperature.

Average Percentage

air Number of Number of Attentive Inattentive of total

temperature nestings periods periods periods time

°F. °C. recorded per day (min.) (min.) attentive

53 11.7 2 38 14.0 10.6 56.3
-58 14.4 3 . 48 13.5 8.4 61.2

62 16.7 3 36 17.2 8.1 67.4

68 20.0 7 • 43 12.3 8.8 57.7

73 22.8 23 •46 11.4 8.3 57.3

79 26.1 2 54 8.4 8.7 48.7

With the rise in air temperature, there is a decrease in the average

length of the attentive periods. Here again the decrease in length of the

periods is most pronounced at extreme temperatures. Considering vari-

ations in records of individual females from one temperature interval

to the next: 100 per cent show a decrease from 48° to 53° F. (8.9° to

11.7° C); for the range of medium temperatures of 53° to 78° F. (11.7°

to 25.6° C), only 58 per cent are decreasing; but from 78° to 88° F.

(25.6° to 31.1° C), the percentage goes up to 78.

The curve showing duration of the inattentive periods does not vary

in harmony with the other two curves. Sixty-seven per cent of the records

on individual females at the lower air temperatures of 48° to 63° F.

(8.9° to 17.2° C.) agree in showing a decrease in the length of the

period. From 63° to 88° F. (17.2° to 31.1° C.) the reverse is almost ex-
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actly true, with 64 per cent of the individual records indicating that the

inattentive periods are increasing in length.

The total attentive time at tlie nest decreases and the inattentive

time away from the nest increases progressively from 58° or 63° to 83° F.

(14.4° or 17.2° to 28.3° C). The most pronounced change comes be-

tween 78° and 83° F. (25.6° and 28.3° C). There are no significant

changes below 58° F. (
14.4° C.) or above 83° F. (28.3° C). There is like-

wise no consistent variation with temperature in the combined time

of attentiveness and inattentiveness during the day. This varies between

883 and 958 minutes and averages 927 minutes, or 15.4 hours. The per-

centage of total time that the bird is attentive during the day varies

from 61.0 and 65.6 at 48° to 63° F. (8.9° to 17.2° C), to 47.0 and 47.6

at 83° and 88° F. (28.3° and 31.1° C).

The range of medium air temperatures, 53° to 78° F., within which

there is less pronounced variation in the various phases of attentive be-

havior correlated with temperature, is approximately the range of air

temperatures where this species has its greatest physiological vigor in

initiating breeding (Kendeigh and Baldwin 1937), producing the largest

sets of eggs and also individual eggs of largest size (Kendeigh 1941b),

and with greatest percentage of egg-hatch (Kendeigh 1942). At the

lower air temperatures, longer attentive periods are required to maintain

the eggs at the normal incubation temperature. This transference of

heat from the bird to the egg drains more energy from the incubating

female, which requires her in turn to spend longer inattentive periods

for feeding in order to replenish that energy. Furthermore, at low air

temperatures, insects become more sluggish and difficult to find. The
effect of low air temperatures is enhanced when combined with rain. On
the other hand, at high air temperatures the eggs do not cool so rapidly,

and, should the nest box be exposed to the sun, nest temperatures may
become too high for the comfort of the bird herself, with the result that

the time at the nest is reduced and the time away is increased. The fe-

male may spend part of these prolonged periods off the eggs in no

particular activity aside from sitting on a perch near the nest box.

Correlation with length of incubation. An average of 97 records gives

an interval of over 26 hours between the hatching of the first and last

egg. The eggs tend to hatch in the order laid. If the true length of the

incubation period is considered the time from the last egg laid until

it hatches (Swanberg 1950), then one day must be added to the data

on length of incubation before hatching given in Table 9. The normal

incubation period varied for different females from 12 to 15 days. One
record of 16 days is probably to be explained by the fact that two

thermocouples in the nest, instead of one, disturbed the female so that

the incubation temperature was lowered. In Table 9, there is some correla-
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Table 9. Relation of attentive behavior to length of incubation.

Average Number of

tern- periods Attentive Inattentive

perature per day periods periods

03

0.2 ^ Eq O
•5"^ S^° ° ^-ci M_ 'c^ M_ t:_ c-
M-2 f^t 5:! t- ric tnC ^c s-c SrijC
c
03 3o > X >c:xs >c ><:?: o-" -^

J.S ^ £ <^ W <13 W3 -aJ-S W-

12 days 1 78 25.6 43 9.0 11.4 43.6

13 days 10 72 22.2 50 36-62 10.8 6.7-14.2 7.8 5.2-12.3 57.6

14 davs 13 68 20.0 42 28-66 12.8 7.7-21.3 8.9 6.0-12.6 58.4

15 days 9 67 19.4 47 24-61 12.0 7.6-22.3 8.4 5.9-12.6 58.3

tion between the length of attentive periods and the time required for in-

cubation. The attentive periods average longer when incubation extends

over 14 and 15 days than when it lasts only 12 or 13 days. Probably there

is no direct causal relation between these two factors, as both are in-

fluenced by the lower temperature. The effect of temperature on atten-

tive behavior is discussed above. This is not the place to analyze in detail

the influence of air temperature on time required for incubation (Ken-

deigh 1940), but there is significance that in the one record with 12

days of incubation, the nest box was attached to the south side of a

building where it received the full glare of the sun throughout the day.

Readings taken inside the box showed that the temperature sometimes

reached 100° F. in the middle of the day. The adult responded by

shortening her attentive periods or staying away entirely for long in-

tervals at a time. With the eggs maintained at an unusually high tem-

perature during the inattentive periods, development of the embryo

must have been considerably speeded, with a consequently shorter time

required for their hatching.

Influence of male on the female's behavior. Since the great amount

of variation in number and length of attentive and inattentive periods is

not to be explained by age, by previous nesting experience, or by en-

vironmental factors such as temperature except when it becomes ex-

treme, and since there is no direct correlation with length of time re-

quired for incubation, then it must be due to differences in inherent

characteristics of the individual birds themselves or in the interrelations

between the male and female constituting the pair. The innate physio-

logical and psychological peculiarities of individuals cannot be analyzed

further at this time, but the influence of the male over the female's be-

havior is considerable and may be the cause of some of the variation.



ATTENTIVE BEHAVIOR OF THE HOUSE WREN
, 45

The male's influence is easily observed, but differences between males in

the amount of this influence have not been put on a quantitative basis.

The male continues to have attentive and inattentive periods through-

out the nesting cycle, although these periods are seldom as sharply

defined as with the incubating female. Toward the end of her attentive

period on the eggs, the male often approaches the box singing, and when
the female hears him she often leaves at once. If the male should come
too early, the female may persist on the eggs or may leave with what

appears to be great reluctance. If she remains on the eggs, the male may
leave and return a few minutes later. The occasional reluctance of the

female to leave is shown in the following observations:

0932 hours—Female is on eggs. Male approaches box and sings for first time.

Female gives a whining note but does not stir. The male sings a second time;

the female repeats the whining note. The male sings a third time; the female

raises her head and looks out. The male sings a fourth time; the female goes

out onto the perch. The male sings a fifth time; the female leaves box.

0939 hours—The female returns as the male is still singing nearby, but he now
stops singing and leaves.

When the female does not immediately appear in response to the

male's invitation, he may alight on the perch and look into the box. If

he sees her he quivers his wings excitedly. This behavior of the male

is strong inducement for the female to leave and plays an important part

in regulating the length of her attentive periods.

While the female is inattentive, the behavior of the male is variable.

Commonly he stays near the nest box as if guarding it. He may sing more

or less continuously, although often in a listless manner. Occasionally he

may drop to the ground nearby and hunt for food. Once in a while, or

regularly in the case of some males, he accompanies the female in her

search for food. In such instances, he may or may not accompany her

back to the box. If he has remained near the box, he sings more ener-

getically when he sees her approaching and may fly out to meet her.

If the female delays too long in her return, the male may start singing

vigorously anyway and may even revert to his territory song to induce

her to return. After she has entered the box, the male usually becomes

quiet and Ries off for an inattentive food-searching period of his own.

After a relatively short inattentive period the male again starts to

sing, although usually not near the box. One set of observations on a

single male gave six minutes for his attentive period and three minutes

for his inattentive period. He may visit remote parts of his territory,

inspect his other boxes, and may give his territory song. He has time to

be occupied before returning to the incubating female, and this is a

factor in his occasionally interesting a second female to start nesting at
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another box within his territory. Frequently, he gets concerned in these

other activities and neglects to return to his female when she is due

to leave on an inattentive period.

Although the attentive behavior of the male and female is thus syn-

chronized, the timing is not perfect, and the female may leave before the

male appears. In cases where the male deserts, the female maintains her

usual periods without change. Therefore the presence of the male is not

obligatory for the development of attentive behavior in the female.

For the most part the male is obliged to fit his behavior to his mate's

schedule, rather than the reverse.

Attentiveness is well established in the behavior of the female and

must be grounded on fundamental, inherent characteristics. When fright-

ened out of the box soon after an attentive period has begun, she will

ordinarily return promptly when the source of the disturbance disappears.

But if frightened out toward the end of an attentive period, she does not

return until after her inattentive period is passed. This flux and. ebb

in her attentiveness is distinctly rhythmical and must depend upon a

physiological or nervous property that is rhythmical on the same time

schedule.

Relation between number and length of periods. The average number

of attentive periods per day varies among different females (Table 6)

from 24 to 70; the length of these attentive periods varies between the

extremes of 6.7 and 22.3 minutes, and the length of the inattentive periods

between 5.2 and 12.6 minutes. To determine what relation may exist

between the different phases of attentive behavior, the records on

length of attentive and inattentive periods, as given in Table 6, were

averaged for each range of ten in number of periods per day ( Table 10 )

.

It is at once apparent that as the number of periods per day increases

there is a decrease in the length of both attentive and inattentive periods,

and that the percentage of decrease in respect to the mean is greater

in the attentive periods (+58 to —34) than in the inattentive periods

(
-\- 35 to — 30 ) . There is no significant variation in percentage of total

Table 10. Correlation of average number of periods per day with their

average duration.

Attentive period Inattentive period
Average Number Percentage

number of Percentage Percentage of total time

per day records (min.) of mean (min.) of mean attentive

27.0 4 19.7 158 11.3 135 62.7

37.5 8 13.8 110 9.6 114 58.3

44.9 19 11.4 91 8.5 101 56.7

.55.8 5 9.2 74 6.9 82 56.7

64.8 4 8.2 66 5.9 70 57.8
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daylight time that the bird is active in regard to the number of periods

per day.

There is also considerable variation in the number and length of

attentive and inattentive periods in the same female on consecutive days

^6'

Inaifenti
per/ods

Q5o

/5 20 25 30 35 40 45 50 S5 60 65" JO 75- 80
Number of periods per daLj

Fig. 6. Relation between different aspects of attentive behavior.

(Tables 4 and 5). In figure 6 the relation between number and length

of periods is shown for averages of daily records irrespective of the

female on which obtained, grouped in ranges of five periods per day.

Although the length of attentive and inattentive periods decreases as the

number of periods increases, the decrease is somewhat faster in the

attentive periods than the inattentive. There is irregularity in the per-

centage of total time that the bird is attentive. The greatest percentage

of attentiveness occurs when there are 28 to 43 trips per day. From
28 to 78 trips per day the trend in percentage of time attentive is a de-

clining one. Why the percentage also declines at 23 and 18 trips per day

is not clear.

The total time of attentive and inattentive activity per day increases

with an increase in the number of periods and a decrease in their length.

This increase is rapid in the lower ranges and then becomes more gradual
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and fluctuating. The difference in total activity on days with 18 and 78

periods amounts to over two and one-half hours. This is considerably

more than the difference of 26 minutes of daylight between May 21 and

June 21 and between June 21 and July 22 (Fig. 15) and hence cannot

be explained by difference in the daily photoperiod. There is no re-

lation between total daily activity and temperature (p. 43). Cloudiness

may be a factor by affecting time of beginning and ending the day's ac-

tivity. Perhaps also the number and length of periods is an index of the

psychological or physiological state of the individual bird on a particular

day. The more nervous the bird or the higher the pitch of its metabolic

or physiological state, the more numerous and shorter are its periods,

the earlier it begins activities in the morning and the later it ceases them

in the afternoon.

There is also evident in figure 6 a positive correlation between the

length of the attentive and inattentive periods. This relation is better

shown when the average duration of each period is calculated for each

range of ten minutes in the average daily duration of attentive periods.

These calculations are as follows:

Range: 0-10 minutes; attentive period—7.9 minutes; inattentive period—7.5

minutes.

Range: 10-20 minutes; attentive period— 13.8 minutes; inattentive period—8.5
minutes.

Range: 20-30 minutes; attentive period—22.3 minutes; inattentive period— 10.8
minutes.

The attentive period varies in length considerably more than the in-

attentive periods. The extreme range in the length of the attentive period

is 98 per cent of the mean of the three figures; the extreme range in the

length of the inattentive period is only 37 per cent of the mean.

The analysis in this and preceding sections indicates that during

incubation the length of the attentive period is very variable and the

length of the inattentive periods is the least variable. Variations in

the number of periods per day depend primarily on the length of the

attentive periods. This is a statistical relationship. The relation between

the length of the attentive and inattentive periods is probably a physio-

logical one, however, since with shorter attentive periods, less rest and

less food are required, while with longer attentive periods there needs

to be more rest and more food. The duration of the attentive period

is affected by air temperature and the individuality of the female.

Probably there is a characteristic length of the attentive period for the

species which is determined by heredity and is the result of evolution,

and individual birds vary rather widely in their attentiveness around

this figure as determined by their individual temperament, physiology,

heredity, and as modified by the environment.
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Brooding the Young

The female continues to brood the young after hatching, much as she

incubated the eggs. The record of attentive periods becomes difficult to

interpret, however, because the periods are often interrupted by the male

coming with food for the young and because of the greater restlessness

and activity of the female herself. The data compiled in Table 11 repre-

sent primarily the number and length of the periods spent in brooding.

The attentive period, to be complete, should also include time spent in

feeding the young as well as in brooding them. Brooding periods are

nearly equivalent to attentive periods during the first one to three days

after the young begin to hatch, as the amount of feeding is not great; but

as the young get older, the amount of brooding becomes reduced and

the rate of feeding is increased.

Attentive behavior is very irregular on the day that the young begin

to hatch, as hatching may begin at any time and all attentive periods for

the day, both before and after hatching, are averaged together. Hatch-

ing of the eggs normally occurs one at a time at intervals of a few hours,

and may extend over two days. The most evident change to be noted,

in comparison with attentive behavior during incubation for the same

individuals, is the increase in number of periods per day and decrease in

their length. The number of periods on the day of hatching increases

49 per cent, the attentive periods decrease in length 34 per cent, and the

inattentive periods decrease 29 per cent. This increase in activity may be

due in part to the excitement of the female but may also be due to an

adjustment to the physiological needs of her newly hatched cold-

blooded offspring.

The record of A94248 in territory 68 is of special interest. The male

deserted this box before the young hatched, so the itograph record is

uncomplicated and shows the brooding periods clearly. The first egg

hatched on August 17 at 1030 hours, the second at 1445, the third at 1620,

the fourth about 1700, and the fifth between 1330 and 1500 hours the

next day. The number of brooding periods, beginning August 17, varied

on consecutive days as follows: 48, 61, 75, 77, 72, 62, 49, 38. The total

time per day spent at the nest varied: 529, 476, 525, 462, 382, 236, 211,

213 minutes. As indicated by this record, brooding ordinarily continues

beyond the second day given in Table 11, but the registration of brood-

ing time is only occasionally clear for the later days. B56490 brooded

57, 64, and 56 times on the third, fourth, and fifth days for totals of 371,

474, and 342 minutes. There is evidence in some records that brooding

may continue to some extent until the young are ten days old.

An exceptional record is that for B96900 in territory 83 on the second

day after hatching. The record indicates that the female spent relatively
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few periods in the box, but these were exceptionally long and with long

intervals between successive periods. The original recording shows great

nervousness on the part of the bird during the brooding periods. She

was up and down almost constantly. This was a hot day with maximum
shade temperatures reaching 90° F. Since the box was exposed to the

sun, temperatures inside the box were even higher. The heat produced

a different response in the attentive behavior of the bird from that in-

voked during incubation, although during the middle of the day the bird

remained away from the box entirely.

Since attentive behavior is similar on the first day of hatching and on

the next two days, an average of all daily records except for the unusual

one described above indicates typical behavior to involve 67 brooding

periods, averaging 7.3 minutes each, spaced at intervals of 6.4 minutes.

Brooding constitutes 52.9 per cent of the daytime activities, which is a

lower percentage of time spent in this activity than the 58.2 per cent of

the daytime spent in incubating the eggs.

Feeding the Young

Both adults may feed the young while in the nest; the female regularly

does so unless disturbed, but the male often does not or may do so irregu-

larly. There is no way, from the itograph record, to distinguish which sex

enters the box nor to determine whether it feeds one young, several

young, or none at all. Observations extending over many hours from

peepholes in the back of boxes indicate that occasionally during the first

few days the female may enter the box without feeding the young, but

that later in nest life normally one, and only one, bird is fed on nearly

every visit. As the young get older and larger, they may receive more

food per feeding. However, and possibly also where the young are fed

at a slow rate, they may receive more food each time. The data obtained

are strictly on trips to the box, although there can be little doubt that they

furnish a close approximation of the actual rate of feeding the > oung.

Table 12 is a detailed record of the total number of trips into the nest

box from dawn to dusk each day, the number of young present, and

which adult sex was observed active at the box during the day. Data for

the day that the eggs began to hatch (marked "0") include visits to

incubate the eggs as well as to brood and feed the first young to come

out of the shell. Usually all young are hatched by the day marked "1st."

When the female goes to the nest to brood, she usually brings food. If

the young bird does not defecate after being fed, the female begins to

brood immediately. When the young are very small, the female may
swallow any excrement voided, but later she carries it out of the box and

returns at once to brood, often without food. The itograph records this

as two visits and they are counted as such, as they cannot be distinguished
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Table 12. Record of number of trips to box per day during the nest life of

the young. ( See also Table 15 for description of nesting record

of each female.

)

bC M
c C

^ bjO

S CO O G a cc
'^ - 2^

4J tn
x: 3 j2 a. aj ^ 3 -o a j2 a
1^ X 3^ r- X

3 O
3 ^ 3

Z'o ^'o m ^'o Z'o CO Z3 Z o

664708

664751

664751

A93513

A94247

A94248

A94248

B5640

B5640

B5640

B45348

B45348

B96001

Unknown
C68253

C68253

C68254

C68257

C94216

C94219

C94331

F45942

F45942

F45947

F45947

F58248

HI 8583
L24101

L24101

L24101

L24101

L24987

34-4445

34-86072

35-13635

35-13671

Z)ay {Hatching)

FM 2 130

FM

FM

F

FM

FM
FM

FM

145

FM 5 209

FM 1 145

177

5 171

1 126

112

96

153

FM

FM
FM

FM
FM

FM
FM
FM
FM

1st Day

190 FM

F

hid Day

5 199

5 112

FM 3 199 f:\i 3 260

FM 2 165 f:\i 2 134

107

164

220

174

204

164

147

73

102

214

FM
FM

F
FM
FM
FM
FM
FM
FM
FM
FM

124

160

217

145

191

263

197

138

160

100

99

220
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Table 12 (cont.). Record of number of trips to box per day during the nest life of

the young. (See also Table 15 for description of nesting record

of each female.

)

-2

a

CZ2

3 n
-3

32

"5 o
3 >> 3 ^

S CO

Z o

3rd Day 4th Day oth Day

664708 F 2 285

664751 FM 5 223 FM 5 232

664751 F ? 83 F 1 113

A93513 FM 5 174 FM 5 210 FM 5 168

A94247 FM 4 201 FM 4 187

A94248 F 5 116 F 4 117 F 4 138

A94248

B5640

B5640 FM 5 276 FM 5 244 FM 5 271

B5640

B45348 FM 3 295 FM 3 271 FM 3 228

B45348 FM 7 185 FM 7 177 FM 7 259

B96001 FM 3 161 FM 3 152 FM 3 158

Unknown
C68253

C68253 F 5 155 F 5 149 F 5 233

C68254

C68257 F 3 104 Deseirted

C94216

C94219 FM 6 237 FM 6 350 FM 6 373

C94331

F45942 FM 5 212 FM 5 213

F45942

F45947 FM 6 196 FM 6 187 FM 6 194

F45947 FM 3 214 FM 3 217 FM 3 210

F58248

H18583 F 4 140 F 4 125 F 4 139

L24101 FM 4 153 FM 4 184 FxM 4 181

L24101 FM 4 260 FM 4 249 FM 4 235

L24101 FM 3 122 FM 5 167 FM 5 170

L24101

L24987 FM 2 165 FM 2 174 FM 2 172

34-4445 FM 1 105 FM 1 96 M 1 107

34-86072 FM 1 68 Desti•oyed

35-13635 FM 6 247 FM 6 252 FM 6 262

35-13671
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Table 12 (cont.). Record of number of trips to box per day during the nest life of

the >'Oung. ( See also Table 15 for description of nesting record

of each female.

)

1

-3

^ 3

3 >'
a

V S.

3^

o
£i 3

3=^

6th Day 7 th Day 8th Day

664708 F 3 294

664751 FM 5 263 M 5 377 M 5 391

664751 F 1 96 F 1 117 F 1 113

A93513 FM 5 174 FM 5 154 FM 5 174

A94247 FM 4 223 F 4 235 F 4 263

A94248 F 4 129 F 4 143 F 4 186

A94248

B5640 FM 3 176 FM 3 162 FM 3 171

B5640 FM 5 298 FM 5 270 FM 5 322

B5640

B45348 FM 3 279 FIM 3 246 FM 3 335

B45348 FM 6 282 F 6 147 F 4 178

B96001 FM 3 213 FM 3 158 FM 3 198

Unknown
C68253 FM 5 178 FM 5 184 FM 2 112

C68253 F 5 246 F 5 191 F 5 174

C68254 FM 5 204 FM 5 263 FM 5 235

C68257

C94216

C94219 F(M?) 6 272 F(M?) 6 344 F(M?) 6 286

C94331

F45942 FM 5 245 FM 5 282 FM 5 273

F45942

F45947 FM 6 205 FM 5 241 FM 5 267

F45947 FM 3 201 FM 3 159 FM 3 233

F58248 FM 6 256 FM 6 307 FM 6 312

H18583 F 4 166

L24101 FM 4 181 FM 4 230 M 4 208

L24101 FM 4 272 FM 4 227 FM 4 226

L24101 FM 4 190 FM 4 199 FM 4 224

L24101 FM 5 167 FM 5 196 FM 5 231

L24987 FM 2 163 FM 2 147 FM 2 133

34-4445 Deserted

34-86072

35-13635 FM 6 262 FM 6 318 FM 6 281

35-13671
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Table 12 (cont.). Record of number of trips to box per day during the nest life of

the young. ( See also Table 15 for description of nesting record

of each female.

)

a X

be
G
-3
d
Oi

X

m CO

G o
3 ^

9th Day Unh Day ;/;/! Z)o7y

664708 F 3 251 F 3 277

664751 M 3 289 M 1 116 Died

664751 Deserted

A93513 FM 5 204 FM 5 212 F 5 162

A94247 F 4 238

A94248 F 4 123 F 4 194 F 4 189

A94248 F 6 360

B5640 F.M 3 198 FM 3 205 FM 3 238

B5640 FM 5 350 FM 5 349 FM 5 327

B5640 F 1 154

B45348 FM 3 297 FM 3 324 FM 3 290

B45348 F 2 131 F 2 173 F 2 210

B96001 FM 3 240 FM 3 180 FM 3 194

Unknown M 3 209

C68253 FM 2 101 FM 2 97 FM 2 140

C68253 F 5 145 F 5 106

C68254 FM 5 281 FM 5 333

C68257

C94216 FM 5 217 FM 5 281 FM 5 227

C94219 F(M?) 5 346 F 5 365 F 5 327

C94331

F45942 FM 5 270 FM 5 263 FM 5 305

F45942 FM 3 210

F45947 FM 5 252 FM 5 298 FM 5 308

F45947 FM 3 226 FM 3 200 FM 3 190

F58248 f:m 6 389 FM 6 396

HI 8583 M 4 263 Deserted

L24101 M 4 203 M 4 189 M 4 190

L24101 FM 4 223 FM 4 271 FM 4 322

L24101 FM 4 215 FM 4 272 FM 4 2?5

L24101 FM 5 253 FM 5 232 FM 5 254

L24987 FM 2 143 FM 2 219 f:\i 2 144

34-4445

34-86072

35-13635 FM 6 311 Isl 6 313 M 5 389

35-13671 FM 2 166 FM 2 178 FM 2 213
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Table 12 (cunt.). Record of number of trips to box per day during the nest life of

the young. (See also Table 15 for description of nesting record

of each female.

)

>>c

a

<x>

X

02

j2 a,

-5
o

y.

o
CO

IS.
'Z'o «2

im Daij1 ISih Day Uth Day

664708 F 3 319

664751

664751

A93513 F 5 301 F 5 271 F 5 68 1130

A94247

A94248 F 4 152 F 4 145 F 4 132

A94248 F 6 294 F 6 333 F 6 200

B5640 FM 3 253

B5640 FM 5 356 FM 5 308 FM 5 241

B5640 F 1 150 F 1 163

B45348 FM 3 271

B45348 F 2 227 F 2 284 F 2 217

B96001 FM 3 179 FM 3 128 FM 3 103

Unknown M 3 156 M 3 392 M 3 206

C68253 FM 2 163 FM 2 198 FM 2 145

C68253 F 5 116 F 5 122 F 5 182

C68254

C68257

C94216 FM 5 206 FM 5 201 FM 5 241

C94219 F 5 291 F 5 280 F 5 272

C94331 FM 6 491 f:\i 6 460 FM 6 400

F45942 FM 5 257 FM 5 223 FM 5 286

F45942 FM 3 339 FM 3 280 FM 3 307

F45947 FM 5 308 FM 5 331 FM 5 328

F45947 FM 3 237 FM 3 206 FM 3 219

F58248 FM 6 433 FM 6 405 FM 6 404

HI 8583
L24101 M 4 329 M 4 262 M 4 321

L24101 FM 4 317 FM 4 363 FM 4 377

L24101 FM 4 276 FM 4 266 FM 4 238

L24101 FM 5 244 FM 5 314 FM 5 286

L24987 FM 2 129 FM 2 130 FM 2 179

34-4445

34-86072

35-13635 M 4 340 M 4 351 M 3 252

35-13671 FM 2 175 FM 2 192 FM 2 123 1752
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Table 12 (cont.). Record of number of trips to box per day during the nest life of

the young. ( See also Table 15 for description of nesting record

of each female.

)
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664708

664751

664751

A93513

A94247

A94248

A94248

B5640

B5640

B5640

B45348

B45348

B96001

Unknown
C68253

C68253

C68254

C68257

C94216

C94219

C94331

F45942

F45942

F45947

F45947

F58248

HI8583
L24101

L24101

L24101

L24101

L24987

34-4445

34-86072

35-13635

35-13671

15th Day

Young left

No further record

F 6 245

FAI 129

FM 6 326

FM 5 257

f:\i 3 171

FM 5 309

F 3 95

FM 6 450

M 4 240

FM 4 297

FM 4 278

FM 5 256

FM

INI

153

259

FM 3 101 1158

FM 5 126 L250

FM 1 110

FM 3 249

F 2 258

FM 3 148

M 3 28 1130

FM 2 200

F 5 75 1307

1130

1030

1215

16th Day

FM

FM

1525

M

368

149

FM 3 115

F 2 224

FM 3 172

204

Young left

FM 6 384

FM 5 38

FAI 5 344

FM 6 488

M 4 234

FM 4 301

FM 4 285

FAI 5 324

198

1223

1920

0730
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Table 12 (cont.). Record of number of trips to box per day during the nest life of

the >'Oung. ( See also Table 15 for description of nesting record

of each female.

)

~ ^

Z o X

>>c

S O

664708

664751

664751

A93513

A94247

A94248

A94248

B5640

B5640

B5640

B45348

B45348

B96001

Unknown
C68253

068253

C68254

C68257

C94216

C94219

C94331

F45942

F45942

F45947

F45947

F58248

HI 8583
L24101

L24101

L24101

L24101

L24987

34-4445

34-86072

35-13635

35-13671

17th Day

Young died

F

Fi\I

Young left

Young left

FM 5

FM 6

M 4

FM 4

FM 4

Young left

M 3

135

18

18th Day

Young left

1130

205 ... F 2

(19th Day: F 2

25 0705

178

119

376

152 1000

129 1600

77 0629

210 1911

FM

0900

66

1230)

0630
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from the record made when the male feeds the young just before the

female arrives.

When the itograph record extends to the day on which the young
leave the box, the time of their leaving is indicated and the number of

visits is just for the portion of the day preceding their flight. When the

itograph record is not complete, notation is made anyway as to the day
on which the young leave.

Changes with growth of young. Ten records made by seven females

and nine males are fairly complete in that they begin within the first two
days after hatching and run continuously through at least thirteen full

days of recording (territory 65-box 51; 68-30; 88-53; 119-49; 121-49;

140-10; 146-49; 153-25; 160-49; 164-49). The data in these records are

averaged for each day to correlate variations in number of trips to the

nest with the increasing age of the young (Table 13).

Omitting the day of hatching, the number of visits per day increases as

the young birds get older and require more and more food and less and
less brooding (Table 13). When plotted (Fig. 7), this increase is seen

to follow a sigmoid growth curve. From the first to the fifth days the

increase amounts to only about eight more trips per day. There was an

Table 13. Average number of trips to nest on each day of nestling life.

Number of trips Corrected Percentage

Number of Number of number of of mean
Day records young Per nest Per young trips number

in nest bird to nest (217)

(Hatching) (6) (2.2) (143) (65)

1 8 3.8 184 48 184 85

2 10 3.9 185 47 184 85

3 10 4.1 181 44 185 85

4 10 4.2 191 45 187 86

5 10 4.2 189 45 192 88

6 10 4.1 200 49 197 91

7 10 4.0 199 50 206 95

8 10 4.0 213 53 210 97

9 10 4.0 216 54 218 100

10 10 4.0 235 59 225 104

11 10 3.9 230 59 233 107

12 10 3.8 257 68 240 111

13 10 3.8 246 65 246 113

14 9 3.6 240 67 251 116

15 6 3.8 255 67 255 118

16 6 3.8 255 67 256 118
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increase in the average number of young in the nest from 3.8 to 4.2 during

this time. This is the period when the young require frequent brooding to

maintain their body temperature. During the early part of this period the

unused yolk absorbed by the embryo from the egg may furnish consider-

able energ}'. Likewise, during these early days, the young birds are so

small that the food brought by the parents on one visit furnishes rela-
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Days after heginn/ng of hatching
13 14- IS lb

Fig. 7. Increase in feeding rate of young with increasing age.

tively more nourishment than it will when they have increased eight to

ten times in size. Beginning with the sixth day, feeding becomes more

frequent, and the daily increase averages about 6.8 visits or 1.7 more

meals per bird until the thirteenth day— after which the daily increase

becomes much less.

Because of the irregular fluctuations in the data from day to day, a

column of corrected values for number of visits each day is given in

Table 13 which were read off from the smoothed curve shown in figure

7. Probably this represents more nearly what the values would be for

each day if a much larger number of records were available. The mean

number of visits per day for the first through the sixteenth days is

217, or 56 per bird. On the first day after hatching, the number of visits

is only 85 per cent of this mean. On the day before the young leave

the box tlie number of visits has increased to 118 per cent of this mean.

Since the period of daily activity is approximately 15 hours, the feeding

rate averages 14.5 per hour or 3.7 per bird per hour.

Observations of others on the rate of feeding of nesting house wrens
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have produced varying results: 24.9 per hour (Shirhng 1927), 23 per hour

(Judd 1902), 19.5 per hour (F. E. L. Beal MS), 16.6 per hour (Common
1948). During 65 hours 4 minutes of observation during seven of the

first nine days after hatching, Jones ( 1913) reports the young were visited

by their parents 667 times, 560 times by the male and 107 times by the

female. This is at the rate of 10 times per hour or about 150 times per

day. The female spent much of her time brooding, and the male brought

food to the female who would then feed the young. L. O. Howard

( 1890 ) calculated that the young were each fed 1,500 insects while in

the nest. Densmore ( 1925 ) conducted an all-day observation of both

adults feeding a brood of five young that were about seven days old.

The adults made 491 trips to the nest. A most remarkable record is re-

ported by Bayliss (1917), that in 15 hours 45 minutes on one day a

brood of probably seven young, 13 to 14 days old, was fed 1,217 times

by the male, who was caring for them alone. Probably this record is in

error as it means a continuous rate without rest averaging 1.6 times

per minute throughout the period. The highest number of feedings per

day recorded in the present investigation is 491, which happens to be

identical to that recorded by Densmore.

Table 14. Correlation of feeding rate with number of young in brood.

Average number cyf trips per day

Average At nests At nests Cor- Per- Cor-

number Number with with At all Per rected centage rected

young of one both nests nest number of mean number
per records adult adults per per number per

nest feeding feeding bird nest (213) bird

1.0 4 121 110 115 115 115 54 115

2.2 3 163 74 156 73 78

3.0 8 208 227 220 73 197 92 66

4.0 8 179 249 222 56 237 111 59

5.1 10 168 261 252 49 272 128 54

6.0 3 309 359 326 54 300 141 50

Relation to number of young in nest. To compare the behavior of the

adults at different nests having different numbers of young in the brood,

all the data for each recording in Table 12 were averaged according to

the number of young in the brood. Since there is a great variation in the

number of days' recording at each nest and in the average age of the

young, the average nimiber of trips obtained for each record was cor-

rected for the age factor. This was done by dividing the average num-
ber of visits by the percentage of the mean, given in Table 13, corre-

sponding to the average age of the young during the time the record-
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ing was made. This permitted analysis of the data for the influence

of other factors.

Table 14 shows that with an increase in the number of young there

is an increase in the number of trips to the nest each day, as would be

expected with more young to feed. In figure 8, the smoothed line indi-

cates that the increase in trips to the nest is almost linear. Although the

three records of broods with six young show a very high rate of feed-

- no

Z 3 4 S
Number of Ljoun(j In nesf-

FiG. 8. \^iriation in feeding rate with number of young in brood.

ing, the more reliable data for broods of five young, based on ten

records, makes it probable that the rate of increase in feeding obtained

in broods with one to four young is not maintained in broods with five

or more young. House wrens frequently raise seven young in a brood

and occasionally eight or even nine, and it is very likely that the curve

of increase in number of visits to the nest per day reaches an upper

asymptote. Values have been read from this curve to give the corrected

number of trips per nest, given in Table 14. The increase in number of

trips to the nest per day is from 54 per cent of the mean with one

young to 141 per cent of the mean with six young.
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In spite of the increase in total number of visits, each young bird does

not receive the same amount of attention when several young are present

as when there are only a few. The progressive decline in number of visits

per bird with increase in their number is shown in Table 14. Corrected

values for the number of visits per bird per day have been read from

the smoothed curve in figure 8. With six birds in the nest, each young

would, according to these data, be fed less than half as often as when

there was only one present. However, where there is only one young

in the brood, it may not be fed on every visit of an adult to the nest.

When the young bird is surfeited with food, its swallowing reflex be-

comes sluggish and it is unable to accept more food. The adult ordi-

narily consumes this rejected food. Under these conditions, the adult

may visit the nest several times in the course of a day without actually

feeding the young bird. In the case of large broods of young, the adult

usually feeds the most eager young, and it rarely happens that she is

unable to feed a young bird on each visit. The number of times that

the young are fed is determined in part by their eagerness for food and

the stimulus that they offer their parents, and in part by the ability and

willingness of the parents to hunt food for them.

If the willingness or ability of both parents were identical and the

only factors involved, one would expect that the young would be fed

twice as often when both sexes participated as when only one did. This,

however, is not the case. With only one young in the brood there was no

significant difference in number of trips per day whether both adults

were feeding or only one. No comparisons are available with broods

of two young. With three young in the brood the rate of feeding was

higher by 9.1 per cent in nests where both adults fed than in nests

where only one did. In nests with four young the increase was 39.1 per

cent; in nests with five young, 55.4 per cent; but in nests with six young,

only 16.2 per cent. Probably the small percentage increase with broods

of six young is not representative, as there are only three records avail-

able. The average increase with broods of three, four, and five young

is 35 per cent.

It is apparent that with only one young in the brood, one adult can

easily care for it alone. With diree or more young in the brood, help

from the other adult is more urgent and is more effective. When feeding

alone, one adult increases its feeding rate with three to five yoimg in

the brood 53 per cent over its rate with only one young in the brood.

With both adults feeding, the increase amounts to 103 per cent. The

female is usually the more attentive sex in caring for the young, and

if the male aids at all, his care of the young is simply added on to that

of the female. But when the female deserts and the male takes over all

the care of the young, he applies himself fully as assiduously as did the
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female. This is shown in a few cases in Table 12, particularly in the

records of females 664751 (first), Unknown, L24101 (second), and 35-

13635. The male will not brood nor will he stay on the nest overnight, so

the young must be fairly well grown if they are to survive.

Relation to length of nestling period. With the young birds in large

broods receiving individually less food per day, their development should

be slower and a longer time required of them to remain in the nest

before flight. In none of the four cases with only one young in the nest

did the bird become fledged. One of the nests was destroyed by a snake;

in two nests the adult deserted; in the fourth nest where a nestling long-

billed marsh wren had been substituted for the house wren, the young

bird died. In 10 of the 11 nests with two and three young present and

receiving food about 73 times per day each, the average duration of

nest life was 15.3 days. In 18 of the 21 nests containing four, five,

and six young and when the young were fed about 49 times per day

each, the average nestling period was 16.6 days or one and one-third days

longer than in the small broods. Thus the rate of maturing of the young

depends in part on the amount of food that they receive, which in turn

depends on whether one or both adults are feeding and their energy

and ability to do so.

Relation to other factors. To analyze the data for possible influence

of other factors, the figures giving the number of visits to the nest cor-

rected for differences in the age of the young were further corrected

for the number of young in the nest (Table 15), using the percentages

of the mean given in Table 14.

These data were then grouped according to whether the young hatched

before July 1 or after July 1 to determine if change in rate of feed-

ing occurred with the advance of the nesting season. Many females have

second broods in July, and July is usually hotter than June. An average

of 16 records for May and June gave 204 trips per day; a similar average

of 20 records for July and August gave 221 visits per day. This difference

is small and not statistically significant. A few records on the same fe-

males nesting in both periods showed no consistent differences.

The data were next analyzed to determine whether birds nesting dur-

ing the first year behaved differently than when renesting in later years.

Twenty-two records where the female was in her first nesting season

gave the same average number of visits per day as 10 records for return

females. Similarly, 17 records where the male was a new bird gave

the identical average as 13 records when the male was a return bird.

Apparently, with each sex this work is performed with the same effi-

ciency the first time it is done as in later years.

It proved impossible to detect any significant influence of weather on

the rate of feeding. The detailed analysis is not here presented. Since



ATTENTIVE BEHAVIOR OF THE HOUSE WREN . 67

the young rarely hatch before the first of June, the temperature does

not fall sufficiently low to affect them. Very high temperatures are energy-

depressing on adult birds, but this is counterbalanced by the insects,

on which they feed, which are then most active, abundant, and easy to

find. Since the adult female does not need to brood the young during

hot weather, she can seek out shaded areas for comfort, and her rate of

feeding is not affected. The advilts continue to feed the young at a

normal rate during rainstorms, although they may be temporarily halted

during very severe downpours. Cloudy weather, fog, and wind furnish

no detectable handicaps of consequence.

Variations in the doubly corrected values for number of visits per day

to the nest, given in Table 15, must be due to individual peculiarities

on the part of the birds themselves, as they are not to be explained by

any known influence of external factors. The mean of the 36 records is

213, with a standard deviation of 42 and a coefficient of variability of 20.

This variability is greater than what it is in the average behavior of

an individual pair of birds at different times. There are listed in Table

15 eight females with from two to four records obtained either in the

same season or in different years. Average values for number of visits

per day for these females and their mates range from 156 in C68253

to 252 in B45348. Although average values for different individuals cover

the whole range of variations for the species, yet the level of activity

of each female is relatively fixed. In the case of no individual is the co-

efficient of variability as large as the variability of 20 given for the

species as a whole. The average coefficient of variability for the eight

birds is 13 ± 5. In B5640 with three records over three years it is only

four; in L24101 with four records over three years it is 13; in the other

birds, with two records each it ranges from 8 to 18.

How much influence the male's activities exerted in these comparisons

is difficult to assess. In most instances the male was active at the nest

throughout the nestling period, although there is no way of estimating

what proportion of total visits with food was his share. In Table 14

above, it will be noted that on the average, two birds at a nest caused

an increase of 28.8 per cent in the number of visits compared with the

activity of one bird. When the total number of visits per day are re-

duced by this amount or by the proportion of this amount corresponding

to the number of days when the male was active at the nest, there is

no great change to be noted in the variability of the records between

individuals. One arrives at the same conclusions. The cause, then, of

these differences between individuals in average rate of feeding must lie

in the innate psychological or physiological constitution of the birds

themselves.

Attentive periods. When both male and female actively feed the young,
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the itograph record cannot be analyzed for attentive and inattentive

periods because the trips of the two sexes cannot be distinguished. There

are a number of records, however, where only one sex did all the feed-

ing (Table 12). A close study of these records shows that frequently

single feedings occur regularly at definite intervals over periods from a

few minutes to an hour. However, it is much more common to have the

feedings occur in groups with intervals between when few or no feed-

ings of the young occur. When trips to the nest or feedings occur one

immediately after the other, this may represent an attentive period,

and the intervals between groups of feedings may be the inattentive

period. The number of feedings in a group varies considerably, as shown

both by the itograph records and from observations at the nest. Where
there are isolated trips or groups of only two, these may not indicate

the full length of the attentive period. Very commonly all the young

are fed consecutively so that the number of visits in a group corre-

sponds to the number of young, after which there is a pause. Occasion-

ally more visits are indicated in a group than the number of young in

the brood so that the young are fed more than once in a single atten-

tive period, but this is not common. The groupings show the best when
the appetite and eagerness of the young for food synchronizes with the

attentive behavior of the adult. Because the young may often have their

appetites fully satisfied while the adult continues to be attentive, or at

other times the adult may lose interest temporarily in them before they

are fully satiated, these groups of feedings are not very satisfactory indi-

cators of the attentive behavior of the adult. Because of this, little attempt

has been made to measure them except in the case of male 35-13634, at

box 49, territory 164, in 1936. Beginning June 26 and until the young

flew on July 3, his "attentive periods," as indicated by the grouping of

visits to the box, averaged 99 per day and were 4.4 minutes in length;

spaced at intervals, his "inattentive periods" were 4.9 minutes. Actually

the time spent by the adults in searching for food for the young, if it were

known, should be added to the period at the nest and subtracted from

the period away from the nest to give the true length of the attentive

and inattentive periods.

Undoubtedly another reason that periodicity of the attentive behavior

is not better expressed is that the adults do some feeding intermittently

while looking for food for the young. They are particularly apt to con-

sume insects or insect larvae which are too small, too large, or not other-

wise suitable for the young. The periodicity therefore tends to break

down on its own accord and is not of as obvious an importance as dur-

ing the incubation of the eggs. There is reason to believe, however, that

a skeletal framework of periodicity persists even though it is not subject

to as exact measurement.
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There is some evidence that attentive periods on the part of the adults

persist even after the young leave the box. Observations are difficult

as the young, accompanied by a parent, move through the bushes and

tangles, but ordinarily each time a young bird is approached by an

adult with food it calls out vigorously. By timing these sound responses

of the young, 15 attentive periods during the first week after the young

abandoned the nest averaged 7.6 minutes in length and 20 inattentive

periods between groups of feedings averaged 5.7 minutes. The rate

of feeding averaged once every 3.1 minutes for the total time involved.

After the first week the attentive periods begin to shorten and the in-

attentive periods to lengthen until the young become entirely independent

of their parent for food between 10 and 15 days after leaving the nest.

In certain respects the gradual manner in which the attentive behavior

of the adults is lost at the end of the nesting cycle is just the reverse of

the manner in which it is acquired at the beginning, as the eggs are

laid and incubation develops.

Daily Rhythm in Attentive Behavior

To trace variations in activity during the daylight hours, data were

compiled for each hour on number of visits to the nest and number of

minutes spent at the nest. The data were plotted on the even hour as

the time interval extended in each case from one half-hour to the next

half-hour. Behavior at night will be given separate treatment. Eastern

Standard Time is used.

Males. In figure 9 are two curves showing hourly variations in ac-

tivity of the male before he attains a mate. The curve showing "ordinary

activity" involves insertion of sticks into the box and inspection tours.

It is based on averages of 29 daily records on 18 diff^erent individuals

04 05 06 01 08 09 10 II /£ 15 14- 15 /6 /7 18 /9 20 Zl
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Fig. 9. Daily rhythm of adult activity at nest before eggs are laid.
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obtained with the itograph. The curve of males' "tearing out nest hning"

is an average of 15 days' records with the itograph on eight males and is

concerned with preparing the nest for a second nesting after completion

of a first. Both curves show an increase in activity in the morning reach-

ing a peak in the middle of the day and followed by a decrease in the

afternoon. Neither of these curves shows the total activity of the male

as the frequency and vigor of singing were not measured. It is quite pos-

sible that a curve of singing activity would vary more or less inversely

with number of visits to the nest and with a peak in early morning. In

a study of the European wren, T. f. troglodytes, Clark (1949) found that

the male began to sing 30 to 40 minutes before sunrise and to maintain

a high level of song output for five or six hours, after which singing

was reduced for the rest of the day. In April there was a well-marked

afternoon song period, but this became less marked in May and June

and disappeared in July and August.

Nest building by female. With the arrival of the female and her in-

sertion of nest lining the male's visits decrease, and in many instances,

he may not enter the box again until the young hatch. The curve of nest

building in figure 9 is largely but not entirely representative of the fe-

male's activity. She becomes very active soon after daybreak and con-

tinues so vmtil the middle of the morning, then decreases her activity

during the rest of the day. This curve is based on 28 days of itograph

records on 13 individuals.

Egg-laying. The egg-laying phase of nesting is one of rapid change in

attentive behavior with the progressive establishment of full incuba-

tion. As shown earlier in this paper, the establishment of this behavior

proceeds at a different pace when five eggs are laid than where there

are six eggs in a set. Hence the data were averaged separately for each

day and separately for the two sets of different sizes. All the available

data obtained both with itograph and temperature-recorder were aver-

aged, and these varied from four days' record for one curve to 11 days'

record for another. Since the fluctuations and amount of behavior on the

days that the first and the second eggs were laid were nearly identical

in both five-egg and six-egg sets, they were combined into a single

curve (Fig. 10). The females usually spend the night in the box so the

maximum time shown at the nest is in the early morning and evening

hours. Otherwise, the shape of this curve is similar to that of the fe-

male while nest building, in that it shows a progressive decline from

mid-morning through the afternoon.

For those females which lay six eggs in a set, the curve of activity

for the day the third egg is laid is so nearly the same as the curve for

the first two days that it was omitted from the figure. A change begins

on the day the fourth egg is laid. Somewhat more time is spent on the
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nest in the morning, and considerably more time is spent at the nest

in the afternoon than during the first three days. Further increases in

attentive time occurred with the laying of the fifth and sixth eggs. With

the sixth egg, the last one laid, the daily rhythm curve coincides with the

general curve for the incubation behavior that follows.

loot

04 OS 06 07 08 09 10 II . IZ 15, /4 15 16 11 18 19 20 Zl
Time of day

Fig. 10. Daily rhythm of activity during the egg-laying period.

With those females that lay five-egg sets, the curve of activity on the

day of laying the third egg more nearly coincides with the curve for the

fourth day in the six-egg set than with the first and second days. Like-

wise the activity on the fourth day of egg-laying in the five-egg set

agrees with the fifth day in the six-egg set, and the day the last or fifth

egg in the five-egg set is laid corresponds to, but is slightly lower, than

the curve of full incubation behavior first obtained with laying the sixth

egg in the six-egg set. All the curves show agreement in indicating greater

attentiveness at the nest in the morning and a decrease in attentiveness

during midday or afternoon.

In Table 16 the number of attentive periods begun each hour is aver-

aged separately for the morning and the afternoon. This is of different

significance than the actual number of minutes spent in attentiveness

each hour. In general, the number of periods begun each hour is con-

siderably greater in the morning than in the afternoon during the first

few days. Beginning with the fourth day, there is still a difference be-



72 PARENTAL CARE AND ITS EVOLUTION IN BIRDS

tween morning and afternoon but the difference becomes very much
less. Apparently attentive behavior develops more easily in the morn-

ing and is more retarded in the afternoon. The actual deposition of the

egg in the nest occurs during either the first attentive period in the

morning or very soon afterwards. This attentive period may sometimes

be longer than usual but often it is not. Normally the periods are

longer at this time anyway, compared with midday, even when no egg

is laid, and the actual deposition requires a very short time when the

egg is ready.

Table 16. Number of periods per hour during egg laying and incubation.

0600-- 1200 ho\urs 1300-— 1900 hours

Day 5-egg 6-egg All sets 5-egg 6-egg All sets

sets sets sets sets

First 1.7 0.3

Second 1.3 0.5

Third 1.7 0.9 1.4 0.9 0.4 0.7

Fourth 2.1 1.1 1.8 1.9 0.7 1.5

Fifth 2.7 1.9 2.4 2.6 1.3 2.2

Sixth 2.8 2.2

Incubation 3.2 2.9

Incubation. To analyze the daily rhythm in attentive behavior of the

female during incubation, all the data available were averaged separately

for the first day of incubation (14 records on 14 birds), fifth day (22

records on 19 birds), ninth day (24 records on 22 birds), and last day

before hatching (23 records on 21 birds). Since separate curves drawn

from these data had the same form and characteristics, the four sets of

data were again averaged and plotted to give the curves shown in

figure 11. Records were combined from both itograph and temperature-

recorder.

The curve of attentiveness begins and ends at 60 minutes per hour

as all birds spend the night on the nest during incubation. Time spent

on the eggs is fairly constant from 0600 to 0900 hours, when a decline

begins that persists until about 1400 hours, after which there is a gradual

increase in attentiveness until 1900 hours. The curve then rises rapidly

as the birds start their night's stay on the eggs. The actual differences

from hour to hour are small in number of minutes, with the extreme

minimum at 1300 and 1400 hours being only about eight minutes less

than the maximum at 0600 hours, although this difference amounts to

about 20 per cent of the maximum amount of time per hour spent on the

eggs. At no time does the time off the eggs in inattentiveness surpass
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the time on the eggs, although in early afternoon the time off ap-

proaches close to the time on the eggs.

The number of attentive periods started each hour fluctuates around

a value of 3.2 until 1500 hours. This means that the number of atten-

tive periods is not involved in the daily rhythm so much as is their

average duration, which becomes shortened. From 1600 to 1900 hours,

inclusive, this is not true as there is a slight decrease in number of

periods at the same time as the total attentive time increases. Taking

04 05 Ob 01 08 09 10 II IZ 13 /4 /5" 16 11

Time of daij
18 19 20 Zl

Fig. 11. Daily rhythm of activity during incubation.

values from these curves, the average length of the attentive period varies

from 12.5 minutes at 0600 to 0900, to 10.4 minutes at 1300 to 1400, to

15.0 minutes at 1900 hours. Inattentive periods on the other hand vary

at the same hours: 6.7, 9.0, and 8.1 minutes.

Influence of temperature. A curve showing daily rhythm in air tem-

perature was computed for the same days on which the recordings of

bird activity were made. A hygrothermograph, that recorded relative

humidity and temperature in the open but with the instrument in a

regulation weather-shelter, was operated for several years on the estate,

and for days when original weather records were not available, data

from the Cleveland Weather Bureau, some 12 miles distant, were used.

The curve of attentiveness varies inversely with this curve of tem-

perature change, although the time of highest temperature and minimum

incubation per hour do not exactly correspond. Probably the high air
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temperatures in the middle of the day prevent the eggs from cooling

so rapidly during the female's inattentiveness so that the female does not

need to apply as much heat to them. Perhaps also the female is less

comfortable in the nest box when the box is very warm.

To test further the importance of daily temperature on the curve of

attentiveness, an average was made of the amount of time spent on the

tool'

04 05 06 01 08 09 10 II 12. J3 14 15 16 I? 13 19 l0£l
Time of doLj

Fig. 12. Influence of air temperature on daily rhythm of attentiveness during

incubation.
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Fig. 13. Daily rhythm of activity while brooding newly hatched young.



ATTENTIVE BEHAVIOR OF THE HOUSE WREN 75

eggs each hour for the three days of highest temperature and the three

days of lowest temperature on the fifth, ninth, and last day of incuba-

tion. The first day of incubation was not included, since there were no

records obtained at as low temperatures as on the other days, and be-

cause the incubation behavior is less perfectly established. The curves

obtained are shown in figure 12. On days when the air temperature did

05 06 07 06 09 10 Tl IZ J3 14- 15 16 7? It IS 20 21

T/me of dQLj

Fig. 14. Daily rhythm in the rate of feeding young of four different ages.

not become high, attentive time shows scarcely any drop in the after-

noon. On very warm days, on the other hand, the daily rhythm is highly

developed and during most of the afternoon more time is spent away

than on the eggs. In extreme cases, the bird does not visit the eggs

for several hours at a time. It appears, therefore, that high air tempera-

tures ai'e responsible for the decrease of attentive time in the middle of

the day.

Brooding. Figure 13 is an average of data obtained at nine difl^erent

nests. The daily rhythm in attentiveness while brooding one-day-old young

follows the pattern already described except that the afternoon decrease

is more extreme and less time is spent brooding than not brooding. The

young birds are without doubt more resistant to heat loss than the eggs,

even though they remain essentially cold-blooded for at least a week

after hatching.

Feeding the young. The curves (Fig. 14), showing rate of feeding per
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hour, are based on number of visits to the box by both sexes as recorded

by the itograph for four stages in the growth of the young. The young

normally leave the nest soon after the fifteenth day. For the first day

there were more trips to tlie box and probably more feeding done in

the afternoon than in the morning. This curve is inverse to the one of

brooding ( Fig. 13 ) , and the inference is that there may be more feeding

of the young when less brooding is necessary and vice versa.

On the fifth and tenth days, brooding is much less extensive and the

feeding curve is comparable to the curve for incubation, with generally

a higher rate of feeding in the morning than in the afternoon. On the

fifteenth day the young come to the entrance of the box for food and

the adults are strained to their full capacity to keep them supplied at

all hours. The curve is irregular but, in general, remains high throughout

the day. Bayhss (1917), Densmore (1925), and Shirling (1927) have

reported the hourly rate of feedings from all day observations, and their

data agree with the above conclusions.

Time of Beginning and Ending the Day's Activities

Both the temperature-recorder and the itograph give the time that

the female begins her morning's activities and ends her activities in the

evening during the egg-laying, incubation, and brooding periods, and

the itograph records it also during the rearing of the young in the nest.

Normall)' the female spends every night in the box throughout the nest-

ing cycle.

"When a comparison is made of data obtained with the same record-

ing instrument and on the same female before and after the eggs hatch,

fifteen records indicate that the female begins her activities 8 minutes

earlier in the morning and continues them 16 minutes later in the even-

ing on the average when she is brooding and feeding young than when

she is incubating eggs. In only three instances did she begin her ac-

tivities later in the morning and in only two cases did she stop them

earlier in the evening after the eggs hatched than before. Nice and

Thomas (1948) found similarly that the female Carolina wren, Thnjo-

thoriis Jiidovicianus, retired to the nest from 1 to 33 minutes before

sunset during incubation, and from 4 to 17 minutes after sunset when

there were young in the nest. Likewise, Kluijver ( 1950 ) found in the

great tit. Poms major, that the female started morning activity 20 min-

utes after sunrise while incubating her eggs but only 6 minutes after

sunrise after the young hatched. She retired into the nest in the evening

100 minutes before sunset while with eggs but not until sunset after

hatching took place.

Using all the available records for the incubation period only, and

omitting the first day when the last egg was laid and the last day when
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the eggs first began to hatch, averages were made of all the data for

each day of time of beginning and ending of activities. From May 23

to July 31, inclusive, there was an average of 3.6 records on different

females for each day. In August the number was reduced to only 1.3

records per day and after August 6 only one female was recorded. These
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Fig. 15. Beginning and ending of daily activities of the female and the first

morning singing of the male in relation to sunrise and sunset. Data for the first

male's song is from Allard, 1930.

daily averages are plotted in figure 15 and compared with time of sun-

rise and sunset.

There is considerable variation in the averages from day to day and

in the activities of different females on the same day. These variations

could not be correlated in any definite manner with either temperature

or relative humidity. There was some tendency for the period of daily

activity to be shortened at both ends when there was considerable cloudi-

ness, but it is not possible to demonstrate this tendency statistically.

Females at boxes placed so as to get the early morning sun showed

some tendency to begin activities a few minutes earlier than those

in shaded boxes. The same may be said for females slightly prolong-

ing their day's activities when their boxes were exposed to the sun

in the evening. In neither case is the tendency very pronounced or in-

disputable. Many of the differences between females appeared to be

inherent individual characteristics not correlated with any known ex-
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ternal factor. Finally, the influence of the male must be mentioned as

he may sing near the box early in the morning and influence the time

that the female starts her activities.

In spite of these wide variations in the data, certain trends are dis-

cernible as the season progresses. To show these trends two lines are

drawn (Fig. 15) based on moving averages involving five consecutive

daily figures, i.e., the figure for any point on these lines is an average

for that day, the two preceding days, and the two subsequent days.

Such moving averages eliminate much but not all of the day-to-day

variations. These trends may then be compared with time of sunrise

and sunset.

The seasonal trend in time of beginning the day's activities varies

around the time of sunrise. When all data are included, time of begin-

ning activity averages 0.7 minutes after sunrise. When all data are

averaged except those for August when the number of records is so few,

daily activity begins 2.3 minutes after sunrise. This interval is small and

within the limits of possible error of the recording instruments, although

errors in the recording instruments may be either plus or minus and

should mostly cancel out. Considering all records, the time of ceasing

the day's activities averages 6.4 minutes before sunset.

No special study was made of the time that the male began and ended

his daily activities, although incidental observations indicated that he

began to sing in the morning before the female left the box and did not

go to roost in the evening until after the female had entered the box

foT the night. Kluijver ( 1950 ) also found this to be true in the great tit,

Parus major. Allard (1930) included the house wren in his extensive

investigation of the first morning songs of birds. Compared with other

common species, the male began singing relatively late, averaging about

21 minutes before sunrise from late May through early July and about

5 minutes later on cloudy mornings than on clear mornings. According

to this information, the male begins his activity approximately 23 min-

utes earlier than the female during the incubation period but only 15

minutes earlier during the care of the young in the nest. A smooth

line has been drawn through the data given by Allard and this line

has been fitted into figure 15, to show the male beginning his activities

at the corresponding number of minutes before sunrise. After July 10

the curve rises rapidly until at the end of the month the male and fe-

male are beginning their activity at the same time or approximately at

sunrise. Kluijver found a similar phenomenon in the great tit. By July

10, most male house wrens have their second nestings well started, if

they are going to have them, and the intensity and necessity for singing

decreases. The gonads begin to atrophy and molting commences as soon

as nesting is over. This change in physiological state from the reproduc-
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tive condition of the preceding two or three months may mark a de-

crease in sensitivity to low intensities of hght, as Allard postulates, or

simply a change in behavior pattern. Allard does not give data on the

time of cessation of song in the evening, but he states that birds often

stop singing relatively earlier with respect to the time of sunset than

they begin singing in the morning with respect to sunrise, although this is

not invariable. Lutz ( 1931 ) found that the closely related Troglodytes

mtiscultis in the Tropics was able to detect a light intensity as low as 0.4

foot-candle. In the Carolina wren, Nice and Thomas ( 1948 ) found that

during the incubation period the male started singing 21 to 38 minutes

before sunrise and that the female started her daily activities 10 to 23

minutes after sunrise.

Activity at Night

Inspection of nesting boxes after dark has never revealed a male roost-

ing in them. The male passes the night roosting in a bush, a hedge, in

Fig. 16. Nest-temperature record of female No. B96433 on the fifth night after

full incubation had started. Attentive and inattentive periods during late after-

noon of July 11 (shown at the left) and during the earl>- morning of lul\- 12

(shown at the right) are also included. Each attentive period is numbered.
When the line moves to the left and the nest temperature drops, the bird is

away or is restless on the eggs. A straight vertical line indicates tliat the bird

is sitting quietly on the eggs.



80 PARENTAL CARE AND ITS EVOLUTION IN BIRDS

vines next to buildings, or in low branches of trees. The female doubt-

less roosts in similar places when she is not nesting, althovigh there are

few observations available. When she has a nest, however, she may
regularly be found in the nest box at night.

In fourteen box inspections with a flashlight, when sticks were present

which had been carried in by the male, no bird was found. In three

inspections, where lining had been added to the nest cavity by the

female, the female was found in at night two times. Six inspections out

of eight revealed the female in the box at night when the nest contained

an incomplete set of eggs. All inspections throughout the incubation

period revealed the presence of the female. When nestling birds were

in the nest, the female was always present except toward the end of

the period of nestling life when the young birds were well feathered and

about ready to fly. Then she was sometimes absent. There is no record

of a female having spent the night in a box after her young had flown.

These statements based on observations are fully substantiated by the

records of the itograph which registers continuously all comings and

goings at the box.

Changes in position of the female on the nest during the night, her

restlessness, and how much heat she applies to the eggs are registered

by the temperature-recorder (Fig. 16). These records become less per-

fect when the young increase in size as they, themselves, affect the tem-

perature of the thermocouple. During the incubation period (Table 17)

tl"ie female applies heat to the eggs all night, although her body and skin

temperature are then somewhat lower than during the day. The female

seldom sits quietly for long at a time before shifting her position. These

shifts may occur every few seconds, in case of extreme restlessness, to

intervals of 10 to 30 minutes. After midnight the intervals between move-

ments often become still longer. There may be significance that the

length of the intervals between periods of restlessness is comparable

to the length of attentive periods during the day. The rhythm of activity

established during the day is carried over into the night. Restlessness at

night is usually associated with the same degree of restlessness during

the attentive periods during the day. The temperature-recorder once

registered the unusual absence of an incubating female from 2050 at

night until 0104 hours the next morning (Baldwin and Kendeigh 1927).

In the few instances where the female was intensely and continuously

restless, this may have been due partly to the annoyance of the thermo-

couple wire stretched across at the level of the top of the eggs, although

most females quickly became adjusted to the presence of this foreign

object in the nest.

There is a tendency for the female to be somewhat more restless

before midnight than after, although in many records no such difference
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Fig. 17. Overnight records of nest temperature and the attentiveness of fe-

male No. A94247 on the nest during the egg-laying period.
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can be noted. Likewise some birds are restless for the first one to three

hours of the night, after which they settle down more quietly. There is no

evidence that the birds become increasingly restless just before leaving

the box in the morning, and their departure is usually abrupt. Some
birds show a slight tendency and other birds a strong tendency to be-

come more restless at night as incubation progresses. With still other

birds no such change can be noted.

Of considerable interest is the amount of heat applied to the eggs

at night before the set is complete, since the first ones laid would get

some development before the last ones appeared ( Fig. 17 ) . There is only

one record of a female ( C68253 ) not being in the box at night until the

set was complete. Some heat was applied to the eggs during the day,

but the long incubation period of 15 days in this case may be due to

the lack of this early development at night.

In Table 17 the amount of heat applied to the eggs as they were being

laid is given in general terms for fifteen sets. The usual behavior pat-

tern is for the first egg to receive partial heat the first night for a

period up to two hours, although occasionally it may receive the full

incubating temperature for the first part of the night and partial heat

all night. The application of heat the second night is similar except that

the heat may be applied somewhat longer the first part of the night

and at times the temperature is higher. During the third night, full heat

is applied in about half the cases and partial heat in the rest until around

midnight, and occasionally partial heat is continued all night. On the

fourth night the full incubating heat is given the eggs throughout

the night in about half the cases. Finally, on the fifth night when sets

of five eggs are complete, the incubating heat that is maintained through-

out the incubation period becomes established in all sets with few

exceptions. In the three sets with six eggs, the full incubating temperature

was established on the fifth night, the same as in sets that contained

only five eggs.

Only one incomplete record (territory 6.3) is available for a seven-

egg set and this requires special consideration. The first egg was laid

on May 23. The night after the fifth egg was laid showed full heat

applied at the beginning of the bird's stay in the box, but this was fol-

lowed by a steady decline in temperature until there was no extra heat

at all at 0415 hours. The next day no egg was laid and that night full

steady heat was applied until midnight and none thereafter. On the

following day the sixth egg was laid, and full heat was given the eggs

until 0045 hours and partial heat the rest of the night. It was not until

the succeeding night with seven eggs in the set that full heat was given

the eggs continuously all night.
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These observations show that the working up to a full incubating

behavior and the application of the full incubating temperature is a

gradual process at night, the same as during the day, and that it is not

completed until the set is completed or at the most not until one night

before it is completed. This development involves both a change in

behavior and a change in physiology. Although the female starts to spend

every night in the box as soon as she accepts a male and begins carrying

in nest lining, she does not spend all her time in the nest cavity itself.

The itograph shows that at some nests during the egg-laying period the

female spent considerable time on a perch at the front entrance of the

box. A few observations after dark have found the female on the stick

platform inside the box but in front of the nest cavity. In this position

the thermocouple in the nest cavity as well as the eggs may pick up

some heat radiated from the bird and accumulating within the enclosed

space of the box, but this would be small. Even when resting on the eggs

in the nest cavity, the bird may not always Huff out her feathers so

that the eggs come in direct contact with her skin. This has not, how-

ever, been satisfactorily proven. During the incubation period it is rare

for the female to uncover the eggs at night for any appreciable length

of time.

It is probable that the loss of down feathers in the ventral apteria is

due to hormone action. Along with the loss of feathers comes an in-

creased vascularization of this area so that a brood patch is formed. At

one box the female was captured at the beginning of egg-laying, midway

through, and again when the set was first completed. At the first capture

the brood patch had not developed, and the area was covered with

feathers. When captured the second time, the brood patch was partly

formed. When captured at the end of the egg-laying, the brood patch

was fully formed. This slow development of the brood patch affects the

amount of heat applied to the eggs and is more pronounced for the first

sets early in the season than for later sets during the same season. In

Table 17, the females in territories 120, 96, 85, 71, and 68 were known to

have had a full set of eggs previously during the season, and it will be

noted that the development of the full incubation heat and behaxior

occurred more rapidly than it did with the females in territories 58 ( both

records), 65, 73 (second record), and 93 which were probably nesting

for the first time. Doubtless, the brood patch, after once developing dur-

ing a season, would not regress completely between consecutive nestings.

Tucker ( 1943 ) has reviewed in a general way the occurrence and de-

velopment of the brood patch in various kinds of birds, and both Swan-

berg ( 1950 ) and Kluijver ( 1950 ) have described the gradual develop-

ment of the incubation temperature during the egg-laying period.
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Discussion

The evidence on the preceding pages establishes the fact that alternat-

ing periods of attentiveness and inattentiveness to the duties of reproduc-

tion is a prevailing pattern underlying all phases of behavior during the

nesting season. It is by this rhythm of alternating phases that the bird

responds to the drives of reproduction and self-maintenance. The first

drive is for the existence of the species; the second is for the existence of

the individual. The individual must maintain itself or reproduction is not

possible; at the same time reproduction is indispensable or there would

be no oncoming individuals to replace the adults upon their death. It

would be interesting to know how this particular behavior pattern arose

and how it is regulated.

House wrens are insectivorous in their feeding habits. They seek food

in and under shrubs, on the ground, in crannies, under buildings, in

rockpiles, and in other similar locations. The female searches for this

food in the vicinity of the nest, usually within the territory established

by the male. Normally, food is abundant and not difficult to find during

the season of the year when the birds nest. The inattentive period, averag-

ing 8.5 minutes for the female during the incubation period, is very

likely determined in its length by the time required for the bird to fill

its stomach with food. Insects are less active in cold weather and prob-

ably more difficult to find, hence the longer inattentive periods noted at

temperatures of 53° F. (
11.7° C). When attentive periods average longer

than usual regardless of temperature, the inattentive periods are also

longer, perhaps due to greater fluctuations in the physiological rhythm,

perhaps also due to the inherited peculiarities of the individual.

During the attentive period the food in the stomach is digested. This

digestion takes place rapidly. Stevenson ( 1933 ) found that in sparrows

a stomachful of cracked corn was completely digested with the elimina-

tion of undigested excrement in about 2 hours 30 minutes. The first

appearance of undigested material in the excrement came in about 1

hour 30 minutes. The difference of one hour would represent the maxi-

mum possible time that the food could remain in the stomach, and the

actual time may be shorter. There is no direct information on this point.

The attentive period of the song sparrow averages 28.5 minutes in

duration (p. 161), which is about half of this one-hour period, but

hunger contractions in the stomach may become intense before the

stomach becomes completely empty. Rogers (1916) studied hunger

contractions in the crop of pigeons and noted that they began even

with a full crop but became more frequent as the crop emptied.

Hunger was associated with marked restlessness on the part of the bird.

The song sparrow and the house wren do not possess crops, but hunger
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contractions doubtless occur, possibly in the proventriculiis, and they

may furnish the primary stimulus for the termination of the attentive

period and the search for more food. The average duration of 12.1

minutes for the attentive period in the house wren may mean that the

house wren either digests its food more rapidly than the song sparrow

or that the stomach can hold less food at a time. The house wren is

entirely insectivorous, the song sparrow only partially so.

Incubation is an energy-demanding process since it requires the

transference of heat from the adult to the eggs. The loss of heat energy

requires a continual replenishment of the energy resources of the bird,

which can be accomplished only from the ingestion of food. A greater

transference of heat energy must occur at low air temperatures than at

high, and this is reflected by the increase in length of attentive periods

as air temperature drops. In order for this increase in average length of

attentive periods to occur, there must be a greater food consumption,

and this may be partly responsible for the longer inattentive periods at

air temperatures below 55° F. (12.8° C), to allow for the searching of

this material ( Fig. 5, p. 41 )

.

At high air temperatures, particularly above 65° F., there is less de-

mand for energy as the eggs can be kept warm more easily. Conse-

quently, the attentive periods become shorter. The lengthening of the

inattentive periods is then to be explained by the slower rate of physio-

logical activity of the bird, by its loafing and resting, and at extreme

high temperatures by the actual reluctance of the bird to enter the hot

nest box or to remain in it for any length of time. It appears, therefore,

that the regulation of attentive behavior and the length of the alternat-

ing phases of attentiveness and inattentiveness is primarily physiological.

Odum (1944) suggests that circulatory congestion of the venous

blood flow, due to muscular inactivity during the inattentive period,

may produce discomfort in the bird and bring about the termination of

the period. He was impressed by the amount of muscular activity that

the bird underwent at night which might alleviate this discomfort.

Before this suggestion can be taken seriously, we need to know how
much difference in rate of blood flow actually occurs during the periods

of attentiveness and inattentiveness and whether a slowing up of flow

through the veins actually causes restlessness on the part of the bird.

It is interesting that Odum found an increase in rate of heart beat toward

the end of the attentive period, while the bird was still inactive but

which was anticipatory of the birds leaving for an inattentive period.

Baldwin and Kendeigh ( 1932 ) found that there was usually also a rise

in body temperature toward the end of the attentive period.

Daglish ( 1930 ) suggests that the rush of blood into the brood patch,

with the resulting increase of skin temperature, produces an irritation
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at this part of the body. The birds tend to reheve this irritation by

pressing their breasts against the hard smooth surfaces of the eggs.

Presumably as the skin temperature dropped the irritation would stop,

bringing about the termination of the attentive period. This idea is not

subject to ready verification and would not explain the occurrence of

alternating phases of attentive and inattentive behavior in other than the

incubating and brooding phases of nest life.

If changes in physiological state are of primary importance in the

regulation of attentive behavior, then psychological elements may be

considered as secondary or superimposed factors. Actually, changes in

physiological state exert an effect only by furnishing stimuli and thereby

initiating a chain of nervous responses that result eventually in an overt

action of the bird. After the stimuli are received, the central nervous

system organizes the response. Repetition of stimuli at regular intervals

with resulting identical actions may well establish a routine or habit

which then becomes a secondary regulatory factor in maintaining the

rhythm at a certain tempo.

Finally, external stimuli may also modify the rhythm. The appear-

ance of a singing male near the box may excite the incubating female to

leave sooner than she otherwise would. For the most part, however, the

male adjusts his behavior to the rhythm already established by the

female. These external factors are all of minor importance, superimposed

on the basic physiological one that is chiefly responsible in determining

tbe nature and development of the bird's behavior.

Summary

Attentive and inattentive periods may sometimes be detected and

measured in the activities of an unmated male when he is singing or

tearing out nest lining and these vary around 4 to 6 minutes in length.

Unmated males commonly visit the boxes in their territories 29 times

per day, often with sticks for the nest foundation, but the number of

trips made is highly variable and may be increased three to five times

when he tears out the old nest lining of his former mate, when he de-

fends his possessions against an invading male, or when a potential

female mate arrives.

After pairing occurs, the female immediately begins the insertion of

lining into the nest cavity. The male does not aid in this task. Two or

three days are required with the female visiting the box 118 times per

day, more on the first days, less on the later days. The female's atten-

tive periods at this time are 7 to 9 minutes long. The intervening periods

are very variable, and become increasingly long as the nest lining be-

comes completed. Another one or two days lapse before the first egg

is laid.
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Five or six eggs are commonly laid; there may be as few as three

or as many as nine. Each day as another egg in a five-egg set is laid, the

female visits the box more frequently and for a longer attentive period.

With six-egg sets this daily increase does not begin mitil the fourth egg

is deposited. Full incubation behavior in either case is not reached until

the last egg is laid. It appears that whether or not a sixth egg is to be

laid is determined two or three days earlier and is associated with

changes in behavior beginning at that time.

Only the female incubates the eggs and broods the young. Averages

on 30 females over 332 days at 40 different nests indicate that 45 atten-

tive periods, each 12.1 minutes in length and with inattentive periods

8.5 minutes long, are typical of the species. Although there are daily

fluctuations, attentive behavior appears essentially uniform throughout

incubation and constitutes 58.2 per cent of the daytime activity of the

bird. No differences in attentive behavior are discernible correlated with

age, change of mates, or advance of the nesting season.

As air temperature rises from daily averages of 48° to 88° F. (8.9° to

31.1° C), there is an increase in the number of attentive periods per

day and a decrease in the length of the attentive periods. This results in

a decrease in total attentive time during the day and an increase in the

total time of inattentiveness, even though there is no significant change

in the average length of the inattentive periods.

The eggs tend to hatch in the order laid over a period of 26 hours.

The length of the incubation period varies from 12 to 15 days and

averages 13.9 days. Attentive periods average longer when incubation

extends over 14 or 15 days than when it lasts only 12 or 13 days, but

probably this correlation is incidental due to the efi^ect of temperature

on both.

The average number of attentive periods per day during incubation

varies between different females from 24 to 70, the length of these periods

varies between 6.7 and 22.3 minutes, and the length of the inattentive

periods varies between 5.2 and 12.6 minutes. The male may influence

the female's attentive rhythm slightly, but his own attentive behavior

mostly becomes synchronized to hers. Differences between females ap-

pear due principally to the bird's individual temperament, physiology,

and heredity and as modified by the environment. In general, the length

of the attentive period is a very variable phase of attentive behavior and

the length of the inattentive is much less variable. Variations in the

number of periods per day depend primarily on the length of attentive

periods.

With the hatching of the young, the tempo of attentive behavior in-

creases to a faster pace. For the first three days there is an average of

67 brooding periods per day, each 7.3 minutes long, spaced at intervals
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of 6.4 minutes. The percentage of daytime spent brooding is 52.9, which

is shghtly less than for incubating the eggs. The amount of brooding

decreases daily thereafter but may persist to some extent during the day-

light hours until the young are ten days old.

Both adults feed the young, the female more consistently than the

male, although with the death or desertion of the female the male will

assume full responsibility, except that he will not brood. Normally only

one young is fed on each trip to the box. With an average of four young

in the brood, total trips to the nest per day increase from 184 on the

first day to 256 on the sixteenth. The increase from day to day follows a

sigmoid growth curve.

The rate of feeding per day varies with the number of young birds

constituting the brood. With only one young in the nest the adults

made 115 trips to the nest with food, but with six young present there

were 300 trips. Each young bird receives less food in large than in small

broods, the extreme variation is 115 trips with food for a single young

to only 50 trips per young bird in broods with six young. One adult bird

alone easily cares for broods with a single young. When the size of the

brood increases to three, four, or five, a single adult increases its feed-

ing rate an average of 53 per cent. The effectiveness of both adults par-

ticipating in feeding the young in these larger broods is evident in the

comparative increase of 103 per cent in the rate of feeding that occurs.

-Broods containing two or three young left the nest after 15.3 days; broods

containing four to six young did not do so until they were 16.6 days

old, which suggests that the slower individual rate of feeding in large

broods brings a retardation in rate of development.

The rate of feeding the young did not vary significantly between the

two breeding periods during the season. Similarly the rate of feeding

was not influenced by the age of the adults nor by their previous experi-

ence. Weather conditions produced no obvious effect except that feeding

was temporarily halted during severe rainstorms. Variations in the rate

of feeding by the same bird at different nests were less extensive than

were variations between different individuals.

The duration of attentive and inattentive periods is difficult to measure

when the adults are feeding the young, but the periods nevertheless do

occur. In one male bird feeding the young alone, "attentive" periods

averaged 99 per day and 4.4 minutes in length with intervening "in-

attentive" periods of 4.9 minutes. The young birds are attended to for

10 to 15 days after leaving the nest, during which time the inattentive

periods increase in length and the attentive behavior disappears.

Both males and females have a daily rhythm in the intensity of atten-

tive behavior. For unmated males, ordinary activity and tearing out

nest lining reaches a peak during the middle of the day. Insertion of nest
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lining by the female is most rapid during the early morning hours and

then decreases during the rest of the day. Eggs are laid soon after the

female begins her daily activities early in the morning. During the first

two days of the egg-laying period there is very little attentiveness in

the afternoons, but on each successive day thereafter until the set is

complete there is increased attentiveness during all hours of the day

until the typical daily rhythm of the incubation period becomes es-

tablished.

This typical daily rhythm during incubation begins with the female

on the eggs 60 minutes out of the hour at night, 39.8 minutes at 0600

hours, a minimum of 32.1 minutes at 1400 hours, a rise again to 39.0

minutes at 1900 hours, and 60 minutes when the bird retires. The length

of the attentive period varies from 12.5 minutes at 0600 to 0900 hours,

to 10.4 minutes at 1300 and 1400 hours, to 15.0 minutes at 1900 hours.

Inattentive periods vary at the same hours: 6.7, 9.0, and 8.1 minutes.

This curve of attentiveness varies inversely, although not exactly, with

the daily curve of air temperature. On cool days, the curve of attentive-

ness shows scarcely any drop in the afternoon, but on every warm day

the daily rhythm becomes highly developed and the bird may spend

more time away than on the eggs.

The daily rhythm of the female while brooding the young follows the

general pattern of the incubation period except that the afternoon de-

crease is greater, and less time is spent brooding the young than in in-

cubating the eggs.

When the young are newly hatched, they are fed slightly more often

in the afternoon, when there is less brooding, than in the morning.

When the young are five and ten days old and there is little brooding,

the feeding rhythm is similar to the incubating rhythm with greater

activity in the morning than in the afternoon. When the young are 15

days old, the adults are strained to full capacity at all hours and the

feeding rate is fairly uniform throughout the day.

During incubation, the female becomes active about 2.3 minutes after

sunrise and ceases activity an average of 6.4 minutes before sunset. When
the female is brooding young, she begins activity 8 minutes earlier in the

morning and continues for 16 minutes later in the evening. During

the nesting season, the male begins his daily activity several minutes

earlier than the female and continues them for some minutes in the

evening after she has retired to the nest.

There is no record of a male in the nest box at night. The female

may begin spending the night in the box as soon as she starts the in-

sertion of nest lining and before the eggs are laid. She may start roosting

again outside the box when the young are nearly ready to lea\e the

nest, and there is no record of her spending the night in the box after
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the young have flown. While incubating eggs, the female is often quite

restless at night, more so before midnight than afterward. There is a

relation between the degree of restlessness at night and the amount that

she is restless during attentive periods during the daylight hours. There is

a suggestion in some recordings that periods of quiet and restlessness

at night vary at intervals simulating periods of attentiveness and in-

attentiveness during the day.

Although the female spends the night in the box during egg-laying,

she is not always on the eggs. Furthermore, even if sitting on the eggs,

she may not apply full incubating heat to them. The brood patch de-

velops gradually during the egg-laying period so that the amount of heat

that the eggs receive increases gradually from night to night. Usually

full heat is applied beginning with the night after the fifth egg is laid.

The length of the inattentive period is probably determined by the

time required to fill the stomach with food. The length of the attentive

period is probably determined by the time required to digest this food.

Superimposed on this physiological rhythm are psychological factors,

such as habit formation. Changes in function may give a stimulus. The
nervous system must respond before there is an overt act.



IV. Attentive Behavior of Miscellaneous Species

Now that the details of attentive behavior have been worked out for

one species, it is desirable to see how uniformly this concept may be

applied among different species of birds. There are bound to be varia-

tions in the way attentive behavior has evolved in species of different

ancestral history, having different physiological potentialities, or with

different adjustments to the environment. After attentive behavior has

been described for various species in as much detail as is available,

some general comparisons will be made.

KiLLDEER, Charadrius (Oxyeclms) vociferus

The best accounts of killdeer behavior are by Nickell ( 1943 ) , who had

eight nests of tliree different pairs under observation, and Emma Davis

(1943), who studied both wild birds and birds raised in captivity. After

three weeks of seemingly aimless courtship performance by Davis' cap-

tive birds, one of the males began nest building and had the nest well

formed, except for lining, by the same evening. The female later con-

tributed some small stones for the lining. Copulation occurred repeatedly

during the egg-laying period, and during this period the male was

much more solicitous of the nest and eggs than the female. Nickell found

that intervals between laying of successive eggs were irregular with

often a day being skipped. He states that steady incubation began soon

after the last egg was laid, but the fact that hatching extended over two

or three days may indicate considerable incubation at night before the

set was complete. There were seven sets of four eggs, one of five.

Nickell gives the incubation period as 24 to 26 days, with both sexes

sharing the incubation duties. Ganier (1934) found at one nest that the

incubation period was 29 days. Davis also found both adults participat-

ing in incubation. Pickwell (1930), however, found only one bird caring

for the eggs at each of two nests, and when collected, each proved to be

the male. It is probable that the male incubates more than the female.

Davis found that the young after hatching were taken care of for 23

days with the male assuming major responsibility. For the first two or

three days the young killdeers were brooded by both parents for short

periods at frequent intervals but thereafter only during the cooler parts

of the day. Nickell also found both parents caring for the young after

hatching and that this period in two instances extended to 39 and 42 days.

We were able to insert thermocouples into two different killdeer nests.

93



94 PARENTAL CARE AND ITS EVOLUTION IN BIRDS

In one nest in late April, three full-day records and two part-day records

gave an average attentive period of 32.6 minutes with 24 periods per day

(Table 18). Intervals between successive attentive periods when no bird

was on the eggs averaged 5.6 minutes. Although observations at this nest

were limited, there is no doubt but that both adults shared incubation

duties. The average inattentive period should be considered as 32.6 plus

5.6 minutes or 38.2 minutes. There was no indication that one sex had

longer attentive periods than the other. It is not known which sex sat

on the eggs at night, but the record indicates that the bird was a close

sitter. Daytime activities began in the morning around 0522 (range:

0503-0555) and terminated in the evening around 2011 hours (range:

1943-2103). This is approximately 8 minutes before sunrise in the morn-

ing and 53 minutes after sunset in the evening.

Table 18. Attentive behavior of killdeers during incubation.

Number of Attentive Interval Inattentive

Date periods period.s between period.s periods

j3or day (min.) (niin.) (min.)

1927

April 25 26.0 6.9 32.9

April 26 27 30.0 4.1 34.1

April 27 37.8 4.7 42.5

April 29 21 36.5 5.6 42.1

April 30 23 32.5 6.5 39.0

W^S
June 23 25.5 7.3 32.8

June 24 21 39.2 8.8 48.0

June 25 30 28.3 4.4 32.7

June 26 26 32.7 3.3 36.0

June 27 47.3 5.0 52.3

June 28 48.6 3.1 51.7

June 29 27 28.1 2.8 30.9

June 30 26.9 1.8 28.7

At the other nest the thermocouple was inserted on June 20, the day the

second egg was laid. The fourth and last egg of the set was deposited

on June 22. Four attentive periods during the egg-laying phase averaged

36.2 minutes or approximately the same as the average of 34.6 minutes

for the 8 following days of incubation. The interval betvveen attentive

periods, 12.3 minutes, was considerably longer, however, than the aver-

age of 4.6 minutes during the incubation period. The corresponding in-

attentive periods are 48.5 and 39.2 minutes. Exchange of adult birds was

frequently observed at the nest. One of the two birds usually waited
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until the other appeared before it left, but the other bird often left a

few minutes before its mate came around.

The attentiveness of the birds at this nest at night was quite irregular.

Neither adult sat on the eggs at night until June 26 which was the fourth

day after incubation began. On later nights there was considerable rest-

lessness as the birds got on and off the nest and there appeared to be

attentive and inattentive periods beginning as early as 0100 hour on at

least one night. Likewise on another night, attentive behavior continued

until 2248 hours.

The average lengths of the attentive and inattentive periods at these

two nests were remarkably similar. Possibly the adults were the same

during these two consecutive years. The average of the two records gives

33.6 minutes for the attentive period and 38.7 minutes for the inattentive

period.

There was little consistent variation in attentiveness with time of day.

Intervals between successive attentive periods decreased slightly around

the middle of the day and lengthened again in the evening: 06-09 hours—

5.3 minutes; 11-14 hours—4.2 minutes; 16-19 hours—5.4 minutes. In the

1927 nest there was also a significant decrease in length of attentive

periods around midday: 38.6—25.9—55.9 minutes; but this variation did

not occur in the 1928 nest: 31.8-37.0-35.9 minutes.

Chimney Swift, Chaetura pelagica

Four nests of the chimney swift were under observation at various

times: 1925, 1932, 1938, 1939. All were located in a short brick chimney

in an old maple-sugar house at the edge of a woods. The bird activities

at the nest were observed at close range through a small peephole made
by removing a brick from the opposite wall. A thermocouple was in-

serted in the 1938 nest and a record obtained throughout much of the

incubating period. About 27.5 hours of observation were spent at the

1932 nest, approximately equally divided before and after hatching of

the eggs. There are scattered references in the literature to attentive

nesting behavior of this species, but no thorough study has been pub-

lished.

Both sexes participate almost equally in the various phases of nest

life. Actual nest building was not observed but at one nest six days

before the young hatched, both adults were seen several times bringing

sticks and fastening them to the nest. The two adults could be distin-

guished as one had a sooty throat, the other a white throat, but the sex

of each was not known. While active in nest repair, the>' alternated in

sitting on the eggs at intervals of 17, 13, 4, 17, and 31 minutes. These

intervals are considerably shorter than the average length of attentive

periods during full incubation. To place a stick in the nest, they first wet
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a spot on the nest tlioroughly with saUva, put the stick held in the bill

into the saliva, and then wet the stick all around thoroughly, usually at

its center. Strands of the saliva run up over the adjacent part of the nest

and wall so that when the saliva dries the stick is held firmly in position.

When the bird's mate came in for the next attentive period, it tested the

firmness with which the stick was fastened. On the chimney wall adjacent

to the nest were eight small sticks or groups of sticks plastered firmly, as

if the birds had tried several places before selecting the final nest site.

In a nest observed by Amadon ( 1936 ) the four eggs were laid on

alternate days and incubation began with the third egg. At our 1938 nest,

the four eggs were laid on consecutive days, and a bird was first observed

sitting on the nest the day the third egg was laid. Hatching occurred 18

days after the last egg was laid or 19 days after the third egg was laid.

The 1939 nest was two-thirds or more complete on June 12. The first

egg came on June 17 and that night both adults were observed in the

chimney but not on the nest. No birds were observed at the chimney on

June 18 and 19, but on June 20 there were two eggs early in the morn-

ing. The prevailing cool rainy weather may well be responsible for re-

tardation of the laying schedule. The third egg appeared on June 22 and

incubation first began. In the late afternoon of June 23 there were still

only three eggs and no adult was on the nest. On June 24, steady con-

tinuous incubation began with the appearance of the fourth egg.

The two sexes regularly alternate at incubation duties. At the 1932

nest, eleven complete attentive periods for "sooty throat" averaged over

34.8 minutes in duration. The full length of three periods was not de-

termined but even then these three periods averaged 40 minutes. The

shortest period was 4 minutes when "sooty throat" returned with a stick

and forced "white throat" off the nest. The longest period was 65 min-

utes. Eight attentive periods for "white throat" averaged 29.4 minutes

with extremes of 13 and 53 minutes. Often one bird on arriving had to

push with its body to urge the other to leave, but the exchange of posi-

tions on the nest was rapid, and during the entire 13.3 hours of observa-

tion the eggs were never left uncovered for any appreciable time.

This was not true at the 1938 nest. The thermocouple record indicated

that 12 times, on 8 of the 15 days recorded for the incubation period, the

eggs were left exposed for periods of 19 to 84 minutes. The average of

these absentee periods is 46.3 minutes which may indicate that one of

the birds occasionally missed his turn. The thermocouple did not regis-

ter the time of exchanging places, but 8.9 hours of observation give an

average of over 32.3 minutes for 12 attentive periods with a variation

from 7 to over 135 minutes for single periods. One period of only one

minute is omitted from these calculations. An average of 31 attentive



ATTENTIVE BEHAVIOR OF MISCELLANEOUS SPECIES 97

periods at both of these nests gives 32.4 minutes as the usual length of

time a bird sits on the nest at a time.

The three young at the 1932 nest hatched within twenty-four hours

of each other. During this period "sooty throat" had one measured atten-

tive period of 49 minutes and "white throat" one of 25 minutes.

Brooding went on fairly regularly at the 1932 nest for the next five

days with 10 periods of the two adults averaging 25.4 minutes. Both

adult birds were absent for only 25 minutes during nearly five hours of

observation. During the next seven days the brooding periods shortened

to about 14 minutes, and there was an increasing number of times that

the young were exposed without either parent present. Brooding was

practically terminated during the daytime on the twelfth day beyond

hatching. On the twenty-first day the nest washed down in a heavy rain,

and the young were forced to cling to the walls of the chimney. On the

twenty-third day the two young were banded after which one left the

chimney and one remained. One or two birds were seen in the chimney

until the twenty-eighth day, when for the first time all were gone from

the chimney.

At the 1938 nest the young were found hatched on July 15. On August

5, the nest was loose and ready to fall and the young were clinging to

the chimney wall. One got away in the sugar house but was returned to

the chimney. The next day, 22 days after hatching, the young were gone.

Bent ( 1940 )
gives one record of 19 days for incubation and 26 or more

days for the young to remain in the chimney. Amadou's ( 1936 ) records

show the last young hatching 18 days after the last egg was laid which

agrees exactly with our one record. He found the young off the nest at

21 days after hatching, but they did not leave the chimney until they

were 23 days old. Macnamara's (1918) record of young hatching 16

days after the last egg was laid may have meant that steady incubation

began with the laying of the next to the last egg two days previous. Baker

( 1948 ) observed brooding during the day until the 10th day, the young

leaving the nest on the 19th day, and leaving the chimney on the 24th

day after hatching.

The adults feed the young at the beginning of each brooding period

or occasionally a few minutes after brooding has begun. Feeding was

missed only once during the time the 1932 nest was under observation

and that was on the day the first young hatched and was alone in the

nest. Feeding is by regurgitation. During the first four days when there

were three young in the nest, all were fed on each of four visits and

either two or three on two other trips. One young bird later died. When
the tvvo surviving young were six and seven days of age, one or both of

the birds were fed on each trip. On later days only one bird was observed
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fed on each trip. For the entire nesthng period, the average of 2.5 young

in the nest were fed at the rate of 2.5 times per hour. When usually all

three young were fed on each trip during the first four days, the average

rate was three times per hour. From then until the two young were 15

days old, and usually only one was fed per trip, the rate averaged nearly

four trips per hour, but during the next five days the rate decreased to

once per hour.

Amadou ( 1936 ) and Bent ( 1940 )
quote observations of others that

the chimney swift may be active at night and that they may feed their

young at that time, going out and in the chimney repeatedly. Amadou,

however, was not able to verify these nocturnal activities during the

nesting period. Our observations indicate that the birds may move
around in the chimney and change positions, but we have no evidence of

more extensive activity.

Forbush (1927) reports observations of Stella M. Davis of both birds

sitting side by side on the nest at night with their throats pressed against

the wall and their long wings and tails extending outward over the rim.

This is the usual position of the birds while on the nest and we can con-

firm that often both birds occupy the nest at night. Fifteen observations

between 2130 and 2300 hours on different nights during incubation re-

vealed both birds on the nest seven times and only one bird on eight

times. In the latter cases, the other bird was clinging to the wall of the

chimney beside or below the nest. Two observations during the active

brooding period showed both adults on the nest each time, but a week

before the young left the nest, only one bird was on and it was uneasy

and flew off when the flashlight was turned on. Three nights later both

adults were found clinging to the wall, one on each side of the nest,

which was now filled by the full-grown young. After the nest washed

down, both adults and young clung to the wall at the place where the

nest had been.

Belted Kingfisher, Ceryle (Megacerijle) alcyon

Bent ( 1940 ) has summarized what little is known of the nesting be-

havior of the belted kingfisher. The nest is almost invariably in a burrow

in a sand, clay, or gravel bank, excavated by the birds themselves. From
3 to 14 or more days are required to dig the burrow, with each sex

taking turns of two or three minutes. Sometimes the male excavates addi-

tional burrows nearby in which he retires to feed and pass the night.

Normally six or seven eggs are laid and the incubation period is 23 or

24 days. There is a difference of opinion as to whether the male partici-

pates in actual incubation of the eggs. Doubtless the female does the

major share, but the male enters the burrow and may possibly carry

food to the female. After hatching, the young are fed by both parents
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and remain in the nest for 28 to 32 days. Mousley (1938) spent 42 hours

in observation at one nest throughout the nesthng period of the young

and found that the six young were fed at the average rate of 1.6 times

per hour by the male and 0.8 times per hour by the female.

An opportunity became available in 1942 to record the activity at a

nest discovered at the Edmund Niles Huyck Preserve, Rensselaerville,

New York. In a gravel bank, located a quarter of a mile from water, there

were three short burrows and a longer one in which the nest was located.

On June 7 flat-treadle electric contacts ( Fig. 1 ) mounted on a narrow

wooden block were buried in the entrance of the burrow so as to lie flush

with the surface. The adults accepted the disturbance and started going

into the nest shortly afterward. A complete itograph recording mechan-

ism was installed the next day, and successful records of the visits of the

adults were obtained during six days between June 9 and 16. There was

some difficulty in keeping the electric contacts clean, but 73 visits were

recorded over a total of 50.7 hours. The average daily rate of feeding,

probably by both adults, varied between 1.1 and 1.6 with an over-all

average of 1.4 times per hour. It was estimated that the young were in

their second week after hatching. This rate of feeding is appreciably

slower than that given by Mousley. Observations indicated that the adults

were very timid around the nest. On three mornings the first visit to the

nest came at 0410, 0422, and 0425 hours and the last visits on three even-

ings occurred at 0825, 0835, and 0852 hours. On three successful night

recordings, the adult was shown to be present only once.

Flicker, CoJoptes aiiratiis

Both sexes of the flicker assist at excavating a nest cavity. Burns

( 1900 ) tells of one instance where the two sexes took turns, at five-

minute intervals, chipping and carrying off pieces of wood. He also men-

tions one case where the female did all the excavating. From one to

nearly three weeks may be required to construct a nest unless, of course,

an artificial nest site is used when egg-laying may begin within a few

days. Normally a single egg is laid daily between 0500 and 0600 hours

(Sherman 1910), although there are two records where two eggs were
laid in a day. There are commonly five to eight eggs in a set.

Incubation begins before the set is completed, as in three nests I had

under observation. Hatching extended over three days in two instances

and possibly over four days in one. Sherman states that beginning with the

first egg one of the pair of adults customarily remains in the nest cavity

as a guard. In one of our six-egg sets, steady incubation began with the

laying of the fourth egg, and in another it began with the fifth egg. This

was shown by the eggs, which were numbered, hatching on succeeding

days 11 days and some hours after they were laid. For two eggs in differ-
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ent sets, Sherman also found that 11 days pkis five to eight hours were

required for complete incubation, while three number six eggs required

over 12 days. At one nest box a thermocouple and temperature-recorder

were connected, and they showed that heat was applied to the eggs for

short intervals during the day that the second egg was laid, although not

at night until after the third egg had appeared. Full incubation behavior

became established during the day that the fifth egg was laid.

The fact is well known that the two sexes share incubation, brooding,

and feeding the young and that the male, not the female, incubates or

broods at night ( Burns 1900, Sherman 1910, Skutch 1937b ) . We found

no exception to this rule in our observations, although Sherman found

on a few occasions that the female spent the night on the eggs while the

male roosted in another box usually used by the female. Sherman states

that the duties of incubation are shared about equally during the day

and that they relieve each other at intervals of one and one-half to two

hours. In one record extending over 24 hours, Skutch recorded two male

attentive periods of 121 and 139 minutes and two female attentive periods

of 186 and 132 minutes. For the 15-hour daylight period, the eggs were

covered, on the average, 55 minutes during each hour, and the male was

credited with 60 per cent of the total time that the eggs were actually

covered. Unfortunately the thermocouple record does not indicate the

time that the adults exchange places on the eggs. Neither adult bird sat

very steadily but was up and down and at the box entrance at frequent

intervals. Often this restlessness of the bird in the box makes a record

that simulates attentive and inattentive periods, with "attentive periods"

often 20 to 25 minutes long. The bird was also restless at night although

never away from the eggs for so long at a time.

Sherman gives 25 to 28 days as the length of time that tlie young

remain before leaving the nest cavity. In four nests 'recorded by us the

time was 23, 24, 25, and 26 days, respectively. Sherman states that the

young are brooded for two weeks and that the male stays in the box

at night until the young are three weeks old.

Sherman found tlie seven young fed approximately 1.5 times per hour

on the first day, while five young were fed 5.5 times per hour when 18

and 19 days old. During one all-day observation, Shirling ( 1927 ) re-

ported well-developed young fed 2.9 times per hour. Observations during

1.3 hours at one of our nests when the young were 14 days old and again

when they were 20 days old gave the same rate of 3.6 times per hour.

Skutch found that the male entered the box a little after 1900 hours on

clear days and that he remained in or near the box in the morning until

relieved by the female. One day she came at 0835, while on another day

she had not yet come at 0930 hours. Very little can be said concerning the

daily rhythm of attentive behavior. The eggs are covered nearly con-
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tinuously except when the adults are restless. On hot days the adults

appear at the box entrance more frequently but attentivity, as it is

shared by the two sexes, is very highly developed.

Crested Flycatcher, Myiarchus crinitus

Both the male and female crested flycatcher are often mentioned as

engaging in nest construction, but the close observations of Gillespie

( 1924 ) indicated that the female was chiefly responsible for it, although

the male accompanied her back and forth on the trips for nest material.

In this case 10 days were required for its completion, although there are

records of even longer periods being required.

Gillespie gives the incubation period as 13 days, Bent (1942) lists 13,

14, and 15 days by different observers. In one nest we had under obser-

vation, all four young of the brood hatched 14 days after the last egg

was laid. The adult was found in the box the afternnon before the last

egg was laid. Gillespie mentions that the male may feed the female on

the nest, but this was not observed by us and is probably not common.

Only the female incubates.

We were successful in obtaining a record of attentive behavior of

the female for five days at one nest (Table 19). The attentive rhythm is

fairly slow with only 25 attentive periods per day, averaging 21.3 minutes,

and with intervening inattentive periods of 13 minutes. The percentage

of total daytime is normal, however, averaging 61.2. On June 23, with a

marked drop in temperature, the attentive periods doubled in length, but

the next day, with continued cold, they reverted to normal length again.

Both adults feed the young. Mousley ( 1934a ) watched a nest for

nearly 30 hours and found the average rate to be 5.3 trips per hour. The

rate increased from four times per hour when the young were supposedly

three days old to 7.5 times per hour when they were 18 days old. The

female fed the young 74 per cent of the total times they were fed. Gilles-

pie estimated that the female fed the young twice as often as the male.

Mousley estimated that the brood he had under observation stayed in

Table 19. Attentive behavior of a female crested flycatcher during incubation.

Number of Attentive Inattentive Mean daily

Date periods periods periods tempeiature

per day (min.) (min .

)

°F. °C.

June 20 25 24.2 9.5 64 17.8

June 21 27 16.6 14.8 72 22.2

June 22 29 16.2 13.1 76 24.4

June 23 16 33.7 14.4 62 16.7

June 24 28 15.6 13.1 60 15.6



202 PARENTAL CARE AND ITS EVOLUTION IN BIRDS

^JO

20,

\ V ^ Avera(}ey^a(f.-6r°F(/9.4Ti)

V June 21. £Z-74°'rC^i. 3°C)

-: 3-

:-7o S;

+50 5

I I
1 1 \ I I 1 1 1 I I I I I

I

04- 05 06 01 08 05 10 II IZ 13. 14- 15 16 /7 18 19 lOZIIL^ 12. 13 14.

Jim& Of day

Fig. 18. Daily rhythm in attentiveness of a female crested flycatcher during

incubation.

the nest for 18 days; Gillespie gives 15 days for one brood when there

may have been some disturbance due to banding, and cites another rec-

ord where the young remained in the nest for 25 days.

Figure 18 shows the daily rhythm of attentive behavior of the female

during incubation. More time is spent on the eggs during the midday

slump in cold than in warm weather. The female takes her first trip

away from the eggs in the morning an average of six minutes after sun-

rise (range: 10 min. before to 27 min. after), but she retires exceptionally

early in the evening, fully 63 minutes before sunset on an average (range:

86 to 44 min. before). Nice (1928, 19olb) recorded the first early morn-

ing songs of the male in late May and early June from 0424 to 0503 hours

which would probably be a few minutes earlier than the first activities

of the female. Gillespie observed the young to be fed from 0430 to 1912

hours. Our temperature record indicated that the female was usually

very uneasy on the nest during the nighttime.

Phoebe, Saijornis phoehe

There has been surprisingly little published concerning the nesting

behavior of the phoebe. Henderson (1924) and Smith (1942) observed

only the female engaging in actual nest construction, while the male

accompanied her back and forth on her trips to gather nest material.

Three or four days or sometimes as long as 10 days are required to com-

plete the nest building. Bent ( 1942 )
quotes observations of Althea R.

Sherman at 10 nests that the average length of the incubation period is

16 days and that only the female incubates. Henderson ( 1924 ) and

Stoner ( 1939 ) also give the incubation period as 16 days at three nests

that they had under observation. W. P. Smith (1942) found it to be
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17, 16, and 14 days at three nests. In six nests under our observation, the

incubation period was 16 days in one instance, definitely 15 days in

another instance, while in four the hatch appeared to be late on the

fifteenth day. If records of all observers were combined, the average

would be 16 days. We have record of only the one adult incubating, pre-

sumably the female. Out of 10 cases recorded, all the young hatched

on a single day in four instances, but these were all small sets or in-

complete hatching of the set, the brood required 2 days in which to

hatch in three instances and 3 days in three other cases. Thus the first

eggs must receive a small amount of heat before the last of the four- to

six-egg set is completed. Henderson did not often observe the adult on

the nest during the egg-laying period, but she came on at night. Smith

recorded some incubation beginning with the second egg, and steady

incubation began with the next to last egg in two of his three nests.

A partial record of attentive behavior of the female during incubation

was obtained by means of the itograph at nest No. 1 and by the tempera-

ture-recorder at nest No. 2. A record of the rate for feeding the young

was also obtained with the itograph at nests No. 1 and 3.

As evident in Table 20, there is considerable difference in length and

number of periods per day between the females at nests No. 1 and 2. At

nest No. 2 the female had twice as many periods as at nest No. 1, and the

periods were about half as long. However, the percentage of total day-

time spent on the eggs at nests No. 1 and 2 was nearly the same, being

58.5 and 55.6, respectively. At a third nest, where observations only were

taken, the female was observed to sit nearly motionless on the eggs from

0830 to 1030 when the watching was terminated. This was on the twelfth

day of incubation and is a longer attentive period than any recorded by
the instruments.

When the young birds of the nest No. 1 hatched, the number of periods

greatly increased and their length decreased so that they were more
nearly comparable to attentive periods at nest No. 2 during incubation.

The percentage of total daytime spent brooding dropped, however,

to 46.3.

Stoner gives 16 to 17 days as the length of the nestling period. Hender-

son observed the young to remain in two nests for 17 days and in one nest

for 20 days. Smith found his young birds leaving the nest after 15, 16,

and 17 days and parental care to last 22, 20, and 17 days, respectively,

after the young left. Our records show the young leaving in 16 days in

one nest, 17 days in seven nests, 18 days in two nests, and 18 or 19 days

in one nest. Both adults share in feeding the young and Henderson ob-

served that the size of the insects brought increased, as the young be-

came older.

A complete record is available of the total feeding of four young at



Fig. 19. Itograph record of the pair of phoebes feeding four \oung, 12 days
old. Each transverse Hne represents one trip to the nest, of which there were
845 during the day.
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Table 20. Attentive behavior of female phoebes.

Date

Number of

periods

per day

Attentive

periods

(min.)

Inattentive

periods

(min.)

Mean daily

temperature

°F. °C.

Nest No. 1

June 18, 1932

June 19

45

48

Incubation

13.4

10.1

7.2

9.2

76

74

24.4

23.3

Average 46.5 11.8 8.2 75 23.9

Nest No. 2

July 3, 1928

July 6

61

85

8.9

6.2

5.8

4.4

79

68

26.1

20.0

July?

July 8

July 9

118

124

80

4.1

3.5

5.9 •

3.8

3.8

4.9

75

81

79

23.9

27.2

26.1

Average 93.6 5.7 4.5 76 24.4

Nest No. 1

June 20, 1932

June 21

68

129

Brooding young

6.4

3.0

6.9

4.0

76

74

24.4

23.3

Average 98.5 4.7 5.4 75 23.9

nest No. 1 from the beginning of hatching on June 20 until the last one

left the nest after 17 days at 0622 hours on July 8 (Table 21). A remark-

able total of 8,942 visits to the nest by the two birds was made which

works out to be 2,275 trips per young bird, presumably with food each

time. As the young grew older and required more food, the number of

trips per day increased fairly regularly to a maximum of 845 when the

young were 12 days old (Fig. 19), after which the number of trips was

again reduced. According to Stoner's detailed data on growth of nestlings,

increase in weight is more rapid up to 11 days of age after which further

increase is slow and fluctuating. The rate of feeding the single young at

nest No. 3, June 12 to 16, furnishes an interesting comparison. When this

young grew from 7 to 12 days in age, the adults made 680 trips to the

nest, probably with food each time. At nest No. 1 with four young, the

adults made 4.05 times as many trips in the same period. In this com-

parison, the rate of feeding was directly proportional to the number of

young in the nest.

Smith found nest building most vigorous between 0600 and 1030

hours. Egg-laying occurred usually between 0530 and 0630. The daily

rhythm in attentiveness during incubation as shown by our records

(Fig. 20) follows the usual pattern with a decline to tlie afternoon. al->

though the period of minimum attentiveness from 1600 to 1900 hours
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Table 21. Number of trips to nest made by adult phoebes."

Average Number of Mean dailj^

age of Number ot trips per temperature

young trips young bird

(days) per day per day °F. °C.

Xcst \o. 1, 193..^

68 45 76 24.4

0.5 129 43 74 23.3

1 + 211 53 74 23.3

2 228 57 65 18.3

3 286 72 64 17.8

4 382 06 70 21.1

5 351 88 72 22.2

6 437 100 72 22.2

7 499 125 68 20.0

. 8 451 113 72 22.2

9 444 111 76 24.4

10 594 148 71 21.7

11 769 192 62 16.7

12 845 211 64 17.8

13 776 194 64 17.8

14 753 188 64 17.8

15 509 127 74 23.3

16 531 133 69 20.6

17 679 170 68 20.0

Xcisi Xo. o, 19:39

7 ... 136

8 ... 138

9 ..." 133

10 ... 164

11 ... 109

68 20.0

69 20.6

69 20.6

69 20.6

73 22.8

* There was in ne.st No. 1 an average of l.'S young on days, 3 young on 0.°> days, and 4 young
the rest ot the time. In nest No. 3 tliere was onlv one voung on all davs.
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T.VBLE 22. Time of beginning and ending of diiiK" actixities of female phoebes.

Difference from

Date Sunrit^e Sunset

-Vt>^f Xo. 1

June IS, 1932

June 19

June 20

June 21

June 22

June 23

June 24

June 25

June 20

June 27 ^

June 2S

June 29

June 30

July 1

July 2 ;

July 3

July -t

July 5

July 6

July 7 ",

July S

Average

July 3, 192S

July

July 7

July S

July 9

Average

.Vt;?f -Vo. .9

June 11. 1929

June 12

June 13

June 14

June 15

June 16

June IS

June 19

June 20

June 21 +4
Average — 2 —19

-IS + 12

-19 + 10

-10 - 4

- 3 ~r 1

- 4 +37
- 6 +39
+27 + 13

-10 +41

+ 10

- +34
— 9 +34
-15 +24
-IS +22
-20 +25

+ 12 +is
-20 + 3

— 7 + 13

-24 + 17

-11 +27
- 1 -32

-17

— s + 1S

- 6 - 1

- S _J)

-16 + 16

-10 + 15
o— O

- 9

-36

- 1

-24
-14 -13

+ 1 — 22

+ S + 17

- s - 3

- 6

-50
- 1

-35
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appears to be a little later in the day than usual. The daily rhythm in

feeding the young at nest No. 1 shows two pronounced peaks coming

in early morning and late afternoon, but the late afternoon peak does

not show in the curve for nest No. 3. The largest single number of trips

per hour (106) came at nest No. 1 between 1630 and 1730 hours when
the young were 13 days old. The next largest number (89) is for the

same hour of the preceding day. Although there is no actual information

available, one would surmise that the adults must have been feeding the

young very small insects and probably only one at a time.

Table 22 shows that during both incubation and care of the young,

the female ordinarily left the nest a few minutes before sunrise, which

came about 0458 hours. This averaged eight minutes at nest No. 1, nine

minutes at nest No. 2, and two minutes at nest No. 3. The unusually late

awakening of the female at nest No. 1 on June 24 and July 2, may have

been due to cold damp weather. Wright (1913) found that the male

began his early morning calling an average of 53 minutes before sunrise.

The cessation of the daily activities averaged 18 minutes after sunset,

which came about 2000 hours, for the female at nest No. 1, and only

twice during 20 days did this bird retire before sunset. The female at

nest No. 2 varied considerably in her time of retirement, but the average

is one minute before sunset. At nest No. 3 the female terminated her

daily activities an average of 19 minutes before sunset and only once

did she do so after sunset. An average of the three birds would make the

time of retiring very close to the time of sunset. Wright had only two

records for the cessation of the male's activities, and these averaged 22

1 1 1 r —
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1 1 1 1 1 1 1 r

/ \ Fcedinq rate, Nest no. I
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Fig. 20. Daily rhythm in activity of the phoebe.
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minutes after sunset. The female at nest No. 2 showed some restlessness

at intervals of several minutes for the first night or two after the thermo-

couple was inserted, but sat quietly on the nest at night thereafter.

Wood Pewee, Contopus (Myiochanes) virens

There is little published information on the attentive behavior of the

wood pewee. In Bent's ( 1942 ) compilation of notes from various ob-

servers, it is stated that the male does not assist either in nest building

or at incubation, but that he feeds the female more or less frequently

while she incubates. The incubation period for the usual set of three eggs

is given as 12 or 13 days. The young are cared for by both parents and

may remain in the nest for 15, 16, or 18 days.

We had one nest under observation from the time of its construction

until the young Hew. Since it was situated 18 feet up on a horizontal

limb of an elm, most of the observations were made at some distance.

The nest was discovered on July 23 when already well begun and one

or possibly both adult birds were carrying material to it. On July 24,

during a short observation period, trips to the nest with building ma-
terial were at the rate of 24 times per hour, on July 25 the rate was seven

times per hour, and on July 26 it was 10 times per hour. On this last

date it was evident that only the female was working at the nest which

was then nearing completion. On July 30, there were two eggs in the

nest, and on August 2, there were three eggs of a complete set. The exact

time of laying the third egg is uncertain but presumably was July 31. The
temperature-recorder was attached to the nest on August 2, but a satis-

factory record was obtained only between August 5 and 15.

Table 23 shows that there normally are 32.1 attentive periods per day,

averaging 19.6 minutes long with intervals between attentive periods

averaging 6.8 minutes. This gives a high percentage of 73.5 for daytime

activities devoted to incubation of eggs. On the two warmest days of

August 10 and 11, the attentive periods were fewer in number and

averaged longest in duration. The coldest day came on August 15, when
it also was rainy all day. The number of attentive periods was greatly

reduced and there were long periods when the nest was left uncovered.

Perhaps the hunting of food was difficult and the adult bird was un-

comfortable. The data for August 15 is omitted from the averages above

given.

Hatching began about 0615 on August 16 and all three birds hatched

the same day. The shortest possible length of the incubation period was,

therefore, 14 days and more likely it was 16 days. This is three or four

days longer than indicated by the observations compiled by Bent. It is

possible that hatching would have started on August 15, had the adult

covered the eggs more faithfully. It is obvious that more information is
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Fig. 21. Average daily rhythm in attentiveness of a female wood pewee dur-

ing incubation and on a rainv dav, August 15.

required for this species. The three young birds left on either September

1 or 2, after 16 or 17 days in the nest.

Figure 21 gives the average daily curve for the incubation period ex-

clusive of August 15. The data for the two warmest days, August 10 and

11, fall so close to this line that no separate curve is presented. The

reduced and spasmodic incubation on August 15 is in marked contrast

with the steady incubation at other times.

The female began her morning activities an average of 22 minutes

before sunrise, which came about 0530 hours, and terminated them not

after sunset, as one might suppose, but 16 minutes before sunset, which

came about 1933 hours. The data for August 15 are not included due to

the distinctly unfavorable weather conditions. Likewise, the data for

August 5 and 6 are not included in the average for time of arising. The
temperature record indicates that on these days the female actually

became active on the nest at 0532 (7 minutes before sunrise) and 0536

( 10 minutes before sunrise ) , respectively, although she did not leave for

a definite inattentive period until the times indicated. It is entirely possi-

ble that the male fed the female on the nest at these times, as he has

been seen to do by other observers. We have no evidence that the male

fed the female regularly at other times of day. Craig's (1943) data show

that the first waking song of the male during June and July comes about
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Table 23. Attentive behavior of a female wood pewee during incubation.

Differenci? from ^

Number of Attentive Inattentive Mean dailj' Sunrise Sunset

Date periods periods periods temperature (min.) (min.)

per day (min.) (min.) °F. °C.

1929

Aug. 5 35 16.8 4.8 64 17.8 + 103 + 7

Aug. 6 32 19.9 5.5 66 18.9 + 22 -16

Aug. 7 38 16.6 8.6 67 19.4 - 33 -17

Aug. 8 37 15.6 6.2 68 20.0 - 34 — 5

Aug. 9 29 21.0 7.9 74 23.3 - 20 -18

Aug. 10 26 24.5 7.4 77 25.0 - 16 -23

Aug. 11 28 23.1 6.4 77 25.0 — 19 -26

Aug. 12 29 22.4 8.1 71 21.7 - 28 - 6

Aug. 13 30 19.1 6.8 74 23.3 + 16 -38

Aug. 14 37 16.6 6.7 66 18.9 - 41 - 6

Aug. 15 16 13.6 29 .

9

58 14.4 - 5 + 10

•' The time that the daily activity began and ended in respect to sunrise and sunset is indicated

by + if after and by — if before.

an hour before sunrise and the last evening song occurs about a half

hour after sunset. The male is thus active earlier than the female in the

morning and later in the evening. The temperature record indicates

that the female is fairly quiet on the nest at night, sometimes motionless

for 30 to 40 minutes at a time, but that usually she stirs around slightly

at more frequent intervals.

Stanford ( 1942 ) recorded the feeding of three young during 37 hours

of observation at one nest and found the rate per hour to vary as fol-

lows: just hatched-2.7, 2 days old-4.2, 3 days-2.3, 9 days-5.2, 11 days

—2.4, and 12 days—5.5. The average rate for the entire period regardless

of the age of the birds was 3.1 times per hour. The average of the daily

rates, however, gives a higher rate of 4.5 times per hour. Of the total

116 feedings recorded, 90.5 per cent were made by the female, as the male

was relatively inactive and was recorded feeding the young only when

they were 9 and 12 days old.

Barn Swallow, Hiriindo riistica (erytlirogaster)

The discussion here will be limited to the North American race of

barn swallow, H. r. erythrogaster. Comparative data on the European

form, H. r. rustica, will be found in Table 45. In the observations of

W. B. Smith (1933, 1937a) and Wood (1937), nest building begins in

from 1 to 5 days after the birds first arrive and select a nest site in May
or early June. From 6 to 9 days are required for nest building, in which
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work both adults share, although the female is the more active of the

t\vo sexes and appears to do most of the modeling of the nest. Wood
calculated from the total weight of the nest and the size of individual

mud pellets that 100 trips with nesting material per day for six days must

have been made to the nest site. Herrick ( 1935 ) observed during 15 hours

on 4 different days that the average rate of visiting the nest during its

constiuction was 22 times per hour. From 1 to 3 days may intervene from

the apparent completion of the nest until the first egg is laid. Bent ( 1942)

reports observations wherein 12 days were required for nest building and

two weeks elapsed after the nest was completed until the first egg was

laid. Smith (1933) found in one case that 11 days lapsed between the

time the last young of a first brood flew until the adults started repair on

the same nest for a second brood and that the first egg was laid only 5

days later.

An egg is laid on consecutive mornings until the set of 3 to 5 is com-

pleted. The first eggs receive considerable incubation before the last is

laid, as in the four nests observed by Smith and Wood and in two nests

observed by myself, hatching extended over two or three days. The time

intervals from the date the last egg was laid until the last young was

hatched were 14, 15, and 16 davs in the nests recorded bv Smith. Seven-

FiG. 22. Xest-temperature record of the incubating female barn swallow at

nest No. 2 on July 4, 1935. The attentive periods are marked and numbered

on the left side of each strip.
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teen days elapsed in Wood's nest, but there was little or no incubation on

the first day. It was either 15 or 16 days in one of my nests. Allen and

Nice (1952) state that the incubation period is 14 to 15 days.

Smith (1933), Herrick (1935), Wood (1937), Brewster (Griscom

1938), and E. M. Davis (1937) all observed the male and female taking

turns at incubating the eggs. Brewster noticed the exchange of birds on

the nest at average intervals of 15 minutes. Wood found on the third day

of incubation that the intervals on the nest varied from 4 to 15 minutes

and on the eleventh day, the intervals came at 6 to 36 minutes. Davis

gives the average time on the nest as 12 minutes on the basis of several

hours of observation. Smith (1933, 1937) is not clear as to how much

incubation the male performs. He states that at times the male is on the

eggs during the female's absence but that frequently the female leaves

without being relieved by the male. My observations at nests during

incubation are limited, but I once saw the male come and stand in the

nest over the eggs during the female's inattentiveness. He did not sit

on the eggs and the recording potentiometer verifies that little or no
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heat was applied to them. Several days' records at two nests (Fig. 22)

show typical attentive behavior of one bird only and will be analyzed, as

in other passerine species, in the assumption that the female does all the

effective incubation. The male cannot be considered as sharing in incu-

bation unless he actually applies heat to the eggs. He may even sit on the

eggs, but unless he arranges his feathers and applies vasculated skin to

them, there is little heat transference. Davis (1937: 70) has handled

living barn swallows for banding during the nesting period and states

that in the male the brood patch "is not well developed and it is a good

way to distinguish the sexes when they are caught."

Our two records on different birds, involving a total of 24 complete

days (Table 24), give an average of 15.8 minutes for the attentive period

and 10.6 minutes for the inattentive period with 34 periods coming each

day. The percentage of total daytime spent on the eggs is 59.1. Except for

a fewer number of periods at temperatures below 70° F. (21.1° C), the

average number per day is not greatly affected by differences in tem-

perature (Fig. 23). However, with increase in air temperature there is

a progressive decline in the length of the attentive periods and an increase

in the length of the inattentive periods. The percentage of daytime that

the bird is on the eggs at five-degree intervals of temperature from be-

low 70° F. (21.1° C.) to above 85° F. (29.4° C.) is 80.5, 72.4, 58.6, 38.0,

and 31.6.

Smith, Wood, Davis, Herrick, and I recorded the young remaining in

the nest for 18, 18, 18, 19, 19, 20, and 23 days before they flew. Herrick

and Smith found that the young roosted in the nest for several nights

after first leaving it, and Smith noted that the parents continued to feed

and care for the young for 9 or 10 days, after which the family group as

a unit began to break up. Wood found that a family of four, which he

had under observation, remained together from the time the young left

the nest on July 16 until they departed August 13, presumably on their

southward migration.

Little observation of brooding behavior has been noted, but Davis

suggests it is less prevalent after the first 4 days. Wood states that on the

tenth day the four young were fed on the average once every 53 seconds

or at the rate of 68 times per hour. Short observation periods by Smith

when five young were 8 days and 10 days old and by myself when three

young were 7 days old give rates of 24, 53, and 15 per hour. Both parents

share in feeding the young. Davis states that feeding is irregular, some-

times at the rate of once a minute for 15 or more minutes followed by a

pause of perhaps 15 minutes.

Figure 24 gives the daily rhythm of attentiveness of the female during

incubation. The average rhythm is based on records for 5 days each for

birds No. 1 and No. 2 at medium temperatures. For contrast average
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Table 24. Attentive behavior of female bam swallows during incubation.

Difference'from ^

Number of Attentive Inattentive Mean daily Sunrise Sunset

Date periods periods periods temperature (min.) (min.)

per day (min.) (min.) °F. °C.

Nest No. 1, 1933

July 19 41 10.8 11.6 77 25.0

July 20 32 11.4 15.3 82 27.8 -36

July 21 44 9.5 10.5 83 28.3 -1 + 9

July 22 37 8.9 15.2 81 27.2 + 10 +38
July 23 37 8.3 17.5 86 30.0 -25 +50
July 24 35 17.8 5.6 72 22.2 -12 -65

July 25 25 27.8 5.6 69 20.6 -7 -42

July 26 36 17.9 5.1 69 20.6 +5 -35

July 27 42 12.0 7.6 74 23.3 + 1 -40

July 28 50 8.9 8.5 78 25.6 -3 + 3

July 29 31 9.3 19.2 81 27.2 +8 +42

Average 37.3 13.0 11.1 77.4 25.2 -2.7 - 7.6

Nest No. 2, 1935

July 3 31 13.9 11.1 79 26.1 +31
July 4 19 33.4 10.0 77 25.0 +20 -47

July 5 26 18.9 11.8 80 26.7 +40 -50

July 6 23 12.8 19.0 80 26.7 -35

July 7 26 17.3 13.4 76 24.4 +33 -75

July 8 25 25.0 8.1 68 20.0 -19

July 9 34 18.9 4.8 72 22.2 +59 -27

July 10 40 11.1 9.0 76 24.4 +56 -25

July 11 39 7.4 14.0 82 27.8 +40 - 9

July 12 41 12.3 7.0 78 25.6 +28 -50

July 13 34 19.0 6.5 76 24.4 + 15 -14

July 14 42 11.6 8.5 78 25.6 +34 - 6

July 15 18 39.4 7.0 69 20.6 + 25 -23

Average 30.6 18.5 10.0 76.2 24.6 +34.6 -31.7

'> The time that the daily activity began and ended in respect to sunrise and sunset is indicated

by + if after and by — if before.

curves for the two hottest and the tv^o coldest days for each bird are

shown. These days of extreme temperature are not included in the curve

showing the average rhythm. Both nests were placed on rafters in a hay,

barn close to the roof that was covered with wood shingles. On hot

sunny days the nest temperature during midday was frequently over

100° F. (37.8° C), when the adult was absent, and she spent very short
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Fig. 24. Dail\- rhythm in attentiveness of female barn swallows during in-

cubation.

intervals on the eggs. On colder days, a pronounced daily rhythm was not

evident. On one such cold rainy day, July 15, the bird spent successive

attentive periods of 65 and 155 minutes at the nest with an intervening

period away of only 15 minutes. This behavior contrasts sharply with

that of the wood pewee in similar weather (p. 110). On the other hand,

during a storm in the hot afternoon of July 6, the bird spent successive

periods of 2, 4, and 3 minutes on the nest with inter\'ening inattentive-

ness of 52 and 57 minutes.

Wood noted that during incubation the female spent every night on

the nest, settling down about 1950 hours. The male w^ent elsewhere.

When the parents were feeding young, they appeared with food at

0450, 0440, and 0444 hours on consecutive mornings after the young had

awakened and started calling for food on these same days at 0445, 0440,

and 0435 hours, respectively. Smith (1937a) found that the parent dis-

continued its regular night's stay on the nest when the young were 14

days old. He gives the time of first appearing on one morning at 0352

and of leaving in two evenings at 1946 and 2000 hours. According to

Bent (1942), C. W. Townsend observed the young returning to the nest

for 5 nights after leaving it; after this they roosted elsewhere.

Female No. 1 (Table 24) did not stay on the nest at night until July

20, which was the second or third day after the last egg had been laid.
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She appeared somewhat restless at night throughout the rest of the incu-

bation period. Female No. 2 spent every night on the nest and was fairly

quiet until 4 days before the end of incubation when diere was some

evidence of increasing restlessness.

Female No. 1 showed considerable irregularity in the time of beginning

and ending her daily activities, but an average of all records indicates

that these times came shghtly before sunrise (0515 hours) and sunset

(1950 hours). Bird No. 2 exhibited an interesting contrast in beginning

her activities over a half hour after sunrise and ending them before sun-

set so that her period of daily activity was about an hour less than that

of bird No. 1. Wright's (1913) data indicate that the male becomes

active in the morning before the female, as 14 records gave his first ap-

pearance as 61 minutes before sunrise. One record gave the last activity

of the male as 27 minutes after sunset.

Purple Martin, Progne subis

According to Allen and Nice ( 1952 ) , the female purple martin does

most of the nest building and all of the incubation. Usually four or five

eggs are laid. At one nest where a thermocouple was inserted, the male

frequently entered the box during the female's inattentiveness but usu-

ally for short periods only. The temperature record indicates that the

male may have contacted the thermocouple by standing in the nest,

but there is no indication of any actual incubation on his part. The

record is a typical one for only the female incubating. Allen and Nice

give the length of incubation as 15 to 16 days.

Six days' recording was made with the thermocouple in one nest

(Table 25). There were an average of 21.8 attentive periods per day,

each period 32.0 minutes long and totaling 76.7 per cent of the daytime

activities. The intervening inattentive periods averaged 9.3 minutes. The

first day was the warmest and the attentive periods were only 24.6 min-

utes. As the air temperature fell during the next 3 days, the length of

the attentive periods increased to 45.9 minutes; but then as the average

air temperature remained constant during succeeding days, the attentive

periods became progressively shorter as well as more numerous, as if the

bird was becoming acclimated to the cold. The percentage of total time

attentive varied from 67.6 on June 10 to 76.7 on June 12 and increased

still further to 81.2 on June 16.

The young were found in the nest for 35 or 36 days. Both parents cared

for the young, as is typical for the species. Allen and Nice say that brood-

ing decreases to about 50 per cent when the young are 5 days old and

usually stops on the ninth or tenth day. After first leaving the nest, the

young may return to the box at intervals or to pass the night for several

days. Allen and Nice believe the true nestling period is about 28 days.
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Widmaiin ( 1884 ) says that young martins do not leave the box until

they are 6 weeks old, as in the case of our birds, but Allen and Nice

interpret this to mean permanent leaving.

Table 25. Attentive behavior of a female purple martin during incubation.

Differenct'from ^

Number of Attentive Inattentive Mean daily Sunrise Sunset

Date periods periods periods temperature (min.) (min.)

per day (min.) (min.) °F. °C.

1927

June 10 24 24.6 11.3 70 21.1 +27 - 4

June 11 20 34.6 8.1 65 18.3 +47 + 5

June 12 15 45.9 13.1 56 13.3 +41 + 5

June 13 57 13.9 +36 - 5

June 14 17 35.4 9.5 58 14.4 +42 + 12

June 15 25 28.7 8.5 58 14.4 + 11 +42

June 16 30 22.8 5.1 56 13.3 + 7 -59

" The time that the daily activity began and ended in respect to sunrise and sunset is indicated

by + if after and by — if before.

In a nest under observation for 63 minutes when the young were 2

days old, 79 minutes when they were 9 days old, and 78 minutes when
they were 24 days old, the four young were fed at the rate of 19, 21,

and 49 times per hour or 4.8, 5.1, and 12.3 times per bird per hour. Of

the total visits to the box, there were 58 by the male and 59 by the female,

and presumably at least one young bird was fed each time. Macnamara

(1917) calculated on the basis of observations that extended over two

weeks that the young were fed 3.3 times per bird per hour. Widmann
(1884) watched 16 nests for an entire day. Most of the nests contained

three young, 1 to 5 weeks old. Widmann observed not only an increase

in the rate of feeding with older young but also that very young birds

were given crushed insects, mostly small beetles. When they were 2

weeks old, they were fed insects the size of large flies; when they were

4 weeks old, they were led large dragonflies, grasshoppers, and butter-

flies. In one of three nests with young 5 weeks old, there were only two

young. These were fed 192 times during the day. If the day included

15.5 hours of activity, this would average 6.2 times per bird per hour.

At the other two nests with three young, they were fed 280 and 284

times or at the rate of 6.1 times per bird per hour. For the entire colony

with young at all ages, the average feeding rate was 4.4 times per bird per

hour. Forty-four per cent of the feedings were by the male and 56 per

cent by the female. Allen and Nice state that the parents may feed the

young every few minutes for eight or ten minutes, then cease feeding

for a similar period. This suggests attentive and inattentive periods.
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Fig. 25. Daily rhythm in attentive behavior of purple martin.

Figure 25 shov^^s the average daily rhythm of attentive behavior dur-

ing the six days of incubation. On June 10, with the highest air tempera-

ture, the depression of activity during the morning is pronounced com-

pared with the average, but during the afternoon the rate is about the

same.

In this same figure is shown the daily rhythm of feeding the young

from the hourly records of Widmann made during one day. In general,

the feeding curve is the reverse of the curve during incubation. Feeding

is more rapid during midday than during early morning and evening.

This was a warm day with the temperature varying from 74°F. (23.3° C.)

at 0500 to 92° F. (33.3° C.) between 1200 and 1300 hours. Probably the

adults spent relatively more time getting food for themselves in the

early morning and evening and devoted less attention to the young at

these times. Perhaps also there may have been some time spent in brood-

ing the very young in the cooler portion of the day, but no record was

made of this.

The one female recorded in Table 25 began its daily activities, on the

average, 30 minutes after sunrise (0454 hours) and terminated them 1

minute before sunset ( 1958 hours ) . This female was restless on the eggs

at night, noticeably more so before than after midnight.
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Catbird, DumeteUo carolinensis

In one nest building during mid-May that Herrick (1935) followed

through to completion, 7 days were required from the insertion of the first

crude material to the completion of the lining. The female did most

of the work, but the male aided at least to the extent of bringing build-

ing material. Three more days elapsed before the first egg was laid.

During this interval the birds usually kept away from the nest, although

on the second morning the female was observed sitting in the nest at

0830 hours, as if about ready to lay. Herrick states that each of the four

eggs was laid between 0900 hours and noon, during which time the

female sat closely on the nest. During the afternoon, he found the female

on and off the nest at intervals of one-half hour or longer. D. E. Davis

( 1942 ) states that at one nest the eggs were laid daily about 0800 hours.

At Herrick's nest steady incubation began on the day that the third

of a four-egg set was laid, and lasted 13 days. Davis gives the incubation

period as 12 days, but he must also have considered incubation as begin-

ning with the third of a four-egg set. At 19 of our nests where time of

hatching was recorded and where there were either three or four young,

hatching of all eggs apparently occurred in a single day at six nests, and

was spread over 2 days at ten nests, over 3 days at two nests, and over

4 days at one nest. We have no data on attentive behavior during egg-

laying, but the wide spacing of hatching indicates that the first eggs re-

ceived considerable incubation before the last were laid. Of six nests

where data are available on time between laying and hatching of the

last egg, there is one record of 12 days, four records of 13 days, and one

record that was either 13 or 14 days. Most likely, the usual incubation

period is 13 days.

Only the female incubates. D. E. Davis (1942a) makes a general state-

ment that the female is on the nest for 20 minutes at a time and off the

nest for about five-minute intervals. We obtained data on attentive be-

havior during incubation at four nests with the use of the recording po-

tentiometer (Table 26). The attentive period for those four birds

averaged 22.7 minutes and the inattentive period 7.0 minutes, with 33

attentive periods per day. Time on the eggs made up 75.9 per cent of

the bird's daytime activity.

The chief variation in attentive behavior from day to day is due to

temperature. The daily records are averaged for intervals of five degrees

in mean daily temperature, Fahrenheit and plotted in Figure 26. At a

medium temperature of 69° F. (20.6° C), the attentive and inattentive

periods were the longest and came at least frequent intervals during the

day. Total time spent incubating the eggs during the daytime fluctuated

only between 672 and 718 minutes (75.3 and 78.3 per cent of total day-
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Table 26. Attentive behavior of female catbirds during incubation.

Difference from ^

Number of Attentive Inattentive Mean daily Sunrise Sunset

Date periods periods periods temperature (min.) (min.)

per day (min.) (min.) °F. ^C.

Nest No. 1, 1927

July 3 -13

July 4 32 22.3 5.8 61 16.1 + 1 + 2

July 5 31 21.6 7.2 64 17.8 - 3 - 5

July 6 34 20.2 6.4 72 22.2 - 9 + 1

July 7 29 24.3 5.9 70 21.1 +39 +21
July 8 28 24.0 7.1 64 17.8 +22 + 3

July 9 +25

Average 30.8 22.5 6.5 66.2 19.0 + 12 + 2

Nest No. 2, 1930

June 28 35 20.7 4.9 62 16.7 - 2 - 5

June 29 41 14.9 7.1 72 22.2 + 1 + 3

Average

Nest No. 3, 1931

38.0 17.8 6.0 67.0 19.4

June 19 62 7.8 7.4 80 26.7 -26 + 15

June 20 42 12.7 7.3 78 25.6 +20 + 1

June 21 30 23.8 7.5 68 20.0 -23 + 18

June 22 30 22.6 6.8 72 22.2 + 1 -14

June 23 27 26.1 7.8 68 20.0 -15 + 2

June 24 30 21.4 8.3 66 18.9 -21 + 13

June 25 55 9.4 7.2 79 26.1 -22 +49

Average 39.4 17.7 7.5 73.0 22.8 -12 + 17

Nest No. 4, 1931

July 7 + 16

July 8 28 23.1 8.3 74 23.3 - 1 + 11

July 9 21 35.8 8.4 72 22.2 -22 +20

July 10 24 31.6 6.0 68 20.0 - 3 + 10

July 11 21 32.8 9.0 70 21.1 +22 + 1

July 12 17 41.3 9.4 70 21.1 + 17 + 4

July 13 + 4

Average 22.2 32.9 8.2 70.8 22.1 + 3 + 10

" The time that the daily activity began and ended

by + if after and by — if before.

in respect to sunrise and sunset is indicated
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Fig. 26. Changes in attentive behavior of female catbirds correlated with mean
daily air temperature.

time) at 63° F. (17.2° C), 69° F. (20.6° C), and 72° F. (22.2° C), but

fell to ,only 530 minutes (57.3 per cent of total daytime) at 79° F.

(26.1° C). At both 63° F. (17.2° C.) and 72° F. (22.2° C.) the length of

the attentive and inattentive periods was less than at 69° F. (20.6° C),

and their number per day was greater. At 79° F. (26.1° C), the total

time spent on the eggs decreased 23 per cent, the average length of the

attentive period decreased 60 per cent, the length of the inattentive

period remained about the same, and the number of periods per day

increased 82 per cent.

On the day that the young began to hatch, the number of attentive

periods remained the same ( Table 27 ) . although the length of the brood-

ing periods diminished and the intervals between them increased.
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Table 27. Attentive behavior of female catbirds during brooding.

Number

of

periods Brooding periods

(min.)

03

Number

of

periods Brooding periods

(min.)

J2

c S
1—I ^^

Number

of

periods Brooding periods

(mill.)

Intervals

(min.)

No.

No.

No.

1

3

4

Day (Hatching)

42 11.9 7.7

31 16.3 10.7

25 23.4 12.2

1st Day (Brooding)

32 14.6 14.3

29 14.9 12.6

2nd Day (Brooding)

17 11.6 41.4

Brooding periods decreased during the next 2 days either in number or

duration or in both. The percentage of daytime spent brooding during

the three days was 62.1, 51.7, and 20.9. In an intensive study at one nest,

Gabrielson ( 1913 ) found that the adult spent 80 to 32 per cent of her

time brooding the young throughout the period of their stay in the nest.

However, a good share of this time was protecting the young from the

intense solar radiation, and there was also an exceptional amount of

heavy rain which required the parent to protect the young from getting

wet. Gabrielson recorded a long, unbroken brooding period of 80 min-

utes and another of 180 minutes.

Of 12 records obtained by us, 10 days elapsed in eight instances and

11 days in three instances from the time the first young hatched to the

time that the first young left the nest. In addition, there are two rec-

ords of young leaving, probably prematurely, on the seventh and eighth

days, and there is one record of a single young bird that remained 15

days in the nest.

A record of feeding the young was obtained at one nest. Two young

hatched on July 25, and the third on July 26. Hardware cloth was

placed partly around the nest on this latter date, but the itograph con-

nections were not completed until July 29. With the young 5 to 11 days

old, the rate of daily feeding varied 147, 113, 137, 136, 173, 130, 195,

and averaged 147 times per day or 49 times per bird per day. The rate

was fairly uniform from day to day. Although both adults share the duty

of feeding the young, the relative amount of work performed by the

two sexes is not known in this case. At two nests that Gabrielson had

under observation at nearly all hours for a total of 12 days, the average

daily rate per bird was 32. Gabrielson found that on 8.7 per cent of the

trips to the nest, two young were fed instead of one.

Figure 27 shows the daily rhythm in various activities of the catbird

during its nesting life. The average curve for incubation behavior at

medium temperatures is for 8 days—two records from each of the foiu*
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birds—and it shows a decrease in attentiveness until 0900 hours, a fairly

uniform rate until 1700 hours, and a rise again in the evening. At the

somewhat lower temperature of 62° F. (16.7° C), an average of 2

days' records shows slightly more attentiveness. At the considerably

higher temperature of 80° F. (26.7° C), an average, again of 2 days'

records, shows a great drop in amount of time spent on the eggs, es-

pecially in the early afternoon.

The curve for the first full day of brooding, an average of records for

two different females, shows a pronounced decrease during the after-

noon when air temperatures rose. In one record for the second day

there was no brooding at all from 0900 to 1700 hours, although the av-

erage air temperatvu-e was only 72° F. (22.2° C). The same behavior

was evident also in the incomplete record of the following day. This

daily brooding rhythm agrees, except for the exact times involved, with

the manner in which Gabrielson divided the day into three parts: the

first from 0430 to 0730 hours when the adult brooded the young to keep

them from chilling, the second from 1030 to 1400 hours when she stood

over them with outstretched wings to protect them from the heat of the

sun, and the third from 1830 hours until dark to protect them from the
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chill of the evening. Although nests are ordinarily located in dense shrubs,

they are frequently exposed to the direct sun at certain hours of the

day. The shading of the young by the parents would not be registered

by our recording instruments.

The curve showing the feeding rate during the day is an average of

the last 7 days for three young in the nest. This shows a depressed rate

of feeding from 1300 to 1700 hours, the hottest hours of the day.

The females at the four nests were very irregular in the time that they

began and,^nded their daily activities during incubation (Table 26).

The average of the records for the four birds gives the beginning of ac-

tivities 1 minute after sunrise (about 0500 hours) and their cessation 7

minutes after sunset ( about 2000 hours ) . Allard ( 1930 ) recorded the

first singing of several male catbirds about 30 minutes before sunrise

during June and July.

The recording instrument showed that the female at nest No. 1 was

somewhat restless at night during incubation from the time that she

settled on the nest until about 0100 hour the next morning and sometimes

again from about an hour before she left the nest to begin her day's

activity. At nest No. 3 the female was uniformly quiet all night. At nest

No. 4 the female showed slight movements all night, although somewhat

more frequently before than after midnight.

American Robin, Turdus tnigratorius

The nesting behavior of the robin has been most intensively studied

by Schantz (1939) and Howell (1942), and summarized by W. M.

Tyler (Bent 1949). Electrical apparatus was used by Schantz "to an-

nounce and record the arrivals at the two nests so that it was impossible

for the adults to come to the nest without ringing an electric bell or mak-

ing a recording on paper tape. " Both he and Howell spent many hours

in observation at the nest, and Howell has summarized the literature to

date on many phases of the bird's behavior. Our own records of atten-

tive behavior were obtained with thermocouple and potentiometer until

the eggs hatched, after which the itograph was used at one nest.

Building of the first nest requires 5 or 6 days, but later nests may be

completed in 2 or 3 days. The work is done almost entirely by the female.

During this period the attentiveness of different males varies between

nearly complete ignorance, accompanying the female back and forth,

and bringing material for the female to incorporate into the nest struc-

ture. In one such latter case, Kelly (1913) reported the male making 86

and the female 108 trips to the nest during 11 hours of observation.

Schantz found that 5 days in one case and 3 days in another elapsed

between the completion of the nest and laying of the first egg. During

these intervals neither adult visited the nest more than once or twice
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Table 28. Dailv record of attenti\"e behavior in female robins.

1

o

5'?
Attentive

periods

(min.)

Inattentive

periods

(min.)

§ 3
"s.s

Attentive

periods

(min.)

Inattentive

periods

(min.)

.?/(f/ Da;/ Egg-laying) 3rd Day {Egg-laying)

1

2 58°F. 27 21.2 12.2 52°F. 24 27.7 10.0

3 52 12 51.3 20.1 (Deserted)

4

5 — '

1

2

isf Datj [Incubation) 2nd Day (Incubation)

55 33 19.7 8.1 53 27 18.6 6.3

3

4

5 80 37 18.0 7.1 82 37 17.0 8.5

3rd Day 4th Day

1

2 56 28 23.8 6.9 58 36 19.2 6.4

3

4

5 84 60 8.5 7.2 78 53 10.9 6.9

•5^/1 Da?/ 6th Day

1 54 27 24.8 7.4

2 64 31 20.6 8.7 58 30 23.5 6.4

3

4

5 82 55 9.8 6.9 78 34 20.5 6.3

7th Day Sth Day

1 60 25 26.1 8.3 58 24 30.6 5.8

2 52 30 25.5 6.2

3

4

5 70 30

.9th

25.6

Day

5.2 72 59

10th

10.2

Day

5.3

1 54 22 32.9 6.3

2 56 30 23.7 4.2 58 32 22.9 5.1

3

4 66 41 16.6 6.2 79 41 14.2 8.6

5 69 38 16.8 7.1 69 50 12.9 5.4
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Table 28 (cont.). Daily record of attentive behavior in female robins.

Number

of

periods

Attentive

periods

(min.)

Inattentive

periods

(min.)

Number

of

periods

Attentive

periods

(min.)

Inattentive

jieriods

(min.)

nth Day Hatching

I -56 32 20.6 7.1 60 46 12.9 6.0

2 (Incubation only 10 days) 60 36 18.2 7.3

3

4

5 73 51 11.8 6.0 78 72 5.8 6.9

1

2

1st Day (Brooding) 2nd Day (Brooding)

62 41 15.4 6.7 60 41 14.5 7.3

3

4 75 37 11.0 11.2

5

a day. In eight records obtained by us, the interval between insertion

of nest lining and the first egg varied as follows: one case, one day; two

cases each of two, three, and four days; one case of eight days; average

3.5 days.

Schantz found that the female remained on the nest for 64 minutes

before the laying of the first egg in the set and behaved similarly before

the laying of the second egg, remaining away for the rest of the day. He
states that incubation began the evening after the second egg was laid,

but Howell says that some robins begin with the first egg, others not

until the last is laid. Normally three or four eggs constitute a full set.

At both No. 2 and 3 nests (Table 28), the female was on the nest the

night after the first egg was laid and every night thereafter. With female

No. 2, the attentive periods during the second and third day of egg-laying

were of average length, but there were not quite so many of them, and

the inattentive periods averaged slightly longer. Since the first eggs laid

get considerable incubation before the last one is laid, they tend to hatch

in the order in which they are laid, usually over a period of 2 and often

3 days.

Howell gives the incubation period as 12 to 14 days. In our records at

21 nests, the interval between the last egg laid and last to hatch was 12

days in thirteen instances and 13 days in eight instances, giving an av-

erage of 12.4 days. Only the female as a rule incubates, although there are

scattered references in the literature of the male also taking part. Since

the male often stands on the rim of the nest or even in the nest cavity
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when the female is inattentive, it may appear from a distance that he is

incubating. Actually he may be applying very little if any heat to the

eggs. We have observations at one nest of the male occasionally feeding

the incubating female on the nest, and there are a few other similar

records (Grinnell and Storer 1924, Howell 1942, Common 1947), but

this behavior is unusual.

Schantz ( 1939 ) found the female attentive to the eggs during incuba-

tion an average of 16.3 times per day. Forty attentive periods averaged

44.2 minutes, alternating with inattentive periods of 11.3 minutes. At a

later nest (1944) he found on one day that the female had 32 attentive

periods averaging 20.6 minutes and inattentive periods averaging 5.6

minutes. Schantz's records were made in April and mid-May. Our first

record (Table 29) is intermediate between those of Schantz and our

other three records were made much later in the season. In general, it

appears that as the season progresses the female averages more atten-

tive and inattentive periods per day with the attentive periods becoming

of shorter duration. The percentage of daytime spent on the eggs varies

only between 78.7 and 76.2 early in the season and drops only to 67.0

and 68.6 in June and July. The average of Schantz's and our records is

31.9 attentive periods per day, 24.1 minutes long, with inattentive periods

averaging 7.4 minutes, and with 75.9 per cent of the daytime spent on

the eggs.

This correlation with the time of year is indirect, however, and is

brought about by the influence of rising air temperature (Table 30).

With rise in temperature the average length of the attentive periods

decreases, as they are broken up by more frequent inattentiveness. Al-

though the average length of the individual inattentive periods does not

change in any consistent manner, the number of periods and consequently

the total time off the nest during the day increases considerably com-

pared with what it is at lower temperatures, while the total time spent on

the eggs decreases proportionately less. The percentage that the bird

is attentive decreases from 78.1 at 58° F. (14.4° C.) to 60.7 at 83° F.

(28.3° C). The total time of attentiveness and inattentiveness during the

Table 29. Attentive behavior of female robins during incubation.

Air Number Inatten-

Xest Number Date last Days tempera- of Attentive tive

of eggs egg laid record 1ture periods periods periods

°F. °C. per day (min.) (min.)

1 4 April 26 5 56 13.3 26 27.0 7.0

2 3 May 27 10 56 13.3 30 22.5 6.8

4 3 .June lo(?) 2 72 22.2 41 15.4 7.4

5 4 .July 14 11 76 24.4 46 14.7 6.6
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Table 30. Relation of daily attentive behavior in female robins to temperature.

Average Atten- Inatten- Total Total

tempera- Number Number tive tive atten- inatten-

ture of of periods periods tiveness tiveness

°F. °C. I'ecords periods (min.) (min.) (min.) (min.)

54 12.2 5 28 23.9 6.9 669 200

58 14.4 8 30 24.0 6.5 720 202

64 17.8 1 30 22.0 8.7 660 270

68 20.0 4 40 18.0 6.0 720 246

72 22.2 2 55 11.0 5.6 605 314 .

79 26.1 4 41 15.9 7.2 652 302

83 28.3 3 51 11.8 7.5 602 390

day is shorter at the lower compared with the higher temperatures be-

cause the lower temperatures generally occurred earlier in the season

when the photoperiods were also shorter.

With the hatching of the first egg the periods of the female at and

away from the nest become more frequent. In all three records avail-

able the attentive periods decreased in length while in two of the three

records the length of the inattentive periods increased. The same tenden-

cies persist during the next few days of brooding, although the difference

in attentive behavior while incubating and brooding is not pronounced.

One record of adults feeding two young was obtained in the latter part

of July with the average daily air temperature varying only between 72°

and 76° F. (22.2° and 24.4° C). During five of the last six complete days

the young were in the nest, the number of visits per day varied 84, 98,

94, . . . , 64, 102, giving an average of 88 per day. Schantz ( 1939 ) has

the most complete data available and states: "For the first two days with

both broods the young received between 81 and 84 meals per day; the

third day they were given 89 and 90 meals, respectively. During the rest

of the time the first brood of three young received 82 to 99 meals per

day and the second brood with four young 92 to 113 meals." Observations

of others, compiled by Howell covering shorter periods of observation,

indicate the rate to be five or six times per hour. Richard Lasater (per-

sonal communication ) observed three yoimg 5 to 6 days old fed 10 times

per hour by both parents during six hours. Copeland (1909) recorded

two young fed four times per hour by the female alone. The averages of

the three records obtained by Schantz and ourselves are at the homly
rates of 6.5, 6.7, and 6.1, respectively. During the first few days when
the female is brooding, the male provides more food for the young than

does the female, but when the yoimg are further developed, both sexes

share this duty on a more nearly equal basis. Common (1947) gives an

unusual record where in 11 hours and five minutes of observation dur-
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ing one day the three young 5 days old were fed only 7 times by the

male and 17 times by the female.

Only a slight increase in rate of feeding is apparent as the young be-

come older. According to Schantz (1939), there is some increase, how-

ever, in the amount of food given the young on each trip as they grow

older. Some data show that on approximately half the visits two or even

three young may be fed. Hamilton ( 1935 ) states that the adults bring

their young approximately t^vo grams of food on each trip and feed their

brood a total of 200 grams during the day regardless of whether the

number of birds in the brood be three, four, or five. Using the average

rate of feeding during the last six complete days in the nest from our

record of a brood with two young and Schantz's records of broods with

three and four young, the rate of feeding per day averaged 88, 94, and

98, respectively, or at the rates per bird per day of 44, 31, and 25. Accord-

ing to these figures, the larger-sized broods were fed slightly more, but

not nearly enough to give each bird in the large broods the same amount

of food as each bird obtained in the smaller broods. It is possible that

the adults adjusted to the larger broods by bringing correspondingly

heavier loads on each trip, but this appears doubtful. The inequality in

rate of feeding was further exaggerated in that young of the second

brood stayed in the nest until they were 15 to 16 days old while the

third brood left when only 14 days old. One wonders if inequalities in

feeding result in inequalities in development, and if these will be com-

pensated for by the length of time the young are cared for by their

parents out of the nest before they become entirely independent (see

pp. 170-72).

Howell gives the time that the young spend in the nest as 13 days with

extremes at 9 and 16 days. This agrees both for the average and the ex-

tremes, with our data on 31 nests where the time from first hatching to

first leaving the nest was determined. Schantz found two broods cared

for by their parents until 11 days after leaving the nest, with only minor

attention thereafter. When another brood is raised, the male may assume

the major task of caring for the young in this stage, as the female be-

gins the next nest and set of eggs.

The daily rhythm of activity in the robin has several points of special

interest. Very soon after the first robin begins to sing in the early morn-

ing, there is a chorus of singing by males which lasts from 30 to 45 min-

utes, according to Howell. After that, there is desultory singing for the

rest of the day, with the low point coming about noon, until the evening

chorus sets in just before the birds retire for the night.

Contrary to most other passerine species the time of egg-laying is dur-

ing the late morning rather than soon after daybreak. Howell gives this

time as normally around 1000 hours. On the day the first egg was laid.
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Fig. 28. Daily rhythm in attentive behavior of robins.

Schantz found the female visiting the nest five times between 0755 and

0846 hours, and then away until 0945 hours, when she returned to sit 64

minutes before the egg was deposited at 1058 hours. She left at once

and did not return until the next day.

We have records on two females during the egg-laying period. At nest

No. 3, she had been on the nest all night and left at 0538 the next morn-

ing. She returned 23 minutes later for a long attentive period of 89 min-

utes, the longest of the day. Her second egg was laid sometime before

0915 hours, possibly during the first long period. This bird showed a high

degree of attentiveness with very long attentive periods all day long

(Table 28). Her shortest period of 16 minutes came at noon.

The record of female No. 2 for the days on which the second and third

eggs were laid is shown in figure 28. On both days, the attentixeness of

this bird decreased from a high level soon after beginning the day's ac-

tivities to a low point around 0700 and 0800 hours, and then rose to

prolonged attentiveness which lasted beyond midday. It was during this

time that the eggs were laid, the longest attentive period on the second

day being 75 minutes while on the third day there were two consecu-

tive long periods of 115 and 126 minutes with an interval of only 7
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minutes between. Each day the attentivity became depressed during late

afternoon but rose again in the evening. The daily rhythm of attentive-

ness during egg-laying differs strikingly from the average rhythm dur-

ing incubation.

The daily rhythm of attentivity was determined for each of the four

females for all the days of incubation, counting from the day after the

last egg was laid until the day before hatching began. All four records

were averaged to give a generalized curve for incubation (Fig. 28).

The level of attentiveness is fairly high in this species, dropping to its

lowest between noon and 1900 hours. When air temperatures become

high during the afternoon, this level is depressed to a greater extent than

on cool days. The curve shows less attentiveness at 0500 than at 0600

hours. Actually, of the 26 days' records entering into this curve, the 0500

level was lower than it was at 0600 in 18 instances. This was due to the

inattentive periods during the first hour averaging slightly longer in

length after a night's stay on the nest than during the second hour when

probably the bird's appetite had been appeased. However, the attentive

periods also averaged longer during these two hours, as there were only

1.6 such periods per hour in contrast to an average of 2.5 periods per hour

from 0700 to 1900 hours, inclusive. The decrease in attentiveness and

increase in inattentiveness during these latter thirteen hours is due to

changes in the length of the periods and not to an increase in their

number.

It is of interest that in the daily rhythm of brooding the young by

female No. 2 on the second and third days after the first egg hatched, the

high point of attentiveness in early morning came at 0700 rather than

at 0600 hours as during incubation. The low point came at 0500 one morn-

ing and at 0600 hours the next morning. For some reason this bird spent

less time brooding her young from 0800 to 1400 hours (average, 36.3

minutes per hour) than during late afternoon (average 16 to 19 hours,

43.4 minutes), and this was true for each of the two days. For robin

No. 4, the single day's record of brooding shows the female covering the

young for an average of 29 minutes per hour from 0800 to 1800 hours,

inclusive.

The daily rhythm in rate of feeding the young is shown separately for

nest No. 6, covering five days, and for Schantz's record that included 11

days (Fig. 28). These records include the feeding by both parent birds.

The two curves are similar except Schantz's birds fed more often in the

morning than did our birds. There were four young in the nest of his

bird and only two in ours. In both cases the rate of feeding was main-

tained fairly constant at all hours of the day.

Allard ( 1930 )
gives the time of the first morning song of the male

robin at about 36 minutes before sunrise in mid-April, increasing to
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about 45 minutes before sunrise in June, then again regressing to 36 min-

utes before sunrise by mid-July. Shaver and Walker ( 1931 ) showed
that the song continued after sunset about 9 minutes on March 1, 27

minutes on April 1, and 19 minutes on May 1.

In Table 31, data from Schantz ( 1939 ) are included with our own to

shov/ the time that the female begins and ends her daily activities.

While incubating, she first leaves the nest after a night's stay about 25

minutes before sunrise. Probably the same is true when she is egg-laying,

although the number of records is few and inconsistent. When brood-

ing and feeding the young, she becomes active somewhat later, averag-

ing 13 minutes before sunrise. The two records of Schantz and our nest

No. 2 represent the time the female first leaves the nest after a night of

brooding. The record at No. 6, however, is for the time the young were

first fed in the morning, as the female did not spend the night on the

nest, and in some cases the male may have fed the young first before the

female. In general, it appears that the female does not begin her daily

activities until 15 to 30 minutes after the male.

When egg-laying the female retires about the same time as the male.

Schantz's two birds terminated their day during incubation about 16

Table 31. Time of beginning and ending of daily activities in female robins.

Number of records Difference from ^

Nest Median ^lorning Evening Sunrise Sunset

date (min.) (min.)

Egg-laying

Schantz April 1 1 -85
Schantz May 10 1 2 ^14 +22
No. 2 May 26 2 ' 2 -26 + 4

No. 3 June 1 1 1 +41 +25

Incabating

Schantz April 7 6 5 -26 -22
No. 1 May 5 6 5 -11 +25
Schantz May 17

;

8 -11

No. 2 June 2 10 8 -22 + 4

No. 4 June 24 3 4 -30 +11
No. 5 July 20 11 10 -34 + 12

Caring•for• young

Schantz April 20 3 10 -14 + 5

Schantz May 28 5 12 , -24 - 4

No. 2 June 8 2 3 - 4 + 4

No. 6 July 24 5 6 -11 + 5

' The time that the daily activity began and ended
by 4 if after and by — if before.

respect to' sunrise and sunset is indicated
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minutes before sunset, while our four birds did not do so until 13 min-

untes after sunset or not much earlier than the male. When caring for

the yoimg, activities cease earlier or approximately at sunset. The period

of daily activity is shorter at beginning and end when caring for the

young than it is when incubating eggs.

At nest No. 3 the robin applied full heat at night after the second

egg was laid. At nest No. 2, however, she applied only partial heat, as

compared to her attentive periods during the day, on the nights after the

first and second eggs were laid, but full heat on the night after the third

or last egg was laid. The mere presence of a bird on a nest is not certain

evidence that full incubation is underway as the bird may vary the

amount of heat given the egg, perhaps by the amount of feathering on

her underparts or by the way she fluffs out her feathers so that her skin

may become directly applied to them. After incubation begins, the birds

sit closely on the eggs at night with little restlessness; but when the

weather is hot, they get up and stir around at more frequent intervals.

This difference in behavior at night was quite apparent with bird No. 5.

When the nestlings become fairly well grown, the female stops brood-

ing them at night. The female was on nest No. 6 only once during the

last 6 nights before the young left. Schantz found at his two nests that

the female remained away at night during the last 4 and the last 5

nights. By this time the nestling birds have acquired their temperature

regulating mechanism, and their feathers are well along in development.

Wood Thrush, Hylocichla mustelina

Brackbill ( 1943 ) has made the most complete study of nesting behavior

in the wood thrush, although many details are still lacking. The male

possesses a territory, guards the nest, and aids in feeding the young.

How much help he gives in nest construction is not known. Florence G.

Weaver ( 1939 ) states that 5 days may be consumed in nest building, that

the average size of the egg-set is three, and that there is no record of

more than four eggs in a set. Incubation apparently begins gradually, as

Brackbill found hatching to extend over two days at one nest and over

three days at another. At our nest No. 2 (Table 32) one egg hatched on

June 17 by 0800 hours, another by 1330 hours, the third by 0830 the next

day. The incubation period has not been fixed with certainty but is

probably 12 days. Only the female incubates the eggs and broods the

young.

We obtained potentiometer records at two nests during June (Table

32). The attentive periods at nest No. 2 (52.5 minutes) averaged twice

as long as those at nest No. 1 ( 26.4 minutes ) although temperature condi-

tions were very similar. The average number of trips per day was 13.7

at nest No. 2 and 24.0 at nest No. 1, and percentage of time attentive.
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78.5 and 66.1, respectively. In contrast, the average inattentive period

was about the same in the two birds ( 13.4 and 13.0 minutes, respectively )

.

A few records of Brackbill give the average attentive period at two nests

as 31 and 27 minutes with inattentive periods of 8.5 and 6.1 minutes.

When the female is incubating, Brackbill observed the male to be in-

attentive but when the female is away from the nest, the male guards the

nest closely, perching either on its rim, in the same tree, or nearby. He
guarded somewhat less carefully during the second nesting than the first,

and less when the female was brooding than when she was incubating.

On June 17, the day the eggs began hatching at nest No. 2, the atten-

tive periods of the female decreased to 22.1 minutes and the inattentive

periods increased to 15.3 minutes, while the number of periods during

the day rose from 14 during incubation to 24. The bird brooded for 58.1

per cent of the daytime. There may be some significance that the excite-

ment of her young hatching changed the very slow attentive rhythm of

this bird to the faster one exemplified by bird No. 1 and Brackbill's bird.

Brackbill observed the female at the nest about two-thirds of the time

during the daylight hours and every night, although in very hot weather

with temperatures of 93° F. (33.9° C.) and above, she did not cover

the young but stood on the nest rim on the side where she did not shade

the young. Also he found that there was no daily decrease in amount of

brooding as the young increased in age.

Table 32. Attentive behavior of female wood thrushes during incubation.

Difference from ^

Number of Attentive Inattentive ]\Iean daily Sunrise Sunset

Date periods periods periods tempe]rature (min.) (min.)

per day (min.) (min
.

)

°F. °C.

Nest No. 1, 1931

June 11 -12
June 12 24 29.5 11.7 72 22.2 -28 + 13

June 13 20 29.0 16.8 74 23.3 -29

June 14 29 19.2 12.1 75 23.9 -30 -28
June 15 23 27.9 11.6 65 18.3 -28
June 16 -14

Nest No. 2, 1929

June 13 -13
June 14 13 55.9 11.4 69 20.6 -18 -37
June 15 13 56.3 14.0 66 18.9 -18 + 4

June 16 15 45.3 14.7 73 22.8 -14 - 6

June 17 -23
' The time that the daily activity began and ended in respect to sunrise and sunset is indicated

hy -|- if after and by — if before.
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Fig. 29. Daily rhythm in attentive behavior of wood thrush and hermit thrush.

Brackbill reports the adults making 8.7 trips per hour with food for

three young in 13.8 hours observation on different days at one nest and

4.5 trips per hour in 13.6 hours observation at another nest also with

tliree .young. On 11 trips of the 181 observed, two young were fed instead

of one. The male was responsible for about two-thirds of the feedings

of the young while in the nest, and for practically all of the feedings of

the young after they had left the nest. He found no increase in the rate

that the young were fed as they became older. The young remained in one

nest until 12 and 13 days old, and he noticed that fledged young con-

tinued to receive some food from their parents until they were 25 to 32

days of age. Copeland (1909) reports one all-day record when the

young were fed 8.6 times per hour.

Figure 29 shows the bird at nest No. 1 with the more frequent but

shorter attentive periods, incubating considerably less than the bird

at nest No. 2. Bird No. 1 incubated 67 per cent of the time between 0500

and 2000 hours, in contrast to bird No. 2 which incubated about 80 per

cent of the time. Brackbill reported one bird incubating 78 per cent and

another bird 80 per cent of the time during observations extending

over 15.8 and 16.9 hours, respectively. Incubating tends to be least be-

tween 0800 and 1600 hours, although there is considerable variability.

During early morning the slowing up of the attentive rhythm is rapid.

From 0430 to 0530 hours birds No. 1 and 2 start 2.2 attentive periods per

hour, between 0530 and 0630 hours they start 1.8 periods, while during

the rest of the day they average only 1.1 periods per hour. The length of
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the attentive periods increases during these three time intervals: 24, 30,

43 minutes, and the length of the inattentive periods also increases: 10,

9, 14 minutes. There is no reverse speeding up of the attentive rhythm

during the hours preceding retirement for the night.

Wright ( 1913 ) recorded the first singing of male wood thrushes

throughout May, June, and July from about 32 to 38 minutes before

sunrise. Florence G. Weaver ( 1939 ) reports the males beginning to sing

during June near Ithaca, New York, at 0345 hours and continuing in the

evening until about 2000 hours. These times would be approximately

45 minutes before sunrise and 20 minutes after sunset, respectively. As

shown in Table 32, females No. 1 and 2 left their nests after a night's

stay on the eggs an average of 26 and 18 minutes before sunrise (0453

hours). This is not quite so early, apparently, as the male wood thrush

begins his daily activities. There is considerable variation in the time

that the female retires at night, although the average for the two females

is 7 and 13 minutes before sunset ( 1958 hours ) rather than after sunset,

as it is for the male.

Bird No. 1 was restless at intervals of 18 to 90 minutes during the

night of June 11-12. On following nights she was slightly restless but at

indefinite and irregular intervals. Bird No. 2 was usually very quiet

throughout the night until 15 to 20 minutes before beginning activities

in the morning. On June 17, she became restless 80 minutes before leav-

ing the nest. This may have been due to her first young pipping the

shell, as it was found hatched at 0800 hours.

Hermit Thrush, Hylociclila guttata

Stanwood (1910b) wrote concerning the hermit thrush as follows:

"The time of incubation ... is twelve days; the young remain in the nest

twelve days, and leave early in the morning, as a general thing. One egg

is laid each day about ten o'clock in the morning ( 1000 hours
) , and the

birds begin to incubate by 12 o'clock ( 1200 hours ) of the day the clutch is

completed. I have found the nvmiber of eggs to vary from four to tAvo.

I should judge from the nesting dates I have gathered that the Hermit

Thrush . . . raises two or three broods during a season."'

Since only the female broods the young after hatching, she probably

also does most, if not all, of the incubating, although observations at the

nest during the incubation period are scarce. At a nest with three eggs,

found near Rensselaerville, N.Y., on July 15, one bird, presumably the

female, was watched on the nest from 1333 to 1512 hours, during which
time she scarcely stirred. This was seven days before the eggs hatched

and may indicate that attentive periods are very long in this species.

This nest was three feet off the ground on a horizontal branch of a
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Table 33. Attenti\e behavior of the hermit thrush while caring for young.

Duration of

record at Brooding Trips per hour Difference

Kendeigh'.s nest periods to 7iest from **

-5 £ y. h. zi
5 x

X £ cc-S 11
3 31 4.0 5.2 7.2 +32

f 1 44 2.9 6.6 8.7 -11 +40
2 15 59 1.8 7.1 4.9 2.5 -27 +50

3 6 17 1.3 12.0 5.6 4.3 - 1

4 4.6

5 8 56 7.1 6.3 +31

6 15 39 7.7 5.3 -50 + 13

7 8 41 8.2 12.7 6.3 -24

8 4 34 12.9 13.5 3.0 +20

9 10 40 10.6 8.2 3.2 -40 +27
10 15 35 9.2 b b -42 +26
11 16 32 11.5 -53 +74

'' The time that the daily activity began and ended in respect to sunrise and sunset is indicated

by + if after and by — if before.

'' Young left nest prematurely, due to disturbance.

small spruce, an unusual location. To get the recording of an itograph

at this nest, a piece of hardware cloth was placed around back of the

nest, 6 days before hatching. The next day a tunnel, open at the top, was

made on the front side. Two days later a stake was driven into the

ground so that the top was level with the bottom of this tunnel. The

following day the itograph perches were fastened on top of this stake

and wires run to it. The next day, the recorder and batteries were con-

nected and the record started. Probably greater care and time was taken

to get the apparatus established than was necessary, but since the hermit

thrush is supposedly a shy bird around its nest, the adults were per-

mitted ample time to get adjusted to each step in the procedure before

the next one was taken. No record of incubating behavior was made.

On July 23, at least two of the three eggs hatched, and the top of the

tunnel was covered with more hardware cloth; the third young was

found hatched on July 24. The three young left before 0650 hours on

August 4 after 12 days in the nest. The record of the adult in caring for

the young is given in Table 33. Observations indicated that only one

bird, probably the female, was active in feeding the young, but of this

there could be no certaintv.
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There are three other records of observations at nests of this species.

In each case both adults took part in feeding the young. In McChntock's

( 1910 ) nest there were three young and from 89 to 205 minutes were

spent each day in watching. Stoner's ( 1920 ) nest had four young and

from 121 to 498 minutes daily were devoted to observations. These rec-

ords are incorporated in Table 33. In a nest observed by Perry (1918),

three young were fed six times per hour on the average and left the nest

when 12 days old.

Brooding mostly ceased when the young were 3 or 4 days old, although

there may have been one short period on the sixth day. Rain fell on the

day that the young were 3 days old, which may account for the longer

brooding periods then. McClintock found the female brooding a little

on the sixth day, but Stoner does not record any brooding after the

fourth day.

The hourly rate of feeding was greater in the latter half of the nest

life than in the first half although the day-to-day increase was irregular.

The data obtained by Stoner do not show any such increase in rate

of feeding. Stoner's data are unusual also in the very low rate of

feeding attained. For the seventh, eighth, and ninth days, the adults at

Kendeigh's nest and McClintock's nest fed their young at the average

rates of 3.5 and 3.8 times per bird per hour, respectively, but at Stoner's

nest the adults fed four young only 1.4 times per bird per hour. Stoner

found that in 161 visits to the nest, the male and female shared nearly

alike or 82 and 79 times, respectively. He likewise observed that from

one to all four young were fed on each trip to the nest for an average of

1.5 young per visit, and that this did not vary significantly as the young

got older.

The curve (Fig. 29), showing average number of feedings at Ken-

deigh's nest for the various hours of the day, is based on the complete

records for only the second, sixth, tenth, and eleventh days and exhibits

considerable irregularity. However, there appears a progressive decline

in the rate of feeding during the afternoon except for peaks at 1500 and

1900 hours.

The female sat on the nest every night until the young left with no

apparent uneasiness. She left the nest, on the average, 31 minutes before

sunrise, which came about 0444 hours, and returned for her next night's

stay 35 minutes after sunset, which came about 1918 hours. Wright

(1913) states that the male's first song comes 53 minutes before sunrise,

although he may start calling five minutes or more earlier. Thus the male

begins his activities earlier than the female; but in the evening, the last

song and call of the male averages 33 minutes after sunset which is

almost identical to the time recorded for the female to retire.
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Bluebird, Sialia sialis

Nearly all of the nest building of the bluebird is performed by the fe-

male and requires from 4 to 12 days. Occasionally the male may partici-

pate. Two or three days elapse between completion of the nest and laying

the first egg, according to W. P. Smith (1937b), or one week, accord-

ing to Thomas ( 1946 ) . This interval, according to our records, is quite

variable and at five nests was 1, 4, 4, 5, and 8 days.

Smith gives the time of egg-laying as before 0600, between 0630 and

0800, and once at 0900 hours. We have one record of egg-laying between

0730 and 0830, another between 1000 and 1600, a third between late after-

noon one day and 0530 hours the next, but most egg-laying, not other-

wise timed, appeared to occur in the early morning. Three to six eggs

make up the set.

Smith lists two sets requiring 13 days incubation, four sets 14 days,

three sets 15 days, and two sets 16 days. Thomas gives the incubation

period as 13 to 15 days, commonly 14. The intervals between the last

egg laid and the last to hatch in three nests observed by Brodrick

(1938) were 13, 14, and 15 days. The similar interval in 11 nests ob-

served by ourselves was 14 days in all instances. In five cases the eggs

all hatched the same day; in six cases hatching extended over 2 days.

Smith states that the young generally remain in the nest for 18 days, but

he gives one instance of 17 days. Brodrick's young birds left at 17, 18,

and 19 days after the first one hatched. Records at 10 nests studied by
us give this interval at 17 days in five cases and 18 days in the other five.

Recordings of attentive behavior are not available for the egg-laying

period, but in view of the relatively long incubation period and that all

eggs frequently hatch on the same day, it is doubtful if the first eggs

laid get very much incubation before the last one is laid.

There is no question but that the female is responsible for incubating

the eggs, although the male may be more or less attentive. W. P. Smith

( 1937b ) , Brodrick ( 1938 ) , and Laskey ( 1939 ) all give instances where

the male appeared to share this duty. Observation of the male's entering

the nest box or even sitting on the eggs is not positive evidence, how-

ever, that he is applying any significant amount of heat to them. This

needs to be determined by either noting whether he has a brood patch

or measuring the egg temperature with thermocouple or other device.

Smith and Thomas observed the male feeding his mate at intervals, but

this seems not to be the general rule. Often he stands guard near the nest

while the female is inattentive.

Twelve days of recording at one nest and 2 days at another with

thermocouple and potentiometer indicate 34.4 attentive periods per day

averaging 14.1 minutes in length alternating with inattentive periods of
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12.4 minutes ( Table 34 ) . This is a relatively low proportion of attentive-

ness, making up only 52.5 per cent of the daytime activity. The record

for bird No. 2, beginning 2 days after laying the last egg, suggests that

the attentive periods shorten somewhat and the inattentive periods

lengthen toward the end of the incubating period. This is probably cor-

related, however, with the higher temperatures prevailing during the

last 4 days.

Brooding of the hatched young is performed only by the female, al-

though both sexes usually share in feeding the young. One record of feed-

ing by both adults was obtained with the itograph at one nest for 10

days beginning the sixth day after the single nestling hatched. The total

times during the day that the adults visited the nest were 77, 71, 65, 100,

99, 74, 92, . . . , . . . , 104, 69, 76. The bird left the nest the next day. The
average is 82.7 trips per day. There was no increase in number of trips

with development of the young bird, but the one bird in the brood was

doubtless supplied with a surplus of food at all times. Nice (1931a),

Wetherbee ( 1933 ) , and Laskey ( 1939 ) have reported grown young of

a first brood helping to feed nestlings of a later second brood, but this

was not observed in this study.

Table 34. Attentive behavior of female bluebirds during incubation.

Difference from ^

Number of Attentive Inattentive Mean daily Sunri.se Sunset

Date periods periods periods temperature (min.) (min.)

per daj' (min.) (min.) °F. °C.

Nest No. 1, 1931

April 17 41 10.9 8.4 66 18.9 -16 -12
April 18 38 13.2 8.6 68 20.0 -14 +22

Nest No. 2, 1931

June 23 20 27.5 18.1 72 22.2 -15 + 10

June 24 37 15.3 9.1 66 18.9 - 6 + 1

June 25 40 14.6 9.2 67 19.4 -45 + 3

June 26 32 18.4 9.7 61 16.1 - 3

June 27 35 14.0 10.7 66 18.9 + 4 + 5

June 28 31 16.3 12.1 68 20.0 + 9 - 2

June 29 34 14.9 10.9 68 20.0 + 8 - 9

June 30 40 12.2 10.2 68 20.0 + 3 + 4

July 1 35 10.3 14.0 72 22.2 +20 -17
July 2 38 9.8 13.9 76 24.4 + 1 + 15

July 3 32 10.8 17.7 79 26.1 + 6 +32
July 4 29 9.7 20.7 79 26.1 + 8 + 9

^ The time that the daily activity began and ended in respect to sunrise and sunset is indicated
by + if after and by — if before.
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Fig. 30. Dailv rhythm in attentive behavior of bluebirds.

The daily rhythms of incubating attentiveness for the female at nest

No. 1 in April and nest No. 2 in late June and early July contrast in

showing the later beginning and earlier ending of the daytime depression

correlated with the diflFerence in time of sunrise and sunset (Fig. 30).

The higher level of attentiveness maintained during the middle of the

day for the April bird is probably a response to the lower temperature.

Perhaps this species is more than usually sensitive to temperature change

as the three days' average curve at 78° F. (25.6° C.) shows a drop in

attentiveness to a remarkably low level. The average maximum tempera-

ture on these three days was 85° F. (29.4° C).
The greater attentiveness at 0600 compared with 0500 hours in the

curve for female No. 2 is identical to one at the same hour in the robin.

Of the 12 days entering into this curve, this fluctuation occurred eight

times, while on 3 days the record at 0600 hours was less than at 0500

hours, and on one day it was the same. Apparently the bird usually spends

a longer time away from the nest during the first hour after arising in

order to replenish energies used up overnight.

The number of attentive periods per hour increases from 1.1 at 0500

hours to a maximum of 2.8 at 0900 hours, after which it fluctuates between
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2.1 and 2.7 until evening. The greater amount of inattentiveness during

the middle of the day is due not to any marked change in the length of

the inattentive periods but to these periods occurring more frequently.

This causes a pronounced decrease in the length of the attentive periods

or the length of time the female sits on the eggs at a stretch.

With hatching of the young and feeding by both adults, it appears

that the rate is greatest at 0700 and 0800 in the morning, perhaps after

the adults have satisfied their own hunger, and then decreases in a fluc-

tuating manner the rest of the day.

The time of beginning and ending of the day's activities by the female

is remarkably inconsistent. The summary of all records indicates that on

the average the bird rose three minutes before sunrise, which occurred

at about 0546 in April and 0452 in late June and early July, and retired

four minutes after sunset, which occurred at about 1906 and 2001 dur-

ing the two periods. On individual days she departed widely from this

schedule.

Female No. 2 sat very closely on the eggs at night and was very quiet

at all times. Female No. 1, however, behaved quite differently. She was

very restless, stirring around on the eggs and getting up and down. Her

periods on and off the eggs at night were reminiscent of attentive and

inattentive periods during the day, although the periods on the eggs were

longer and the periods off the eggs shorter than in the daytime. The ito-

graph recording was somewhat imperfect, but the female apparently

brooded the young bird at night until 4 days before it left the nest.

Cedar Waxwing, Bombycilla cedrorum

Both cedar waxwing adults share in nest building. Probably the female

does more of the work than the male. One or two trips per minute may be

made during the peak of the nest-building activity. From 5 to 7 days are

required before the nest is completed, although with renesting the time

may be shortened. The first egg is laid as soon as the nest is completed or

may be delayed for as long as three days. Additions to the nest lining

may be made during the egg-laying period. These observations were

made by Saunders 1911, Post 1916, W. A. O. Gross 1929, Crouch 1936,

Lea 1942, and Putnam 1949.

Putnam states that the eggs are laid between 0500 and 0800 hours.

Lea had data on 18 marked eggs and states that the incubation period

averages 11.7 days with variation from 11 to 13 days. James (1946)

gives 11 days and Saunders and Putnam, 12 days, for the incubation

period. At two of my nests the period was 12 days, at three nests it was

13 days. Gross gives 14 days and Post gives 15 days as the incubation

period for the nests they had under observation. Doubtless the incubat-

ing attentiveness develops gradually as the female is sometimes observed
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sitting on the eggs before the set is complete and the hatching period ex-

tends from 1 to 3 days. Putnam found the adult incubating at night after

the third egg was laid.

Although Gross records both adults sharing incubation at one nest,

most students who have paid special attention to this species agree that

incubation is ordinarily performed entirely by the female. The male feeds

the female during incubation either on the nest or on some nearby perch.

Gross states that this feeding was at half-hour intervals, Crouch gives

it as 10 to 15 minutes, Lea observed it every 20 minutes. Putnam found

this rate to be variable between 0.4 and 1.4 feedings per hour. Crouch

found that the female left the nest to get this food from the male in in-

attentive periods of 3 to 5 or, rarely, 10 minutes.

Table 35 gives a record of attentive behavior at two nests, possibly of

the same female with successive broods, both obtained with a thermo-

couple inserted just above the eggs. At the first nest, due to hot weather,

the bird's attentiveness during the middle of the day was so irregular

that definite periods could not be identified. Likewise at the second nest,

the bird did not incubate steadily during the attentive periods in the mid-

dle of the day, although there was less difficulty in recognizing the

limits of the periods. An average of the two nests makes the attentive

period 29.4 minutes long and the inattentive period 5 minutes. The atten-

tive periods not infrequently extended to over one hour in length, and

one period was nearly three hours. It is quite likely that during these

extra long periods the male fed the female on the nest, while at other

times she left the nest to receive the food. Putnam found the mean atten-

tive period to be 45 minutes in 402 hours of observation at 11 nests and

the inattentive period about 5.6 minutes. Apparently the percentage of

daytime that the bird is attentive to incubation varies between 85 and 89.

Only the female broods the young after hatching, but both adults

feed the young. Hatching occurred on July 4 at the first nest and on Aug-

ust 6 at the second nest. At this latter nest the number of attentive periods

on the day of hatching rose to 40, their average length dropped to 16.6

minutes while the length of the inattentive periods remained about the

same, 3.8 minutes. The bird thus spent 81 per cent of her time in atten-

tiveness which compares well with 87 per cent given by Lea for atten-

tiveness of the adults at his nest when the young were one to two days

old. Much of this time is spent in brooding. Lea records the percentage

of the time of the female at the nest when the young were 4 to 5 days

old as 59, 7 to 8 days old as 38, and 11 to 12 days old as 25. Of course,

less time is spent brooding and more time is spent in feeding the young as

they get older. Putnam states that tlie female broods 75 per cent of the

daylight hours during the first 5 days.

Lea found the average nestling period was 15.5 days with extreme
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Table 35. Attentive behavior of female cedar waxwings during incubation.

Difference fro7n '^

Number of Attentive Inattentive Mean daily Sunrise Sunset

Date periods periods periods temperature (min.) (min.)

per day (min.) (min.) °F. °C.

Nest No. 1, 1931

June 30 40 15.5 7.6 82 27.8 -12 + 14

July 1 23.0'^ 6.1'' 86 30.0 - 7 -31

July 2 27.8^ 5.7'^ 83 28.3 - 7 -13

July 3 19.7*^ 4.7'' 76 24.4 - 5 + 7

Average 21.5 6.0 81.8 27.7 - 8 - 6

Nest No. 2, 1931

July 29 26 28.0 3.3 83 28.3 + 4 -46
July 30 24 31.5 5.0 76 24.4 - 4 -17
July 31 29 25.7 2.8 74 23.3 - 6 -43

Aug. 1 21 38.3 3.0 74 23.3 - 7 + 2

Aug. 2 22 33.4 3.5 83 28.3 +50 + 3

Aug. 3 14 57.1 3.3 76 24.4 + 5 - 5

Aug. 4 16 46.7 6.3 78 25.6 - 4 - 6

Average 21.7 37.2 3.9 77.7 25.4 + 5 -16

" The time that the daily activity began and ended in respect to sunrise and sunset is indicated

by + if after and by — if before.

'' Length of periods determined only in early morning and evening.

variations of 14 and 18 days. James (1946) found it to vary from 13 to

16 days at five nests and average 14.8 days. Putnam gives the nestling

period as 16 days. Two records of mine are for 17 days in the nest.

Saunders found the young usually remaining 16 or 17 days. One brood

that left in 14 days he recorded as being fed by the parents four times

per hour, while another brood that stayed for 18 days were fed only once

an hour. The usual interval of feeding was between three-quarters and

one hour. Gross recorded feeding of the young three times per hour. Post

observed feeding to be less frequent on hot than on cooler days. Lea

found a progressive increase in the rate of feeding five young with in-

creasing age. At ages of 1 to 2, 4 to 5, 7 to 8, and 11 to 12 days the adults

at one nest made 26, 33, 46, and 41 trips, with food or at the hourly rates

of 2.1, 2.7, 3.8, and 3.4. The male was not observed feeding on the

twelfth day, but he did 69 per cent of the feeding on the first day as

the female spent time in brooding. For the four days as a whole, he made
46 per cent qf the trips with food. Up to 7 days of age, each of the five

young in the brood were fed on each visit; later an average of 3.5 young

were fed on each trip. At first the food was all crushed, but small whole
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Fig. 31. Daily rhythm in attentive behavior of a female cedar waxwing and

a vellow warbler.

pin chen-ies were fed to the 4-day-old young, and whole June berries

and blueberries were fed to the young when 7 to 8 days old. Doubtless

the slow rate of the feeding trips to the nest is due to the adult bird's

ability to carry a large supply of food in its gullet and regurgitate it to

feed most or all the young on each trip. Putnam found that the feeding

rate by both sexes averaged between 2.4 and 3.9 times per hour while at

the nest, and that the young were fed by the parents for 7 or 8 days after

fledging.

Figure 31 shows the daily rhythm in attentive behavior at our second

nest during incubation. This is calculated from the full length of the

attentive period during the middle of the day, although large portions of

these periods were not spent actually on the eggs. If only the time on

the eggs were included, the depression of the curve in midday would be

more pronounced. In nest No. 1 only brief but frequent intervals were

recorded for the bird on the eggs as the nest temperature soared to 100°

and 102° F. (37.8° and 38.9° C.) in the heat of the sun. Lea found that

feeding of the young ceased during the middle of a very hot day, al-

though the female remained at the nest for one hour and forty minutes

to shade the 5-day-old young. Post, however, found that ordinarily the

young were fed more frequently during the middle of the day than to-

ward evening.

Bird No. 1 left the nest in early morning consistently a few minutes

before sunrise (0457 hours), and her last inattentiveness fluctuated

around sunset (2001 hours). Bird No. 2 varied considerably in the time

of beginning and ending her daily trips away from the nest, but they

also came about sunrise (0521 hours) and sunset (1943 hours). Some
of this irregularity may have been due to the male feeding her on the

nest so that there was no break in her attentiveness to the eggs. At both
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nests the female sat very quietly at night, although at the earlier nest

the record shows the female was quite restless the night of July 3. This

may have been due to her young starting the hatching process, since

they appeared the next day. Wright (1913) has recorded the male's first

notes one minute after sunrise and his last notes seven minutes before

sunset, so it appears that in this species the two sexes are well coordi-

nated in the time of beginning and ending of their daily activities.

Yellow Warbler, Dendroica petechia (aestiva)

The nesting behavior of the yellow warbler may be pieced together

from the writings of Bigglestone (1913), Mousley (1926), W. P. Smith

(1943), Schrantz (1943), and the present investigation.

Smith and Schrantz agree that only the female builds the nest, although

the male remains nearby singing at intervals. In about three hours obser-

vation during active building, the female brought material to the nest

approximately 10 times per hour. Schrantz observed at three nests that

4 days elapsed between the beginning of nest construction and the lay-

ing of the first egg, but at another nest 5 days intervened between the

completion of the nest and the first egg. Smith states that 3 to 5 days are

required for nest building and 2 more days elapse before the first egg

appears. Normally four eggs occur in a set with variations from two to

six. A day is frequently skipped in the egg-laying process. The time of

laying is between 0400 and 0500 hours in the morning. Only the female

is known to incubate.

Smith states that incubation begins with the laying of the third egg

in four-egg sets, but in one set of six, steady incubation did not begin

until the last egg appeared. We were successful in recording attentive

behavior at one nest with the use of a thermocouple from late on the day

the second of a four-egg set was laid, June 3, 1927, until after all had

hatched (Table 36). The female sat on the eggs throughout every night

from the laying of the second egg until all hatched. The nesting was dis-

turbed on the day the second egg was laid, by the setting up of the rec-

ording equipment, but incubation was under way the next day when the

third egg appeared. The exact time of appearance of the fourth egg is

uncertain but was probably the following day. The fact that incubation

behavior begins before the last egg is laid is further shown by two eggs

hatching on June 16, one on June 17, and one on June 18. This makes
the incubation period 13 days, which is exceptionally long. At another

nest it was only 11 days. Bigglestone and Schrantz give the average incu-

bation period as 11 days, but Smith found the interval between the last

egg laid to the last one to hatch as only 10 days at three nests. '

The male feeds the female on the nest during incubation and because

of this, her attentive behavior is somewhat modified. In 4.5 hours obser-
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Table 36. Attentive behavior of a female vellow warbler.

DifferendI from ^

Number of Attentive Inattentive Mean daily Sunrise Sunset

Date periods periods periods tempeiature (min.) (min.)

per day (min.) (min.) °F. °C.

1927 Egg-laying

June 4 27 23.7 5.6 66 18.9 +51 + 11

June 5 58 14.4

Incubation

June 6 18 34.9 2.7 52 11.1 +21 -23

June 7 (Periods not differentiated) 59 15.0 +56 -12

June 8 (Periods not differentiated) 67 19.4 + 8 + 3

June 9 (Periods not differentiated) 73 22.8 + 7 + 18

June 10 18 43.2 3.2 70 21.1 + 16 + 11

June 11 21 33.2 3.3 65 18.3 - 3 -15

June 12 21 26.7 3.4 56 13.3 - 3 -31

June 13 18 37.9 3.2 57 13.9 +22 -20

/ June 14 24 30.1 2.9 58 14.4 + 7 -43

June 15 20 44.1 2.5

Brood

58

itig

14.4 - 7 +22

June 16 29 25.3 3.8 56 13.3 - 3 - 1

June 17 32 22.0 5.5 60 15.6 + 17 - 5

June 18 32 20.8 5.1 58 14.4 + 9 - 2

* The time that the daily activity began and ended in respect to sunrise and sunset is indicated

by + if after and by — if before.

vation scattered over 7 days at our nest, this feeding of the female was

at the rate of 5.6 times per hour.

Schrantz does not present his statistical data but simply states that the

female left the eggs at intervals of fifteen to twenty minutes, presum-

ably for feeding. At our nest (Table 36), during 7 of the 10 days, the

average number of attentive periods per day was 20, their average

length, 35.7 minutes, the percentage of time attentive, 91.9, and the

inattentive periods, 3.0 minutes. The female exhibited considerable un-

easiness during her periods on the eggs and may have been annoyed by

the thermocouple across the top of the eggs. This getting up and down

and stirring on the nest may have cooled the eggs and since air tempera-

tures were considerably below normal, this may explain the unusually

long incubation of 13 days already noted. However, at night she sat

fairly quiet in spite of the thermocouple and her skin temperature was

always quite high. The unusually long attentive periods are doubtless

due to the male's feeding her so that she did not need to leave so fre-

Cjuently to get food. It will be noticed that her attentive periods were

shorter, but more frequent, and her inattentive periods somewhat longer
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before the set of eggs was completed. During her inattentive periods the

female often did not go far away, sometimes feeding in the same tree in

which her nest was located.

On June 7, 8, and 9 it is not possible to recognize more than two or

three inattentive periods each day and these occurred after 1700 hours.

The bird exhibited her usual restlessness on the nest and may have

secured food from the tree or immediate vicinity during periods too

short to register as inattentiveness on the record. About 1% hours of

observation on these days did not indicate that the male was feeding her

more frequently than usual. The only correlation to be made is with a

rapidly rising air temperature from the minimum of 52° F. (11.1° C.) on

June 6, to the maximum for the entire incubation period of 73° F.

(22.8° C.) on June 9. Perhaps with the rise in temperature, there was a

decrease in physiological requirement for food compared with the de-

mand at lower temperatures when metabolism becomes increased.

With the hatching of the young, the number of attentive periods per

day rose to an average of 31, their length decreased to 22.7 minutes, and

the length of the inattentive periods rose to 4.8. Brooding required 82.2

per cent of the daytime. I did not observe the male to feed the female

while she brooded, which agrees with Schrantz's experience. Bigglestone

and Schrantz observed the male passing food to the brooding female who
then fed the young, or the male fed the young directly. Bigglestone ob-

served considerable variation in the length of brooding periods, which

generally varied between 1 minute and 10 or 12, and sometimes was

longer. After the fifth day, brooding greatly decreased. Mousley gives the

average length of the brooding period as 6.2 minutes. The longer atten-

tive periods observed by us were computed from the recording. During

these periods, brooding was frequently interrupted, and during these

times the female may have left the nest. These interruptions were never

as long as those designated as inattentive periods, but if they were

so considered, the attentive periods would probably be as short as those

observed by Bigglestone and Mousley.

The number of days that the young remain in die nest after hatching

varies between the different individuals since their hatching may ex-

tend over three days. The most common interval is 10 days after the first

hatching, at which time the last young hatched may be only 8 days old.

Schrantz found that large broods sometimes left earlier than small broods

because the crowding made them more restless.

Mousley spent 29 hours in observation of adults feeding young in the

nest at various stages in their development. During this time the young

were fed 112 times by the male and 277 times by the female or at the

rate of 13.4 times per hour. If five young remained in the nest throughout

this period, the average feeding rate per bird per hour would be 2.7.
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Bigglestone's record of feeding young is most complete and detailed.

Until the young were 4 days old, the male fed them more frequently than

the female, doubtless because she spent considerable time in brooding.

The average rate of feeding of the three young during the first 6 days

was 16 times per hour. On the seventh day there was a disturbance at

the nest after which the male no longer took part in feeding the young.

During the following 4 days, the female by herself maintained the aver-

age rate of 16 times per hour, although during the 2 days preceding the

male's desertion of his duties, her feeding rate had been only about 7

times per hour. In nearly 145 hours of observation the average feeding

rate per bird per hour was approximately 6, which is over twice the rate

reported by Mousley. In both instances the young left 10 days after

hatching. Smith observed both adults caring for the young out of the

nest for at least 17 and possibly 21 days before they became independent.

Mousley found that the male, after the young hatched, sang 1,800 times

in 29 hours or at the average rate of 62 times per hour. He never found

the male singing more often than 6 times per minute over short periods.

During egg-laying and incubation and early in the morning. Smith found

the usual rate of the male's singing to be 4 or 5 times per minute with a

maximum of 7 times per minute.

There is very little daily rhythm in the activity of the female during

incubation (Fig. 31). On cool days, contrary to what is found in other

species, she is away from the nest more than on warm days when the

male is able to keep her appetite appeased by bringing her food while

she remains on the nest. During brooding, her curve of activity is more

like that of other species, as the male no longer feeds her and she must

search for all of her food. The least amount of time is spent brooding dur-

ing mid-afternoon when the air temperatures are highest.

The time that the female begins and ends her daily activity is quite

irregular (Table 36). Doubtless some of this irregularity is due to diffi-

culty in interpreting from the record the exact time of beginning and

ending the day's activities. An average of all the records indicates that

she first becomes active 12 minutes after sunrise (0453 hours) during

incubation and 8 minutes after sunrise while brooding the young. Like-

wise, the termination of her daily activity averages 9 minutes before

sunset ( 1956 hours ) during incubation and 3 minutes before sunset while

brooding. The differences in time between these two phases of nesting

activity is probably not significant. Five records of the earliest morning

song of the male, obtained by F. Allen (1913), average 33 minutes be-

fore sunrise.

According to the potentiometer record, the female sat more quietly on

the nest at night than she did during the day. Yet these quiet periods sel-

dom lasted more than 10 to 20 minutes before they were interrupted by
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some movement. On one or two nights, she was seldom quiet for more

than 5 or 10 minutes. The impression gained throughout this study is

that the female is quite restless in temperament.

Goldfinch, Spiniis tristis

One fairly complete record of attentive behavior in the goldfinch was

obtained with the temperature-recorder from midway in the egg-laying

period through incubation and hatching ( Table 37 ) . The nest was found

about one-third built on July 2, but the first egg was not laid until July 17.

Each new egg was numbered as laid until the set of six was completed

on July 22. Egg No. 1 disappeared and No. 2 was slightly crushed. Egg
No. 3 hatched first on August 2, 11 days after the last egg was laid, Nos. 4

and 5 hatched on August 3, and No. 6 hatched either late on August 3 or

more probably early on August 4. This makes the incubation period 13

days long. All four young left the nest on August 16 which is 14 days

after the first one hatched. Both adults shared in feeding the young

while in the nest.

Various phases of the nesting behavior of this species have been studied

by Bruce (1898), Mousley (1930a, b, 1932, 1935), A. O. Gross (1938b),

Walkinshaw (1938-1939), and Stokes (1950). The female does all of the

nest construction. The male is generally nearby, singing, and accom-

panies the female on her trips. He may rarely bring nest material for the

female to insert into the structure. Thirteen days are required to construct

the nest in early July but only 5.6 days in late August. Copulation is prob-

ably frequent during this period. There may be a lapse of 2 days be-

tween the completion of the nest and the laying of the first egg early in

the season but none later. The eggs are laid daily early in the morning,

although Gross found the first egg of one set to be laid between noon and

1600 hours. Five eggs is the most common number in a complete set,

although Walkinshaw gives the average of all sets as 4.5 eggs. Stokes

found the size of sets to be 5.3 in July and then to decrease to 3.7 in late

August.

All authorities agree that steady incubation begins before the set is

completed, and this is further substantiated by hatching extending over

2 or commonly 3 days. Walkinshaw ( 1938-39 ) states that in four-egg sets

the female begins incubation and is on at night for the first time after

laying the second egg, while in five-egg sets she does not do so until the

third egg is laid, but there are variations from this schedule. At the nest

which we studied, the female was observed on the nest in the morning

after the first egg was laid but not in the afternoon or at night. The fe-

male was frequently seen on the eggs in the morning after the second

egg was laid and was on twice in the afternoon, for periods of 19 minutes

each, after the thermocouple was inserted in the nest at 1530 hours.
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Table 37 shows that the attentive periods became longer and the inatten-

tive periods shorter with the laying of successive eggs and during the

first 3 days of incubation. The bird went on and off the eggs more

frequently at this time than when she settled down for incubation at a

slower routine. In this case the first night that the bird spent on the nest

was the night before the last egg in the set was laid, when she was fairly

quiet and applied full heat to the eggs.

Walkinshaw has the most extensive data and places the average length

of the incubation period for 33 sets at 13 days. All authorities agree that

incubation is performed entirely by the female and that the male regu-

larly feeds the female at the nest. Mousley ( 1935 ) has evidence that the

female sometimes raises a second brood in which case she does so alone,

while the male takes full responsibility for caring for the young of the

first brood after they fly and does not come at all to the female's second

nest. Gross found that the male started feeding the female at the nest

at intervals of one-half hour as soon as incubation began during the

egg-laying period.

The attentive periods of the female during incubation are very long,

averaging 2.2 hours. Doubtless this is because the male feeds the female

at the nest. There is one record on July 29 of the female staying continu-

ously at the nest for nearly 10.5 hours and another record of 9.5 hours on

August 1. There may be some question whether the female exhibits

attentive and inattentive periods at all during incubation. However, she

does leave the nest and eggs for intervals that average 8.7 minutes which

are convenient to recognize as a vestige, at least, of inattentiveness. The

total time away from the nest during the day and night averages only

about one hour. Sitting on the eggs takes up 92 to 100 per cent of the

time. There is a little evidence that on cool days she leaves the nest more

frequently than on warm days although not for very long at a time. The

female does not sit quietly during these long attentive periods but shifts

around on the eggs, jumps back and forth to the rim of the nest, rises

up to receive food from the male, and may leave the nest entirely for

several seconds at a time while she moves around nearby.

Hatching extended over 3 days. In general, the attentive or brooding

periods are better differentiated than during incubation and they are less

than one-third as long, averaging 15.7 per day, 37.1 minutes long. Brood-

ing requires 76.5 per cent of the daytime. Inattentive periods average 10.7

minutes. The short time spent in attentiveness during these 3 days may
have partly been due, however, to the higher air temperatures that pre-

vailed. Mousley found at one nest that the brooding periods averaged

18.5 minutes during the first 7 days and at another nest they averaged

14.9 minutes. There is a progressive decrease in amount of time spent

brooding until it nearly ceases after the young are 6 or 7 days old. On
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hot da>'s the female may devote her attentive period to standing on the

rim and shading the young from the direct rays of the sun rather than in

keeping them warm. During rain or cold weather the female may cover

the young at least up to 11 days of age.

When the female is brooding the young, the male continues to feed

her at the nest. Some of this food she keeps for herself, the rest she hands

over to the young. When the female is away and after brooding is over,

both male and female feed the young directly. When the female ceases

to brood, the male no longer feeds her even though she begs for it.

Feeding is by regurgitation of food previously ingested and perhaps

partly digested. This permits the adults to bring more food at a time and

to feed it at intervals. Mousley (1932) observed the female leaving the

nest twice in three hours to search for food, yet she was able to feed the

young nine times during this period. A. O. Gross (1938b) observed that

the male fed each of six young on each visit, sometimes repeating the

round more than once; however, the female fed only two to four of the

young at a time. Doubtless this manner of feeding is responsible for the

slow rate of feeding the young customary in this species.

Bruce found at one nest that the young were fed at the rate of about

once per hour by the male and female. Mousley spent over 164 hours in

observation at four different nests and found that the rates of feeding at

the different nests varied between 1.1 and 1.6 times per hour for a gen-

eral average of 1.4. The rate is no faster with both adults feeding the

young than with the female feeding them alone. At one nest the rate

of feeding tended to decrease as the young got older, but at another nest

the rate remained about the same throughout. Walkinshaw found during

10.5 hours of observation that the young were fed about twice per hour

by the male and female. Due partly to hatching being prolonged, the

young leave the nest at ages varying from 11 to 15 days, but the average

is 13 days. Both adults may continue to feed the young periodically for

several more days, or the female may start a second nest leaving the care

of the young of the first brood to the male (Mousley 1935).

Gross observed that when the construction of the nest was nearing

completion the female made her visits only in the early morning and

again one to two hours before sunset. Figure 32 shows the daily rhythm
of activity of the female at various stages in her nesting cycle as shown
by our temperature-recorder. To simplify the figure and because the rec-

ord for the third and fourth days of egg-laying are nearly the same, the

hourly data for these 2 days have been averaged together. The same was
done for the fifth and sixth days. The curve for the incubation period is

an average for 7 days and the curve for brooding is an average for 3 days.

The incubating behavior exhibits a progressive development during the

egg-laying period. On the days that the third and fourth eggs are laid
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Fig. 32. Daily rhythm of attentiveness of female goldfinches.

attentiveness is most pronounced from 0600 to 1400 hours. On the days

that the fifth and the last eggs are laid, attentiveness is well sustained

throughout the day. With full incubating behavior established, the

curve shows a tendency to drop slightly in the late afternoon. Differences

in daily temperature produced a negligible effect during incubation, but

the pronounced drop in the curve for brooding after the middle of the

day may have been accentuated by the prevailing heat. If the female

were standing on the rim, shading the young from the sun in the after-

noon, her attentiveness would be longer than the record showed. The
various curves indicate, however, that through most of the nesting cycle

there is decreased activity in the afternoon. No data are available to show

the daily rhythm in rate of feeding.

The first inattentiveness of the female in the morning during incuba-
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tion, but excluding Juh' 21 and 22, averaged 45 minutes after sunrise

( Table 37 ) . Sunrise occurred at about 0518 hours. This is not a true index

in this species of the commencement of the day's activities as the female

becomes active on the nest long before this time. Gross ( 1938b ) states

that the male makes his first visit to the nest at dawn. Actually the tem-

perature record indicates that restlessness of the female began 18 min-

utes before sunrise on all except two mornings. Probably this is the time

that the male starts feeding the female on the nest.

Gross ( 1938b ) also states that the male continues to feed the female

at intervals well after sunset. This may well be the case, as the last in-

attentive period was completed 52 minutes before sunset ( 1947 hours )

.

On 6 evenings the female continued to be restless until 14 minutes after

sunset. On some evenings, however, there is no certainty that the male

continued to feed her until this late. While brooding the young, the

female does not leave the nest until much later in the morning but may
be off at a later time in the evening. Except for the early morning and

evening restlessness already noted, the female usually spent a quiet

night on the nest.

Chipping Sparrow, Spizello passerina

Although several attempts at detailed studies of the chipping sparrow

were made, only once were we able to get a successful recording of nest

activity with potentiometer and thermocouple. The birds, especially the

female, seemed unusually sensitive to disturbance, and this species

proved to be one of the most difficult with which we have worked. It is

fortunate that Walkinshaw ( 1944 ) has summarized his observations so

that the nesting history of this bird may be pieced together.

According to Walkinshaw, the male sings in defense of territory almost

continuously during the daylight hours from the time of his arrival in

migration until mating is completed, but sings very little between mating

and the beginning of incubation. The female does all the nest building,

although the male usually accompanies her on her trips back and forth.

The nest is completed in 3.4 days, on the average.

The eggs are laid daily between 0500 and 0700 hours until three or

four are laid. Only the female regularly incubates the eggs, although

Walkinshaw once saw the male covering them. Only 10 days elapsed

between the last egg laid and the first young to hatch in the four nests

where this was determined. Walkinshaw found the female on the eggs

the night before the last one was laid and computes, therefore, the incu-

bation period at 11 days. At five nests of ours, 11 days (10-12 days)

elapsed between the last egg laid and the first to hatch, and since the

hatching extended over 1, 2, and even 3 days in one instance, the incuba-

tion period was more nearly 12 days long.
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Table 38. Attentive behavior of a female chipping sparrow during incubation.

Difference from.
'^

Number of Attentive Inattentive Mean daily Sunrise Sunset

Date periods periods periods tempeirature (min.) (min.)

per day (min.) (min.) °F. °C.

1931

July 16 82 27.8 + 2

July 17 38 10.3 12.3 84 28.9 + 7 -19

July 18 44 11.6 8.6 78 25.6 - 6 + 10

July 19 82 27.8 -15

July 20 34 17.1 8.6 78 25.6 -12 -15

July 21 32 21.8 6.2 70 21.1 -20

July 22 72 22.2 -22

" The time that the daily activity began and ended in respect to sunri.se and sunset is indicated

by + if after and by — if before.

Table 38 summarizes one record of attentive behavior. There were

37.0 attentive periods per day, averaging 15.2 minutes in length, with the

inattentive periods 8.5 minutes long. The bird sat on the eggs 66.0 per

cent of the daytime. The table indicates a possible increase in length of

the attentive periods and decrease in length of the inattentive periods

with progress of incubation, but more probably this is correlated with

the decrease in mean daily temperature. We did not observe the male

to feed the female at the nest, but Rudolphi ( 1935 ) and Bradley ( 1939

)

found that the male brought food about two times per hour "sometimes

feeding her while she remained on the nest and sometimes coming to a

nearby tree or bush where she met him and received the food."

Walkinshaw found that the female did most of the brooding of the

young, but on cool mornings the male occasionally brooded for a very

few minutes. Nearly 10 hours of observation early in the morning on

the day the young hatched and the next two days showed a steady de-

crease in average length of the brooding period from 41.1 to 14.2 to 11.1

minutes with intervals between brooding increasing from 3.8 to 12.0 to

13.7 minutes. Brooding ceased entirely during the daytime after the

young were 6 or 7 days old.

Walkinshaw spent over nine hours in observation of feeding the young

at one nest and seven hours at another nest. Both nests contained three

young. At the first nest the rate of feeding increased with the age of

the young as follows: just hatched—2.0 times per hour; one to two days—

8 times per hour; and six to seven days— 11.2 times per hour. At the other

nest the rate varied: one to two days—6.4 times per hour; two to three

days—6.5 times per hour; and four to five days— 13.3 times per hour. Both
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male and female took nearly equal parts in feeding the young. The
young left the nest when they were 7 and 8 days old, which is before

they were able to fly. F. E. L. Beal watched two nests with four young

each at ages of 4 and 6 days for 14 hours and found the adults feeding

at the rate of 19 and 17 times per hour. In five records of ours, an aver-

age of 9 days elapsed (8-10 days) between the first young to hatch and

the first to leave the nest. Walkinshaw observed the young fed by their

parents when 24, 33, and perhaps 35 or 40 days old.

Most of the nest building is done in the early morning hours. The daily

rhythm of activity during incubation as obtained by the recording poten-

tiometer is shown in figure 33. Less time is spent incubating on warm than

on cool days. On July 21 when there was rain and cool weather, the

female stayed on the eggs for one long period of 129 minutes and several

other periods of one-half to three-quarters of an hour. The record on all

4 days, regardless of the temperature, shows a secondary rise sometime

between 1000 and 1200 hours before dropping to the afternoon low.

Perhaps this was a peculiarity of this particular individual. The number of

periods per hour increases steadily from 1.5 at 0500 hours to a maximum
of 3.3 at 1500 and 1600 hours and then regresses. The length of the in-

attentive periods does not show any consistent variation with time of

day, but the attentive periods vary as follows: 0500 to 0800 hours, in-

clusive—21.8 minutes; 0900 to 1200 hours—26.4, although the average

would be 12.1 if the rainy July 21 is omitted; 1300 to 1600 hours-11.1;

1700 to 2000 hours— 13.4. The relatively long brooding periods recorded
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Fig. 33. Daily rhythm of attentiveness of female chipping sparrows during
incubation.
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by Walkinshaw are probably to be explained by the time of day, as all

of his observations w^ere made between 0500 and 0930 hours.

This bird showed the interesting trait of beginning her daily activities

earlier on cool than on warm mornings, although no such relation with

temperature is evident in the time her daily activities terminated in the

evening (Table 38). On the average she left the nest 11 minutes before

sunrise (0510 hours) and retired 6 minutes before sunset (1954 hours).

Allard ( 1930 ) registered the first morning song of the male about 30

minutes before sunrise or close to 20 minutes before the female becomes

active.

The potentiometer recorded the female somewhat restless on 3 out of

5 nights. Twice the bird became more restless just before leaving the

nest in the early morning, on one occasion for one-half hour, on the other

for 15 minutes. Near midnight on July 21-22 there was a severe thunder-

storm. The bird had been quiet on her nest previously, but beginning at

0015 hours she left the eggs for two periods totalling 33 minutes. Perhaps

the eggs and nest got soaked, because when the bird returned she was

restless the rest of the night. The eggs, however, hatched successfully.

Song Sparrow, Melospiza melodia

The potentiometer and thermocouple were used to record the activity

of five female song sparrows over a total of 35 days during incubation

and brooding. No detailed observations were made at the nest nor of the

male's activities. The male is chiefly responsible for the establishment and

defense of the nesting territory and helps to feed the young. The female

does all the nest building, incubation, brooding, and part of the feeding

of the young.

Singing of the male. Nice (1943:119) obtained records on the rate of

singing for eight males over 500 hours and found that the rate varied

under different conditions as follows:

Times per hour Stage of nesting cycle

0-20 Prenuptial, preliminary nest building and coition,

feeding young, molt

30-70 Building, egg-laying, incubation, late afternoon

90-160 Competitive singing between males, proclaiming ter-

ritory in summer, cold days in spring

180-300 Proclaiming territory in spring, competitive singing

between inales.

One male while proclaiming territory sang 4.8 times a minute for the first

two hours in the morning with only one-half minute inattentive periods.

During the next hour he was inattentive and not singing for only 12.5

minutes. During the afternoon, however, his singing was less intense and

continuous ( Fig. 35 )

.
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Nest building of the female. A few observations by Nice (1943:210)

of one female during nest building gave attentive periods of 15, 20, and

23 minutes with intervening inattentive periods of 5, 7, and 8 minutes.

The nest is nearly completed within 2 days and lined by the third or

fourth day, with the first egg commonly coming on the fifth day. Nor-

mally three to five eggs occur in a set. The brood patch begins to de-

velop 4 to 6 days before the egg is laid so that with the first egg the

Table 39. Daily record of attentive behavior of female song sparrows.

< a

aj 03

Attenti periods

(min.)

G a:

^73
S 2

^ a

tj O

< a
G.2

^ a

CD .2 c -i^.2 c

<1 a^ >—i a-^

Id Day {Incubation)

70

61 25 26.2

72°F. 20 29.2 11.7

3rd Day

16 34.0 10.2

oth Day

69°F.

7.2

52

60

ind Day

20 32.0

4.ih Day

6th Day
38 15.2

27 22.2

6.1

8.6

7th Day
46 35 18.5 5.3

75 13 48.9 10.4

66 33 16.9 9.5

9th Day

80 20 36.3 8.9

68 28 21.0 8.3

8th L>ay
52 29 20.1 7.5

72 18 39.7 8.6

64 30 19.5 7.3

10th Day
43 31 22.4 4.1

67 27 21.0 12.2

78 17 39.4 10.9

83 15 41.1 19.5

77 27 20.9 9.5
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Table 39 (cont.). Daily record of attentive behavior of female song sparrows.

CO S.2
Attentive

periods

(min.)

Inattentive

periods

(min.)

< a
S 2

Attentive

periods

(min.)

Inattentive

periods

(min.)

i/^/i Daij ii^/i Da?/

1 44"F. 32 21.0 4.5 55°F. 33 18.4 6.6

2 68 26 26.5 7.3 66 22 32.6 7.9

3 68 23 28.7 7.2 72 17 36.2 11.1

4 84 20 32.3 14.8 78 13 47.2 17.7

5 70 26 24.0 7.3 62 23 27.5 7.3

Day (Hatchijig) 7.S i Day {Brooding)

1 56 58 9.2 5.6 52 73 7.4 4.6

2

3

4 83 29 16.] 16.1 73 9 23.5 7.6

5 62 37

2n

18.1

d Day

5.9 64 38 14.1 6.9

1 51 56 8.7 6.5

2

3

4 72 48 11.3 5.8

5 67 39 11.4 10.5

patch is entirely bare and vascularized (Nice 1937:122). Eggs are laid

in the early morning on succeeding days. The incubation period is most

often 12 or 13 days in length.

Egg-laying. Nice is correct in stating that incubation begins before

the set is complete, since normally two days are required for all the eggs

to hatch (1937:122). Only one record was obtained in the present study

during the egg-laying period. At nest No. 5 the female had six attentive

periods totaling 43 minutes from 1430 hours until dark on the day that

the first in a two-egg set was laid, compared with six attentive periods

totalling 219 minutes over the same time the next day. She did not spend

the night on the eggs on the first day, although she did thereafter

throughout incubation.

Incubation. During incubation, the attentive periods of the female

average 28.5 minutes, her inattentive periods average 8.8 minutes, and

there are 23 attentive periods per day ( Table 40 ) . Thus the bird is atten-

tive 75.6 per cent of the daytime. There is considerable variation between

different birds and with the same individual at different times. Only the

record at nest No. 5 extends throughout the incubation period (Table
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39 ) . The number and length of her periods are somewhat greater during

the first three days than later during incubation. Considering all these

records and Nice's observations ( 1937 : 124 ) , there is probably, however,

no consistent variation in attentive behavior with progress of incubation.

There appears to be a definite correlation between average number
and length of periods with average temperature. This correlation was also

evident when the daily records, irrespective of the individual on which

they were obtained, were considered. Since the increase in length of at-

tentive period with rise in temperature is contrary to what occurs in other

species, since it does not agree with similar data obtained by Nice, and

since it is not supported by the curves of daily rhythm on hot and cool

days (Fig. 34), the apparent correlation requires further scrutiny.

When the daily averages for individual sparrows are considered

separately, the length of the attentive periods decreases with rise in

temperature at nests No. 1 and 4, increases at nest No. 3, while at nest

No. 5 the trend is uncertain since it decreases as temperatures rise from
60° to 68° F. (

15.6° to 20.0° C. ) but is greatest at temperatures of 69°

Table 40. Attentive behavior of female song sparrows.

Incubation

Air Number Atten- Inatten- Total

Number Date of Davs' tempera- of tive tive atten-

of eggs last record 1i,ure periods periods periods tiveness

in set egg °F. °C. per day (min.) (min.) (min.)

Nest

1 4 Mav 6 6 49 9.4 33 19.3 5.7 637

2 4 June 8 3 67 19.4 25 26.7 9.1 668

3 3 June 11 5 74 23.3 19 36.1 9.3 686

4 4 July 16 4 80 26.7 15 42.4 15.6 636

5 2 July 29 11 67 19.4 25 24.9 8.7 622

Bird Data :compiled fro?}}' Nice, 193 7, p. 123

K7 April 17 hours 57 13.9 30.5 6.0

K2 April :30 hours 55 12.8 30.0 7.8

K2 June 21 hours 70 21.1 27.0 9.0

K3 June :24 hours 69 20.6 20.0 8.0

Nest

Brooding (first two days after hatching)

Number
of

3'oung

3

Date

first

hatched

:\Iav 18

Air

tem-

perature

°F. X.

52 11.1

July 28 72 22.2

Aug. 10 66 18.9

Number
of

periods

64

38

Brooding Intervals Total

periods (min.) brooding

(min.) (min.)

8.0

17.4

12.8

5.6

6.7

8.7

512

486
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to 72° F. (20.6° to 22.2° C). Female No. 3 was an exceptional bird in

that high temperature appeared to make her nervous. The record shows

that during the middle of the day she would spend long periods at the

nest. One such period was three hours long, another nearly four hours

long. She did not incubate steadily. The nest temperature was in almost

continual flux as if she were hopping on and off the eggs. There was never

a period of more than three or four minutes when she was away from

the nest, but she may have picked up occasional tidbits to eat in these

intervals. As the air temperature moderated in late afternoon, her be-

havior became normal again and her attentive and inattentive periods

became typical of the species. The unusual relation between length of

attentive periods and temperature in our records for this species is appar-

ently due to the nervous idiosyncracies of one or two birds.

Further study of the daily records of individual birds showed no con-

sistent change in the number of periods per day with increase in tempera-

ture. Considerable irregularity occurred from day to day. On the other

hand, all four birds (nests 1, 3, 4, 5) showed without exception an

increase in the length of the inattentive period as the air temperature in-

creased. The daily records for all birds in each range of temperature show

that the length of the inattentive period varied: 4.6 minutes at 44° F.

(6.7° C), 7.2 minutes at 55° F. (12.8° C), 8.4 minutes at 67° F.

(19.4° C), 11.1 minutes at 76° F. (24.4° C), and 17.2 minutes at 84° F.

(28.9° C). This is in harmony with the relation between inattentiveness

and temperature found in other species. The total attentive time during

the daylight hours averages nearly the same for all five birds regardless

of the temperature, so that the manner in which this time is divided be-

tween attentive and inattentive periods is peculiar to the individual.

The male may have an influence in determining the behavior of indi-

vidual females. Nice (1937:124) noted that the similarity in length of

attentive periods of K7 and K2 may be due to their being mated in differ-

ent years to the same male. She also found that the female, two-thirds of

the time, terminated her attentive period in answer to signal-songs of the

male given within 20 feet of the nest. While the female is inattentive,

the male guards the nest for a few minutes, then leaves to join his mate

and often accompanies her back. While the female is on the nest, the

male sings and has his inattentive period for feeding just before the

female is due to leave the nest.

When total attentive time per day is averaged for days with different

numbers of attentive periods, it fluctuates around a constant value of

638 minutes regardless of whether the average number of periods is 14,

18, 23, 28, or 33 per day. Likewise the total inattentive time varies around

204 minutes. The increase in number of periods per day is correlated
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with a proportionate decrease in the length of both the attentive and in-

attentive periods.

Brooding young. From Table 39, it is evident that as soon as the eggs

begin to hatch there is a marked increase in number of attentive periods

per day, as measured by the time spent brooding, and a decrease in the

average length of these periods. The inattentive periods may remain of

the same length as before or may decrease. The data on brooding be-

havior are averaged for the first and second days after the one on which

the eggs hatch (Table 40), as on the day of hatching part of the time

is spent in incubating the eggs. During these two days, 64 per cent of

the time is spent in brooding the young, there are 51 brooding periods

per day, their average duration is 12.7 minutes, and the intervals be-

tween brooding periods average 7.0 minutes. For the corresponding two

days Nice ( 1937 : 130 ) records the female brooding only 52 per cent of

04. OS Ob 01 OS 10 II IZ 15 14- 15 lb n 18 IB 20 21

Time of day

Fig. 34. Daily rh\'thm in attentiveness of female song sparrows during in-

cubation.
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Fig. 35. Daily rhythm in attentive behavior of song sparrows.

the time, but her observations probably did not include the early morn-

ing and the evening when a greater proportion of time is devoted to this

activity. She found, however, that a similar proportion of time spent

brooding persisted into the third or fourth day, and then dwindled to

almost none after the sixth day. The young stay in the nest for 10 days

and are cared for after leaving for another 18 to 20 days.

Feeding young. No records were made in the present investigation on

the rate of feeding the young. Nice (1943:231) has summarized her

own observations and those of Haldeman and Mousley. For the first

5 days of nest life the young are fed, on an average, 7.2 times per hour,

5.2 times by the male and 2.0 times by the female. During the second

5-day period they are fed 17.8 times per hour, 9.7 times by the male and

8.3 times by the female. At three out of five nests during the second period

the females fed more frequently than the males since they did not then

need to devote time to brooding. The rate of feeding by both adults was

2.5 times more rapid during the second 5 days than during the first 5

days, corresponding to the increased requirements of the young as they

grew older. The average rate for the entire nesting period, obtained by

averaging the two rates given above, is 12.5 times per hour. As there

was an average of 3.7 young per nest, the number of trips to the nest

was at the rate of 3.4 per young bird per hour. Haldeman (1931:399)

found that when the young were approximately 5 days old an average

of 1.4 young were fed on each visit by the parents to the nest, but there
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is no information available whether this rate is maintained throughout

the nest life. In one all-day record, Copeland (1909) found an average

rate of only 5.5 feedings per hour.

Daily rhythm. Nice ( 1943:122) recorded the number of times an eight-

to nine-year-old male sang each hour throughout the day when pro-

claiming territory and seeking a mate. Her data are plotted in figure 35

and they show that he was most actively singing early in the morning, at

a slightly decreasing rate until 1300 hours, and then at a considerably

decreased rate the rest of the day. There was no resurgence of active

singing in the evening.

The daily rhythm of incubating activity is shown for three birds in

figure 34, both for warm and cool days. The greater depression of atten-

tiveness on hot days is evident for females No. 1 and 5, and the peculiar

behavior of female No. 3 has already been mentioned (p. 163). An aver-

age curve for all five females under various conditions of weather shows

a constant level of attentiveness from 0800 to 1800 hours. There were no

consistent changes during these hours in number of periods nor in length

of the attentive and inattentive periods.

A record of two females brooding over 4 days ( Fig. 35 ) shows a typical

curve of decreasing time spent on the young until noon, a continuance of

brooding for only 30 to 35 minutes during each hour until 1800 hours,

and then an increasing amount again in the evening.

The curve for hourly feeding rate is taken from Haldeman (1931:396)

and is for young which she estimated to be in their fifth day after hatch-

ing but which Nice (1943:231) believed may have been 6 or 7 days

old. Haldeman found that the female fed at a rapid but decreasing rate

all morning and at a slow rate in the afternoon. The rate of feeding by

the male was the reverse, and during two hours in the afternoon he fed

the young more often than did the female. Of the total feedings during

the day, the female gave 198, the male, 63.

Beginning and ending of day's activities. In considering time of be-

ginning and ending of the birds' daily activities, it is again necessary to

separate the various phases of the nesting cycle. When caring for young

birds in the nest, the female arises 28 minutes earlier and retires 9 min-

utes later than when incubating eggs (Table 41).

During incubation the female first leaves the nest after a night on the

eggs at 2 minutes, on the average, after sunrise and returns to the nest

in the evening 5 minutes before sunset. While brooding she anticipates

sunrise fully 26 minutes and retires 4 minutes after sunset. There is con-

siderable variation between different females and in the same female

on different days. Arising late and retiring early is the rule on cloudy

and rainy days, but the necessary data are not at hand to analyze this

modification of behavior in detail.
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Nice (1943:101, 107) obtained 11 records on three females and found

that they arose 23 to 25 minutes before sunrise and retired about sunset.

She does not state the nesting activity of the birds at the time, but the

records would agree with ours for the period after the young hatch.

Allard (1930:440) and Nice (1943:102) agree that during the breeding

season the males begin singing about a half-hour before sunrise and Nice

(1943:107) finds that he does not go to roost until 14 minutes after sun-

set. Cloudiness shortened the day's activity at both ends. Wright ( 1913),

on the other hand, recorded the male's first song an average of 73 min-

utes before sunrise and his last song 23 minutes after sunset.

Table 41. Time of beginning and ending of daily activity in female song sparrows.

Number of records Difference from
Median Hour Hour

Nest date Morning Evening activity activity Sunrise Sunset

began ended (min.) (min.)

Incubating eggs

1 May 14 6 7 0530 1917 + 19 -17
2 June 17 4 4 0455 2000 + 2 + 1

3 June 20 6 5 0452 1944 — 2 -16
4 July 25 6 5 0504 2015 -10 +25
5 Aug. 4 11 12

Brooding

0523

and feeding yo\

1920

<ing

- 1 -20

1 May 18 3 3 0444 1929 -22 - 9

2 June 19 1 1957 - 3

4 July 29 1 2 0445 2002 -33 + 16

5 Aug. 11 2 3 0507 1944 -23 + 13

Activity at night. The temperature record shows that at nests 4 and 5

the females were usually fairly quiet all night long, although in the early

part of the night of July 31, the female at No. 5 left her eggs. From 2040

to 2125 hours she was probably perched on the nest rim as the thermo-

couple recorded some heat, but from 2125 to 2300 hours she was away
from the nest entirely. After 2300 hours she settled down on the eggs

for the rest of the night. The female at nest No. 3 was very restless at

night, but this may have been due to the experimental use of two thermo-

couples in the nest instead of one. Females Nos. 1 and 2 showed some

restlessness at more or less definite intervals of 15 to 30 minutes and 10

to 20 minutes, respectively. No bird showed any consistently greater

restlessness at one hour of the night than another. Females Nos. 1 and 5

were considerably more restless the first 2 or 3 nights after the young
hatched than they were when incubating eggs.
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Discussion and Summary

The analysis of attentive behavior in different species indicates that

considerable variation occurs. The general rule is for both sexes to share

nesting duties but in greatly varying proportions. In species having a low

taxonomic position, such as killdeer, chimney swift, and flicker, both

sexes share incubation as well as the care of the young. In species of

more advanced ranking, the male commonly does not incubate or brood,

but he helps to feed the young. In some species, as the cedar waxwing,

yellow warbler, and goldfinch, the male has not only lost the incubating

behavior but has developed a new trait of keeping the incubating fe-

male supplied with food so that she seldom needs to leave the nest and

search for food for herself.

Coincident with the loss of incubating behavior in the male has been

the loss of a brood patch, such as the female retains and such as males

of the lower orders also possess. Without a brood patch the male does

not truly incubate even if he sits on the eggs during the female's ab-

sence. In addition to instances noted for some of the above species,

Ryves ( 1943a ) cites several others where the male may "sit on eggs with-

out the production of the requisite temperature to further their develop-

ment," and he also points out that this behavior on the part of the male

should not be considered true incubation. He proposes that this male

behavior be called "brooding," but we prefer to limit this term to the ap-

plication of heat to young birds after hatching.

There are several other important variations between species in atten-

tive behavior, bvit the analysis and interpretation of these various types

of behavior patterns will be postponed to the next section.

A common characteristic of all behavior patterns is the gradual way
in which they develop and then recede during the yearly reproductive

cycle. The earlier recrudescence of reproductive behavior in the male

than the female is doubtless conditioned by the earlier development of

the testes in response to the lengthening photoperiods of early spring.

After migration is completed, the male then establishes his territory and

may start nest construction. When the female arrives and mating is

consummated, nest building proceeds in earnest, followed by egg-laying

and onset of incubation. Reproductive behavior undoubtedly depends on

hormones liberated from the maturing gonads and may also require

stimulation from the opposite sex as well as a proper environment. After

reproduction has run its full course, there is regression again to the

quiescent winter condition. This is also a gradual process with the male,

and he usually precedes the female in returning to the nonbreeding con-

dition. This gradual retrogression occurs along with the atrophying of

the gonads and the progressive gaining of independence by the young.
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Doubtless the time will come when it will be known how each stage in

this cycle is controlled and coordinated with all the other stages and the

relative roles played in this regulatory mechanism by hormones, weather,

companions, energy resources, and other factors. It may well be that each

stage in the reproductive cycle serves as the stimulus to initiate the next,

as Herrick (1910b) maintained long ago.

Nest building commonly proceeds vigorously from the very start,

once the female and male have definitely become mated. Usually the nest

is essentially completed sometime before the female is ready to lay

her first egg. As a result the nest may not be visited during this interim

of one or more days and attentive behavior may appear at low ebb. In

passerine species, 5 or more days may elapse between first copulations be-

tween sexes and the laying of the first egg. Usually not all of this time is

required for nest building.

Considerable evidence has been presented in this paper that incubation

attentiveness develops gradually. Ryves ( 1943a ) discussed the problem

several years ago and Swanberg ( 1950 ) more recently. Purchon ( 1948

)

showed that as the four eggs were laid, a female Hirundo rustica spent

daily increasing percentages of time on the nest: 16.7, 20.1, 45.0, and

58.1. Only on the last day did the average length of the attentive period

exceed the inattentive period. In the avocet, Recurvirostra avosetta,

P. E. Brown (1949) found that with successive eggs in the four-egg set

the avocet incubated 75, 89, 97, and 100 per cent of the time. It is prob-

able that the incubating attentiveness is initiated by hormones, but it

may also require a contact stimulus from a full set of eggs and be cor-

related with the development of a brood patch. Full incubating attentive-

ness is normally developed by the time the set is completed and in some

species may occur well before the last egg is laid. The amount of incuba-

tion that the first eggs receive before the last eggs are laid affects their

intervals of hatching.

Once incubation is well established, it tends to remain more or less

uniform until the young hatch. In the studies here reported there is no

evidence that the incubating birds consistently spend more time on the

eggs during the latter days just before hatching. Air temperature affects

the attentive rhythm, however, and the coincidence of cold weather with

the latter days of incubation may explain observations reported in the

literature where the incubating birds appeared to sit more closely as in-

cubation progressed.

An increase in tempo of the attentive rhythm commonly occurs with

the hatching of the eggs. Attentive periods tend to be shorter and to come
more frequently. As the young get older and mature physiologically,

brooding attentiveness progressively declines, but the rate of feeding

usually increases. With full active feeding of the young, attentiveness
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may be just as intense as during the incubation phase ot the reproduc-

tive cycle, even though definite periods of attentiveness and inattentive-

ness are more difficult to discern. However, after the young become

fledged, leave the nest, and become progressively more independent of

their parents, the attentive behavior of the adults gradually disappears,

and the birds have completed their reproductive cycle for the year.

Changes in air temperature cause important changes in the rhythm of

attentiveness from day to day. With a rise in air temperature, our data

show that there is almost always a decrease in the average length of the

attentive periods. There is simultaneously an increase in the total time of

inattentiveness, but this may be brought about either by lengthening the

inattentive periods or by increasing their number. Nice and Thomas

( 1948 ) have summarized the literature for five passerine species and

make this same generalization in regard to the influence of temperature

on incubating attentiveness.

The effect of temperature on attentiveness is also evident in the daily

rhythm of attentiveness or the variations that occur from hour to hour.

In general, incubating and brooding attentiveness decreases until early

or mid-afternoon and rises again in the evening. The drop in attentive-

ness during the afternoon may be scarcely noticeable on cool days but

becomes pronounced on hot ones. The same rhythm of hourly variations

in attentiveness occurs in the feeding of the young, although it may be

less pronounced, and the late afternoon rise may not always appear.

Information is accumulating fairly rapidly on the daily rhythm of atten-

tive behavior in many species with the increasing tendency for bird

students to use automatic recording devices or to take all-day observa-

tions. Palmgren (1949) has recently made a useful summary of much

of this literature.

In those species where the female does all the brooding of the young

after hatching, the male may bring more food to the young than does

the female. As the young grow older and they need to be brooded less

frequently, the female is commonly the more attentive of the two sexes

to their feeding.

The rate at which the young are fed is affected by various factors,

especially by the age and number of young in the nest. There is general

agreement among most observers that the rate of feeding increases as

the young get older, but there is difference of opinion as to how much

the size of the brood affects the feeding rate and the length of the nest-

ling period.

Paynter ( 1949 ) found that herring gulls (Lotus argentatus) feed broods

of three young just as easily and as efficiently as broods of one or two

because a surplus of food is always brought to the nest. Skutch ( 1949a

)

transferred young between nests of the song tanager (Ramphocelus
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passerii) and found that broods of one, two, and three were fed at rates

of 7, 15, and 21 times per hour or about seven times per young bird per

hour regardless of the number in the nest. However, this study was for a

very Hmited period. We found (p. 105) phoebes feeding a brood of

four young four times as rapidly as a brood of one young. Kluijver

( 1950 ) found no relation between size of brood and rate of feeding in

the great tit, Pariis major nor did Moreau (1947) find any differences

in the rate at which each young bird was fed in broods of different size

in the white-rumped swift (Apus (Micropiis) caffer) and red-throated rock

martin (Ftyonogrogne fuligula). However, Moreau found from the study

of other species that "as a rule, the more young in the nest the more

frequent the parents' visits, but not in proportion to the increase in the

number of young." This conclusion is concurred in by Kluijver ( 1933 )

,

Lack (1947-48, 51), Lack and Silva (1949), and Gibb (1950), and was

found with the house wren (p. 61) and robin (p. 130) in the present

study. Skutch ( 1949a ) suggests that "the existence of an innate rhythm,

adjusted to the normal brood, would explain why each nestling in a

smaller brood is fed more often than each one in a family of the usual

size." One adult house wren can easily care for small broods, but the

effectiveness of both adults participating increases greatly as the size of

the brood becomes larger.

There is evidence that the nestling period of the house wren is shorter

for small broods which are fed more frequently, than for large broods.

This relation has also been demonstrated for violet-eared hummingbirds

(Colibri thalassinus) by H. O. Wagner (1945) and for the paradise fly-

catcher (Tcliitrea perspiciUata) by Moreau (1947). Karplus (1949) found

that the nestling period of robins (Ttirchis migratorius) in Arctic Alaska

was reduced to 8.8 days compared with 18 days which is common for

temperate regions. He correlates the shorter nestling period of Arctic

birds to their being fed for 21 hours per day rather than 14 to 15 hours

per day farther south.

On the other hand, Paynter ( 1949 ) found no relation between nestling

period and size of brood in the herring gull, bu'; this would hardly be

expected since he found no difference in the rate at which each young

was fed. In Moreau's (1947) study of nine species, the paradise fly-

catcher, already referred to, was the only one that showed a relation

between the size of the brood and the length of the nestling period.

Although no substantiating data are presented, Moreau suggests that

although large broods may leave the nest after the same nestling period

as small broods, they may weigh less at this time. Lack and Silva ( 1949

)

found in the European robin (Erithacus ruhccuhi) that undernourish-

ment caused a decrease in the weight of the birds at the time of leav-

ing the nest and that the nestling period was not prolonged. Lees (1949)
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records that in this species broods of four or five sometimes average

greater in weight than broods of either two and three or six and seven.

Gibb (1950) found in Parus major and P. caeruJeus, however, that indi-

viduals in large broods averaged less in weight than individuals in small

broods. It would seem, therefore, that individual nestlings in large broods

may often receive less food than individual nestlings in small broods. As

a consequence their growth in weight is retarded. This may result in

either a prolonged period in the nest or in a lower weight, if the nest is

vacated at the normal time. There are characteristic differences between

species in the manner in which these variations occur.

Koskimies' (1950) studies on the swift, Apu^ (Micropus) apus, are of

interest in this connection. The nestling period in this species varies

between extremes of 33 and 56 days dependent on the weather, although

it is more usually 40 to 43 days. This great variability is due to the rate of

feeding the young and consequently the time required for them to attain

normal final weight being directly correlated with air temperature.



V. Evolution of Parental Care

Introduction

The foregoing analyses of details in the parental care of several species

of birds demonstrate that important variations in behavior pattern exist.

One immediately wonders how these variations in behavior came about

and their relation to each other. Perhaps they show a phylogeny in the

same manner as do structural characteristics of the body. Possibly, differ-

ent behavior patterns of parental care develop in different environmental

situations.

Curiosity in regard to these possibilities led to a summarization of the

literature on the known parental behavior for the bird families of the

world. This has been no small undertaking, but I have had the help of

various assistants, particularly Dr. Frank A. Pitelka, Dr. J. Murray Speirs,

and Dr. Ben J. Fawver. Attempt was made to cover completely the litera-

ture on North American birds. A systematic search was made through all

important journals and other available literature as far back at least as

1930 for the rest of the world. For still earlier data on foreign birds, re-

liance has been placed on the summaries of Witherby et al. (1938-1941),

Niethammer (1937-1942), Groebbels (1932-1937), Stresemann (1927-

1934 ) , and Knowlton ( 1909 ) . For North America the summaries of

Burns (1915) and especially Bent (1919-1950) have been most helpful.

The present summary should bring information on parental care up to

date to the year 1950. At this point, we wish to make special acknowledg-

ment of the splendid studies of Alexander F. Skutch on Central American

birds, of R. E. Moreau on African birds, and of L. E. Richdale on

marine birds, which in many instances have been the only sources of

information for some of the less widely distributed families. I wish also

to acknowledge the special help given by Mrs. Margaret M. Nice in

correcting incubation periods given in Table 51 as a result of her thorough

review of the literature on this problem.

The most critical information in establishing the parental behavior

pattern for a species or for a family has been the share of the sexes in

nest building and incubation, the length of attentive periods on the

eggs, and the care of the young. For many families the information is

very general. For families of higher phylogenetic rank the information is

both more complete and more detailed. Data on length of time required

for nest building, number of eggs laid, length of the incubation period,

and the length of the nestling period are compiled mainly for those spe-

173
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cies where information is available on parental care, and usually, then,

only when given by the author in his particular study. This should render

correlations between these two sets of factors more trustworthy than if

the compilation were of a more general sort. Furthermore, to render such

a general compilation of greatest value one would need to distinguish dif-

ferences due to race, latitude, climate, seasonal and yearly variations, and

other factors which are extraneous to the present objectives. Incidentally,

topics not touched on at all in the present work are the roles of the two

sexes in the selection of nest sites ( Nethersole-Thompson, 1943) and in

nest sanitation (Blair and Tucker 1941, Tucker 1941).

The term "nestling period" rather than fledgling period will be used to

designate the time that the young bird remains in the nest ( Moreau

1946). There seems to be considerable confusion as to the use of "fledg-

ling period," since "almost as much development toward complete fledg-

ing takes place after the nest is quitted as during the stay in it" (Ryves

1944). Fledging commonly means to become fully feathered and able to

fly, but this more often than not fails to coincide with the time the young

bird leaves the nest.

We have used Peters' Check-List of Birds of the World (1931-1948)

for arranging and classifying the data on nonpasserine species, and we
have similarly used Wetmore's A Revised Classification for the Birds

of the World (1951) for the Passeriformes. Nomenclature follows Peters

for the orders below the Passeriformes, and Witherby et ah (1938-41)

and the A. O. U. Check-List of North American Birds (1931), along with

its later supplements in The Aiik, for the Passeriformes. When the name
given by the author of a paper does not agree with these authorities, it

is shown in parentheses, so that there should be no confusion concerning;

the species concerned. Observations are included on all living orders of

birds except the Coliiformes, although the information available on

some groups is scant.

Comparative psychologists commonly organize their information in an

evolutionary sequence (Washburn 1923; Warden, Jenkins, and Warner
1934). Likewise, there have been attempts to outline the stages in the

evolution of certain types of behavior (e.g., Allee 1938). Nevertheless, the

actual tracing and analysis of behavior patterns as they develop from one

group of animals into another have not been frequent. This has been done
for social insects by Wheeler (1928), and Emerson (1938) has been

able to do this for termites, using the nest structures in these latter insects

as the morphological expression of behavior patterns. Emerson found

the nest-forming behavior to be predominantly an inherited species

pattern, and sequences of species patterns indicated evolutionary progress

within the genus or related genera that could be correlated with the

known morphological evolutionary relationships of the species. Astonish-
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ing examples occurred of adaptive modification of the nests together with

convergent evolution of nest structure in certain environments which

gave evidence of the force of selection upon inherited patterns. K. Lorenz

(1941) and Delacour and Mayr (1945) have used behavior patterns as

evidence for showing the proper relations and classification of the

Anatidae.

The objectives of this study are to trace the evolution of the behavior

pattern concerned with parental care through the class, Aves; to attempt

to find underlying trends that will enable us better to correlate the be-

havior of related species; and to interpret the forces and influences that

were and are effective in bringing about the patterns as we now see them

in the various groups.

Superorder: Palaeognathae; Order: Struthioniformes

Family: struthionidae. Watson (1905) has described the nesting be-

havior of captive ostriches, Striitliio cameJiis, in Arizona. The nest is a

round hole in the ground which the male scoops out with his feet. At

first the female may not take to the nest but may lay her eggs on the

ground, whereupon the male will roll them into the nest. Generally, after

the male has put three or four eggs into the nest, the female will lay

there. In about thirty days she will lay twelve to sixteen eggs and will

commence incubation. The incubation period is about 42 days. The male

takes a prominent part, covering the eggs 15 or 16 hours a day. He usu-

ally goes on the nest about 1700 and remains until 0800 or 0830 hours

the next morning; the female takes her turn during the day. According to

Schneider (1949), the male does all the incubation. The male usually

begins sitting three or four days before the female stops laying. If the

weather is cold during the laying period, the male may often be found

covering the eggs at intervals during the night. The birds are also very

watchful in the warm season to prevent the eggs from becoming over-

heated by the sun. Often one of the adults will be found sitting on its

ankle joints with both wings extended to shade the eggs. At the time

of hatching, the parent bird is described as cracking the shell with its

breastbone and sometimes taking the young bird by the head and pull-

ing it out. Sometimes three or four days elapse between the hatching of

the first and last eggs in the set. During this time one of the parents

takes care of the precocial chicks while the other is attentixe to the nest.

Order: Rheiformes

Family: rheidae. Headley ( 1895 ) states that the female rhea, Rhea
americana, lays a great number of eggs and that several females may lay

in one nest. Adams ( 1908 ) noted that a captive female laid every three

days. When a certain number of eggs have accumulated, one of the males
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takes over, and the female starts another nest. Incubation requires five

or six weeks. The male not only does all the incubating but also takes care

of the precocial young. Portielje's ( 1925 ) observations on captive birds

showed that the male began incubation at one nest after the female had

laid her fourth egg. The male occasionally left the nest to drink and feed

during the middle of the day, and while the male was away the female

was seen visiting the nest.

Order: Casuariiformes

There are two families of living birds in this order. Detailed informa-

tion on the nesting behavior of Casuariidae is not available, but sup-

posedly only the male incubates.

Family: dromiceiidae. The behavior of captive emus, Droiniceius n.

hoUandiae, has been studied by Crandall (1929) and Fleay (1936), and

birds under natural conditions have been studied by Gaukrodger ( 1925 )

.

Sometimes two or three females will lay in the same nest, and there may

be seven or eight eggs. The male incubates, beginning with the last egg,

and he rarely leaves the nest. The incubation period is 58 to 61 days.

The male also cares for the young.

Order: Afterygiformes

Family: apterygidae. The most complete information on the kiwi,

Apteryx sp., was obtained by Robson (1948) from a pair of birds which

he held captive several years. This species under natural conditions ex-

cavates a burrow for nesting. Robson states that both sexes dig, not just

the female as is frequently stated in the earlier literature. The male bird,

however, does almost all of the nest building.

The female laid two to five eggs in different years, but apparently not

more than three were incubated at one time. The regular incubation

period was found to be 75 days, although 77 days may be required for

the first egg in a two-egg set. In one instance, the female sat on a freshly

laid egg for 3 days, going out for food only at night. The male took ex-

clusive charge of incubation thereafter. The second egg was not laid

until 11 days after the first. The male incubates steadily, and may not go

off the nest for a week at a time. When he is inattentive he covers the

eggs, and when he returns he brings additional nesting material.

The chick is precocial at hatching, but its feathers do not become free

of a slimy material for 4 or 5 days, and it does not leave the nest until

the sixth day. During these 6 days the male blocks off the opening to the

nest cavity and takes exclusive charge of the young. The chick loses

weight while confined to the nest, but when it becomes free it eats an

enormous amount, both day and night. The old birds feed only at night.
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Order: Tinamiformes

Family: tinamidae. According to Seth-Smith (1907) and Daglish

(1930), the male tinamou takes charge of the eggs as soon as they are

laid and incubates them. His mate goes off to court another male, only

to leave him in due course with another potential family. The female

tinamou is more brightly colored than the male, and the usual sexual

courtship role is reversed. Beebe ( 1925 ) found an average sex ratio of

four males to one female in CryptureUus (Cryptiinis) uariegatus. No nest

is made except for a slight depression on the forest floor. In this species

the female, after courting the male, lays a single egg and then leaves the

male to do all the incubating. The incubation period is about 21 days, and

the young bird leaves v^ithin a day after hatching. The male takes care

of the chick. Very soon, however, he may start incubating another egg,

and this cycle may continue even for a third egg. Seth-Smith ( 1907

)

found C. fataupa and Calopeziis elegans also polyandrous under aviary

conditions. The behavior pattern in Tinamus is different in that the male

incubates only one set, but this may contain from four to twelve eggs.

Superorder: Neognathae; Order: Sphenisciformes

Family: sPHENiscroAE. Richdale has made detailed studies of the pen-

guins, Eudyptula minor (1940), Megadyptes antipodes (1941b, 1949b,

1951), and Eiidyptes sclateri (1941a); Bagshawe (1938) and B. Roberts

(1940b) have studied Pygoscelis papiia and Levick (1914), F. adeliae.

Murphy (1936) has summarized information on several species. The
group as a whole is very colonial in its nesting behavior, although in

some species (M. antipodes, two species of Eudyptula, and perhaps

others ) the nests are somewhat scattered. Both sexes aid in nest building,

and the nest may be composed of debris or stones or it may be a burrow

in the ground. Usually two eggs are laid within 2 to 5 days. Incubation is

shared by both sexes and may begin with either the first or second egg.

The incubation period varies from 5^2 to possibly 8 weeks in different

species. Attentive periods between 6 and 12 hours are reported in

Spheniscus magellanicus, S. demersus, and Eudyptes sclateri, but be-

tween 1 and 5 or more days in Eudyptes crestatus, Eudyptula minor,

Megadyptes antipodes, Pygoscelis paptia, and P. adeliae. Bagshawe

(1938) found the male P. papua on the nest for periods of 1 to 2 hours

and the female for 3 to 14 hours before the first egg was laid, both sexes

on for periods of 5 to 15 hours between the laying of the first and second

eggs, and for periods of 6 to 31 hours after the second egg was laid. In

P. adeliae, Levick (1914) reported the female on the egg for 13 days

followed by the male for 14 days, but the accuracy of his recognition of

the sexes has been questioned.
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After hatching, the young are brooded for 2 to 4 weeks and are fed

once or twice a day. The nesthng period varies from 8 to 16 weeks. The

young are constantly guarded during the daytime for only part of this

period—6 to 7 weeks in M. antipodes, 4 to 6 weeks in E. minor.

In several species, such as Aptenodytes patagonica, Pijgoscelis adeliae,

P. papita, and Eudijptes crestatus, a communistic arrangement appears

to develop for the care of the young as they get older. From 12 to 20

young birds are grouped together into "creches" and are guarded and

shepherded by a few adult birds. This permits both parents of many

of the pairs to hunt food at sea at the same time. When the parents

return, it is imcertain whether they recognize and feed only their own

young, but they may come back each time to the same area. In Apteno-

dijtes forstcri, the communistic system is different in that there appears

to be a surplus number of broody adults in the colony. No sooner does

a parent leave its egg or young than a scrimmage takes place between

many free adults to determine which will have its turn at caring for it.

Thus old birds, other than the two parents, take turns at attending the

egg and chick. Richdale (1951) questions the whole concept of creches;

He believes that the parents feed only their own young and that the

extra adult birds present are nonbreeding individuals.

Order: Gaviiformes

Fainihj: gaviidae. Surprisingly little attention has been paid to the

nesting behavior of loons or divers. A nest is built and two eggs are laid

with an interval of at least two days between them; incubation begins

with the first egg and lasts 28 to 30 days. Both sexes usually alternate

at incubating and taking care of the precocial young (Bent 1919, With-

erby ct al. 1940), but in Gavia (Coh/mbus) sfellata, Van Oordt and Hux-

ley ( 1922 ) and Keith ( 1937 ) found only the female on the nest.

Order: Colymbiformes

Fcnnily: colymbidae. Huxley (1914) found in the grebe, CoUjnihiis

(Podicepsj cristatus, that the nest is built in a few hours. Both sexes took

part, averaging between them more than two loads of weeds to the nest

every minute, maintaining this rate for a half hour or an hour at a

stretch. Three to seven eggs make up a set in various species. Some-

times two days elapse between consecutive eggs, and incubation com-

monly begins with the first egg ( Niethammer 1938 ) . Both sexes alternate

at incubating. Deusing (1939) found in Podih/mlnis podiceps that the

male's attentive periods on the eggs averaged 29 minutes and the female's

40 minutes. The eggs were left unattended an average of only 8 minutes

at a time, and were usually covered with vegetation. The female con-

tinued to add nesting material through the incubation period. Witherby
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et al. ( 1940 ) record that in Colymbiis aiiritus the sexes were observed

changing on the eggs at intervals of four to five hours. In Cohjmhiis

(Podiceps) nigricollis the interval is one to three hours ( Groebbels 1937 )

,

in Colymbiis (Podiceps) riificoUis about 40 minutes (Hartley 1933) or

20 to 30 minutes (Mountfort 1934). The incubation period in several

species appears not to have been accurately determined for natural con-

ditions, but it is believed to be 21 to 23 days; Harrisson and Hollom ( 1932)

give it as 27 to 29 days in C. cristatiis; Mountfort (1934) found it

very variable, 18 to 26 days in C. ruficoUis. The young grebes leave the

nest very soon after hatching and are attended by both parents. Probably

the female is somewhat more solicitous in their care, especially as they

grow older. Bird (1933a) observed that young Colymbiis ruficoUis would

return to the nest until almost fully fledged. E. Ashby (1933) and Little-

johns (1936) give additional observations on this species.

Order: Procellariiformes

Family: diomedeidae. Richdale's ( 1939, 1942a, b ) observations on the

royal albatross, Diomedea epomophora, indicate a very slow rhythm of

nesting behavior. The birds breed only every other year unless there has

been a nesting failure. Both sexes aid in the building of a simple grass

nest. One egg is laid. Both sexes incubate with very long attentive periods

varying from 1 day to as long as 14 days. The average length of 43 atten-

tive periods that were measured (30 given by Richdale 1942b: 253; 13

more obtained through correspondence with him) is 5.3 days. The incu-

bation period is 78-80 days. The chick may require 3 days to get out of

the shell. The young bird is fed daily by regurgitation in its very early

days, even though the parent may not have left the nest for several days.

The usual rate of feeding for the first three months is twice per week,

once by each parent. The chick is guarded and brooded for 33 to 42

days after hatching by one or the other parent in attentive periods that

average 3.4 days, a little shorter than during incubation. When the

feathers begin to trrow, the young bird is fed five times a week and may
be left alone for long periods of time. Considerable food is given at a

time, often 1.5 pounds; occasionally up to 6.5 pounds when both parents

feed it. Feedings take place during the daytime. The chick stays aground

until its wings have reached an adequate length, which may be 229 to

251 days after hatching. When fledged, during the last two weeks the

feeding rate is again reduced to twice per week. Probably the nesting

behavior of other albatrosses is similar. In D. bullcri, Richdale (1949a)

records that nest building may be performed by either sex but usually

by the male. The first attentive period of the female after the egg is laid

averages 5.9 days, but subsequent periods by both sexes are equal and

average 10.8 days. The longest observed period of a female was 24 days.
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Richdale (letter) cites a still more remarkable record for the Laysan

albatross (D. immutabilis) where the average attentive period subse-

quent to the first span by the female from 64 records is 21.8 days, range

5 to 32 days!

Family: procellariidae. In the subfamily, Fulmarinae, Richter (1937)

found the incubation period of the fulmar, Fulmarus glacialis, to be 57

days. Each parent sits on the one egg in its shallow nest for attentive

periods that average 1 to 2 days in some cases or 4 days in others. The

young are brooded continuously for two weeks but are largely left

alone in the nest after 5 weeks. The nestling period is 57 days, and the

young is fed once each day until nearly ready to fly. In a personal com-

munication, Richdale states that the young is fed during the daytime.

Richdale ( 1944b, c ) found the incubation period of the one egg in

the nest burrow of Pachyptila turtur and P. forsteri (vittata) to be 56

days and the nestling period about 49 days. The attentive periods for

the two parents alternating on the nest are 6 or 7 days long. During the

first 3 to 5 days after hatching, the young are sometimes fed during the

daytime, but after that, only at night. Occasionally both parents feed

the chick on the same night, but some nights are skipped by both adults.

Considerable food is regurgitated each time, and the chick may some-

times receive an amount equal to its own weight.

In the subfamily, Puffininae, Lockley (1942) has studied the Manx
shearwater, Piiffiniis puffiniis, Richdale (1944a, 1945b) the sooty shear-

water, P. griseus, and Glauert ( 1946 ) , the little shearwater, P. assimilis.

These birds nest in underground burrows which both sexes excavate.

One egg is laid, and the incubation period is 51 to 58 days. The male and

female take turns incubating at intervals of about 2 days in P. assimilis

and 4 days in the other two species, although an occasional attentive

period in P. griseus may be as long as 13 days. Brooding is required

for only a very few days. For the first 3 to 7 days after hatching, the young

chick may be fed during the daytime, but after that, only at night as

these birds, like Pachijptila, are largely nocturnal in this habit. In P. assim-

ilis the young bird is fed usually every second night. The adult birds

spend the daylight hours in activities far out at sea. Sometimes both pa-

rents may feed the young on the same night; then again the bird may not

be fed for periods up to 10 nights. Individual feedings are considerable

and the young chick may sometimes consume its own weight of food.

The young bird is usually not fed for 7 to 13 nights before it finally takes

flight, 70 to 95 days after hatching.

Family: hydrobatidae. Of the storm petrels, Oceanites oceanicus has

been studied by B. Roberts (1940a), Hydrobates pelagiciis by Lockley

(1932), Pelagodroma marina by Richdale (1943-44), and Oceanodroma

leucorhoa by Gross (1935) and Ainslee and Atkinson (1937). Both
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sexes participate in excavating the nesting bvirrow, although in Leach's

petrel, O. leucorhoa, the male takes the major part and about 3 days are

required. Only one egg is laid and incubation may begin immediately or

after a lapse of 24 hours. Both male and female incubate in relays of

1 to 5 days. Nest relief occurs at night. There may be periods as long as

4 days when neither bird is on the egg; on the other hand, one parent may
occasionally be attentive for as long as 9 continuous days. The incubation

period is between 38 and 50 days long. After the young bird hatches, it

is brooded for only 1 to 5 days. The down on these chicks is long. While

brooding, the chick may be fed during the day as well as at night, but

thereafter the parents usually visit and feed it only at night. Feeding is

somewhat irregular, as frequently the young bird may not be fed for

several nights in succession, especially near the end of nest life. In O.

leucorhoa the average rate is once per night. The nestling period lasts

about 8 weeks.

Faniily: pelecanoididae. In the diving petrel, Pelecanoides urinatrix,

Richdale ( 1943, 1945a ) found both sexes digging the burrow. He esti-

mates the incubation period to be 8 weeks with the male and female re-

lieving each other nightly. After hatching, the young bird is fed nightly

and often also in the daytime during the 7- to 15-day brooding period.

This longer brooding period may be correlated with shorter down than

in the storm petrels. After brooding is over, one or both parents feed the

chick only at night, until it is ready to leave the burrow after about 54

days from hatching.

Summary. Both sexes construct the nest, incubate, brood, and feed the

young. Only one egg is laid, and the incubation period is from IVz to 9

weeks except in Diomedeidae where it is over 11 weeks. The young bird

is brooded for only a few days except in Diomedeidae, but it stays in the

nest 7 to 12 weeks, except in Diomedeidae where it may not leave until

eight months old. Average attentive periods during incubation com-

monly vary from 1 to 7 days in length. After the young bird hatches it is

usually fed by both parents at night except in Diomedeidae and Ful-

marinae and possibly some petrels, but there is considerable irregularity.

These species are largely nocturnal in their nesting activities and spend

the daylight hours out at sea. The slower rhythm of the larger Diome-

deidae is evident as the young is fed only two to five times per week.

This group is also more diurnal in its activities, so in several ways its

behavior does not conform exactly to the procellariiform pattern.

Order: Pelecaniformes

Suborder: phaethontes; Family: phaethontidae. In the yellow-

billed tropic-bird, Pliaetlion Jepturus, a single egg is laid and both sexes

alternate in its incubation (A. O. Gross 1912). An adult was once ob-
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served feeding its incubating mate, and apparently this interfeeding of

the adults also occurs in P. aethereus (Bent 1922). Twenty-eight days are

required for incubation, and the young bird remains in the nest for 62

days. The adult birds spend considerable time with the young for the

first 10 days, but after 20 to 25 days they feed the young two or three

times in the early morning and do not appear again until the next day.

Suborder: pelecani; Superfamily: pelecanoidae; Family: pelecanidae.

The pelicans lay two or three eggs. Incubation has been estimated at

4 to 6 weeks. Both sexes share the incubating duties, and there is a cere-

mony of nest relief (Bent 1922). The young stay in the nest for 2 to 5

weeks. According to Murphy (1936), the young of Felecanus occidentalis

may be fed at any hour but particularly between 0700 and 0800 hours,

shortly before noon, and during the two hours before sunset. The young

of P. conspicillatus become gregarious as soon as they leave the nest,

occurring in flocks of 10 to 50 birds (Macgilhvray 1923).

Superfamily: suloidea; Family: sulidae. In the boobies, Sida, and in

the gannet, Moms bassana, only one egg is laid, or a second may be

deposited after an interval of several days. Both sexes share nest build-

ing, incubation, brooding, and feeding the young. Griffin and Hock

( 1949 ) record that the attentive period on the eggs in Morns is 24 hours,

with variation between 7.5 and 30 hours. One bird, whose mate was re-

moved, stayed on the eggs for 3 days. As nests of Sida are often fully

exposed to the sun, incubating and brooding may be more a matter of

keeping the eggs and young cool through shading than of keeping them

warm (Murphy 1936). At night, the mate of the brooding Sida stands

alongside the nest. After the young bird becomes too large to brood, it

may pass the night on the ground between the two parents (Chapman

1908). The length of incubation is probably 42 to 45 days. The period

that the young are fed by their parents is as long or longer. The young of

Morns are fed more frequently in late afternoon, and not often during

the middle of the day (Wodzicki and McMeekan 1947). Some 10 or more

days before the young leave, the parents stop feeding them, and appar-

ently the lack of food is a stimulus for the birds to begin shifting for

themselves.

Family: phalacrocoracidae. In the double-crested cormorant, Phal-

acrocorax auritus (H. F. Lewis 1929, Mendall 1936), the males bring

nest material, and the females shape it into a nest in from 2 to 4 days.

Usually one egg is laid each day, until the set of about four is complete.

Incubation may begin with the first egg or irregularly with any subse-

quent egg. The incubation period is 24 to 25 days, the young are brooded

until the third week after hatching, and fed until they are 5 or 6 weeks

old. Both sexes incubate, alternating on the nest during the day at one-

to three-hour intervals. Both sexes brood and feed the young. Two or
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three young are fed on each trip with trips about once every hour.

Family: anhingidae. Not much is known about the nesting of Anhinga

anhinga. The four eggs are laid at irregular intervals and both sexes take

part in their incubation. Both male and female care for the young.

Suborder: fregatae; Fatnily: fregatidae. Both sexes of Fregata mag-

nificens, the man-o'war-bird, share in nest building, incubating the one

egg, brooding, and feeding the young. There is no information, however,

on the length of the attentive periods (Murphy 1936).

Summary. The nesting cycle of these colonial birds is long, since it

frequently extends over three months. There is considerable uniformity in

behavior in that both sexes share more or less equally in all the duties of

nesting. In the Phalacrocorax the attentive period is only 1 to 3 hours long

while -incubating, but in Moms it may be 24 hours long. One to four

eggs are laid, separated often by intervals of several days. It is usual for

most of the brood to be fed on each trip. These trips may be as frequent

as once per hour in Fhalacrocorax, but as the young get older they tend

to be limited more and more to early morning and late afternoon.

Order: Ciconiiformes

This is a varied order that has been divided into four suborders. The
Ciconiae is the largest and is again subdivided into three superfamilies

each with a single family. No data are available for the suborder Balaeni-

cipites, with its single family, nor for the family Cochleariidae of the

Ardeae.

Suborder: ardeae; Family: ARUEroAE. The herons or Ardeinae com-

monly nest in colonies. Both sexes take part in nest building. Three to

five eggs are laid, usually at 2- or 3-day intervals. Incubation begins with

the first egg. Estimates as to the length of incubation vary from 18 to 28

days, but the exact time is not known for many species. Both sexes alter-

nate at incubating at intervals of two to six hours during the day, and

an elaborate ceremony has developed when one sex relieves the other.

Probably the female is on the eggs at night. Brooding may last 2 or 3

weeks, and the young may remain a few weeks longer before leaving.

Both sexes bring food to the young at the rate of 6 to 14 times per day.

Feeding is most active in early morning and evening. Nycticorax, Nyctan-

assa, and Ardea herodias are more or less active at night as well as din--

ing the day ( Bent 1926, Witherby et al. 1939, Gersbacher 1939, Steinfatt

1934b, 1935, 1939e, Allen and Mangels 1940). The rhythm in the African

green heron, Butorides striatus (atricapilla), is faster than above out-

lined. Cowles ( 1930b ) states that the incubation period is about 18

days, the nestling period is only 2 weeks, and the young are fed three

times per hour at first but that later this rate slows down. Hindwood

(1933), however, found the incubation period of Butorides javanica to
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be 21 days and the nestling period about 4 weeks. Wheelock (1906)

observed a feeding rate in Biitorides virescens of about three times per

hour for young 7 days old but only for the early morning and evening

hours.

The behavior of bitterns, Botaurinae, is similar to that of herons. The

four or six eggs are incubated by both sexes in Ixobrychus but apparently

only by the female in Botaurus ( Bent 1926, Groebbels 1937 ) . Groebbels

( 1935 ) recorded four attentive periods for the female Ixobrychus minutus

averaging 2 hours 23 minutes and five periods for the male averaging 1

hour 6 minutes. Incubation in this species lasts 16 to 17 days, and in

Botaurus steUaris, 25 to 26 days. Young Ixobrychus may leave the nest

in 7 to 12 days (Niethammer 1938). Young Botaurus lentiginosus stay

in the nest for 14 days (Mousley 1939). Gabrielson (1914) found two

young fed at the rate of 0.6 times per hour, but both young are fed on

each visit of the adult. Niethammer ( 1938 ) records the nestling period

of B. SteUaris as 4 to 5 weeks, which seems very long.

Suborder: ciconiae; SuperfamUy: scopoidae; Famihj: scopidae. Cow-

les ( 1930a ) describes the nest and development of young of the hammer-

head, Scopus umbretta, but does not tell much concerning their attentive

behavior. It appears that both sexes are involved in various phases of

nest life. The incubation period is about 21 days, and the young stay in

the nest about 7 weeks.

Superfamihj: ciconioidea; Family: ciconiidae. According to Nietham-

mer ( 1938 ) and Witherby et al. ( 1939 ) , the nests of both storks, Ciconia

ciconia and C. nigra, are build by both sexes, the male bringing most of

the material and the female arranging it. The building of a complete nest

may require 8 days. The three to live eggs are laid at 2-day intervals.

Incubation begins with the first or second egg and lasts 30 to 38 days.

In the former species the female incubates all night, while during the day,

the male assumes the greater part of this duty. The two sexes alternate at

one to four and a half hours ( Nice 1933, Schiiz and Schiiz 1932, Schiiz

1938). The nestling period is about 63 days. Both sexes brood and care

for the young. In C. nigra the parents relieve each other at intervals of

two and a half hours when the young are 3 weeks old. Five meals are

brought to the young daily, two in the early morning and three late in

the day. In C. ciconia, Schiiz (1943b) found the feeding rate of young

5 to 15 days old to average 0.7 per hour but often with long intervals be-

tween consecutive feedings. Both sexes also incubate in Jabiru mycteria

(Bent 1926).

Superfamihj: threskiornithoidea; Famihj: threskiornithidae. Bay-

nard's ( 1913) detailed study of the glossy ibis, Plegadis falcinelhis, shows

that both sexes aid in the construction of the nest which is added to
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throughout the incubation period. An egg is laid each day until three or

four eggs are laid. Incubation does not start until a day after the last

egg has been laid and lasts 21 days. The female sits on the eggs at night

and until 0830 or 0900 hours in the morning. The male relieves the female

for about six hours during the day. During the first 4 weeks after hatch-

ing, the adults feed the young 12 to 20 times per day. By the sixth week

the young are leaving the nest during the daytime and feeding in the

shallow water but returning to the nest to roost at night. The glossy ibis

belongs to the subfamily Threskiornithinae.

The behavior of the roseate spoonbill, Ajaia ajaja, of the subfamily,

Platoleinae, is very similar ( R. P. Allen 1942 ) . The average clutch is less

than three eggs, probably one laid every other day, and the incubation

period is 23 to 24 days. There is a ceremony at nest relief which occurs

at least two or three times during the day. Incubation is not regular until

the last egg is laid.

Suborder: phoenicopteri; Family: phoenicopteridae. Only one egg

ordinarily is laid by flamingos, Phoenicopterus ruber. Chapman ( 1905

)

says that the two sexes exchange places on the eggs in the early morning

and late in the afternoon. There is considerable irregularity as to which

sex is on the nest during the daytime and at night. Bent ( 1926 ) indi-

cates that the incubation period is 30 to 32 days. The young are brooded

for 3 or 4 days and then they leave the nest. They are fed by the adults

for about 2 weeks ( Gallet 1948 )

.

Summary. There appears to be considerable uniformity in attentive

behavior in this order of colonial nesting birds. Both sexes share all

phases of nesting duties. During incubation and brooding the sexes re-

lieve each other with elaborate ceremonies at intervals of one to several

hours. Feeding of the young is largely by regurgitation and all the

young may be fed on each visit. The length of the incubation period

varies greatly between species as does the nestling period.

Order: Anseriformes

Quite a little general information is available for this order. In the

family, Anatidae, of the Anseres, only the subfamilies, Plectropterinae,

Cereopsinae, and Merganettinae cannot be included in the discussion,

but they are small groups.

Suborder: anhimae; Family: anhimidae. Stonor's (1939) observations

on the nesting of the screamer, Chauna torquata, in a zoological garden

are of interest here. Both sexes participated in nest construction and in

incubation. Eggs were laid on alternate days, and there were as many as

six eggs in a set. The female incubated from late afternoon, 1630 or 1730

hours, overnight or until 0900 or 1100 hours the next day, when the male
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took o\'er for the rest of the day. There was a ceremony of nest rehef . The

incubation period was 6 weeks, and the young left the nest soon after

hatching.

Suborder: anseres; Family: anatidae. Swans, in the subfamily Cygni-

nae, lay four to six eggs on alternate days in a nest which both sexes

have been concerned in preparing. Incubation may not begin until the

set is complete; it lasts 35 days or longer and is performed chieHy by the

female. Ruthke ( 1941 ) observed incubation to begin with the fifth of a

seven-egg set in Cijgnus olor. Groebbels (1937) records both sexes incu-

bating in Chenopis (Cygnus) atrata and Cygniis melanocoriphus. Both

sexes care for the young, and the family group may retain its identity

for several months ( Bent 1925, Witherby et oL 1939 )

.

With the geese, Anserinae, the set in Branta canadensis is commonly

composed of four to six eggs, laid on consecutive days or at average inter-

vals of 1.5 days. Incubation begins when the set is complete and lasts

from 24 to 28 days in various species. The female makes the nest, but

the male sometimes will bring material for it. Only the female incubates,

although Soper ( 1942 ) believes that the male may take part in Chen

caeridescens. In nearly all species the male remains close to the nest and

is attendant on the female during incubation. Both adults care for the

young. During the nonbreeding season, geese commonly feed during

early morning and late afternoon and roost at night (Bent 1925, Kort-

right 1942, Kossack 1950, Manning 1942, Sutton 1932, Witherby et al.

1939).

Little is known concerning the nesting behavior of the tree ducks,

Dendrocygninae. According to Bent (1925), Dendrocygna autumnalis

commonly nests in tree hollows, but D. hicolor mostly nests on the ground.

The former species has 12 to 16 eggs per set, but the number in the

latter species may reach 36. There is some possibility that several females

may lay in the same nest. Delacour and Mayr (1945) state that the male

shares in incubation; in fact, in D. viduata and D. hicolor he may do the

greater share. J. C. Phillips (1922) gives the incubation of the former

species as 28 to 30 days. Both sexes take care of the young.

In the surface-feeding ducks, Anatinae (Bent 1923, Kortright 1942,

Girard 1939, 1941, Bennett 1938, Munro 1944, Witherby et al 1939),

the female prepares the nest, commonly lays 7 to 12 eggs for a set, de-

positing one each day, and begins steady incubation when the set is

completed. The incubation period varies between 21 and 28 days. The
female does all the incubation, although rarely a male has been known
to take a turn. Usually the male deserts the female after incubation gets

well underway so that the female must care for the young alone. In

Anas (Qiierquedida) cyanoptera. Anas crecca, Aix, Spatula, Tadorna, and

Casarca, however, the male is more faithful and may aid the female in
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caring for the young. The same has been observed for Anas platyrlujnchos

(Lloyd 1937). Bennett (1938) says that the female blue-winged teal,

Anas (Querquedula) discors, during incubation is inattentive once or

twice a day for 20 minutes to two hours around 0700 and 1900 hours.

Each time she leaves she covers the eggs with nest down, and during

the last 48 hours of incubation may not leave at all. Girard ( 1941 ) found

that the female mallard, Anas platijrhynchos, had a feeding period of

about two hours between 0630 and 0830 hours and again in the after-

noon or evening. During the migratory and wintering seasons, these

ducks along the Illinois River in Illinois roost on the water during the

day and feed during the night. D'Ombrian ( 1944 ) had black ducks

(Anas superciliosa) nesting under captive conditions. The female made
the nest and took full care of the eggs and young. She left the eggs for

average inattentive periods of 20.6 minutes, 0.9 times per day. There were

no regular times when she was inattentive, but they were equally divided

between morning and afternoon. Four months after the young hatched,

the female lost interest in them. Frank Bellrose (personal communica-

tion) has observed two inattentive periods, in early morning and late

afternoon, in the wood duck, Aix sponsa. Heteronetta atricapilla is unique

in that it does not build a nest and has become entirely parasitic, laying

its eggs in the nests of a variety of other species (Phillips 1925).

The behavior of the diving ducks, Nyrocinae, is similar to Anatinae

( Bent 1925, Kortright 1942, Witherby et al 1939 ) . Sets of eggs are often

smaller, sometimes only five or six eggs. The incubation period is com-

monly 25 to 28 days. The male usually deserts the female soon after the

eggs are laid, or at least by the time the young hatch. Murphy (1936)

states, however, that in Tachijeres hranchyptera both sexes lead the

brood to sea, forming a family group which does not break up until

autumn. In the eider, Soniateria moUissima, the female may be inatten-

tive for about two hours soon after daybreak (A. O. Gross 193'^a), but

some individuals apparently stay on their eggs continuously (Goodwin

1948 ) . Gudmundsson ( 1932 ) maintains that dvu-ing her early morning

inattentiveness the female drinks and bathes but does not eat throughout

the period of incubation. Biicephaki (Glaucionefta) islandica females are

to be observed feeding between 0900 and 1100 hours. Low (1945) used

an itograph arrangement on the redhead, Nyroca americano, and found

that the eggs were unattended during the laying period and that incuba-

tion usually began within 24 to 48 hours after the last egg was laid.

Inattentive periods of the incubating female came at irregular intervals

during the day and night. The birds left the nest from 3 to 26 times,

averaging 6 times, during the 24-hour period. Prevailing temperatures

affected the time on and off the nest; as much as seven hours per day were

spent off the nest for first nests and nine hours for later nests. Hochbaum
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( 1944 ) also found in the canvas-back, Nyroca valisineria, that the female

had no fixed hours off the nest. Short rest periods during morning and

evening were regular, but the female also left at intervals during the day.

Departures became less frequent as incubation proceeded. All species

cover their eggs with down when they leave the nest.

The ruddy duck, Oxijura iamaicens^is, represents the subfamily, Oxy-

ruinae. According to Low (1941), the nests are built by the female.

About eight eggs are laid, and the female may begin incubation before

the last egg is laid. The incubation period is 25 or 26 days. Although the

male does not incubate, he does not desert the female and aids in the

raising of the brood (Bent 1925). According to Friedmann (1932),

ruddy ducks deposit eggs in the nests of other species more frequently

than do other ducks and may be in the process of evolving a parasitic

nesting behavior pattern.

The behavior of Merginae is similar to that of other ducks. The 7 to 12

eggs are incubated by the female. Niethammer ( 1938 ) records the incu-

bation period as 31 to 32 days in Mergiis senator and M. merganser.

Weber ( 1946 )
gives it as 34 to 35 days in M. merganser. In M. serrator,

Torne ( 1940 ) found that on sunny days the female left the eggs between

0500 and 0600 hours, a short time about 0800 hours, and between 1100

and 1500 hours and again between 1800 and 1900 hours. On rainy days

she left for a half-hour at 0500 and again at 0900 hours and for an hour

at noon and at 1800 hours. The male accompanied the female during

these inattentive periods.

Summary. There are four types of nests (Delacour and Mayr 1945):

open nests on the ground, open nests raised above the ground on ledges

or stumps, concealed nests on the ground under rocks or in holes, and

nests located in tree hollows. One may suppose that originally the male

and female shared the duties of nest building, incubation, and care of

young, as in the Anhimidae, but in various groups the male has lost more

or less of his attentiveness. In the Cyginae and Anserinae, he does not

usually incubate; in the Oxyurinae and Merginae he is not concerned

with nest building either; in the Anatinae he is beginning to lose interest

also in the young birds after hatching, while in the Nyrocinae he com-

monly deserts the female during the incubation period. In his summary of

parental care in the ducks, Phillips ( 1922 ) states that in "nearly all

those species in which the female and the male have similar plumage

. . . the males are very pugnacious and active guardians of the family. . . .

There seems to be some rather important relation between the early

desertion of the females by the males and the presence of an eclipse

plumage. . .

."

The female restricts her inattentiveness to an hoin" or so in the early

morning and late afternoon and to occasional shorter periods during the
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day. In Nyroca she is alternately attentive and inattentive several times

throughout the day. Usually she covers the eggs with down on leaving

the nest, and commonly she is accompanied by the male on her inatten-

tive periods. Incubation does not usually begin until the set is complete.

Order: Falconiformes

Of the living members of this order, there is no pertinent available in-

formation on attentive behavior in the superfamily Sagittarioidae, nor in

some of the subfamilies. There are two suborders.

Suborder: cathartae; Family: CATHARTroAE. Two eggs constitute a

normal set in the vultures, Cathartes and Coragyps, and these are laid

on consecutive days inside a hollow log or cave or on the ground in a

sheltered spot. Incubation begins with the second egg and lasts 39 to 56

days. The young stay in the nest or in its vicinity for 8 to 10 weeks. Both

parents take part in incubation and feeding the young. Coles ( 1944

)

states that even when incubation is at its height, both birds may be simul-

taneously inattentive for periods in the morning and evening. E. S.

Thomas (Bent 1937) observed in Cathartes that there were 17 feeding

periods during nearly twelve hours of observation on one day.

Suborder: falcones; Superfamily: FALCONoroEA; Family: accipitridae.

The family is divided into nine subfamilies. In the Elaninae, the white-

tailed kite, EJanus leucurus, has been intensively studied by Hawbecker

( 1942 ) . Nest building requires about 7 days, both sexes participating, and

at one nest the first egg was laid about 10 days after the nest was com-

pleted. Four eggs are laid on consecutive days, and incubation begins

with the first egg. Incubation lasts 30 to 32 days, and both sexes take part.

The male spends only a small share of time on the eggs, but he feeds the

incubating female. The young are brooded by the female, and at first

the male brings the food for both female and young, but when brooding

is no longer required the female also searches for food. The young leave

the nest in about a month but return to it for a time longer to be fed by

their parents.

The best study in the Perinae has been of the honey buzzard, Pernis

apivorus (Wendland 1935, Thiede 1938). Two eggs are laid nearly 2

weeks after the nest is ready; incubation begins with the first egg and

lasts 30 to 31 days. Both sexes share nest building and incubation about

equally; one attentive period of the male was at least three and a half

hours. The young are brooded about 3 weeks, at first about equally by
both sexes, but later more by the female. The young are fed wasp larvae,

at first by regurgitation, later from the bill. Green leafy twigs are brought

to the nest, and eggs or young may be covered with them during the

absence of the adult (Thiede and Ziinkert 1932a, Gentz 1935). The nest-

ling period lasts 40 to 46 days.
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In the kites, Ictinia misissippiensis (Sutton 1939) and Milvits migrans

(Schuster 1936a) of the subfamily, Milvinae, both sexes share the incu-

bation of the one or two eggs, although the male's share is irregular and

sometimes questionable. Observations on M. migrans gave one complete

attentive period of nine hours for the female and eleven hours for the

male. In M. milviis (Niethammer 1938) the three eggs may be incu-

bated entirely by the female, beginning with the first egg, and the male

inay bring her food. The nestling period is 40 to 50 days. The male supplies

both the female and young with all their food during the first 14 days.

He is especially active during the early morning hours (Thiede and

Zankert 1935). Skutch (1947a) observed both adults feeding insects to

one young Ictinia plumbea. The feeding rate was very irregular, depend-

ing on the weather, but averaged 2.4 times per hour. This high rate is

doubtless correlated with the type of food that is used.

In the European species of Accipiter of the subfamily Accipitrinae,

the female is chiefly responsible for nest building and incubation, al-

though the male may sometimes help. In A. nisus, Bal (1950) states that

the ratio of the female to the male in nest-building activities is 9 to 1.

In A. gentilis the male may relieve the incubating female four times

daily (Niethammer 1938) for periods of one to two hours (Siewert

1933). The two to four or sometimes six eggs are laid at intervals of 2

or more days and incubated for 5 to 5^2 weeks. Incubation begins before

the set is complete. The nestling period is from 4 to 6V2 weeks. The male

brings most of the food for the young at first, but later the female also

helps. In A. nisus, the male also feeds the incubating female who per-

forms this duty alone (Siewert 1930). In this species, L. Tinbergen

( 1946 ) found an increase in number of trips to the nest with food from

2.1 per day when the young were 2 and 3 weeks old to 9.8 per day when
they were 10 weeks old.

In the subfamily, Buteoninae. both sexes usually share in nest build-

ing, incubation, and care of young (Bent 1937). Two eggs per set are

common, laid at intervals of 2, 4, or more days. Incubation begins with the

first egg and in the smaller species lasts 28 days. In the eagle, Haliaeetiis

leiicocepliahis (Herrick 1934), it is 35 days and in Aquila verreauxii

(Rowe 1947) and in A. clirysaetos and A. pomarina (Niethammer 1938)

it may be as long as 43 or 44 days. In A. verreauxii and H. Jeucocephalus

the attentive periods are from one to three hours long. However, in H.

albicilla, Schuster ( 1935 ) found the female incubating overnight until

0540 hours, the male on then until 0956 hours, after which the female

stayed on the rest of the day. During an all-day watch at a nest of

B. biiteo, the male relieved the female twice for periods averaging about

four hours each. In A. chrijsaetos, A. pomarina (Siewert 1932), Aquila

(Hieradetus) fasciata (Rivoire and Hue 1949), and in Buteo jamaicensis
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^Dorealis) and probably B. lineatus, the female takes much the greater

share of the incubation duties but is brought part of her food by the

male. In nearly 43 hours observation at a nest with two young A. chry-

saetos, food was brought five times by the female and seven times by

male or at the rate of 0.3 per hour (H. A. Gilbert 1934). Stewart (1943)

found the female alone feeding a brood of three B. lineatus which she

did at intervals of one hour. In H. leiicocephahis the average rate is 2.5

to 4 times per day, most usually before 0900 and after 1500 hours. Rowe
( 1947 ) records in A. verreaiixii that during two different years a single

nestling, 3 to 9 days old, was fed at rates of 0.47 and 0.33 per hour. Young
eagles often stay in the nest 8 to 13 weeks, but in the smaller hawks the

time may be reduced to 6 weeks.

In the marsh hawk. Circus cyaneus (liudsonius), of the subfamily

Circinae, the female takes the greater share of nesting duties. Brecken-

ridge ( 1935 ) found only the female incubating and brooding, although

the male brought the young the greater part of their food. Other obser-

vers indicate that the male may occasionally incubate. He gives the incu-

buation period as 30 to 32 days. Witherby et al. ( 1939 ) and Haas ( 1939

)

record that in C. pygargus and C. cyaneus the incubating female is fed

by the male. This takes place in the air away from the nest. The three or

five eggs are laid at intervals of 2 or 3 days; incubation begins before the

set is complete and it lasts 28 to 30 days. The nestling period is 5 weeks

or longer. Hennings ( 1936 ) spent 73 hours observing the growth of five

young in the nest, and during this time they were fed 77 mice and birds

or at the rate of 1.1 per hour. Claudon (1935) observed only the male

C. pygargus bringing food for the young. This he did at the rate of 1.1

per hour, when the young were small, but at the rate of 4.0 per hour

toward the end of nest life. Thiede and Ziinkert ( 1932b ) observed four

young C. aeruginosus fed about 0.6 times per hour by both sexes during

the last 14 days of nest life.

In the subfamily, Circaetinae, Niethammer (1938) states that Circae-

tus gaUicus lays one egg. The male relieves the incubating female one or

two times daily, but she is chiefly responsible for incubation. The incuba-

tion period is 35 days and the nestling period very long, 9 to 11.5 weeks.

The male may bring food to the nest for the young fom- times daily.

Moreau (1945) found that one young Terathopius ecaudatus required

nearly 19 weeks to fledge. When it was one month old, it was fed once

every eight hours; during its last week in the nest it was fed three times

as frequently. Only one adult was concerned in caring for this }'oung.

The Pandioninae is represented by the osprey, Pandion ludiai'tus. Both

sexes participate in nest building. The male may take an occasional turn

on the nest, but for the most part the female is responsible for the incu-

bation duties, during which time she is brought food bv the male. The
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two or three eggs may require as long as 35 to 38 days to hatch, and

the young may remam in the nest for over 7 weeks (Siewert 1941). The

male brings most of the food for the young which is fed to them at first

by the female. Later both sexes bring food at a rate of two or three times

a day ( Bent 1937, Niethammer 1938 )

.

Family: falconidae. In the subfamily, Polyborinae, Bent (1937) gives

the incubation period of Audubon's caracara, Polyborus cheriway, as 28

days with both sexes sharing the duty.

In the Falconinae (Bent 1937, 1938, Witherby et al. 1939, Lawrence

1949b) three or four eggs are commonly laid at intervals of 2 or 3 days.

In Falco cenchraides, however, Sharland ( 1931 ) observed that five eggs

were laid in 6 days. Groebbels (1937) records that both sexes are in-

volved in nest building in Falco subbuteo and F. tinnunculus. Incubation

begins before the set is complete, lasts 28 to 31 days ( Niethammer 1938 )

,

and is perfomied chiefly by the female. The nestling period commonly

varies between 25 and 35 days (Niethammer). The male may take some

part in incubation in Falco siibbuteo (D. Nethersole-Thompson 1931),

F. peregrinus, F. columbarius, F. vespertiniis, F. naiimanni, and F. tinnun-

culus (Groebbels 1937), but usually he is more concerned in supplying

the incubating female with food. In F. peregrinus, he starts feeding the

female during the laying period, alternates with her on the eggs at half-

hour to five-hour intervals, takes some part in brooding, and feeds the

female and the young again after hatching occurs (Schuster 1931a, 1932a,

Gugg 1933, Demandt 1939, 1940). Labitte, Languetif, and Debu (1950)

believe that in this species incubation does not start until the set is

complete. In most species the male brings most of the food for the fe-

male and the young after hatching, and not until brooding is no longer

needed does the female help in hunting food for the young (Beebe

1950). In F. tinnunculus, the male brought food to the incubating fe-

male about once every 2 hours 13 minutes, but when there were young

he brought food once every 1 hour 24 minutes. Variation in number of

young from two to four did not affect the feeding rate, but the tempo of

feeding increased as the young got older. The female often left the eggs

to get food from the male, and during these periods the male would

sometimes cover them. The female brooded the young 7 to 10 days, and

the young left when 28 to 32 days old (L. Tinbergen 1940). In observa-

tions that extended throughout the nestling life of F. subbuteo, Schuyl,

Tinbergen, and Tinbergen ( 1936 ) found that when only insects were

brought, both adults fed the young at the rate of 5.8 times per hour, but

when larger prey, as small birds and mammals, were also brought, the

rate decreased to about 1.2 per hour. The male fed insects directly to

the young, but often gave larger prey to the female who then fed the

young. Scholze ( 1933 ) did not observe any insects brought to the young,
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but birds were fed to them at intervals of two and a half to three hours.

Summary. Both sexes may participate in building the nest, incubat-

ing, and caring for the young. When both sexes incubate they commonly
alternate in shifts of three to four hours, but in certain species there is

only a single attentive period for each sex per day. The evolutionary

trend is for the female to assume an increasing share of incubating and

brooding and for the male to keep her supplied with food. Incubation

usually begins before the set is complete, often with the first egg. The
incubation period is commonly about 4 weeks long and the nestling

period somewhat longer, in some species it is considerably longer. After

hatching, the male commonly brings all the food to the female who
takes what she needs and feeds the young. After the young become 2

or 3 weeks old, the female decreases her brooding and takes her turn at

searching for food. Both sexes may then feed the young directly.

Order : Galliformes

There are two suborders: Galli and Opisthocomi. Very little informa-

tion on attentive behavior is available for the latter group. Of the Galli,

no data are available for the family Numididae.

Suborder: galli; Superfamihj: cracoidea; Family: megapodiidae. The
artificial incubation of their eggs practiced by the megapodes in this

family is well known (Mayr 1930, Barrett and Crandall 1931). In Alec-

tura Jathami studied in the Melbourne Zoo, Fleay (1937) states that a

mound of decaying vegetable material was built by the male. During

rains the mound was opened at the top and a crater made to catch the

water. The temperature of the mound varied between 29° and 35° C.

Both the male and female appeared to test the temperature by digging

a hole in the mound and inserting their heads. The male tolerated the

female near the mound only while the eggs were being laid. The first

egg was laid 18 days after the mound was started. The eggs were laid

in depressions, 18 to 19 inches deep. A total of 18 to 24 eggs was laid,

2 or 3 days apart, with their small ends down. The incubation period

was 9 to 10 weeks. The young birds hatched in an advanced stage and

were able to flutter up into trees upon emerging from the mound. The
male aided the young bird to escape by digging a hole in the mound
where the chick was scratching its way out. Delacour ( 1935 ) has also

compiled considerable information on this species.

According to Ashby (1922) and F. Lewis (1939, 1940), Lcipoa occl-

lata builds its mound in the sun. The nest is composed of sticks and

leaves mixed with sand. One or the other adult visits the mound daily,

opening it up on sunny days and closing it on cool days so that heat is

supplied partly by decaying vegetation, partly by solar radiation, and

partly by the heated sand. The usual set of 10 eggs is laid in IS to 20
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days and requires at least 57 days to hatch. The young chick may re-

quire two hours to escape from the mound and is not assisted by the

adults.

Pycraft ( 1910) records some mounds of very large size in other species,

which may be the accumulation of several years' work or of more than

one pair. He also described another type of incubator for Macroceplialon

(Megacephohim) )iiaJeo in the use of burrows near hot springs or in

black volcanic sand that absorbs solar radiation very readily. Eulipoa

waUacei, Megapodius eremita (hrenckleyi), and M. pritchardii have sim-

ilar habits. Pockley (1937) and Sibley (1946) have described how M.

eremita and M. freycinet use burrows in the side of active volcanos where

the soil at one to three feet depth is noticeably warmer than at the

surface.

It appears then that the birds in this family have lost their incubating

and brooding behavior and have become specialized in the use of arti-

ficial incubation of various sorts: heat of decomposition of decaying vege-

tation, solar radiation, soil heated by volcanic action or hot springs.

Armstrong (1947:42) makes the suggestion that artificial incubation

evolved in this group out of the habit of throwing leaves and other

debris over the eggs to conceal them when the adult bird left the nest

unattended. This decaying humus from the moist tropical forest floor

would have kept the eggs warm and been an aid to their incubation.

E. Ashby (1922) believes that solar radiation was forced upon some

species as a source of heat when the climate changed from a humid one

that permitted development of a lush vegetation to a dry one that elimi-

nated the obtaining of heat from decaying vegetation.

Family: cracidae. Bent (1932) has summarized information on the

chachalaca, Ortalis vetula. A small frail nest of sticks and leaves is built

by both male and female at heights of four to ten feet in bushes and trees.

Three eggs are laid, incubation lasts 22 to 24 days and is probably per-

formed by the female alone. The young are precocial and leave the nest

as soon as their down is dry.

Superfamily: phasianoidea; Family: tetraonidae. Detailed accounts

of nesting of rujffed grouse, Bonasa imihellus, are available ( Bump et al.

1947, Edminster 1947). Nest building is by the female. The nests are

merely hollows in the ground lined with whatever materials are avail-

able. There is then an interval of about a week before the first egg is

laid. An average 11-egg set requires about 17 days for laying. Incuba-

tion is about 24 days and is performed entirely by the female. It does not

begin until the last egg is laid, so all hatch about the same time. The
female sits constantly except for 20- to 30-minute inattentive periods

twice a day. These periods have been observed between 0400 and 0500,

at 0950, at 1347, and between 1700 and 2000 hours. The early morning
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and evening hours are most characteristic. After hatching, the precocial

young continue to be brooded and fed by the female alone. This lack

of attentiveness by the male is also characteristic of Dendragapus ob-

scurus (fuliginosus) and Canachites canadensis ( Bent 1932 ) . Walkinshaw

1948b ) observed one inattentive period of a female off her eggs between

2043 and 2106 hours in the latter species.

Attentive behavior is similar in the ptarmigans, Lagopus lagopus and

L. miitus (rupestris), in that the female does the major share of the work

( Bent 1932 ) , but the male guards the nest and young. Six to 12 eggs are

laid. Nethersole-Thompson (1939) found in L. scoticus that incubation

began with the next to last egg, lasted 23 days, and was performed by

the female alone. The hen left the eggs three times during one day at

intervals of six hours for inattentive periods of 45 to 60 minutes. The
young stay in the nest only a few hours and begin to fly within 14 days.

The male guards the nest and young but otherwise takes little part in

their care.

In Tympantichus ciipido and Pedioecetes phasianeUus, the male takes

no part in nesting duties after the eggs are laid (A. O. Gross 1930, C. W.
Schwartz 1944, Lehmann 1941, Grinnell, Bryant, and Storer 1918). Leh-

mann ( 1941 ) states that the female prairie chicken may dispense with

her early morning inattentive period when incubation becomes advanced.

The young are brooded much of the time until they are a week old

but in decreasing amounts thereafter. Centrocercus urophasianus lays

a set of only seven eggs on the average, one egg being laid each day.

The incubation period is a little shorter, 20 to 22 days, and the female

is not assisted by the male in any phase of the nesting cycle. At one nest

the female was regularly inattentive during incubation between 0930

and 1130 and again between 1400 and 1500 hours during 5 days of ob-

servation (Girard 1937, Rasmussen and Griner 1938). Other European

species described by Niethammer ( 1942 ) have very similar behavior

to those forms specifically mentioned.

Family: phasianidae. The attentive behavior of the various quail in

the subfamily, Odontophorinae, is based essentially on the same pattern.

There have been detailed studies of several species: Coliniis virginianiis

(Stoddard 1931, Klimstra 1950), Lophortyx californica (Sumner 1935,

Glading 1938), L. gambelii (Gorsuch 1934), and Odontophorus giija-

nensis (Skutch 1947b). In the bobwhite, C. virginianiis, nest building is

normally by the male. Incubation lasts 23 days and is performed either

by the male or by the female, more frequently by the latter, and the

two may very rarely alternate at this duty. During early incubation, an

inattentive period may be taken by the incubating bird both during early

morning and late afternoon, but later only one period is normally taken,

usually in the afternoon, and varies in length from one to nine hours
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depending on the weather. The 14 to 15 eggs hatch within an honr,

indicating that incubation begins with the last egg. Both adults brood

considerably during the first 2 weeks and direct the feeding of the

precocial young. The main feeding periods are early and late in the day.

Observations on Alectoris, quoted by Stresemann ( 1928 ) and Nie-

thammer ( 1942 ) , indicate that the female lays two sets of 8 to 12 eggs

in different nests. The male incubates and cares for the young at one

nest, the female at the other. The incubation period is 24 days. Both

sexes share incubation in Mearns's quail, Cyrtonyx montezumae (Bent

1932), but it is uncertain whether the male takes full responsibility for

a nest.

Both male and female participate in nest building in L. californica

with the female taking the lead. Twenty-two days are spent in incubation

with the female on the eggs all the time except for a short period before

0830 and for a somewhat longer period, sometimes several hours, after

1530 hours. Workman ( 1943 ) cites a case where the male performed all

the duties of incubation when the female deserted after the set was com-

plete. Brooding is carried on by the female. The male accompanies the

female during her inattentive periods and after the hatching of the

young.

Incubation in L. gamhelii requires 21 to 23 days and is performed by

the female. The male may assume these duties if the female is killed.

Gambel quail normally take two inattentive periods each day, one in the

morning and one in late afternoon or evening. These are from one to two

hours duration, or longer in hot weather. Hatching occurs in a few hours,

and the young are brooded during the first week. The male remains

near the nest and, after hatching, accompanies and guards the female

and brood.

Odontophoriis is of tropical distribution and has some variations in

nesting activities. Only 4 eggs are laid instead of 12 to 16 found in north

temperate species. Likewise in Odontoplwrus several days may elapse

between successive eggs. In other quail, days may be skipped, but many
eggs are laid on successive days. Incubation is 24 to 28 days by the

female only. There is only one inattentive period per day, in the early

morning when the female is called off the nest by the male, but it may
last one and a half to three hours. All hatching occurs within 22 hours,

and the young birds are accompanied away by both male and female.

Beebe ( 1936 ) states that nesting behavior of pheasants in the sub-

family Phasianinae is essentially similar to that of other gallinaceous

species. Incubation lasts from 3 weeks to a month in different species.

The males do not share in nesting duties except to stand guard over

the female and young; particularly males with brilliant plumage never
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go near the nest. Kozlowa ( 1947 ) found the inattentive periods of the

incubating female ring-necked pheasant, Phasianus colclucus, to come

shortly after sunrise to about 0900 and again from 1800 to 2030 hours.

In Perdix perdix the incubating female has two regular inattentive

periods, in early morning and late afternoon, and may leave for short

intervals during the day. As incubation proceeds, she leaves the eggs

for shorter periods. The male guards the nest and helps to direct the

activities of the brood after hatching (Yeatter 1934, Yocum 1943, Nagel

1945, McCabe and Hawkins 1946 ) . Goodwin ( 1948 ) found in captive

golden pheasants, Chrysolophus pictus, that the female sat almost mo-

tionless on the eggs without leaving for food or rest throughout the

period of incubation.

Family: meleagrididae. The female turkey, Meleagris gaUopavo, re-

quires 28 days to hatch her clutch of 9 to 15 eggs. Egg-laying may be

somewhat irregular and incubation begins slowly, yet all eggs hatch

within 24 to 36 hours. The female does all the nest building, incubating,

brooding, and caring for the young. The male may call the female off

the nest at first for feeding periods but later loses interest in her. He
has been accused of destroying the eggs of any nest that he may find.

Occasionally two or even three hens may lay in the same nest and

simultaneously incubate a large number of eggs. The females leave the

eggs for a short interval in the morning for feeding and possibly again

at midday for water, but toward the end of the incubation period they

may sit steadily without leaving at all during the day. Brooding during

the day may persist for 2 weeks after hatching, especially in rainy

weather and in early mornings, as the young are very sensitive to exposure

and wetting (Blakey 1937, Mosby and Handley 1943).

Suborder: opisthocomi; Family: opiSTHOcoAimAE. Beebe ( 1909 ) states

that both sexes of the hoatzin, Opisthocomus hoazin, participate in the

building of the nest. Usually two eggs are laid per set. Apparently the

species is not polygamous.

Summary. The basic behavior pattern in this order is for the female

to do all the nesting duties alone. The male stands guard but seldom gives

any help. In CoUniis, Alectoris, and possibly Cyrtomjx he has retained

more attentiveness than in other species, in that he often takes responsi-

bility for incubation and rearing a brood, but this is exceptional. The in-

cubating bird sits steadily from the time that the set is complete but

has one and often two inattentive periods per day, in the early morning

and in late afternoon or evening. The Megapodiidae are remarkable in

having evolved a very specialized type of behavior involving artificial

incubation. This results in increased development of the chick in the

egg so that it is exceptionally precocious at the time of hatching.
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Order: Gruiformes

There are eight hving suborders in this diversified order, but very

few species have been subjected to detailed studies of their nesting be-

havior. No information on attentive behavior has been found for the

suborders HeHornithes and Cariamae, or for the famihes Aramidae and

Psophiidae.

Suborder: mesoenatides; Family: mesoenatidae. Rand (1951) found

in Manias benschi a preponderance of males and the males performing

the duties of incubation and care of young. However, in Mesoenas, only

the female is known to incubate.

Suborder: tuenices; Families: turnicidae, pedionomidae. In the bus-

tards or hemipodes, the more brightly colored and larger sex is the fe-

male. The duller male performs the duties of incubation and caring for

the young. Four eggs are laid in a grass-lined depression in the ground

that serves as a nest. The young are precocial (Knowlton 1909). Groeb-

bels ( 1937 ) records that in Turnix sylvatica the female may incubate a

little during the first few days and that both sexes are concerned in nest

building. Seth-Smith ( 1907 ) found in his aviary that the male T. varia

and the male T. tanki alone incubated and cared for the young. The in-

cubation periods were 13 and 12 days, respectively.

Suborder: grues; Superfamihj: gruoidea; Family: gruidae. Walkinshaw

( 1947 ) studied the sandhill crane, Grus antigone, in captivity. Both the

male and female were concerned in nest building, which required 1 to 3

days. Two eggs were laid, and incubation lasted about 32 days. Both

adults incubate during the day with attentive periods about 44 minutes

long. The female sits on the eggs at night. The young are able to fly

when four months old but continue to be fed by the parents for six

months. In Grus canadensis, Walkinshaw (1949, 1950) states that the two

eggs are laid two days apart and that the incubation period is 28 to 30

days. Ten attentive periods on the eggs by both sexes averaged 165 min-

utes long but varied between 10 and 384 minutes in length. In another re-

lated species, Grus (Megalornis) grus, Witherby et ah (1938) state that

the two eggs are also laid at intervals of 2 days or longer; incubation

begins with the first egg, is 29 or more days long, and is shared by both

sexes. According to Niethammer (1942), the eggs are apparently resis-

tant to cold and may be left uncovered for several hours by the adults.

Schuster ( 1931b ) found either the male or the female may incubate at

night. The young leave the nest in a few days and are able to fly in

9 to 10 weeks. During 2 full days of observation the average attentive

period of the male was 94 minutes and of the female, 69 minutes.

Christoleit (1939) has also made an intensive study of this species.

Superfamihj: ralloidea; Family: rallidae. The nest is often a platform
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or clump of marsh vegetation on which 6 to 12 eggs are commonly de-

posited at the rate of one per day. Skutch informs me that three or

four eggs are common in tropical rails, that the nest in LateraUiis is

oven-shaped, while in Aramides the nest is a bulky basket high up in

a tangle of vines. Incubation sometimes begins before the set is com-

plete so that hatching may extend over several days, or the onset of full

incubation may be delayed until the set is nearly or quite complete.

One adult may care for the young as they hatch while the other con-

tinues incubation. The incubation period of the various species is com-

monly 19 to 21 days. The young leave the nest as soon as they hatch

and dry off. Both sexes incubate and care for the young, except in

Crex crex and RaUiis aquaticus where the female does most or all of

the incubation and is fed on the nest by the male ( Bent 1926, Witherby

et al 1938, Walkinshaw 1937b, 1940, Ruthke 1939, Sooter 1942). With

Lateralliis leiicopijrrlius in captivity, Meise (1934) observed three eggs

laid on alternate days with incubation beginning with the last egg. Both

adults were on the nest at night, but after hatching, the female brooded

during the day and the male at night. The male feeds the female on

the nest, but the female may also leave occasionally to get her own food.

In the gaWinule, Gallinula chloropus, both sexes have been observed to

share in nest building, and extra sleeping nests are sometimes made
for the young (Steinbacher 1939). According to Holstein (1938), the

male of this species is the principal nest builder and occasionally feeds

his incubating mate. Howard ( 1940 ) observed the male and female re-

lieving each other on the eggs at intervals of about 38 minutes. There

appears to be no essential differences between the three subfamilies

sometimes recognized.

Suborder: rhynocheti; Faniihj: rhynochetidae. Knowlton (1909) re-

ports that in captivity both male and female kagu, Rhynochetos jubatiis,

share in nest building and incubation, and that the incubation period

is 36 days.

Suborder: eurypygae; Family: eurypygidae. According to Riggs

(1948), this family of sun-bitterns contains a single species, Eiiry))yii,a

helias, which inhabits dense tropical forests. The birds are not gregarious.

The nest is sometimes on the ground but may often be placed several

feet above ground in trees. Both sexes build the nest and take turns at

incubating the two eggs. The incubation period was 27 days in one nest

recorded in captivity, and the young bird stayed in the nest for 21 days,

and was fed by both parents. This long nestling period is unusual, as

the young birds are covered with natal down as in precocial species.

Suborder: otides; Famihj: otidae. In the bustards, Otis tarda, O. tetrax,

nests are placed in grassy fields, two to four eggs are laid, incuba-

tion begins with the last egg and lasts 20 to 28 days, and the female
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alone incubates. The female is also responsible for the care of the pre-

cocial young which begin to fly after 5 or 6 weeks (Witherby et al. 1940,

Niethammer 1942).

Siimmory. The basic behavior pattern is for both sexes to share in all

the duties of nesting. A nest is built, a variable number of eggs is laid,

and the young are precocial. The Otidae show evolution in one direction,

i.e., the female takes over the preponderant or total duties of incubating

and rearing young, and the Turnices show it in the other direction in

that the male assumes these responsibilities.

Order: Charadriiformes

This is a large and varied order. The Charadrii is especially complex,

having seven superfamilies, twelve living families, and several sub-

families. No information is available on the superfamilies of Dromadoi-

dea and Thinocoroidea, each one of which has a single family.

Suborder: charadrii; Superjamihj: jacanoidea; Family: jacanidae. In

Jacana spinosa, A. H. Miller (1931b) found the role of the sexes re-

versed to the extent that the female was decidedly active in courtship

and the male performed most if not all of the incubation and care of the

young. Sets usually consist of four eggs. According to Hoffmann (1949),

the female Hydrophasiayuis chirurgiis is polyandrous, laying seven to

ten sets of four eggs per year. The male begins incubation with the first

egg and performs these duties alone, and also the care of the young.

He may raise two broods per season. Incubation lasts 22 to 24 days;

the young are precocial and are tended by the male at least 2 weeks

after leaving the nest. During 14 observation periods coming at various

times of day, the male sat on the eggs only 52 per cent of the time,

although on one cool rainy day this percentage was raised to 82. The

female is vigorous in defense of the territory.

Superfamily: charadrioidea; Family: rostratulidae. In the painted

snipes, the female is the more brightly colored of the sexes and the roles

of the sexes are, in many ways, reversed. There is some evidence for

polyandry in this group (Pitman 1912).

Family: haematopodidae. E. J. M. Buxton (1939) states that nest

material continues to be added by the oyster-catcher, Haematopus ostra-

legus, after egg-laying starts. Webster ( 1941 ) found the eggs to be laid

at intervals of 1 to 3 days. Keighley and Buxton (1948) found incuba-

tion to start usually with the last of a two- to four-egg set. They give

the incubation period as 26 to 27 days, but in other species it may be

shorter. Both sexes incubate; Buxton states that the male does so for

shorter periods than the female. Webster believes that the adults change

places every 12 hours at the time of low tide and that this regime con-

tinues as they care for the young. Webster found considerable brood-
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ing of the young during the first week after hatching, but only during

rainy weather for the next 2 weeks, and none thereafter. The young are

precocial and leave the nest in a few hours after hatching. Webster states

"one parent stands guard and feeds himself while the other feeds the

chick (and, probably, eats a little); then they change off at the turn

of the tide and the second parent stands watch or eats while the first

feeds the chick." Dircksen ( 1932 ) states that both sexes care for the

young, but Buxton claims that the young are fed only by the male; the

female stops brooding to get food for herself but not for the young.

Family: charadriidae. Peters (1934) recognizes two subfamilies. In

the subfamily, Vanellinae, and in the lapwing, Vanellus vaneUiis, Laven

( 1941 ) states that there are usually 30 to 45 hours between laying suc-

cessive eggs in the four-egg set. Niethammer ( 1942 )
gives the incuba-

tion period as 24 days. R. H. Brown (1926) found steady incubation to

begin with the last egg. Incubation is almost entirely by the female at

first, but the male takes some share later in the incubation period. The
young are precocial and able to fly when about 33 days old. The female,

and occasionally the male, broods frequently during the first 5 or 6 days

and during bad weather until the twelfth day. She broods the young at

night until the sixteenth day. Both adults feed the young.

The subfamily, Charadriinae, includes the several species of plovers.

In the killdeer, Charadrius (Oxyechus) vociferus (pp. 93-95), both sexes

share nest building, incubation, and care of young with probably the

male taking the greater share. Attentive periods during the 24 to 26

days of incubation averaged 33.6 minutes. At one of the two nests under

observation the incubating adult was a close sitter at night between

2000 or 2100 hours in the evening and 0500 or 0600 hours in the morning.

At the second nest, however, there was considerable nighttime activity.

The thermocouple record indicated continuation of daytime attentive

behavior until 2248 one night and its beginning at 0100 hours on another

night. This is of considerable interest since Spingarn ( 1934 ) records in

Charadrius hiatictda (semipalmatus) that the male and female alternate

on the eggs during both day and night at intervals ranging from 31

minutes to two hours 19 minutes. He believed that the male was the

more active of the two sexes in performing these duties. Ohlendorf's

(1932) measurement of the length of attentive periods in this species

over three days averages 64 minutes. Laven (1940) states that the male

incubates at night and both sexes alternate during the day. Krosche

( 1936 ) found the male doing the greater share of incubating in Chara-

drius dubius. Walkinshaw ( 1948a ) timed two attentive periods of a male

black-bellied plover, Squatarola squatarola, at 35 and 30-|- minutes and
of a female at 65+ minutes. L. H. Brown (1948) found two or three

eggs per set in CJiaradrius (Afroxyechus) forbcsi which were laid on
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alternate days. Both male and female incubated, brooded, and cared

for the young.

In other species of Charadriinae (Bent 1929, Witherby et al. 1940,

Niethammer 1942), three or four eggs make a complete set with the

eggs laid at one or two day intervals. The incubation period varies com-

monly from 23 to 28 days. Both sexes alternate at incubating the eggs

in varying proportions of time. In Eudromias morinellus, the male does

all of it; in Charadrius (Pagolla) wiJsoiiia, the female is chiefly re-

sponsible.

The general tendency in this family, then, is for both sexes to share

the nesting duties with variation between species as to which takes the

major responsibility.

Family: scolopacidae. In the subfamily, Tringinae, both sexes share

the incubation and brooding. The male apparently takes the major part

in Limosa liinosa, L. lapponica, Tringa enjthropus, Xenus cinereus,

Actitis macularia (Nelson 1930), A. lujpoleucos (Niethammer 1942),

and Catoptrophorus semipalmatiis ( Wetmore 1921). In Numenhis tenuir-

ostris, Tringa (Totaniis) melanoleuca, T. ocrophus, and Heteroscelus

incaniis, the female may do more than an equal share (Bent 1927, 1929;

Witherby ct al. 1938).

'

In Arenariinae, the male surfbird does most if not all of the incubat-

ing in Aphriza virgata, although both sexes may tend the young (Bent

1929). In the tumstones, Arenaria interpres and A. melanocephala, both

sexes share incubation. In A. interpres, the four eggs are laid at intervals

of 15 to 80 hours, the incubation period is 23 to 27 days, incubation

begins with the third egg, and the female commonly incubates during

the day from sunrise imtil 1500 to 1700 hours while the male incubates

overnight (G. Bergman 1946).

In the subfamily, Scolopacinae, containing the woodcock and snipe,

the female does most of the incubation and brooding (Witherby et al.

1938, O. S. Pettingill 1936, Steinfatt 1938c). Steinfatt states that Scolopax

riisticoJa leaves the nest for 17 to 30 minutes in the early morning and

again in late evening in order to get food. Incubation begins with the

last egg and lasts 22 days. Rowan (1936) observed an unusual situ-

ation in the dowitcher, Limnodromus griseiis, where only the female in-

cubated and only the male cared for the young.

In the Eroliinae, the male takes the greater share of incubation and

brooding in Erolia (Pisobia) bairdii, E. miniitiUa, Erolia (Calidris) tem-

minekii, and Eiirijnorhijnchus pygmeus. On the other hand, the female

does so in Erolia (Pisobia) melanotes, E. fuscicoUis (Sutton 1932), Tryn-

gites subnificolUs, and Philomachus piignax ( Bent 1927, 1929; Witherby

et al. 1938 ) . Swanberg ( 1945 ) found in the purple sandpiper. Erolia

(Calidris) maritima, that the attentive period was 15 hours long.
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In this family, a nest of some sort is usually formed, which may be

a hollow in the ground, lined to a varying extent with dried grass or

other material. Four eggs are commonly laid, and the incubation period

is usually 20 or 24 days but may vary a few days either shorter or longer.

Either or both sexes may incubate. The young are precocious and com-

monly leave the nest a few hours after hatching. One or both adults will

care for the young.

Family: recurvirostridae. According to P. E. Brown (1949), both

sexes in the avocet, Recurvirostra avosetta, are involved in the building

of the nest and in incubation. The average of 55 attentive periods during

incubation was about 66 minutes, but there was considerable variation.

Often there was a ceremony of nest relief, but not always. Four eggs are

laid. The incubation period is 23 days and the young are prococial

within a few hours after hatching, but are brooded by one parent for

11 days. Yeates ( 1941 ) found the attentive periods on the eggs to be

very short in Himmitopiis himantopiis, ranging from 5 to 15 minutes,

but these may not be normal.

Family: phalaropodidae. The reversed sexual dimorphism in this group

is well known. The female phalarope has the more colorful plumage and is

the more aggressive in courtship. The dull-colored males build the nest

and, after the eggs are laid, take over the major duties of incubation,

brooding, and caring for the young. Occasionally the female Phalaroptis

fulicaritis and Lobipes lohatus sit on the eggs, and they may share with

the male the care of the young. In Steganopiis tricolor the male receives

no help from his mate. Nothing is known as to how the attentive periods

are regulated. Four eggs make up the usual set and the incubation period

has been variously estimated at 20 to 21 days (Bent 1927, Sutton 1932).

Siiperfamihj: burhinoidea; Family: burhinidae. Bird (1933) states

that Burhinus oedicnemiis lays two eggs on alternate days with incuba-

tion beginning with the second egg. Incubation lasts 26 to 27 days and is

shared by both sexes. The young leave the nest within a day after hatch-

ing. According to Banzhaf ( 1933 ) , the male incubates during the middle

of the day and the female the rest of the time.

Superfamily: GLAREOLoroEA; Family: glareolidae. According to

Witherby et al. (1938), Ciirsoriiis cursor lays two eggs which are incu-

bated by the female. In Glareola. pratincola both sexes incubate the three

eggs ( Yeates 1948 ) . Groebbels ( 1937 )
gives a short incubation of 17

to 18 days. Stresemann (1928) records that Pluviaiuis aegypfiiis buries

its eggs 10 cm. in the sand and allows them to develop in the heat of

the sun. Moreau (1937b) describes how the male and female of RJiino-

ptilus africaniis alternately shaded the egg, placed in full sunlight, at

intervals of about one hour during the day. At night tlie egg was incu-

bated in the ordinary way.
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Superfamily: chionidoidea; Fo/??//?/; chionididae. Murphy (1936) states

tliat Chionis alha may lay two or three eggs more than a week apart.

Incubation begins with the first egg to keep it from freezing. Conse-

quently the young hatch at so widely separated intervals that seldom

more than one survives.

Suborder: lari; Family: stercorariidae. A simple nest is made by the

skuas, Cotharacta skua, and jaegers, Stercorarius sp., often a mere hollow

in the tundra moss. Two eggs constitute a set with a possible interval of

two days between layings. Incubation is estimated at 23 to 26 days. Both

sexes share the duties of incubating and care of the young. The young

may leave the nest soon after hatching ( Sutton 1932, Murphy 1936 )

.

Family: laridae. The subfamily, Larinae, includes the gulls. Kirkman

( 1937 ) found in the black-headed gull. Lams ridibundus, tliat the male

selected the nest site and began the nest building. Incubation began with

the first egg of the three-egg set and was shared by both sexes. The male

fed the female with regurgitated food from a month before nest building

until after the eggs hatched. Both adults fed the young.

According to the summaries of Bent (1921) and Witherby et al.

( 1938 ) , the general rule is for both adults to incubate about as soon

as the first egg is laid. The time that incubation starts varies, however,

with species, as Steinbacher (1938b) states that in L. argentatiis incu-

bation does not begin until the last egg is laid. Both Goethe ( 1937 ) and

Kozlova ( 1938 ) found the female more attentive than the male in this

species. According to Kozlova, the female may sit on the eggs four to

five hours but the male for only a half-hour or less. The adults exchange

places six to eight times a day and several times during the night. Two
or three eggs are laid in a crude nest, often a day apart or more. Both

adults may be concerned in nest building. The incubation period is

variously estimated in different species of gulls at 20 to 26 days. After

hatching, the young may leave the nest as soon as they are dry, may

remain a few days, or may stay until fledged. Most commonly they leave

after a few days, when they no longer need frequent brooding. Both

adults feed and care for the young until fully fledged which may require

from 3 weeks (L. mimitus) to 8 weeks (L. argentatus, Niethammer 1942).

The species nest in colonies on islands or along the shores of oceans

and lakes.

In the Sterninae, some little attention has been paid to the nesting

behavior of Sterna hirundo by Palmer (1941), Austin, Jr. (1932), Noll

(1943), and others. The male common tern scrapes out depressions in

the sand, and the female chooses one to complete as a nest. Usually three

eggs are laid at intervals of two days. The incubation period begins

with the first or second egg and lasts 21 to 23 days, and is participated in

by both sexes, with the female doing the major portion of it. Attentive
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periods may be 20 to 40 minutes but vary with the insolation and the

weather (Bent 1921). Huggins (1941) found that when exposed to a full

sun, tern eggs on a rocky island had a higher temperature when the

adult was absent than when the adult was present. Actually the chief

function of the adult's attendance was to shade the eggs and prevent

their overheating. It may be that the adults are sufficiently sensitive to

the temperature of the egg and of the surroundings as to regulate the

length of their attentive periods accordingly. Marshall (1942) has re-

corded the regular desertion of their eggs at night by an entire colony

of terns, but this lapse of attentiveness is abnormal and was accompanied

by a high rate of nesting failures. Both adults feed the young which will

flee to the water at 12 days of age and can fly at 30 days.

In the noddy and sooty terns, Anoiis stolidus and Sterna fuscata, both

sexes take part in nest building, incubating, and feeding the young.

In Anoiis the male and female relieve each other at intervals of 30 min-

utes to five hours, the average attentive period being about two hours.

The incubation period is 32 to 35 days. During the building of the nest,

sticks and other materials may be brought at the rate of three to six

times per hour. During this time, the male feeds the female at the nest,

but this ceases with the laying of the eggs and the assumption by the

adults of equal turns sitting on them. During the attentive periods the

bird may leave at intervals to drink and to wet the breast feathers which

may have some value in keeping the egg at the proper temperature. The

parent birds alternately feed the young at intervals of one to four hours

(J. B. Watson 1908).

In Sterna fuscata the attentive periods at incubating are much longer

as shifts are made at night, each bird remaining on the eggs for 24 hours

except for occasional short trips for water. Although the young may be

fed at any hour of day at intervals of four to seven hours, feeding is

most prevalent at dusk. The male may feed the female before the eggs

are laid but not afterward.

Behavior in other species of terns is essentially similar. Most species

are colonial. Bent ( 1921 ) records that in Sterna dougallii the attentive

periods of the roseate tern on the eggs were 40 to 60 minutes, with the

male's periods shorter than the female's. Witherby et al. (1938) state

that the bridled tern. Sterna anaethctus, may have 24-hour attentive

periods, with the shifts on the nest occurring at night as in S. fuscata. In

Chlidonias nigra, only the female incubates at night but both sexes alter-

nate during the day (Niethammer 1942). As a rule, eggs in this species

are laid at intervals of one day ( Haverschmidt 1945 ) . One adult has been

observed feeding the incubating bird in Chlidonias nigra, T]}alasscus

(Sterna) sandvicensis. Sterna liirundo, Sterna albifrons, and Sterna fus-

cata. Usuallv the female is more attentive than the male. One to three
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eggs make up the set, and these are laid on consecutive days or occasion-

ally at 2-day intervals. The incubation period varies from 20 (Haver-

schmidt 1945) to 26 days. The young leave the nest in a few days but

are fed by their parents until after they are able to fly. O. S. Pettingill

(1939) gives the feeding rate of the young in Sterna paradisaea as 2 to

12 times per hour.

Family: rynchopidae. The nest of the black skimmer, Rijnchops nigra,

is only an unlined depression in the sand or in the ground. There are

commonly four or five eggs in a set, and incubation is performed by the

female. Both sexes feed the precocious young. The length of the in-

cubation period appears to be unknown (Bent 1921).

Suborder: alcae; Family: alcidae. Most species in the family breed

in colonies and have very little or no nest, although some of the puffins

and auklets dig burrows, at the ends of which they place their eggs.

Most species lay their single egg in rock crevices or on narrow ledges of

steep cliffs. The black guillemot, Cepphtis gryUe, commonly has two eggs

laid at intervals of 3 days, and incubation begins after the second egg is

laid (Winn 1950). The incubation period is variously given for dif-

ferent species as 3V2 to 5 weeks. In some of the auklets, the young enter

the water within 2 or 3 days, but in most other species, not for several

weeks after hatching, until they are at least half grown and partially

feathered, even though they may not yet be able to fly.

Both sexes dig the burrow, when one is prepared, and incubate the

eggs and care for the young. Observations indicate in Brachyramphus

(Endomychiira) hypoleucus, Ptychoramphus aleuticus, Lunda cirrhata

(Bent 1919), and Cerorhinca monocerata Bailey (1927) that there are

two daily shifts at incubating, one in the evening and the other in the

early morning. The bird on at night would have the shorter shift due

to the long daylight hours of northern regions where these birds are

commonly found. There is some uncertain evidence that on his return,

the male may feed the female on the nest. Lockley ( 1934 ) made an inti-

mate study of Fratercula arctica, and found that only the female puffin

incubates, that she incubates chiefly at night with occasional attentive

periods during the day, that she leaves her burrow for feeding during

most of the day, that the incubation period is 40 to 43 days long,

that both parents feed the young and this feeding is most vigorous

at the two flood tides each day, and finally that the young are fed for

40 days until they become fat after which they are deserted and find

their own way out to the sea. The entire nestling period may be 47 to 51

days long.

Summary. The basic pattern of attentive behavior in Charadriiformes

is for a scant nest to be formed in slight hollows in the ground, in bur-

rows, in rock crevices, or on ledges of cliffs. One to four eggs are laid,
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usually at intervals of one to several clays. Incubation often begins before

the set is complete and lasts 2V2 to 4 weeks or lon^'er. The youn^ may
be precocial and leave the nest as soon as they are dry or they may stay

for several weeks. In the Laridae an intermediate condition occurs in

that the young may leave the nest soon after hatching but continue to

be fed by their parents until they become fledged. Both adults take turns

at incubating, brooding, and feeding the young. It is uncertain whether

the primitive behavior pattern during incubation involved long attentive

periods with only one or two shifts between adults per day as in the

oyster-catcher Haematopus ostralegiis, purple sandpiper Erolia mari-

tima, turnstone Arenaria interpres, in the noddy, sooty, and bridled tems

Anoiis stolidus. Sterna fuscata, and S. anoethetus, and in most of the

Alcidae, or whether the attentive periods were shorter and came more
frequently as in other species. The birds are more active at night than

in many orders.

Superimposed on this basic pattern are two divergent trends in the

evolution of specialized behavior patterns. One trend is for the female

to assume an increasing proportion of the work, which is manifested

to a certain extent in several families but probably best developed in

some species of Scolopacidae and Sterninae. There are scattered refer-

ences of the male bringing food to his incubating mate. The other trend

is the reverse, in that the male assumes an increasing amount of the

work. This is evident in some Charadriidae, in several species of Scolo-

pacidae, in the Jacanidae, Rostratulidae, and Phalaropodidae.

Order: Columbiformes

Suborder: pterocletes; Family: pteroclididae. Witherby et al. (1940)

state that in the Pallas sand grouse, Syrrhaptes paradoxus, the birds lay

three eggs and incubation is by both male and female. Niethammer

(1942) records the incubation period as 28 days. Groebbels (1937) states

that in two species of Pterocles the female incubates during the day and
the male at night and that the incubation period is 22 to 23 days. Bowen
( 1927 ) differentiates between species that are diurnal and nocturnal.

Diurnal species come to drink with clock-like regularity between 0700

and 0900 hours, after which they go far out into the desert, to return

again about two hours before sunset. Other species do not come to their

watering places before sunset but often continue to come well into the

night and possibly also in the morning before sunrise. Seth-Smith (1907)

recounts how adult Pterocles alchata soak their breast feathers with

water, fly back to their young in the nest who suck off the water to

supply their needs.

Suborder: columbae; Family: raphidae. Knowlton (1909) quotes from
an early account of Francois Leguat in 1691 that the solitaire, Pezophaps
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solitaria, laid but one egg, that both sexes incubated, that the incubation

period was 7 weeks, and that the young did not become independent for

several months.

Fatnily: columbidae. There are four subfamilies of pigeons and doves

recognized, but nesting data are available for only the Columbinae. In-

formation concerning several other species is taken from Bent (1932),

Witherby et ah ( 1940 ) , and Niethammer ( 1942 ) ; in addition more de-

tailed data were obtained on Cohimba fosciata from Neff and Niedrach

(1946); C. livia from Levi (1941) and Oskar and Kathe Heinroth

(1948); C. oenas from Steinfatt (1941a); Zenaidura macroura from Nice

(1923, 1938), McClure (1943), and Pearson and Moore (1939); Ec-

topistes migrotoriiis from Brewster (1889), French (1919), and Mitchell

(1935); Zenaida (MeJopelia) asiatica from Neff (1940); Cohimbigallina

passerina from D. J. Nicholson (1937), Scardafella inca from Heilfurth

( 1934b ) and Anderson and Anderson ( 1948 ) ; Streptopelia decaocto from

Keve (1944); and Oreopeleia montana from Skutch (1949b).

There is considerable uniformity in the behavior pattern of attentive-

ness in this subfamily. Both sexes share in nest building, but the female

does the major portion of arranging the materials. Normally only one or

two days are required to complete the nest but occasionally a week or

longer is taken. Usually two eggs are laid. In C. livia they are laid with

an intervening interval averaging 44 to 45 hours. In band-tailed pigeons,

C. fosciata, one-egg sets are more common than two-egg sets, and in

the passenger pigeon, E. migraforiiis, one-egg sets occurred frequendy.

Stresemann (1933:760) states that the larger species lay one egg, others

two. Some incubation begins as soon as the first egg is laid, but at least

in C. livia and O. montana it is not continuous until the second egg

appears. E. migratorius was colonial in its nesting and was reported as

going many miles away from its nest to obtain food for itself and the

young (Brewster 1889).

Incubation is shared by both sexes in probably all species. Each sex

has one attentive period per day, the male is commonly on the eggs

from about 0930 to 1600 hours and the female the rest of the time,

although the exact time varies between species and individuals, and

from day to day. The male's attentive period in S. inca is unusually short,

from 1100 to 1500 hours, but the female may break her long period on

the nest by a short period off in early morning and again in late after-

noon. Skutch (personal communication) observed in Guatemala that

the male white-winged dove, Z. asiatica, sat on the eggs from 08-32 to

1715 hours. A day may be skipped occasionally in various species, so

that one bird remains on the eggs without relief. Goodwin ( 1947 ) records

a case in C. livia of the female incubating almost continuously through-

out the incubation period after the desertion of the male.



EVOLUTION OF PARENTAL CARE £09

The incubation period is commonly 16 to 19 days long in Colitmba,

14 days or a little longer in most other genera, but only 11 days in

Oreopeleia. This latter genus is also exceptional in the family and also

for a tropical species in having the nestling period only 10 days long.

The period that the young remain in the nest is commonly 12 to perhaps

18 days in other genera except for Coluniba where it is 27 to 35 days.

The young are brooded by both sexes, in much the same manner as

the eggs are incubated, for 7 to 15 days. They are fed with "pigeon milk"

by both sexes for the first week or more but are usually given solid food

before leaving the nest. The rate of feeding the young varies greatly.

Skutch found in O. montana that the young were fed 22 times when one

day old and only three times per day when they were a week old. How-
ever, they were fed more copiously as they grew older, and both nestlings

were fed on each visit. Only one nestling was fed at a time when they

were very young. In observations that extended from daylight to dark,

Neff and Niedrach (1946) reported that in C. fasciata the male fed the

young three times daily the first week and twice daily the second week.

The female did not feed the young until they were 20 days old, then each

sex fed them once per day.

Siniimarij. The basic behavior pattern in this order is for both sexes

to share in all phases of the nesting duties, with each sex having one long

attentive period per day.

Order: Psittaciformes

This is a large and varied order of parrots and their allies, but con-

taining only one family which is divided into six subfamilies. Very little

study has been made of their nesting behavior except in captivity.

Family: psittacidae. In species of Agapornis the female does most

of the nest building. Incubation begins with the first egg and lasts 21

days, during which the male supplies the incubating female with food.

In A. puUaria, the male fed the incubating female only once or twice a

day (Hampe 1937a). The behavior of Loricidus is similar except the in-

cubation period is 17 to 21 days. Macgillivray (1927) and Hampe
(1937b, 1938, 1939, 1940, 1941, 1942) have made studies of PlaUjcercus

eximhis, P. icterotis, P. adscitus, Neophema boiirkii, N. elegans, N.

chnjsostomiis, Psephotus variiis, and P. haematonotus in captivity. These

species belong to the subfamily, Psittacinae, native in Australia. The birds

have a nest and lay three to six eggs in a set, usually on alternate days.

Incubation may begin before the set is complete and lasts 17 to 20 days;

the young are brooded for 7 to 12 days or longer and leave the nest at

the age of 28 to 36 days. The female incubates and broods almost con-

tinuously while being supplied with food by the male. Both adults bring

food to the young after they become older. In P. eximius and N. boiirkii
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the female begins to feed herself when the young reach 8 days of age,

in P. adscitiis not until they are 14 days old. The female will, however,

search for food for herself and her young during these first few days

if the male is killed or deserts. In the records compiled by Groebbels

(1937), the male supposedly takes some share of the incubation duties

in Nijmphicus (Calopsittacus), Conuropsis, Agapornis, and Melopsittacus.

Large parrots may take 30 to 31 days for incubation (Heinroth 1924-33).

Order: Cuculiformes

There are two suborders of Cuculiformes but no information is avail-

able on the plantain-eaters, Musophagi, Musophagidae. The suborder,

Cuculi, contains but the one family.

Suborder: cuculi; Family: cuculidae. This family is a heterogeneous

one. Six subfamilies are recognized, and there is considerable differentia-

tion of behavior between them. No information is on hand for one

subfamily, Couinae.

The Cuculinae includes the European cuckoo, Ciiculus canorus, and a

large number of oriental and African species that are parasitic (E. C. S.

Baker 1942, Friedmann 1949a, b). Cuciihis is parasitic on a large variety

of small birds; Clamator often parasitizes species of Corvidae. No nest is

built, although the female Cucidus is sometimes seen carrying nest ma-

terial during the mating period ( Chance 1922 ) . An egg of the host species

is removed when the cuckoo lays its own. As many as 12 eggs are regu-

larly laid per season by Cucidus canorus, but this depends somewhat

on the number of available nests of the host species. Occasionally even

25 eggs are laid in one season. Eggs may be laid every other day. Incu-

bation requires 12 to 13 days, and the young bird remains in the nest 20

to 23 days. The young bird is continued to be fed for another 3 weeks

after leaving the nest.

In the subfamily, Phaenicophaeinae, the two species of Coccyzus

occurring in North America have essentially the same behavior (Table

42). A nest is built. Egg-laying is irregular, and incubation begins with

the first egg of the two to four that form the egg-set. As a result, hatching

extends over several days, and there may be young of different ages and

eggs in the nest at the same time. The two species frequently lay their

eggs in each other's nests and occasionally in the nests of other species.

Social parasitism, as in Cuculus, has not, however, developed; in one nest

where both species had laid eggs, both were observed to incubate and

brood at different times (Allison, MS). Bent (1940) gives the incubation

period as 14 days; Spencer ( 1943) found two marked eggs to hatch in 10

and 11 days. Both sexes share in incubation and brooding with long

attentive periods. C. H. Johnson (1942) found an average brooding

period of 49.3 minutes throughout the nest life of young Coccyzus ameri-
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canus. The nestling period is only about a week, at the end of which the

young leave the nest, still unable to fly, and enter into a climbing period.

During this period they scramble around through the bushes, and an-

other two weeks may lapse before they can fly ( Herrick 1935 ) . The feed-

ing rate is low. In addition to the records in Table 42, Herrick ( 1910a

)

found an average of 1.0 times per hour for four young at one nest and

2.4 times per hour for 3.8 young at another nest. His observation covered

many hours over six different days at each nest.

In the Crotophaginae, studies of nesting behavior are available for

Gtiira gtiira and Crotophaga ani ( Davis 1940a, b ) and C. sidcirostris

(Bent 1940), the latter account based largely on observations by Skutch.

These birds have developed a remarkable communal behavior in terri-

torial defense, in having one nest used by several pairs, and in other

phases of nest life. Occasionally a single pair may have a nest to itself,

at least in G. guira and C. siilcirostris, but commonly two or three pairs

join together. Davis found some indication in C. ani that monogamy,

polygyny, and polyandry may all occur in different situations. Alvarez

(1948) actually observed in C. sidcirostris a male copulating repeatedly

with two different females. Both sexes of all pairs in a group aid in build-

ing the nest, usually the females arrange the materials that the males

bring to them, and they themselves may gather some material. In

C. ani the set laid by one female is commonly six eggs, in C. sidcirostris,

three or four, in G. giiria, five to seven. Several females may lay in the

same nest, and all birds, both male and female, take turns at incuba-

tion. In C. ani and C. sidcirostris a single male incubates at night

(Skutch). Sometimes a female will lay eggs in a nest but not help to

incubate. Davis noted considerable irregularity in that different females

in a group would lay eggs at different times, sometimes eggs were laid

before the nest was ready so that they had to be deposited on the

ground. Incubation lasts 13 to 14 days. The young remain in the nest

for only 5 or 6 days, when they begin the climbing period also noted for

other cuculids. They are commonly brooded during the day for the

whole period in the nest and will also return to the nest at night dur-

ing the climbing period. Skutch noted in C. sidcirostris the longest atten-

tive periods during incubation at 30 to 60 minutes, and he observed the

young fed at the rate of 12 times per hour. Davis recorded the rate of

feeding the young in G. guira in two nests at 0.8 and 6.0 times per hour.

All of the adults of both sexes may participate in feeding the young.

The roadrunner, Geococcijx californianus, is in the subfamily, Nconior-

phinae. Its nesting behavior is not well known ( Bryant 1916; Sutton, see

Bent 1940). A nest is built but the number of eggs varies between wide

limits, 2 to 12. Where large numbers of eggs occur, probably they are

laid by more than one female. The incubation period appears to be 18
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days, which is long. Incubation begins with the first egg, and since the

eggs are deposited at intervals of several days, by the time the last young

hatches, the first young may be half the size of the adult. Bryant states

that both sexes incubate and care for the young, but Sutton cites some

evidence that only the female incubates. Sutton gives some observations

to indicate that, like Coccyziis, young roadrunners may leave the nest

after a week or so and have a climbing period before they become inde-

pendent of their parents. Peters ( 1940 ) classifies Tapera naevia also in

the Neomorphinae. However, tliis species has a pattern of behavior quite

different than Geococcyx in that it is parasitic on other species, more

nearly like the Cuculinae (Friedmann 1933).

In the Centropodinae, Spennemann ( 1928 ) believes that only the

male builds the nest, incubates, and feeds the young in Centropus ben-

galensis (javonicus).

Summary. One cannot give any general pattern of attentive behavior

in the Cuculidae that will fit all groups. The occurrence in several genera

and different subfamilies of a short nestling period, followed by a period

of climbing through the bushes and trees near the nest, is, however, of

special interest in this regard. Perhaps this behavior characteristic is

typical of the order as a whole, as Moreau ( 1938) reports similar behavior

also for species in the family Musophagidae, suborder Musophagi. Evolu-

tion of behavior has been relatively rapid in the Cuculidae. It would seem

that the behavior of the genus, Coccyzus, in the subfamily, Phaenico-

phaeinae, adheres most closely to an expected behavior pattern such as

is found in other orders. In this group both sexes participate in all phases

of nest life, which follows the usual sequence of courtship, nest building,

egg-laying, incubation, brooding, and feeding the young. However, two

irregularities may be noted in the behavior of Coccyzus. Eggs are laid at

intervals of 1 to 3 days and with incubation beginning with the first egg,

there are often considerable differences in the ages and development of

the young. In other words, the various phases of the reproductive cycle

are not as definitely defined as in other species. This may indicate a weak-

ness in the timing of the reproductive behavior pattern that, if present in

the ancestors of modern cuckoos, could have foreshadowed the evolu-

tion of the parasitic behavior. The other irregularity is the occasional

laying of eggs in the nests of other birds. When other species are con-

cerned, this would have forecast the development of parasitism; when
the eggs are laid in the nests of other cuckoos, either the same or related

species, and sometimes tlie joint care of them and the young, the first

beginning of a social reproductive behavior pattern would have been

suggested.

Friedmann ( 1933 ) believes that the cuckoo family is of ancient ori-

gin, probably in southern or southeastern Asia. Apparently the family
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branch that dispersed into the Americas did so before the parasitic be-

havior had become estabhshed as it later developed elsewhere over the

world. If this is true, then the parasitic behavior in Tapera of South and

Central America must represent an independent and convergent evolu-

tion. There is evidence in some species of parasitic cuckoos, that the

adult bird may still occasionally feed the young (Friedmann 1949a,

Moreau 1949b, Chisholm 1950).

Darwin ( 1859 ) long ago postulated the evolution of parasitism in

Cuculus from progenitors with behavior patterns like Coccyzus. He recog-

nized that the 2- or 3-day intervals between laying of the eggs and the

consequent diverse ages of the young birds in the nest was a handicap

for the raising of a full complement of vigorous and healthy offspring.

He postulated as a consequence that the occasional raising of young by

foster parents may have proved advantageous for the species and that

this directed an evolutionary trend in behavior until it became the sole

means of reproduction. Herrick (1935:105-6) seems to agree with Dar-

win when he states ".
. . it seems to me probable that this lack of har-

mony between nest-making and egg-laying may be the 'loosened screw'

that makes the acquisition of such a habit possible."

E. C. S. Baker's (1942) ideas as to the origin of parasitism appear

conflicting. He believes that the first birds laid their eggs in various

places and that nest-building behavior evolved later in the various groups.

He states (p. 98): ".
. . parasitism seems to have been acquired not by

birds which were originally nest-builders, but by those who had never

acquired the art of nest-building." Later in this discussion, however, he

states
(
p. 99 ) :

".
. . our most primitive cuckoos are not parasitic, they

make their own nests, hatch their eggs and rear their young." These

statements would seem to mean that parasitic and nonparasitic cuckoos

must have evolved independently from very early ancestors. We cannot

agree with this hypothesis.

D. Davis (1942b) is probably correct in stating that social nesting is

not a stage in the development of parasitism, but it is a distinct side

branch in the evolution of a peculiar nesting behavior. Note has already

been made how Coccyzus species may lay in each other's nests and both

species care for the eggs and young in one nest. In Geococcyx, it is not

uncommon for several females to lay their eggs in one nest, but there is

no evidence available that the duties of incubation and raising the young

are shared by more than one pair. In Crotophaginae, D. Davis (1942b)

traces the phylogeny through three levels: I, Giiira giiiro, II, Crotophaga

major, and III, C. ani and C. stdcirostris, with increasing specialization at

each level. He describes three primary factors conducive to the develop-

ment of social nesting behavior: a) breakdown of territorial defense by
individual pairs due to weak sexual fighting, lack of song, poorly devel-
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oped courtship performances, and the appearance of composite terri-

torial defense by the colony; b) aberrant breeding behavior involving

only sporadic attentiveness to nest and eggs and young, lack of attune-

ment bet\veen egg-laying and nest building, and spontaneous ovulation

without complicated courtship; and c) type of habitat in that the birds

originally occurred in savannahs where they could scatter to feed but

they were compelled to concentrate in isolated groves of trees to roost

and nest. It would seem that here again, the loss of precise definition and

timing of the various phases in the reproductive cycle was prerequisite

for the evolving of a new type of attentive behavior.

Perhaps the aberrant behavior of Centropiis hengalensis, where the

male asumes all the nesting duties, is still another evolutionary compen-

satory pattern for the loss of attentiveness. This species may indicate

that it was in the female rather than the male that the main disturbance

occurred in the reproductive cycle.

Order: Strigiformes

This order contains two living families. Probably because of their

nocturnal habits, few detailed studies have been made of their attentive

behavior.

Family: tytonidae. The barn owl, Tijto alba, nests in old buildings,

cliffs, trees, or walls. Often no nest is built or only a crude pile of sticks

or broken-up regurgitated pellets. There are commonly six or seven eggs

laid at intervals of 2 days ( Wallace 1948 ) ; Niethammer ( 1938 )
gives

four to six eggs as the usual set. Incubation may begin soon after the

first egg is laid, as broods of young are obviously of different ages, de-

pending on time of hatching. Incubation time has been variously deter-

mined, but is probably 30 to 34 days (Wallace 1948, Witherby et al.

193S). Forbush (1927) states that "the female while incubating is stead-

ily supplied with food by the male, but occasionally she leaves the nest,

and he takes her place thereon, and probably in some cases he assumes

some part of the duties of incubation, as both male and female have

been seen sitting side by side on the eggs." Niethammer states that only

the female incubates. After hatching, the young remain at the nest site

about two months. Bussman (1935) attached a terragraph to a nest con-

taining four young. An average over several nights, when the weather

was clear, gave 11.3 feedings in an avcra'^e hunting period of 5 hr. 33

min. per night (2.0 per hour). In 1937 he obtained another record at a

nest with six young. Here he found the female doing the brooding for

10 to 11 days. Over 28 nights, food was brought to the young eight times

per night. Most observers agree that both parents share this duty.

Family: strigidae. The best studies of the nesting behavior of owls

are those of Sherman (1911) and A. A. Allen (1924) on the screech owl,
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Otus asio; Gugg (1934) on the eagle owl. Bubo bubo, F. M. Baumgart-

ner ( 1938 ) on the great horned owl, Bubo virginianus; Sutton ( 1932 ) on

the snowy owl, Nyctea scandiaca (nyctea); Haverschmidt ( 1946 ) on the

little owl, Athene noctua; Hosking ( 1941 ) on the long-eared owl, Asio

otus; Kuhk (1943, 1949) on the Tengmalm owl, Aegolius (Cnjptoglaux)

funereus; and Santee and Granfield ( 1939 ) on the saw-whet owl, Aego-

lius (Cnjptoglaux) acadicus. Bent (1938), Niethammer (1938), and

Witherby et al. ( 1938 ) have summarized much miscellaneous informa-

tion.

Nests are not ordinarily built ( Schuster 1930 ) . Bubo virginianus, Strix

(Scotiaptex) nebulosa, and Asio otus (wilsonianus) utilize old hawk or

crow nests and in some areas may add more sticks; apparently in Bubo
this repair work is participated in by both sexes. Other species commonly
nest in natural cavities or old woodpecker holes; Spsotyto cunicularia

may enlarge an old prairie dog or ground squirrel burrow; Nyctea scan-

diaca and Asio flammeus nest in slight depressions made in ground vege-

tation. Usually there is little or no lining, but occasionally there are

feathers from the bird's breast or, in Speotyto, dried chips of mammal
excreta.

The number of eggs per set varies from two to three in Bubo, Glauci-

diwn, Micrathene (Micropalios), and Strix, to as many as seven or eight

in Nyctea and Speotyto. The eggs are laid at intervals of 2 days or

more, and incubation begins with the first or second egg.

Incubation and brooding in all species are done chiefly by the female.

There is considerable difference of opinion as to how much incubating

the male does, but in Bubo, Micrathene, Speotyto, Strix, and Asio flam-

meus he is supposed to take some part. In several genera, Otus, Nyctea,

Glaucidium, Athene, and Aegolius and in Asio otus (Niethammer 1938)

and Bubo bubo (Gugg 1934), the male is largely responsible for sup-

plying the incubating female with food, so that she leaves the nest only

at infrequent intervals. In Aegolius funereus, the male feeds the female

four or five times in the night and the female leaves the nest for only

three to nine minutes in early morning. Fleay ( 1942 ) states that in Ninox

connivens the incubating female leaves for only a few minutes after

dusk to get food. It may well be that some reported cases of males' incu-

bating may be based on these visits of the male to the nest with food for

his mate. After the young hatch, the male continues to supply the nest

with food, the female taking what she needs and passing on the rest to

the nestlings. Apparently it is only after the need for brooding is over

that the female searches for food for the young, so that, in general, her

role in this duty is a reduced one.

Bendire ( 1892 ) reports that the incubation period is only 2 weeks in

Micrathene, but this should be reinvestigated. It is commonly 3^2 to 4
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weeks in other species or 5 weeks in Nijctea and Bubo. Brooding of the

young may last 2 to 3 weeks and the young commonly remain in the

nest for 3 to 5 weeks altogether.

A. A. Allen ( 1924 ) has seven nights' observations of male and female

screech owls, Otiis osio, feeding two young. Feeding periods lasted 6.0

to 7.5 hours each night, and the average feeding rate was 7.7 visits to the

nest per hour. Santee and Granfield ( 1939 ) have similar observations

of both adults feeding five young saw-whet owls, Aegoliiis (Cryptoglaux)

ocadiciis, over three nights when the young were 19, 25, and 28 days old.

The feeding periods were from 5.0 to 5.9 hours long, and the number of

visits to the nest averaged 1.1 per hour. Haverschmidt (1946) recorded

both adults of Atliene noctiia feeding two young, 16 to 23 days old, at the

rate of 7.0 times per hour, and feeding one young, 24 to 35 days old, at

the rate of 4.4 times per hour. During incubation he observed inattentive

periods of the female at all hours of the day and night, but after hatch-

ing, the young were fed chiefly at night. Bussman ( 1931 ) recorded 21 to

48 comings and goings per day in this species, mostly at night but some

by daytime.

All genera mentioned above belong to the Buboninae except Strix,

Asio, and Aegoliiis which are placed in the Striginae. There appear to be

no differences in behavior between these subfamilies.

Summary. The basic pattern for the order as a whole is for the female

to sit nearly continuously on the eggs and the newly hatched young. The
male may occasionally take a turn, but his usual duty appears to be to

supply the female and young with food. Most species are nocturnal. In-

cubation in this order commonly begins with the laying of the first egg,

with the result that the young hatch at intervals and maintain a marked

difference in size through the nestling period.

Order: Caprimulgiformes

There are two suborders and five families in this order, but data are

available on only the one family.

Family: caprimulgidae. No nest is built. There are two eggs, and these

are laid on alternate days.

In the whip-poor-will (Table 42), only the attentive behavior of the

female is averaged for the incubation period. Raynor (1941) observed

the male on the eggs three times, between 2045 and 2325 hours, for

periods that averaged only eight minutes. Arnold (1937) believed only

the female incubated, and she observed absences of 15 to 25 minutes.

The female sits steadily on the eggs during the daylight hours, as this

species is largely nocturnal in its habits. Both adults feed the young at

night, and the male participates with the female in brooding them at this

time. The young have no true nestling period as they move from one
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location to another at frequent intervals. The behavior of Caprimulgus

europaeiis is similar (Lack 1932, Stiilcken and Briill 1938) except for

being more crepuscular. The male relieves the female on the eggs for 15

to 20 minutes in the evening and possibly also at dawn and participates

in brooding and feeding; the young. The incubation period is given as

only 16 to 17 days and brooding as 16 to 20 days. The young begin to

fly at 16 days but remain dependent on the adults for food for 31 days or

longer. Both sexes take turns at incubating and brooding in the poor-will,

Phalaenoptilus nuttallii (On- 1948).

In Nyctidronms albicollis, Skutch (Bent 1940) found the male and

female taking turns on the eggs and brooding the young, relieving each

other every two or three hours during the day. At night only the female

covered the eggs.

Although there are some records of the male nighthawk, Cliof'deiles

minor, incubating, this behavior is exceptional as nearly all of this duty

is performed by the female (Sutton and Spencer 1949). The female sits

on the two eggs steadily day and night except for short inattentive periods

of about 15 minutes soon after sunset in the evening and again in the

morning before sunrise (Collet 1934; Fiorucci 1941; Gilreath 1934; Gross,

see Bent 1940; Rust 1947). Collet once observed the male feed the incu-

bating female. The incubation period is 18 to 19 days long. After hatch-

ing, the young are brooded about 23 days and become largely independ-

ent after 30 or 34 days (Gross; Bowles 1921). They first begin to fly

short distances when 17 days old (Sutton and Spencer 1949). The
brooding is done mostly by the female, but the male may do so briefly

when he feeds the young. Both adults feed the young to varying pro-

portions in late evening and early morning (Bowles 1921, Pickwell and

Smith 1938, Wilson 1938).

Summary. The attentive behavior pattern in this family, which for

lack of further data, must be taken as representative of the order, includes

no nest building, usually crepuscular habits, nearly continuous incuba-

tion and brooding by the female except for short inattentive periods in

late evening and early morning, and joint responsibility of male and fe-

male for feeding the young. Nyctidroinus is exceptional in the diurnal

changeover of the sexes on the nest and participation by the male more
extensively in incubation.

Order: Apodiformes

There are two suborders here that need separate treatment, the swifts,

Apodi, and the hummingbirds, Trochili. Data are available on only one
of the two living families of swifts—the family Hemiprocnidae not being

included. There is only one family of hummingbirds, and it is limited

to the Western Hemisphere.
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Suborder: apodi; Family: apodidae. There is general agreement among
the various species studied in that both adults share about equally in

nest building, incubation, brooding, and feeding the young (Table 42).

In Apiis apus it happens occasionally that only the female incubates ( S. B.

Smith 1946). Nests are commonly made of sticks or other materials

fastened together with saliva. Even in Apus caffer, where use is made at

times of old swallow nests, the interior of the nest is covered with saliva.

Commonly a day elapses between laying of consecutive eggs. In the

black swift, Nephoecetes niger, there is record of the male feeding the

female on the nest (Michael 1927), and in Apus (Micropus) apus Koskim-

ies (1950) reports that the free adult may occasionally feed the incubat-

ing bird, but this behavior is not common in the family. Incubation is

very, irregular in the amount of time the adult birds spend on the eggs,

and there are frequent periods, sometimes two or six hours in dura-

tion, when neither bird is present. Either or both birds may incubate

at night when it is not uncommon to find both birds sitting side by side

on the nest sharing the duties of incubation. If only one bird is on the

eggs, the other bird will usually be roosting close by. In a personal com-

munication, Moreau mentions that this is a family in which there is

probably no parental care after the young leave the nest. Koskimies

verifies this for A. apus. Moreau also states that in African species atten-

tion to the young is as irregular as it is to the eggs. He points out that a

long period in the nest is inevitable when long flight feathers have to

be matured. In an all-day observation Bartels ( 1931 ) found that two

young Apus (Micropus) melba about three weeks old were fed at the

rate of 1.9 per hour. Bloesch (1931) reported observations at four nests

with two or three young each, varying from two days to four weeks of

age, where the average feeding rate was 0.7 per hour. Koskimies recorded

two young A. apus, three to four weeks old, fed during three days at an

average rate of 0.6 per hour but quotes observations of others of 1.0 per

hour and 1.5 per hour. Each feeding consisted of a mucous ball contain-

ing several hundred small insects which the adult accumulated in its

aerial flights. Lack (1951) gives the average rate of feeding in 25 broods

of A. apus over 920 hours as 1. 1 per hour. The rate of feeding the young
and the consequent length of time they spend in the nest vary directly

with weather conditions. Lack ( 1951 ) found the nestling period to vary

between 38 and 56 days in A. apus.

Suborder: trochili; Family: trochilidae. In hummingbirds, the male

takes very little or no part in nesting after mating is consummated
(Table 42). Pitelka (1942) believes that recorded observations of the

male driving away intruders from near the nest is due to the chance

location of the nest in or near the male's feeding territory. Moore ( 1947),

however, has collected the male of Colibri coruscans while incubating
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eggs, and Cottam ( 1941 ) observed the male Stellula calliope feed the

incubating female by regurgitation on a number of occasions.

Nest construction may require a week (Skutch 1931), and additions

may be made after the eggs are laid. Normally there are two eggs, and

these are laid on alternate days (Aldrich 1945, Berlioz 1944, Clabaugh

1936, Skutch 1931). Incubation starts after the first egg is laid but may
not be fully established until the second egg appears. Hatching of the

second egg may occur twenty-four hours after the first (Berlioz 1944,

H. O. Wagner 1945). The incubation period is commonly 16 or 17 days

and the nestling period 19 to 25 days ( Skutch 1945d )

.

In Selasphorus sasin, Aldrich's observations (1945) indicate the atten-

tive period during incubation averages 18.2 minutes and the inattentive

period, 4.3 minutes. Orr (1939) found the periods to average only 4.6

and 1.4 minutes, respectively, in the morning, but both he and Aldrich

agree that attentive periods become longer in the afternoon. DuBois

(1938) observed also in Selasphorus riifus that the female sat steadily

most of an afternoon except for an absence of one or two minutes in the

middle of the period. Skutch (Bent 1940) found in one female, Hylo-

charis leucotis, the average attentive period during the entire day to be

about 9.7 minutes and the inattentive period, 5.0 minutes. In four other

species, however, he found the attentive period more than an hour, the

longest attentive period of 99 minutes being in Phaeochroa cuvierii (per-

sonal communication ) . Bene ( 1940 ) found brooding in Archilochus

alexandri to continue for at least 10 days and attentive periods to aver-

age about 5.9 minutes. Skutch noted young Hijlocharis leucotis brooded

until they were 17 to 18 days old. Orr (1939) states that brooding prac-

tically ceased when the young were 12 days old in Selasphorus sasin.

It appears that both young birds are fed by the female on each trip

to the nest (Common 1933, H. O. Wagner 1945). Nickell (1948) records

an unusual case of a female ruby-throated hummingbird, Archilochus

coluhris, alternately feeding young at one nest and incubating eggs at

another nest. Additional feeding rates than those given in Table 42 are:

1.4 per hour for two young, 21 days old, in Topaza pella (E. M. Nichol-

son 1931); 2.6 per hour in Archilochus alexandri (Bene 1940, 1945) and

1.3 per hour (Common 1933) and 1.6 per hour in Archilochus coluhris.

The latter figure is an average from four nests studied by students of

Dr. O. S. Pettingill, Jr., at the Michigan Biological Station.

Summary. There is agreement between the two suborders in that two

eggs are the usual number in a set and that the eggs are laid on alter-

nate days. In most other respects the behavior pattern for the two groups

differs widely. In the Apodi, both sexes share almost equally in all phases

of nest life; in the Trochili, the female does it all alone. In spite of that

the incubation and nestling periods are shorter in Trochili, and the atten-
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tive and inattentive rhythm is faster during incubation as is also the

feeding rate. •
-

Order: Trogoniformes

There is only one family in this order, and it is of tropical and sub-

tropical distribution. Skutch (1942, 1944c, 1948a) has made the only

worth-while nesting observations on this group.

Family: trogonidae. Nests are usually excavated in the rotten wood
of a decaying trunk or stub; Trogon citreolus and sometimes T. massena,

however, make their burrow in a termite nest in a tree. T. caligatus oc-

cupies a wasp's nest. There is no nest lining deposited. Both sexes share

nest building, incubation, brooding, and care of the young (Table 42).

The female is in the nest at night during the incubation period. The male

took a single long attentive period during the day in T. citreolus, T. ciirti-

cui, and at one nest of T. mexicanus. At another nest of T. mexicanus, the

male was on for three short periods during the day and the female for

the alternate periods and at night. In Pharomachrus, the male had a long

morning and a shorter afternoon attentive period; the female was in the

nest overnight and again for about four hours in late morning and early

afternoon. The attentive periods of both birds are sometimes interrupted

by absences of several minutes. It almost seems that in this species, and

perhaps also in T. mexicanus, that the behavior pattern is in the process

of changing to a more accelerated rhythm of shorter more numerous at-

tentive periods with more frequent alternation of the two sexes.

Order: Corachformes

This order includes many tropical and subtropical families. There are

four suborders, and fortunately there are nesting data for representative

species in each. The only families not here included are the Todidae,

Leptosomatidae, and Phoeniculidae.

Suborder: alcedines; Siiperfamilij: ALCEDiNomEA; Family: ALCEDiNmAE.

These birds commonly nest in burrows dug in the side of banks. Some
tropical kingfishers nest in old swallow nests, in tree holes, or holes exca-

vated in insect nests in trees ( Moreau, personal communication ) . Both

sexes share nearly equally in all duties of nesting (Table 42). Skutch

(1933a) records that in Chloroceryle amazona and C. amcricami, the fe-

males incubate at night while the males do the major share of the incu-

bation during the day. In Ceryle torqiiata the routine was very different.

The two sexes alternated in the burrow once a day at 0700 or 0800

hours, so each bird incubated for a complete 24-hour period, with the

exception of a brief period during the afternoon when the eggs were left

uncovered. This behavior has not been reported, however, in Ceryle

alcyon, although there are no very detailed observations available for
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tlie incubation period. Riviere (1933), R. L. Brown (1934), and Clancey

(1935) state that both sexes share in incubation and feeding the young

in AJcedo olcedo. The incubation period was found to be 19 to 21 days

and the nesthng period usually 22 to 26 days. Although both sexes par-

ticipated in nest building, the male did the greater share of the digging.

Brown observed the male to be very energetic in feeding his sitting mate,

especially for a period after incubation commenced and again when the

young were newly hatched. Riviere found after the first day that the

average rate of feeding the young throughout the nestling period was

3.8 per hour. As the young grew, the size of the fish given them became

greater, and there was consequently no increase in the rate of feeding.

The attentive behavior pattern followed by Dacelo novaeguineae (gigas)

appears typical of the family as far as observations have been made
(Hindwood 1947).

Siipet-famihj: momotoidea; Family: momotidae. The only data avail-

able on the life history of birds in this family are two studies by Skutch

( 1945e, 1947c; Table 42 ) . Apparently both sexes participate in all phases

of the nesting duties. In Eiimomota the female did the major share of

excavating the earthen nest burrow, but the male occasionally gave her

something to eat. In Aspatha underground burrows are used as sleeping

quarters throughout the year. Even while eggs and young are present,

both adults spend the night together. In Eumomota, however, only one

bird was observed on the eggs at night, and the burrow may be used

only during the nesting season.

Suborder: meropes; Family: meropidae. Witherby et al. ( 1938 ) state

that in the bee eater, Merops apiaster, both sexes dig the nesting tunnel

and incubate the eggs. Koenig (1951) gives further details (Table 51).

Suborder: coracii; Family: coraciidae. The same authors record incu-

bation in the roller, Coracias garrulus, as 18 to 19 days and the nestling

period as 26 to 28 days. Incubation and care of young are shared by the

male and female. Nests are commonly in holes in old timber, mud banks,

crevices.

Family: upupidae. Nesting behavior in the hoopoe, Upupa epops

( Witherby et al. 1938, Skead 1950 ) , differs from the above families in that

incubation is performed by the female alone. The female may be inatten-

tive for 30 minutes in early morning and late afternoon but is ordinarily

well supplied with food by the male. In three instances the male fed the

female three, five, and eight times per hour. Nests are located in tree

holes or other crevices. Four to eight eggs are laid, one daily, and the fe-

male begins staying in the nest when the first egg is laid. The incubation

period is uncertain, but data accumulated at two nests by Skead would

make it between 12 and 15 days. In the same article Hinde gives it as

16 days. The nestling period varies from 26 to 32 days. When the young
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hatch, the male brings food to the brooding female who then feeds the

young. This continues for seven to eight days, after which both male and

female feed the young directly. Four young were fed by three adults at

an average rate of 22 times per hour, but this rate appears unnaturally

high. Bussmann ( 1934 ) recorded a feeding rate for two young, 14 to

23 days of age, of only 1.9 times per hour.

Family: phoeniculidae. In the wood-hoopoe, Rhinopomasttis cijano-

melas, Hoesch ( 1933a ) observed nesting behavior after the young

hatched. For the first day or so the female continued to stay in the nest,

and the male brought food for her and the young; thereafter both adults

sought food and brought it to the young about three times per hour.

Suborder: bucerotes; Family: bucerotidae. The hornbills are unique

in that the female, with the male's help, plasters up most of the entrance

of her nest hole after entering, and remains throughout the period of

egg-laying, incubation, and at least part of the young's developmental

period (Table 42). The total length of this time varies from six to eight

weeks in Tockus (Lophoceros) deckeni to as long as four months in

Bycanistes brevis. During all this time the female and her young are fed

by the male through a small opening in the plastered wall. In the genus

Tockus the female undergoes a sudden and complete molt while con-

fined in the nest, but this is not generally true of the family as a whole

(Moreau and Moreau 1940). The incubation period is probably about

40 days long in B. brevis and 28 to 36 days in various species of Tockus.

The females of Tockus, unlike Bycanistes, break out of their nest 2 to 4

weeks before the young are ready to leave and aid the male in bringing

food to the young until they are fully grown. Although the male Bycanis-

tes' trips to the nest are not frequent, he commonly regurgitates as many
as 25 items of fruit on a single trip. Tockus males, on the other hand, are

more insectivorous and bring only a morsel at a time. North ( 1942 ) ob-

served the male Tockus (Lophoceros) erythrorhynchus feeding its mate

at the rate of 30 to 40 times per hour. This may be the reason why the

females of this genus leave the nest sooner and assist in the searching

of food for the young. Hoesch (1933) noted in Tockus (Lophoceros)

flavirostris that the male supplied the female and two young with food

for the first several days after hatching. Later the female left the nest to

feed the young almost alone at the rate of twice per hour, with the male

taking part only occasionally in the evenings. Furthermore, a brood of

Bycanistes may consist of only one or two young birds, while the brood

size in various species of Tockus varies from two to six ( Moreau 1937,

Moreau and Moreau 1941).

Summary. The basic behavior pattern in this order is for both the

male and female to share more or less equally in nest building, incuba-

tion, brooding, and feeding the young. The attentive behavior pattern in
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the Upupidae and the Bucerotidae has evolved at a tangent, and in the

Bucerotidae this tangent has become developed to an extreme. In a wide

variety of families, including the Upupidae, belonging to different orders,

the male often brings food to the incubating female who does all the

incubation. In the Bucerotidae, however, the male brings all her food, and

she is confined to the nest for periods of one and a half to four months.

Along with this confinement has developed the special behavior of

plastering shut all but a narrow crevice of the entrance hole, complete

molting of feathers in the female while in the nest cavity in at least cer-

tain species, the male exclusively feeding the female and the young dur-

ing the early part of their nest life, and other modifications of normal

behavior.

Order: Piciformes

There are two suborders. The suborder, Galbulae, is further sub-

divided into three superfamilies containing five families. The suborder,

Pici, however, contains but the one family.

Suborder: galbulae; Superfamily: galbuloidea; Family: galbulidae.

Skutch ( 1937a ) has the only available information on this family

(Table 43). In the black-chinned jacamar he found the female taking

the lead in excavating the kingfisher-like nest burrow in the ground,

but the male later assumed nearly equal share of the duties. They
worked for long periods, and the male fed the female at frequent inter-

vals. Both sexes shared incubation, brooding, and feeding the young on

nearly equal terms, except that the female was the one on the nest at

night. Since the two sexes alternated on the nest during the day, the

female secured most of her own food.

Family: bucconidae. Observations are available at only one nest of a

puffbird, that of Notharchits pectoralis (Skutch 1948c, Table 43). Both

sexes excavated the nest cavity in a tree at a leisurely rate, although one

sex was more active than the other. The three eggs are laid at intervals

of 2 days. Both sexes share incubation duties; the attentive periods are

irregular in length, varying from 7 to 162 minutes; and during the seven

hours of observation the eggs were covered only 70 per cent of the time.

Superfamily: capitonoidea; Family: capitonidae. In the prong-billed

barbet, Semnornis frantzii, Skutch ( 1944b) found both sexes participating

in nest building, incubation, and feeding the young (Table 43). This

is the only study of attentive behavior that has been found for this group.

Moreau (personal communication) states that there is a tendency for

some African barbets to approach the habits of Melanerpes (pp. 227, 231).

Family: indicatoridae. The trait of parasitism has developed in this

small tropical family of honey guides, in at least Indicator indicator and

/. minor (Groebbels 1937).
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Superfamily: ramphastoidea; Family: ramphastidae. In addition to

studies on toucans made by Van Tyne ( 1929 ) and Skutch ( 1944a ) ,
given

in Table 43, H. O. Wagner ( 1944) has a little information on Aulacorhyn-

chtis prasinus. In both genera, AuJacorhynchus and Ramphastos, the

sexes share the duties of incubation, brooding, and feeding the young,

although Wagner did not observe the male feeding the young. When
brooding two newly hatched young, Wagner states that "at each such

visit it remained inside some 20 or 30 minutes, which is about the same

length of time that it stayed away from the nest looking for food." Skutch

found only one parent in the nest at night during incubation and through

most of the nestling period. In two subspecies of aracaris, PterogJossiis

torquatiis, however, male and female may sleep in the nest cavity be-

fore the eggs are laid; during incubation a single parent attends the eggs

at night; but after the nestlings hatch, both parents sleep with them. The
long nestling period compared with the incubation period is worth not-

ing for this family.

Suborder: Pici; Family: PicroAE. Both sexes participate in the excavat-

ing of the nest, although to a variable extent. In Melanerpes (Centurus)

carolinus, the red-bellied woodpecker, S. V. Wharram (personal com-

munication) watched nest building for 16 days and found that the birds

worked about 15 minutes at a period. Schuster ( 1936b ) found Dendro-

copus (Dryohates) minor working in periods of 30 minutes, and Stein-

fatt (1940) observed the male D. medius working in periods of 9 to 23

minutes. Skutch (1948) recorded Melanerpes chrysaiichen excavating

the burrow in 30-minute periods. In Dendrocopos (Dryohates) major

(Pynnomen 1939), D. medius (Steinfatt 1940a), D. minor (Schuster

1936, Labitte 1945), D. martins (Niethammer 1938), D. puhescens

(Thoms 1927), Sphyrapicus thyroideus (Michael 1935), Fictts canus

(Bussmann 1944), P. viridis (Steinfatt 1944a), and Melanerpes riibrica-

pilliis (Centurus suhelegans) (Skutch 1943) the male does most of this

work. Eygenraam ( 1947 ) reports that nest building in Dryocopus martins

lasts almost a month. At first both sexes share equally in the task, but

later the male works alone. Niethammer ( 1938 ) states that in Ficus

viridis 14 days are required to excavate the nest cavity.

Both sexes take turns during the daytime in incubating the eggs. The
attentive periods commonly vary from one and a half to two and a half

hours in length; in Melanerpes chrysaiichen and in Dendrocopos major,

the periods average only 23 minutes (Table 43). D. major may some-

times adhere to the time rhythm of other Picidae as Tracy ( 1938 ) found

the adults changing places about every two hours. In C. principalis Tan-

ner ( 1942 ) found the female relieving the male on the eggs between

0535 and 0730 hours in the morning and the male retiring in the evening

between 1530 and 1745 hours. This allows an active day of only about
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10 hours. During tlie day the female incubated 6.5 hours and the male

3.5 hours, the sexes relieving each other on the eggs eight times. Accord-

ing to Eygenraam (1947), the female D. maH'ms takes only three atten-

tive periods per day, 1.5 to 3.0 hours each. Likewise in Piciis canus the

female is attentive only in the morning and in the afternoon, the male

is on the eggs during the middle of the day and at night (Bussmann

1944). The male D. medius is more attentive to incubation than the

female (Steinfatt 1940a).

There is nearly unanimous agreement, and Skutch ( 1933b ) has dis-

cussed the fact, that the male incubates at night. One exception is that

Bussmann (1941) and Steinfatt (1941b) found the female Jynx torquiUa

on at night. In Melanerpes chnjsaiichen, M. cruentatus, M. pucherani,

Picumnus olivaceiis, and Ficiimnus aurifrons (lafresnayei), both the male

and female spend the night on the nest. In these cases it is probably the

male that actually sits on the eggs. The general rule in other orders is

for the female to incubate at night. Since in woodpeckers the male and

female both sleep in cavities throughout the year, and since the male

is usually the more energetic in making fresh cavities, Skutch ( 1943 ) sug-

gests that his cavity is the one the female selects for the nest and he

simply keeps on using it at night. Observations of Sherman ( 1910 ) on

Colaptes auratus support this contention in that male and female roosted

in separate but similar boxes before egg-laying but nested in the box

that the male had used.

The incubation period in many woodpeckers is short, 11 to 14 days.

It is longer in large species, as the pileated, Ceophloeus pileatus ( 18

days—Hoyt) and ivory-billed, Campephilus principalis. Likewise in the

genus Piciis, Niethammer (1938) gives it as 15-17 days in viridis and

Bussmann ( 1944 )
gives it as 18 days in canus. The usually short in-

cubation period contrasts with a long period for the young to remain

in the nest, 19 to 35 days. Both adults share in the feeding of the

young, but the male is often more active in this duty than the female.

In addition to the data in Table 43, the following rates of feeding

have been recorded: Dendrocopos (Dryohates) minor—21.0 per hour

(Pynnonen 1939), 5.3 per hour (Steinfatt 1939d), 8.0 per hour

(Haverschmidt 1938); D. medius-5.0-lS.7 per hour (Steinfatt 1940);

D. major—9.0 per hour ( Haverschmidt 1938), 24 per hour (Tracy 1933),

6.0 per hour (Ris 1936); D. leiicotus—6 per hour (Franz 1937), 2.0 per

hour (Pynnonen 1939); D. piihescens—29.8 per hour (Thorns 1927);

Picoides arcticus—9.6 per hour (England 1940); Picus viridis and P.

canu.s—1-f per hour (Bussmann 1933, 1944, Steinfatt 1944a); and Sphy-

rapiciis variiis— 10.9 per hour (R. A. Johnson 1947), 15.9 (Shirling 1927).

Owen (1925) found D. major feeding young 20 times per hour with

occasional inattentive periods of 30 minutes. Gebhardt (1940) recorded
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an exceptional case in Dnjocopus martins when only the female fed the

young, in which she averaged 0.6 times per hour over 16 days of nest

life.

Leach ( 1925 ) and Ritter ( 1938 ) have described the very unusual

communal behavior of Melanerpes (Balanosphyra) fortnicivora. These

birds occur in small flocks throughout the year, and several birds may
roost together in the same cavity. Only one bird, however, stays on the

eggs at night. Three, four, or five birds of both sexes may work in

relays at excavating the nest hole, incubating, and feeding the young.

If this is not true communal breeding, then it may be that a nesting

pair is simply being assisted by unmated, possibly immature, birds of

both sexes. The behavior of Ficumnus lafresnayei may represent a stage

of evolution toward communal behavior not quite so far advanced as in

M. formicivora. Skutch (1948b) describes how one male and two fe-

males roosted in the nest hole that contained two eggs. During the day

the male and at least one female took turns at incubation.

Summary. In this order the male usually takes a preponderant part

in nest building, incubation, brooding, and feeding the young. At least

in the Picidae he also does most of the incubating and brooding at night.

The basic pattern is an alternation of male and female in all the nesting

duties, and it is probable that the evolutionary trend toward a greater

male load is from an older, more equal division of duties. The reason for

believing this is that in Galbula, the genus lowest in the taxonomic series,

the female takes the lead in nest building, incubates at night, and the

two sexes share nearly equally in incubating the eggs during the day,

while in Dendrocopos, and possibly Dnjocopus, which are near the top

of the taxonomic series, the relation is reversed. Eygenraam ( 1947) states

that in Dryocopiis martins the female takes the leading role in courtship

which is in harmony with the reversed role of the sexes.

Dendrocopos represents an advanced development of the behavior

pattern in other ways. This genus has the short nesting period of 34 days

from the time the eggs are laid until the young fly. The incubation period

is only 12 days and is correlated with short attentive periods. The genus

has some of the most rapid feeding rates in the entire order. In general,

the behavior pattern approaches that of the next and highest order, the

Passeriformes. It should be noted, however, not only in this genus but

also in the Picidae and Ramphastidae, in general, that short incubation

periods are joined with long periods for the young to stay in the nest.

Order: Passeriformes

This is the largest order of birds and the most highly advanced and

specialized. Four suborders are recognized. There are no data available

on the suborder, Eurylaimi, with its single family of broadbills. In the
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suborder, Tyranni, there are tAvo superfamilies. Information is not avail-

able on seven of the thirteen families. There are data on one of the two

families of the suborder, Menurae. In the large suborder of songbirds,

Passeres, there is no breakdown into superfamilies, and this group is

represented by data on 34 families. Fifteen families are not included.

Some families have been divided into subfamilies, but these are indi-

cated only in the Fringillidae where there are enough data available to

permit some reliable estimation of their significance in the analysis of

behavior patterns.

Suborder: tyranni; Superfamily: furnarioidea; Family: dendrocolap-

TiDAE. Skutch's ( 1945a ) observations on the nesting behavior of the allied

woodhewer (Table 44) show that both adults participate in nest build-

ing, incubation, brooding, and feeding the young. For a time after hatch-

ing, brooding is nearly continuous, but as the young mature, it decreases

in amount during the day but continues at night until the young are 12

days old. In the wedge-billed woodhewer, Ghjphorhynchits cuneatus,

both sexes also alternate at incubation, but in the Carriker dendrocincla,

Dendrocincla anabatina, no more than one bird has been seen partici-

pating in any phase of nest life.

Family: FURNARiroAE. Alexander F. Skutch has kindly supplied me with

unpublished data on the attentive behavior of this family. Much of this

material is summarized in Table 44. Apparently both sexes participate in

nest building. This was also observed in Furnaritis leucopus and Cranio-

leuca erythrops.

Both sexes commonly share incubation, brooding, and feeding the

young, although at one nest of P. boissonneautii only the female was ob-

served to do so. Eighteen hours observation were taken during the incu-

bation period of A. ochrolaemus. The six attentive periods ranged from

62 to over 138 minutes in duration. Five attentive periods were measured

during six hours observation of P. boissonneautii, and these varied from

3 to 93 minutes. During ten hours with S. brachyura the male had nine

attentive periods ranging from 4 to 44 minutes, and the female had eight

periods ranging from 18 to 44 minutes. During five hours spent with S.

erythrothorax, the three attentive periods of the male ranged from 14 to

18 minutes and the six periods of the female ranged from 6 to 40 min-

utes. Nine hours were spent with X. minutus where the nine attentive

periods varied from 12 to 118 minutes. Finally, in S. quatemalensis four

attentive periods during six hours ranged from 54 to 74 minutes in length.

Skutch states that the nestling period in this family commonly ranges

from 13 to 29 days. In addition to the species listed in Table 44, he found

two feathered nestlings of Rhopoctitis rufo-brunneiis to be fed 11 times

in four hours or at the rate of 2.8 times per hour. The rates of feeding
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given in Table 44 are based on only three or four hours observation in

each case.

Family: formicariidae. Skutch (1945b) writes: "Antbirds as a rule

take long sessions on the eggs, male and female replacing each other in-

frequently. Even the smaller species often sit for two or three hours

without interruption; and once I watched an antpitta (Grallaria perspi-

ciUat(i) incubate for five hours without a break. At least in those species

in which the sexes can be distinguished, the male usually takes some-

what longer sessions on the eggs by day than the female; but the female

sits through the night."

Gross (1927) recorded that in the spotted antbird, Hylophylax naevio-

ides, and spotted-crowned ant-vireo, Dysithamnus pimcticeps, the two

sexes alternate at incubation duties and in the latter species the attentive

periods likewise are long, being two or three hours throughout the day.

In 90 hours observation at nine nests of nine different species, each

with two young between 1 and 9 days of age, Skutch ( 1949a ) found

the rate of feeding by the two parents to be 1.3 to 5.3 times per hour.

He ( 1945d ) records incubation periods for various species between 14

and 17 days and nestling periods between 9 and 13 days. It is unusual

to have nestling periods so much shorter than incubation periods. Data

for four species are compiled in Table 44.

Superfamily: tyrannoidea; Family: cotingidae. The few observations

on Platypsaris aglaiae and Tityra semifasciata, mostly made by Skutch

(Table 44), indicate that the male sometimes aids the female in nest

building and regularly feeds the young, but only the female incubates the

eggs and broods the young. He ( 1945 )
gives an incubation period of 18

to 19 days for Pachyramplnis polychopferits and in three other species

indicates that the nestling period is at least 19 days long. In a personal

communication he indicates that the nestling period may extend to 25

days in this family.

Family: pipridae. Skutch (1949c) has the only study of attentiveness

in this family ( Table 44 ) . An interval of 3 or more days occurs between

the laying of the two eggs. This slow reproductive rate is further shown
by the long incubation period, the long attentive and inattentive periods,

and the very low feeding rate. In a personal communication he gives the

incubation period as 19 to 21 days for this family and the nestling period,

13 to 15 days.

Family: tyrannidae. Bent (1942) has summarized the data for North

American flycatchers and some detailed data are presented in Table 44.

From 3 to 10 days are used in nest building. The female does most of

this work ( see also Tinkham 1949 ) , but the male occasionally aids in some

species. All recent studies indicate that the female is solely responsible

for incubation of the eggs, yet in the earlier literature there is frequent
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reference to the male sharing these duties in several species. Further at-

tention should be directed to this point. The male has been observed

feeding the female in Sayoniis saya, Empidonax wrigliti, and Contopiis

cinereus, in addition to those listed in Table 44. The incubation period

varies rather widely between the various genera of this family from 18-

19 days in the tropical Megarhynchus to 12-13 days in Contopiis and

Tyrannus.

Normally only the female broods the young after hatching, but both

sexes feed the young in many species. Skutch writes me that the male

apparently takes no part in nesting in Myiobiiis, Pipromorpha, Rhyn-

chocyclus, Oncostoma, Onychorhynchtis, and Terenotriccus, except that

in Onychorhynchus he guards the nest. The male may occasionally stand

on the nest rim and shade the young from the sun in T. tyronnus and E.

minimus. This family is remarkable in the fast rates at which the young

are fed. In addition to those listed, Saunders (1938) recorded a rate of

24 feedings per hour of two young in E. minimus and Lawrence (1948a)

found the same rate at another nest; Bent ( 1942 )
gives 24 feedings per

hour for E. difficilis, 30 feedings per hour in E. traillii, and 14 feedings per

hour in Myiarchus cinerascens. Fitch (1950), however, found three to

four young Muscivora forficato fed only 1.7 times per hour by the male

and 5.1 times per hour by the female. Since all these species are fly-

catchers in habit as well as in name, probably the amount of food they

bring to the young on each visit is small, hence the large number of trips

they usually need to take. Lawrence ( 1948 ) observed the adults bring-

ing only one fly per trip during the first four days, but later four to five

flies per trip.

Megarhynchus has a very slow rhythm for the entire nesting cycle, in-

cluding a 2- or 3-day interval between laying of successive eggs. In

writing about the black-tailed myiobins, Myiohius atricaiidus, Gross

(1927) states:

As is the case with many birds in the Tropics, this flycatcher frequently left

the eggs for long periods of time during the warmer hours of the da>% but she

always faithfully brooded them at night. So far as I could determine only one

bird, probably the female, did tlie work concerned in rearing the brood . . .

the incubation period of eggs was 21 days, whereas the flycatchers in the tem-

perate regions hatch in much less time. . . . Further the time spent by the young
of this species in the nest was three weeks. . . .

Suborder: menurae; Fcnuily: MENURmAE. Tregellas (1931) states that

only the female lyrebird, Menura sp., is concerned with nest building,

incubation, and raising of young. This is verified by Ward (1939). About

a month is required to build the nest and the one egg is not laid for

another week or two. Incubation begins after still another week.

Ward ( 1940 ) found that 28 days were required to hatch a fresh egg under
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a domestic hen. Feathers are added to form a nest hning during incuba-

tion. The young leave the nest at six weeks of age.

Suborder: passeres; Family: alaudidae. There has been a neglect of

detailed studies of attentive behavior in this family. According to For-

bush ( 1927 ) , three days are required for nest building in Eremophila

(Otocoris) oJpestris. Sutton (1932) states that only the female builds.

This is true also in Alauda arvensis ( Lebeurier and Rapine 1935 ) . Usually

three to five eggs make up the set, and the incubation period averages

11 or 12 days in most genera of the family. Griddle (1917) reports in

horned larks that the male shared the incubation duties with the female,

but this is questionable as other observers record it as exclusively the

duty of the female, not only in horned larks but also in some other genera

(Pickwell 1931, Lebeurier and Rapine 1935, DuBois 1936, Lovell 1944,

Witherby et al. 1938). Sutton found that the female horned lark had

regular periods on and off the eggs, although the male occasionally

brought her food. Niethammer ( 1937 ) records that in Lullula arborea

also the male feeds the incubating female. Both parents share in feeding

the young which remain in the nest 11 or 12 days, sometimes less. Steinfatt

( 1939b ) found the average feeding rate for four young, 4 to 9 days old,

to be 5.9 per hour. Hartley ( 1946 ) found in the Asiatic race of Galerida

cristata that four attentive and inattentive periods of the incubating fe-

male averaged 11.4 minutes and that both adults fed live young, 7 to 10

days old, eight times per hour. He found the young leaving the nest at

8 to 11 days of age. Bourke (1947) found the average feeding rate of two

young between 3 and 9 days old to be 7.1 times per hour. He also men-

tions that the male, as well as the female, incubates.

Family: hirundinidae. Considerable study has been made of attentive

behavior of the swallows, especially by Moreau in Tanganyika, Africa.

His data are presented in a manner not easily transposed into the tables

here used. Some of the averages given here were calculated from his

figures. It should be noted that in PsaUdoproctie holomelaena the sexes

are indistinguishable, and while Moreau does not state which sex is the

one that carries on the nesting duties, it is given in Table 45 as the

female.

In a detailed study of H. rustica, Purchon ( 1948 ) estimates that a

thousand trips are required to build the nest. The male helps in the

early stages of nest building, but the female is responsible for the nest

lining. Nest building is more energetic in early morning, decreasing from

26.5 trips per hour to the nest between 0600 and 0800 hours to 4.5 trips

per hour between 1600 and 2000 hours.

Observational data, not only in the species indicated in the table but

also in Hirundo abyssinica and Ftyonoprog,ne nifiguJa (Moreau 1939a),

and in Hirundo javanica (Ali 1949), show both male and female sharing
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incubation. Reports of others indicate that the same is true of our North

American bam swallow as well as the European race (Table 45). How-
ever, our own data obtained with a thermocouple in the nest showed

only one bird, presumably the female, incubating both in Hirundo rustica

and Progne subis. The male occasionally came and stood over the eggs

in the nest but did not apply heat to them. Purchon ( 1948 ) made similar

observations on the male. E. M. Davis (1937) observed that the male

H. rustica did not have a well-developed brood patch. In H. smithii, the

male may occasionally perch on the side of the nest during incubation.

Moreau writes me, however, that he has one unpublished record of a

nest where the male sat on the eggs an appreciable proportion of the time.

Only the female incubates in Progne chaltjbea (Skutch). One gets the

impression that in this family the behavior pattern for incubation is in a

state of flux. It may well be that the original pattern for the family was for

the male and female to share about equally in all phases of nesting duties.

From this there has been an evolutionary trend to a behavior pattern in

which the female alone does all of the actual incubating although some

males may still attend the nest on occasion while the female is inatten-

tive. If this conjecture is accepted, then the incubating behavior of

Hirundo, Progne, and Psalidoprocne is the most advanced in the family

from the evolutionary point of view. According to Niethammer ( 1937 )

,

the male H. rustica and D. iirbica may occasionally feed the incubating

female. In P. holomelaena, a further development of the behavior pattern

is suggested in the lack of evidence of the male participating not only in

incubating and brooding but also in feeding the young. This phylogeny

is not in harmony with that proposed by Mayr and Bond (1943). They
consider genera nesting in natural hollows or cavities the most primi-

tive, such as Progne, Iridoprocne, and probably P. holomelaena; while

those that excavate their own nest burrows in the ground are more ad-

vanced, such as Riparia, as are also those that use mud in building their

nests, as Hirundo and Delichon.

According to data compiled by Allen and Nice, north temperate species

commonly lay from four to six eggs per set, tropical species two or three.

These authors also show that in two north temperate species where the

female alone incubated, she spent an average of 70 per cent of the day-

time on the eggs, while in three tropical species the average was only

56 per cent. In four species where both sexes shared incubation, 87 per

cent of the daytime was spent on the eggs.

The nestling period in swallows in general is relatively long. This may
be correlated with the need to develop good flying ability before leaving

the nest.

Moreau writes me that the long nestling period of P. holomelaena may
be correlated with the probability that the young get no care from the
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parents after leaving the nest. The slow rhythm in the species is also

evident in the slow rate of feeding and the long incubation period, but

perhaps this is not unusual for a tropical species. If the behavior pattern

has evolved in this family to prolong the period of time that the parents

are required to be in attendance at the nest and to shorten the period of

care after the young become fully fledged, this is contrary to the general

trend over the class of Aves as a whole.

Purchon observed an increase in the rate of feeding as the young

became older, but in cold rainy weather the rate decreased even to the

extent of bringing death to the nestlings at two nests that he had under

observation. A few additional observations on rate of feeding the young

may be cited. Beyer (1938) found in one full day of observation of two

young Riparia riparia, 13 days old, that the average feeding rate was

only 7.7 times per hour. In similar observations by R. O. Wagner (1941)

on three young 2 weeks old, the rate was 9.5 times per hour. However,

these slow rates are not substantiated by the other records given in the

table. Edson ( 1943 ) found in the violet-green swallow, Tachycineta

tlialassina, a high rate of feeding of about 30 times per hour during the

morning hours but with a decline in rate during the middle of the day,

and states that the nestling period is rather long, 23 or 24 days. Shirling

(1927) recorded only 17.3 feedings per hour in one all-day observation

of this species.

R. H. Brown (1940b) found that a brood of four young H. nistica, 15

days old, were fed at the rate of 27 times per hour, which agrees well with

our other data. However, the rate of 46.5 per hour for a nestfull of 11-day-

old young, reported by Emmet (1944), is high. Bent (1942) quotes an

all-day record of feeding of four young D. nrhica which averages 21.6

per hour. Witherby et al. ( 1938 ) record the nestling period for H. nistica

at 21 days and for Delichon urhica at 19 to 22 days.

Family: oriolidae. Only a few pertinent observations are available for

the Old World orioles. Niethammer (1937) and Witherby et aJ. (1938)

state that both sexes in Oriolus oriohis share in nest building. Three or

four eggs are laid and incubation lasts 14 to 15 days. During incubation

the male relieves the female during the middle of the day. Both adults

participate in feeding the young, and the nestling period is apparently

only 14 to 15 days.

Family: corvidae. There seem to have been considerable casual ob-

servations on the attentive behavior of species in this family with very

few comprehensive studies (Table 45).

One study of Perisoreus canadensis presented a very unusual develop-

ment of attentive behavior with two birds not only participating in the

incubation duties but doing so simultaneously with one bird sitting on

the eggs and the other bird sitting on it. Either bird was on top or under-
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neath and attentive periods averaged 38 minutes (Lawrence 1947).

However, this behavior is probably not typical, as Warren ( 1899 ) re-

corded incubation and brooding only by one female. Warren found the

incubation period at one nest to be 17 to 18 days. Four half-grown young

were timed as being fed by both parents at four times per hour.

The observations of D. J. Nicholson (1936) that in Cijanocitta cristata

both male and female participate in nest building, incubating, and care

of the young, and that the male will feed the female are supported by

data given by Bent (1946). One may doubt, however, if the part ot the

male in incubation is extensive. The incubation period is 17 to 18 days,

and the nestling period is 17 to 21 days. Murray (1947) believes that

incubation begins with the first egg in C. cristata. In ApheJocoma (Cij-

anocitta) coerulescens, Amadou ( 1944b ) reports only the female incu-

bating. A. O. Gross ( 1949) observed two birds participating in incubating

duties in the Mexican jay, A. uJtramarina but was not sure of their sexes.

In this species incubation begins with the first egg and lasts 18 days. The

nestling period is 25 days.

In species of magpies, Pica pica and P. nuttalU, the male aids in nest

building, but the female does most, if not all, of the incubation. The male

feeds the incubating female in P. niittaJli (Linsdale 1937 and in Bent

1946, Evenden 1947).

In the nutcrackers, Nucifraga columbiana (J. B. Dixon 1934) and N.

carijocatactes ( Witherby et al. 1938 ) only the female incubates, although

Dixon believes the male shared equally with the female in brooding

the young. Both sexes feed the young. Witherby et al. for Garnilus

glandarius and Ali ( 1949 ) for G. bispecidaris record that incubation may
be by both female and male. In Pyrrhocorax pijrrhocorax incubation is by

the female (Schifferli and Lang 1940). In this latter species the nestling

period is 37 to 40. days. Hosking (1942) found incubation to begin with

the last of a six-egg set in G. glandarius and to be 16 days long.

In the ravens and crows, only the female incubates in C. jrugdcgus

(Yeates 1932), C. corone (Kuhk 1931), C. comix, and C. moncdida

(Bent 1946, Witherby et al. 1938) and in C. brachyrhynchos and C. corax

(Table 45), although the male is sometimes at the nest when the female

is absent. Nethersole-Thompson and Musselwhite ( 1940 ) describe one in-

cident where the male C. frugilegus appeared to take his turn at incuba-

tion. Both adults share in feeding the young. Yeates observed in C. fru-

gilegus that the male brought all of the food until the young were 13

days old. The feeding rate averaged 2.4 per hour.

There are repeated observations in Psdorhinns (Skutch 1935), Calo-

citta (Skutch, personal communication), Cyanocitta, Aphelocoma, Pica,

Corvus, Nucifraga, and Pyrrhocorax that the male feeds the female dur-

ing incubation either on or off the nest whether or not he also shares in
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incubation. Apparently this male-feeding-female behavior is well es-

tablished in this family. This results in very short inattentive periods in

such species as C. hrachyrhynchos. Harlow (1922) states that the female

leaves the nest only two or three times daily in C. corax.

An unusual development in this family is that of communal nesting

and incubation in the white-winged chough, Cocorax melanorhamphus, of

Australia ( Knowlton 1909 ) . Some communal behavior is also developed

in ApheJocoma idtramarina where seven or eight birds may work at

building one nest (A. O. Gross 1949). It is uncertain whether the two

birds observed alternating at incubation were the male and female or

possibly two females. Skutch (1935) also reports communal behavior in

Fsilorhinus mexicamis.

According to Amadou ( 1944a ) the jays are the most primitive group

of Corvidae both in structure and in habits. There is some indication of

this relationship in their attentive behavior, since the male may share in

incubation in some species of jays, while in the crows the behavior

pattern has become more specialized, with the female doing all of this

work.

Family: paradiseidae. Rand (1938, 1940) has made behavior studies

of birds-of-paradise. In Macgregoria pulchra the female apparently did

all of the nest building, although the male accompanied her back and

forth on her trips to the nest, as he often did also during incubation and

brooding. The female does all the incubation of the eggs; two attentive

periods were 15 and 17 minutes in duration and two inattentive periods

were 10 minutes each. The female brooded the young for four periods

of 7 to 14 minutes each. Both adults participate in feeding the young in

the nest. During one early period when the female was brooding part of

the time the male fed the young 10.9 times per hour and the female

2.0 times. In another species, DiphylJodes magnificus, the male was not

observed participating in the duties of reproduction after courtship had

terminated. In a third species, Mamicodia ater, only the female was ob-

served to incubate but the male brooded the young, and it is believed

that he would also have incubated had it not been for the disturbance of

the observer's presence. Both sexes feed the young. The attentive periods

of the incubating female varied between 21 and 51 minutes and her in-

attentive periods between 5 and 51 minutes. At one nest the incubation

period was between 14 and 18 days.

Dharmakumarsinhji (1943) observed in Paradisea apoda in captivity

that the female was solely responsible for building the nest, incubat-

ing the one egg during the 13- to 15-day period, and feeding the young.

The nestling period was 31 days. The female was a close sitter on the

egg, leaving for inattentive periods of 5 to 10 minutes only, two to four
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times per day. The female was observed to drive the male away from

the vicinity of the nest.

In the satin bowerbird, Ptilonorliijnchus violaeciis, P. A. Gilbert (1939)

and Chaffer ( 1945 ) found that the female alone builds the nest, incu-

bates, and cares for the young. Chaffer remarks that "most male birds,

which habitually use a definite area for display, do not attend the nest."

Gilbert states that 18 to 19 days are required for the incubation of the

two eggs and that the young remain in the nest for 17 to 19 days. The
female incubates closely but leaves for a half-hour inattentiveness before

0700 and again after 1600 hours.

Family: paridae. In 13 species of Panis (Penthestes, Baeolophus) of the

subfamily Parinae, ( Table 46, Bent 1946, Witherby et al 1938 ) , evidence

is ample that both male and female share in nest building. These species

mostly nest in holes that have to be excavated, so several days are usually

required for this and for the construction of the actual nest with mater-

ials brought in from the outside. In P. cristatus, however, Ross ( 1935

)

found that the male did not participate. The female required 6 days for

excavation and another 6 days to build the nest. One day elapsed before

the first egg was laid. Witherby ( 1934 ) observed both sexes working at

nest excavation in P. atricapilhis with periods of attentiveness of less

than 10 minutes to 50 minutes and periods of inattentiveness of 10 min-

utes to over an hour. Usually the female does all the incubation of the

eggs, but observations indicate a possibility that the male may share this

activity in P. corolinensis and P. atricristatus (Bent 1946). Without a

thermocouple record, there is doubt about this. The male feeds the

incubating female not only in P. atricapilhis, P. coeruleus, and P. major

(Delmee 1940), but also in P. ater, and P. cristatus (Witherby et al.).

In all species, both male and female feed the young. In 13 days of con-

tinuous recording with the terragraph, Bussmann ( 1940b ) found in

P. ater that nine young were fed 7,743 times or at an average of about

33 times per hour. Gibb ( 1950 ) recorded in P. major an average rate of

feeding 9.5 young throughout nest life of 430 per day or about 25 per

hour. In P. hudsonicus Eleanor R. Pettingill ( 1937 ) found both sexes

sharing equally in feeding seven young 3 days old at an average all-day

rate of 24.3 times per hour. Butts ( 1931 ) reported for Pariis (Penthestes)

atricapilhis a nearly equal share by male and female in feeding seven

young, 8 to 11 days old, at an average rate of 25.6 per hour. Kendeigh

observed six young P. bicolor, 1 to 5 days old, brooded in attentive per-

iods of 23 minutes and fed by both parents 3.6 times per hour. The at-

tentive pattern is much the same in Aegithalos caiidatus, and in Panitnis

biarmiciis, except that in the former species the male occasionally shares

incubation duties, and in the latter species he supposedly does so regu-

larly (Niethammer 1937).
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In the verdin, Auriparus fiaviceps, belonging to the subfamily Remi-

zinae, the male builds several nests and the female lines the one of her

choice. The female feeds the young by regurgitation for the first five

days, after which both adults conduct feeding in the normal manner

( Bent 1946 ) . In Remiz pendulinus Merkel ( 1932 ) and Steinfatt ( 1934a

)

found also that the male did most of the nest building while the female

did all the incubation and feeding of the young. When the young were

4 to 5 days old, Steinfatt observed them being fed 33 times per hour.

Merkel reported the nestling period as 15 to 20 days.

The male bush-tit, Psalfriparus minimus, of the Psaltriparinae, ap-

pears to share all nesting duties about equally with the female. However,

he does not develop a brood patch as does the female. This lends doubt

as to whether he actually sits on the eggs or applies very much heat to

them if he does. All nests in this family are enclosed, so that his behavior

inside the nest has not been directly observed. In this bush-tit^ both adults

are in the nest cavity at night (Addicott 1938), and this is true also of

P. melanotis (Skutch 1935).

Family: sittidae. Both sexes participate in nest building (Venables

1938), only the female incubates and broods, the male feeds the female

on the nest, and both sexes share in feeding the young ( Table 46 ) . Bent

(1948) gives the incubation period as 12 days.

Family: certhiidae. There has been very little study of reproductive

behavior of the Certhiidae. Brewster (1879) and Tyler (1914) found in

Certhia familiaris americana that only the female is involved in nest

building and incubation but that both adults are about equally concerned

with feeding the young. However, in C. /. zelotes, Grinnell and Storer

( 1924 ) state that the male as well as the female aids in gathering nest

material. Tyler, and also Niethammer (1937), report that the male feeds

the female during nest building and incubation. In C. /. britannica both

sexes are concerned in building the nest and the male may take some

share in incubation. In Tichodroma miiraria, the male brings nest ma-

terial, but the female does most of the work. She also does the incubating,

and as in C. familiaris both sexes feed the young (Witherby et al. 1938).

The incubation period is about 15 days and the nestling period between

two and three weeks. Williams (1949) has recently recorded 19 or 20

days for the nestling period.

Family: chamaeidae. The wren-tit, Chamaea fasciata, differs in be-

havior from many other passerine birds in that both sexes share nearly

equally in all phases of nest life ( Erickson 1938, Table 46 )

.

Family: timaliidae. The babbling thrushes are sociable or gregarious

birds in their activities. Small flocks in some species will combine activi-

ties and all concentrate on building the same nest until several are built.

Likewise they will often share in feeding the young (Knowlton 1909,
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Armstrong 1947). This trait is not universal, however. McNamara
(1935) states that in the spine-tailed log-runner, Orthomjx temminckii,

the female does all the nest building, incubation, and care of the young

in the nest. The male will feed the female during her inattentive periods

away from the nest and will also help feed the young after they leave

the nest. There are two eggs per set and incubation lasts about three

weeks. According to Ali (1949), both sexes share in nest building and

incubation in Leiothrix lutea and Mesia argentauris.

Family: cinclidae. Eggebrecht (1937) observed only the female build-

ing the nest in C. cinclus aquaticus, but Witherby et at. (1938) report

both sexes participating in C. c. gularis. Likewise in the latter subspecies

the male rarely fed the incubating female, which occurred regularly in

the former. Witherby et al. give the incubation period as 16 days and the

nestling period, 19 to 24 days. Cordier (1927) records only the female

brooding the four young which she fed at an average rate of 8 times per

hour. The male fed the young 0.8 times per hour.

Family: troglodytidae. In the wren family (Table 46), the male's

nest-building drive is overdeveloped and supernumerary nests are made
in at least the following species: Troglodytes aedon (Kendeigh 1941c),

T. t. troglodytes (Kluijver et al. 1940), Telmatodytes palustris (Welter

1935), Cistothorus platensis (Bent 1948), Campylorhynchus (Heleodytes)

brunneicapillus (Antevs 1947), and Thryomanes hewickii (Edwin V.

Miller 1941). He takes no part in incubation but usually aids in feeding

the young.

Stanwood (Bent 1948) did not observe the male winter wren (T. tro-

glodytes hiemalis) taking part in nest building nor feeding the young

while in the nest, but he apparently assisted in their care afterward.

Likewise, in another race of the winter wren, T. t. alascensis, Heath

( 1920 ) did not find the male participating in nest building, but he did

feed the young in the nest. It is doubtful if this lack of nest building on

the part of the male holds true for T. t. pacificus, and it certainly is not

the case in T. t. troglodytes. In this last subspecies, however, many
males do not feed the brood either before or after they leave the nest.

In T. t. islandicus, the male built the rough part of the nest and, at some

nests at least, helped to feed the young ( Armstrong 1950 ) . More observa-

tions are needed on the various subspecies of this wren as to the parental

role of the male.

The male occasionally feeds the incubating female in Thryomanes

hewickii ( Laskey 1946 ) , in Thryothorus ludovicianiis ( Nice and Thomas

1948 ) , in Troglodytes rufociliatus Skutch ( 1940 ) , and in Salpinctes

ohsoletus and T. troglodytes hiemalis (Bent 1948). The incubation period

is long in T. t. troglodytes ( 14.5 to 17.5 days, Kluijver et al. 1940 ) and

in several tropical species ( 15 to 19 days, Skutch 1945 ) . Heath ( 1920 ) , in
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T. t. alascensis, found the attentive period during incubation to be 18

to 21 minutes long and the inattentive period, 2 to 5 minutes.

The average rate of feeding in Cistothorus platensis (stellaris) has been

determined over short periods as 12.1 times per hour by Walkinshaw

( 1935 ) and only 4.5 times per hour by Mousley ( 1934b ) ; in Thryomanes

bewickii, M. B. Skaggs (Bent 1948) measured it at 19.2 times per hour;

and in T. t. troglodytes, Marples (1939) gives data for several days in

the nestling life of two birds being fed entirely by the female parent an

average 18 times per hour, while an editorial comment mentions obser-

vations of feeding nestlings by both adult parents at the rate of 15.3

times per hour.

Family: mimidae. In Dumetella, Mimiis, and in Nesominius (Venables

1940), the male participates in nest building and in feeding the young

in the nest (Table 46). In Dumetella, Melanotis, and Nesomimus only

the female incubates, but in Mimiis the male may occasionally share to

some extent. In Toxostoma and in Oreoscoptes the male regularly shares

in incubation and in brooding the young (Bent 1948).

Family: turdidae. The female thrush is almost entirely responsible for

nest building, incubating, and brooding, but both adults feed the young

(Table 47). The bluebirds show a tendency away from the typical be-

havior of Turdidae in that the male feeds the incubating female on the

nest and occasionally participates in nest building and incubation (Bent

1949). Feeding of the female has also been observed in Oenanthe

oenanthe ( Mildenberger 1943), Turdiis torqiiatiis (Wenner 1930), and

T. migratoj'ius. Haecker ( 1948 ) found in Sialia currucoides that incuba-

tion began with the last egg of the set, which is the rule also with S. sialis.

In the several European members of this family, the incubation period

is commonly 13 or 14 days. In all species the female takes the preponder-

ant part in incubation, but the male supposedly helps on occasion. In

the redwing, Tiirdus musicus, he may do so more regularly (Niethammer

1937). Marples and Gun- (1943) give the average attentive period of

the female Turdus merula as 30 minutes and the inattentive period as 8

minutes. Both sexes help to feed the young which commonly stay in the

nest for 12 to 15 days (Witherby et al. 1938). The female O. oenanthe

may have attentive periods of two hours and inattentive periods of 8 to

15 minutes (Mildenberger 1943), and Phoeniciirus phoenicurus atten-

tive periods of 12 to 45 minutes and inattentive periods of 6 to 16 min-

utes (J. Buxton 1950).

Shirling (1927) recorded in Sialis mexicana an average all-day feed-

ing rate of 21.5 per hour. Observations by Bussmann ( 1940a) on P. phoeni-

curus show averages of about 130 feedings per day when the young

were in their second day, 400 feedings on the ninth day, and 240 feedings

on the fifteenth day. Buxton (1950) used an automatic recorder on a
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nest with five young and obtained an average of 19.3 per hour for five

to 16 days, and quotes Sahnen for a record of 25.4 feedings per hour

for six young 13 days old. Ruiter (1941) found in this species that feed-

ing began 39 minutes before sunrise and ended 15 minutes after sunset.

A brood of seven young were fed by both parents 150 times on the first

day and 248 times on the seventh day. C. B. Ashby (1942) found the

average rate of feeding three young P. ochrurus throughout nest hfe by
both parents to be 7.6 per hour. Lack and Silva ( 1949 ) found in Erithacus

rubeciila an average feeding rate of 13.8 times per hour for broods of

three to seven young, 7 to 14 days old. Steinfatt ( 1937a ) recorded a rate

of 13.4 per hour for six young in this species 2 days before leaving the

nest, and an average rate of 19.8 per hour for five young Saxicola rubetra

during their last 3 days in the nest. E. M. Nicholson (1930) records the

feeding rate of a nestful of young Oenanthe oenanthe at 28 per hour

when 4 to 6 days old and 49 per hour when full grown. We have already

noted (p. 138) an average feeding rate throughout the nestling period in

Hijlocichla guttata of 8.1 per hour. For the first 3 days after hatching,

brooding periods averaged 7.7 minutes. Ali (1949) records the male

sharing nest building, incubation, and care of young in Indian species of

Enicuriis, Kittacincla, Geokichla, Monticola, Saxicola, and Myiophoneus.

Family: sylviidae. This family is predominantly one of Europe and
Asia ( Table 47 ) . According to Witherby et al. ( 1938 ) , the female does

most of the nest building, but the male may often take part. In a few
species the male builds cock nests, one of which the female may line and
use. The number of eggs per set varies commonly from four to six in

different species. May (1947) found in Phylloscopus twchilus that only

the female built the nest, although the male usually accompanied her,

that the incubation period was commonly 13 to 14 days long, and that

the nestling periods in three instances were 14, 15, and 16 days. In nearly

all of the 25 species discussed by Witherby et al. the male is reported to

share to some extent in the incubation duties. Niethammer (1937) rec-

ords the female doing all or nearly all the incubating in Phylloscopus,

and Yamashina ( 1938 ) reports only the female incubating in several

species in eastern Asia. Rarely the male may feed the incubating female.

In Hippolais icterina, Neumann ( 1940 ) recorded the male feeding the

female every one-half to one hour. Her attentive periods were then 40

to 65 minutes and her inattentive periods 8 to 15 minutes. In Sylvia atri-

capilla attentive periods average 27.5 minutes (Steinfatt 1942). Howard
(1914) recorded both sexes of Acrocephahis scirpaceus alternating on the

eggs at an average interval of 18 minutes, and Hosking and Smith

(1943) found the rhythm to be 15 minutes, but Brown (1946) found
the female incubating much more than the male. The incubation period

varies usually from 12 to 15 days, and the nestling period 9 to 14 days.
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Both sexes may feed the young, but the female is usually the more
energetic.

Steinfatt ( 1939a ) found five young Phylloscopus trochilus, 5 and 8

days old, fed at an average rate of 11.0 times per hour, nearly equally by
both sexes. In 1938 Treuenfels reported six nestling P. coUybita, 1 to 6

days old, fed only by the female and only five times per hour, but in

1940 he found a nestful of young fed 21.6 times per hour by both adults.

Bussmann ( 1932 ) recorded the feeding of five young "Drosselrohr-

sanger" (Acrocephahis anmdinaceiis) by both parents on four scattered

days at 9.5 per hour. Schweppenburg ( 1941 )
gives a record of 28 feed-

ings per hour for three young A. palustris, 9 and 10 days old. Steinfatt

( 1940d ) reports the feeding rate of five young Sylvia curruca, 7 to 10 days

old, participated in by both sexes, to average 15.8 per hour, five young

Sylvia nisoria, 9 and 10 days old, to average 19 per hour ( 1938a ) , and

four young S. atricapella 7 days old about 10 times per hour (1942). His

report that the nestling period of S. communis was only 9 days (Table

47) is unusual, but he claims that the birds were undisturbed.

The subfamily, Polioptilinae, gnatcatchers, is represented by records

on only one species in Table 47. The male in this species, and also in

Ramphocaenus (Skutch), shares nearly equally with the female in nest

building and incubation as well as feeding the young. Weston (Bent

1949) indicates an unusual situation in Polioptila caerulea, in that nest

building regularly precedes egg-laying by the long interval of 10 to 14

days. Apparently this delay is not due to unfavorable weather as occa-

sionally happens in other species. He finds the incubation period to be

13 days. Apparently the two sexes do not always share equally in incu-

bation duties, as at some nests the female does it alone. There are some

observations also of the male feeding the incubating female. The nest-

ling period is 10 to 12 days. Weston reports one series of observations

over seven hours of two adults which fed the young at an average rate

of 33 times per hour. Myers ( 1907 ) found three young gnatcatchers

being fed at rates on different days from 17 to 46 times per hour.

Although not usually noted, periods of attentiveness and inattentiveness

occur in nest building and in the feeding of the young as well as in incu-

bation. During attentiveness the birds bring nest material or food at short

intervals while during inattentiveness there is a pause when the birds

take food themselves and rest. H. E. Howard (1914:14-15) and Nice

(1932:21-22) described such periodicities for the wood warbler and

blue-gray gnatcatcher, respectively.

Family: regulidae. There are no data available for North American

kinglets, but in Europe Witherby et al. ( 1938 ) report that in Rcgiilus

reguhis both sexes are involved in nest building, the female incubates

the seven to ten eggs for 14 to 17 days, and both parents feed the \'oung
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for 18 to 20 days. S. Bergman (1937) found that about midway through

the nestling period, the young at one nest were fed at an average all-day

rate of 17.5 times per hour.

Family: muscicapidae. Nest building may be shared by both sexes

(Table 47), but the female is generally the more concerned (Witherby

et al. 1938). In Myiomoiro toitoi, she does it all and is fed by the male

while she works (Wilkinson 1930). N. L. Roberts (1942) found both

sexes of Sisura inquieta making 16.7 trips per hour during this process.

There are three to seven eggs laid. Steinfatt (1937f) found that the incu-

bating female Mtiscicapa striata had attentive periods of 46 to 59 min-

utes and inattentive periods of 5 to 8 minutes. R. H. Brown ( 1940a

)

found similar length of periods in this species and that the incubating fe-

male may be fed as often as four times per hour by the male. The male

feeds the incubating female in M. hypoleiica at an increasing rate as in-

cubation progresses up to 90 times per day on the eleventh day, but

there is considerable variation between males (Nohring 1943). Only the

female incubates in Miiscicapa albicollis (Witherby et al. 1938). Ecke

(1938) found that the male M. striata may relieve the incubating female

in periods of five to ten minutes in the hottest part of the day. Ryves

( 1943b ) noticed the male regularly inspecting the eggs during the fe-

male's inattentiveness but not incubating them. In Rhipidtira leucophrys,

both sexes incubate in periods averaging 15.1 minutes (N. L. Roberts

1942). In Terpsiphone viridis, Hoesch (1938) found the male at one

nest relieving the female on the nest from 0900 to 1200 and from 1600

to 1900 hours, but at other nests the attentive periods were shorter. Ali

( 1949 ) records both sexes sharing nest building, incubation, and care of

young in Etnnyias thalassina, Niltava sundara, and Hypothymis azurea.

Jack (1949) claims that in Pachycepliala rufiventris, the male shares in

all phases of the nesting cycle except for nest building.

Jahn ( 1939 ) correlates the short nestling period of 10 days in Terpsi-

phone atrocaiidata with the exceptionally small size of the nest. He found

three young, 2 days old, fed 3.5 times per hour, and when they were 8

days old, 12 times per hour, mostly by the female. Both parents ordinarily

feed the young in other species. Brown found the rate of feeding four

young during the first 2 days after hatching to be 3.5 to 6.3 times per hour

in M. striata and brooding periods to average about nine minutes. Stein-

fatt ( 1937f ) found this rate increased to nearly 16 times per hour for

four young during the last 3 days in the nest. In M. parva, both adults

fed five young, 1 to 3 days before flight, at the rate of 10.4 times per hour

(Steinfatt 1937b). N. L. Roberts (1942) reports a rate of 28.8 times per

hour in R. leucophrys and S. Bergman (1934), a rate of 33.6 times per

hour in M. atricapilla for five young on the day before leaving the nest.

Nohring found in M. hypoleiica the feeding rate for five young to in-
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crease from 50 times to 250 times per day from the first to the last day

in the nest.

In Miro australis Richdale (1941c) credits nest building and incuba-

tion to the female, although the male brings food to her. Both parents feed

the young. Both the incubation and nestling periods are unusually long,

being 20 days in each case.

Family: prunellidae. According to Witherby et aJ. (1938), only the

female builds the nest in the hedge sparrow, Prunella modular is. Appar-

ently the female does the incubation ( Table 47 ) . Niethammer ( 1937

)

gives the incubation period as 12 to 14 days and the nestling period as

13 to 14 days. In the alpine accentor, P. collaris, Witherby et al. state

that the male participates in nest building and incubation as well as in

feeding the young. This may also be true in P. strophiata ( Ali 1949). The

incubation period was 15 days for captive birds.

Family: motacillidae. The attentive behavior pattern is different in

the two genera representing this family. In wagtails, Motacilla sp., the fe-

male does most of the nest building, but the male may help. The male

takes some turns at incubating in many species (Table 48, Witherby

et al. 1938, Stuart Smith 1942), although Niethammer (1937) and Stuart

Smith ( 1950) record that in M. flava and M. alba the female does most or

all of it. Schuster ( 1941 )
gives the attentive period in M. flava as one-half

hour and the inattentive period, five to ten minutes. In M. cinerea the

average attentive period is 42.8 minutes ( Eggebrecht 1939 ) . Botli adults

feed the young. Incubation of the four to six eggs requires 12 to 14 days

and the nestling period, 10 to 14 days. Ringleben (1935) observed for

]\I. flava that six young were fed 15 times per hour when 5 days old,

37 per hour at 8 days, and only 21 per hour at 11 days, their last day

in the nest.

In seven species of pipits, Anthus sp., the four to six eggs are incubated

almost exclusively by the female for the required 13 to 14 days (Table

48). In A. trivialis the male may feed the incubating female, and this is

apparently true also in A. pratensis and A. cervinus (Bent 1950). On
two occasions, Harris (1933) observed the female A. spragueii to drive

the male away from too close an approach to the nest when it contained

young, and in A. campestris apparently only one adult feeds the young.

This was also true of the three species of Anthus listed in Table 48.

However, it is more usual for both adults to feed the young. H. S. Johnson

('1933) found this true also in A. spinoletta, contrary to Table 48, with

the six young fed 5.4 times per hour when one day old increasing to 11

to 12 times per hour when 5 and 6 days old, but at much slower rates

during later nest life. In A. spragueii the male was observed with young

after they had left the nest. The young spend 13 to 16 days in the nest.

Family: bombycillidae. Only one species, the cedar waxwing, Bom-
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bycilla cedrorum, has sufficient data to be representative ( Table 48 ) . The
male takes an active part in all the nesting activity. W. A. O. Gross ( 1929)

and A. A. Allen ( 1930 ) state that the male shares incubation with the

female, but according to other observers this is not usually the case. The
male, however, feeds the female at or near the nest at frequent intervals

so that her attentive periods are long and her inattentive periods are

short. At times the female may sit so long without leaving that the usual

attentive rhythm becomes lost (p. 144).

Family: ptilogonatidae. In the single representative of this family

for which information is available, Phainopepla nitens, both sexes share

nesting duties, and the male may take the greater load in nest building,

incubation, brooding, and feeding the young (Table 48). The female,

however, sat on the nest at night in a single observation. Incubation be-

gins with the first egg. According to information furnished by Gander

( 1927 ) , the incubation period is 15 days and the young remain in the

nest for 18 to 19 days. Myers (1908) recorded a feeding rate of 2.5 times

per hour.

Family: artamidae. The only observations found for this family are by
D'Ombrain (1934) on the white-browed wood swallow, Artamus siiper-

ciliosus. The male is chiefly responsible for building the nest and starts to

incubate with the first of the two- or three-egg set. The two sexes ex-

change places on the eggs at frequent intervals, but it is the male who in

most cases is on the nest at night. Both sexes feed the young.

Family: laniidae. Although A. Miller (1931a, Bent 1950) gives no in-

fomiation on the male shrike, Laniiis hidovicianiis, participating in nest

building, A. Johnson ( 1938 ) reports that at the nest construction he had

under observation the male averaged about seven trips per hour, and that

more than seven days were required to complete the nest. A two-day

interval then occurred before the first egg was laid. In four species of

European shrikes, Witherby et al. ( 1938 ) report both sexes participat-

ing in nest building, and in L. collurio the male apparently does most

of it. Four to six days are required to build the nest in this species with

only a one-day interval before the first egg (Schreurs 1941).

In L. minor and L. cxcuhitor, both adults share the incubation duties

with the female doing the major part; in L. senator and L. collurio, the

male incubates only occasionally, but he feeds the female while she

does this duty (Schreurs 1936). In L. hidovicianiis the female apparently

does all the incubation, and the male feeds her at frequent intervals.

As a result her attentive periods may last up to 94 minutes, but average

about 23 minutes (Johnson 1940). Schreurs (1941) says that the female

may leave the nest for five- to ten-minute intervals. A. Miller (1931a)

gives the incubation period as 16 days in this species. This one genus,

therefore, shows in itself considerable evolution of the attentive behavior
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pattern. In all species both sexes feed the nestling young, and their period

in the nest is commonly 19 to 21 days, although in L. collurio Niethammer

(1937) gives it as only 12 to 15 days.

Family: prionopidae. Robinson (1947) states that both male and fe-

male magpie-lark, GralUna picata, work at nest building, incubation, and

care of the young. While alternating at the incubation of the eggs, one

set of observations gave an average of about 30 minutes for the length

of the attentive period. N. L. Roberts (1942) gives the length of the

attentive period on the eggs for G. cyanoleuca as 17.2 minutes and ob-

served a brood of four young fed at the rate of 10.9 per hour. W. W. A.

Phillips ( 1940 ) records both sexes alternating on the eggs in the pied-

shrike, Hemipus picatus, and that both adults fed the young six to eight

times per hour. In the grey shrike-thrush, CoUuricincla harmonica, Gan-

non ( 1945 ) , found that the male had attentive periods on the eggs up
to 1.5 hours in length and the female up to 4 hours, although many periods

were shorter. According to information compiled by Armstrong ( 1947 )

,

there is some communal nesting behavior in the helmet-shrikes, Prionops

poliocephala and P. pulmata. In the white-crowned shrike, Eurocephalus

riippellii it is not unusual for two or more females to lay in the same nest

(Moreau and Moreau 1939a).

Family: sturnidae. In the starling, Sturnus vulgaris, whose behavior

pattern has been studied (Table 48, Allard 1940, Williamson 1947),

both sexes share nearly equally in nest building, incubation, brooding,

and feeding the young. Kluijver ( 1933 ) obtained continuous and com-

plete records of feeding the young with his "aphisigraph, " but there is

scant information on the length of attentive and inattentive periods dur-

ing incubation and brooding. Schiiz ( 1943a ) describes a case of bigamy
where the male shared incubation at both nests but helped to feed the

young at only one of the nests. Kluijver believed the young were brooded

only by the female, but Allard ( 1940 ) and Freitag ( 1937 ) state that the

male broods, which one would expect when he also incubates. Sere-

brennikov ( 1931 ) observed the male Pastor roseus helping in nest build-

ing and feeding the young, but only the female incubated.

Family: MELiPHAcroAE. Milne (1938) reports that in the black honey

eater, Myzomela nigra, the female builds the nest and incubates. She

leaves the nest for short intervals to feed. There are only two eggs per

set and both the incubation and the nestling periods last 18 days. In

the bellbird of New Zealand, Anthornis melanura, Buddie ( 1941 ) states

that both male and female incubate and feed the young.

Family: dicaeidae. Mayr and Amadou (1947) state that only the fe-

male builds the nest and incubates in flower-peckers of the species

Dicaeum vincens, D. hirundinaccum, and apparently also, Paramythia

sp. The male may accompany the female on her trips back and forth.
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and he helps in feeding the young. In Pardalotii^ sp., however, the male
helps to dig the tunnel and probably aids in the construction of the nest

itself. He also shares in the duties of incubation as well as in feeding

the young. Ali (1949) states that the male Arachnothem longirostra

shares in nest building and incubation.

Fomihj: zosteropidae. In the white-eyes, Zosterops palpebrosa (Page

1911, Ali 1949), Z. viridis ( Lovell-Keays 1915), Z. madaraspatanus (Som-
eren 1947), and Z. lateralis (Fleming 1943) there is evidence that both

sexes are involved in nest building, incubation, brooding, and feeding the

young. Incubation of the two or three eggs requires 10 to 12 days and the

nestlings leave the nest in 9 to 13 days. Fleming found that the feeding

rate of nestling Z. lateralis varied from four to ten times per hour, the

higher rate coming later in nest life, and that the young were cared for

16 to 21 days after they leave the nest.

Family: vireonidae. In the Vireonidae, the female does the major part

or all of nest building, but the males share in incubating, brooding, and

in feeding the young ( Table 48, Sutton 1949, Bent 1950 ) . The male not

infrequently sings while sitting on the nest, and his attentive periods for

incubation and brooding average shorter than those of the female. On
the other hand, he usually feeds the young at a faster rate than does the

female. A divergent behavior pattern is expressed in Vireo flavo viridis

and V. olivaceus, where the male seldom or never takes part in incuba-

tion and brooding, although he shares in feeding the young. There is

considerable evidence that regular incubation begins unusually early,

even with the first egg laid. This is verified from observation and from

the fact that hatching extends over a long period with only one bird

emerging each day. Petrides ( 1944 ) and Brackbill ( 1945 ) have shown
this for the red-eyed vireo. Petrides reported the incubation period in

this species to be only 13 days and states that the young remain in the

nest 11 to 12 days.

Family: coerebidae. The information on honey creepers is supplied

by Alexander F. Skutch, mostly from unpublished data. The nest is built

by both sexes only in Coereba flaveola; in Dacnis cayana and Chloro-

phanes spiza, in addition to the two species listed in Table 48, only the

female performs this chore. Likewise, only the female incubates, which

has also been observed in Coereba. Skutch's observations at the nest of

C cijaneus during incubation extended over 12.5 hours divided between

two days. Attentive periods varied from 12 to 53 minutes and inatten-

tive periods from 6 to 22 minutes. His observations of the incubation

of D. baritula also extended over 12.5 hours. Attentive periods varied

from 4 to 62 minutes and inattentive periods from 4 to 24 minutes.

Twelve and one-half hours watch at a nest of Coereba faveola found

attentive periods ranging from 47 to 82 minutes and averaging 60.7
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minutes, and inattentive periods ranging from 12 to 29 minutes and

averaging 17 minutes.

Nestlings in this family stay 14 to 19 days before they leave. Only the

female broods but both sexes share in feeding the young. Five and three-

quarter hours were spent in measuring the feeding rate of C. cyaneus

and eight hours in D. barittda.

Familij: parulidae. The male wood warbler occasionally helps in the

building of the nest but never shares in the incubation duties (Table 49).

He may at times bring food to the female on the nest, but this is not a

regular trait except in the bay-breasted and yellow warblers. In fact,

there is evidence that the female may force the male to keep away
from the immediate vicinity of the nest in some species: black-throated

green warbler (Nice and Nice 1932:157), oven-bird (Hann 1937:173),

magnolia and blackburnian warblers (Kendeigh 1945:149, 154). Atten-

tive periods during incubation are comparatively long but become
shorter while brooding. Both sexes share about equally in feeding the

young.

On the whole, the attentive behavior pattern in this family varies little

between species. The attentiveness of the male for feeding the incubating

female in two species has been mentioned. There are some exceptionally

slow-feeding rates. The slow rate given for the yellow-breasted chat is

in harmony with an all-day record, obtained by Copeland ( 1909 ) , which

averaged 1.8 per hour. Both sexes participated. Other slow rhythms, ex-

posed by the studies of Skutch ( 1945c, d ) , are in the nonmigratory

tropical warblers that have a long interval between completion of the

nest and the laying of the first egg, a long incubation period (up to 17

days), and a long peroid for the care of the young in the nest (up to

14 days).

Family: ploceidae. Not a great deal is known concerning the nesting

behavior of the English or house sparrow. Passer domesticus, one of our

most abundant birds (Table 50). Most authorities maintain that the

male shares almost equally with the female in the duties of incubation

and brooding (Groebbels 1932, Daanje 1941), but Weaver (1939, 1943)

stoutly maintains the contrary. Weaver did not find the male to possess

a brood patch nor did he often observe the male at the nest. Even when
the male enters the nest cavity. Weaver suggests that he may not effec-

tively apply heat to the eggs. More observations are needed to settle

this point. Both sexes are involved in nest building with the male some-

times doing the major part. Both adults feed the young. Marples and

Gurr ( 1943 ) found the rate to be at least 20 times per hour with four

young in the nest. The incubation period is 12 to 14 days and the nestling

period 14 to 16 days. Attentive behavior is essentially similar in Passer

nitUans (Ali 1949) and in Passer montanus and Montifringdia nivalis

( Witherby et al. 1938). Boyd ( 1932) states that in P. Dioutaniis both sexes
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incubate. He gives the nestling period as only 12 to 13 days. Adlersparre

(1931) states that both sexes share nest building in Spermestes nigriceps,

incubation lasts 16 days and is performed chiefly by the male during

the daytime, and the nestling period is 16 to 21 days. Stresemann (1928)

mentions that in Estrilda both sexes may incubate simultaneously, not

only at night but also during the day. Some related Estrildinae are para-

sitic in their nesting behavior. Likewise some members of the Viduinae

are parasitic and polygynous (Hoesch 1939).

In Ploceus philippinus, Ali ( 1931 ) found that the male has a strong

nest-building instinct and may prepare as many as three different and

rather elaborate nests within the colony. The female is not concerned

with nest building except to arrange the nest lining and to bring an

occasional feather or mud pellet. She may, however, inspect several

nests before deciding on one. The males are polygynous. The female lays

two to four eggs, does all the incubation, and may do all the caring

for the young. The male may sometimes aid in feeding the young late

in the season after his nest-building proclivities have run their course.

In a preliminary review of Ploceus sp. (sensii lato) Moreau and Moreau

(1939a) give evidence that in the subgenus Sitagra, and perhaps in

Xanthophilus, the males are polygynous, and all but the final stages of

nest building are done by the male, and the female alone incubates and

feeds the young. However, the subgenera, Sijmplectes, Otliyphantcs,

Hyphmiturgus, and possibly Icteropsis, are monogamous, and both sexes

share nest building at all stages and also the care of the young.

The behavior of the bishop-bird, Euplectes hordeacea (Lack 1935),

is similar to some other species above mentioned in that the male is

polygynous, constructs several nests which his mates must finish, and takes

no part in incubation or feeding the young. The female was observed

feeding the young at the rate of three or four times per hour. Moreau
and Moreau (1938) find £. nigroventris also to be polygynous and this

condition in both species of Euplectes to be correlated with a sex ratio

of four females to one male.

Familij: iCTERroAE. In the various species of this family, incubation

and brooding are performed exclusively by the female, and in most

species also nest building, although the male often accompanies the

female at this time (Table 50). The male feeds the incubating female

occasionally in Xanthocephalus (T. Roberts 1909), apparently as often

as two times per hour in Icterus, although the actual process was not

observed because of the deep nest, and frequently in Euphagus caroliiuis

(Kennard 1920). Male Dives dives fed the incubating females once or

twice in the morning, according to observations of Skutch.

After the young are hatched, the male aids in feeding them only

irregularly or not at all in the highly polygynous Xanthoccpludus and
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Agelaius, in Cassidix mexicamts (Mcllhenny 1937), in the colonial

Zarhtjnchus (Chapman 1929), and in Gijmnostinops and Cacicus

( Skutch, personal communication ) , but in most other genera he aids

to a smaller or larger extent. Gabrielson (1914) found that three young

Xanthocephahis were fed 2.9 times per hour and two young Agelaius,

4.7 times per hour, entirely by the female. In the oropendola, Zarhynchus

wagJeri, the male apparently takes no part in nesting duties after court-

ship is completed (Chapman 1929). In the often polygynous Dolichonyx

oryzivorus, the male bobolink helps care for the young at only one of

his two or three nests (Kendeigh 1941a). Polygyny is certainly involved

in the minimal development of the behavior pattern of attentiveness

in the male. Skutch ( 1945d ) records incubation periods as long as 14

days and nestling periods as long as 34 days in tropical species of

icterids.

Social parasitism has developed in this family in the cowbirds which

Friedmann ( 1929 ) has traced through various species showing inter-

mediate tendencies to its full expression in Molothrus ater. In Agelaioides

badius, whose behavior may approach the original condition, the birds

will build their own nest, if they cannot get one already built. Both sexes

participate, but the male does most of it. Five eggs per set are usually

laid and incubation begins with the last egg. Occasionally two females

will lay in the same nest. The incubation period is believed to be 13

days, as is the nestling period. The birds are monogamous. M. ater, on

the other hand, does not build a nest, incubate, nor care for its own

young. Its attentive behavior has been reduced to the ultimate minimum,

involving only the process of egg-laying in the nests of other species.

Friedmann describes a gradual loss of territorial behavior in this group

and a loss of attunement and timing between the reproductive cycles

and behavior of males and females, and this he believes may have led

to the parasitic behavior pattern. Miller (1946) is in essential agreement

with this theory. Nice (personal communication) calls attention to the

fact that parasitism in Molothrus is a more recent development than in

some of the cukoos, as Cticiihis conorus, since there is very little adapta-

tion in the cowbird to its various hosts in respect to size of egg, length

of incubation, or behavior of the nestling.

Family: thraupidae. Surprisingly few studies are available on this

group of conspicuous and common birds. The male scarlet tanager,

Piranga olivacea (erythromelas), takes no part in nest building, appar-

ently, which the female may complete in a day's time, working in periods

of 15 minutes or more. Incubation of the tliree or four eggs lasts about

13 days and is carried on by the female. The male may feed the female

on the nest and also helps in feeding the young after hatching (T. Rob-

erts 1932, Todd 1940 ) . Steinbacher ( 1938a ) found that in captivity the
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male Calospiza thoracica brought nest material which the female built

into the nest. Three or four days were required. Only the female incu-

bated, beginning with the second of three eggs laid, and the incubation

period lasted a little more than 12 days. The male fed the female during

incubation and helped in feeding the young. Skutch ( 1945d and personal

communication) states that in tropical species the incubation period

varies between 12 and 16 days and the nestling period between 10 and 24

days. The male helps build in many species of Thraupis, Tangara, Tana-

gra, Chlorophonia, and Eucometris; the female alone builds in Rampho-
celiis and Piranga. In his experience with species in this family the male

never incubates but regularly helps to feed the nestlings. In species of

Thraupis and Tangara the male feeds the female.

Family: fringillidae. In this family of grosbeaks, finches, buntings,

and sparrows (Table 50), the female does practically all the work of

nest building, incubation, and brooding, while both sexes share more or

less equally in feeding the young. Incubation begins gradually as the

eggs appear, so that the first eggs laid commonly have the equivalent

of a full day's incubation before the last egg is laid.

The genus, Pheucticus (Hedymeles), is aberrant in both sexes alter-

nating in the duties of incubation and brooding. Niethammer ( 1937 ) and

Witherby et al. ( 1938 ) mention other genera or species in which the

male is believed sometimes to take a part. The occasional finding of a

male at the nest during incubation does not mean he is applying heat

to the eggs or young, but when he regularly takes his turn, his behavior

would indicate that he was playing an important part in their develop-

ment. In Emberiza calandra, Walpole-Bond (1932) and Ryves (1934)

found that the male, who is sometimes polygynous, took no part in in-

cubation and also only a negligible part in feeding the young. Skutch

writes me that in Tiaris olivacea the male is the chief nest builder. Brad-

ley ( 1948 ) observed only the female Passerina cyanea building the nest,

incubating, and feeding the young. In one all-day observation, three

young, 8 days old, were fed 7.4 times per hour. Likewise in PyrrJuda

pyrrhida Steinfatt ( 1944b ) found only the female building the nest

and incubating. Attentive periods on the nest averaged 111 minutes and

inattentive periods only 12 minutes. Both adults fed the young at the

rate of 1 to 2 times per hour. Linsdale ( 1950 ) reports in Spiniis lawrencei

that the female does all the nest building and incubation. As in other

species of this genus, she sits on the eggs almost continuously, being fed

by the male about once per hour. Both adults feed the young; during

11 days the rate of feeding averaged 1.3 times per hour. R. O. Malcom-
son (MS) found three young Spiza americana, 1 to 3 days old, fed 5.1

times per hour. Cartwright, Short, and Harris ( 1937 ) reported a feed-

ing rate of 10 times per hour in Ammodramus hairdii, and Walkinshaw
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(1937a) recorded only the female FasscrherhuJus caudacutus feeding

the newK' hatched >^oung at a rate of 2.8 per hour.

The beha\ior pattern of the male feeding the incubating female on

or close to the nest is well developed in certain genera. In addition to

records given in Table 50, this has been observed in Cardiielis (Windsor

1935, Timmerman 1938), Fijrrhula (Steinfatt 1944b), Carpodacus (Berg-

told 1913), Rhijnchophanes (Mickey 1943), Plectrophenax (Sutton

1932); and Saltotor (two species), Sporophila, and Spinas psaltria

( Skutch, letter ) , and in several European genera ( Niethammer 1937,

Witherby et ol. 1938). The behavior is not associated with time of nest-

ing, as Spinas pinas nests early in spring and S. tristis late in summer,

while Loxia breeds at irregular times.

Three subfamilies are indicated in Table 50. In addition, in the sub-

family, Fringillinae, J. H. Barrett (1947) found in FrigiUa coelebs that

the female built the nest, whose visits he timed at 6.5 per hour, incu-

bated for 14 days, and fed the three young over 15 days at the rate of

4.2 times per hour. The male fed the young 2.5 times per hour. Steinfatt

( 1937 ) recorded five young, 9 days old, fed 4.3 times per hour. Lack

(1945) reports for the Geospizinae on the Galapagos Islands that four

eggs commonly compose the set. Incubation at one nest lasted for 12

days after the last egg was laid, and the young birds left the nest 14 days

after the first one had hatched. The female alone incubated. During the

heat of midday she commonly remained off the nest for several hours.

The male brought food to the female, calling her off the nest to give it

to her. Brooding lasted five days. Both adults fed the young, at the rate

of four to five times per hour. No consistent variation in behavior associ-

ated with the classification to subfamilies appears warranted, except

for the exceptional development in several species of Carduelinae of the

male supplying the incubating female with nearly all her food.

Sammary. The average behavior pattern for each family in this order

is shown in Table 51. There is little doubt but that in Fasseriformes

the male typically aids the female, who ordinarily does most of the work,

in construction of the nest. There is a strong suggestion, however, that

in many families the male is in the process of losing this trait, but not

in Ptilogonatidae, Artamidae, and Ploceidae, in which the reverse ap-

pears true.

A well-defined trend also exists in most families above the Dendro-

colaptidae, Furnariidae, and Formicariidae for the male not to partici-

pate in incubation so that the female does it all, but again this appears

not to be the case in Chamaeidae, Ptilogonatidae, Artamidae, Prionopidae,

and Sturnidae. Repeatedly we have shown in discussing various species

that the male may be recorded visiting the nest when the female is in-
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attentive but may not apply effective heat to the eggs. In several in-

stances, the lack of a brood patch in these males has been demonstrated.

Associated with the loss of the incubating behavior is the develop-

ment of a tendency in many families for the male to feed the female as

she sits on the eggs, especially in Corvidae, Bombycillidae and Laniidae.

In a few species of Parulidae and Fringillidae, this tendency has evolved

so far that the female is seldom required to leave the nest and may be

attentive for hours at a time.

Aside from the very long attentive and inattentive periods on the eggs

in the tropical Furnariidae, Formicariidae, and Pipridae, there is no

consistent difference in behavior between families at various points

along the scale of increasingly more specialized morphological forms.

However, more careful attention to trends within some of the families

shows that the behavior pattern tends to evolve toward shorter and

more frequent periods of the female alone, although this is often

countered by the male feeding the female so that she is induced to stay

for longer periods on the eggs without leaving.

In spite of an appreciable amount of variability and irregularity from

family to family, the length of the incubation period appears to decrease

from the low to the high groups.

It is the rule in nearly all families for the male to aid in feeding the

young. Often his share is fully equal to the female; actually he may feed

the young more frequently, as the female's time is partly consumed in

brooding the young during the first few days after hatching.

Some very fast rates of feeding the young are found in scattered fam-

ilies. This does not mean that the young are fed a greater quantity of

food, as the figures do not take into account the amount that is carried

on each trip to the nest. The Bombycillidae, for instance, has one of the

slowest rates of the entire order, which is easily explained as the adults

carry a large amount of food in their throats on each trip, which is then

regurgitated to the young. Kluijver ( 1950 ) found a correlation within

a single species between size of food brought to the young and the

number of trips made to the nest per day.

There is difficulty in discerning any general trend from family to

family in the length of the nestling period. A short or long nestling

period is compensated for by a corresponding difference in the length

of time that the young are cared for after leaving the nest. Nice ( 1943

)

states that there is a tendency for birds to stay in the nest longer when
the nest is safely located and this is true also of larger species. The ma-

jority of passerines become independent of parental care at about 28

days after hatching, in spite of nestling periods varying between 9 and

20 days. The long nestling period in the Hirundinidae permits the better

development of the flight feathers before leaving. On the other hand,
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species that nest on the ground or in low bushes commonly have a very

short nestling period.

Phylogeny and Dynamics of Evolution

The survey of parental behavior in the orders and families of birds,

just completed, emphasizes the prevalence of joint responsibility of

male and female on nearly equal terms in incubation as well as in

other phases of nest life (Table 51). This is particularly evident in the

orders, Sphenisciformes, Gaviiformes, Colymbiformes, Procellariiformes,

Pelecaniformes, Ciconiiformes, some Gruiformes, Charadriiformes, Co-

lumbiformes, Cuculiformes, Apodiformes (Apodidae), Trogoniformes,

Coraciiformes, Piciformes, and some Passeriformes. Even in the other

orders, at least of the Neognathae, the male and female usually share in

nest building and in the feeding and care of the young even though the

male may only occasionally sit on the eggs. Where the sexes can be easily

distinguished, the female is almost invariably the sex on the eggs at

night, but in the Struthioniformes, some Gruiformes and Charadriiformes,

Piciformes, and apparently also in the Artamidae of the Passeriformes

and some Crotophaginae of the Cuculiformes, it is generally the male.

Often the alternation of sexes on the eggs for incubation is accompanied

by more or less elaborate display and ceremony. Armstrong ( 1947 ) has

discussed and summarized these nest relief ceremonies in various species.

Obviously, the widespread equal sharing of nesting duties is the basic

primitive pattern of attentive behavior in the class Aves, even though

some authorities have believed otherwise (Hutson 1947).

The possibility has been suggested, since in ratite birds the male

takes the preponderant share of the nesting duties, that this may repre-

sent the basic pattern and that the development of an equal share by

both sexes represents convergent evolution in the various orders brought

about by the supposed greater efficiency of such a behavior pattern.

This is highly improbable, however. Some authorities believe that the

ratites are a very specialized group that has evolved from flying ances-

tors. Furthermore, the development of different behavior patterns within

an order can often be traced from forms considered primitive within

that order from the morphological point of view and where both sexes

share equally in nesting duties. The wide occurrence of this latter be-

havior pattern in so many orders could have come about because of

common ancestral origin. This would seem a more logical and probable

explanation than to suppose independent convergent evolution in each

order.

It is possible, of course, that in some scattered families, such as

Chamaeidae, Ptilogonatidae, Prionopidae, Sturnidae, and Zosteropidae

which are classified relatively high in the order, Passeriformes, this be-
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havior pattern has been reacquired. On the other hand, the occurrence

of the behavior pattern in the Dendrocolaptidae, Furnariidae, and

Formicariidae may represent a persistence from the original ancestors

of the order.

There are divergent trends in various orders in the evolution of be-

havior from the primitive pattern. In the Palaeognathae, only the

Struthioniformes have the male and female sharing incubation and care

of the young. In the Rheiformes, Casuariiformes, Apterygiformes, and

Tinamiformes the male does all the incubation and takes full charge

of the precocial young. An extreme type of behavior is reached in the

Tinamiformes with the female possessing the brighter coloration and

assuming the usual masculine role of aggressive courtship. This behavior

pattern in the Tinamiformes is correlated with a sex ratio out of bal-

ance in favor of a higher proportion of males to females. One should

not, however, consider evolution of behavior in this superorder to have

followed a linear development from the Struthioniformes to the Tinami-

formes. On the contrary, it has gone on independently over a long period

of time after each order became separated from the ancestral stock.

The Struthioniformes have retained a more primitive type of behavior

in spite of considerable morphological specialization. The Tinamiformes

probably conform more closely morphologically to the original general-

ized structural plan yet have advanced farther than the other groups

in developing a specialized behavior pattern.

Definite evolutionary trends also occur in the Gruiformes and in the

Charadriiformes for the male to assume increasing responsibility for

nesting duties. In the Gruiformes this trend is shown in the suborders,

Mesoenatides and Turnices. In both suborders there is a preponderance

of males at least in some species, and in the latter group the females are

more brightly colored and larger in size.

In the Charadriiformes the trend is exhibited by the Jacanidae, Ros-

tratulidae, in several members of the Charadriidae and Scolopacidae,

and especially in the Phalaropodidae. There is again a reversal of the

usual sexual dimorphism in plumage and aggressiveness in courtship.

There appears to be little information available on the sex ratio in the

Phalaropodidae, and what there is, is contradictory (Tinbergen 1935,

Mayr 1939), but one would expect agreement with other groups where

the male takes over nesting duties in there being a general preponderance

of males.

There is one species in the Cuculiformes, Centropus hengalensis, where

the male has taken over full responsibility for the nesting duties. In the

Picidae of the Piciformes and in the Artamidae of the Passeriformes

the trend is also strongly in this direction.

The assumption by the male of the major role in nesting duties must
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have been independently acquired in most of these groups. There may be

significance in the frequent occurrence among them of an unbalanced

sex ratio of the adults in favor of the male. One can well see in such

a case that it would increase reproduction and be to the advantage of

the species for the female to become polyandrous and to lay the largest

possible number of eggs. Obviously this would be most effectively accom-

plished if the males took care of the eggs once they were laid. If this be

a reason for the development of this behavior pattern, then one wonders

what brought about the unbalancing of the adult sex ratio. Apparently

this unbalance has persisted for a very long time and is deep-rooted.

A preponderance of males is not necessarily correlated, however, with

the males taking over most of the nesting duties. Richdale (personal

communication) states that there is always a surplus of males able to

breed in Megadyptes antipodes, an unfavorable surplus of males in

Diomedea epomophora, and probably also a surplus of males in D.

bulleri, yet the sexes share parental duties about equally. Likewise in

some species of ducks the high surplus of males does not prevent the

females from assuming practically all the duties of raising the young.

However, in this latter group the lopsided sex ratio may be a recent de-

velopment due to human influences.

Trends in the opposite direction, i.e., for the female to take on an

increasingly larger share in the nesting duties, are much more common
and are manifest in nearly all orders. The trend may be first evident

( 1 ) in the female having longer attentive periods than the male during

the day and invariably to be the sex on the eggs at night. In a more

advanced stage (2) the female does practically all the incubation al-

though the male continues to help to care for the young. Extreme be-

havior (3) occurs in a few groups when the male abandons the female

soon after mating is consummated, and the female is alone responsible

for incubation and the raising of the family.

Stage ( 1 ) in this evolution of behavior is evident in Gaviiformes, pos-

sibly in Colymbiformes, in Falconiformes, in some Charadriiformes, in

some Passeriformes, and doubtless also in other groups less well known.

Stage (2) is reached by a few Charadriiformes; some Anseriformes; and

by most Psittaciformes, Strigiformes, Caprimulgiformes, and Passeri-

formes. Stage (3), the extreme development of female attentiveness,

is found in many Anseriformes, Galliformes, Gruiformes (Otidae),

Apodiformes ( Trochilidae ) , and rarely in Passeriformes (Pipridae,

Menuridae). Here again it is apparent that evolution of behavior pat-

terns has been initiated independently and has reached different ex-

tremes in the various orders. Frequently it is possible to find a series

of stages all within a single order showing progressive development of

the pattern.
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It is difficult or impossible to find a single explanation for the evolution

of parental care toward the female's responsibility that is equally satis-

factory for all orders. A preponderance of females over males in the

sex ratio could conceivably bring about such a behavior pattern, but

there is no evidence on hand for the sex ratio in all these various orders

being sufficiently unbalanced to bring about this effect. Polygyny does

occur, as in some Galliformes and Passeriformes, when the sex ratio is

unbalanced and this condition is associated with loss of attentiveness

on the part of the males, but this condition is not extensive enough

among birds to be the general explanation of this behavior pattern.

It is uncertain whether the evolution of sexual dimorphism in plumage

and other body characteristics preceded or followed the evolution of

this pattern of behavior. It is a common observation, however, that the

duller colored sex is the one chiefly responsible for incubation and

brooding; or when the sexes are alike, both may participate in nesting

duties to a more or less equal extent (Burns 1924). The frequency of

this correlation indicates a possible relation, although the number of

exceptions is so great as to make any general correlation questionable.

The duller colored mate is supposed more easily to escape detection by

predators and hence have a greater chance of raising a brood success-

fully. However, the brightly colored male often aids in feeding the young

after hatching and may even feed the incubating female, so there is

considerable skepticism as to whether the sex difference in coloration

arose solely because of the protective value of the duller plumage to

the sitting bird.

Sexual dimorphism in plumage may well be a response to other fac-

tors in addition to or instead of the need for the incubating parent to

be protectively colored. Bright display plumage often serves for sexual

stimulation leading to pairing and mating. These displays may have

developed in order to stimulate the female to earlier and fuller repro-

duction. If there is competition for mates or for a high position in a

social hierarchy, the brighter colored males may be more successful.

If these trends involving more aggressive sexual behavior on the part

of the male were strong enough, they may have become of greater

evolutionary importance to the species than for the male to continue

aiding the female in incubation and care of the young. One may imagine

this to be the situation in Anseriformes, Galliformes, Charadriiformes,

Passeriformes, and Trochilidae, but it could hardly be true for the noc-

turnal Caprimulgiformes and Strigiformes, where sexual dimorphism

in plumage is not much developed.

Bright coloration in the male may also serve for intimidation displays

in defense of territory. This would be particularly important in many
groups of Passeriformes where much of the male's time is fully occupied
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with establishing and protecting nesting territories. There is a useful

division of labor here with the female doing the incubation and the

male maintaining constant guard over the territory to protect his mate
and offspring. This would surely have selective value in the evolution

of behavior patterns in those forms that have nesting territories.

A similar idea is expressed by Armstrong (1947:244) in respect to

arenas or courts used for display purposes by the male. "The maintenance

of a court is incompatible with any considerable measure of attention

to the domesticities, and thus we find that amongst court-keeping birds

the males take little or no part in the building of the nest, brooding the

eggs or tending the young. The nest-building impulses are diverted into

the upkeep of the display area, and energy which in other birds is used

up in family chores is devoted to posturing." Verheyen ( 1948 ) states that

the aggressiveness of the male for defense of territory varies inversely

with the development of parental care and that one way in which this is

evident is the lesser concern of the male for territorial defense when
he actively participates in feeding the young.

Territory is less highly developed in those orders where both sexes

participate more or less equally in nesting duties. Many species are

colonial in habit and what defense there may be is principally concerned

with the nest itself and its contents. With so many birds in close prox-

imity, there is need to have the eggs and young guarded continuously.

Reproductive success may be higher and there may be a distinct ad-

vantage to the species in having the eggs protected by each parent

alternately while the other is away getting food.

An additional factor involved is the feeding of the female by the male,

thus relieving her of the necessity of leaving the nest or its vicinity. This

trend in behavior has developed independently among miscellaneous

species in several orders but especially in Falconiformes, Psittaciformes,

Strigiformes, Coraciiformes, and Passeriformes. The behavior reaches ex-

treme development in the Bucerotidae of the Coraciiformes where the

female is physically confined to her nest-hole throughout the incuba-

tion period. In the Passeriformes the male commonly furnishes the incu-

bating female with most of her food in the Corvidae, Paridae, Sittidae,

Muscicapidae, Bombycillidae, Laniidae, and in certain members of

the Parulidae (Dendroica petechia, D. castanea) and Fringillidae (Car-

diielis carduelis, Spinus sp., Geospizinae), besides others. The obvious

advantage of this behavior trait is that it keeps the eggs covered, pro-

tected, and at a uniformly high temperature more continuously. In other

species where the female must leave the eggs uncovered at intervals to

get food, the eggs fluctuate appreciably in temperature ( Kendeigh 1940 )

.

Although fluctuating temperatures sometimes may be stimulating, devel-

opment is well known to proceed more rapidly at high than at low tern-
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peratures. There should thus be an advantage in evolving a behavior that

keeps the eggs covered a greater percentage of the time.

Parasitism in nesting behavior has evolved in such widely variant

groups as Anseriformes (Heteronetta atricapilla), Cuculiformes (Cuculi-

nae, also Tapera naevia), Piciformes (Indicatoridae), and Passeriformes

(Icteridae: Molothriis ater and related species; Ploceidae: Estrildinae,

Viduinae). It has been suggested that parasitism arose as the result

of breakdown in the timing of various phases of reproductive behavior

and a consequent loss of effectiveness (pp. 212, 272). Just what might

produce this loss of timing is uncertain, but it may lie internally in the

endocrine or nervous-regulating mechanism. On the other hand, para-

sitism may have arisen for other reasons, proved advantageous so that

it evolved into a definite behavior pattern, and the loss of timing and

effectiveness in the species' own reproductive cycle followed subse-

quently. Doubtless the origin of this specialized behavior pattern will

be the subject of speculation for some time to come (Makatsch 1934).

Communal nesting is another specialized behavior pattern. It is

presumably found in the care of young in some species of Sphenisci-

formes, although the pertinent facts need more definite substantiation,

and possibly in some Pelecaniformes. In the Piciformes the peculiar be-

havior of Melanerpes formicivora suggests communal nesting, and

in the Passeriformes there may be communal nesting in certain species

of Corvidae, Timaliidae, and Prionopidae. Scattered tendencies in this

direction have been recorded for many kinds of birds (Skutch 1935,

Nice 1943, Armstrong 1947). The extreme expression of this special be-

havior occurs, however, in the Crotophaginae, belonging to the order,

Cuculiformes. Here again it has been suggested (pp. 212-14) that this be-

havior may be correlated with a loss of proper timing of the various

phases in the nesting cycle. Communal behavior would seem most likely

to develop in species that nest in colonies or where many individuals

are obliged to be in close proximity with each other. However, this

appears not to be a universal requirement for its development.

The family, Megapodiidae, in the order, Galliformes, has evolved the

use of artificial incubation for their eggs. Various other birds make use

of the sun's heat during the middle of the day to relieve them some-

what of attentive duty during these hours. In some Sterninae and

Glareolidae there may actually be more concern in keeping the eggs

cool during these hours than in keeping them warm. The Egyptian

plover, Phivianus aegyptius, is supposed to bury its eggs in the sand

and depend largely on the sun's heat to hatch them. However, only in

the Megapodiidae is artificial incubation generally developed to such

a high degree as to constitute the sole means of reproduction. This be-

havior in the family is of such ancient origin as to have allowed time
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for evolving a more complete development of the embryo while still in

the egg so that the chick is unusually precocious at hatching. There has

been some speculation concerning the origin of this behavior, but the

amount of true evidence available is so scant as to leave the question

largely unsolved.

Aside from the various ways in which division of labor between the

sexes occurs for incubation and other nesting duties, an evolutionary

trend also exists that is progressive throughout the class, to shorten the

average length of the attentive periods and to have them come more

frequently during the day. The longest attentive periods are found in

the Diomedeidae of the Procellariiformes, the shortest periods are found

in the families of Apodiformes, Piciformes, and Passeriformes (Table

52). Possibly one factor affecting the length of the attentive period is

the amount of food that can be ingested at one time and the rate at

which digestion proceeds. Such birds as the Galliformes, Psittaciformes,

and Columbiformes have well-developed permanent crops (Newton

1893-1896) which they can fill with food to digest at their leisure. In

the domestic fowl the average retention of food in the crop is between

11 and 12 hours (Schwartz and Teller 1924). This would permit long

periods of attentiveness without discomfort from hunger. Crops of

various sizes or forms also occur in some Anseriformes, Falconiformes,

and Tinamiformes. In some birds, although there may be no definite

crop, the esophagus is distensible to various degrees and may hold a

reserve supply of food. Furthermore the stomach of some species has

a greater capacity than in others. Very little information is available

on the rate of digestion in various kinds of birds. One could well expect

that on a given amount of food those species with the slower rate of

digestion would have the longer attentive periods. The rate of digestion

is doubtless correlated with the general rate of metabolism and physio-

logical activity of the species.

The shortening of periods and acceleration of the attenti\'e rhythm is

correlated with a decrease in the length of the incubation period (Table

52). The longest incubation periods occur in the Palaeognathae and in

some of the Procellariiformes. The shortest incubation periods are found

generally in the Picidae and in several families of Passeriformes. In dis-

cussing various factors controlling length of incubation, Skutch ( 1945d

)

calls attention to the possible importance of the amount of time that

the eggs are kept covered by the adults, which varies during the day-

time from 50 to 100 per cent in different species. This factor may be

important between closely related species but appears unimportant in

comparing different families and orders. Actually some of the longest

incubation periods are found in groups where the eggs are kept con-

stantly covered by one or the other adult. It is important to remember
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Table 52. Relation between length of incubation period, length

ol attentive period, and rate of feeding the

young in families segregated according

to length of incubation period."

Range of Attentive 'period Rate of feeding No. of

incubation familes

periods Average Range Average Range involved

54-75 days 5 . days 1-8 days 1.1 per day 0.5-1 .5 per day 4

42-47 davs 1 . 6 days 0.5-3 davs 1 . 2 per day 1-1 . 5 per day 5

30-34 days 10.4 hrs. 1.7-23. 5 hr.s. Mostly precocial 6

22-28 days 8.3hrs. 22.5 min.

-

23 . 5 hrs. Mostly precocial 18

i 4. 5-20 days 2.4 hrs. 9 min.-

12 hrs. 8.5 per hr. 0.5-22 per hr. 26

12-14 days 33.4 min. 14-66 min. 13.3 per hr. 8.7-22 per hr. 14

^ The data used for each family are the media of the extreme values given in Table 51. Species

are excluded where the female sits continually on the nest or is furnished most of her food by the

male.

that the incubation period is also greatly influenced by physiological

factors (Bergtold 1917, Kendeigh 1940).

Heinroth ( 1922 ) long ago stated his belief that a long incubation

period is a primitive character. He associated a shortening of the in-

cubation period with smaller egg size, less development of the )'oung

at hatching, greater exposure of the nest to external dangers, and re-

peated nestings during the year. All these factors may well be concerned

in the evolving of a faster nesting tempo. Lack (1948) has worked out

a correlation between length of incubation and nestling periods and

number of eggs per set, the larger sets having the longer periods. Need-

ham (1931) and Nice (1943) have given evidence that larger birds tend

to have longer periods than closely related species of smaller size.

This correlation between short incubation and short attentive periods

can sometimes also be detected in comparing different families in the

same order or even different species in the same family, but the data

are often contradictory, incomplete, or otherwise unsatisfactory to per-

mit entire confidence that the correlation on a finer basis can be fully

documented.

Long incubation periods may permit the young bird to hatch in a

precocial state of development. Seth-Smith ( 1907 ) and Verheyen ( 1948

)

have suggested that the precocial and not the altricial condition is primi-

tive in birds. A certain amount of brooding is required in precocial

species at night and in bad weather, the young need to be taught what
are proper food items, and they need to be taken care of for a consider-

able time, but their care requires less energy and is carried out more
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leisurely. In a few precocial species the young are actually fed by their

parents for the first few days after hatching. This applies especially to

the Otidae, Glareolidae, Gruidae, Rallidae, Colymbidae, Gaviidae; in a

few gallinaceous birds, e.g., Pohjplectron; and in a few shore birds, e.g.,

Haematopus; while in the Laridae the young, which are intermediate

between precocial and altricial, are fed until fully fledged (Lack 1947).

On the other hand, as the incubation period becomes shorter, the young

are hatched in a more helpless or altricial state and require a great deal

of attention from their parents simply for maintaining existence at all.

More or less constant brooding is necessary to maintain their body tem-

perature, food must be brought to them and put into their mouths, and

they must be protected from enemies and predators. Attentive behavior

becomes more highly developed with altricial than with precocial young.

This usually involves a continuance of the fast attentive rhythm associ-

ated with the short incubation periods.

In the evolution of the altricial from the precocial condition there is

a shift in the physiological use of energy resources by the adult birds,

especially the female. The eggs of precocial species are larger and con-

tain relatively more yolk and albumen than do the eggs of altricial

species. Their caloric value is greater. These basic materials and this

energy must be drawn from the female during the egg-laying period.

Most precocial species, except for some shore birds, are larger than

altricial species and can tolerate this rapid drain on their energy re-

sources. The eggs of altricial species, on the other hand, do not contain

sufficient energy and building materials to permit as great development

of the embryo before hatching. Although the drain of energy from the

female at the time of egg-laying is considerable, perhaps relatively more

even than in precocial species, it is not as adequate because of the smaller

size of the birds. The result is that adult altricial species must compen-

sate for the smaller energy resources in the eggs by expending more

energy in the care of the young after hatching. These changes in be-

havior and in the manner in which limited energy resources are expended

have necessarily been advantageous in certain respects. The consequent

reduction in body size, for instance, has permitted occupancy of new
ecological niches that would not otherwise have been possible, and

this in turn has resulted in the evolutionary differentiation of many
new species and a general increase in bird population. Furthermore, the

altricial condition allows small birds to raise more offspring than would

be possible if their bodily energy resources were depleted to form a

smaller number of larger precocial-type eggs.

Along with shortening of attentive periods there is a trtMid for in-

creasing the rate at which the young are fed (Table 52). The highest

rates are found in the Passeriformes (Table 51). A high rate of feeding
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does not necessarily mean that more food is given the young as this

Nvill depend also on the quantity brought on each trip to the nest. Skutch

( 1949a ) has called attention to the fact that there may be an advantage

in less chance of betraying the nest's location to predators by bringing

large feedings at less rapid intervals than by frequent small feedings.

The rate of feeding is affected also by the kind of food brought, whether

it is partially predigested by the parent, and the number of young fed

on each trip.

It is our impression, in confirmation of Heinroth ( 1922 ) and Lack

(1948), that the shorter incubation periods are also correlated with

shorter nestling periods among altricial species. A correlation probably

also exists with time to reach adult size and independence, although

exact information in this connection is difficult to obtain. Precocial young

may leave the nest soon after hatching; yet they require several weeks to

mature. The chief irregularities in the correlation between length of

incubation and nestling periods among altricial species are in those

families which nest in holes so that the young are well protected, in the

Hirundinidae and Apodidae where they must mature flight feathers be-

fore venturing forth, in the Cuculidae where the young leave the nest

early and then have a climbing stage, in the Formicariidae and Pipridae,

and in several Parulidae and Fringillidae that nest on the ground or

in exposed situations (Nice 1943, Lack 1948).

Certain advantages come to a species in shortening its nesting cycle.

The time of juvenile helplessness is shortened, and one would suppose

the mortalit)' from predation thereby reduced. With short nesting cycles,

tsvo or more cycles may be completed in the same year, thereby increas-

ing the reproductive potential of the species. Short nesting cycles permit

reproduction in the far north, in arid regions, or in other areas with short

seasons favorable for nesting. On the other hand, acceleration of the at-

tentive and reproductive rhythm probably requires a higher rate for

the expenditure of energy, greater activity, more food consumption, and

a more intense physiological state in the adults in general. Lack ( 1948

)

has pointed out that in some situations a slower rate of development

may have advantages, as when there is a scarce or erratic food supply

(swifts, petrels) or, associated witji safe nesting, the raising of a large

brood slowly instead of a small brood quickly (hole-nesting passerines).

The complete evaluation of these various factors requires further study.

Not all evolution has been in the direction of shortening attentive

periods. Goodwin (1948) lists the following species in which the adult

bird sits on the eggs without food almost continuously throughout in-

cubation: emu, Dromiceius sp.; eider duck, Somateria mollisdma; argus

pheasant. Argusianus argus; golden pheasant, Chrijsolophiis pictus. Such

behavior would seem possible only in species capable of storing con-
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siderable food energy in their bodies and to tolerate considerable de-

pletion of this supply during the long incubation period. It does not seem

an eflficient type of behavior, and its scattered occurrence through the

class would indicate its aberrant nature.

The time that steady incubation is initiated by the adult in relation to

the completion of the egg set is quite variable between species. Some
of the variability that is noted is due to difficulties of observation. A bird

may sit on the eggs without applying full incubating heat to them if its

brood patch has not completely formed. Birds are easily disturbed

during the egg-laying process even to the extent of deserting the nest.

The most certain evidence that incubation has really begun may be se-

cured by measuring nest temperature. Full incubating behavior is indi-

cated when attentive periods are longer than inattentive ones. One may
judge with some confidence the time that incubation begins from the

intervals between hatching of the young. In the owls incubation ob-

viously begins with the first egg because of the very evident differences

in the ages of newly hatched young. From our review of the literature,

repeated observations indicate that incubation begins with the first egg

of the set or at least well before the set is complete in at least some

species of the following families: Gaviidae, Colymbidae, Phalacrocor-

acidae, Ardeidae, Ciconiidae, Accipitridae, Falconidae, Jacanidae, Chi-

onididae, Laridae, Psittacidae, Cuculidae, Tytonidae, Strigidae, Upupidae,

Bueerotidae, Corvidae, Ptilogonatidae, and Vireonidae.

Lack ( 1948 ) argues an advantage for asynchronous hatching in those

species whose young spend a long time in the nest and which are de-

pendent on a vicarious food supply. If food becomes short, the youngest

and smallest bird receives proportionately less food and quickly dies.

This leaves more food for the other young so that part of the brood may
be raised to maturity. Had all the young been of the same age and size,

a food shortage would likely weaken all of them, so that all would die.

With most birds, however, especially in the higher orders, there is a

strong tendency for incubation to begin gradually and not to reach full

development until the set is nearly or quite complete. The result is that

all young commonly hatch within one to two days. With an abinulant food

supply reproductive success is greater with the entire brood of the same

age, since all young are then likely to survive to fledging. In passerine

species, if the hatching of one young bird is delayed beyond the others,

he will usually die in a few days since he is less successful in competition

with his nest-mates for food from the parents.

One can discern but little relation betvveen the attentive rhythm and

conditions of the environment. Most species with precocial young nest

on the ground. This permits the young to disperse with greater ease

and safety than if they were arboreal ( Pycraft 1907 ) . As already stated.
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the nestling period of some species that nest in holes or cavities where

they are well protected seems unusually long. In swallows and swifts

the long nestling period is correlated with the need of obtaining good

flying ability before leaving the nest. Attention has already been called

to the fact that some, but not all, tropical birds seem to have longer in-

cubation periods, longer periods of attentivity, and a generally slower

reproductive rhythm than their closest relatives. This is evident in

Odontophorus of the Galliformes; in the Trogoniformes; in Capitonidae

and Ramphastidae of the Piciformes; in the Furnariidae, Formicariidae,

Cotingidae, Pipridae, and in certain species of Tyrannidae, Hirundinidae,

Troglodytidae, Parulidae, Icteridae, and Thraupidae among the Passeri-

formes. If such a relation to climate could be firmly established, it might

indicate an ancient tropical ancestry for such forms as the Procellarii-

formes, Pelecaniformes, and others. The relation, however, can only be

suggested as a possibility at the present time. The daily rhythm of

activity may also be more pronounced in the tropics with the birds re-

maining a longer time away from the nest during the hot midday hours.

There has been increasing use of biological characters in recent years

for understanding the phylogenetic relationship of birds. A. Miller stated

in 1937 that "the significance of similarities in behavior pattern in dis-

tinct species of the same genus lies in the strong evidence they afford

for common descent and for adaptation to similar modes of life. The

characteristics of shrike behavior are as constant and as obvious as many
structural features that relate the three species of Laniiis under consider-

ation. The inherited behavior is no less conservative in evolution than the

structure .... In final analysis, the more prominent features of behavior

ascertained through a study of natural history prove to be generic or even

of family significance." In discussing various characteristics of value for

classifying birds into categories higher than species, Mayr and Bond

(1943) rank in order by increasing usefulness: size and shape of tail,

bill, feet, nostrils, and wing; color patterns; behavior patterns. Delacour

and Mayr ( 1945 )
pointed out that "habits and behavior are deeply

rooted and are usually the product of very ancient evolution." In his

study of Darwin's finches. Lack ( 1947 ) states that "there is much greater

uniformity in courtship habits than there is, for instance, in the shape

of the beak. This illustrates the fact that, in birds, breeding habits

and display can be as valuable an indication of affinities as are structural

characters." Armstrong (1947) presents additional evidence for the value

to taxonomy of behavior patterns.

These quotations emphasize the concept that has come out of this

study, that the behavior pattern of parental care is a conservative evolu-

tionar\' characteristic of birds, in fact it is more conservative than many
structural features of the body. It is surprising to see how the pattern
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of equal sharing by male and female in all phases of reproduction is

found in nearly all orders from die lowest to the highest. This not only

indicates the primitive natin-e of this behavior pattern but also the very

early separation of the evolutionary lines from the ancestral stock that

led to the modern orders of birds. ^ There has been both divergent and

convergent or parallel evolution of behavior in the various orders. The

extent of this evolution has progressed to various extremes. This is not

correlated, however, with the degree of structural specialization, which

is often taken to show lowness or highness in the evolutionary scale of

development.

It is possible to describe a typical behavior pattern of parental care

for most orders. This does not mean that there is no variation between

families within these orders, but these variations are of secondary nature

or are obviously divergent trends. For example, in the Coraciiformes,

both sexes commonly alternate at incubation, but in the Upupidae and

Bucerotidae there is the extreme development of the female doing it all

with the male responsible for supplying her with food. There are a

few orders, such as Charadriiformes, Cuculiformes, and Apodiformes, in

which two or more diverging evolutionary trends are manifested. In

these cases one can indicate what the basic pattern is from which each

trend originated but can hardly describe a pattern that is now typical

of the order as a whole.

There is greater uniformity of behavior within the family than within

the order. In some large families, such as Charadriidae, Scolopacidae,

Corvidae, Fringillidae, and in some others, there may be lack of con-

sistency in behavior due to a more active evolution being in progress,

but these cases are exceptional. Normally one can expect similar behavior

among various species in the same genus, although here again there are

exceptions and there is frequent variation in details, especially in the

timing of attentive periods. Variations in behavior pattern are minimuin

between subspecies, although differences in behavior between the various

subspecies of Troglodytes troglodytes are remarkable.

Group adherence to particular behavior patterns is not, therefore,

rigid. There is a gradient of consistency in this adherence from the indi-

vidual or species through the genus and family to the order and class.

Such gradients also exist for structural characteristics, and the faithful-

^ Six months after this statement was written, the paper by Hildegarde Howard
(1950) came to the author's attention. She presents a phylogenetic tree showing the

differentiation of most modem orders of birds all in the Cretaceous period and mostly
from the same ancestral stock. She estimates this period to have lasted 60,000,000
years and the Cenozoic period that followed to have been of similar duration. It

seems very probable that e\'olution of the different beliaxior patterns of parental care

described in this paper developed independently in the \arious orders after they be-

came differentiated and perhaps mostly during tlie 6(),()0(),()()0 >ears of the Cenozoic
period.
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ness of behavior according to specific patterns is at least as consistent,

if not more so, than is uniformity in details of structure. Behavior pat-

terns are therefore very useful taxonomically in establishing phylogenetic

relationships between various groups. They should be used more exten-

sively. A word of caution must be added, however. Behavior patterns

from fonns obviously unrelated because of structural differences can be

so arranged as to appear to present a phylogenetic series. Such pseudo-

phylogenetic series must be guarded against. Obviously a bird evolves

gradually in all of its characteristics, and true relationships can be

demonstrated only when there is a consistent and logical development

of all traits simultaneously. Pseudo-phylogenetic series can, of course,

be constructed with the use of structural characteristics as well as those

of behavior.

Behavior depends upon the organization of the nervous and endocrine

systems. Behavior patterns are fundamentally dependent upon the ar-

rangement and development of neurones, association cells, synapses,

and other structural units in the nervous system and upon the release

of hormones at the proper time and in the proper amount by the endo-

crine system. The sense organs are involved for the reception of external

stimuli, and the brain is required for evaluating the nerve impulses that

are received and for redirecting them to produce particular responses.

Much of behavior is also conditioned by the physiological state of the

organism. Physiological mechanisms vary in activity with environmental

conditions, particularly temperature regulation, energy regulation, gonad

development, thyroid, pituitary, and others. For a behavior pattern to be
expressed, the organism must have first of all the basic nervous organi-

zation, after which it must receive the proper stimuli and be in the

appropriate physiological state.

The nervous system is one of the least variable structural systems in

the body, although it is subject to the same laws of inheritance, variation,

and evolution as any other system. The conservative evolutionary status

of behavior patterns is but an expression of the conservative evolution-

ary tendencies of the nervous system itself.

After this survey of parental care in the class, Aves, and the probable

phylogenetic relations of the different behavior patterns to each other,

one may well wonder what the phylogeny of parental care may be
through the entire animal kingdom. We can do no more here than men-
tion some of the more conspicuous steps involved in this phylogeny

with the hope that specialists in different phyla and classes will analyze

the problem in detail.

Verheyen ( 1948 ) has searched for the origin of the avian behavior

pattern of parental care in the class Reptilla. Reptiles take care of their

eggs by either ( 1 )
placing them in humus where they are incubated
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with possibly some benefit from the heat of decomposition, ( 2 ) surround-

ing or covering them with their own body which in the python, at least,

keeps them at a temperature somewhat above that of the general sur-

roundings, or (3) retaining them in the uterus until shortly before or

after they hatch. The first procedure is found in some birds, notably

the megapodes, although it has been independently acquired in this

latter group. Verheyen believes intra-uterine development of eggs did

not evolve in birds because of the handicap this extra weight would be

in flight and because the abdomen could hold but one egg at a time.

Bird behavior is more like that of the python with the notable advantage

that birds are able to apply a much greater amount of heat to the eggs

and to maintain them at a higher temperature. This became possible

only with the evolution of homoiothermism. The evolution of the com-

plicated patterns of parental care in birds was conditioned, therefore,

by the evolution of warm-bloodedness.

The concept of parental care developed in the present study is one

of behavior or psychology and involving the nervous and endocrine

systems. Much of this behavior is doubtless automatic and instinctive

but tempered extensively by experience, habit formation, other individ-

uals, and the general environment. The ultimate objective of parental

care is the protection and nursing of offspring until independence and

self-sufficiency are attained. Protection of the offspring is accomplished

in birds by the activities of the parents in building nests, setting up

territories, and driving away enemies. Protection is also offered, al-

though in an entirely different manner, in the formation of the egg,

in which the embryo is enclosed within shell membranes and a hard

shell, and supplied with food and a means for respiration. This aspect

of parental care is physiological or morphological, rather than psycho-

logical, but is just as important. Both aspects need to be kept in mind

in recognizing types of parental care in the lower and simpler types

of animals.

Parental care is entirely lacking among several groups of animals.

In the Protozoa, fission is a common method of reproduction and the

parent entirely disappears as such when it divides to form offspring.

Likewise parental care cannot be recognized in those Ctenophora, Echi-

nodermata, Annelida, and Pisces where fertilization is external and no

further attention is paid to the eggs after they leave the parent. All

these forms live in an aquatic habitat.

Budding, such as is found in Porifera and Coelenterata, represents a

special form of asexual reproduction wherein the offshoot may receive

some nourishment and protection from the parent before it finally

attains independent existence. The formation of cysts around the asexual

spores of Protozoa, gemmules of Porifera, and statoblasts of Brvozoa
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give some protection to the offspring until they drift into favorable

habitats where full development can occur.

Internal fertilization likewise makes possible the formation of cysts,

envelopes, or shells around sexually formed zygotes or eggs so that when
they leave the body of the parent they will survive until favorable con-

ditions for development are reached. Such protection to eggs is given

in a very large number of phyla from Protozoa even to Mammalia
(Ornithorhychiis). Usually these eggs contain considerable food ma-

terial or yolk so that early tender stages may be completed before liber-

ation is effected.

The eggs, after fertilization, are often attached to the outside or re-

tained within the body of the parent to permit a varying degree of de-

velopment before they are released to an independent existence. Several

Crustacea, as Copepoda and Decapoda, have the eggs attached to ap-

pendages or other external parts of the body. Even some frogs and

toads, in the Amphibia, have the eggs undergo development while fas-

tened to the legs of the adult, while held in the mouth or in the vocal

sacs, or while embedded in small pockets in the back. Retention within

the body may be between the two body layers as in Porifera and Coelen-

terata; or in a brood pouch, a uterus, or within the general body cavity

as in some Platyhelminthes, Nemathelminthes, Trochelminthes, Bryozoa,

Pelecypoda, Crustacea, Pisces, and Reptilia. There are many intermediate

stages between ovipary and ovovivipary, but generally all nourishment

is derived from the egg yolk and not from the parent. There is parental

care, however, to the extent that the parent furnishes protection from

the physical environment and from predators. The parent has no further

concern for the offspring, once they have left the protection of her body.

Vivipary is truly developed only in Mammalia. Here there is not only

morphological protection of the embiyo but also internal nourishment

of it through the placenta during a long period of early development.

The high development of vivipary in this class may be correlated with

the evolution of homoiothermism. By retaining the embryo within the

body of the mother, it is maintained at a higher temperature than were

it exposed to the environment, and consequently growth is faster. After

birth, the young are further nourished from the mammary glands of the

mother. Some mammals are born with functional temperature regulation.

However, in those species where the young are cold-blooded and blind

at birth, a warm nest is needed for their physical comfort. In all cases,

the young must be trained in the traditions of the species so there is a

period of early life during which parental care is required.

Evolution of parental care or protection of the offspring in the ani-

mal kingdom appears to have proceeded in two directions. One trend,

already described, is to retain the embryo within the body of the parent
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during its early stages of development and to give it increasingly effi-

cient protection and nourishment. This reaches its highest level in

Mammalia. The other trend is to evolve increasing care of the egg and

young outside and free from the body from very early stages until com-

plete independence is attained.

An early stage in the development of parental care in this latter direc-

tion is the attention given to the places where the eggs are deposited.

This increases their chances of survival and growth, but otherwise the

adults give them no attention. The eggs may be laid singly or in masses

in the ground, in humus, inside or attached to stems or leaves of plants,

inside other animals, or in crannies or crevices of various sorts (Gastro-

poda, Insecta, Amphibia, Reptilia). Sometimes nests or artificial shelters

are formed, as in some Diplopoda and Insecta; cocoons, as in the

Oligochaeta; or egg sacs, as in the Arachnida.

The next higher stage in parental care is shown especially by many
social Hymenoptera, a few Arachnida, and some Pisces, Amphibia, and

Reptilia where eggs are not only deposited in nests or artificial struc-

tures but both eggs and young are guarded and cared for by one or

both parents. Usually there is very little control over temperatiue or other

factors that affect the rate of development of the embryo, although in

some instances advantage is taken of special exposures to insolation,

of heat generated by decaying vegetation, etc.

The most extensive evolution of parental care in this direction occurs

in the birds, Aves. This is possible because the evolution of homoio-

thermism permits the transference of heat from the parent to the egg

which in turn accelerates the rate of development of the embryo more
or less independent of the environment. Thus, birds have attained an

acceleration in the growth of offspring outside the body comparable to

that produced by mammals by the retention of the embryo inside the

body.

This has been accomplished, however, only by the evolution of more

complex parental behavior patterns concerned with nesting than have

evolved with the development of offspring within the body.

Oviparous animals care for both eggs and young; the behavior of

viviparous animals is significantly modified only for the care of the

young after birth when they are already far along toward an indepen-

dent existence. The nesting behavior of the social hymenoptera, some
fish, and practically all birds is much more intricate than those of most

mammals. The high psychological evolution found in modern man is not

motivated fundamentally by requirements for the care of yoimg but by

the complicated mores of social and economic life involved in modern
civilization. Parental care in uncivilized primitive man was relatively

simple. It is the recent new phenomenon of modern civilization and
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not physiological or morphological needs that has brought about the

relatively long period for training and parental guidance of human
offspring.

Parental care has doubtless evolved in the animal kingdom to insure

a higher survival rate of the offspring. This has selective value in evolu-

tion as ordinarily those species which mature the largest number of

offspring will exert the greatest influence in the biotic community, com-

pete with other species most successfully, and occupy to capacity all

available niches and regions of the world. Furthermore with higher

survival rate of offspring, fewer need to be produced to maintain a

stabilized population of the species in the balance of nature. An oyster,

which shows no evidence of parental care, produces millions of eggs

from which only one is required to reach maturity to take the place

of the adult when it dies. On the other hand, a high degree of parental

care allows the house wren to average only about 10 eggs in its life-

time, yet to maintain a highly successful and aggressive species. This

greater reproductive efficiency conserves considerable energy, and this

energy then becomes available for progressive evolution of other body
systems and functions.

The phylogeny of parental care cannot be traced through the various

described stages as a direct line of evolution from phylum to phylum.

Various types of parental care often occur in a single phylum. It appears

that the evolution of parental care has proceeded independently in each

phylum as doubtless each phylum had its separate origin in the remote

past and from relatively much simpler forms. Most phyla probably be-

came distinguished morphologically from one another before the evolu-

tion of parental care had proceeded farther than its initial stages.

Even within many classes within the phylum there is considerable diffi-

culty in describing general patterns for the protection and care of off-

spring. In some classes of lower rank in the evolutionary scale there is

some similarity in morphological structures involved, but details vary.

It is not until one gets down to the order and taxonomic categories of

still lower rank that one can begin to define general behavior patterns

widi any consistency. The development of distinctive and adaptative

behavior patterns concerned with care of offspring has come relatively

late in the evolutionary time-scale, after the main taxonomic groups

had already become distinct. Likewise, the evolving of complex be-

havior patterns had to wait for the nervous system and sense organs to

become perfected and so is largely limited to the higher evolutionary

types of animals. For various reasons, therefore, it appears that parental

care has reached its highest and most elaborate development in birds.
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VII. Species Index

This index is limited to species. The reader is referred to "Contents" for

locating information on particular orders or families. A subject index for this

book was not feasible, especially for Chapters IV and V. Information on all

topics listed in Chapter III has been compiled and summarized as far as it is

available for all species, families, and orders and is best located through use

of this Species Index and the Contents. These various topics are also included

in the general discussions at the end of Chapters III, IV, and V.
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Accentor, alpine, 260

Accipiter gentilis, 190

nisus, 190

Acrocepliahts arundinaceus, 255

paUistris, 255-56

scirpaceus, 254, 256

Actitis hypoleucos, 202 .

maciilaria, 202

Aegithalos cadatus, 247

Aegoliiis (Cn/ptoglaiix) acadicus,

215-16
"

fiinereits, 215-16

Afroxyechus, 201 —
.

Agapornis poUaria, 209-10

AgeJaioides badiiis, 272

Agelaius plioeniceiis, 272, 275

Aix sponsa, 186-87

Ajaia ajaja, 185

AJaiida arvensis, 240

Albatross, royal, 179

Alcedo alcedo, 224

semitorquata, 219

Alectoiis sp., 196-97

Alectiira JatJiami, 193 ,

Ammodramiis baiidii, 273
savannarum, 276

Anas crecca, 186

platyrhynchos, 187

siiperciliosa, 187

Anas (QiierqiieduJo) cyanoptcia, 186

disco IS, 187

Anliinga anhinga, 183

Anoiis siolidus, 205, 207

Antbird, spotted, 234, 236

Anthoniis melaniiia, 265
Anthiis campestris, 260

cervinus, 260
pratensis, 260
spinoletta, 260, 262
spiagueii, 260, 262
trivial is, 260, 262

Antpitta, 234
Antrostomiis, 218
Ant-shrike, slaty, 236
Ant-thrush, 236
Ant-vireo, spotted-crowned, 234
Ant-wren, black, 236
Aphelocoma (Cyanocitta) coendes-

cens, 243-44

Aphelocoma ultvamarina, 243, 246
Aphriza virgata, 202

Aptenodytes forsteri, 178

patagonica, 178

Apferi/.v sp., 176

Api/5 (Micropus) apiis, 9, 172, 221

cafer, 171, 218, 221

melba, 221

Aqiiila cJnysaetos, 190-91

pomarina, 190

verreaiixii, 190-91

Aqiiila (Hicraaetns) fasciata, 190

Aracaris, 227

AraclmotJiera lougiiostra, 266
Aramides sp., 199

ArcJiilocJnis alexandri, 222

coliibris, 222
Ardea lierodias, 183

Arenaria interpies, 202, 207
melanocepJiala, 202

Argusianus argiis, 294

Artamiis superciliosus, 261

A.s/o flamnieits, 215-16

ofi/5 (wilsonianiis), 215-16

AspatJia gularis, 219, 224
Athene iwctiia, 215-16

Auklets, 206
Aulacorhyncluis prasimts (caeruleogu-

laris), 227, 230
Aitripariis flaviceps, 248

Automolus, Chiriqui, 236
Automolus ocJirolaemus, 233, 236

Avocet, 169, 203

Balanosphyra, 229, 290

Barbet, prong-billed, 226, 230

Becard, Xanthus, 236

Bee eater, 224
Bellbird, 265
Birds-ot-paradise, 246
Bishop-bird, 271

Bittern, 184

Blackbird, red-winged, 275
yellow-headed, 275

Bluebird, eastern, 140-43, 253, 256

mountain, 256
Bobolink, 272
Bobwhite, 195

Bombycilla cedronim, 143-47, 260-62

Bonasa umbellus, 194

Booby, 182

Botaurus lentiginosiis, 184

stellaris, 184
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Bowerbird, satin, 247

Braclnjramphus (Endomijchura)

Juipoleucus, 206

Bubo bubo, 215-16

virginianus, 215-16

Bucephala (Glaucionctta) islandica,

187

Bunting, yellow, 276

Burhinus oedicnemus, 203

Bush-tit, 248-49

Bustards, 198-99

Buteo buteo, 190

jaiijaicensis (borealis), 190-91

lineatus, 191

Butoridcs javanica, 183

striatus (atricapiUa), 183

virescens, 184

Buzzard, honey, 189

Bijcanistes brevis (cristatus), 219, 225

Cacicus sp., 272
Calcarius ornotus, 276
CaUdris, 202, 207
Calocitta sp., 243
Calopezus elegans, 177

Calopsittacus, 210
Calospiza tJioracica, 273
Campephihis principalis, 227-28, 231

Campsothlypis, 268
Campijlorhijnchus (Heleodytes)

brunneicapiUus, 252
Canachites canadensis, 195

Canvas-back, 188

Caprimulgus (Antwstomus) voci-

ferous, 218
Caprimulgus europaeus, 217
Caracara, Audubon's, 192

Cardinal, 275
CarducJis carduclis, 274-75, 289
Carpodacus c. erijthrinus, 274-75

Casarca sp., 186

Cossidix mexicanus, 272
Catbird, 120-25, 250
Catliaracta skua, 204
Catliartes sp., 189

Catoptroplwrus seniipalmatus, 202
Ccntrocercus urophasianus, 195

Centropus bcngalensis javanicus, 212,

214, 280
Centurus suJjcJegans, 227
CeopJiIocus pilcatus, 228

CeppJuis gryUe, 206
Ccrorliinco monoccraia, 206
Ccrthia familiaris. 248
Ceryle torquata, 223
Cerylc (Mcgaccnile) alcyon, 98-99,

"219

Chachalaca, 194

Cliadrius dubius, 201
Chaetura pelagica, 95-98, 218
CJiamaea fasciata, 248-49

Cliaradrius (AfroxyecJius) forbesi, 201
Charadrius liiaticula (seniipabnatus),

201

Cliaradrius (Oxyechus) vocifcrus, 93-

95, 201

CJiaradrius (PagoUa) wilsonia, 202
Chat, yellow-breasted, 267, 269
Chauna torquata, 185
Clienopis (Cygnus) afrata, 186
Chickadee, black-capped, 249
Chicken, prairie, 195
Chiff-chaff, 256
Chionis alba, 204
Chlidonias nigra, 205
Cliloroccryle aniazona, 223

amcricana, 223

Chlorophancs spiza. 266
Chlorophonia sp., 273
ChordeiJes minor. 217

Chough, white-winged, 246

Cltrysolophus pictus, 197, 294

Ciconia ciconia, 184

nigra, 184

Cinclus cinclus, 249, 252

Circaetus gallicus, 191

Circus aeruginosus, 191

cyancus, 191

pygargus, 191

Cistothorus platcnsis (stcUaris), 252-

53

Clamator sp., 210

Coccyzus amcricaiius, 210-13

erytJiropthabnus, 210, 212-13

Coco/'fl.v mclanorhanijihus, 246

Coereba flavcola, 266

Colaptes auratus, 99-101, 228, 230

Colibri coruscans, 221

thalassinus, 171, 218

Colinus virginianus, 195, 197

CoUuricincla harmonica, 265
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Cohimha fasciata, 208-09

Uvki, 208-09

oenas, 208-09

CollimhigaUina passerina, 208
Cohjmhus auritus, 179
Coh/mbiis (Podiceps) cristatiis, 178-

"

79
nigricoUis, 179

ruficoUis, 179

Contopus cinereus, 235
Contopus (Myioclianes) virens, 109-

11,237
Couuropsis sp., 210 —

-

Coracias garnihis, 224
Coragijps sp., 189

Cormorant, double-crested, 182
Cordis bracJu/iliynclws, 243-44, 246

co/rt.v, 243-44,246
comix, 243

corone, 243
friigilegiis, 243
monediila, 243

Cowbirds, 272
Crane, sandhill, 198

Cranioleiica enjthrops, 233
Crex crex, 199

Crossbill, red, 275
Crotophaga ani, 211, 213

major, 213
sidcirostris, 211, 213 _

Crow, 243-44

Cryptoglaiix, 215-16

Cryptitrelliis (Crypturiis) tataupa. 111
variegatus. 111

Cryptiirus. 111
Cuckoo, black-billed, 218

*

European, 210
yellow-billed, 218

Cuculiis canoriis, 210, 213, 272
Cursoriii.s cursor, 203
Cyanerpes cyaneiis, 263, 266-67
Cyanocitta cristota, 243
Cygniis melanocoriphiis, 186

olor, 186

Cypsehis, 218
Cypsiurus (Cypsehis) parvus, 218
Cyrtouyx montezumae, 196-97

Dacelo novaeguineae (gigas), 224
Dacnis cayana, 266
DeJichon urhica, 241-42, 244

Dendragapiis obscurus (fuliginosus),

195

Dendrocincia anabatina, 233
Dendrocincla, Carriker, 233
Dendrocopos leucotis, 228-29

medius, 227-29

puhescens, 227-29

Dendrocopos (Dryobates) major, 227-

29, 231

minor, 227-29

Dendrocygna aiitumnalis, 186

/)/coZor, 186

viduata, 186

Dendroica caerulescens, 268
castanea, 268, 289
magnolia, 268
pennsylvanica, 268
petechia (aestiva), 146-51, 268, 289
virens, 268

Dicaeiim hiriindinaceum, 265
vincens, 265

Dickcissel, 275
Dicrorhynchiis, 226, 230
Diglossa barbitiila, 263, 266-67

Diglossa, Costa Rican, 263
Diomedea bulleri, 179, 281

epomophora, 179, 281
immutabilis, 180

Diphijllodes magnificus, 246
Divers, 178

Dives dives, 271

Dolichonyx oryzivorus, 272
Dowitcher, 202
Dromiceius n. Jwllandiae, 176, 294
Dryobates, 227-29, 231
Dryocopus (Dendrocopus) martins,

227-29, 231

Duck, black, 187

eider, 294
ruddy, 188

tree, 186

wood, 187

Dumetella carolinensis, 120-25, 250,

253
Dysithamnus puncticeps. 234

Eagle, 190

Ectopistes migratorius, 208
Eider, 187

Elaniis leucurus, 189

Emberiza calandra, 273
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citrinella, 276

Empidonax difficilis, 235

minimus, 235, 237

trailli, 235

wrighti, 235, 237

Emu, 176, 294
Endomychura, 206

Eremophila (Otocoris) alpestiis, 240

Erithacus riibecula, 171, 254

Erolia fuscicoUis, 202

mi7iutilla, 202

Erolia (Calidris) maritima, 202, 207

temminckii, 202

Erolia (Pisohia) bairdii, 202

melanotes, 202

Estrilda sp., 271

Eucometris sp., 273

Eudromias morinellus, 202

Eudyptes crestatus, 177-78

sclateri, 177

Eudyptula minor, 177-78

Eulipoa tvallacei, 194

Eiimomota superciliosa, 219, 224

Eumyias thalassina, 259

Euphagus carolinus, 271

Euplectes hordeacea, 271

nigroventris, 271

Eiirocephalus riippellii, 265

Eunjnorhynchus pygmeus, 202

Eurypyga helias, 199

Falco cenchroides, 192

coliimbarius, 192

naiunanni, 192

peregrinus, 192

subbiiteo, 192

tinnunculus, 192

vespertinus, 192

Fieldfare, 256
Finch, rosy, 275

scarlet, 275
Finches, Darwin, 296
Flamingo, 185

Flicker, vellovv-shafted, 99-101, 167,

228, 230
Flower-peckers, 265
Flycatcher, boat-billed, 237

crested, 101-02, 237 .

gray, 237
least, 237

paradise, 171, 257

pied, 9, 257
restless, 257
streaked, 237
sulphur-bellied, 237

Formicarius analis, 236
Fratercnla arctica, 206
Fregata magnificens, 183

Fringilla coelebs, 21

A

Fulmar, 180

Fulmanis glacialis, 180

Furnariiis leucopus, 233

Galbula ruficaiida (melanogenia),

229-30

Galerida cristata, 240

Gallimila cJioloropiis, 199

Gallinule, 199

Gannet, 182

Garnilus bispecularis, 243

glandarius, 243

Gavia (Colymbus) stellata, 178

Geococcyx californianiis, 211, 213

Geokichla sp., 254
Geothlypis trichas, 269

Glareola pratincola, 203
Glaucidiinn sp., 215
Glaucionetta, 187

Ghjphorhynchus cuneatus, 233

Gnatcatcher, blue-gray, 255, 257

Goldfinch, American, 151-56, 167,

275
continental, 275

Grallaria perspicillata, 234
:

Grallina cyanoleiica, 265

picata, 265

Grebe, 178-79

Grosbeak, black-headed, 275
rose-breasted, 275

Grouse, ruffed, 194

Gr».s' antigone, 198
canadensis, 198

G/'Hs (Megalornis) grus, 198

Guillemot, black, 206
G»/rag(//ra, 211,213
Gull, black-headed, 204

herring, 170-71

Gijmnostinops sp., 272

Hacmatopus ostralegiis, 200, 207, 293
Haliaeetus albicilla, 190

leiicoccphalits, 190-91
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Hammerhead, 184

Hawk, marsh, 191

Hedymels, 273, 275

Heleodytes, 252

Helmet-shrikes, 265

Hemipodes, 198

Hemipus picatus, 265

Heron, African green, 183

Hetewnetta atricapilla, 187, 290

Hetewscelus incamis, 202

Hieraactus, 190

Himantopiis himantopus, 203

Hippolais icterina, 254, 256 _

—

Hirundo ahxjssinica, 240

javanica, 240
nistica erythrogaster, 11-17, 241,

244
nistica, 169, 240, 241-42, 244

smithii, 241, 244

Hoatzin, 197

Honeyeater, black, 265

Honeycreeper, flesh-legged, 263, 266

Honeyguide, 226

Hoopoe, 224
Hornbill, silvery-cheeked, 219

Hummingbird, Allen, 218
ruby-throated, 222
rufous, 218
violet-eared, 171

Hybrobzates pelagicus, 180

Hydrophasianus chirurgus, 200
Hylocharis leiicotis, 222
Hylocichla guttata, 137-39, 254

minima, 256
mustelina, 134-37, 256
ustulata, 256

Hylophijlax naevioides, 234, 236
Hypothymis azurea, 259

Ibis, glossy, 184-85

Icteria virens, 269
Icterus galbida, 271, 275
Ictinia misissippiensis, 190

plumbea, 190
Indicator indicator, 226

minor, 226
Iridoprocne bicolor, 241, 244
Ixobrychus minutus, 184

Jabiru mycteria, 184

Jacamar, black-chinned, 226, 2o0

Jacana spinosa, 200

Jaegers, 204

Jay, Florida, 244

Mexican, 243

Junco hyemalis, 276

Junco, slate-colored, 276

Jynx torquilla, 228, 230

Kagu, 199

Killdeer, 93-95, 167, 201

Kingbird, 237

Kingfisher, belted, 8, 98-99, 219

half-collared, 219

Kite, white-tailed, 189

Kittacincla sp., 254

Kiwi, 176

Lagopus lagopus, 195

mutus (rupestris), 195

scoticus, 195

Lanius coUurio, 261, 265

excubitor, 261

ludovicianus, 261, 296

minor, 261
senator, 261

Lapwing, 201
Larus argentatus, 170, 240

minutus, 204
ridibundus, 204

Laterallus leucopyrrhus, 199

Leiotlirix lutea, 252
Leipoa ocellata, 193

Lepidocolaptes affinis, 236
Leucosticte tephrocotis, 275
Limnodromns griseus, 202
Limosa lapponica, 202

limosa, 202
Lobipes lobatus, 203
Log-runner, spine-tailed, 252
Longspur, chestnut-collared, 276

Loon, 178

LopJioceros, 225

Lophortyx californica, 195-96

gambelii, 195-96

Loriculus sp., 209

Loxia curvirostra, 274-75

LulluJa arborea, 240

Lunda cirrJiata, 206

Luscinia luscinia, 256

Lyrebird, 235
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Macgregoria piilchia, 246
MacrocepJialon (MegacephaUim)

maleo, 194

Magpie-lark, 265

Magpies, 243
Mallard, 187

Manakin, yellow-thighed, 236

Man-o'war-bird, 183

Manucodia ater, 246
Marsh-tit, 249
Martin, house, 244

purple, 117-19, 244
red-throated rock, 171

rough-wing bank, 244
Meadowlark, eastern, 275
Megacephalum, 194

Megadyptes antipodes, 177-78, 281
Megalornis, 198

Megapodes, 193, 299
Megapodiiis eremita (brenckleyi), 194

freqcinet, 194

pritcJiordii, 194

Megarhijnchus pitangua, 235, 237
Melanerpes cnientatiis, 228

pudiemni, 228
rubricapiUiis (Centiirus suhelegans).

227

Melanerpes (Balanosphym) fonniciv-

ora, 229, 290
Melanerpes (Centiirus) carolinus, 227
Melanerpes (Tripsunis) chrysaiichen,

227-28, 231

Melanotis hypoleiicus, 250, 253
Meleagris gallopavo, 197
Melopelia, 208
Melopsittaciis sp., 210
Melospiza melodia, 159-67, 276
Meniira sp., 235
Merganser merganser, 188
Mergiis serrator, 188
Merops apiaster, 224
Mesia argentaitris, 252
Mesoenas sp., 198
Micrathene (Micropallos) sp., 215
Micropus, 9, 171-72, 218, 221
Milviis migrans, 190

milviis, 190
Mimiis sp., 253
Miro a astralis. 260
Mniotilta varia, 268

Mockingbird, white-breasted blue,

250
Molothriis ater, 272, 290
Manias benschi, 198
Monticola sp., 254
Montifringilla nivalis, 267
Moms bassana, 182-83

Motacilla alba, 260
cinerea, 260
c/ara, 262
/Zflua, 260

Motmot, blue-throated green, 219
turquoise-browed, 219

Muscicapa albicollis, 259
atricapila, 259
hypoleitca, 257, 259
parva, 259
striata, 259

Miiscivora forficata, 235
Myiarchiis cinerascens, 235

crinitus, 101-02, 237
Myiobiiis atricaudiis, 235
Myiobius, black-tailed, 235
Myiobonis miniatiis, 269

torqiiatiis, 269
Mijiochanes, 109-11, 237
Myiodynastes luteiventris, 237

maciilatus, 237
Myiomoira toitoi, 259
Myiophonciis sp., 254
Myrmothcriila axillaris, 236
Myzomela nigra, 265

Neophema boiirkii, 209
chrysostomiis, 209
elegans, 209

Neplwecetes niger, 221
Nesomimiis sp., 253
Nighthawk, 217
Nightingale, 256
Niltava sundara, 259
Ninox connivens, 215
Notharchiis pectoralis, 226, 230
Niicifraga caryocatactes, 243

Columbiana, 243
Numenius tenuirostris. 202
Nutcrackers, 243
Nuthatch, European, 249

white-breasted, 249
Nyctanassa sp., 183
Nyctca scandiaca (nyctca). 215-16
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Nijcticorax sp., 183

Nijctidwmus albicoUis, 217

Nymphiciis (Calopsittacus) sp., 210

Nyroca americana, 187

valisinerio, 188

Oceanites oceaniciis, 180

Oceanodroma leucorlioa, 180-81

Odontophonis gtijanensis, 195-96, 296

Oenanthe oenanthe, 253-54

Oncostoma sp., 235

OnycJiorluincliiis sp., 235

OpistJioconnis lioozin, 197

Oreopeleia montana, 208-09

Oreoscoptes sp., 253

Oriole, Baltimore, 275

Orioles, Old Worid, 242

Oriolus oiiohis, 242

Oropendola, 272

Orudis vetida, 194

Ortlionyx tcmminckii, 252

Ospiey, 191

Ostrich, 175

Otis tarda, 199

tetrax, 199

Otocoris, 240
Otiis asio, 215-16

Ouzel, water, 249
Oven-bird, 267-68

Owl, barn, 214
eagle, 215
great horned, 215
httle, 215
long-eared, 215
saw-whet, 215-16

screech, 214, 216
snowy, 215
Tengmalm, 215

Oxyechus, 93-95, 201
Oxyiira jamaicensis, 188
Oyster-catcher, 200, 207

PacliycepJiala nifiventris, 259
Pacliyptila forsteri (vittata), 180

tiirtiir, 180

Fachyrampus poJycJwpteriis, 234
PagoUa, 202

Vandion haliaetus, 191

Paminis hiarmicus, 247
Paradisea apoda, 246

Paramythia sp., 265
Pardalotus sp., 266
Panda (CarnpsotJnjlypis) americana,

268
Pants ater, 247

atricristatiis, 247
hicolor, 247

carolinensis, 247
coendeus, 172, 247, 249
cristatits, 247
hudsonicus, 247

inornatus, 249
ma/or, 20, 76, 78, 171-72, 247, 249
pahistris, 249

Panis (Pcnthestes) atricapiUiis, 247,

249
Passer domesticiis, 267, 275

moutanus, 267
riitilans, 267

Passerlierhulus caudacutus, 274

henslowii, 276
Passerina cyanea, 273
Pastor rose us, 265
Pedioecetes pliasianeUits, 195

Pelagodroma marina, 180

Pelecanoides urinatrix, 181

Pelecanus conspicillatus, 182

occidentalis, 182

Pelican, 182

Penguins, 177

Penthestes, 247, 249

Perdix perdix, 197

Perisoreits canadensis, 242

Pernis apivorus, 189

Petrel diving, 181

Leach's, 181

storm, 180

Pewee, wood, 109-11, 237

Pezophaps solitaria, 207-08

Phaeochroa ciivierii, 222

Phaethon aethereiis, 182

Jeptunis, 181 -

Phainopepla, 262

Phainopepla nitens, 261-62

Phalacrocorax auritiis, 182-83

PJialaenoptihis nuttaUii, 217

Phalarope, 203

Phalaropus fidicarius, 203

Pliaromachus mocino, 218, 223

Phasianus colchicits, 197
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Pheasant, Argus, 294

golden, 197, 294

ring-necked, 147

Pheucticus (Hedymeles) liidovicianus,

273, 275

Pheucticus melanocephalus, 275

Philomachiis pugnax, 202

Phoebe, 102-09, 171, 237

Phoenicopterus ruber, 185

Phoenicurus ochrurus, 254

phoenicurus, 253

Phylloscopus honelU, 256

colhjbita, 255-56

sibilatrix, 256 v-

trobchihis, 254-56 ^^
.', ,

'

'

Pica nuttalli, 243

pica, 243

Picoides arcticus, 228

Picumnus aurifrons (lafresnayei),

228-29

barbae (olivaceus), 230

oUvaceus, 228, 230

P/ci/s canus, 227-28

uir/<iis, 227-28

Pied-shrike, 265

Pigeon, band-tailed, 208

passenger, 208 >

Pipilo enjthrophthahnus, 276

Pipit, American, 260, 262

Sprague, 260, 262

tree, 260, 262

Plpra mentalis, 236
Pipromorpha sp., 235
Piranga olivacea (en/thronielas),

272-73

Pisobia, 202
Plantain-eaters, 210
Platycercus adscitus, 209-10

eximius, 209
icterotis; 209

Platypsaris aglaiae, 234, 236
Plectrophenax sp., 274
Plegadis falcineUus, 184

PJoceu.s pJiilippinus, 271

Plover, black-bellied, 201

Phivianus aegyptius, 203, 290

Podiceps, 178-79

Podilymhus podiceps, 178

Polioptila caerulea, 255, 257

PoJyborus cheriway, 192

Pohjpk'ctrou sp., 293

Poor-will, 217

Prionops poliocephala, 265

puhnata, 265
Progne chahjbea, 241

57/b/5, 117-19, 241, 244
Protonotaria citrea, 268
Prunella coUaris, 260

modularis, 257, 260
strophiata, 260

Psalidoprocne liolomelaena, 240-41,

244

Psaltriparus melanotis, 248
minimus, 248-49

Psephotus haematonotus, 209

varius, 209

Pseudocolaptes, 236

Pseudocolaptes boissonneautii, 233,

236

Psilorhimis mexicanus, 243, 246

Ptarmigans, 195

Pterocles alchata, 207

Pteroglossus torquatus, 227

Ptilonorhynchus violaecus, 247

Ptychorampus aleuticus, 206

Ptyonogrogne fuligula, 171

rufigula, 240

Puffbird, black-breasted, 226, 230

Puffins, 206

Puffiuus assiniilis, 180

griseus, 180

puffinus, 180

Pygoscelis adeliae, 177-78

papua, 177-78

PyrrJwcorax pyrrhocorax, 243

Pyrrhula pyrrhula, 21'Z-1A

Quail, Gambel, 196

Mearns's, 196

Querquedula, 186-87

Quetzal 218

Ralliis aquaticus, 199

Ramphastos sulftiratus brevicavinatus,

227, 230

Ramphocacnus sp., 255

Ramphocelus passerii, 170, 273

Raven, 243-44

Rcciirvirostra avosetta. 169, 203

Redhead, 187
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Redstart, American, 269

collared, 269

European, 9

orange-bellied, 269

Redwing, 253

Reguhis reguhis, 255

Remiz pedulinus, 248

Rhea, 175

Rheo omericana, 175

RJiinopomastus cyanomelas, 225

R]}inoptiliis ofricanus, 203

RJiipidura leucophnjs, 259

Rhopoctitis rufo-brunneiis, 233

RhyncJiocychis sp., 235

RhyncJwpJianes sp., 274

RJnjnochetos jubatus, 199

Richmondena cardinalis, 275

Riparia riparia, 241-42, 244

ntpestris, 241, 244

Roadrunner, 211

Robin, American, 9, 125-34, 171, 256

European, 171

Roller, 224
Ryncliops nigra, 206

Salpinctes obsoletiis, 252

Saltator sp., 274

Sand grouse, Pallas, 207

Sandpiper, purple, 202, 207

Sayornis plioebe, 102-09, 237

saya, 235
SaxicoJa nibetra, 2.54

Scardafella inca, 208

Scleninis quatemalensis, 233, 236

Scolopax rusticoh, 202

Scopus itmbretta, 184

Scotiaptey, 215-16

Screamer, 185

Seiurus aurocapiUiis, 268
Selasphorus nifus, 218, 222

sasin, 218, 222
Semnornis (DicwrJiynchus) frantzii,

226, 230
Setophaga niticiUa, 269
ShearAvater, little, 180

Manx, 180

sooty, 180

Shrike, white-crowned, 265
Shrikes, 261

Shrike-thrush, grey, 265
Sialia currucoides, 253, 256

sialis, 140-43, 253, 256

Siskin, pine, 275

Sisiira inquieta, 257, 259

Sitta cawUnensis, 249

europea, 249

Skimmer, black, 206

Skuas, 204

Snipe, 202
painted, 200

Solitaire, 207
Somateria molUssima, 187, 294

Sparrow, chipping, 156-59, 276

English, 267, 275

field, 276
grasshopper, 276

hedge, 257, 260
Henslow, 276

house, 267, 275

song, 86-87, 159-67, 276

tree, 276
white-crowned, 276

Spatula sp., 186

Speotyto cunicularia, 215
Spermestes nigiiceps, 271

Spheniscus demersus. 111

magellanicus, 111

Sphyrapicus thywideus, 227
varius, 228

Spine-tail, rufous-breasted, 236
sooty, 236

Spinus lawrencei, 273, 289
pinus, 274-75, 289
psaltria, 274, 289
tristis, 151-56, 274-75, 289

Spiza americana, 273, 275
Spizella arborea, 276

passerina, 156-59, 276
pusilla, 276

Spoonbill, roseate, 185

Sporophila sp., 274
Squatawla squatarola, 201

Starling, 8, 262, 265
Steganopus tricolor, 203
Stellula calliope, 222
Stercorarius sp., 204
Sterna albifrons, 205

anaethetus, 205. 207

dougallii, 205

fuscata, 205, 207

hirundo, 204-05

paradisaea, 206
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stork, 184

Steptopelia decaocto, 208

Strix (Scotiaptex) nehulosa, 215-16

Stnithio camelus, 175

Sturnella magna, 275

Sturnus vulgaris, 262, 265

Siila, sp., 182

Sun-bitterns, 199

Surfbird, 202

Swallow, bank, 244, 296

barn, 111-17, 241, 244, 296

rock, 244, 296

tree, 244, 296
violet-green, 242, 296

wire-tailed, 244, 296

Swan, 186

Swift, black, 221, 296

chimney, 95-98, 167, 218, 296

palm, 218, 296
white-rumped, 171, 218, 296

Sylvia atricapilla, 254-55

communis, 255-56

curruca, 255
nisoria, 255

Synallaxis bracJu/ura, 233, 236
erythrothorax, 233, 236

Synhaptes paradoxus, 207

Tachycineta thalassina, 242
Tachyeres hranchyptera, 187

Tadorna sp., 186

Tanager, scarlet, 272
song, 170

Tanagra sp., 273
Tangara sp., 273
Tapera naevia, 212-13, 290
Tchitrea perspiciUata, 171, 257
Teal, blue-winged, 187

Telmatodytes palustris, 252
Terathopius ecaudatus, 191

Terenotriccus sp., 235
Terpsiphone atrocaudata, 259

viridis, 259
Thalasseus (Sterna) sandvicensis, 205
Thamnophilus punctatus, 236
Thraupis sp., 273
Thrush, gray-cheeked, 256

hermit, 136-39

olive-backed, 256
wood, 134-37, 256

Thrushes, babbling, 248

Tern, bridled, 205 •

common, 204

noddy, 205, 207
.

roseate, 205
sooty, 205, 207

Thrasher, brown, 250
Tliryomanes beivickii, 250, 252-53

Thryothorus hidovicianus, 76, 250,

252
Tiaris olivacea, 273
Tichodroma muraria, 248
Tinamou, 177

Tinamus, 177

Tit, blue, 9, 249
great, 8, 10, 20, 76, 78, 171, 249

Titmouse, plain, 249
Tityra, Costa Rica, 236
Tityra semifasciata, 234, 236
Tockus (Lophoceros) deckeni, 225

erythrorhynchus, 225
flavirostris, 225

Topaza pella, 222
Totanus, 202

Toucan, 230

Toucanet, blue-throated, 230

Towhee, 276

Toxostoma rufum, 250, 253
Tringa erythropus, 202

ocrophus, 202

Tringua (Totanus) melanoleuca, 202

Tripsurus, 227-28, 231

Troglodytes aedon, 2, 14-92, 249-50

muscidus, 79

rufociliatus, 252

troglodytes, 249, 252-53, 297

Trogon caligatus, 223

citreolus, 218, 223

curucui, 223

massena, 223

Trogon, citreoline, 218

Mexican, 218

Trogon mexicanus, 218, 223

Tropic-bird, yellow-billed, 181

Tryngites subruficollis, 202

Tardus merula, 253

migratorius, 125-34, 171, 253, 256

musicus, 253

pilaris, 256

torquatus, 253

Turkev, 197
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Tiimix sijlvatica, 198

tanki, 198

varia, 198

Turnstones, 202, 207

Tympaniichiis ciipido, 195

Tijrannits tijrannus, 235, 237

Tijto oJba, 214

Upiipa epops, 224

VaneUiis vanellus, 201

Verdin, 248 _
Vermivom nificapila, 268

Violet-ear, Mexican, 218

Vireo bellii, 263

Vireo, Bell's 263

Vireo flavoviridis, 263, 266

Vireo, Latimer, 263

Vireo hitimeri, 263

olivaceus, 263, 266

Vireo, Philadelphia, 263

Vireo Philadelphia us, 263

Vireo, red-eyed, 263, 266

vellow-green, 263

Vulture, 189

Wagtail, African mountain, 260, 262

Warbler, bay-breasted, 267-68

black and white, 268
blackburnian, 267
black-throated blue, 268

black-throated green, 267-68

chestnut-sided, 268
European wood, 255-56

hooded, 269
icterine, 256
magnolia, 267-68

marsh, 256
mountain, 256
Nashville, 268
parula, 268
prothonotary, 268
reed, 256
willow, 9, 256

wood, 267

yellow, 146-51, 167, 267-68

Waxwing, cedar, 143-47, 167, 260,

262
Whip-poor-will, 216, 218

White-eyes, 266
Whiteth'roat, 256
Wilsonia citrina, 269

Woodcock, 202
Woodhewer, allied, 233, 236

wedge-billed, 233
Wood-hoopoe, 225

Woodpecker, black, 231

ivory-billed, 228, 231

golden-naped, 231

great spotted, 231

pileated, 228
red-beUied, 227

Woodswallow, white-browed, 261

, Wren, Bewick, 250

Carolina, 76, 79, 250

European, 249

house, 2-3, 8, 14-92, 171, 249, 302

winter, 252

Wren-tit, 248-49

Wryneck, 230

Xanthocephalus xanthocephalus, 271-

72, 275

Xenops, 236

Xenops minutus, 233, 236

cinereiis, 202

Yellow-throat, 269

Zarhychus wogleri, 272

Zenaida (Melopelia) asiatica, 208

Zenaidura macroura, 208
Zonotrichia leucophijrijs, 21

Q

Zosterops lateralis, 266

madaraspatanus, 266
palpehrosa, 266
viridis, 266
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Nos. 1-2. The Turtles of Illinois. With 31 plates, 20 maps, 15 text-figures. By A. R. Cahn. $3.00.

No. 3. The Phylogeny of the Hemiptera, Based on a Study of the Head Capsule. With 24

plates. By C. S. Spooner. $1.00.

No. 4. A Classification of the Larvae and Puparia of the Syrphidae of Illinois. Exclusive of

Aquatic Forms. With 17 plates. By Elizabeth M. Heiss. $1.50.

Vol. XVII

No. 1. Comparative Studies on Trematodes (Gyrodactyloidea) from the Gills of North
American Fresh-water Fishes. With 5 plates. By J. D. Mizelle. $1.00.

No. 2. The Microth3Tiaceae. By F. L. Stevens and Sister M. Hilaire Ryan. $1.50.

No. 3. The Branchiobdellidae (Oligochaeta) of North American Crayfishes. With 3 plates.

By C. J. Goodnight. $1.00.

No. 4. Cytological Observations on Endamoeba blattae. 8 plates. By P. A. Meglitsch. $1.00.

Vol. XVIII

No. 1. Generic Relationships of the Dolichopodidae (Diptera) Based on a Study of the

Mouth Parts. With 30 plates. By Sister Mary Bertha Cregan. $1.00.

No. 2. Studies on Gregarina bio tarum with Particular Reference to the Chromosome Cycle.

With 6 plates and 2 text-figures. By Victor Sprague. 75 cts.

No. 3. Territorial and Mating Behavior of the House Wren. With 32 figures. By S. C. Ken-
deigh. $1.50.

No. 4. The Morphology, Taxonomy, and Bionomics of the Nemertean Genus Carcinonemer-

tes. With 4 plates and 1 map. By A. G. Humes. $1.50.

Vol. XIX
Nos. 1-2. The Ostracods of Illinois—^Their Biology and Taxonomy. With 9 plates. By C. C.

Hoff. $2.50

No. 3. The Genus Conotrachelus Dejean (Coleoptera, Curculionidae) in the North Central

United States. With 9 plates. By H. F. Schoof. $1.50.

No. 4. The Embryology of Larix. With 86 figures. By J. M. Schopf. $1.50.

Vol. XX
No. 1. Morphology and Development of Nosema notabiiis Kudo, Parasitic in Sphaerospora

polymorpha Davis, a Parasite of Opsarms iau and 0. beta. With 12 plates and
7 text-figures. By R. R. Kudo. $1.25.

No. 2. American Species of Amelanchier. With 23 plates and 14 maps. By G. N. Jones. $1.50.

No. 3. Minimum Areas for Different Vegetations: Their Determination from Speciea-Area

Curves. By A. G. Vestal. $2.00.

No. 4. Morphology and Phylogeny of Auchenorhynchous Homoptera. By Sol Kramer. With
6 charts, 23 plates. $2.00.

Vol. XXI
Nos. 1-3. The Morphology of Ostracod Molt Stages. With 96 plates, 36 figures, 5 charts.

By Robert V. Kesling. $3.50.

No. 4. A Taxonomic and Evolutionary Study of the Pinon Mouse, Peromyscus truei. With 5
lilatep, 24 figuros. By Donald F. Hoffmeister. $2.50.
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