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CHAPTER I
INTRODUCTION

Some time ago as a result of study in ornitholegy and perusal
of literature in the University of Tennessee libraries, I became
interested in observing behavior of birds closely, i.e., particularly
captive dirds. In the literature I found no mention of the use of
feeding behavior as a focal poiat for observations conceraing species
interaction snd dominance relationshipe. Therefore, after consulta-
tion vith Professor Howell, approval of plans, and receipt of funds
from the University of Tennessee, I built an aviary., We decided to
build the aviary on the roof of the east wing of Hesler Biology Build-
ing, University of Tennessee campus because of the secluded nature of
the site. It was an outdoor site easily and conveniently reached by
xyself and Professor Howell and was not subject to visits by unauthor-
ized personnel.

Since Gibb (1957) had stated that his birds fought 1ittle when
given plenty of cage space, we decided to make the aviary large enough
for twelve birde without placing too large a demand on the soology
department budget. 1 bullt the cage forty feet long, twelve feet
wvide, and eight feet high on a redwood foundation which was treated
with two ceats of redwood sealer. The floor was built of five-eighths
inch exterior plywood sheets treated with two coats of sealer on each
side, four coats of marine varnieh on the tep, and two coats of marine
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2
vernish undernesth, Square, hollow, one-inch stesl tubing and one and
one-half inch steel angle-bar were used for the uprights or super-
struoture. All steel was painted with setal primer. The covering used
vas one-half inch standard hardware cloth joined along the seams by
ehoat rings. The wvhole superstructure vas steadied by jem—omth inch
steel cable anchored to the lower floor railing on the southwest side
and to the roof on the northeast side. One large door was provided at
the west end of the cage so that the observation booth eould be removed
Af necessary. Another smaller door was duilt into the sast end of the
cage and was the one primarily used for entrance and exit throughout
the study. The cage was sloped to the east end a total of four inches
in the forty feet, and, as a reeult of this, absolutely no drainage
problame arose, and the floor dried exceptiocnally fast after rains.

The observation booth was made five and one-half feet high,
three foet in length, and three feel wide. A small door was cut in one
side, and in the opposite side & one Ly two fest section of one-way
glass vas placed at eye level, sitting position. The booth was built
of three-quarter inch exterior plywoed and finished with one coat of
sealer and one cost of red barn paint. It vas farnished vith & shelf
at standard table beight, or thirty inches, for writing. It was
reinforced at the commers with two-inch stesl L-tars and wood screws.
Since the cage had a good fleoor, the booth was not provided with ons.

Provisions vers made for ocoupatioa by birds by supplying
shelter boxes, feeding staticns, tress, perches, and two canvas
tarpsulims for shade and shelter. Shelter boxes with small holes were



provided for chickadees, and boxes with larger holes for titaice.
Titmice were thersby prevented from entering chickadee shelters. One
shelter box for shelter and feeding was used by bLoth species. There
were four feeding stations, eight trees, and four small dowel perches.

The wooden bomes, feeding atations, dowsl pershes, and east and
west doors were painted with one coat of sealer and one coat of red
barn paint. The wovable feeding station was painted with black enamel.
Bomes and feeding statione plsced on uprights were sixty-four inches
from the floor. The feeding station on the booth was thirty-six inches
froa the floor, and the movable feeding station was fifty-four inches
high., Water was provided inr an aluminua pan on the floor and in a
suell shallow glase container on the movable feeding station.

The cags was divided into eight areas designited A through H.
All trees, perches, feeding stations, shelter boxes, etc. were desig-
nated as shown in Pigure 1, page &. This designation of areas and
objests in the cage made the collection of data simpler and faster,
The cbservation booth was 4in Pesition GH throughout the course of this
study.

We obtained from the Department of the Interior, Fish end Wild-
life Service permits to hold in captivity protected species, i.s.,
Carolina Chickadees and Tufted Titmice, not more than six of each.
The birds were eaptured in the areas shown in Pigure 2, page 5, and
Pigure J, page 6. These areas are part of the University of Tennessces
Cherokee Fara woodland property. The area shown in Figure 2 is
voodland composed moetly of oak, ash, maple, and elm with very little
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7
evergreen. The understory is mostly herbaceous because of ground fire
An recent years. The area shown in Figure ) is mixed forest, composed
mostly of oak, ash, maple, cedar, and pine. The birds were captured
in mist nets after several weeks of supplying food at the designated
feeding stations set up nearby. The birds were weighed, measured,
banded, and color banded before being released into the cage. Perti-
nent information about each bird is contained in Table I, pages 8 and
9.

At introduction into the cage, some problems arose with birds
flying into the wire in their attempts to eecape. Few chickadees were
adversely affected in this manner, but titmice were slow to learn that
they could not fly through it. I believe this to be the direct reason
for most of the deaths of titmice and indirectly the reascn for the
deaths of a few others vhich apparently were so unable to adjust that
they refused to eat. Their state of alars was probably initiated by
their collisions with the wire. Most of the chicksdees, after one
trial, never flew into the wire again. Always the titmice were slower
to adjust,

A review of literature indicated that chickadees and titmice
eat mostly seeds, nuts, and insects, 80 I decided to provide a variety
of food, i.e., a self-choice diet, offered either on the feeding
station shelf or in Petrl dieh halves. The foods offered were
unsalted, chopped, roasted peanuts; mixed smal) seeds, sold commer-
oially as wild bird food; sunflower seeds; suet; live mixed insectis;
and frosen mixed insects. At the beginning of the study, a mixture of



DATA ON CAGED BIRDS AT DATE OF CAPTURE

TABLE I

Supposed Date
Rank Specles __ Age Sex Size
1 TM Io F k-. 73 M-
Titmouse T. 64 mm,
Vt. 20.2 g.
2 Tufted 5. F V.76 ra. 9/25/6s
Titmouese T. Molt.
wWt. 22.9 g.
3 Tufted I M W. 78 em. 7/1%/64
Titmouse T. 67 ma,
Vt. 20-5 “
4 Tufted 1. P W. 73 mn. 6/50/6M
Titmouse T ®
Wt. 22 g.
[ Tufted TR Y. 73 mm. ?7/15/6%
Titmouse T. ®
Wt. 18.95 g.
6 Tufted A. M i. ® 6/30/6k
Titaocuse T. »
Wt, 22.2 g
7 Carolina A X ¥, 57 =m, 7/30/6»
Chickadee T. %9 mm,

Wwt. 9.5 g.

DG

LP

Bk

Leg Bands
left

Right

DB

DB

DB

DB

DB

AL

AL

Band

[~ Prox., Dist. Prox. Dist Numbers
8;10;% R LP DB AL 33-1;ﬁ

33-196386

33-19636)

33-19638)

33-196364

3319609

32-00887




TABLE 1 (econtineed)

, leg Bands
Supposed Date Left Right Band
Chickadee T. 50 mm.
wt. 8.8 g.

Caroline A. P W.SBm. 7/27/60 D6 W DB AL 32-00882
Chickadee T. 48 mn,
wt. 8.9 g.

Carolina v. P V. 58 m. 9/25/6n w R DB AL  32-00885
Chicksdee T. 51 mm.
mo 9 “

Carolina A. N W. 62 mm. 7/30/6h ) 7 B ¢ DB AL 3200881
Chickadee T. 50 mm.

wt. 9.0 g.
Carolina A. F W. 58 =mm. 8/18/6n R W DB AL  32-00892
cmm. r. “5 “0
*Not taken T. Tail length in millimeters. AL Aluminum
I. Immature Wt. VWeight in grams Bk Black
A, Adult DB Dark blue ¥ Vhite
Y. Unknown DG Dark green Y Yellow
F Female LP Llight pink H Hellotrope
- M Male 16 Light green R Red

V. Ving length in millimeters LB Light bluwe
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milk and egg yolk was supplied, especially for sick birds, until, fer
some unexplained reason, they ceased drinking it. Insects were
trapped in a black light funnel trap and were mostly of the following
families: Coleoptera--Dytisaidse, Carabidae, Scarabaseldae, Histeri-
das, Hydropdilidae, Staphylinidae, Lampyridae, Silphidas, Elateridas,
Tensbrionidae; Hemiptera--Pentatamidag, Reduviidas, Miridae, Coreidae;
Lepidopters--Cossidae, Sphingidae, Tortricidae, Notodontidae, Geommtri-
dae, Lasiocampidae, Arctiidae, Noctuldae; Dipbera--Tabanidas, Tachin-
idae, Muscidae; Bymsnopters--Ichnsmmanidse. During the summer they
vere given live insects and during fall and vinter were fed mostly
frozen insects.

I found streseed throughout the literature the importance of
feeding substantial amounte of a variety of insects to insectivorous
birds. There are many methods of obtaining insects for birds. The
more common methods are insect culture, using orickets, houseflies,
honeybee larvas, etc. and insect capture with sweep nets, light treps,
or baited traps. Trapping insects is an exoellent way of supplement-
ing the diet of birds since it ylelds a wids variety and involves a
minimum of time and effert. Of night light traps, black light or
filtered ultraviclet is very effective in bringing in large numbers of
a variety of insects (Ficken and Dilger, 1961).

Studies with birds in captivity have been handicapped by the
problea of supplying adequate diets. Behavioral studies are espe-
oially dependent on the bealth of the birds. Although birds in the
wild feed on a variety of insects, their nutritional requirements in



captivity may be satisfied with only a few speciss. Insectiverous
birds are adapted physielogioally to the mutritional sonstituents of
insects. There are probably trace elsments, certain amino acids,
vitamins, and other factors which make insects more desirable nmutri-
tionally than elaborate laboratory preparatioas (Gary, Ficken, and
Stein, 1961). Picken and Dilger (1961) frose insects and earthworms
for use in the wvinter. |

Ordinarily vitamin supplaments are not necessary if the animal
is fed a diet scientifically determined to be perfect, but, since such
information is not available for so many birds, it is best to add
vitamins to the diet., PFicken and Dilger (1961) used Zymadsrops decause
they contain VYitamin Dy, vhich is the mest active form of the vitamin
in chickens, PFor birds the sise of a canary, twe drops per day per
bird are recommsnded in addition to insects. It is convenient to
supply vitamins in drinking water for seed-eating birds. Since they
usually discard the seed soat, mixing vitamins with seed would be
quite ineffective (Ficken and Dilger, 1961).

Norris and Scott suggest powvdered milk as & useful addition to
diets of some birds (Fisken and Dilger (1961). Self-choice diets are
suggested by Ficken and Dilger (1961). A variety of foods should be
supplied, i.e., a variety of seeds, insects, etec. To maximise self-
cholce, food should be presented in flat shallow containers.

I could not find any information about the importance of grit
to small passerines. Nevertheless, I supplied a quantity of very
small limestone gravel for grit, but it was rarely used. The following



12
is a 1ist of birds which used grit. Each is followed by the number
of times it was observed consuming grit: Procedurs la--Titmouse
R/LP, 51 Chickadee LP/W, 3; Chickadee R/W, 4; Procedure lb—-Titmouse
R/LP, 1; Titmouse 1G/H, 1; Chickadee Bk/W, 2; Chickades LG/Y, 1;
Chickadee R/W, 1. No conswspiion of grit was observed during
Procedure 2,

Between October 3, 1964 and October 12, 1964, I spent some time
in observation attempting to discover a plan or precedurel teshnigue
whieh would be best for the information I was sesking. The plan wvas
to use only the large movable feeding station and to place it in each
of four different areas of the cage for six hours of cbservation in
each area, I listed otservations in the following manmer: time, bird
observed, food eaten or taken, where food wes taken or where bird flew
after eating, miscellanecus pertinsmt iaformation, such as enmcounters,
fights, bathing, etoc. This information was later analysmed with
respect to interastion, both intermpecifis and intraspecific, and to
daminance relationships. Because Procedure 2 was begun before Pro-

cedure la was complsted, only the first eighteen hours of observation
for Precedure la and 1b vere sonsidered comparadle.

I have three major sets of observations. The first covered
October 12 through October 24, 196k, involved eighteen hours of obser-
vation, and will be designated Procedure la.

The second set of observations, designated Precedure 1lb
(Novesber 11 throwgh 18), was a follow-up repeat of Procedure la to
determine any ochanges caeused by a reducstion in population. Four
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birds were found dead after completion of Procedure 2 and were pre-
sumed to have been killed by others in the cage. No bird was ever
observed actually killing another, but on Novemder 22, 196k, Titmouse
R/LP vas observed to jump upon the back of Titmouse W/Y and peck the
latter twice on the bask of the skull, This attack took place on the
cage floor, Area AB, and vas apmsently uaprovoked, Only one other
attack resulting in a fight was observed. The fight involved Chicka-
dees R/W and Bk/W. The latter initiated the attack on the cage floor,
Area AB, and the fight lasted about fifteen seconds with Chicksdes R/W
on its back for the daration,

The third set of observations was a food deprivation experiment
to determine the effects of a stress-inducing procedure upon inter-
actions. The procedamre was to supply one small container two and one-
half inches in diameter oontaining a mixture of all foods previcusly
offered for one hour (9:00 a.m. te 10:00 a.n.) on esch of four worn.
ings (October 25 through October 28), followed on two afternnons
(October 25 and October 28) at the regular observation time (11:00
a.m, to 2:00 p.n.) by a return to normal cbaservation2) procedure,
1.e., vith a large supply of food in several small containsrs on the
feeding station (an area of four or five square fest). Thus, Proce-
dure 2 consists of four ons-hour periocds of observation in the morning
on October 25 through October 28 and two three-hour periods of obser-
vation at the regular time (11:00 a.m. to 2:00 p.m.) on October 25 and
October 28 for & total of ten hours of observation. The amount of
food supplied during Procedure 2 was sufficient, but placing At in the



1
exall container had the effect of limiting feeding choice and availa-
bility of food, This procedure was appareatly responsible for the
inoreased aggressiveness of Titmoume R/LP, not only during the morning
hour on each of the four days observations were oconducted, dut also
during the regular 11:00 a.m. to 2:00 p.m. observation period when the
normal food complement was restored. This bird mey have been the
idller of four birds (three chickadees and one titmouse) found dead
with apparent peck womnds on their skulls. After this, it was desided
to procesd along the linmes of Prooedwre la and assess any differences

that may have arisen as a result of the redustion in pepulation level.
The statistical tests used in analysing the data were a stand.

and t test, a two-way test of Chi square, and a two.way analysis of
variance. The latter was especially valuadle for analysis of inter-
specific and intraspecific interaction (Bailey, 1959, Kurnow, st al.,
1959, Snedesor, 19, and Steel and Torrie, 1960).

Mortality of birds in captivity is of prime concern because of
the disruption of experimental procedures it may cause, ¥For this
reason, each bird, wvhen found dead, was antopsied, re-weighed, if this
was appropriste, re-measured when possidble, and sexed. As far as
possible, the cause of death was ascertained. Table II, page 15, is a
prusentation of pertinemt information for sach fatality.

During the period of October 3, 1964 te October 12, 1964, I
also tried to obtain a mental iapression of the dominance order and
planned to refer to uy assessment after I had thoroughly analysed the
data and formulated a more scientifieally exact repert. This order
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TABLE II
BIRD MORTALITY
Date Weight Probable Band
of Death Species Sex Age at Death  Cause of Death  Number
6/30/66 Tufted P A. 14,7 g. Dedgdration; 28.1528%
Titaouse failed to eat or
drink, '
6/30/6F Tufted X A,? 16.8 g. Dehydration; 33.196338
T4tmouse failed to eat,
lost 3.5 g. weight
. in $ hours.
7/1/66  Tufted M I. 20.8¢g. OUnknown. Possibly 33-196M7
~ Titmouse shoeck.
7/2/66  Tufted S N “ Unknown 33-196351
Titmouse
72/15/66  Tufted r 1. = Unknown 33-196362
Titaocwse
8/1/66  Tufted v 1. . Unknown 33-196379
Titmouse
9/21/6F Carolima N A. 10.0 g. Prodably dus to 3200868
Chiohadee blow on skull
(inflicted by
angther bird?)
9/24[66 Tufted U A. 19.8 g. Brain hemprrhage  33-196378
Titmouse and musele hemor-
rhage above left
leg. Cause
anknown,
10/28/66 Carolima TP A, 8.6 g. Blows on skull, 3200882
Chickadee ) probadly peck
wounds
10/28/6M Carolinma M A. 9.0 g. Blows on skull, 32.00887
Chickadee prodably peck

wounds
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10/31/6F Tufted r A
Titmouse
11/22/6F Tufted 7 A.
Titmouse
11/22/és Carclina P A,
Chickadee
12/11/6A Tufted A
Titmouse

12/21/64 Carelima M A,

Chickadee

19.3 ¢.

8.k g.

8.7 ¢.

Blows on skull, 33-196386
probably peck

wounds

Bird apparently 33-196384

frese. Found on
exposed perah which
vas not its rege-
lar reosting place.

Blows to skull, 3200892
probably peck
wounds

Blows to skull.
Possibdly the bird
was dead or dying
vhen the wounds
vere inflicted.
Apparemtly had
been excluded froa
shelter once bLe-
fore and was sick
three days but
recoveyed.

No brain damage.  32.0008h
Possibly frese te
death,

33-196343

¢ lNot taken
F Female

N Male

U Unknown
Io Immeature
A. Adult
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vas as follows: Tufted Titmice: (1) Alpha, R/LP, (2) DG/LP, (3) la/H,
(%) w/¥, (%) 10/Bk, (6) W/LB; Carolina Chickadees: (1) Alpha, LP/W,
(2) me/v, (3) pajw, (b) W/R, (5) 18/Y, () RN. Alpha designates the
dominant bird in each group. The birds are designated by their left
leg color bands. The color code is given in Table X, page 9. This
assessment of dominance relationships was made on Octeber 10, 1964,

Table III, page 18, is a presentation of information on birds
sacrificed at the end of the study. These were etherised, uﬁpctod.
and preserved in formalin aleng with all of the other birds which died
in the course of this study.

Hereafter in this paper, abbreviations will be used vhich are
consistent with those given in the cage layout druwing (Pigure 1, page
b) and the dominance order 1list. This should greatly facilitate
brevity, clarity, and wnderstanding, Birds will be referred to by
their color band designations, procedures by their number, i.e., la,
1b, or 2; and cage areas, objects, etc. will be referred to by their
letter designations. Photogrephs of the cage may be found in

Appendizx A,



TABLE II1
BIRDS SACRIFPICED FOR POSITIVE SEXING

Date Band

ofDesth  Speeles  Sex  Age Sise Sumber
12/23/64 Tufted r A, V. 72 m, 33196364
Titmouse T. “ R,
| wt., 19.3 ¢,
12/23/66 Tufted M Ao V., 78 ma. 33-196349
Titoouse T, 70 mm.
™. 209 ¢
12/23/66 Tufted " A, W, 77 ma, 33-196363
Tiﬁmm ?o “ R,
'tb 107 8
12/23/6h Carolima X A. ¥, 62 mm, 32.00880
Chickadee T. 50 mm,

wt. 10 07 8e




" CHAPTER II
DOMIRANCE AND SPATIAL RELATIONSHIPS
I. DOMINANCE

The folloving is a review og literature pertineat to a study
of dominance;

Seh jeldrup-Lode (Yan Tyne and Berger, 1959) first used the word
dominance in deseribing his observations of social hierarchies in
birds, Within any flook and betweez any two individuals, one bird
invariably has precedsuoe.

An individual is said to be dominant over another when it has
priority in feeding, sexusl and locomotor behavior, and vhen it is
superior in aggressive encounters with other birds. In foraging
flocks of mixed species, interspecific dominance relationships arise,
For example (Armstrong, 1947), in feeding flocks of nuthatches and
titaice in England, nuthatches uwsually dominate Great Tits; Great Tits
dominate Blue Tits; and Blue Tits doainate Marsh Tite. The most defi-
nite type of dominance relatioaship in a group of birds is known as
posk-right and involves a straight line order of dominance. Peck-
right as opposed to peek-dominance has been noted in various passerine
species in eaptivity. |

Etkin (1964) and Allee (1951) say that dominance in chickens
and other birds is often clear cut, vigorous, and uniform in expres-

19
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sion, Such invariahle dominance might be described as complete doami-
nance or peok-right. In other species, however (i.s., pigeons),
dominance may be of a partial and relative charecter called peok-
dominance. Por exasple, among pigeons, there is no complete domi-
nance of one animal by another but rather the greater oumber of
successful attacks deternines the dominant bird, i.e., a dominant
bird delivers more pecks than he receives and vins more encounters
then he loses.

Dizon (1962) found that Carolina Chickadees in the wild were
organised in a peck-right hierarchy. In general the dominant birds
fed first and returned more frequently to a food source, Order of
precedence at a foocd source was used as one eriterion of social
ranking, and the structure of flocks was determined by observation
at feeding stations, Tordoff (Dixoa, 1962) found no difference in
rank determined by fighting and that determined by order of feeding in
the Red Crossbill.

Dixon (1962) found that some individuals aveided the r“dinc
station when the dominants were present. He also observed that Tufted
Titaice dominate Carolina Chicksdees. In many cases there was an
avoidance of oconteot hy closely ranked individuals. Thn_ nate of the
Alpha male had precedence over other males when her mate was preseat,

Armstrong (1947) observed that dominant birds do not consist-
ently have things their own way, and subordinate birds have peck-right
whoen on perches or resting places where they feel particularly at
home. It is not mecessarily the strongest bird which becomes the top
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ranking one. If a dominant bird is confronted by another when it is
feeling bedly, it may become subordinate to it although the newcaoner
is a weaker UWird, Thus, paychological factors as well as piyyeical
strength play their part in determining a bird's status.’ The bird
lowest in the socizl scale is liable to decline in health. The social
subjugation of some birds vhen artificially crowded together may
result in death due to ssvere mental shock, loss of appetite,” and
possible starvation, If there is a shortage of food, subordinate
birds suffer most. Newocomers introuduced into a cage with established
Anmates almost always assume a low social rank, MNice (Armstrong,
1947) found that Song Sparrows in captivity were organised unilater-
ally by peck-right, which she thowght was partly caused by lack of
sdequate territorial facilities.

Birds such as parids, which form flocks, are less likely to
become involved in recurreat fights when in cramped quarters if organ-
1sed according to peck-right rather than peck-dominance. Supercedsnce
enables food to be obtained by all memders of a floock without wvasting
too much time in disputes (Ammstrong, 1947). Threats, gestures, and
avoidance serve as substitutes for fighting (Dizmon, 1962), Nice
(Armstrong, 1947) found that in ceptivity a subordinate Song Sparrow
vas not allowed to use the bathing plsce. Aceording to Odum (Armstrong,
1947), chickadees maintain peckeright at the top and battom of the
order and peck-dominance among intermediates.

In a stwdy by 0ibb (1957), Great, Blwe, and Coal Tits were
trapped wild, and as many as six at a time were confined in an aviery
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eightomn feot long, fifteen feet wide, and oight feet high. Thay were
given two weeke to besome adjusted to their new surrouadings. They
did not fight, probably becsuse they were not unduly crowded. There
was a rigid order of peck-right both betwesen and within the species,
In genaral, the bolder, dominant, and more imquisitive individuals
(vhieh were the first to find freshly introduced foods) adjusted more
readily than more sulmissive birds. Almost agything new placed for
the first time in the aviary was thoroughly inspected by the birds.
tThey were fed on mixad seeds and mealworms supplemented regularly by
dead inseets and ground nuts. They removed their food from the con-
tainers and ate it elsevhere. Coal Tiis stored food in substantial
amounts, Blue and Great Tits did not store as mush,

Some birds, such as nuthatches, titmice, owls, etec., store some
of the food they find in tiwes of plenty te use when supplies are
scarce (Van Tyne and Berger, 1959). Gibb (1957) found that Blue,
Great, and Coal Tits in eaptivity also stored food.

Mamy tirds in flock conditions attack male and fomale indis-
eriminately. Doainance may be exercised regardless of sex. It cannot

bomnodmtithbydﬂ.’uofuxllouthatalllﬁt’rf-ﬂ.h
domirant. Also, there may be reversals of precedence between paired

birds. In captivity the dominmant among Blackbirds (Turdidss) or tits
may kill those of its owvn species or others confined with it. Llow
ranking birds in captivity undergo more suffering than those in the
vild through being kept eclose to their tormentors without the buffer-
ing protection of territory. In captivity wveakly or deformed birds
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are commonly persecutad by their fellows. The social order becomes
more rigid and aggreesion more severe as space or food supply is
reduced (Armstrong, 1947).

There is usually little compstition between species for food,
When food is scarce, the various species of Parus feed in different
places in trses., The external stimulus for aggression is useally
certain stimull from a fellow member of the speeies. Sometimes it is
elieited by mesbers of other species (Hinde, 1961).

Marler and Andrev (Hinde, 1961) found that a peried of food
deprivation did not affect the threshold for aggreesion of chaffinschee
and buntinge at a feeding place in the wild.

One of the most important projects of the present study was to
assess dominance relatiamshipe smong the birds. The oriteria decided
upon were these: number of trips to the feeding stand; number of
successful, as opposed to unsuccessful, encounters; amount of spetial

restriction; successful encounters with the bird judged to be next
lovest in the sociil order; and presedence at the feeding station,
Btkin (1964) reported that when two strange hens are bhrought
together, they imamsdiately approsch and watch one another carefully.
If there is o difference in size or vigor that is obvious enough to be
detected by the humas observer, the chickens may be counted on to see
1t at » distance. In this ease, one will, by lowering its head and
avoiding the other, show that it aceepts the subordinate position. If
the birds are closely matehed, each may try to 1ift its head higher
than the other, If one's hesd should be lowered, the issue is decided.
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Usually, though, closely matched animals will approsch alose enough to
fight. The fight 1s uwsually a matter of a few seconds and a few svift
pecks, and one leaves defeated.

The above discussion suggests that there is a sise and vigor
factor involved in determinations of dominance., Thie is true of many
species of birds. Of ecourse, size may enter into the pictare . as a
function of maturity, ¥ith chiskadees and titmice, size, weight, and
age should be important considerations in establishment of a hierarchy
among such astive And aggressive birds. Hereafter, where sex and age
of a bird is of interest, the information will follow mention of the
bird in parentheses wsing abbreviations found in Table IV, page 25,
such as (A., F.) fer adult female. It would be expected that since
nales tend to bs more aggressive and doainant year round that they
should dominate females. Titmice, decause of their larger sise and
_ greater strength, should dominate chickadees. Under ideal conditions
we should expeot that larger male birds should dominate the rest.

This vas not entierly trus as shown in Tadle IV, page 25, It would
seen more appropriate among titmice for the male W/LB to dominate, At
first, in fact, this bird did seem to be dominant but declined im
status as more biyds were introduced into the cage. It is strange
indeed that two females should be found at the top of the titmouse
order and especially for Titmouse R/LP to be eo aggressive, zince she
was immature vhen captured. This ranking of titaice may be a measure
of relative adaptability, because titmice were more adversely affacted

by caged living, i.e., they reacted more violeatly and adapted much
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TABLE IV
COMPARISON OF BIRDS BY SEX, WEIGNT, AND AGE

R/LP 8/10/64 4 20.2 g. 33-196384
% pa/LpP 9;25/ ve P 2.9 g. 33196386
3 1a/n 7/14/64 A. X 20.5 g. 33-196363
oM e L7 E3E R
16/ 1 As S 8.
g ulx/.n 2/33/61& A. X 22.2 g. 33-196349
Chickadees
LP 6k A, M 9.5 g. 3260887
g u,/: ;;gféb Ae X 8.8 g. 32-0088h
9 Dofw 7/27/64 A, F 8.9 g. 3200882
10 /R %25;2 v. ; 3.: g. 3250888
1 18 30 A RN 325083
12 lh,r’ 8/18/6ék A. ) 4 9.9 g. 32.00892
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more slowly than chiciadees. Judging from encounters and aggreseive
bshavior, I would ¢onclude that the birds were probshly overcrowdasd
and lacked sufficient cover for escape froa dominant birds.

The ranking for chickadees shows a more "normal® arrangesnt
with oaly one adult male supesrceded by females. It can be seen with
titadce that the two most receatly introdused birds became dominant.
This may mean there was a decline in vigor among birds alresdy pres.
ent, and the new arrivals took precedence by virtus of strength,

Among chickadees the two most dominant birds were first and
third to be introduced into the ocage. This alsoc is more nearly a
normal situation,

It was assumed beforshand that titmice would be dominant, and
this was soon confirmed. Very raraly was a titacuse dominated by a
chickadse in the course of this study. Table V, page 27, illustrates
the dominance structure of these birds. The following comments define
the headings and explain the figures found in this table. The total
member of trips means the total number of trips made to the feeding
stand in the course of sets of observation periods totaling eighteen
houre for each of the two procedures. Numbder of successful encounters
means th.} total number of successful encounters with birds of both
species. Number of unsuccessful encounters means the number of unsuc-
cessful encounters each bird had with members of its species.
Dominance over the next bird involved two figures. The first figure
is the numder of successful encounters with the bird judged to be next
lowest in rank, The second figure is the number of unsucoessful



TABLE V
ANALYSIS OF DOMISANCE

%o, Sites
Color No, Neo. Dardinance Visited
Sapposed Bands No. Successful Unsuccessful Over Next Total More Thanm
Rank of Bird Trips Encounters Encounters Bird Sites Five Times _Precedence
Procedure la
Titmice
1 R/LP 272 66 ; (3 17--3 = 38 3 2,87
2 pa/Lr 27 1h 17 20 32 28 3.97
3 1a/s 203 9 17 y 30 26 5.6h
i .72 ¢ 169 9 13 61 25 23 $.43
] 16/8k 105 3 15 2-23 25 .3 7.98
'3 Ww/LB 112 8 9 1% 12 9.33
Chickadees
7 P/ 220 19 1 8--0 38 32 5.08
8 Bx/V n b 9 $«0 4l 38 6.9%
9 Do/ 223 ? 6 820 33 30 6.27
10 /R 125 10 9 6--1 3% 5.} 7.73
1 1w/ 137 3 20 02 n 28 8.25
12 Rfw 1? 2 10 27 % 8.30
Prooedure 1d
Titrice
1 a/LP 133 n s 02 1 1 8,27
2 18/r 95 10 0 10 %] 2 3.55
3 \7b 4 103 1 5 00 23 6 &.9%
Y 16/mx 2 3 00 17 3 6.27
s v/i3 $3 1 0 A 12 s 6.05
2 Bk /v 201 »n 0 220 2 13 2.99
7 16/Y 198 | 22 .0 ¥ © 12 3.99
8 R/ 105 0 15 27 6 4,88




eocounters with the bird judged to bs next lowest in reak, Total
sites is the number of different cage sites visited in three sixz.dour
perieds. The figwre is the sum of the numder of different sites
visited in each pericd. Sites visited more than five times means the
mmber of cage sites visited (to feed or after feeding) wore than five
times. The figure is a sum of three six.-hour totals. The figure for
pw wvas obtained by scoring a bird's arrival at the feeding
station as first, second, third, or whatever, in each howr peried.
The figures for a siz-hour period were averaged, and the three six.
hour averages were averaged., A low figure thus indicated a greater
precedsnce than a high figure. The table compares results cbtained
with Procedures la and lb, the first eighteen hours of each yroeedure
being caomparable. Hereafter, some statistical values will be included
ia the text. Chi square, f, or ¢t valuss will be given followed by the
corresponding probability figure (P).

Birds vere eampared with regard to suscessful and unsuccessful
encounters, Comparing 1 and 2, 2 and 3, eto., and using a Chi square
test, it was found that the followiang relationships were statistically
significant as regards encounters between individual birds. Titmouse
R/LP was dominant over Titmouse DG/LP (X2 = 26,9, P = <,001); Chicka-
dee LP/V over Chickades Bk/V (X2 = 8,69, P = <.09); Chickadse W/R over
Chickedes 13/Y (X2 = 7,82, P = ,05), It can be readily seen that the
loss by death of three chickadees and one titmouse did not alter the

dominance ranking in Procedure 1b,
It 18 clear that dominant birds visited the feeding station
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more often, These data treated hy anslysis of variance ’m highly
aigrificant for imtraspecific variation (f = 31.17, P = .01). Thus it
may be oconcluded that visits to ths fesding station may be used as a
reliadble estimate of mc. Birds which visited the feeding stand
less often were more often relegated to feed from food discarded or
dropped to the oage floor. There m no significant difference
betwesn the number of trips by chickadees and by titmiece (f = .99,

P = >.10).

Apalyuis of variamne showed that there vas a signifisant
difference intrespecifically in tbhe number of successful encountére
betwesn individusls for chickadees and titmice (£ = 5.42, P = .05),
but there were no significast interspecifio differences (f = 1.37,

P =>,10). Thus the ousber of suocessful encounters can be relisdly
uoed as a %ol for asseseing intrespecific dominance. Alesc titmice
had gignificantly more successful encounters with ohiockudees than vice
verss (P = <,001). Of the few times when a chickades had s succeseful
encounter wvith a titaocuse, wost were not connected with feeding or the
fesding station.

Of interest is a drop in the number of successful encounters
for titmice and chickadees in Procedure lb, This prabably reflects s
decrease in interaction browght on hy a lessening of populatioa
pressure. There are leas occasions for assertions of dominance whea
the musber of birds is reduced.

The number of unsucceesful encounters within esch species
offers some interesting information. In Procedurs la the dominant



30
bird in each speecies had fewest unsuccessful encounters as expested,
Birds lovest in the order also had relatively few unsuccessful
encounters, probdbably becauss their greater relative restriction
resulted in fewer encounters. In other words, a bird restricted
because of its low status has less chance for contact with dominant
birds. The high figure (20) for Chickadee 14/Y (A., M,) in Procedure
1a is dus to pervecutien of this bird by Chickadee Bk/W (A., M.) and
Chickadee W/R (U., F.). For some unknown reason, Chickadee LG/Y
(A., M.) vas particularly singled out for attacks by Chicksdee Bk/W
(A., M.). Exceptions to the above are the apparent reverssl between
Titsouse R/LP (I., F.) and Titmouse 1O/E (A., M.) and the high number
of unsuccessful encounters for Chickades R/W (A., F.) in Provedurs 1b.

In the column labeled Dominance Over Next Bird, the figures
show successful encounters by individual birds with the bird ranked
Just below it. This analysis also supports the order of rank given in
Table V, page 27. It showve redused interaction among titmice in
Procedure 1b, which is probably a result of reducstion of the two
populations., Statistiocal figeres may be found in Table XIII of
Appendiz B, The increased interaction among chickadees in Procedure
1b is epparently due to persecution of Chicksdee R/W (A., P.) by
Chickades Bk/W (A., N.) and Chickadee 1G/Y (A., M.).

The two coluans headed Total Sites and Number Sites Visited
More Than Five Times were included as a measure of the relative spa-
tial restriction of each bird., It was assumed that the lower a bird's
statien, the more restricted it would be in its movements connected
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with feeding, feeding sites, and favorite perches, i.s., a dominant
bird vould have precedence in a greater number of cage sites than a
bird of low soeial rank.

Theee data, treated by anmalysis of variance, supported the
above assumption by attributing to it significance Loth between and
anong the two species as follows: total sites, iaterspecific differ-
ence—~f = 14,37, P = <,05; total sites, intraspecific difference--f =
6.85, P =<,05; sites visited more than five times, interspecifio
difference--f = 10.17, P = <.05; sites visited more than five times,
intraspecific difference--f = 5.30, P = <,05. There was less varis-
tion among chickadees with regard to relative restriction. This may
mean that chichkadses were more active spatially, i.e., besides being
gonarally more astive, they also spent less time on the feeding
station and very rarely fed there, preferring tc take their food and
oat it eleevhere. Titmice often spent some time eating on the stand,
These data also euggest that the ranking according to relative restric-
tion i» correct.

The fact that the figures shown for precedense at the feeding
station follov the order suggested by the reet of the data further
confirms the ranking given in Table V, page 27 (significanss intra.

specifically by amalyeis of variame—f = 5,72, P = <,05). There are
only three revereals here. The reversal between Titaouse LG/H (A., M)

and Titmouse W/Y (I., F.) in Procedure la may not be too impertant
since it is such more difficult to scsurately rank birds intermediate
in the social structure than it is to rank the top and bottom of the
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order. This may be readily explained if there is peck-right at the
top and botiom of the scale and pecl-domisence among intermediate
birds as found ky Odum (Armstrong, 1947) with chickadees. The
reversal of precedence figures between Ghickadess Bk/W (A., M.) and
Da/w (A., 7.) concerns two birds which avoidad one another spatially,
as will be showa later. This would explain this reversal. The
rvversal of precedsnce figures between Titmice R/LP (I., P.) and 10/H
(A., N.) in Procedure 1b is also a case of closely ranked birds which

tendsd to avold one another,
The most consistent differences between the two procedurws are

that there was less imteraction bdetween chickadees and titmice (¢t =
2.%6, P = ,05) and less interaction among titmice, though not signifi.-
cantly less (t = 1,32, P = .10) in Procedure 1b. The number of
feeding trips dropped eignificantly for titaice (t = 3.12, P = ,02)
but did not significantly change with chickadees (t = ,37, P = >,60),
These changes were probadly caused by reduction of the population,

The following two tables--Table VI, page 33, and Table VII,
page Ycare ineluded to illustrate the nature of the daminance
expressed by titmice and chickadees used in this study. It can be
seen that the ranking is not rigid but suggests "peck-dominance®
rather than ®peck-right.” The chart form is that wsed by Btkin (1964)
to 1llustrate the peck order among chickens. These charte gombine

figures obtained in Procedures la and 1b.
The average number of visits per hour for water for each

species as well as the average number of feeding trips without sating,
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TAEBLE VI

TLLISTRATION OF DOMINANCE ORDER AS
ESTABLISHED BY AGORESSIVE
ENCOURTERS (TITMICE)

R/LP Do/Lp 1o/ wfY 19/3k W/18
R/LP I 3 1 1 2
m/u'!' 17 0 0 0 0
16/8 1S 1 0 0 0
vy ] 9 1 1
16/5x 6 b 3 ) 3
w/13 [} 0 0 2 2

*The muaber of successful encounters a given bird had with
other meabers of the population is givea in the vortical columns, The
nusber of uwnsuccessful emcounters for each bird may be read in the
horisontal columns.



TABLE VII

ILLUSTRATION OF DNOMIEANCE ORDER
AS ESTABLISHED BY AGGRESSIVE
. ERCOUNTERS (CHICEADEES)

PN BN Do/w w/r L/t LT

Le/v 3 0 0 z 0

Bk/w 10 o 1 o 0

po/v 1 5 0 3 b |

w/R s 2 1 1

/Y 4 27 3 6 J
3 13 1 6 b

R/

¢*The number 0f successful encounters a given bird had with
other members of the populetion (chickadees) is given in the vertical
columns, The number of unsuocessful encounters for each bdird may be
read in the horisontal columns,
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and food items stored per hour can be used as ressonably good indi-
cators of increased competition and interaction. This is shown in
Table VIIX, page 36, which compares the figures obtained from Preo-
ocedures 1la and 1b with Procedure 2. The table seems to indicate that
caged birds, under greater than normal stress, tend to store more
food, consume more water, make fewer feeding trips to the feeding
station, and visit the feeding station more often without eating,

This is caused not oaly by increased interaction but also by stress
brought about by uncertainty and disruption of normal routine. Vhen
competition is abruptly increased, stress may reduce the desire for
food by ecoupying them with other matters such as assertions of
dominance and precedence. This may be the reason for increased water
consumption. Dominance is expressed much more strongly when food is
{nvolved. Not once did I observe a bird actively chase another from
water while drinking, Under increased stress, average storage per
hour innreases sigrificantly (t = 14.07, P = <,001) and may be a
aechanisa by which feeding competition is reduced.

Figure &, page 37, is a graph contrasting the number of trips
to the feeding station in vhich no food was eaten or taken with the
number of trips in which food wvas taken. The solid line designates
titmouse trips, and the dotted line designates chickadee trips. The
scale on the right is for feeding tripe, and the scale on the laft for
non-feading trips.

The movable feeding station (Y, page &) was left in Area AB
when observations vwere not being msde. Since the observation time for



TABLE VIIX

AVERAGE TRIPS FOR WATER, FEEDING AND
HOB-FEEDING TRIPS, AND ITEMS
STORED PER HOUR

Average Number
Trips per Howr

PG? w‘“’ 2.05 1.82 z.” 2033 10& 1.,1 1.” 1.6’
Average ::tnr
Feeding Trips
per Hour $.03 5.6 2.91 2,66 3.5 3.06 .27 411

Average Number

Non-Feeding
MP. Bor Hour 1.” 2.8 3.21 1.7 1.’7 N2 10” 1,

]

Average Numder
Food Items
Stored per Hour 10” 013 ‘o” 3.75 029 06’ -”

i
A

I

¢ Chickadees
seTitmice
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a single day rarely exceeded six hours, it is obvious that the feeding
station wvas in Area AB for a much greater period of time than in any
other area (CD, EF, or GH). The titmice, being the dominant species,
would tend %0 have their maximum precedence in the area which contained
the feeding station for the longest periocd of time. This assumption
seeme t0 be substantiated Dy data shown in Piguwrs &, page 37. This
figure shows that titmice had their greatest number of both feeding
and non-feeding tripe to the feeding station when it was looated in
Area AB, If this assumption is correct, then the chiokadess would de
expected to have more relative freedos with regard to visits to the
feeding station with the feeding station farthest removed fyom the
area where titmice had their greatest precedence, This too seems to
be borne out by the data in FPigure &, pege 37, which shows that
chickadses had their greatest number of both feeding and non-feeding

tripe vhen the feeding station was placed in Area GH.

I have assumed that a ®ird would have its greatest amount of
sxcess activity vwith regard to feeding in areas where it hed most
freedom of movement, i.e., greater precedence. Thie also is reflected
in Pigure A, page 37. Esch species had its maximm numder of non-
feeding trips when the feeding station was located in the area of its
greatest precedsnce, Ares AB for titmice and Area OH for chickadses,
Significant differences in feeding and moa-feeding trips between
chickadees and titmice were dsterained by ¢ tests. Chickadees had
significantly more non.feeding trips to the feeding station when it
was moved fyrom Area AB to Area CD (t = 6,58, P = <,001), Chickadees
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also had signifisantly more non-feeding trips with the feeding station
in Area GH than in Area AB (t = 9.79, P = <,001). There was a nearly
significant difference for chickadee feeding trips comparing feeding
station positions AB and GH (t = 2,00, P = ,06),

Titaice had significantly fever non-feeding trips with the
feeding station in Area OH as compared with ﬁoition AB (t = 7.9,

P = <,001), There vere, however, no significant differences for tit-
mouse feeding trips comparing feeding station positions EF and GH
(t = .26, P = >,50) or positions AB and GH (t = .98, P = .30).

Table IX, page 40, shows data gathered in each of the two time
periods used for Procedure 2. Table XIV (Appendix B) shows that there
are no significant differences between data of the two time slots, so
all data was grouped for cegpputations in other tables.

It was thought that reduction of availadility of food would
cause increased interaction and aggressiveness in a population of
caged birds. Since only one food source was available during obser-
vation periods, it was supposed that this would increase competition
for food,

Table X, page 51, shows that this, in fact, was not true. By
camparing figures as follows: Procedure la with Procedure 2, Proce-
dure 2 with Procedure 1lb, and Procedure la with Precedure 1lb, Chi
square tests were run to check for significant differences. (Results
of Chi square tests of the data in Table X, page #1; Table XI, page
43; and Table III, page 45, may be found in Appendix B, Tables XV and
XVI.) PFive significant differences and four nearly signifiocant



TARLE IX

COMPARISON OF DATA FOR BOTE TIME PERICDS
COMPRISING PROCEDURE 2

Feeding Non.Feeding Titmouse- Titmouse- Chickades-

Trips Trips Titmouse Chickadee Chickadee Total
C.* T.** C. T. Emscounters Encounters Encownters Encounters

9:60 a.m. to 10:00 a.nm.

Observation Period 183 1% 78 3§ 10 39 16 65

(M hours)

11:00 a.m. to 2:00 p.m.

Otssrvatian Period gl 203 58 » 1 32 W &7

(6 houwra)

* Chickadess

seTitnice



- TABLE X

INFLENCE OF POPULATION PRESSURE AND
REDUCTION OF AVAILABILITY OF FOOD

ON AGGRESSIVE ENCOUNTERS

L]

n

m___._ﬁ

Hunber of Chickades-
Chickadee Encounters

Nunber of Titmouse-
Titmouse Encounters

Number of Titaocuse~
Titmouse Encounters
Exeluding Titmouse R/LP

Nunber of Titacuse-
Chickadee Encounters

Number of Titmouse-
Chiokadee Encounters
Excluding Titmouse R/LP

Total Mumber
of Encounters

Total Rumber
of Encounters

Excluding Titmouse R/LP

19

17

13

112

10

b




differences were noted. These are: significant reductions ia
titacuse-titacuse encounters (la and 1b); titmouse-titmouse encounters
excluding encounters involving Titmouse R/LP (1a and 1b); chickadee-
titmouse encounters (2 and 1b); and total encounters (la and 1b, 2 and
1b). The four nearly significant differences are: reductions in
titmouse-titmouse encounters (1a and 2); titmouse-titmouse encounters
excluding those involving Titmouse R/LP (2 and 1b); and total
encounters excluding those involving Titmouss R/LP (1a and 1b). There
was also a nearly significent increase in titmouse-chickadese encoun-
ters (la and 2). Most of these changes and reductions came about as a
result of the smaller pepulation present during Procedure 1b (eight
instead of twelve birds). Also it can be seen that in many cases,
differsnces are reduced by deleting encounters invelving Titmouse
R/LP.

Table XI, page 43, shows the generally high pereentage of
sncounters involving Titmouse R/LP. There were two eignificant
differences in figures here. They are reductions in encounters inwvolve
ing Titmouse R/LP (la and 1b, 1b and 2). This was probably due to the
fact that the birds vhich stimulated its aggressive tendencies were
not present.

Titmouse R/LP was by far the most aggressive and dominant in the
population and was suspected of killing most, if not all, of the three
chickadees and one titaouse, vhich evidently died from peck injuries
to the skull,

Apparently R/LP wvas the only one affected by a reduction
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TABLE X1

ENCOURTERS INVOLVING TITMOUSE R/LP AS A
MEASURE OF AGGRESSIVENESS

Number of Titmguse-

Titmouse Encounters T 11 10

Number of Titmouse-
Chickadee Encounters &k 7 16

Numnber of Encounters
Involving Titmouse R/LP 75

Percent of Total
Encounters
Involving Titmouse R/LP &3

Percent of Titmouss-
Titmouse Encounters
Involving Titmouse R/LP &8t

&
&

Percent of Titmouse-
Chickadee Encounters
Involving Titmouse R/LP 7%

g8 & &
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in availability of food and ite grath' incressed aggressive bebavior
night well be termed sberrant. It can Le seen in Table XI, page 43,
and Table XII, page AS, that this bird shifted ite interest almost
completely to chickadess and to Chickadees LP/W, DA/W, and W/R in
particular. These three birds were found dead on the morning of
October 29, 196k, (Ten hours of observation with Procedure 2 were
condusted on the four days immediately preceding October 29.)
Titmouse R/LP wvas aggressive tovard titmice in particular during the
period of Octoder 12 to October 21, 196h, and ignored or rarely
bothered titmice after October 22, 196k, Titmouse B/LP was signifi-
eantly more active and aggressive than any other bird during the
pericd of Procedare 1la and 2, yst ehowed few aggressive tendencies in
Procedure 1b. This was apparently due to the fact that the number of
birds was redused, or that the particular birds which had stimulated
its aggressive tendencies were not present.

Table XII, page &S, shous data 1llustrating the somswhat
aberrant aggressive behavior of Titmouse RfLP. There was a signifi-
cant rise in encounters between Titmouse R/LP and chickadees for
Procedure 2, a signiﬁunt drop in encounters betwsen Titmouse R/LP
and chickadees for Procedure 1b, and a nearly significant drep in
encounters between R/LP and chickadees comparing Procedures la and 1b,
Along with the rise in number of encounters between R/LP and chicka-
dees came a drop in the number of encounters involving this bird and
titaice. Titmouse R/LP significantly incressed ite aggressiveness
toward Chickadees LP/W and ¥/R, and there was a nearly significant



ENCOUNTERS INVOLVING TITMOUSE R/LP

TABLE XII

45

b1

R/LP Bnoounters
Vith Chickadees

R/LP Encounters
With Titaice

R/LP Encounters
with Chickadee LP/W

R/LP Encounters
With Chickadee DG /W

R/LP Bnoounters
With Chickades W/R

a5

*Bird mot presemt
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incresse in its aggressiveness toward Chickadee DG/W.

It must be coneluded, then, that the reduction in availability
of food employed in Procedurs 2 had no significant effect upon the -
nunber of aggressive enocounters between birds in a oaged situatioen,
excepting Titmouse R/LP vhose aggressivsness was oi;nitimuy
inoreased. However, the behavior of this bird must be judged to be
the exception, rather than the rule. Thus, the finding of Marler and
Andrew (Hinde, 1961) that a period of food deprivation did mot
incresse aggressiveness among birds in the wild seens to be the cass
with caged chickadess and titmice.

II. SPATIAL RELATIONSHIPS

Spatial relationshipe showed up clearly in this study. Doal-
nant birde had much greater precedence over most of the cage space
than did lewer ranking birds, Birds lowest in the order were
restrioted as to vhere they ate and what sites they =might safely
eccupy.

low-ranking birds are relegated to feeding more from the floor
than birds of higher station. They fed more often on discarded food
and on food ascidentelly dropped by other birds.

In several casecs, slosely ranked birds, vhether high or low
renking, tended to avoid one another spatislly. Chickadees and
titmice lowest in the order were at times greatly restricted and
failed to visit the feeding station for long periods of time. They
were most restricted in the numdber of cage sites where they might
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feed. These birds also occupled good cover such as a shelter box or
the two evergreens in the cage much more than did the other birds.

In Figure 5, page 48, on the cage layout are marked arrowe
signifying cage sites used more than five times for feeding. The two
birds cospared are R/LP (I., F.) and W/LB (A., N.), the Alpha and
lowest ranking titmice. It can be seen that R/LP had much more free-
dom of movemeat about the cage. This illustrates the general finding
that dominant birds had more freedom of movement and precedence in a
greater number of cage sites.

In Pigwe 6, page 49, the two birds cospared are LP/W (A,, X.)
and R/W (A., P.), the Alpha and lowest ranking chichadees. This
comparison demonstrates that the principles of restriction mentioned
above are the same for chickadees.

The fact that closely ranked birds often avoided one another
spatially presented problems when the birds were ranked. Pigure 7,
page 50; Figure 8, page 51; and Pigure 9, page 52, illustrate this
phencaenon and therely explain why some of the figures in Table V,

page 27, do not follow perfestly the expested trend,
In Pigure 7, page 50, the birds cospared are Titmice DG/LP

(U., P.) and 1G/H (A., K.). These birds avoided one another consist-
ently with respect to feeding sites chosen during the period of
Procedare la.

In Pigure 8, page 51, the btirds campared are Titmice W/Y
(1., P.) and 10/8k (A., F.). These birds alsc consistently avoided
one another with respect to feeding sites chosen.



W/LB
October 18 and 21

Position of Feeder
Observation Booth

CD
X

Figure 5, Comparison of relative restriction between Titmice
R/LP (I,, F,) and W/LB (A., M,),
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Figure 6. Comparison of relative restriction between
Chickadees LP/W (A., M.) and R/W (A., F.).
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1G/H
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Figure 7. Avoidance between Titmice DG/LP (U., F.) and LG/H
(A'-g Mo)b y



w/Y
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1G/Bk
October 23 and 24

GH
X

Position of Feeder
Observation Booth

Figure 8. Avoidance between Titmice W/Y (I., F.) and LO/Bk
(AG. Fo)o ’
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Bk/wW

Figure 9.
(A., F.).

October 12 and 17

Position of Feeder
Observation Booth

=

Avoidance between Chickadees Bk/W (A., M.) and DG/W
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In Pigure 9, page 52, the birds comparwd are Chickadees Bk/W
(A., M,) and DOV (A., F.). These birds demonstrate the clearest and
nost consistent case of avoidance by closely ranked birds in this
study,

Avoidanoe of one another by elosely ranked birds scems to be a
mechanisn by which encounters and fighting are reduced, allowing the
bYirds more tims free from strife for more important activities such as
feeding.

Chickadees Bk/V (Ad., M.) and DG/W (Ad., F.) were captured on
the same morning in the same mist net. They apparently entered the
net at approximately the same instant. These two birds avoided one
another so consistently in the cage that they were not thought to be
mated. However, it may have been that they were mated and captivity
broke the mating bond by increasing competition,

Titmouse W/Y (I., F.) and Titaocuse W/IB (A., M.) were cawght on
the same morning in the same net at an interval of about thirty
minates. They were probdably not paired, because the female was imma-
ture and because W/LB seemed to be paired with L3/Bk (A., F.).

In Figure 10, page 54, the birds compared are Titaice LO/Bk
(A., F.) and W/1B (A., N.). The exact rank of these birds was hard to
deternine, because they consistently used the same feeding sites,
especially sites O and J, which were the two evergreens and offered
good cover. This may be the most important cause ot the slightly
uncertain status of these two birds with respect to esch other. On
the other hand, these two birds may have been mated. 1O/Bk was
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W/LB
October 12 and 17

AB
X

Position of Feeder
Observation Booth

Figure 10, Utilization of the same sites by Titmice LB/Bk
(A., F.) and W/IB (A., M.).
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captured fifteen days after the capture of VW/LB at the sams location.
Thie could be the reason for their use of the same cage sites so
sonsistently. Also, dominance relationships between two possidly
paired birds probably would not show significant differences. There
were no other two birde of opposite sex vhose activities indicated a
pair relationship.



CHAPTER III
SUMMARY

A study of dominance and competitive behavior related to
feeding among caged Carolina Chickadees and Tufted Titmice was =made
during October and November; 1964, Study facilities were first
planned during the fall quarter, 1963, and a cage was built for the
study during the period of February to May, 1964, Birds were captured
with mist nets at locations on the University of Tennessee Cherokee
farm woodland property daring June, July, August, and Septemder, 196h.
Also from June through Septeader, diet, shade, shelter, and other
needs of the birds vere cmhliy studied and vorked out.

A permit from the Departmsnt of the Interior, Fish and Wildlife
Serviee, sllowed capture and caging of six birds of esch species. The
birds were banded and color banded for easy and positive identifica-
tion,

Data were gathered by pericds of cbservation from a booth with
a vindow of one-way glass so that the bdirds were not eware of the
presence of the observer. The more important data were tested for
significance by t tests, two-way Chi square tests, and analysis of
variance (Bailey, 1959; Kurnov, et. al., 1959; Shedecor, 1934; Steel
and Torrie, 1960).

Three observational procedures were used. The first was to
observe by use of one large feeding station (Y, page &) behavior with

56
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regard to feeding, i.e., precedsnce, number of feeding and non-feeding
trips to the station, aggressive encounters, etc. This feeding ste-
tion was placed in three different locations in the cage, and six
hours of observations were made at each location. The observation
booth remained stationary. This wes designated as Procedure la,

The second progsedure was to limit the avallability of food by
placing it in a single small container on the feeding station (Y) for
one hour (9100 to 10:00 a.m.) on each of four mornings followed on two
of these mornings by an observation period following the time schedule
(11:00 a.m, to 2:00 p.n.) and plan of Procedure la, A study of
dominance and spatial relationships wvere the two most important
aspects of this procedure,

After Procedure la was completed, four birds (three chickadees
and one titmouse) were killed, probadly by an aggressive titmouse.
Then the plan of Procedure 1la was repeated to ascertain differences,
if any, arising from the reduction of the population., This was
designated Procedure lb,

The oriteria used for assessing dominance were the following:
nuaber of feeding and non-feeding trips to the feeding station (Y),
number of successful as opposed to unsuccessful encounters with the
bird judged to be next lowest in the eocial order and precedence at

the feeding station.
Sise, sex, and maturity were considered to be important deter-

mining factors in the establishment of a dominance hierarchy. This wass
well borne out by the fact that titmice were the dominant species and



that two of three adult males were ranked first and second among
chickadees.

The ranking of titmice, bowever, was somewhat aberrant with two
females ranked first and second. The Alpba bird was immature at
capture and the second bird was probably izmature or subadult at
capture. The two adult males were ranked third and sixth. This odd
situation was probably due to the poor sdaptadility of titmice to a
caged environment, thsredy leading to reduced vitality. Thus vhen two
strong females were introduced into the cage as the fifth and eixth
titmice, they took precedence over the others because they were more
vigorous.

Dominant birds visited the feeding station more often, lower
ranking birds were more often relegated te feed on food discarded or
dropped to the cage fleor.

There was a general drop in the number of aggressive encounters
for chickadees and titmice in Procedure 1b, This desrease in inter-
action wvas probebly brought on by the reduction of population pressure.

In Procedure la both the dosinant and lowest ranking birds had
fewer unsuccessful encounters than those of intermediate rank--the
dominant birds because they were stronger and more vigerous, and the
lov ranking birds because their greater relative restriction prevented
too much contact with higher ranking birds.

Birds of low rank were more restricted in their movements and
sites used sbout the cage, while dominant birds had precedence

practically over the entire cage.
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The most consistent differences between Procedures la and 1b
are that there was less interaction between chickadees and titmice and
less interection among titmice in Procedure 1b,

With regard to the increased stress caused by limited access te
food in Procedure 2, it was found that caged birds, under greater than
normal stress tend to make fewer feeding trips to the feeding station,
store more food, and consume more water. They also visited the feed-
ing station more often without eating. The increased storage may have
been a mechanism naturally employed to reduce feeding competition.

Titmice had their greatest precedence at the feeding station
vhen it was located in Area AB of the cage. This was probabdbly becauss
the feeding station (Y) was left in Area AB most of the time. It was
always left there when observations wers not being mede. On the oilur
hand, chickadees had their greatest precedsnce at the feeding station
when it was located in Area GH at the oppesite end of the cage from
Area AB. This was probably because it was far removed from the area
in which titaice had most precedance.

Aggressive encountere per hour inoreased sarhedly during Pro-
cedure 2. Aggressive encounters between birds increase as strees and
competition increase. However, it was found that, except for one bird
(Titmouse R/LP), redestion in availadility of food does mot signifi-
cantly affect aggressiveness,

The Alpha titmouse, R/LP (I., F.), was a very aggressive and
highly dominant bird during the periods of Procedures 1a and 2, This
bird, in fact, accounted for fifty-four percent of the total



encounters and eighty-two percent of titmouse-chickadee encounters
during Procedure 2, After the population had been reduced by four
birds, Titmouse R/LP ascounted for only twenty-seven percent of the
total encounters (Procedure 1b). This bird shifted its interest
almost completely to chickadees during Procedure 2 and was especially
aggressive tovard three chickadees in particulsr (DG/W, LP/W, and W/R,
the Alpha, third, and fourth ranked shickadees). These three birds
were found dead of peck wounds on the morning of October 29, 1964, and
it vas suspected that Titmouse R/LP bad killed thea. Armstrong (1947)
noted that in captivity tits may slaughter birds of their own species
or others confined with them. This bird (R/LP) showed few aggressive
tendencies in Procedare 1b. This was spparently dus to the fact that
the birds which stimulated its aggressive tendencies were no longer
preseat,

With regard to spatial relationships, it was noted that domi.
nant birds had smuch greater precedence over most of the cage space
than 4id lower ranking birds. leow ranking birds were restricted as to
where they ate and what sites they might safely ocoupy. The lowest
ranking birds preferred good cover such as a shelter dox or an ever-
green wmuch more than did the other birds,

Closely ranked birds in several cases tended to avoid one .
another spatially, especially with regard to sites for eating food
obtained at the feeding station. Avoidance of one another hy closely

ranked birds was noted by Dizon (1963), and it seems to be a mechanisa
by which eneounters and fighting among birds are reduced, allowing
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nore time free from strife for more fruitful pursuits.

One pair of titmice were hard to rank aceurately decause they
consistemtly used the same feeding and reosting sites. One was an
adult male, and the other an adult femsle ecaptured at the same loes-
tion, s0 it could have been that they were paired. Other evidence
which might support this idea is that there was no significant
difference between the very few encounters between the two birds.
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View of the cage looking toward the west end showing entrance

(right) with chickadee shelter box above it; movable feeding station (center) in
normal position (Area AB), above which is the larger chickadee shelter; a large
tarpaulin on the cage roof placed there primarily for shade; and six trees, five of

which were planted in large cans of soil.

Figure 11.
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Figure 12. View of cage interior looking toward west end showing observation booth
(center), tarpaulin on cage roof above, evergreen (0) on right, and small tree (P) at far
left.
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Figure 13.
(EP) on left.

View of cage interior looking toward east end showing two dowel

perches

89



Figure 14, Movable feeding station (Y), containers of water and suet (left) used
for Procedure 2, evergreen (J) on the right.
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Figure 15. Shelter-feeding station (T), wire joint and rings used to join wire
sections on the left.
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Figure 16,

Chickadee shelter (V), east end of cage.
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Figure 17. Portable observation booth with window of
one-way glass and feeding shelf under the window.
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Statistical Tables



TABLE XTIX

'STATISTICAL VALUES FOR ERCOUNTERS
EETWEER INDIVIDUAL BIRDS

Color Bands Dominant Chi Square Appreximate
of Mnd Over Valee® Probability
Procedure la
Titmice
R/LP m/u - 2.09 01
DG/LP 1 01
6/u I}‘ 14.00 01
w/Y 18 7.3 .05
16/Bk Fo aigrificant difference
Chickadees
LP/v /v 16.%9 001
Bk/w pafw 10.00 01
Da/w V/R 16,00 .001
v/R 18/ 7.5 .05
/Y R/ No significant difference
Procedure 1b
Chickadees
17:7) 4 RN 8.00 02

Two-vay Chi square test (Steel and Torrie, 1960). Degrees of
freedon is 3 in each case.



TABLE XIV

RESULTS OF CHI SQUARE TESTS OF DATA
IN TABLE IX, PAGE &0

Feeding Non.Feeding Titmouse- Titmouse- Chickadee-
Tripe Trips Titmouse Chickadee Chiockadee Total
C.* T.oe C. T. Encounters  Encomnters  Encounters  Encounters
2= 05 X2 003 X2=1.13 X% .7% X2 6.10 12 .78 2= .53 I2= 1.2
P=>99 P=>,99 P=>7 P=>.9 P= .10 P=>,9 P=>,8 P=>7

¢ Chickadees
osTitudce



RESULTS OF CHI SQUARE TESTS OF DATA IN TABLE X,

TABLE XV

PAGE A1, AND TABLE II, PACE 43

M%M

la and 2 2 and 1b la and 1b
Nusber of Chiockadee- X% ,006 X2« 1,12 1% 1,77
Chickadee Encounters P=>,99 P=>8 pP=>80
Number of Titmouse- x2= 7,22 X3 1,36 X2e 20,04
Titnouse Engounters P= .07 P=>,7 P =<,001
Nusber of Titacuse- X2 .50 X2 6.1 12 12,37
Titmouse Encounters P= .9 P=_08 P=<.,0d
Excluding Titaouse R/LP
Number of Titmouse- 12« 6,20 X2 21.b X2 5,35
Chickadee Encounters P=.10 P = <,001 P =>,10
Number of Titmouse- X2 .28 X 3.8 X2a 2,60
Chickadee Encounters P=>.90 P=>% P=>.9
Exeluding Titmouse R/LP
Total Nwsber x2= .12 12= 8,90 X% 9,29
of Encounters P =>,90 P = <,08 P =<,08
Total Kumber 2= .01 12 3 12« 4.90
of Encounters P=>.99 P =>,90 P=>,10
Exsluding Titmouse R/LP
Number of Encounters x2e .6 x2= 17.00 x3= 11,82
Involving Titwouse R/LP P =>.,80 P =<,001 P =<0




TABLE XVI

RESULTS OF CHI SQUARE TESTS OF DATA
IN TABLE XIX, PAGE A$

?numcg:::

Trononaren

1a and 2 2 and 1d 1a and 1b
Number of Encounters X2= 10,29 X 26,73 X2= 4,86
Between Titmouse R/LP P = <,02 P = <,001 P=>.,10
and Chickedees
Number of Encounters 2= 14,09 X3« .64 1= 14,55
Between Titmouse R/LP P=<,01 P=>.80 P =<0
and Titmice
Number of Encounters 2= 10,13
Between Titamouse R/LP P = <,02
and Chickades LP/W
Fumber of Encoumnters x3= 6,28
Between Titmouss R/LP P=.10
and Chickadee DG/VW
Number of Encounters X2 11.43
Between Titmouse R/LP P=<,01

and Chickadee W/R
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