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Williamr Percival Pielou

A life-history study of the Tufted Titwmouse, Pzrus
bicolor, was the object of investigation from September 1353
to September 1955. The study is presented in two psrts:

(1) classification, nomenclature, and distribution; (2) observ-
ations on the annual cycle. The informetion in Part I was
based on a review of the literature end extensive correspond-
ence. The mepping of the distribution of the Tufted Titnmouse
in Michigan is based in part on the author's own observations
but meinly on corresprondence with ornitholcrists throughout

the state.

The data presented in Pert 11 were gaired larcely from
field observations in three woodilots on the froperty of
Michigan Stete University, East Lensing, Nichigan. This was
the principal objective of the research and included a study
of: (1) the nesting cycle, from the time of pairing and
separation of birds from the winter flocks to the dispersal
of juveniles and formation of the fell flocks; (2) ecological
relatiouships; (3) flock composition and behavior; (4) voice;
(5) roosting; (6) food and feeding hatits, bassed on stomach
analyses and field observstions.

Nesting Cycle. Fair formetion, and serarstion of birds

from the winter flocks, occurred in late March and early April.

Nest construction, which was the duty of the female, began
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several days after pairing. Territory estsblishment seemed
to coincide with nest construction. The male defended the
territory until the young left the nest.

All nests were located in ebandoned woodpecker holes
or naetursl cavities in living deciduous trees. The averare
height of tventy nests was 38.5 feet. The loosely constructed
nests all contained dried gress, moss, and hair, and often
other miscellaneous items.

First eggs were leid from Mey 4 to Nay 11, a2nd the egfs
were deposited at the rate of one s dey until the full comple-
ment of five or six was reached. Copulation was cbserved only
during this reriod. Incubastion was performed solelv by the
female snd she wes fed during both her attentive and inatten-
tive periods by the male. Incubaticn lasted arrproxirately
thirteen days.

Hatching brought sbout 3 shift of the rmale's feeding
ettention from his mate to the yvoung. The rate of feedine
the young by both parents gradually increased until the young
left the nest, fifteen dzys after hatching.

The young rewsined with their parents at lesst several
days and in some cases the family g¢roup formed the nucleus
of fall flocks.

Flocking. Flocks of titmice and associated species beran

foruwing as early ss August. The size of the flock was variable
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but averaged seven birds. Durine their feedins excursions
in the fall the titmouse groups were enlarced with rierart
birds, especislly warblers.

Voice. Of its variable repetoire the Tufted Titmouse's
most commonly heard and characteristic scne is the "peto,
peto" expression. In addition it hes a location rote, alarro
note, recognition note, hissing note, invitationsl rote,
begging note, and distress note.

Roosting. Roosting occurred in evergreen and deciduous
trees and the birds roosted wherever they happened to be at
sundown during the fall and winter. Durinc the resting cycle
the femsle slept in the nest cavity while the nale roosted
nearby.

Food and Feeding liabits. Tufted Titmice consume two-

thirds animal matter end one-third veretsble mstter ennually.
Food was secured from the ¢round litter to the uppermost
twigs of the tallest trees. 1Insects were pleaned mostly
from the bark and leaves but hawkine of insects was noted

on ore occasion.



A LIFE-EISTORY STUDY OF THE TUFTED TITVCUSE,
Parus bicolor Linnaeus

By

William Percival Pielou

Submitted to the School of Graduate Studies of Michigan
State University of Agriculture and Applied Science
in partial fulfillment of the requirements
for the degree of

DOCTOR OF PHILOSOPHY

Department of Zoology

Year 1957



TABLE CF COLITENTS

INTRCDUCPI CN . . . . 0 . . . . .
ACMOVJLEUGMENTS . . . 0 . . . .

PaRT I: CLASSITICATICN, NCMENCLATURE, AN
Classificetion . . .« «+ « .
Nomenclature e e e e« e e

Nomenclatural History . .
Common Names « « o o

W)

Distribution in North America
Geographical Distribution
Lcological Distribution .

Distribution and Status in Michig
Historical Background . .
Current Distribution

Extension of Range « o o

n

e o o D e o o o o o o

PART II: OBSERVATIONS ON THE ANNUAL CYCLE
Introduction o e
Materials and Methods

Banding . . .
Painting o e
Trapping .« .
The Study Area . .
Sanford Woodlot
Red Cedar Woodlot
Baker Woodlot . .
Climate and Weather .
The Population at Beginnlng of Study
Pair Formation . . . . .
Time of Occurrence . . .
Courtship end Mating o o s
Behavior of Newly Paired Birds

L]

e © o o o o o o
@ & o o o o o o o o

Permanance of Mating .
Territory e o o e
Esteblishment . . .
Defense . .
Size of Territory .
}Iabitat L] L] L] L]
Population Density .

e o O o o ® o o o o o

DIG

3 L4 3 . e o . ]

Y 3 . . ]

TRIBUTICH

d
)
m
()

OO NMWWWW N



The Nest « . .+ . .
Nest-Site Selection
Nest Construction
Nesting Associates

kgg laying . . . .
Deposition of Eggs
Description of Eggs
Behavior during Egg

Incubation . .« .« .
Role of Sexes . .
Behavior during Incu
Incubation Period
Hatching « o e

Care of the Young . .
Brooding end Feeding
Nest Sanitation . .
Length of Nest Life .

Development of Nestlings
External Appeararnce
Behavior o o e
Number of Broods .

Postnest Life . . .
Nest Leaving . .
Disperssl of Young

Nesting NMortality and Lowu
Nesting Mortelity
Longevity . . .
Predators . . .

Flocking « . .« .+
Formetion . . .

Size and Composition

Associates . . .

o o o Te o e o o o o o o

Roosting Habits .
Fall ernd Winter
Breeding Season
Time of Roosting

V'\Jice . ° . . .
"Peto" Song .
Location Note .
Alarm Note . .
Recognition Note
Hissing Note .
Invitational Note
Begging Note . .
Distress Note . .

L] L] L] L[] . L] . L] L] [ ] L] L] L] [ ]

at

ce

e 6 6 6 6 6 o e o o @ e o 6 o 06 0 o o o < o 06 © 0 06 06 o o6 o o O o o pie o |[re o o o 2 o o

on

(Y
ct

o o %l e o o o o o o o o o o o o

e e e o o o o o e e o e o © o o o o

. L) L3 . . L[] . L) . L] L3 . L] .

[ L] ° e o [ L] . ] [ o o . * o ¢ o [ 3 . . [ 3 e o . . . . . . . o ° 3 . 3 . L3 . L] . . o o

. L] ) . . 3 L . 3 . . . 3 .



Food and Feeding Habits

Food . . .
Feeding Habits

SUMMARY . . « .+ .
APPENDIX L] [ ] [ ] L ] L]
Tables
Lists
Plates

LITERATURE CITED

Tage
7 7



Fig.
Fig.

Fig.

Fig.

Fig.

Fig.

Fig.

Fig.
Fig.

l.
2.

LIST OF FIGURES

Distribution of the Tufted Titmouse . . . . 7

Ma jor Biotic Communities of Eastern United
States e e s o e o e e e e o o 8

The Distribution of the Tufted Titmouse in
iy:\iChigan L] L] L] L] ° L] . L] L] . [ ] . . 13

The Biotic Communities of the Lower Peninsula
of Michigan L] [ ] L] L] L] o L ] L] L ] L ] * L ] 13

Campus and Assocliated Woodlots, Michigan State
University, E. Lansing, Michigesn . . . . . 22

Territories of the Tufted Titmouse in Sanford
V{OOdlot [ ] [] L ] L] L ] L] L ] L] L] L ] L ] L] L] 32

Territories of the Tufted Titmouse in Red Cedar
WOOdlot L[] L] L ] L] [ ] L ] L ] L] L ] L ] L] L] L ] 32

Average Hourly Rate of Feeding Nestlings . . L6

Roosting Time in Reletion to Sunset, 1954-'55. 61



Introduction

The Tufted Titmouse, Farus bicolor Linnseus, was

selected as the subject for this investigation because of
its permanent-resident status locally; because of its
comparative tameness and availability for study; and because,
despite the fact that it is a common bird, many aspects of
its life history have not been recorded.

The chief purposes of the research were to learn more
about the life history of the Tufted Titmouse in Michigan
and to assemble all available data, both new and old, about
its habits. The new facts about its habits were gained
through a field study of its annual cycle in lower Michigan.

The material is presented in two parts: (1) classif-
ication, nomenclature, and distribution; and (2) the annual
cycle in lichigan. The material included in Fart I is a
summary of the information obtained by a review of the
literature and by correspondence with selected members of
various state ornithological societies and other individuals.
The events in the annual cycle are presented in the follow-
ing order: pair formation and the coincident dispersal of
the winter flocks, the nesting cycle, dispersal of juveniles,
mortality, voice, flocking, roosting, and feeding.

Field observations were mainly limited to a two-year

period, from September 1953 to September 1955. Additional



2
informaetion on nesting habits is included from observations
made during the spring of 1956. The study was conducted in
three East Lansing woodlots belonging to Vichigan State
University. Titmice were banded from September to April
during the study period. As pert of the food-habits study,

] exainined the stomach contents of five adults.
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PART 1
CLaSSIFICATICN, NGLiNCLATURE, and DISTKIDUTICK
Classification

The Tufted Titmouse is a member of the Family Faridae,
which consists of titmice, verdins, and bushtits. Zach of
these groups constitutes a.separate subfamily: Farinse, tit-
mice; Remizinae, verdins; and Fsaltriparinae, bushtits. The
Subfamily tarinae now contains only the one genus, Parus,
which includes all chickadees and titmice. The 7 sbecies of
chickadees in North Americs currently include 30 subspecies
(Fifth A.0.U. Check-1list of North American Birds, 1957:382-
393). Although three of the titmouse species are polytypic,

Parus bicolor is monotypic, containing orly one described

form.
Nomenclature

Nomenclatural History. TIhe genus Farus was established

by Linnaeus (Systema Naturae, ed. X, i, 1758:189). 1In the
12th edition, vol. I, of his Systema Naturae, 1766, he refers

to specimen 340 as Parus bicolor. Its desipgnation was based

on neither a specimen nor a description, but on a pasinting
by Mark Catesby (1731) of the Crested Titmouse, Parus
cristatus (Allen, 1951:466).
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In 1829 Kaup suggested the generic name Lophophanes

for the crested titmice, type Parus cristatus. Thus it is

that Bonaparte's List of the Birds of Europe, 1842, gives

Lophophanes and Parus as the generic names of the crested

titmice and chickadees respectively (Baird, 1875:88). 1In
1850, Cabanis suggested the new genus Baeolophus for the

American crested titmice (type, Parus bicolor, L.). In this

same year Reichenbach suggested the genus Penthestes for the

chickadees (type, Parus lugubris, Temminck). Baird (1858),

disagreeing with Cabanis's suggestion that our genus of
tufted titmice was distinct from the Lkuropean crested tit-

mice, continued to use Lophophanes for the crested titmice

and Parus for the chickadees. The First and Second A.C.U.
Check-lists, 1886 and 1895, list the genera Parus and
Lophophanes. 1In the 12th A.0.U. Supplement (1903:357-359)

the genus Lophophanes, Kaup, was changed to Baeolophus,
Cabanis.
Ridgway (1904) recommended the splitting of the orig-

inal genus Parus into the following genera: Lophophanes for

the crested titmice of Europe, Bseolophus for the crested
species of the Nearctic region, end another genus (Penthestes)
for the chickadees. In 1908 the A.0.U. Check-list Committee
acted on Ridgway's recommendstion and re-established Reich-

enbach's generic name of Penthestes for the chickedees

(14th Supplement, 1908:386-387).
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The Third A.C.U. Check-1ist (1910:347-352) lists the genus

Baeolophus, Cabanis, for our crested titmice, and Penthestes,

Reichenbach, for our chickadees. This nomenclsture was
continued in the Fourth Edition in 1931. Hellrayr susgested
uniting all the Parinae 1lnto the single genus Parus and does
so in his Catalogue of Birds of the Americas (1934:70).
The A.0.U. Check=-list Committee--in the 19th Supplement,

1944 --acted on Hellmsyr's suggestion end united Fenthestes

and Baeolophus into the single genus Parus. Thus the orig-

inal name of Parus bicolor, Linnaeus, for the Tufted Titmouse,

is reinstated.

Common Names. The English name for the Latin generic

name Parus is "titmouse." The specific name, bicolor, mesns
"of two colors." The most widely used common name for this
species is Tufted Titmouse, often shortened to Tufted Tit.
Other names, sometimes still encountered in older works,

are Crested Titmouse, Top-knot bird, Black-fronted Titmouse,
Tomtit, Peter-bird, Suger bird, Tufted Chickadee, Peto-bird,

Crested Tomtit, and Tip-top.



Distribution in North America

Geographical Distribution. Since the Tufted Titmouse

is essentially non-migratory, its winter range and breeding
range are practically identical. In distribution it is
limited to the eastern half of the United 3tates (See Fig.l).
The political limits to the north are the southeastern corner
of South Dakota, the southern part of Minnesote and ‘iisconsin,
the lower half of the lower peninsula of Michigan, the lower
half of New Yorx State, and the western rsrt of Connecticut.
The eastern boundary is the Atlantic coest, from Connecticut
to Florida. The southern limit extends west from Florids
along the Gulf coast to the eestern half of Texas. The
western extension is to the eastern prart of Nebraskas and
Kansas, and the eastern helf of Oklahomes and Texas. The
usual breeding range is slightly less extensive and within
these limits 1t is a common resident except along the Appal-
achian ridge, where its numbers decrease with altitude.
The occasional nesting records that have been reported out-
side of the established breeding range are indicated on the
accompanying map (Fig. 1).

Ecological Distribution. It is well established that

the distribution of any organism depends on the interaction
of many factors--climatic, physiographic, and biotic--and

the Tufted Titmouse is no exception. Its range is directly
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affected by climate, which in turn influernces distribution
through its effect on plant life.

Vegetation is of priwe importance in supplying such
essentials as nest meterisl, nest sites, food, and cover.
There is a definite correlation between the distribution of
the deciduous forests in North America and the ranre of the
Tufted Titmouse. Iitelka (1941) states that it occurs in
deciduous forest growths renking from mid-seral to climax
stages, occurring most frequently, however, in mature flood-
plain forests. A compaerison of Figure 1, showing the dis-
tribution of the Tufted Titmouse, and Figure 2, showing the
distribution of the principal vegetation types of NMorth
America, reveals this close correlation. The apparent ex-
tension of the range of this species into the grasslands of
Oklahoma, kensas, Nebrsska, and southern South Dakots, is
explained by the presence of bottomlsnd woodlands along
waterways and plentings about farms.

Another biotic factor which is probably of some influ-
ence in the distribution of the Tufted Titmouse is its
association with other hole-nesting species that excavate
their own nest cavities. Because the titmouse does not
have a bill adapted for digging into wood it must rely on
0ld woodpecker holes or decayed knot-holes for nest sites.
Since these are usually plentiful in feirly mature stands of
deciduous trees, titmice do not ordinsrily heve difficulty

locating suitable nest cavities.



Distribution and sStatus in Nichigsn

Historical Background. ''he r'irst records of the

Tufted Titmouse in l.ichigan were reported towsrd the ernd of
the last century. Wood (1921:594) reported a (ersoral sizht
record on Octoter 7, 1878, in the vicinity of ann Arbor,
Washtenaw County. The first record of a specimen was from
betroit, Jayne County, collected by E. E. Canpbell on Decem-
ber 7, 1878. Other specimens were collected by B. F. 3ykes
et Aluena, Van Buren County, on l.ay 12, 1880, and by J. E.
Nichols et Lansing, Inghaw County, in September, 1221, On
Cctober 5, 1886, N. A. Wood collected three specimens at
Ann Arbor. Two specimens were taken by S. E. White in June,
1891, in Kent County--the northernmcst station up to that
time. A. J. Cook (1893:126) lists the Tufted Titmouse as a
common winter tird in the more southern parts of the state
and comrents that it is a swaumer resident in the rnorthern
counties of Indiana. At the time of his writing there were
apparently no nesting reports for the state. The first
breeding record was reported by . l. Kidd on May 13, 12G8&,
at which time he pollected a set of eggs on Belle Isle,
wayne County (Wood, 1951). By the turn of tke century this
species was observed frequently as a winter bird in the
lower tier of counties but had not yet become s rermanent

resident in the state.
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During the first 25 years of this century the Tufted
Titmouse gradually established itself ss a permanent resident
in the southern counties. In 1908, A. D. Tinker reported a
breeding record s few miles west of Ann Arbor. In 1916
another nesting record was reported by F. A, Stuart from
Calhoun County end A. D. Tinker reported another VWashteraw
County breeding record in June, 1918.

Current Distribution. During the last 30 years the

Tufted Titmouse has become firnly established as a breedirg
bird in the southerrn ccunties c¢f the lower peninsula, has
increesed in numbers, and is graduslly extendirg its range
northward. T.e northernnost nest records are from Brook
Township, Lkewago County; Alme, Gratict County; and Imlay
City, Lepeer County. The species has been observed through-
out most of the year st i't. Pleasant, Isabella County, and
at llidland, liidlend Cournty, but no actual nest records have
been reported up to 13957. Winter records of this bird in
areas north of its breeding range have been reported from
stony Lake, Cceana Co.; vanistee, lanistee Co.; Gladwin,
Gladwin Co.; Mio, Oscoda Co.; Loon Lake, Iosco Co.; Prescott,
Cgemaw Co.; Bay City, Bay Co.; Sebewaing, Tuscola Co.; and
Charlevoix, Charlevoix Co. The latter record--the most
northern one yet reported--was of a bird photograprhed by

J. J. Fessenden on January 7, 1937. This is certainly an
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unusual record because the Tufted Titmouse has not been
reported from Charlevoix in any year since.

Nest records indicate that the rresent breeding range
of the Tufted Titmouse extends northward into l'ichigan as
far as an imaginary line running from l.uskeron scross the
state through Alma, Seginew, Imlay City, and Port I'uror.
Since it has been reported in almost every month of the year
in Mt. Fleasant, Isabella Co., and in Midlaend, Midlend Co.,
it 1s reasonable to assume that it breeds in those aress,
even though no nests have teen reported. lorth of the breed-
ing range its status is that of an occaesional winter visit-
ant. The liwits of the range of the Tufted Titmouse in
I.lichigan are indicated on the accompanyinge nap (Fig. 3).

A comperison of Figure 3 and Figure 4 reveels the
close correlation tetveen the range of the Tufted Titmouse
and the distribution of the deciduous forest in Michigan.
The deciduous forest is found in the lower half of the lower
reninsula. The remainder of the state is somewhat ecotonal,
being bounded by the Canadian coniferous forest to the rnorth,
and by the deciduous forest to the south. The dependency
of this species on deciduous trees is explained by its need
for nest sites. (ld woodpecker holes and decayed knot-holes

are usually not found in conifers.
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Extension of Rarnge

The Tufted Titmouse has been greduslly extending its
range northward in other states as well as in lMichigan.
There are many reports of the first sppearsnce and the subse-
‘quent establishment of these birds in regions beyond their
reguler breeding rsnge. The following examples of this
extension are typrical of the situation all along its northern
limits.

In l.innesota the first specinen was taken in 1920,
and by 1932 titmice were breeding in the southeastern part
of the state. Numerous sight records have been reported
recently from several localities north of the iinneapolis-
St. Paul area. A titmouse was banded at St. Cloud in
Noﬁember, 1953--the northernmost record at that time.

In Connecticut there hes been & gradusal increase in
sight records since 1934. The first breeding was noted at
Westport in 1949. L. Griscom (1954), reporting for the New
England area, states that the Tufted Titmouse is slowly
spreading northwerd into western Massachusetts and Vermont
but that there are no nesting records north of Connecticut.

Although it is easy to cite examples of the northward
extension of the range of the Tufted Titmouse, identifying
the causes 1is more difficult. The environmentel changes

that have resulted in conditions favorable for this expansion
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have been occurring over a long period of time. Arrsrently
these changes have been unusually favoratle during the passt
few decades. Such factors as the availability of suitatle
nest sites, food, predators, eand competition with other
species of similar haebits influence extersion of the rarnpe.
Climatic fectors, scting directly or the species, or irdi-
rectly through their influence on plant succession, must
be considered also.

In the last few decades the clinate has been eradually
charngirg in the area marxing tlie ncrthern lirit of the
renge of the Tufted Titmouse. 1n lL.ichigan, for exarple,
the average temperature has increased slightly since the
turn of the century. Baten and Eichmeier (1956) cstate that
the average nonthly temperatures for the lsst 27 yeers of
this century were higher thsn those for the first 27 years.
The most pronounced change was recorded for the inonths cof
January and February. The meen temperatures of these nonths
increased one snd three degrees respectively. The fact that
these two months are often the most difficult for bird life
mekes these slight changes significant.

This greduesl tenperature change, especially during
the winter months, could affect the expansion of the range
of the Tufted Titmouse in two ways. First, the warmer
winter temperatures would increase the chances for survivel,

causing an increase in the breeding population. This



16

subsequent increase in the populetion beyond the nest-
carrying caracity in a given region cculd induce movenent
into new localities. Second, if the birds found suitable
habitet in the new aree, they might become estsblished as
permernent residents, though only if the wirnter temperatures
were favorable.

The records indicete that the Tufted Titmouse gener-
ally appears first in sreas north of its breeding range
during the winter months. After its initial afppesrance it
graduelly becomes established as a breeding bird. This
behavioral pattern lends support to the pcssibility that
winter temperstures are an important ecological fsctor in
the spread of this species.

Vegetation should also be considered as a rossible
environmental factor. The range of the Tufted Titmouse
parallels the distribution of the deciduous forests in
eastern North America and experimentsl evidence indicates
that these forests are spreading northwerd. In MNichigan,
Parmalee (1947) indicates a possible series of floral
changes that have occurred in the southern part of the state
since the period of glaciation. The most recent stace
cited by him is characterized by a return to mesophytic
conditions. The increase in mesic sites ard the drying up
of hygrib sites has resulted in an invasion of mesophytic

plents, primerily beech and meple. This chance in
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vegetetion has been due mainly to the result of combined
climatic end edaphic chenges. These deciduous woodlands,
thet heave invaded rrevious xeric and hyeric sites, are now
providing suitable habitat for s whcle new associaticn of
enimals, including the Tufted Titmouse. Its establishrent
in these deciducus woodlerds, however, did not occur urtil
there wes a sufficient number of o0ld trees in which other
hole-nesting species could excavate cesvities. This nest-
site requirement is probebly one reason why the nocrthward
spread of the Tufted Titmouse has lagged tehind the sinmilar
movement of other cavity-nesting birds.

Seversl other sjecies of birds [arallel the Tufted
Titmouse in extending their rorthern limits. 1Included in
this movement are three warblers--lrothonotary, Blue-winged,
and Cerulean--as well as the Bewick's Wren, the Carolina
viren, the Blue-gray Gnstcetcher, the Red-bellied ‘woodpecker,
the Red-shouldered Hewk, and the Cardinal. The range
extension of the latter bird, as well as that of the Tufted
Titamouse, has especially come to the attention of individuals
who reintain feeding stations. Consequently, the literature

conteins more references on these specliles than on the others.



Part 11

Cbservations on the Annual Cycle

Introduction

A field study of the annual cycle of the Tufted
Titwouse @t East Lansing was the main objective of this
part of the research. As mentioned rreviously, the otser-
vetions were lergely limited to & two-year reriod--September,
1953, to September, 1955. Some information on nesting habits
during 1956 is slso included. The investiration was carried
on with equsl intensity throurchout the study period. The
observations on the various aspects of the life of the

titmouse included a survey of associated plants and animals.

Materials and Methods

Banding. In a study of this nature it was necessary
to be able to identify individual birds. For this purprose
rnumbered sluminum bends and painted aluminum bands (size 1B),
furnished by the Fish and Wildlife Service, were used. The
red, yellow, and green bands, together with the numbered
band.,, were arranged in various combinations on either one or
both tarsi. For example, individuel R-YGA was banded on the

right tersus with yellow, green, and saluminum bands.
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No difficulty was exrerienced in seeing the colors at a
distance of 75 feet. Distances grester than this made
accurate identification questionable.

Twenty-nine birds were marked: ten sdults during the
fall and sgring of 1953-'54, nine nestlings in the sunrer
of 1954, and ten individuals during the fall snd spring of
1G54=-"55.

Peinting. An esdult male (A194151) from Nest RCl was
marked with white "Duco" enamel so thet his reletionship to
his mate, nestlings, and other birds could be followed.
Approxinately five millimeters et the tip of the talil was
painted and sllowed to dry before relessing the bird.
Although his mate snd other individuels regerded him with
curiosity et first, they soon seemed to sccept this slter-
ation of his eppearence and no adverse reactions were noted.

Trapping. The method of trepping wes modified seversl
times, until one was finally found which produced the best
results. Conventional government sparrow trsprs placed on
the ground were used at first--with very poor results.

Even when placed on tebles, which were constructed and
arranged to prevent mammelian predation, these traps were
not adequate for trapping titmice, as they soon found their
way out of these funnel traps. As a possible remedy I
constructed Potter treadle treps and Chardonneret swinging

treadle treps. These 8lso were relstively unsuccessful
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‘because many other wocdlend birds were trapped. A finely
woven bird trapping net, suspended between two trees so
that the birds would fly into it on their wey to or from
the feeding table also proved fruitless.

I finally resorted to the use of hand-cperated spring
treps, a method which was very time consuming but which
yielded the best results. The construction of the traps wss
besed on the pattern of the Higegins model, as described by
Lincoln (1947:35). A picture of one of thenm is rresented
on Plate II, Fig. B. They were mede of one-quarter inch
square wire mesh netting and the dimensions were L6X56X18
centimeters. The large entrance doors were placed opposite
each other and & long elastic band, connected to the inside
of the doors, supplied the spring action. The doors were
released by pulling a string stteched to & heavy plece of
wire, which extended over the top of the trap and held down
the trigger wires from each door. An observation blind was
unnecessary because I was able to concesl myself behind trees
and shrubs, some 50 to 75 feet sway from the trap.

Feeding stetions were meintained for two weeks pre-
ceding banding operations so that the birds would get
accustomed to coming to the trapping site. The feeding
stations were covered platforms suspended from trees.

Banding was carried out in each of the three camrus
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woodlots. As much consistency as rpossible was maintained

in the time of banding, usually eerly mornine and late after-
noon. Birds were trapred on slternate dasys and were given
free access to the baited traps at other times. The traps
were visited just before dark to make sure no bird had

accidentally become entasngled in the wire mesh.
The Study Ares

The woodlots involved in this study esre located at
lkichigan Stete University, East Lensing, Township 4N, Ingham
County, Michigen. The three areas are known as the Sanford,
Red Cedar, and Basker woodlots. Their location ernd approxi-
mate size is indiceted on the sccompanying map (Fie. 5).

Sanford Woodlot. This is a 54-acre stsnd of relatively

mature deciduous trees, with Fagus grendifolis end Acer

saccharum being the primery dominsnts. The secondaryv domi-

nants include Frexinus esmericena, Tilis americans, Quercus

rubra var. borealis, Ulmus americana, and Ulmus fulva.

The ground floor is gently rolling, with a gradusl
drop in relief from the south side toward the river. Some
of the small depressions contain shallow water part of the
yeer.

The woodlot is the site of numerous activities,
including the harvesting of meple sugar. Many departments
of the university use it for class field trips and for

individual research.
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Red Cedar Woodlot. This 35.9 acre stand of relatively

mature deciduous trees is bisected by Kalamazoo Street.
The lend is generally low, rising a little over ten feet
above water level. oseveral depressions contain shallow
water most of the year and during the sprine intermittent
streems flow through the area.

The dominent trees are Ulmus amrericeana and the soft

meples, Acer rubrum and Acer saccharinum. Secondary domi-

nants include Fagus grandifolie, Fraxinus smericana, Quercus

rubre var. borealis, and the hard maples, Acer saccharum

and Acer nigrum.

This woodlot is mesintained chiefly for class use and
research. Because selective cutting hss not been practiced
in recent years there is a pronounced absence of small trees
end shrubs except in the openings.

Baker Woodlot. This 72-acre mixed deciduous associ-

ation contains such dominants as Fagus grandifolia, Acer

saccharum, Acer rubrum, uercus rubra var. borealis, and

Prunus serotina. Associates occurring less frequently are

Tilie emericens, Ulmus emericana, Fraxinus smericsna, and

Carya cordiformis.

The area is generslly level but does contain three
shallow depressions which are filled with water most of the

year.
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Since this woodlot likewise had not been subjected
to selective cutting et the time of this study, there wss
e generel absence of shrubs snd smell trees. Although one

large concentration of Acer saccharum is used for maple

sugar harvesting the mein use for this woodlend is for
cless field trips and research.

Climate and Weather. The records of the East Lansing

Weather Bureau (1941) supplied the following infornation on
climate and weather.

The averaée temperature for the coldest month,
Januery, is 22. 9° F., while the averege tempereture
for the warmest month, July, is 71.1YF., with a
maximum of 102°F. end & minimum of -26°F. The
average date of the last killing frost in srring is
way 5 and the average date of the first killing frost
in fall is October 10. These average frost dates
enconpass a growing season of 158 days. The average
annual precipitation 1is 30.52 inches. Rainfall is
fairly evenly distributed throughout the growing
season with occasionsl thunderstorms in the summer.
Snowfall is moderate, rarely exceeding ten inches,
and the ground is seldom continously covered for
long periods. The prevailing winds are moderate
and westerly. The winter months are characterized
by much cloudiness, while spring has a variation of
cloudy and clear days, and the summer often has
many long periods of uninterrupted sunshine.

The first signs of spring mey aprear as early as late
Februery or early March, but spring does not usually become
established until the middle of March. This season 1is
cheracterized by high winds, cloudiness, and temperatures
ranging close to freezing. Both day and night temperatures
rise during spring, so thet by the nesting period in Nay
and June the night readings range from 40° to 50°F., while
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those during the day range from 60° to 85°F. A summary of
the weather conditions during the winter months and durirg
the months of nesting is given in Table III1. Temperatures
and other data in the study srea were asssumed to be
comparable to those at the Lansing weather station.

The fopulation
at Beginning of Study

The Tufted Titmouse occupies the woodlots throughout
the yeer, but there is a seasonel as well as an annual
fluctuation in the populetion. [Iumbers are greatest and
viost varieble in late summer and fell. The fell populstion
in the three woodlots in 1953 wss aprroximately 34, as
compared with 18 during the following nesting season. Most
of the breeding birds were present in the fall flocks, but
many of the winter residents left the area in the spring,
one o? them woving as fer as three-quarters of a mile.
Similar seasonal shifts have been reported for the Black-
capped Chickadee, by Odum (1941) at Rensselserville, MNew
York; by Wallace (1941) at Lenox, Massachusetts; and by
Butts (1931) at Ithaca, New York.

Fair Formetion

Tiwe of Occurrence. rair formation in most passerine

birds is usually preceded by the establishment of a breeding

territory by the male. Ny observations indicate that it
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usually occurs earlier in the Tufted Titmouse. Only one
of the seven pairs, in which I was reasonably certain of
the time of peiring end of territory establichment, was
formed after territorielism wes evident.

Pairing and the dispersal of the newly formed pairs
from the winter flocks occurred eradually durine the period
from harch 21 to April 12. 1In 1954 the first indicstion of
pair formetion was evident on lkarch 25 and the last cemblance
of a tlock (three arparently unnated birds) was seern on
Arril 10. During the srring of 1955 reiring first becane
evident on lkarch 21 end continued urntil April 12. After
this date the only birds seen were mated pairs or single
urna ted wanderers. Prior to the disperssl of the winter
flocks there was movenent of individusls from one group to
another and new birds occasionally appeared. Similar early
srring wandering has been reported for the Bleck-capped
Chickadee (Butts, 1931; Bowdish, 1938; Cdum, 1941).
Gillespie (1930) recorded the same behavior for the Tufted
Titmouse &t Glenolden, Pennsylvania.

Courtship and Mating. During the period of psir

foruwation there was no evidence of courtship. The feeding
of the begging female by the male, which was the only
observed indicestion of courtship, did not occur until the
birds were examining possible nest sites. The male also fed

the fewsle during nest construction, egg laying, and
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incubation. Approximstely two weeks elapsed between the
first sign of definite pairing and courtship feedinege.

Sixteen days elapsed between the formetion of Fair Sl and
the first record of the begging-feeding behevior. It was
noted on two different occasions, occurring first while
the pair wes examining possible nest sites.

Corulation was witnessed three tiwes during egg laying.
Whether copulation occurred during pair formation as well
as after nest construction was not determined.

Behavior of Newly Faired Birds. In one case (Fair Si)

the newly peired birds remeined within the sres where matirp
occurred. Other birds were found nesting in areas quite
distant from the one in which psir formation took place.

In a few cases the birds were already constructing nests

or incubating before the pair was located so that the
relationship between the place of peiring end the place of
nesting could not be determined.

The newly psired birds remained closely associated
throughout the day. Their daily activities consisted of
feeding, resting, preening, and exploring for prospective
nest sites. During their movements through the woods the
birds usually meinteined close contact with each other.

They frequently uttered a soft "tseep" note, which seemed to
act as a means of communication between them. Vhen they

became separated the "tsicka-dee-dee" call was used to
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locate the mate. OCn April 15, 1954, when s Red-shouldered

Hewk (Buteo lineatus) flew over 3enford Wocdlot, nale 146205

emitted a loud, explosive "tsicka-dee-dee." This rnote
erparently acted as @ werning to the other birds becsuse
they suddenly becanie quiet arnd remeined that way until the
hawk left. Vocal display and chasing resulted whenever
another titmouse approached a peir of titmice. Both of the
meted birds uttered the "peto, peto" notes, repested in
rapid succession, and on three occasions when chasing ensued,
they both took part in the pursuit. After severzl ninutes
of calling and chasing, the intruder deperted and the pair
resuwed its activities. This defense of & mate prior to the
establishment of & nesting territory has teen referred to

by Noble (1939) as defense of "sexual territory.”

Permanence of Mating. 1In seversl specles of Faridae

the ustes maintain en attachment for each other beyond the
breeding season. Steinfatt (1938) found thet l'arsh Tits

(Parus palustris) in East Yrussia wander sbout in winter in

pairs and that the Crested Tit (FParus cristatus) and the

Willow Tit (Parus stricapillus) also are permanent residerts

and mete permanently. In 14 years of banding Great Tits

(Parus major) at Budapest Warga (1939) did not record any

change of mates from season to season, and Kenrick (1940)

found that Blue Tits (Farus caeruleus) in England usually

retained the same mates.
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In the North American Paridse, Price (193%5) and

Dixon (1949) state thet the Plain Titmouse (Psrus inornetus)

in Celifornies 1is usuelly seen in pairs thrcushout the vear
and keeps the same mate from year to year. Nice (1933)
reports a case of a pair of Carclina Chickedees (Parus

carolirensis which remeined asscciated three winters =nd

two summers in Chio. Baldwin (1934) also noted several
pairs of Carolina Chickadees which remained mated for two
or more seasons in Massachusetts. In the Tufted Titmouse
Middleton (1949) reports s msle that was mated to cne femsle
for three successive years snid then to another female for
three more consecutive years. His observations were nade
at 8 nest box in Norristown, Pennsylvaria.

In a two-year study little can be determined regerding
verwanency of mating, but mele 146205 and feirmale 146207 were
known to be mated for two successive years. In three other
banded peirs either the male or femsle was replaced by

another mate the following season.

Territory

Establishment. The Tufted Titmcuse territory serves

es a nesting and feeding area for the adults and later as
a feeding place for their young. The newly msted birds
wander about for several days before claiming a territory.

Even though Pair S1 was established by April 8, there was
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no indication of territorielty until April 25, after the
peir had been investigating possible nest sites. Territori-
alism wes most evident at the beginning of nest construction
for other rairs ss well. Perhaps the selectior of a suitu-
ble nest cavity irduces the establishment of a territory.

It may or msy not coincide with the area where pair forwrsatior
occurred or with the winter range. One member (146214) of
a flock moved three-guerters of a mile from the winter
range to nest.

Defense. Territorial defense was observed several tiuies
during the nesting season. The male essumed the leadirg
role but he was occasionally assisted by the fenale.
Defensive behavior did not seem to be es elaborate as Nice
(1937) describes for the Song Sparrow. OFf the five types
of behavior ske attributes to the Song Sparrow, I noted
only the following twc for the Tufted Titmcuse. (1) The
chellenge: When the territory was invaded the male challerged
the invader with loud "peto, reto" cells. The intruder
responded with similar notes but left the n2rea upon the
approach of the defender. (2) The chese: In a few instances
the intruder did not retire immedistely and & chase ensued.
On two occasions (Pairs S3 and RCl) the defending nzle was
joined by his mete. While chasing the intruder fror: their

territory the meted birds scolded continuously. Actual
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fighting was not observed and the only other btelligerernt
behevior thet was noted was tlie increased erection of the
crest feathers during scolding.

The vocal sctivity of the mated birds dirinished
noticeably &after establishument of the territory. It is
this reduction in vocalization that mekes the detectiocn of
nesting birds difficult. The literature contains rnumerous
reports thaet the birds either "disaprpear" durines rnecting or
thet they are extrewely "shy." IL'ost of the sinsing durine
the nesting period was done either by urnuated birds or by
wales heving territorisl disputes.

Defernse of tle territoris1l boundery epairst another
species was not recorded, end I witnessed s dispute with
another species onl, once. When a femele Cowbird (Molothrus
ater) ventured close to the tituouse nest hole, she was
immedistely chased bty the male titmouse.

The territory vas maintained until the vcung left the
nest, but it was defended rost frequently during the early
part of the nesting reriod, when territories were being
established and the birds were still quite unsettled.
Defense was recorded once after hatching, when the young
were ten days old. The decline in aggressiveness after
hatching may be attributed to the fect that the males were

busy securing foocd for the young. Protection of the terri-
tory evidently becomes very week or stops entirely during
the fledging period, as other titmouse families wendered
through occupled territories without challenge.
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Size of Territory. The territories established by 14

pairs of Tufted Titmice in the Sanford and Red Cedar YWood-

lots are indiceted in Figures 6 and 7.

Scele: 1 inch=10 chains

Territories of the Tufted Titmouse in Red Cedar Woodlot
Figure 7

Legend
— 1954
--=- 1955
o Nest, 1954
® Nest, 1355
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The solid end broken lines, for 1954 gnd 1955 re-
spectively, outline the maxiwmun zrea used and defended by
each pair during the early pasrt of nesting. The nurbers
indicate the rsir which occupied the territory end the dots
and circles mark the location of the nest. Althoursh the use
of lines gives the impression of definite limitaticns, rigid
boundaries were apparernt only where territories cane into
contact. At other proints the territorial boundary seemed
to fluctuate, especially as the nestins season prorressed.
Overlapping of territories was not spnsrent. The territories
were determined early in the breeding season, durina the
last week of April and the first vweek of May. The singing
birds were heard from the same localities and pairs were
seen in the same area each day.

The size of the territories, calculated with a planime-
ter, renged from 7.8 acres (3.2 hectares) to 13.9 acres
(5.6 hectares), with an average of 10., ascres (4.2 hectares).
These dimensions are comparable to those reported for other
Paridae. Dixon (1949) reported an aversce of 6.3 acres
(2.6 hectares) per peir for the Plain Titmouse at Berkeley,
California. Odum (1941) calculated an average of 13.2 acres
(5.3 hectares) per pair for the Black-capped Chickadee &t
Rensselaerville, New York.

Although the diagrams indiceate the size of the terri-

tories at the beginning of the nesting period, the defended
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area diminished es the nesting period progressed. During
nest building, egg laying, and incubation, the birds ranged
widely over their territory, but they limited themselves to
an area closer to the nest after the youne had hatched.
The distance traveled for gathering food gradually decreased
with the developuent of the young. Butts (1931) eand Cdum
(1941) noted this same behavior in the Black-capped Chickadee.
Habitat. The titmouse territories included two types
of habitat. The territory of rair RC4 consisted of a stand
of young aspen, willow, ash, and maple. The territories of
all other pairs were located within mature (climax) stands
of beech, maple, elm, osk, 2nd esh. Abandoned fields,
farmlends, and plne plantings sdjacent to the woodlots were
utilized in winter but were not used aprreciably during the
nesting season so that territories were essentially restricted
to deciduous woodlands. Titmouse territories extended verti-
cally into all of the various nesting societies--ground
nesting society, low shrud society, high shrub society, and
the upper canopy soclety.

Population Density. The number of psirs of titmice

in the Senford snd Red Cedar Woodlots averaged 7 pairs per
89 acres--sdjusted to include areas immediately sdjacent to
the woodlots that were parts of territories. This density

would mean one pair per 12.7 acres (5.1 hectares) of
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suitable habitat--excluding rosds and oren water. Corparirg
the territorial boundaries with the vecetation in the wood-
lots indicated that little suitsble habitat was left unoccu-
pied.

There is a close correlation between the density found
in this study and the densities reported by others. Twoney
(1945) found an average of 13.3 ascres (5.4. hecteres) per
pair in a two-year study of an elm-maprle forest in east-
central Illinois. Williems (1636) calculeted an esversce of
G.3 acres (3.7 hectsres) per peir over e four-vear reriod

in & beech-maple forest near Cleveland, Ohio.
The Nest

Nest-Site Selection. Nest-site selection began seversl

days after pair formetion. In 1954 the birds were seen
examining cavities from April 1 to April 13, while in 1955,
due to a delayed spring, this activity extended from April 9
to April 20. A peir of titmice searched for rcssible nest
sites together but the female did most of the inspection of
the cavities while the wale waited on s perch a few feet
away. The nests were loceted by wetching either the move-
ments of both birds together or an individual casrryire
building material. They were made either in old abandoned

woodpecker holes or in natursl cavities.
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Of the 20 nests in the study esrea, 9 were in Auerican
elms; 10 in red maples; and one in a beech. Althoush the
nest sites were limited to these three trees, titrice were
Seen inspecting rrospective locations in other trees. The
height of the nest hole sbove ground renged frow 18 to 66
feet, with an asverage of 38.5 feet. The rerorted extremes
in nest height range from less than ore foot (nest in a fence
post that extended one foot below ground level) to 97 feet
(Bent, 1946). Csirns (1889) reported en sversce height of
35 feet, based on date from over one hundred nests.

In sddition to the trees unentioned above, Tufted
Titnice heave been reported nestins in the following: Fire;
cyrress; white, red, blue, and scrub osks; docwood; birch;
apple; tupelo; sycsancre; hemlock; mulberry; sucar maple;
yellow and black locust; white ash; and chestnut. Wayne
(1910) reported an unsuccessful attempt to build a nest in

Spanish moss (Tillandsis usneoides). In sddition to such

ratural sites the Tufted Titmouse soretimes uses bird houses
and asbandoned woodrecker cavities in fence posts.

None of my banded titmice reused the nest site that
they occupied the previous year. Iclaurhlin (1€88) rerorted
a similar lack of reuse, but Bent (1946:396) states that
"they will continue to use the same cavity for years, if

unviolested .
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Nest Construction. The femele did the acturl nest

building, ualthough both birds cerried materiasl. Even in
this latter asctivity tle fenale was the more sctive cf the
rair. COften the male simply acconranied his mate to erd
from the rest hole. When the fensle entered the rest cavity
the nele reusined outgide, callins softly cr wsitinge in
silence. During the reriod of nest construction the fermale
often begged for food and was fed byv the male.

Or.ce sterted, nest building progressed rapidly until
the nest was completed. The birds were just ass sctive in
the afternoon as in the morning. During the morning of the
second day of construction at Nest S1, the female, accorra-
nied by the rale, made 8 trips to tlie nest in 3 jeriocd of
L0 minutes. This same reir mede 20 trips in a two-hour
reriod during the afterrnoon of the third dey of building.
Sometiiwes they flew directly to the rnest while at other
tinmes they lingered elong the way.

The averege length of time required for the construction
of seven nests was four days. All nests urder study (with
the exception of & second nest completed on June 7) were
completed by the middle of liay, the latest on Xay 16.

After the nesting season four nests were collected
for examinetion. All contained dried grass, moss, and hair;
two contained pieces of string, dried leaves, and strips of

bark; and one contained four white chicken festhers. While
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nest ccuwposition presumebly varied with the aveilability of
neterials, there was & definite rreference for dried grass,
green moss, heir arnd other soft materials. The hair wss
frow raccoon, opossum, dog, fox squirrel, end red squirrel.
Cther sources of hair that have been rerorted are rabbit,
horse, cattle, cat, mice, woodchuck, snd ran.

The sizes and shapes of the nests were quite veriable,
derending on the character cf the cavity, which in one case
vas so deep it riecessitated a large amount of loose material
to fill the extrs space. The depth of the cavities ranged
from 21.2 ci. to 27.5 cm. The depth of the nests rernced
from 13.7 cm. to 20.0 cm., while the outside diameter
ranged from 10,0 cm. to 12.5 cm. The inside diameter of the
heir-lined cup wes difficult to measure becsuse of its
irregularity but wes spproximately 7.5 cm. The depth of
the depression in which the egrs were laid averared 3.9 cm.
The distance from the top of the nest to the entrance aver-
aged 8.42 cn., and the diemeter of the opening ranged from
Le4 cm, to 5.6 cm. The specific dinensions for each nest
are presented in Table V.

Nesting Assoclates. The 29 species of birds found

nesting in the study area are given in List II of the
Appendix. None of the titmouse nests conteined Cowbird eggs,

even though Cowbirds were present in the ares. Friedmann

(1938) reports five records of titmouse nests being
parasitized by Cowbirds.
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Egg laying

Deposition of Eggs. In this latitude the ergs of the

Tufted Titmouse are laid in May. The detes of first egrs
ranged frowm iay 4 to Lay 11 in this study. Inforrastion

from four nests indiceted that ege lsvine occurred early in
the morning and thet the eggs were laid at the rate of one

a day. The fenale partially or conmpletely covered the first
few eggs with nest meterisl Sets of 5 ergs were fourd in
Nests RC1l, RC2b, and S10, whereas Nest RC6 contained 6 ergzs.
Bent (1946) nentions that the number may vary from 4-8, with
5 or 6 being the most commorn.

Description of Eggs. The eygs examined were renerally

ovete, with some having an elonpate-ovate shape. The ground
color was pure white or creamy white and the surface was
dull and speckled. I noticed no variation in the color of
the spots on the eggs in a‘given set but there was variation
between sets. The specks on the eggs were hazel in Nest 3510;
derk hazel in Nest RCl; chestnut in Nest RC2b; and lieht
hazel in Nest RC6. The distribution of the spots varied in
each set of eggs, being concentrated at the large end on 5
eggs and evenly distributed on 16 others. Egg measurements
were not attempted because of the difficulty in removing

the eggs. Bent (1946) lists the average dimensions of 50

eggs as 18.4 by 14.1 mm. The extremes in length were
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20.7 mm. and 16.8 mm., while the extremes in diameter were
14 .7 mm. and 12.7 mm.

Behavior During Egg Laying. The sexes remsined closely

associated during the egg-laying period. A pair spent rcst
of its time ranging over the territory, carrying on the
usual delly activities of feeding, preening, =srd resting.
The female occesionally begeed successfully but this
behavior was more evident during incubation. During the day
the birds spent little time near the nest, sometimes not
returning for three hours. The female rocsted at nirht in
the nest hole, as she had dore during nest building.
Incubation apparently did not begin until all the eges in a
set were lsid because hatching was more or less simultanecus.
Copulation was observed three times durineg the epfz-
laying period, once for each of the following: Pair S1 -
9:30 A.M., May 3, 1954; Iair RC1l - 10:20 A.M., Vey 5, 1954;
and Pair S10 - 2:10 P.M., kay 8, 1G56. The copulatory
behavior was similar on ell three occesiors, but tﬁe‘post—
copulatory actions of the nale were most unusugl in two
cases. The followilng is & sumnarized account of the
behavior recorded for tair RC1l on May 5, 1654.
(10:15 A.M.) VFenale (146203) rerched 15 feet up in
elm tree 10 feet away, twittering snd vibratine wings
rapidly, head extended forward, crest depressed.
(10:17) Male (A194151) flew into same tree and
almost immediately flew to perch next to female.

Fewale continued to twitter and flutter wings.
Male sttempted to mount female. Nale resumed perch



L1

next to mate, while she continued dicsylayving. First
attenpt apparently urnsuccessful.

(10:20 A.M.) kasle attewpted mounting spgain. TFensle
flew away lmnediately after the act to a nearby tree
where she began preening and arraneins her feathers,
no longer displaying. Aprerently corulestion was
successful this time. lale remained gerched cr. linmb
where copulation had occurred. His bcdy was rressed
close to the limb so that his lecs were ccncealed.
Head srd teil were extended irn line with the body,
eyes graduelly closed. HHe remasined ir this horizortal
position on the branch for a few secordcs and then
began to tir slcwly bsckwerd on the link. Fis toly
continued to rotate slowly backwerd a:d dowrwvard
until it was suspended benesth the linb. With eves
still closed in this stuporous state the male then
fell toward the ground. After fallinc about eight
feet he suddenly revived and flew off intc scre
nearby bushes. lle remsired there restirp a2rd ;reening
for a few seconds before flvinc irto the waoods out
of sight.

(10:23:30) recale flew off in same direction.

This sauwe behavior was ncted fcr the male (14,6205) of
Fgir s1 on Key 3, 1954, but ro such actions were displayed
during the coruletion of lteir S10 ou Yay &, 1956. Immedi-
ately after copuletion the two birds flew into e neerby

tree ard begen jrreening.
Incubetion

Role of Sexes. During the incubation rericd & total
of 42 hours was sjpent et four nests. Incubation was
undoubtedly the duty of the femsle, for I never saw a2 nale
stay in the nest cavity for more than a few secords.
Incubation by the male at night waes not observed asrd the

nales examined did not reveal a brood jatch. The tine of
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the eyjpearance of the fexz2le's brood rstch was not deteri.irned
but it was still present when the yourc left the nrest.

Bent (1946) mertions thst incubstine end hroodincs are
performed 2zinly by the fenmele. Price (19356) snd Dixon
(1949) state that incubtastion is the duty of the ferele in
the Plain Titmouse. Odum (1941) found ro evidernce that the
mele Black-capped Chicxedee takes part in incubation at any
tice.

Behavior During Incubetion. The jeriod of incubztion

was charecterized bty clternating reriods of sttentiveress

and irattentiverness. During the attentive periods tle

fenele was fed by the male, whc snnouriced his epprosch to

the nest with e low whistled "tuee, tuee." Cn scme occasions
the female wss fed on the nest, while at other tinmes her
mate rerched nesr the nest hole and called the fenale off

the nest. Regardless of the place of feeding the male
announced his srrivel with a call, correspronding to the
"signal song" used by the wale Song Sparrow (Nice, 1937),
ilooded Werbler (Odum, 1931), Black-throated Green ‘/arbler
(Pitelks, 1940), Black-capped Chickadee (Odunm, 1G41) and
others. Whether the femele titmouse elways responded vocslly
to her mate's call was questionable, but on three occasions

she emitted a soft twitter before receiving focd from him.

When fed in the nest cavity tihe femnsle continued incubating
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arnd did not come up to the ojenirn:. The'uale ;ercrhed on
the edge of the hole end thrust his hesd down into the
cavity, leaving only the lower surfece of his tzil visitle.
Usually the female rerieined on the nest if she hzd heen
there only a few ninutes, but if ghe hn2d heer incubating
for several minutes, she left the nest just zfter bteinec fed.

Two ircubating fewales nede ltissine sounds when T
a: proached. At other times thev either reraired quiet or
flushed inuwedisztely. This hissine defernse 21so has bteen
rejported for the Blus Titicuse gnd Great Titucuse
(Armstrong, 1947), and for the Black-cajjped Chickadee
(Gdum, 1941).

During the inatterntive reriods the fersle usually
begged for food in the jresence of the nale. Fe fed his
mate at intervals and she also fed herself. Cccasionelly
the male sccompenied the femele to within e few feet of the
nest but usually she returned zlore. Durirs the return to
the nest, which was quite direct, rneither bird er.itted any
vocsl sounds. Between his feeding visits to the rest the
male moved leisurely about the territory, feeding and
resting. He sang occasionally but cererelly singing
diminished during incubation.

Table IV summarizes data gained fror. 24 hours of
observetion durins incubation at four rests. The observ-

ations at & given nest were not made continuously but in
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one to three-hour periods at different tines of the day
during the letter half of the incubetion period. The
average atterntive reriod was 25.8 wminutes ard the averzre
inattentive rericd was 8.¢ minutes. The nuwiher of tirnes
the wale fed the femsale on the necst durirs each sttentive
reriod sverapged 1.5. In &4 percernt of the cases whern tle
fenale left the nest she did so in response to the call of
her mate. There was no pronounced differerce in the
behavior of the birds at different times of the dzv.

These findings are sirilar to thoce recorded for cther
Tarirnse. In the Flain Titmouse Dixon (1949) recorded an
aversge of 8.5 minutes for the inattentive reriod and 22.5
minutes for the atterntive period; Steinfatt (1632) reccried
a femnle Marsh Tit everzying 37.09 rinutes on ernd 7.9 minutes
off the nest during en all day observation; and Cdum (1941)
recorded ¢n average of 7.2 winutes for the inattertive
period snd 24 wminutes for the attertive jeriod in the Black-
cappred Chickadee.

Incubation Period. The ircubation reriodl wzs estzoh-

lished wlth reassonable accuracy in four nests. The time
between the leying of tle last egg and its hatching averaged
13 days and 3 hours, as determined by narked ecgs.

The incubation reriods for other Ytarinae =re somewhat
longer then that determired for the Tufted Titazcuse. Dixon

(1945) recorded 16 days for the Plain Titmouse; OCdum (1941)
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gives the incubation reriod of the Black-capred Chickadee
es 13 days; end Witherby, et a1l (1G328) state that incubetion

in the Coal-tit (Pzrus ater) recguires frow 14-16 4davs, while

it lasts 13 to 14 dasys in most cther Evrorean Farinae.
Hatching. All 5 egys in lest RC1 hetched wit'in 10
hours; 4 of the 5 egcs (one infertile) in I'est RC2b hatched
within 18 hours; ernd 5 of the & eygss (one infertile) in
Nest RC6 hztched within 20 hours. The last two reccrds
included hours of darkness. The egr shells were carried =2
considerable distance away frou ﬁhe est and T could rot see

whether they were esten or sin;ly discarded.
Czre of the Young

Brooding end Feedinpg. The behavicr of the sdults

during the first week after hatching wus quite siniler to
that during incubation, but now the rmzle directed his

feeding to the young instead of to his rate, and the ferale
fed the young when returning from her insttentive periods.
During the first few days after hatclins the hrcodirgs periods
of the female were approxiastely cf the samwe leneth as her
attentive periods during incubetion but eredually decreused
as the development of the young jrogressed. The nale trans-

ferred food to the brooding femnsle but whether she swellowed
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it or fed the young could rnot be observed. As developrent
of the nestlings progressed the begeing behavior cf the
fewele subsided until both lsrents were directing their

feeding to the young.

Data on the feeding rate were recorded at three rests,
when the young vere one, four, eicht, snd twelve de2vs old

(Fig. 8 and Table VI).

12 e
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Average Hourly Rate of Feeding Nestlings
(based on data from three nests)

Figure 8
During the first four days the mele fed the youne
spproximetely twice as often as the female, who srent about
two-thirds of the time brooding. At 8 days the riale still
fed more often than the female, but at 12 days the sexes

were feeding at about the sa:.ie rate and the fensle was not
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brooding during the deay. The number of feedirrs per hcur
per peir increased from 8 when the youns were one dsy old
to 17.7 when the nestlings were 12 dsys old.

The behavior rattern changed durirg the lsst few davs
of nest life. The mele rno longer announced his arrival =t
the nest and he discontinued feeding the female entirely,
both at the nest and away from it. Vocal activity dininished
and brooding by the female ceesed almost entirely, excert
during cold 2rd wet jeriods ard at night.

Nest Sanitation. Nest sanitation apreared to be the

duty of the nele at first, but ss riest life jrogrecsed ‘e
was assisted by the femsle. Tlie fecel sacs were removed
after feeding the young snd were carried a considerable
distance from the nest so that I was not able to deterrine
whether they were discarded or eaten. Dixon (1949) mentiors
that the male Ilain Titmouse sometimes swallows the fecal
sacs.

Length of Nest Life. The young left the nest 15 days

and 17 hours after hatching (sverasge of four nests). This
figure compares favorably with the 15 to 16-day period

given by Bent (1946). The llain Titmouse remsins for a
somewhat longer period, given as three weeks by Dixon (1949).

Odum (1941) recorded 16 days for the Black-capped Chickadee.
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Develojpment of Nestlines

lestlings were rewoved from Nests RC2b and RC6 at
regular intervels for examination. To facilitate remcovinec
the young the entrance into the nest cevity was enlsreced
with a snall keyhole sszw and the removable !iece of wood then
held in place with a leather strap. Exanination of the
nestlirgs was done as cuickly es possible to nirnirize
disturbence. Consequently, informastion on the develorment
of nestlings is liicited to rnotes on externel erpearance anid
behsvior.

Exterrnel Appearsnce. The first dev after huatchine the

young were elmost erntirely unsxed, jink, blind, ard helrless.
The mouth snd abdomen viere larce and the linbs were snall in
cowparison to the rest of the body. Natal down sjreared in
six sa8ll tufts, two esch on the ca;itel, humeral, =2nd srinsl
tracts. The number of feathers per tuft veried but was less
than 14. On the fourth day the eyes were jartly open and tte
feuther trzcts were nmore distinct. At eicht days the eves
were cowpletely open, the gray feathers of the juvenel
plunage were developing on the back, ard the flanks were
tinged with rusty brown. The remices were in the pin-feather
stage. By ten days the body wss nearly covered with conrtour

feathers although apteris still showed ard the remires were
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rartly sheathed. At 14 dsys the nestlinecs were well
feathered arnd closely reseibled the #3ults, excert for the
shorter ;rim=zrles and rectrices, and the vellow rictus cf
the mouth.

Behavior. The behsvior of the restlircs ;=r=slleled
morphological end physiologicsl chanses. Cn the firet dav
they responded to stimuli either by orenings their ncuths
for food or by squirming. Sense of fear wes shsent srd did
ot epprear until the fourth deyv. Frow the z2~e cf eicht davs
the nestlings mude hissing sounds, sonewhst cimilar to ttre
resction cf an irncubating femsle v'ien tle rect was disturted.
The young were guite nctive at all ares, the aucunt of
activity increasinz with age.

Number of Broods. One brocd is ususl for the Tufted

Titmouse. There were no second brcods durir~ this study
and the literature revealed only two reccrds of doutle
broods, one from Chio end one ’r.1: Vireinia. The other
resident lteridae, the Black-capped Chickadee, occasionally
reises twc broods. Steinfatt (1928) reyorts thet anong
European raridee the wigretory species raise two broods and

the resident sjecies one.
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Postnest Life

Nest Leaving. Of the seven nects in which the ti:e of

derarture wss recorded, the youn: titiice left fcur cf tren
in the wornirg and three of tlien in the sfterncon.
Apparently they do nct lezve until ther are capsile of
climbing up to the exit, at which “ime they are rezady to fly.
Forturately I wes ;resent when the hrood lelt Vest
RCl--cne of tlie two nests in which tle younz were banded.
From wy vantsge point I could see that the vouns vere
becomirny restless, repectedly cowinge u; to the entrance tole.
At §:15 A.h. on Jure 5, 1654, tiree of the rounr left the
nest in rapid succession. hey flew irto some bushes 50
feet from the nest. The other two derarted at 10:35 and
Joined the rest of the fzmily. While thie voung were leaving
the nest both jrarents flew sbout excitedly, frequently
eritting the soft "tsick-edee-lee" cell note. Socn sfter
all the fledglings had left the nest the farily tezen to
wove through the trees away frow the nesting site, with the
rerent tirds in the lead. While the yourn;; were telrg fed
by one parent the other parent flew to a new locetion about
50 feet away, and began calling softly, using the "peto"
song. The rest of the grcup then joined him. Thls processicn
continued until 11:30 A.Ll., at which time the family was
75 yerds from the nest cavity. During their nmovenents

through the trees and while being fed, the ycuns voiced an
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anxiocus "seeypy, seep." The jerents usuzlly fcraped e few |
feet away, although they occasionzlly traveled 5C yards
froin the young. At the ernd of ilaeir first day cut of the
nest the fledglings were found with their pere:rts in a

bladdernut (3tepnylea trifolia) thicket, close to the s:ot

wlhiexre I had last seen them that merning. I presused thet
they roosted in the thicket, as they rewvained in it eand
WeTre quiet when darkness ended observeations at 8:15 P.M.

Dispersel of Young. On their second day out of lest

RC1 the young titimice were quite inective, rerainins nlrmost
Stsastionsry in the folias;e while wsitines for their rarents
to feed them. Feedirng wazs occasionslly interruprted hv a
short flight to @ new location. Five days after leaving the
nest the young were first seen feeding themselves. By Jure
26 the cslls of the voury closely resembled tliose of the
adults end by July 3, at six weeks of age, the fledqlings
were definitely foraging for themselves and no besging was
noted. At this time there were only four young, irdividual
1406212 having disappeared. This family of six wes still
intact on July 10, but oun August 7 two more of the young
(146211 and 146214) hed disappesred. One of ther (146211)
was discovered slmost s quarter of a mile awaey in & flock

°f unibanded titmice.
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The postnest history of erother famrily (Mest RC2b) isg
surunarized in the following paragraph.

July 1l0--Four younz fledved at 1 P.M.

-July l4--Family seen st north end of territory.

July 17--Attewrt to locate birds failed.

July 24--lerents ard three vounc feedinge in
northeastern part of territcory, fourth
vourg (146218) rnot iresent in study sres
and was never seen again,

August 1l4--Fensle rarent and two of her yourg (146216
and 146219) in flock with three unbaznded
birds. This was the first indication cof
a flock consisting of more than just a
family group.

October 9--Female psrent and her two remaining yourng
came to the feeding shelf with two unbarded
birds.

Cf the nine young banded from these two rests, orly
two were present in the breeding =ree the rext vezr. Cre
¢f these (146213) had replaced the lost uste of a banded
resident, while the other (146217) was mated to an unbzrded
individual of unknown origin. One of the vourr (144210)
from Nest RC2b nested three-quarters of a mile fror: the
study area.

Ven Tyne (1G48) has sugrested that family ties remain
strong and thet the family group forms the basis for fall
and winter flocks. The data gathered in this study suprort
this view since two of the fall flocks in 1954 contained

perent birds and some of their young.
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Nesting Mortality end Lor¢evity

Nesting Mortality. Because of the iraccessibility of

wany of the nests, the information on nestirng success is

based on four accessible ones. All of these were successful
in thet at least one ycung left the nest. Nineteen fledgslings
from 21 eggs was a nesting success of 90 percent.

Nice (1937), summarizine dete on nestine success, glves
the average for hole-nesting passerines os (5 rercent. In
nesting boxes in Holland &1 to 76 percent of the titmice eggs
produced young thet left the rest. The higher rercerntagce of
rnesting success in this study may be due to the linmited
number of nests.

Thus the 12 birds which were present st the beginning
of the breeding season (1954) in the Sanford srd Red Cedar
Woodlots produced 28 young, a percentsge incresse of 233.
Since two adults were lost the fall population was not more
then 38 birds. This total, compared with the number rpresert
at the beginning of the season, represents a three-fold
incresse from April to August.

This summer incresse 1s conmpazrable to the esverace
found in a l4-year study of the House Wren (Kendeirh, 1937),
where the sverage number cf sdults nestins on 15 acres wes
19.7 and the number of young produced was 55, or 2 percentarge

increase of 284.
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Longevity. The longest zge record reveeled in this
study was at lecst 3 years and 1l months. This nzle bird
(Al94151), bsnded by J. V. Lund on Cctober 23, 1651, wss
last seen on May 20, 1G655. The cldest bird rerortel in the
literature vies a umale of st least 7 vears and [ ronths
(Middleton, 1949). During his long life tais unususl rale
hed three mates snd raised 47 young in the sare nest hox.
The oldest Tufted Tituwouse thet nested in netural cevities
was one of 5 yesrs and 11 months (Laskeyr, 1943).

Predators. Mammalian rredators [resent in the study
area were the Raccoon, Red Squirrel, and Fox 3quirrel.
Avian predstors were tlie Red-shouldered Fzsvlk, Red-tailed
liawk, Sharp-shinned Hawk, and Great Horned Cwl. These,
however, ere yotential predstors only, es I had ro actuzl

records of loss from these snimals.
Flocking

After the post-nuptial rolt in July or Aucust the
titmice assembled in smsll flocks and remsired tocether
until jsir formetion serarated them in late l'arch or ezrly
Arril.

Formation. On August 14, 1954, my first flock that
vas not strictly a family group was observed. It consisted
of the femsle from lair RC2b, two of her yourc, snrnd three

unbanded juveniles. On September 4, 1954, another flcck
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in the seme woodlot cornsisted of both rarents from YTzir RC1,
two cf their young, and two untarded birds. This eviderce
indicstes that the family ¢roup ver form the rnucleus of tlie
flock. These findings agree witih those of Ver Tyre (16G4°),
who wmertions that yourns frow 2ifflerert nests cortinued to
accomjany their perents to his feedins station frow the tire
of fledging until as lste s Jarnusry 10,

Size and Cowposition. The determiratiorn of the size

of & flock, as well es the recognition of its individu=ls,
wass egpecially difficult in the woods. A flrek crossing srn
opening afforded the vest corjcrtunity for recordiig runbters
snd composition. Two or wore birds cseen toretlier were

considered 2 flock. The occssional sinsle birds ercourtered

during the fall srnd winter sre nct ircluded in the surmariz-

ation of the daste orn the size of flockes ;recented in Table XI.
The l=rce icstnesting population in Sertenber ccrnsisted

of a greater number of flocks than durirs the followinge wirter

months. Tie decrease in the fporulatior b Jenusry resulted

in fewer flocks but the averege number cf tirds per flock

was only slightly smsller thsn it was during the fall nonths.

For example, 14 separste rroups were recorded on Septester

25, 1954, wvhile 5 were noted on January 8, 1¢55. The

average number of birds per flock was 9 and 6, resrectively.
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The behavior of SKF3 (flcck number 3, 3anford Woodlot)
was typical of the instability of the titrice flocks. Cn
Noveiuaber 17, 1954, SF3 conslsted of six birds. Two days
later one of the individuals (146207) was roticed in
aniother flock, while the size of SF3 had incressed to eight
birds with the addition of three new merbers. Cn Yoverbher
22 the composition of the flock was scain different.
Individual 146207 had returred to it while two ctrer memhers
(146205 and 146208) had joined other flocks, thereby reducing
the size of SF3 to seven birds. Similar shifts in other
groups indicated that the tituouse flocxzs were loose agpreg-
stions, verying in both size end comxpositicn.

Associates. Other srecies were often seen eccorpanyirg

the titmouse flocks. If these other birds rerained with thre
tite.ice as the group soved fror ilace to rloce they were
considered members of the flock but if trer did ncot rengin
with the titmice they were ccusidered independent. Various
8ssoc iations with the Tufted Titmouse were noted, although
they were scnewhat temporary.

Iu the fall, transient verblers and Ruby-crovned
Kinfilets formed temporzry flocks with the titrice. 1In
Seiteinber the locse sgrregations of werblers and titmice
“ere c omumonly seen feeding in the tree tors. The Tufted
Titmice were the noisiest of the grougp aril were urdoubtedly

the 1eaders since the warblers followed them in their
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movements. Mayfield (1637) relorts a sianilar observation
in Tenunescsee where Csrolira Chickadees and titnice share in
the leadership cf mixed zutumnal flocks. The

warblers most coumuolhly associated with the Tufted TI

itniuse
viere thie hagnoliz, Bleck-throated Green, Tlachlurniar,
Cazueda, Bleck-and-White, 3ay-bresstel, Chestrut-gidel, -rd

thie Redstart. Myrtle VWearblers, which passsed tharcugh =fter

the firet wave of varblers, dii nct rlx with the &

flocks but remained in their own srell groups. TL

crowned Kinglets, passing tihrouch in Cctober z=nd Mov

repleced the warblers in the flocxs of Tufted Tit. . i
tlieir bvehswvior ves similar tc thast of the warblers.

During the winter souths Bleck-capped Chickadees were

the most comnon and most rermanent asscciates in the flocks

of Tufted Titmice but Hairy Woodieckers, Dowry “Woodreckere,

snd Wnite-breasted Nuthatches were seen in temporary

asscciation with the titnice.

Rocsting II

0y
o
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Since the rcosting habits of the Tufted Titrouse were
slightly different in the winter tlen in the btreeding season,
they will be described sejarately.

Fell and Winter. During the fall snd winter ronths

wost of the titmice roosted in tall evergreens or in cavitics.

Three were found in csvities, two in old wocdpecker hclec
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and one i1 & decayed knot-hole. None of these cavities
was used for nesting the following year. By using a ladder
1 was able to look into the knot-hole without alerming the

sleepling bird. 1t was in a squatting position on the floor
of the cavity and appeared to be a ball of gray fluff, with
its head thrust under the scapulars. The tail was raised
agalnst the side of the cavity.

Bent (1946) mentions that Dickéy reported titmice
roosting in woodpecker holes and natural cavities in
Yennsylvania and West Virginia. Huey (1927) reported a
case of a titmouse roosting on a twig surrounded by the
leaves of a broadleaf tree. It 1is possible that such a

roost surrounded by dense follage may have afforded conceal-

went and shelter similar to a cavity.

The places of roosting reported for other FParinae

are about the same as those of the Tufted Titmouse. Odum
(1942) mentions the use of natural cavities, old woodpecker
holes, and hemlock shelters by the Black-carped Chickadee.
Willisms (1941) found Chestnut-backed Chickadees (Farus
rufescens) roosting singly under eaves of houses and in
vines, and quoted Bassett as reporting a Mountain Chickadee

(Parus gambeli) roosting in an o0ld Robin's nest. MNogall

(1939) found that Great Tits and Blue Tits commonly roosted
singly in nesting boxes during the winter, and Dixon (1949)
reported the use of cavities by the Plain Titmouse.
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Breeding Season. With the breskup of the winter

flock and the pairing of birds in iarch and aApril the
winter roosting sites were abandoned. Until the nesting
site was selected a pazir seemed to sleep wherever it was
convenient. In one instance 1 noted that the birds of =a
pair (S5) did not roost close together. The male (14,6223)
sought shelter in a spruce tree while his mate remained
active. She later went to roost in a spruce tree in the
same area but about 75 feet from the male.

Not until the nest was completed did the female begin
sleeping on it, but from that time until the young left the
nest she used it regularly. The male roosted in trees in
the general vicinity of the nest. After the young had
fledged the fawmily group roosted wherever they happened to
be at sunset.

Tiwe of Roosting. During the fall and winter of
1954="55 the roosting time of a flock of titmice in Sanford
Woodlot was recorded. This was assumed to be the time when
the last call was heard, by which time most of the birds
were settled.

The fall and winter roosting times in relation to
sunset ere suwusarized in Table I, page 60, while Table II
presents the roosting times recorded for Pairs S5 and S9

during the nesting season of 1955. The "+" before a number

mneans minutes after sunset that the birds went to roost,
while the "-" indicates minutes before sunset.



Time

_ _Weather
Clear
No. observ.
Average

—iértly cloudy
No. observ.
Average

Overcast or
snowing
No. observ.
Average

Total No.
Oobserv.

Average

Variation :+2 to -16

_Date
_ April 28
May 7
¥ May 10
* May 15
_f»May 17
* May 20
* May 24
* May 30
* June 5
¥ June 9
* June 15

Table I 60

of Roosting during Fall and Winter

October '

>
+9.2

Months
November ' December' January ° February

1 0 1 1
+10 ——— =15 =19
2 2 1 1
+1, +3 -18 -25
1 2 1 | 2
-2 -8 -29 -36
4 A | 3 | 4 B
+8 -2.5  =20.7 -29

-2 to +10 -10 to +4 -29 to -15 -40 to -19

Table 1I

Time of Roosting during Nesting

ﬁale }
-46 |
=34
=30

-25

-42
=20

}

Female _ Condition

-48 ~ Pair S5, both in evergreens

-38 - Pair 89, both in evergreens

-32 Pair S5, both in evergreens,
, nest construction

=35  Pair S5, egg laying

-56 Pair S9, incubation

=32 . Pair S5, incubation

-30 _ Pair s9, incubation

-30 - Pair S5, incubation

-22 ‘Pair S9, feeding young

=20 Pair S5, feeding young

=17 ~Pair 59, feeding young

-18 _Pair S5, feeding young

* Female roosting in cavity, male elsewhere.
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Although the number of observations was limited in

both sets of dats, certsin behavioral patterns are evident.
The birds usually went to roost earlier in January end
February than in October and Lovember. Birds roosted earlier
on overcast days than on partly cloudy or clear days (Fig. 9).
Individual birds tended to retire later before nesting began
than after. Once the female began using the nest cavity for

roosting she usually retired before her mate.

10.
5|

~

Sunset:

After (+)

>
10
15

20 Clear days

25 Partly cloudy

days

Before (-)

30

35

40 L R
Oct. Nov. Dec. Jan. Feb.
Roosting Time in Relation
to Sunset, 1954-'55.

Figure 9

Overcast or
snowing

Average number of minutes going to roost
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The litersture reports similar findirngs for several
other species. The seasonal variation in roosting time has

been recorded for the European Tree Creeper (Certhia familiaris

britannica)(Rankin and Rankin, 1940); Chestnut-backed

Chickadee and Bewick's iren (Thryomanes bewicki)(Williams,

1941); and the Black-capped Chickadee (Cdum, 1942).
Williams and Odum found a similar sex difference in the
roosting of Chestnut-backed and Black-capped Chickadees,
respectively--the female roosting earlier end rising later
than the male.

During the winter of 1954-'55 observations were made
on the time of leaving the roost in relation to sunrise.
The average of three records in November, 1954, was 6 minutes
before sunrise, while the average of three observations in
January, 1955, was 14 minutes before sunrise. Ny observ-
ations indicate that the Tufted Titmouse goes to roost early
and rises late. The continued activity of other woodland
birds after titmice had retired, and first singing in the
morning, before they had left their shelters, was also noted.
In November, 1954, they spent approximately 14 hours on the
roost; in Jenuary, 1955, about 15 hours. Long roosting
times have also been reported for other species of the

genus Parus.
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Voice

The vocabulary of the Tufted Titmouse consists of a
great number of notes used in various combinations. The
following 1list includes only those which I have been able
to relate to a specific function, i.e., they were given in
a particular situation and frequently produced definite

observable responses.

"Peto" Song. This is a high-pitched, clearly whistled

phrase, usually repeated two to four times. It has various
translations, the most common of which are "peto, peto, peto”
end "peter, peter, peter." The accent falls on the first
syllable when the song is uttered slowly and on the last

when singing is rapid, but in either case the first syllable
of each phrase is higher in pitch. This song was heard in
all months of the year, becoming almost monotonous in the
spring. It was uttered by both sexes but more frequently

and more loudly by the male, especially during courtship

and defense of territory.

Location Note. Thils note was given by both sexes

throughout the year but most frequently during the fall and
winter flocking periods. It sounded like a dry, scratchy
"tsicka-dee-dee.” This note seemed to be used for re-estab-
lishing contact with other members of the flock or for

re-establishing contact with the other member of a feeding
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pair. A similar note has been recorded for the Plain
Titmouse (Dixon, 1949) and is similar to the "chick-a-dee-
dee-dee" of the Black-capped and Carolina Chickadees. %hen
this note is given by the Tufted Titmouse it is 1louder,
hoarser, and more slurred than it is in these other species.

Alarm Note. When alasrmed at close quarters, such as

while feeding on the ground or during banding operations,
the birds gave a short, explosive "chit, chit"™ or "tsicka-
dee-dee." After deshing to cover or after being released
from the trap, this alerm note was often followed by the
harsh scolding note--a loud, rapidly given "tsicka-dee-dee-
dee,"” with the emphasis on the "dee" part of the note. This
expression was often given when my presence was detected or
when a predator was sighted. It was also given by titmice
in nearby trees during banding operations.

Recognition Note. While foraging together the members
of a pair frequently gave soft lisping notes which may be
transcribed as "tsip, tsip" or "tseep, tseep."” This note
was heard throughout the year from both sexes but it was
heard most frequently when @ pair was feeding. They rarely
used this note during brooding or during exceptionally cold

weather when they were more stationary.

Hissing Note. This sound, sometimes accompanied by
puffing, is probably more the result of a forced expiration

than a true vocal utterance. It was given by incubating
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and brooding females, and by the young in the nest. According

to Bent (1946) it is a characteristic defensive behavior in
several species of the genus Parus.

Invitational Note. Cn several occasions females gave

an invitational or beggzing display which consisted of the
soft, high-pitched, repidly uttered notes "tsee, tsee, tsee"”

end the simultaneous quivering of her wings. ©On two occasions

this behavior preceded and accompanied copulation.
Begging Note. This note was quite similar to the

invitational note except that it was much louder. It was

given by the female when begging food from the male, and
also by the young from the time they left the nest until

they were independent. The begging note was accompanied

by wing quivering in both the adult female and the young.

Distress Note. The shrill, high-pitched "see, see,
see" was given b& adults and nestlings while they were being
banded. The distress notes usually elicited a scolding
response both from other titmice in the vicinity and from
the parents of the nestlings being banded.

Many of the above notes of the Tufted Titmouse are not
described in the literature, but similar notes have been
reported for other members of the genus Parus. Odum (1942)
describes 16 different notes for the Black-capped Chickadee,
while Dixon (1949) describes 13 functionally different notes

for the southwestern Plain Titmouse. This great variation
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in vocalization is characteristic of other strcrgly social
srecies. Davis (1940) lists 13 notes for the highly gregari-

ous Smooth-billed Ani (Crotophage ani), and Erickson (1938)

lists more than a dczen notes for the Wren-tit (Chamsea
fasciate). Cn the other zand, Hann (1937) lists but five

call notes for the Cvenbird (Selurus eurocapillus), a

generally non-social species.
Food and Feeding Habits

Feeding is one of the principal diurnal activities of
titmice, especially during the cold fell and winter months,
when nearly all their time is sypent in seekirg food.

Food. According to Beal (1941) the fcod of the Tufted
Titmouse, as reveuled by the analysis of 186 stomachs
obtained at all season, consists of 66.57 percent animal
matter and 33.43 percent vegetable matter. Table X summarizes
the results cof the stowach analyses. Cne item, caterpillars,
forwed more thun half the animal food, and together with
wasps, formed more than half the total food. These were
torn into small pieces before being swallowed, thus making
indentification difficult. Coleoptera made up 7.06 percent
of the titmouse diet and more than two-thirds of these were

snout beetles or weevils. The cotton boll weevil was found

in four stomachs.
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Beal mentions that ants were found only occasionally
but other hymenopterous insects--bees, wasps, and sawfly
larvae--were eaten extensively (12.5 percent). EHemiptera,
principally pentatomids, and Homwoptera (membracids and
coccids) were eaten to & moderate extent (4.03 percent) in
7 of the 12 months. A single fly wes found in a stomach
collected in January. The only traces of orthopterous
insects (0.42 percent) were eggs of katydids, egg cases of
cockroaches, and a jsw and ovipositor thought to be those
of a grasshopper. Spiders and a few snails made up the
remainder of the animal food.

Beal's anelysis of the vegetable matter consumed
icdicated that fruit was eeten to a moderste extent (5.15
percent), mostly in midsummer, and included raspberries,
blackberries, strawberries, elderberries, hackberries,
blueberries, huckleberries, and mulberries. Seeds of
various kinds--suwac, poison ivy, and bayberry--totaled
4.07 perceut. Broken seeds and mast formed more than two-
thirds of the vegetable matter. Mast amounted to 23.4 per-
cent of the total year-round food, comprising 95 percent
of the food eaten in Novewber, 50.42 percent in Janusry,
and 55.97 percent in February. Mast was also the principal

form of vegetable matter consumed from August to March.
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In this study specinmens were not deliberately collected
for stomach analyses, but five adult Tufted Titmice, which
had been killed accidentally, were examined. The results
of these examinations are rresented in Table IX.

In no instance was food found in any part of the
digestive tract except the gizzard. Because the food was
so finely divided a stomach was often recorded as containing
ouly one insect when it doubtless contained parts of more
than one.

Feeding Habits. Tufted Titmice were very versatile
in seeking food, foraging from the grcund to the tors of
trees in 8 variety of habitats, although they generally fed
at low or et intercediate levels in trees and shrubs.
Several distinctly different habits associated with feeding
were recorded.

MNost of the insect food eaten during the spring,
summer, and asutumn months was taken from broadleaf and
coniferous foliage, mairly from the former. The birds often
tore open the cases of leaf-rolling lervae end on two

occasions the forest tent caterpillar (Malacosoma americana)

was taken. During the spring months opening buds were

frequently examined, probably for insects. Inspection of
the bark of limbs and twigs occurred throughout the year
but it was especially prevalent during the winter months.

Tufted Titmice were often seen hanging upside down at the
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ends of twigs in their search for food. In addition to
gleaning small insects from the bark of twigs and linbs,

the birds cajptured moths from the tree trunks. The wings

of moths were removed and only the soft body eaten. Bent
(1946) reported titmice eating sumall white grubs contained
in en oek apple, and Trautmnen (1940) noted a titmouse eating

the pupal contents of a cecropia moth (Samia cecropia)

cocoon.

Seeds and fruit were eaten mestly in the fall and
winter months. On one occasion a small winter flock was
noted feeding in a hemlock on the campus. The birds hung
upside down on the cones while carefully removing their
seeds. Beechnuts were also consumed during the winter
months. No storing of naturally occuring seeds was observed,
but on November 20, 1954, one perticular individual (146203)
stored at least 20 sunflower seeds in the bark of a black
cherry tree, located a short distsnce from a feeding station.
This storage of items from feeding stands is a commonly
observed practice. Titmice were seen eating the fruit of
the following trees, shrubs, and vines: choke-cherry, stag-
horn sumasc, wild crab-spple, Virginie creeper, and flowering
dogwood .

Tufted Titmice spent consideratle time searching for
food in the ground litter. After locating an edible item

they would carry it to a neerby perch before consuming it.
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This habit prevailed elso at the feeding tray where the

most comnon practice was to hold the seed against the rperch
with their feet, while they deftly and quickly removed the
seed cost.

liawking insects is appsrently not a regular habit in
titwice. In the literature I found only one observation,
thet of Dickey (Bent, 1946), of hawking & woth or butterfly.
I witnessed this behavior once. At 4:30 P.M. on August 27,
1955, I saw a titmouse thaet was perched 15 feet from the
ground in the edge of a red msple tree suddenly fly straight
out about 8 feet to capture a cabbage butterfly (Pieris
rapee). The bird returned immediately to its perch where
it removed the wings before corsuring the soft body of the
insect. Although I waited for a possible rereat performence
the bird soon flew out of sight.

Tufted Titmice bathed ard drank in the smsll woodland
pools. They also used artificial bird baths for drinking
and bathing. On five different occasions I watched titmice
drink water from melting snow on trees. While clinging tc
the underside of a limb they reached ur and drenk drops of

water as they formed.



SUMMARY

A life-history study of the Tufted Titmcuse, Farus
bicolor, was the object of this investigation from September
1953 to September 1955. The study included a2 review of the
clessification and nomenclature of this species, an analysis
of its past and present distribution, and its ennual cycle
in Michigan. The latter was the principal objective of the
research.

The Tufted Titmouse 1s a monotypic srecies of the
family Paridae and is indigenous to North America. The

sclentific neme, Parus bicolor, was established by Linnaeus

in 1758. The generic name was changed several times but
was re-established in 1944. The English name for the Latin
generic name, Parus, is "titmouse," and the specific name,
bicolor, means "of two colors."

The Tufted Titmouse is & non-migratory species whose
range covers most of the eastern half of the United States.
The political limits to the north are the southern portions
of the northern tier of states from Minnesota to New York,
and southern New England. The southern limit extends along
the Gulf coast from Florida to the eastern half of Texas.
The western extension closely parallels the 99th meridian.
This distribution coincides very closely with the distrib-

ution of the eastern deciduous forests.
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In kichigan the northern limit of the breeding range
extends to a line running roughly from Muskegon across the
state through Mt. Pleasant and Midland to Port Huron.

During the past 25 years the Tufted Titumouse has been
gradually spreading northward in all the states along the
northern limits of its range. This extension may be due to
a number of factors. The gradual rise in temperature,
especially during the critical winter months, 1s suggested
as & possible contributing factor. Evidence of vegetational
succession is also presented, especially as it relates to
the availability of suitable nesting sites.

Studies on the ennual cycle were conducted in three
woodlots at Michigan State University, East lLansing. The
woodlots consist of a mixed deciduous tree association,
tending toward the beech-maple climax stage of succession.

Numbered aluminum bands and colored aluminum bands were
used in various conbinations for the identification of adults
and youhg.

The hand-operated Higgins trap proved to be the most
successful of the several trapping methods attempted.

At the beginning of the study, in the fall of 1953,
there was a population of approximately 34 titmice in the
three study areas. This number dwindled to 18 by the spring
of 1954.
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Pairing and the gradual break-up of the winter flocks
occurred during the period from March 25 to April 12. The
newly paired birds wandered about for several days before
investigating possible nest sites.

The establishment of territory, which seemed to coincide
with nest building, was principally for feeding and nesting.
Territories varied from 7.8 to 13.9 acres, averaging 10.4
acres (4.2 hectares). Defense was mainly the duty of the
male although the female sometimes assisted in banishing an
intruder. The size of territory and the vigor of its defense
decreased as nesting progressed.

The titmice did not excavate their nest sites but used
natural cavities or abandoned woodpecker holes. Nests were
found in elm, maple, and beech trees, but of course & much
greater varlety of nest sites has been reported in the
literature, including bird boxes. The height of the 20 nests
ranged from 18 to 66 feet, with an average of 38.5 feet.

Nest construction was the duty of the female, although the
male accompanied his mate and occasionally carried building
material. Building of the nest averaged four days. All nests
were loosely constructed and all contained dried grass, moss,
and hair. Additional items in some nests were strips of bark,
dead leaves, string, and peper. The heir formed the shallow

cup in which the eggs were laid.
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The dates of first eggs ranged from Nay 4 to lay 11 and

they were laid st the rate of one a day until the full comple-
ment of five or six was deposited. The eggs were white,
unevenly marked with brown specks. Copulation was observed
only during the egg-laying period.

Incubation was by the female. The male fed his mate
both on the nest and away from it. Attentive periods averaged
25.8 minutes, inattentive periods 8.9 minutes. The incubatiocn
period in four nests averaged 13 dsys and 3 hours.

After hatching the young were fed by both parents but
wmainly by the male during early nestling life. The male now
ignored the begging of his mate and concentrated on feeding
the young. The total number of feedings per hour by both
parents incressed from 8, when the young were one day old,
to 17.7, when they were 12 days old. By the time the young
were ready to leave the nest they closely resembled the sdults,
except for their fluffier plumage, shorter primaries and
rectrices, and the yellow rictus of the mouth. The young
left the nest 15 days and 17 hours after hatching (average
of four nests).

After fledging, the young followed their parents for
sevefal days or longer. In some cases at least, the young
remained with their parents through the remainder of the
summer, so that the family formed the nucleus of fall flocks.
This was possible in this speclies since only one brood was

raised.
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Nesting success in four nests was 90 percent and there
was a three-fold increase in the summer population. The
longest ege record in this study was at least 3 years and
11 months.

The flocks of titmice and associated species bepan to
form in August. They assembled gradually and changed consider-
ably during the fell and winter months. Some of the rlodks
were started by family groups, while others were mixed assoc-
iations including young from several nests. The size of the
flocks was quite variable but averaged seven birds. During
the fell and spring the size of the titmouse flocks increased
with the addition of migrants, especially warblers.

During the fall and winter the birds roosted wherever
they heppened to be et sundown. Roosting was in conifers sas
well as in deciduous trees and shrubs. The birds generslly
went to roost much earlier, in relation to sunset, during
January and February than in October and November. They also
retired much earlier during the nesting season than they did
at other times of the year. Data on the time of leaving the
roost, in relation to sunrise, indicate that Tufted Titmice,
compared to most other species, go to roost early and rise
late. In November, 1954, spproximately 14 hours was spent

on the roost, while in January, 1955, the tire was extended
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to 15 hours. During the breeding season the female slept
in the nest cavity, the male nearby. Cn days of inclement
weather and general cloudiness the birds went to rocst earlier
than on days of fair weather.
The songs and calls of the Tufted Titmouse were many and
varied. The most common song of "peto, peto" was given by

both sexes throughout the year, but less frequently during

B T . 4

the nesting season. In addition to this song I discerned a
location note, recognition note, alarm note, hissing note,
invitational note, begging note, and distress note. Some of
these are basically similar but have distinct varietions
associated with various types of behavior.

The food of the Tufted Titmouse, based on the asnalysis
of 186 stomachs by Beal (1941), consists of two-thirds snimal
matter and one-third vegetable matter. The territory for
securing food extends vertically from the ground litter to
the uppermost twigs of the tallest trees. Most insect food
is gleaned from bark and leaves, but the hawking of & butterfly

was noted on one occasion.



AFFENDIX
Table 1II1I

Average Weather Conditions at East Lansing, Michigan
for the months from December to June, 1953 '54 and l95h-'55

|Temperature Precipitation Wind | Sunshine
(Degrees F ) KTotal Inches) (M.P.H.) |(Per cent)

Max. Min. Av. Water; Snow f Max.!Av
1953 | - .

December‘ 38 25. 1.6 148 7.5 | 45 15.1. 29
1954 | | ‘
January | 30 b 15.923.2 1.61 . 12.1 . 47 -13.2. 30
February 38.5 24.331.4 4.21 13.3 35 14.2 43

| March _ 38 9 22.530.7 3.25 13.8 50 15.2 55
April 59.6 37.348.5 2.75 0.1 42 13.8 44

May 645 41.553.0 1.4 0.3 40 1.5 60
 June ‘80 359.269.8 4.07 O 51 8.5 6L

December 33.6 22.428.0 271 10.9 17 5.3 26
1955 |

~ January 30 6 18.52&.6 1.47 ; 5.2 18 6.3 n

February 34 1 19.026.6 1.89 13.4 16 5.8 51
_ Marep h3 5 25, 13h 3 2.97 ‘ 8.5 29 ‘77 2H 67

April !65 7433545 156 T 23 6.7 78
May '73 o 49, 061 0 1.53 o - 18 5.2 60
June [78 9!56.467.7 -3.81 0 | 22 4.0 59

Data from the U.S.Department of Commerce, Weather Bureau,
Local Climatological Data
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Table V

Dimensions of Nest Cavities snd Nests

[
g |
g | 3 3
_ Nest Cavity & | S \ o
Opening (diameter) | 4.4% 5.0 5.6
Depth |21.2 |27.5  25.0
Diameter (smallest)10.0 |11.2 '12.5
___ Nest } |
Depth : |
Outer 13.7 iZ0.0 15.0
__Inner cup 3.7 ‘ 3.1 bk
Edge of nest to |
outer edge of | 7.5 | 8.7 10.0
__entrance |
Diameter | i |
Outside 10.0 [11.2 }12.5
_ Inner cup | 6.9 | 7.5 8.7
% Figures in centimeters.
Table VI

EST
GRS
| [ 5 .
o [ »
— > L]
5.3 | 5.07 5.6
2.5  24.05 27.5
1.2 12.5 |12.5
15.6 116.1 |20.0
bob 3.9 bk
9.5 | 8.4210.0
11.8 ' 11.22/12.5
8.1 1 7.5 | 8.7

Hourly Rate of Feeding Nestlings

1 L

T Sex E |

Pair No.
RC1
RC2b

9
5
RC6 6
6
5

QWO wWw g
CNoN o

»N
.
~
o n

chals 1
Average
_Per pair

-

I
8 10

Age (Days)
8 |
? ) ? l &
b 9 6 |11
4 7 6 | 8
2 8 5 |10
10 24, 17 29
3.3 8 ST 1T
13.7

own &
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Table VIII

Msterials Used in Nest Building

NEST
RC1 | RC2a | RC6 ' 510
Plant | |
Grass 60 70 65 55
~ Moss 23 16 17 20
~ Bark (Populus sp.) T 2
~ Leaves o
Deciduous 2 3
____ Evergreen o | 2
_Total 83 88 85 ’80
Animal
__ﬂg;g___A ) .A16 10 1y, 20
~ Feathers o 1 ' ,
_Total 16 11 14 20
Miscellaneous _ o o
__ String 1 1
Paper 1
“Total ' 1 1 1

—_— [P

* Figures indicate percentage by volume relationships.



Table IX

Stomach Analyses of Five Tufted Titmice

I

Date of collection

um
=
n\
~
—
~
~
Animal
Insects %
__Lepidoptera (larvae) 2
Coleoptera
_ Adults 2
B Larvae -3
Spiders
Miscellaneous »
__ Total 10
Vegetable
_ Seeds 10
_ Mast (incl. broken seeds) 60
_Moss A
Miscellaneous (leaves, bud 5
_ scales, fruit pulp)
~ Total 80
Grit i 10

U MRS SHOUR S

W

59
10

10

Y
I
i

| 8

87

s

3/10/'54

W

10

30

L3

L2

5

8

112/30/'54 |

o

N

10
51
6
6

oy

15

1/8/155

N

5
62

5
10

e

10

* Figures indicate percentage by volume relationships.

———



Table X

Summary of Food Items from Stomachs
of 186 Tufted Titmice (Beal, 1941)

Animal

!Percent{ Vegetable ,Percent
Lepidoptera (caterplllar ) | 38.31 |Fruit (wild T 5.15
. ! d__CJJ.lL‘LV.L;_ S
Hymenoptera (bees, wasps, . 12.50 tbeeds i 4.07
sawfly larvae) L o ! o
Coleoptera (beetles) | 7 06 Mast 24,21
Hemiptera ; h 03 ?
Orthoptera (eggs) i 42 |
Misc. (snalls, Splders) k25 | o v -
Total (Anlmal) o ' 66.47 . Vegetable 3;_&3 )
Table XI
Size of Flocks of Tufted Titmice
Number of Average number of Variation
Observations b1rds per flock E in size
Year | '53-'54 '5h-'55 '53='54 | '5#-'55 '53 '541'5#-'55_
Month
Sept. 34 30 10 9 2-12 | 2-13
Nov. 20 18 8 8 2-14 2-15
Jan. | 16 | 15 6 5 , 2-_1_5,7!_ 2-14

i



List I

Non-Avian Vertebrate Associates of the Tufted Titmouse
(observed in the woodlots)

Mammals

Opossum, Didelghis virginiana
Masked Shrew, Sorex cinereus

Short-tailed Shrew, Blarina brevicauda

Raccoon, Procyon lotor

Long-taile easel, Mustela frenata

Striped Ground Squirrel, Citellus tridecemlineatus
Eastern Chipmunk, Tamias striatus
Red Squirrel, Tamiasciurus hudsonicus

Fox Squirrel, 3ciurus niger

Preirie Deer Nouse, Peromyscus maniculatus bairdii
White-footed Mouse, Peromyscus leucopus

Meadow Vole, Microtus pennsylvanicus

House Rat, Rattus norvegicus
Cottontail, Sylvilagus %loridanus

Amphibians

Spotted Salamander, Ambystoma maculatum
Jefferson's Salamander, Ambystoma jeffersonianum
Red-backed Sslamander, Plethodon cinereus

Tree Toad, Hyla versicolor

Swamp Cricket Frog, Pseudacris triseriats
Leoperd Frog, Rena pipiens

Eastern Wood Frog, Rasna sylvatica

Reptiles

Garter Sneke, Thamnophis sirtalis
Painted Turtle, Chrysemys picta
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PLATE I

Fig. A. Sanfordi Woodlot as it appears from the south,
beyond an open fileld. June 18, 1955.

Fig. B. Sanford VWoodlot, viewed frow within. June 18,
1955.
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Fig. A

Fig. B



 PLATE 1I

Fig. A. Sanford Woodlot as it aprears during the
winter. February 19, 1955.

Fig. B. Trapping Station. Note the large doors on the
sides of this Higgins trap. The written authority for the
operation of the banding station in the campus woodlots is
posted on the tree to the left. February 19, 1955.



PLATE II

Fig. A

Fig. B



PLATE III

Fig. A. Nest cavity of Pair S6 in Senford Woodlot.
The nest site is located 57 feet from the ground in an
Anerican elm tree. February 19, 1955.

Fig. B. Nest cavity of Pasir RC2a in Red Cedar Woodlot.
Close-up view was taken through a 60mm. spotting score.
The cavity is 45 feet from the ground. February 19, 1955.



PLATE III

A

Fig.

Fig. B



PLATE IV

Nest cavity of Peir S4 in 3Sarnford Woodlot. The nest
site is loceted in a limb extending over Hagadorn Road.
Beal Pinetum is evident in the background. February 19,
1955.
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