National Dibrary
of Canada

(L4 |

Cu Canada

Canadian Thewes Servie

Uihawar L oaosda

KRITA QN P ]
N . \
\,
.
NOTICE
“ e

The quahty of this mucroformis heavily dependent upon the
quahty of the ongmal thesis submitied tor mucrotiming
t very effort has been rpade to ensure the highest quality of
reproduction possible ;
It pages are missing. cQNigLl the univarsity which granted
the degree -

Some pages may have indistnct prnt especially of the

onginal pagés were typed with a poor typewriter ribbon o
it the university sent us an interior photocopy

Previously copynghted matenals (ournal arbicles. pub
lished tests. et¢ ) are not filmed

Reproductionin tyll or in part of this aucroformis governed
by the Canadian Copynght Act. R S C 1970 ¢ C 30

NL-339 (r 88/04)

thholhé‘nv nationale

Y

s

Senace des theses canadrenne:

>y

-\__‘)A
AVIS*

L a quahteé de cette nucrotorme dépend grandement de la
qQualite de ta these soumise au microtiimage Nous avons
tout tait pour assurgr une qualite supencure de reproduc
tion \ :

Somanque  des pages. ‘umll(\z communiquer avec
Furmiversite gur a contéré le grade .

L a qualte dimpression de certames pages peut lansser a
deésirer, surtoul stles pages onginales ont é1¢ dactylogra
phices alaide d'un ruban usé ou st luniversité nous 4 tai
parveni une photocopie de qualté inténeure

| es documents qui tont deéja l'objet d'un droit d'auteur
(articles de revue. tests publies  etc) ne sont pas
microfilmes

I a reproduction, miéme partielle. de cette microforme est

sounuse a la tor canadienne sur le droit d'auteur. SRC
1970 ¢ C 30

Canad4



THE UNIVERSI'I‘Y/(»ALBERTA

ECOLOGICAL CORRELATES OF SOCIAL DOMINANCE

IN WINTER FLOCKS OF BLACK-CAPPED CHICKADBES

by \

~

ANDRE DESROCHERS

. A THESIS
SUBMITTED TO THE FACULTY OF GRADUATE STUDIES AND RESEARCH

. <
IN PARTIAL FULFILLMENT OF THE REQUIREMENTS FOR THE DEGREE

B OF MASTER OF SCIENCE

e DEPARTMENT OF ZOOLOGY

EDMONTON, ALBERTA

SPRING 1988



f

Permission has beén:granted
to the National Library of
Canada to microfilm this
thesis and to lend or sell
copies of the film.

The author (copyright owner)

has reserved other
publication rights, and
neither the thesis norg

extensive extracts from {i
may be printed or otherwis

reproduced without his/her
‘written permission.

I1SBN

C 2

~y

Lﬂautorisatfbn a été accordée
a4 la Bibliothd&gue nationale
du Canada de microfilmer
cette thése et de préter ou
de vendre des exemplaires du
film. N

L'auteur (titulaire .du Aaroit
d'auteur) s8e réserve les
autres droits de publication;

ni la thése ni de 1longs
extraits de celle-ci ne
doivent @&tre imprimés ou

autrement reproduits sans son
autorisation écrite.

-0-315-42849-X

AN



;

. THE UNIVERSITY OF AUBERTA

RELEASE FORM

NAME OF AUTHOR: ANDRE DESROCHERS
TITLE OF THESIS: ECOLOGICAL CORRELATES OF SOCIAL DOMINANCE -
IN WINTER FLOCKS OF BLACK-CAPPED

CHICKADEES

DEGREE FOR WHICH THESIS WAS PRESENTED: MASTER'bF SCIENCE

« YEAR THI1S DEGREE GRANTED: SPRING 1988

-

Permission‘ié hereby granted to THE UNIVERSIT? OF
ALBERTA LIBRARY to reproduce single copies of this thesis
and to lend or sell such coéies for private, scholarly or
scientific research purposes only.

The author reserves other pub%ication rights, and
reither the thesis nor extensive extracts from it may be
printed or otherwise repmoduced without the author's written

ermission.
p /\

(SIGNED) . . ST A

PERMANENT ADDRESS:

-3 s .&.‘L(D..\.T.Q:(?/.V\'. R EEREEEE
| Vo Quebec, Qe m- o
o LLGIRIBCL
A \ =
. ) - ¢
‘Dated: .?2..3;,.@9'.'[.;.1987 )
) ¥

AN



THE UNIVERSITY OF ALBERTA
FACULTY OF GRADUATE STUDIES’A.ND RESE}ARCH
¢ <
The undersigned certifylthat they have read, and

recommend to the Faéulty of Graduéfe Studies and Research,
for acceptance, a thesis €MWtitled ECOLOGICAL CORRELATES OF
SOCIAL DOMINANCY‘E‘. IN _WIN’I"ER FLOCKS OF BLACK-CAPPED CHICKADEES'
submitted by ANDRE DESROCHERS 1in partj;& fulfilment of the

requirements for the degree of MASTER OF SCIENCE.

Supervisor
~ )

...... 7,

t e



A

mes parents

iv



Abstract

*

Black-capped chickadees (Parus atricapillus) live in
"flocks outside the breeding ‘season. Because social dominance

influences the outcome of contests between 1ndividuals,
[ N

. : N L
dominance status may be important\to the acquisition of
‘limit Mg resources in non-breeding chickadees. 1 conducted a

‘ ,
two-year field study to relate dominance within (and to a

lesser extent, between) flocks to access to winter

»
resources, winter survival and territory acquisition.

.

Survival rates of chickadees was higher in the winter

1985-86 than in the winter 1986-87. Survival was higher in

»

an area with féeders each year, suggesting that food
abundance/distribution limited surviwal. Survival of males
Yuas higher £han,lower-ranying females in the control area in
1986-87, but not in 1985-86. Survival was also higher in
birds that were dominant within their age/sex class. No
¢onsistent difference of survival was found bgtween adults

and young. In the two years of this study, a sharp decline

h .

in popUlatiEh\gé‘é occurred at the onset of spring .

~

territoriality. Bifds that disappeared were mainly”
subordinates of each -sex. Removals of territorial birds each

‘year suggested the existence of a non-breeding surplus in

~

early. spring.

Female ,flock members foraged higher in trees, further
from the trunk and spent more time using their bill in

. 4 . . ' _ ,
search for prey than males. A male removal experiment showed

- -



hat = les and ten les competed for foraging areas and

suggested that interference by males (which dominate
temale<) ca:.ned the sexual niche sep?ration. Payoffs to
femiles' and males' niches . are discussed.

Dominance status ¢f an individpnl‘xgried little within
flocks, but interactions between members of different'flogké
showed that it varied Considerablxbin inter-flock |

. ) ,
encounters: members of a flock foraging close fo the centef
of its home range dominated members of "intruding” flocks in
the same area. In the two yeafs of this study, this
site-related dominaﬁce did no% l%Fd to spacing among flo:1s,
and home ranges overlapped broadly. However, thfs may have |

been fhe result of mild weather in winters 1985-86 and

1986-87.

7
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Les Mésanges a téte noire ( Parus atricapillus ) vivent en groupes

hors de la saison de nidification. Puisque la daminance sociale
influence 1’issue des cambats entre les individus, le statut social
peut exeroe.r un rdle sur 1Yacquisition de ressogrces limit’anbes par les
mésanges dans les groupes. J’ai mené une étudede terrain de 2 vans afin
dereliierladaninanoedaml%grotﬁeﬁ (et, dans une moindre mesure,
entre les groupes) a l’acogs aux ressources hivernales, la survie en
hiver et l”aoquisition de territoires.

" le taux de survie des mésanges était plug élevé en hiver 1985-86
qu’en hiver 1986-87. Les taux de survie étaient plus élevés dans up
secteur avec nﬁrgeoixm, ce qui suggére que la nourriture (d,ispersion
et/ou abondance) limitait le taux de survie. Les miles en conditions
nat:urelles ont péri dans une moi proportién que les femefles en b
hiver 1986-87, mais pas en 198§5-86. Les individus daminants dans leur
sexe/&ge avalent un taux de survie plus élevé que les subordonnés. Les
camparaisons entre adultes et juvéniles h'ont pas réevélé de différence
; de taux de survie. Dans les 2 annéesdecette ét::de, la population a
décliné brusquement au début de la ‘territorialité printanniére. Les
oiseaux disparus durant cette période étaient principalement des
subordonnés de chaque sexe.' Leretrait d’oisemnt tgr;:itoriawc chaque
amxée suggérait 1’existence d’un surplus de non—nicheurs tét au 0
printemps. o N 3 “

~ Les femelles dans les groupes dmexd\aierxt leut nourrltum plus
haa: dans les arbres, plus loin du tronc et utll].salerrt leur bec plus
»souvent“enq.xétedernxrritnquelesuﬁl&. Iprgtmxtdemglosq
rvévélé-que miles et femelles oan‘;:étitimieft pour les lieux de



N
recherche de hpurriture et suggérait que 1’interférence par les miles
(lélsquels dominent les femelles) était a 1‘origine de la separation de;
_ niches écologiques des miles et femelles. Le bénéfice net associe agk
différentes niches est discute.

Ie statut social d‘un individu variait peu a 1’intérieur des
groupes, mais les interactions entre membres de différéntk groupes ont
démontré que ce statut variait considérablement dans les renoonTtm
entre groupes: les membres d‘un groupe se trouvant prés du centre de
son domaine vital dqninaient‘ les membres de groupes "intrus" dans le
‘méme secteur. Dans les 2 années de cette étude, cette relation entre la
dominance et le site n’a pas amené de séparation des groupes dans
1’espace; les damaines vitaux se chevauchaient oonsi:iérablemenﬁ.
Cependant, ceci était peut—étre di a la température douce des hivers

1985-86 et 1986-87.

-
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I. INTRODUCTION

Competition exi5ts when resources are in short supply,
and is best illustrated by agonistic behaviour among

individuals using similar resources. Studies of agonistic

’

behaviour between conspecifics ,have described -two main,\but

not mutually exclusive, types of social organization: 1)
territzriality, in which the outcome of contests between
individuals 1s determined by.the location‘of the contest
(Brown and Orians 1970, Kaufmann 1983), and 2) dominance
hierarchies, in.which the outcome of contests depends on the
social rank of the individuals involved (Wilson 1975).

/ In group-living birds, social rank 1is usualiy
determinéd by giving each group membér a score for its
performance in contests against group-mates, and then
ordering them in a hierarchy (Schjelderup-Ebbe's (1922)
"peck-order"). Descriptions of dominance hierarchies in a
wide range of taxa pervade the literature (reviewed by
Gauthreaux 1978), yet there are still relatively few

, accounts of the function or the ecological consequences of
gdominance, especially among animals in the wild. F

Ecologi;al studies of social dominance have led to two

kinds of interpretations: 1) subordinates make the best of a

bad situation, given that dominq%ts are larger, older,

-



or more capable fighters (Alexander 1974, West Eberhard
1975, Pulliam and Caraco 1984), and 2) subordination and
dominance are two frqguency—dependent, alternative X
strategies with equal payoffs (Rohwer ahd Rohwer 1978,
Rohwer and Ewald 1981). In birds, nearly\ all available
ev{dence éhows a higher’Qet benefiﬂsﬁo dominants than to
subordinates in mating success (wiley}1973), survival (e.g:
Fretwell 1969, Kikkawa 1981, Smith 1984, Arcese and Smith
1985, but see Scharf 1985), and‘térritofy a jsition (e.g.
Knapton and Krebs 1976, Smith 1984, Arcese and!Smith 1985).
The only evidence in &upport of dominance and subordination
as equally valuable survival strategies mes from Rohwer
and Ewald's (1981) study of Harris' sparrows (Zonotrichia
querula). Also, Smith's (1984, 1987) studies of
black-capped ;hickadees (Pahdé atricapfllus) suggest tha£
winter domipance andssubordination (as.correlates of

\

‘stability of flock membership) may act as

frequency-dependent strategies ~equally successful in téﬁ?ﬁﬂ
of territory acquisition.’ : ‘
Titmice (Aves: Paridae)faxe well-suited f&
studies 6f dominance and other agonistic behaviouf
are highly social outside the breeding seasdn, eaéy
capturg, band, and qbserve. Dominaqgé hierarchies have been
extensively described in this family, in fhe.p§st decades
(e.g. Hamerstrom i942} Brian 1949, Hinde 1952, Saitou 1é79,
'Hégstad 1987). Some studies on parids have shown that

dominant flock members of both sexes are more likely to




obtain a breeding territory than subordinates (Smith 1984),
and that adults (which dominate young) survive better 1in

A
winter than young (Ekman and Askenmo 1984). Despite the

errwhelming number of studies of parids, the ecological‘\“
relevance of dominance in this family 1s stil% poorly
uwderstobd, even though its importance in the evolution of
social behaviour of titmice and their population dynamics
may be great.

The aim of this study Qas to relate access to
resqurces, winter survival and territory acquisition to
domiﬁance‘in flocks of black-capped chickadees in a northern
population. 1 emphasizeﬂfhe underlying mechanisms of
resource partitioning among conspecifics, within and among
flocks, under natural conditions (no feeders).

1 present the results {n three chapters. The first
(Chapter I11) deals with the ultimate effects of doqgnance
and subordination in chickadees as estimated by two measures
of short-term fitness: winter survival and territdry
acquisition. I also discuss»%actors limiting numbe{F of
chickadees.in Meanook and their relationship with dominance.
The second (Chapter I11) addresses mechanisms of resource
partitioning among flock members of different social: status
using natural food sourc€s. The third (Chapter IV).deals
with dominance relationships-between members of diffefeht
flocks, its site-éependence, and the lack of épacing betweeq;

flocks. Though not directly related to the analysis of

payoffs of social status within flocks, the



| g
latter chapter 1s relévant to the study’bf competition 5mong
conspecifics for potentially limiting winter resources.
Lastly (Chapter V), 1 integrate the findings of these
“bﬁaéters and of other studies to discuss the ecological

‘consequences of dominance in titmice and other bird species.

N
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I11. WINTER SURVIVAL AND TERRITORY ACQUISIT}ON

IN A NORTHERN POPULATION OF BLACK-CAPPED CHICKADEES
LB
<>

INTRODUCTION

Since the early days of avian population ecology, there
has been much controversy on the importanée of winter
survival and territoriality in limiting numbers of
temperate-zone birds. This is best exemplified by studies of
European members of the famil; Paridae (e.g. Kluyver 1951,
Krebs 1971, Perrins 1979, Jansson et al. 1981, Ekman
1984). In centrai Qgrope, tgrritoriality in fall may limit
numbers of breeding great tits, Parus major (Dhondt and
Huble 1968, Kluyver 1971). However, this does nog apparently
occur in willow tits (P. montanus) and crested tits (P.
cristatus) in Scandinavia (Ekman et al. 1981), and
Perrins (1979) argued that fall territoriality is not éound—°<‘
in Brltlsh tits either. Sprlng territoriality 1% tits can .
limit numbers of -breeders in optlmal habitats, but USually
not in suboptimal habitats (Kluyver and Tinbergen 1953,

Krebs 1971, but s:; Krebs 1977). In northern Europe, a

removal experiment in spring failed to reveal a non-bréeding



b¢rpius of parids (Cederholm and Ekman 1976).

In northern Europe, numbers of breeding parids are
limited by winter mortality, because of food shortage and
predation {Ekman et al. 1981, Jansson et al. 1981), and
this 1s consistent with Lack's (1964) 'winter food
limitation hypothesis'. Lack (1964) argued that variation in
numbers of some European’paridsAcould be explained by the
abundance of food in winter ., However, winter mortality is
usually unimportant compared to late-summer mortality in

) :fentral Europe (Perrins 1979), even though food ;ddition in
winter corresponded to increased population levels in some
cases (e.g. Dhondt 1971, Krebs 1971, van Balen 1980).

In North America, little is known about the factors-
limiting the numbers-of breeding parids. Studies of
black-capped chickadees (P. atricapillus) suggest that
they are limited mostly by Epring ;erritori;l bghaviour
(Smith 1967), unlike Eurdpean parids..Territoriality in this
species presumably results in the exclusion of subordinate "

birds from breeding (Glase 1973, Smith 1984), but no rembval

experiment has been conducted to reveal a non-breeding

surplus. ) .-
A problem of major interest to behavioural ecbloz?sts
is determining which individuals will breed. Individuals
thaé obtain a territory are often dominant (Wilson‘)975,-
Gauthreaux 1978). This has been supported in studies of
pa;ids (Glase 1973, Saitou 1979, Smith 1984)randvother bird

species (e.g. Wii;y 1973, Arcese and Smith 1985). Some
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studies have also shown that dominant individuals survive
the winter better (Fretwell 1969, Kikkawa 1981, Ekman and
Askenmo 1984, Arcese and Smith 19%5). Howgvgr, dominance and
subordination in wintering soc;él birds may be
frequency-dependent tactics with similar édaptive values
(Rohwe} and Ewald 1981, see also Smith 1984). Little field
data 1s available to evaluate the occurrence of this.
Black-capped chickadees are the most common parids
throughout most of North America, and their range extends to
the treeline in Alaska and western boreal Canada. Despite
. their extensive rénge, no major study of this species has
been conducted north of 50°N., Also, chickadee studizs have
been conducted mainly on populations that use feeders.
Thqrefore, little is known abou£ their ecology under natural
conditions over a substahtial part of their ragge. This
study reports on survival rates and territory acquisition in
black-capped chickadees in central Alberta, Canada, and the.
relationship of these variable; to dominance, age and sex.
-E7sults of a removal experiment to test for the occurrence

of a floating population in spring are also discussed.

-
o

STUDY AREA AND METHODS

This study was carrigé—eu%—gﬁ;%he-Meanodk Biological
Station (54©37'N, 113°920'W), near Athabasca, Alberta,

Canada, from March 1985 to August 1987. The area of 5 kmztiv



was a combination of public and private land. Th}ee houses
were logcated 1n an area with feeders (see below), and the
research station was in an area without feeders. The habitat
was a mosaic of poplar (Populus tremuloides and P.
balsamiféﬁa) woodland interspersed with fields (20% of the
area), and stands of willows (Salix spp.) of up eo 4 ha.

MQR A woodland area of 2.6 km? was providea with feeders
filled with sunflower saeds, ana 1.9 km? was withoux

feeders (Fig. 1I1-1). Fifty nest boxes were erected with a
regular distribution ih each area. Ten feeding stations were. »
scattered in the feeder area frem late Oceober 1985 to early h
April 1986, and 14 in the same period in 1986-87. Each

feeding station contained two to four feeders, td minimize

the effect of despotic behaviour by dominant individuals and

other species. Each full feeder contained about 4.5 L of

sunflower seeds, and feeding stations were filled aboutAonce\

a week. At least 300 kg of seeds were used by chickadees

each winter. The feeder and control areas were in the same

location in the two winters of the study and were separated

by grain fields, whicﬁfhelped limit the number of birds ‘-\\i

visiting both control and feeder areas (such birds were

Jknown and net included in the analyses). I did not replicate ° .

feeder and control areas, but I assume-vegetation structUre | -
and species composition were eimilar in the two areas.

In both winters, about 95% of the locally w1nter1ng -
birds were marked w1th~coloured leg bands to wh1ch strips of

electrician’ s'tape (1 cm) of correspondlng‘coloura vere



)
- } FitDER AREA + HOUSE S
[ 4 . N\
} CONTROL ARt A —— ROADS . 500 m )
(;féb?qv *.} ? J ()[ J ——

Figure I1-1: The study area. Blank spaces ate fields.
Circles denote feeding stations (open: 1985-86, solid:
1986-87). Numbers refer to individuals removed 1n sprjing:
1-4=

females (1986), 5= male (1986), 6-7= pairs (1986),
8-12= females (1987).
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stuck to enhance visibility of combinations. Birds were
attracted to mist nets with feeders or a x'e("ordinq' of
chickadee vocalizations. Feeders were occasionally used to
capture birds in teeder and control areas afnd were removed
after the mist-netting. However, most of the banding was
conduct(:d before birds started using teeders. Three hundred
and twenty marked birds were studied between 1 November 1985
and 1 March 1986, and 363 betweea 1 November 1986 and !
March 1987. Birds that were last seen on the day they were
handled and birds observed on less than three separate days
were.considered as transients or possibly killed by handling
and were not included in the analyses.

To determine sex, a discriminant analysis was performed
on the combination of body mass, flattened wing length, and
the length of the outer right rectrix (Appendix 1).
keference samples of 143 females and 171 males (known from
their behaviour in the breeding season) were used to compute
the discriminant function. The f{ nction classified correctly
94% of the bisds of a sample of 143 known individuals of
both sexes other than’ the reference sample. Therefore, tg$s
discriminant analysis was used to assign a sex to 'unknown'
bitds. Bamded individuals known to be more than 1-y old were
classified as adults and unbanded immigrants in summer and »
fall were considered to be yearlings (less than.1-y old).

The moult of flight feathers was observed in August and

September in both years, with yearlings having a different

molt pattern than adults' (Meigs et al. 1983). All the
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immigrants froy fledging to mid-September were positively

vdent1fred ds "yearlings”

Flock membership and social status

Weekly censuses were made over the study area, by one
to thiee persons. | attempted to record the identity ol each
member of each flock encountered and the number of unbanded
flock members. Upbanded birds stopped joining flocks of
banded birds in late October. Twenty control and 13 feeder
flocks were observed 1n 1985-86, and Zf?control anq 18
feeder flocks 1n 1986-87.

Dominance hierarchigés were determined 1n 12 cbntrol and
tive feeder flocks in 1985-86 and in 13 control and 13
teeder flocks in 1986-87. Kaufmann's (1983:2) definition of

3

dominance was used ("a relationship between two individuals

in which one (the subordinate) defers to the other (the

dominant) in contest situations”). Four interaction types

weré considered: displacement of one bird by another, chase,
unsuccessful supplanting attempt, and waithng,by one bird
until another leaves the feeder (Smith 1984). All agonistic
interactions seen in free-roaming flocks were recorded and
observations were carried out at the permanent feeders (in
the feeder area) and at tempbrary feeders (control drea>, to
increase the number of iqteractions observed. Temporary
feeders were provided to control flocks oq}y during

v

dominance observations. Each of the control flocks had

access to a temporary feeder for no more than 5-6 days

]
a £
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during winter. Birds in the control area were seen hoarding
seeds t?ken from temporary feeders, but they took no more
than 5 kg of seeds each year, compared to 300 kg taken by
chickadees in the feeder areé. Thus, 1 assume that temporary
feeders had little or no effect on their survival.

All the interactions rééorded for each tlock were
pooled in a dominance matrix and rearranged by the:technique
of Brown (1975), to gengrate dominance hierarchies. I used
hieraréhical ranks instead of the proportion of interactions

/
won by each individual (Fretwell 1969, Ketterson 1979,
Kikkawa 1981, Arcese and Smith 1985, Arcese and Ludwig 1986)
as a means of describing dominance status of chickadees.
Hierarch}es are easy to obtain in small social groups like
chickadee flocks (e.g. Hamerstrom 1942, Glase 1973, Smith
1976, 1984), and rank estimates do not depend upon the
assumption that dyads of interacting birds arise at random
(as they do with edtimates based on the proportion of wins).

X »

Survival and territory acguisition

Black-capped chickadees are well-suited for analysis of
survival in winter, since they exhibit a high degree of
site-fidelity in that season (Weise and Meyer 1979, Loery
and Nichols %985). In this study, philopatry in winter was
indicated by the virtual absence of unbanded immigrants in
areas where all the chickadees were banded in fall. Thus,

all the chickadees that disappeared during the period of

ite-tenacity (1 Nov.-1 March; see below) wegre classified as
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dead. Birds that disappeared cfter th}s period were
considered as either dead or having left the study area.
From March to June, all pairs of chickadees remaining on the
study area were counted, and 1 found as many nests as

- possible. All tests reported are two-tailed, and P values

equal to or smaller than 0.05 were considered us

significant.

Removal experiment

To degermine if there was a non-breeding surplus during
the reproductive period, I mist-netted four females and one
pair (all territoriatl) from 19 to 26 April 1986. In
addition, one male and one pair (also territorial) were
accidentally caught and killed in stored fish traps at the
research station, in the first week of May 1986. Between 20
April and 3 May-1987, I.removed five more females (Fig.
11-1).

To document the timing of the removals 1n relation to
t he brg;ding of chickadees, I estimated the time of onset of
territoriality and the time the first egg was laid. A
convenient way to determine when territoriality started was
to dei}mit the period of flock break-up, which is marked by
an increasé‘éf territorial behaviour in males (Odum 1941,ﬂ
Glase 1973). In 1986 and 1987, the proportion of groups
observed that were still in flocks decreased sharply between

20 February and 10 March (from 88% to 48% in 1986; from 77%

to 25% in 1987; based on 20+ observations). 1 estimated

t
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C:/;wdian laying dates from 15 nests in 1986 (including two
hest boxes) and 10 nests in 1987 (do nest boxés). I used
only laying dates from nepts on which enough data were
collected to determine beginning of layiné with an accuracy
of about 3 d. I used observations of negt contents and
parental behaviour (nest lining, incubation, feeding of
young: Stokes 1?79) ko estimate date that laying was
initiated. Removals in 1987 were made later‘relative to the
median date of first egg laid than in 1986, but removals in
the,two years were at similar times ‘relative to the onset of
territoriality (Figqg. 11-2) .

Three of the 11 birds removea in two years died before
the time of release (presumably of stress). Surviving biﬂds
were reieased at least 65 km away, less than 24 h after
capture. Daily searches were made in and around removal

areas for replacement birds the week following the

gxperiment, and about twice a week in the following 4-5

Wkeks;

RESULTS

: A

Flock membership and social status -

Flocks had a stable membership from late Octbbef to
early March in winters 1985-86 and 1986-87. Only four
individuals were known to switch from one flock to another

regularly. Permanent changes of membership from one flock to

'

H
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Onset of
territoriality » 1986
! 6125 .
‘ 3 7
; 4
; 1987
89 100
5 11
; 12
: ~
I | ' | '
March April - May

"TIME

Fiqure 11-2: Timing of removals in relation ‘to onset of
territoriality and laying. Numbers refer to individuals
removed (see also Fig. II-1): 1-4=f les, 5=male,
6-7=pairs, 8-12=females. Solid circles represent median
dates of first egg laid (earlier in 1987 than in 1986;
Mann-Whitney U-test, df=24, P=0.0003).
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another occurred only twice. Mean flogk size was 8.1
individuals in Noveﬁber 1985 (SE=0.55, n=26) and 8.1 in
November 1986 (SE=0.41, n=38). In November and December,
several chickadees from neighbouring areas discovered the
feeder area and settled there for the rest of the winter.
These birds were not considered as part of the "feeder"
population. Nearly all the unbanded immigrants were using
feeders on the perimeter of the study area (and thus were
not seen deep inside the study area). It thus seeﬁﬁ that
most of the unbanded immigrants came from flocks$éa3écent to
the study area. _

All 24 flocks in which all possible pair-wise
interactions were observed (i.e. any two individuals were
involved in atlleast one interaction) showed a linear
hierarchy. 158 of the 7,896 intra-flock interactions
recorded at feeders @ere in the opposite direction as
predicted by a perfectly linear hierarchy; only 2 of .the 825
interactions observed ;n free-roaminéxflocks were reversals.
All but one of the‘shifts in rank# observed throughout the
winter coincided with the disapgearance of one or more flock
members‘(the ;ank of birds lower tham the missing bird in,
the hierarchy automaticallxvincreased by one). Males
generally dominated females: females "won" only 109 of 3,114
male-femalé interactions at feeders and only one of the 327
male-female interactions away frém feeders. Adults always
dominated yopng;of their sex. Females ranked higher thin

-

males in only 21 of 462 male-female dyads in dominance

n
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hierarchiés. Thus, adult males were generally at the top of
hierarchies, followed by yearling males, then adult females,

and finally, yearling females.

Survival and territory acgquisition

To eliminate confounding effects of rénk, sex, and age

in the analysis of survival and territory acquisition, I
designated as dominant each bird that ranked higher than
gore than half of its flock-mates of the same sex and age.
Other flock members were classified as subordinates, except
when they were exactly in the middle of the hierarchy of
their sex/aég group in which case their status was
undefined. Birds that were the only flock members of their
category also had an undefined dominance status.

" Individuals that resided in the study area for the
"winter and that were sighted on or after 1 March were

-

classified as winter survivors; others were regarded as
dead.

1 analysed the data with multidimensional contingency
table analysis (MDCTA; Norusis 1986), using data from Table
I1I1-1. The basic advantaggfgz\using MDCTAs rather than
two-way contingency tables is that it allows for the tegting
of three-way and higher-order interactions. As in ANOVA,
several models can bé created that include different
combinations of main ef;écts and interactions terms. I used

the method of model selection of Norusis (1986) to obtain®

the "best-fit" models to explain most variation in survival

-7
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TABLE 11-1: Survival rates of black-capped chickadees at the
Meanook study area, 1985-1987.

% Survivors (N)

Adults Yearlings
Control 1985-86 74 (19) 79 (108)
Control 1986-87 64 (44) 48 (93)
Feeder 1985-86 50 (2) 91 (89)
Feeder 1986-87 69 (55) 62 (135)
| Males Females
Control 1985-86 79 (75) 82 (66)
Control 1986-87 64 (70) 44 (64)
Feeder 1985-86 88 (82) 92 (75)
Feeder 1986-87 60 (97) 69 (94)
Dominants Subordinates
Control 1985-86 91 (46) 82 (49)
Control 1986-87 76 (38) 47 (36)
Feeder ¥985-86 96 (26) 89 (18)
Feeder 1986-87 87 (38) 65 (43)
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rates among years, feeding conditions, sexes, ages and
dominance. Addicott (1978) provides an example of the
application of MDCTA to ecological data. \

//MI divided the original survival data into three
non-exclusive subsets: 1) birds of known age, 2) birds of
known sex, and 3) birds of known dominance status (Table
11-1). To avoid having more than 20% of cells with expected
values <5 (Sokal and Rohlf 1981), I pooled sexes and
dominance status in the first subsea, ages and dominance
status in the second, and ages and sexes’in the third
subset. To facilitate the presentation of the analyses, 1
abbreviated particular interaction terms by joining
associated variables by a star(#*). For example, the
interaction between year and survival rate was denoted by
(YEAR*SURVIVAL) .

The analyseé indicate that the interaction between year
and survival rate was present in the best-fit model for all
three subsets of data (Table 11-2). Survival rates in
1985-86 were consistently higher than in 1986-87 (Table
11-1). Lower survival rates im 1986-87 were apparently not ¢,
due to colder weather, since winter 1986-87 was slightly
milder than the previous winter (Table II-3). Preliminary
data taken at the end of the 1984-85 winter (which was
colder than the average) indicated that at least 77% of 26

. . \
winter survivors remained to breed, compafed to 54% in

1985-86 and 66% in 1986-87 (X2=6.98, df=2, P=0.03).°

Assuming that the number of birds that cannot secure a

-

: - ,
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TABLE I1-2: Analyses of the survival rates of chickadees with
multidimensional cantingency tables (MDCTAs). G2 is the

log-likelihood ratio.

Subset of data Best-fit model G2 4t P
Known age *
(YEAR*AREA ' *AGE) 7.15 5 0.21
(AREA*SURVIVAL)
(YEAR*SURVIVAL)

Known sex
(AREA*SEX*SURVIVAL) 4.99 5 0.42
(AREA*YEAR) :
(YEAR*SURVIVAL)

Known dominance status
(AREA*SURVIVAL) 2.57 7 0.92
(YEAR*SURVIVAL) ,
(DOMINANCE*SURVIVAL)
(AREA*YEAR)

TControl or feeder area.
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TABLE I11-3: Mean monthly temperatures (°C) and cold spells
at the Athabasca meteorological station, 14 km away from
Meanook. Data from Alberta Environmnent.

Month 1984-85  1985-86  1986-87  1951-80
Oct 1.4 3.3 6.1 4.6
Nov ) 11,1 -15.1 -9.7 -6.1
Dec -18.1 -8.5 -6.2 -13.8
Jan -10.3 -8.1 -7.6 -17.9
Feb -14.6 -12.9 -5.4 -11.9
Mar -1.8 -0.2 -5.9 -6.4
Apr 4.2 3.1 6.5 3.4

Average . -7.2 -5.5 -3.2 A-6.9

Days < -20.0°C 32 21 2 -

11 1M1 2 --

Longest spell (4)
below -20.00C
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territory increases as winter survival increases, then these
percentages suggest that survival reached a lower value in
1984-85 than in the two years of this study. Also, only 14
pairs of chickadees nested on an area censused in summer
1985, compared to 25 on the same area in 1386 and 26 in .
1887. The ﬁuch lower breeding density in 1985 may have .
resulted from high mortality the brevious~winter.

Survival was related to the area where birds spent tﬁé
winter,- as indicated by the association between feeding
status ("AREA" ) and SURVIVAL irr all models of Table II-2.
Table II-1 shows consistently higher survival rates in the
feeder area. Although this suggests that food addition
helped winter survival of chickadees, I cannot conclude this
indisputably, since I did not randomize the possible effect
of differences between the sites (other than food addition).
Although numbers of einter survivors were’rekptively higher’
in the_feeder area, there was no measurable difference
between the density of breeding Mbirds in control and
food-supplemented areag (Table/II-4). Also, the proportion
of winter survivors that_acqu red territories was not
significantly different between he two areas (Table II-4).

No difference was found in surv1val tates between Flock

»

members of different ages, as the AGE factor was not

best-fit model with blnds of known age (Table II-2).

The only 51gn1f1cant three‘way 1nteract1on 1nvolv1ng

survival rates wvas ‘the ;ntetact1on;between SEX, SITE (feeder

3
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1N control

p-0.45%

Feeder

Population

Area=2.55

TABLE 11 4: Net! poepulation changes
supplemented areas from November to May.
COmMPAar1sons.
Control Y
Populatiion sige
Area=1_.86b km<

1ags bo

I November 143

1 March (survivors) 114

1% May (breeders) o

% change 1 Nov.-15 May 55 .2

% change 1 Mar.-15 May -43.9
Density. (Pairs /km<) 17.2
1986-87

-1 November 137 e
I March (survivors) 73

15 May (breeders) 52

% change 1 Nov,.- 15 May -62.0

% change 1 Mar.-15 May -28.8
Density (Pairs/km?) 14.0

192

124
82"

-57.

-33.

and foo

tor a

slze
km2

d
11

0.183
0.036

0.028"

Compared to expected densities calculated by dividing the
total number of pairs (Feeder + Control) by the total area

%feeder + Control) each year.



or control area), and SURVIVAL (Table 11-.). This

interaction was probably the result of tyhe particularly low
4

temale survival in the control area irr 1986-87 (Table I1 1),

Finally, the MDCTA revealed a significant intergction
between dominance and sutvival rate (Table 11 -2), and
dominant birds (within their sexsage class) had a
consistently higher over-winter survival rate (Table 11 1).

Aﬁong the survivors, dominant yearlings of each sex
were far more likely than subordinates to acquire a breeding
territory, {n feeger and control areas, in both vyears
(Table 11-5, Fig. I1-3). In a MDCTA incorporating
probability of territory acquisition, dominance, year,” and
area (feeder gr control), the partial log-likelihood ratio
for the interaction between dominance and territory
acquisition in juveniles was highly significant (G2=99,
df=1,-P<0.001), supporting the hypothesis that dominance
conferred a higher probability of territory acquisition.
Sample sizes were too low to detect difference in ,
probabilities of territory acquisition between dominant and
subordinate adults. However, nearly all adults secured a
territory (Table II-5). In March-April, many banded winter
survivors disappeared (125 in 1986 and 76 in 1987)4 leaving
only breeders and a few unpaired birds.

During March-April each year, transient unbanded bi;ds
were observed on nearly every censusing day, but their
numbers were difficult to estimate, as they behaved

.

secretively (very mobile, silent). There were also more than
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TABLE 11 S: Probability ~f obtalning a territory ftor -
dominant and subordinace chickadees that survived the
winter. *=pP-0.00%, xx=pP-0.001.

% Obtaining territory (N)

Dominants , Suboqﬁinates X2

All birds

Contrcel 1985 8¢ 88 (41) 15 (40) 40.1 *x

Control 1986-87 93 (27) 46 (22) 11.0 =*=»

Feeder, 1985-8¢7 Y00 (25) 12 (17) 30.6 =*x

Feeder 1986-87 91 (33) 50 (26) 10.3 =
Yearlings oiily

Control 1985-86 85 (27) 13 (38) 30.5 *x

Control 1986-87 100 (17) 20 (15) 18.5 =*x

Feeder 1985-86 100 (171) 6 (16) 19.6 =*=x

Feeder 1986-87 88 (24) 35 (20) 10.8 =
Adults only

Control 1985-86 100 (4) 100 (1) - =

Control 1986-87 80 (10) 100 (7) NS

Feeder 1985-86 ? 2 22

Feeder 1986-87 100 (9) 100 (6) -

'Fisher's exact test, 2 tailed P=0.485.
/No data avallable.
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Figure 1I-3: Number of dominant(D) and subordinate(s)
yearling black-capped chickadees that survived or stayed in
the study area (feeder and control pooled). Vertical lines
delimit approximately the onset of territordiality. Numbers
of birds on 1 November were: 72 dominants and 68

subordinates (*1985-86), 79 dominants and 95 subordinates
(1986-87). .



20 instances of banded birds moving to locations where they
had never been seen before (all these birds failed to get a
cerritory in the study area and disappeared). 1 found no
positive evidence of a spring immigrant acquiring a
territory on the study area. Some unbanded chickadees bred
near the perimeter of the study area, but I do not know
whether they were unbanded winter residents or spring
immigrants (the proportion of unbanded chickadees increased
rapidly near the perimeter of the study areg). Finally, a
subordinate iéarling female, last seen at Meanook on 2%
March 1987 was observed at a feeder 39 km south of Meanook,
on 29 March 71987.

Removal experiment N

In 1986, three females and two pairf that were removed
were replaced by previously unsettled birds. The fastest
replacement occurred one day after the‘removal, and the
slowest, 16 d after the removal. ThreeYof these seven‘
unsettled birds were bandéd unpaired ydarlings that remained
on the study area in the spring. The others were unband¢d~
birdé of unknown origin and age. The remaining widowed birds
(one female and one male) were on adjacent territories and
formed a new pair, leaving one vacant area. In 1587, the
outcome differed: only one of the five females removed was
replaced. One widowed male disappeared after singing for
several days, another ggired with the female of an adjacent

pair (leaving the ofiginal mate unpaired) ‘but did not breed.
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Two others stayed on their territories as solitaires. One of
these two birds was seen once with an unbanded bird, but did

not breed.

\

\,

DISCUSSION

A central question raised in this study is, what

factors influence the recruitment of birds to the breeding

~ .

population? Even though winter survival is a prerequisite of
territory establishment, I will consider them separately in
the foliowing discussion, in order to evaluate their

individual importance.

Winter survival, weather and food

~ Previous studies of black-capped chickadees suggest
that winter survival rates in food-supplemented popﬁlations
are higher than 60% (Samson and Lewis 1979, Smith 1967,
1984). My results were consistent with th}s figure. Perrins
(1979) noted that winter temperatures do not generally
influence numbers of parids in Britain, but that in severe
winters (especially in continental Europe), survivai ﬁay
decline. Neither winter was particularly cold, however,
winter survival was higher in the colder winter of this
study (1985-86).. Thus, factors‘other‘than temperature per
se must have been reéponsible for the differences in

survival rates between the two winters.
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Food availability prébably influenced chickadee
survival, as suggested bf the feeding experiment. Higher
survival in food-supplemented areas does not necessarlly
prove that food shortage is the proximate cause of death 1in
wintering passerines. Instead, as Jansson et al. (193])
énd Ekman (1987) pointed out, more efficient foraging in
feeder areas may give birds more time to look for predators
and avoid them. In our study, northern shrikes (Lanius
excubitor) were seen stalking chickadees each week and
remains of five individuals apparently killed by shrikes
were found. Unfortunately, I could not measure the
contribution of shrike predation to chickadee mortality.
Food availability occasionally influences survival in parids
in cengral Europe, as shown by studies of blue tits (P.
caeruleus; Krebs 1971) and great tits (e.g. van Balen
1980), but its effect seems mere striking and'regular in
Scandinavian willow tits (P. montanus) and crested tits
(P. CPistatus$>Jansson et al. 1981). All feeding |
experiments done in Europe, except the one oh great tits by
Krebs (1971), produced larger breeding populations in
food-supplemented areas (van Balen 1980 and references
therein; Jansson et al. 1981), thus supporting Lack's
(1964)('winter food limitation' hypothesis.

Supplemental feeding did not influ;nce the breeding
densities in feeder and ccntrol areas. After a cold winter
(1984-85), the surplus of birds at the end of the winter was

apparently reduced or nonexiétent and the breeding density
o
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fell to half the 1986-87 levels, suggesting that winter
mortality may limit numbers of. breeders, in harsh winters.
However, only long-term data will establish whether winter
mortality regularly affects thé breeding density of
chickadees at thils latitude.

’

Differential winter survival among individuals,

As in the present study, Smith (1984) found no
relationship;between age and survival in a food-supplemented
pépulation. This suggests that greater experience of adults
per se did not ?gﬁ%er greater foraging efficiency, or if
it did, it was not essential to survival. This is also
consistent with the study of Ekman et al. (1981) on willow
tits P. montanus and crested tits P. cristatus, in which
they showed that survival of young reached the same levei a;
that of adults, when the latter wa removed from flocks.
However, the results of Ekman gt ai. (1981) may have been
caused by the lower densities of tits after removals (but
see Ekman and Asktnmo 1984). |

I1f survival rate is a function of social rank*éione,
then there should be a aecrease of survivo;shig as rank
decreases. This®was found by Ekman and Askenmé (1984) in a
natural population of willow tits, and in studies of other
avian species (e.g. Fretwell 1969, Kikkawa 1981, Arcese and
Smith 1985). In Meanook, as in other éiabies of black-capped -
chickadees (e.g. Hamerstrom 1942, Hartzler 1970, Glase 1973,

smith 1976, 1984), malés dominated females, and adults
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dominated young of their sex. If dominance per se

influences survival, males should, on the average, exhibit
higher survival rates than females. The MDCTA showed that a
difference between survival rates of males ana females was
present and dependent upon the feeding conditions. Sinc;
supplemental feeding apparently 1increased survival rates, .
one would predict that the difference between survival rates
of males and females is lower in the feeder area, since
higher resource abundance reduces competition and presumably
the difference between "payoffs" (benefits/costs) to
dominants and subordinates (Wittenberger 1981). The
difference between males and females found in this study 1in
1986-87 in the control area is consistent with this
hypothesis, and is perhaps attributed to the exclusion of
females.from possibly better foraging areas used by males
(Chapter II1). However, the evidence'is inconclusive, since
in other comparisons, males and fémales had similar survival
rates. The higher overall winter survival in 1985-86

R
suggests thét resources (cover against predators, food) were
more available than in 1986-87. This could explain the’
similar survival of females and males in 1985-86.

An alternative cause of male-female differences in
survival of chickadees may be related to sexual size
dimorphism; large birds often have higher winter survival
rates than smaller conspecifics (Hamilton 1961, Calder 1974,

Wiley 1974). However, these studies dealt mostly with

species that are more sexually dimorphic thén black~capped



chickadees in which males are only about 5% larger than ;\

females (pased on wing length). The small degree of sexual

size dimorphism of chickadees makes an explanation of

survival differences based on body size unlikely.
\ .

Nevertheless, Lehikoinen (1986) found a tendency gf larger
great tits to survive better than smaller ones in winter.
However, as body size was somewhat related to dominance in
Lehikoinen's (1986) study, no inference could be made on the
effect of body size alone. Smith (1984) found no
relationship between sex and survival in black-capped
chickadees. As in this study, she found that intra-sex
dominance status influenced survival rate (dominant
chickadees survived better than subordinates of their sex).

Another factor that could explain lower female survival
in winter is their reproductive effort in the previous
summer. I1f females invest more than males, they may enter
the winter in poorer condition thaﬁ méles, espetially in
years of high reproductive cost. The effect of,differential
reproductive costs can be controlled for by removing all
adults from male-female comparisons, since young d@d not
breed the previous year. Comparisons of yearlings yielded
the same results} thus indicati?g,that sexual differences in
reproductive cost did not cause the differential ginter"
surviQal of males and females.

Thus, my ezidéncg suggests that high social rank

somehow increased the probability of winter survival in this

population. If survival is .rank-related, then mixed foraging

N




tactics as described by Rohwer and Ewald (1981) and Barnard
and Sibly (1981) do not occur in black-capped chickadee
flocks. But long-term data are needed to account for yearly

variations of relative payoffs to dominants and subordinates

in winter.

Territory acgquisition

At the end of winter, a survivor must face the challenge
of becoming part of the breeding population. Acquisition of
" a territory through competition will occur only 1f

over-winter sur&iyal is high enough to produce more '
. A a;\t": -

POtentialfrﬁfs" than the available habitat can contain.
-Q,'\' .
(8}

This is true seyeral bird species (Wittenberger 1981,
Hannon 1983), and anécdotal accounts suggest that it
regularly occurs in the black-capped chickadee (Glase 1973,
Smith 1967, 1984), in contrast to all European parids
(Perrins 1979, Jansson et al. 1981). As in Glase's and
Smith's studies of chickadees, the number of birds at
Meanook at the end of winters 1985-86 and 1986-87 was
substantially greater than the number of locally breeding
birds. -

Even though all the adults became territorial, only
dominant yearlings had a high probability of settling in the
study area. Were subordinate chickadees prevented from
breeding? If most of the surplus winter survivors were
looking for breeding opportunities later in spring, then all

the territorial birds that were removed should have been

2
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replaced. This was nearly true in 1986, as only one
territory remained unuséd after removals. In a similar
experiment with great tits, Krebs (1971) found that
replacement birds previously had territories in nearby
marginal areas in which breeding success is lower that 1in
optimal habitat. Vacated marginal areas in Krebs' (1971)
study remained unoccupied after desert ion by replacement
birds. Thus, replacement of removed great tits‘did not
demonstrate the existence of a non-breeding s:>plus, but it
showed the exclusion of some individuals from the best
breeding habitat. In a later experiment, Krebs (1977)
established the presence of a true non-breeding su?plus of
great tits, suggesting that territoriality tan indeed limit
numbers of breeders. ¢

That r;placement chickadees came from nearby marginal
areas was unlikely in Meanook in 1986, since three of the
replacement birds were banded and not te:ritgfjal béfore
removals, and there was no marginél area compaxable to that
of Krebs' (1971) study. Although clumps of willpws were
present in the area,spthey did not contain nest boxes as did
Krebs' marginal areas, and shrubs were too small to gllow
excavation of nests. Thus, a ndn-breeding surpius was
apparently present in 1986, about two weeks before laying.
This is the first experimentél evidence for a non-breeding
surplus in a North American parid. - -

However, surplus black-capped chickadees may remain in

the area for only a few weeks: such a surplus was small'or
@ .
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nonexistent about one week before laying 1in 1987, as only
\ ‘(\Y’ .
one of five rem0ved females was replaced. Different

replacement rates in 1986 and in 1987 were possibly due to
the timing of removal in relation to breeding. The breeding
season was more advanced at the time of removals in 1987
than in 1986 and surplus Q@rds may have left or died by May
1987. Also, there were fewer subordinate birds present at

the onset of territoriality in 1987 and their disappearance

was more abrupt (Fig. II-3).

One important question is whether the gradual decrease
of the non-breeding surplus ih spring is due to migration of
. \ .

part of the population, mortality, or simply secretive
behaviour allow1ng birds to escape the attention of .
observers. 'Secretive behav1our is unllkely, as no adults

other than the known breeders were 6bserved in late summer
flocks, when all chickadees were easy to obsgtve
One could argue that subord}nates 1n\w1nter weré in

fact visitors from more northern populatlshs that
subsequently returned to their breeding gréuﬁﬂs in\sbring.
Partial.;ﬁgration has bgen documented in European prids
(Ulfstrand 1962), ‘and subordinate 1nd1v1duals may have a
higher tendency to mxgrate (Smith and Nilsson 1987 for
iﬁbrids; Ketterson and Nolan 1983). Also, local mlgr§t1on to
towns in winter (where food may be more abundant) hag been
reported in European parids (Dhondt 1971). However, ;hree
observations provide evidence against the existence of

significant numbers of migrant black-capped chickadees: 1)

-



there 1is no published\eeidence for cyclic. large-scale
movements between breeding end wintering'grounds in Northlv'
Americah parids; é) other studies of plack—cepped ch%ckadees
(0dum. 1941, Smith 1967, 1984, Glase 1973) failed to
demonetraterthe arr;val of breeding immigrants in spring,
and 3) cnickadees are winter.residenté as far north as
Fairbanke, Alaska (Keseel 19762, near the edge -of their
range, Finally,.temporary povements~of chickadeespto fogel
marginal areas are en unlikelyvcause of."disappeérqnce" in
spfing.\f censused 1n 5 25 ha isolated sténd of wiliows.near
the study areé'in~Maréh—April 1986 and I conntgd'onlydtwo'to"
three chickadees.on;each of the six visits, wh;ch suggests‘
that willow etands were not used as a ;buffer drea" for 'a °
large non-breeding surplus. ’

As Smith (1967) suggested, spring territoriality seens, -
to be the principalffactor limiting numbers ofebreeding - o
chickadees:-in:various parfs of their range. Honevef,‘data |
from harsner winters in our study aree and from-more A
.northerly latltudes might show that winter mortedlty,
instead of terr1tor1a11ty, occas1ona11y 1;m1ts the number pf
breeders. Whethe\*the effect of sprlng terr1tqr1a11ty is
den51ty dependent remalns unknown° our data d;d no( show

density- dependence, but the size of the nonﬁbteqdzng surplus o

in the’ feeder and control areas wvere probably*tpo szmllar 1n,,

the two years of this study to ‘reveal any

R

den51ty dependence. Non- breed1ng surplus" seemed to be

.‘Q

gradually e11m1nated before the laying per1od possihly by
~ \// N
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mortality. Birds moving out to new areas would presumably

face costs such as unfamiliarity with new resources, and

-

rgetic costs (Greenwood and Harvey 1982); such costs can

lead to high mortaiity, but are hard to document, since 1t
io extremely rate to find dead passerines in the wild.
Howeve: , teaardless of the exact®iming of post-winter
mortality an chickadees, 1t was cleafly 1nfluenced by the

exc lusive use of breeding resources by birds that were

dominant 1n winter.
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I11. SEX, DOMINANCE AND MICROHABITAT USE IN WINTERING

BLACK-CAPPED CHICKADEES: A FIELD EXPERIMENT

INTRODUCTION
[Y

Intraspecific variation in foraging behaviour of birds
has received much attentior since the early work of Selander
(1966) who outlined the mechanisms of ecological separation
betéveen males and females. Observational studies have
revealed differences between foraging niches of males and
females for a wide range of bird species (reviewed by Morse
1980). Age-related differences in foraging have been _
‘reported less frequently (e.g. Ekman and Askenmo 1984, Glase
1973). Also, recent work suggests that there can be a
relationship between social dominance per se and foraging
niches of conspecificé in social groups (Schneider 1984).

One hypothesis explaining intersexual differences
~outside the breeding season is that males and females prefer
different, genetically determined niches that evolved as a
mechanism to partition resources and maintain a low rate of
male-female agonistic behaviour ('specialization

hypothesis': e.g. Selander 1966, Jackson 1970, Glase 1973,

46



Austin 1976, Busby and,Sealy 1@59, Morrison and With 1987,
Morton et al. i987). One prediction of the 'specialization
hypothesis' 1is that situations where resources are limited
produce exploitation competition (Park 1962) between males
and females. A segond hypothesis states that bir%; of one
sex socially dominate those of the opposite sex and
dominants exclude subordinates from a part of the species’
niche that is preferred by both sexes ('interference
hypothesis': e.g. Ligon 1968a, 1968b, 1973, §ilham 1970,
Hogstad 1976, 1978, Murton et al. 1971, Peters énd Grubb
1983, Schneider 1984). Q

A large number of field experiments have addressed
resource partitioning between sympatric animal species at

the community level (reviews by Conngll 1983, Schoener 1983,

but see Underwood 1986). At the species level, however, very

few field experiments have attempted to determine the
mgchanism behind inter-sexual separation of foraging niches,
especially in birds (but see Peters and Grubb 1983, Ekman
and Askenmo 198%).

Black-capped chickadees (Parus atricapillus) are
omnivorous parids found year-round in most of temperate
North America. They form stable flocks of unrelated
(non?sibling) individuals outside the breeding,seaso;\%Odum
1942, Weise and Meyer 1979, this study). A strongly linear
dominance hiefarchy is observable in each flock; all ggles

generally rank higher than all females and older birds

dominate younger birds of their sex (Hamerstrom 1942, Odum

L)

\
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1942, Hartzler 1970, Glase 1973, Smith 1976, but see Smith
1984). Glase (1973) showed that, in an eastern deciduous
forest, male and female chickadees in his study area (and
adults and yearlings to a lesser extent) foraged in
different locations. The present study investigated
intersexual differences in foraging sites, activity budgets,
and foraging efficiencies of male and female black-capped
chickadees, in poplar (Populus tremuloides and P.
balsamifera) woodland. Data frbm birds foraging in willgw
(Salix spp.) stands are also reported. ‘
Finally, 1 examine with a field experignent that the
presence of males influences the foraging sites, activity
budgets and foraging methods of females. Costs and benefits
associated with different foraging niches, and the
importance of interference versus exploitétion competition

in chickadee flocks are discussed.

STUDY AREA AND METHODS

The study was conducted at the Meanook Biological
Station (54037'N,'113520'w), near Athabasca, Alberta,
Canada, in\the winters j985-86 and 1986-87. The study area
was a 2.5 km2 mosaic of poplar (Populus tremulolides and
P. balsamifera) woodland interspersed ;ith fields (20% of
the area), and stands of willows (Salix spp.) of up to 4

ha. Poplar woods typically had a continuous canopy height of
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about 20 m, whereas willow stands were dominated by groups
of trees less than 10 m high.

In both winters, virtually all the chickadees 1n the
study area (>95% of approximately 175 birds each winter)
were captured in mist nets and individually marked with
coloured leg bands. Strips of electrician's tape of the
corresponding colours were stuck to the bands to make 1 cm
long "flags" that enhanced the visibility of colour
combinations. A discriminant analysis based on body mass,
flattened wing length, and length of the oﬁter right rectrix
(appendix 1) was used to assign sex. Reference samples of
143 females and 171 males (known from their behaviour in the
breeding season) were used to compute the discriminant
function. The function classified correctly 94% of a second
sample of 143 known individuals of both sexes. Banded
individuals known to be more than 1-y old were classified as
adults and unbanded immigrants in summer and fall were
considered to be yearlings. 1 observed the moult of flight
feathers in August and September in both years, and
yearlings had a different pattern than adults (Meigs et

al. 1983). All the immigrants were positively identified as

-

"yearlings".

Foraging and agonistic interactions
1 observed the foraging behaviour of flock members from
January to February in the first winter, and from December

to February in the second. Most observations were made on
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members of eight flocks. One of these flocks used primarily
a willow stand, the others used mainly poplar. 1 also
observed nine members of six other flcocks in poplar.
Observations were made only when a single flock was.in an
area. 1 described the foraging sites of the birds visually
with three measures: 1) relative height of the bird 1in thé
canopy (10 classes of egual size), 2) relative horizontal
distance of the bird from the tip of the used branch to the
trhnk k10 classes), and 3) the foraging substrate (trunk or
branch). Foraging sites were sampled each minute with the
//{g;;antaneous sampling method (Altmann 1974) on randomly

chosen focal birds. I used an electronic metronome and
recorded data onto a portable audio-cassette recorder. I
tested whether the consecutive records of foraging height

» and distance to trunk were statistically independent with
the Runs test above and below the median (Sokal and Rohlf
1981). 1-min intervals between records of distance to trunk
were long enough to produce independent observations for.
more thaAHQSi-sf the birds, whereas intervals of 2-3 min
were necessary to produce independent observéfions of
relative heights. Each day, I randomly chose the sequence
that I would observe individualé before going in the field.

'beservatiéns started about 30 min after the flock was found
=?;§ﬁ%wto minimize the possible effect of my initial disturbance.
Each focal bird was observed with biﬁéculars for 15 min, and

. once the last individual in the sequence was observed, I

repeated the initial sequence unti. I stopped observations.

2
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Each observation period lasted about 3 h. Similar rnumbers of
foraging records were generated for each bird.

In the second winter, I counted the number of items
probed by the bird/min and used prey-encounter ratedto
calculate its success (percentage of probes that uncovered
prey). Chickadees generally take their prey to & new
location, after capture, eat it, and wipe thelr bill after
the prey is consumed, which makes it possible to measure
feeding rates. However, I cannot exclude the possibility
that chickadees took small, unnoticed prey, but the
proportion of their diet represented by small prey (e.g.
spider eggs, aphids, etc) is assumed to be low. The number
of times the bill touched the substrate without apparently;
contacting prey (genérally less than five times/min) seemed
too low to contribute a significant proportion of items in
the diet. . |

In the second winter, I also recorded the activity
budget of focal birds. The focal bird's behaviour was
recorded at 1-min intervals. I divided éctivities in eight
classes: 1) visual search (bird moving through‘the
environment, head movements), 2) probing (bill contacts
substrate), 3) prey handling, 4) sitting, 5) flying, 6)
freezing_(halfs all movemeht when predator -present), 7)
maintenance activities (preening, bathing), and 8) other
behaviaurs. -

In both winters, I also recorded all agonistic

interactions (interference) involving focal birds, i.e.

©
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displacements‘(the aggressor flies towards a ;onspecific and
makes the latter fly to another location) and chases. This
was done at the same time as the instantaneous sampling, but
independéntly‘from it, éince the probability of scoring
fast—occﬁring events with instantaneous sampling is remote
(Altmann 1974). This ‘'all occurences' sampling of agonistic
interactions with focal birds enabled me to estimate the
rate of agonistic encounters (encounters/h) of all the focal
birds. I did not attempt to count all interactions in a
flock, because of the danger of missing some interactions
and thus underestimating interaction rates, especially in
large flocks. Interactions not involving focal birds were
also recorded (ad ]ibitum) to generate dominance )
hierarchies based on matrices of ‘pair;wise' interactions of
flock members. I also observed agonistic interactions at
temporary feeding stations early in the winter in each
flock, to‘generate more dominance data (see Chapter II1). I
used Kaufmann's (1983) definition of dominance: "a
péla;ionship between two individuals in which one (the
subordinate) defers to the other (the dominant) infcéntest
situations”. This definition emphasizes a social_
relationship betwéeh two individuals and does not imply‘s
priority of access to resources (Roweli 1974, Bernstein
1980, Dewsbury 1982) thus avoiding circularity in statements

on rgﬁk and differential access to resources (Barrette ang

vandal 1986).



‘I<"~'m<\\;*l exXper Iin(»-I]t
Pn 198, 97,1 used six, randomly chosen tlocks to test
\&n;mt 1t1on petween males and females: three control and
thiee experimental tlocks (Table 111 1). None of the chosen
tocks shared the same woodland area {except flocks Ctrl(2)

And PFxpt ) Lrgl Tl T, whxvh‘overlapped slightly during
the tame of the experiment). All males'ot the three
experimental tlocks were captured with a mist net near
teeders which were used to attract birds, but provided for
only a ftew hours to mini e the effect ot supplemental
teeding on the females' behaviour. Three solitary chickadees
were also removed from the experimental plots, in order to
keep these areas free from intruding birdg tor as long as
possible. Removed birds were :mmediately brought to indeor
cages, weighed, and provided with ad Tibitum sunflower *
seeds, water, and "softbill mix" (dried arthropods). The
remalning birds (females) were then observed for 2-3 d.
Longer removal periods were not possible, because
neighbouring chickadees began to visit the experimental
plots. When observatiénS‘on females were completed, males
were weighed again, and released in their home range. No
male died, and QPne lost more than 5% of initial body mass.
Since 1t was 1mpossible to remove phe males of the three
flocks at the same time, 1 did the removﬂls seguentially,
and as a result, I watched the three experimental flocks one

at a time. To control for possible effects of weather on the

Rirds' behaviour, I paired a control flock with each
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TABLE $11-1: Sex composition of the control and
experimental black capped chickadee tlocks (1986-87),
number of males removed, and duration of the?removals.

Females Males Total temporary removals
Control:
1 5 3 8 none
2 4 9 9 none
3 5 o 7 12 none
Experimental:
1 3 3 6 3 males (19-20 Jan)
2 3 3 b ;3 males (31 Jan-1 Feb)
3 2

2 4 ' 2 males (B-9 Feb)




Figure II1I-1: Spatial distribution of the experimental (exp)
and control (ctrl) flocks. Approximate home range limits: --
--. Shaded areas are fields and open areas, woodland.



experimenij flock, and 1 alternated observations of control
and experimental flocks within all three phases of each
removal (befare, during, and after the absence of males).
Three (ctrl 1,2) or two (ctfl 3) females were observed in
control flocks to match the number of females observed ine
the corresponding experimental flocks.

All hypothesis testing was performed with nonparametric
statistics; none of the frequency distributions met the
assumption of normality. For comparisons of the foraging
height, distance from trunk, time on trunk, time probing,
and probing success between experimental and control females
one-tailed tests were used, because the stétistical
alternative hypothesis (H;) for each of these variables
was that the foraging patterns of “females would converge
towards those of males in the absence of the latter (males
and females differed significantly for all these variables
in flocks; see below). P values egual or smaller than 0.05
were considered significant.

N

RESULTS

Most chickadee flocks in the study area foraged
primarily in poplar, which composed about 80% of the
woodland. As a result, this study will concentrate on the

chickadees in poplar habitat, unless otherwise spedified.
N
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Dominance and 1nterference

Eight hundred and twenty-five agonistic encounters were
recorded in free-roaming flocks. In the first winter,
individual flock members were involvéd in an average of 4.2
encounters/h (SE=0.57, n=24 individuals), and in the second
winter, 6.2 encounters/h (SE=0.60, n=48 individuals). 1
found no difference between hierarchies generated with
t;ee—roaming flocks and flocks at feeders, so-t Pooled all
interactions in a dominance matrix for each flockJ
Rearranged matrices (Brown 1975) indicated that hierarchies
were linear in each of the eight flocks (see Chapter II). I
noted only two reversals in free-roaming flocks (a bird won
a contest against a higher ranking bird).

No change was noted in the membership and the dominance
hierarchies of the study flocks during the period of
foraging observations, but slight rank changes occﬁrred over
longer periods of timk. These were apparently readjustments
caused by the disappearance of a flock member. Only one case
of rank shift did not coincide with the disappearance of a
bird. Males generally dominated females (see Chapter 1I),
and adults always dominated young of the same sex.

Agonistic interactions were not evenly distributed
throughout the canopy (Fig. 11I1-2); proportionately more
ipteractions occurred in the lower part of the tree, in the
male's niche (all interactions: X2=46, N=335, P<0.001).

Less than 20% of interactions observed resulted in direct

gain of a food item by the aggressor, a situation very
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Interactions per hour
e

Relative height in trees ‘

Figure I11-2: Rate of agonistic interactions of black-capped
chickadees at different heights in trees. Solid line: all
interactions, dashed line: male-female interactions only.

Data from winters 1985-86 and 1986-87 pooled.

—
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different from interactions at artificial feeding stations,
where most agonistic encounters resulted 1n food gain by
aggressors. These observations suggest that social rank can
influence access to resources other than individual prey

AJ

1tems.

4
)

Foraging behaviour in flocks using natural resources

Inter-individual variation in foraging heights and
relative distance to the trunk was high in each of the eight
study flocks (including the three control and the three
experimental flocks; Kruskal-Wallis tests, P<0.00! within
each flock). Consequently, I analysed the observatipnal data
by taking each individual (and not each foraging
observation) as an independent observation. Males clearly
foraged lower and closer to the trunk than females in poplar
woods in both winters and used trunks and main appendages as
a foraging substrate more often than females (Table I1I1-2).
In willows, I detected no significant differences, but
trends were in the same direction as in poplar habitat
(Table 111-2). I detected differences in the foraging
heights among members of the same sex (Kruskal-Wallis tests,
P<0.05) in five flocks, but no consistent pattern emerged
between foraginé heights and intrasexual dominance status,
or age. As a result, the relationship between social rank in
the flock and foraging height was not linear (Fig. III-3).

Prey-searching behaviour of the chickadees generally

involved up to three steps: 1) visual séarch, 2) probihg

-~



60

TABLE 111-2: Fgraging sites of female and male chickadees in

winter flocks
number of foraging observations.

sing natural resources. N represents the

3 A Females Males Mann-Whitney
X (N) X (N) u 1

1985/1986
Poplar (12 females, 12 males; df=22):
Relative height' 0.66(225) 0.53(197) 9  <0.001
Distance to trunk? 0.49(664) 0.35(580)" 15 <0.005
Prop. of time on trunk 0.04(664) 0.18(580) 19  <0.005
Willow (3 females, 4 males; df=5):
Relative height 0.63(069) 0.44(128) 2 0.23
Distance to trunk 0.52(137) 0.39(252) 2 0.23
Prop. of time on trunk 0.12(137) 0.14(252) 4 0.63
1986,/1987
Aspen (24 males, 24 femalesji df=46):
Relative height 6(1087) 0.40(522) 52 <0.001
Distance to trunk . 86) 0.31(1001) 24 <0.001
Prop. of time on tr : 1986) 0.21(1001) 26.5 <0.001

10 on ground, 1=on top of tree,

20=on trunk or main appendage, 1=on branch tip.
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Social rank in flock

Figure III-3: Relationship between social rank (1=most

dominant), sex and average foraging height of birds in 8
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with bill for potential prey, and 3) handling prey. The
percentage of time spent probing in males and females was
dependent on the location 1n the canopy, with highest
probing rates in the upper canopy (Fig. III-4).§Not

|
surprisingly, females (which foraged higher) spent on
average more time probing than males, but found prey in
proportionately fewer probes (Table 111-3). However, females
and males found a nearly equal number of prey/h (Table

I1I11-3).

Removal experiment

None of the estimated parameters (height, distance to
trunk, time on trunk, prey per hour, and probing success)
varied among flocks when observations before, during, and
4fter removals were analysed separately (Kruskal-Wallis
tests, P>0.10 with all variables). Thus, data were
homogeneous among flocks and observations from members of
different flocks could be ﬁreatedoas statistically
indepéndent observations.

In experimental flocks, only the number of prey/h did
not vary betwéen the three periods of the experiment
(before, during, and after the~ absence of males); -all the
other variables (see above) varied markedly. In fhe control
.flocks, no variatjpn was foJ’d in any of the foraging
variables across time periodé (Table gII;4, Fig. II1I-5).
None of the variables differed_begaeen females-of

, »
- . @§xperimental flocks and control flocks prior to, and after

»
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Figure III-4: Probing rates of female and male chickadees
at different heights in aspen woodland. Vertical bars
represent standard errors. Numbers represent numbers of
individuals observed at each level.
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TABLE 111-3: Foraging efficiency of 24 female and 24 male
chickadees in poplar woodland (1986-1987): probing rates,
prey-encounter rates and proportion of successful probes. N
represents the number of foraging observations.

Mann-wWhitney

Females Males U P

X (N) X (N) df=46
Proportion of 0.44(1986) 0.21(1001) 73 <0.001
time probing
‘Proportion of 0.064(1986) 0.126(1001) 146 <0.005

successful probes

Prey/hour 10.1(1986) 10.4(1001) 271 0.72




TABLE 111-4: roraging sites and techniques used by females
of three experimental tlocks, betore, during, and after

the temporary removal of males, and the behaviour of females
1n control flocks during the same time periods.

S T T Kruskal-
Time relative to removal — Wallis test
Before During After
X (N) X (N) X (N)

Experimental flocks (8 females)
A )
Relative foraging

height 2 0.70(232) 0.40(297) 0.72(176)
Distance
to trunk3 0.65(445) 0.34(567) 0.69(338) 16 0.0004

Proportion of
time on trunk 0.02{445) 0.13(567) 0.01(338) 15 0.0006

Proportion of .
time probing 0.48(445) 0.29(567) 0.53(338) 13 0.0018

Number of
prey per hour 8.3(445) 7.4(567) 9.2(338) 3.4 0.18

Proportion of
success. probes 0.05(373) 0.08(431) 0.06(242) 8.0 0.019

N

Control flocks (8 females)

Relative
foraging height 0.70(22@) 0.70(104) 0.70(158) 0.23 0.89

Distance
to trunk 0.62(432) 0.69(314) 0.69(304) 5.2 0.08

Proportion of
time on trunk 0.02(432) 0.01(314} 0.01(304) 1.2 0.54

Proportion of

time probing 0.49(432) 0.52(314) 0.55(304) 0.82 0.66
Number of )

prey per hour 9.1(432) 8.7(314) 7.3(304) 1.1 0.59

Proportion of
success. probes 0.06(348) 0.05(227) 0.04(228) 1.9 0.38

'Estimated with the chi-square disiribution,
20=on ground, 1=on top of tree, )
O=on trunk or main appendage, 1=on branch tip.
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~Proportion of foraging time

J

10

[“ Relatjve height in trees

Figure 111-5: Proportion of time spent by female
black-capped chickadees foraging at different heights before
( ), during (=---=), and after C----- ) males were removed
from flocks. The total number of observations for each

frequency polygon is more than 40.
\ W
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the abosence of males (U-tests, ' taitled, dgf 15, p-0.10
in all the comparisons). How_evm , during the absence of
males, ail experimental temales foraged lower than controls,
closer to¢ the trtunk, used trunks. more often as a foraging
substiate, probed less often, ana increased their probing
Success (I tests, p1 tarled, df-1%, P-0.032 i all
compar isons) . No dltterence was found between the feedimg
rate ‘ot <‘ontx;‘<~1 and experimental females (U-test,
2%6116@, df——-ig, P=0.23). Conclusions remain t.he same 1§
flocks, ‘Instead ot mdividuai temales, .are ta'ken as .
independent observations; gxperimental flocks ioragsd' lower,
(‘lose‘r to the *runk, moreiften on ,the trunk, spent less
time probing, and had a higher probigg SSSQESS than control
flocks (U-tests, 1—ta{led, df=5, P=0.05). Feeding rates
did not differ between control and/experimental flocks
(U-test, 2-tailed, df=5, P=0.10).

All female flocks d;d-ﬁot forage on all iréé’parts as
d:d unmanipulated flocks. Insteaa, they concentrated -on thé
lowey parts of the trees, leaving the upper levels
rejatively vacant (Fig. I11-6). Thus, females became more
like males in their foraging during the removal period.-

However, théy_did not become identical (Table III-4, top

center, compared to Table I1I11-5, left). Females still

*
A

foragq@ pigher'than malec, farther from the trunk, less
often ;n th;Atrunk. Females spent‘more time probing and had
lower probing success tharn the males of the experiméntal
flocks (U-tests, two-tailed, df=15, P<0.003 in all

b

3

Py - )
[ J
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Figure 111-6: Proportion of time spent by all flock” members
(pooled data) at-different heights in undisturbed flocks .
(-=a===) .and in flocks without males (=—). X2=118, dfw=d,
P<0.007. Expected frequencies generated from experimental
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TaBfr 111 -5: Foraging sites and techniqgues used by the eight
males of the three experimental flocks, before and after the
removals. N represents the number of foraging observations.

time relative to removal Mann-Whitney
Before After U 1%
X (N) X (N) df=14
Relatlée
toraging height! 0.29 (169) 0.32 (137) 23 0.38
Distance
to trunk? 0.23 (329) 0.27 (260) 22 0.33
Proportion of
time on trunk 0.29 (329) 0.19 (260) 16 0.10
Proportion of
time probing 0.13 (329) 0.16 (260) 25 0.51
Number of
prey per hour 10.1 (329) 8.22 (260) 20 0.23
Proportion of . v
success. probes 0.16 (279) 0.13 (193) 22 0.33

'0=on grourd, i=on top of tree,
20=0n trunk or main appendage, l=on branch tip.
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comparisons). Also, experimental females tended to have a
lower feeding rate than males (U-test, two—taileg,
df=15, P=0.083).

Males from the three experimental flocks joined their
flocks within 1 d of release and foraged again 1in the lower ¥
parts of the trees, and Eloser to the trunk (Table I111-5).
Males also regained their dominance over females; all 25

male-female interactions observed 1in experimental flocks

after the release of males were won by males.

\

DISCUSSION

Niche differences among populations

In aspen, male chickadees foraged differently from
females. Similar patterns may have occurred in willows, but
sample sizes were too small to demonstrate 1t unequivocally.
Glase (1973) also found differences between foraging sites
of male and female black-capped chickadees, and, to a lesser,
extent, adults and young, but he did‘not attempt to measﬁre
differences in their foréging methods. In Glase's (1973)
study, males foraged’higher shan females, as opposed to
birds in this stydy..~

How to explain this difference in behaviour between
sites? Several factors are probably involved (e.g. canopy
structure, plant and insect speciés, climate, predators). It

is«fifficult,to compare the habitati'adequately, but it is
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worth noting that the main predators differ between the two
locations. In the northeastern United States, where Glase

/did &is study, sharp-shinned hawks (Accipiter striatus)

/ are the primary wintering prgdators on chickadees (Terres
1980). In contrast, the main chickadee predators 1n Alberta
in winter are probably northern shrikes (lLanius excubitor)
and perhaps hawk owls (SUPnia ulula; Salt and Wilk 1966,
personal observation). Weasels (Mustela erminea) possibly
prey on Ythickadees in roosting cavities, but their effect on
chickadees' foraging behaviour 1s probably small. i

Differences in the hunting behaviour of shrikes and hawk

owls €ould influence the relative predation risk associated

with foraging high or low in trees (B.g. shrikes at Meanook
apparently directed most of their attacks high in trees,
whereas accipiter hawks seem to hunf in ali canopy zones).

Of course, a detailed foraging study across different

geographic areas would be necessary to help determining the

causes of niche variation across different areas.

Intersexual competition

The foraging behaviour of(individﬁal birds fbllow}ng
the removal of members of their flock ("competitive
- ‘release": Alcock 1984) provides far more convinncing eviéence
of intraspecific competition for foraging sites within ,

. - .
flocks than the mere observation of consistent differences

in the foraging sites of members of unmanipulated flocks or

e

* 3

3;
*-r
P _between populations (Alatalo et al. 1986). : ,
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Except for the work of Peters and Grubb (1983), field
experiments on inter-sexual niche differences are virtually
absent. These authors removed male downy woodpeckers
(Picoides pubescens) and showed that tﬁe niche of females
niche shifted towards that of males. However, the niche of
males did not change in the absence of females. They
concluded that males excluded females from some resources,
by means of dominance. In another removal experiment, Ekman
and Askenmo (1984) concluded that adult willéw tits (P.
montanus) in winter flocks excluded yearlings ‘
(subordinates) from areas best protected against b:edatqrs,
the yearlings shiftéd to the adult's niche in the absence of
the latter. '

What prompted female and male chickadees to forage 1in
different ways? The removal experiment reported here showed
that—the foraging sites of females were la&gely a result of
the presence of males, suggesting intersexual compgtitfon
for winter resources. Female chickadees showed a great
flexibility in their foraging behaviour, not only by moving
rapidly to lower parts of the trees in the absence of males,

but alsd™by decreasing their percentage of time probing and
v ]

increasing their percenﬁége'qf successful probes (pSssibly

in direct response to difﬁerént resoufces). Despite this,
the feeding rate of .females did not changé in_the absence ;f‘
males. Since the energetic content of érey‘;rom different
sites was unknown, it was unfoftunatgly not poésib;e’tO(

determind whether male removals changed the energy intake of =

)
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females. However, removals apparently lowered the cost of
foraging to females (assuming that probing demands more

energy than visual search for prey).

Interference or exploitation competition?

Depending on whether the niches of females and males
have different "values", and on how sp‘éialized females and
males are, either interference or exploitation competition
will operate 1in chickad&g flocks.

Glase (1973) did nof compare the costs and benefits
associated with niches of female and male chickadees. He
suggegted, on the basis of the slight sexual size dimorphism
in chickadees, that females have become specialized in using
different zones than the higher ranking males. This niche
differentiatiog.would lead to rgducéd intersexual_
‘interference and better foraging efficiency for the groub as
a whole (Glase 1973). This kind of argument has also been
1nvoked by several authors to explain sexual niche ‘
d1£ferent1at1on in hawks, owls, woodpeckers, warblers, and
itterids (reviewed by Mor'se §80).

Another view states that interference (or dominance),
‘rathe: than exploitation competition (or specialization),
acts as a proﬁimal factor causing niche Separétion, and has.
been proposed on the baSIS of very low: glze dimorphism in
some spec1es (e.g. L;gon 1968a), frequent agonlstfc -

encounters ‘between putative competitors ‘Schnelder 1984), or

the use of apparently better greas by dom1nants (Schnelder

-

. 7

t
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1984) . Peﬁers and Grubb (1983) provided experimental
evidence supporting this view (see above).

Although I have no experimental evidence to distinguish
between interference and exploiltation competition, two
observations suggested that interference competition
prevailed in my population (i.e., males excluded females
from certain sites). First, females showed flexibility in
their foraging behaviour; they were not restricted fo their
niche by specialization. Changes in behaviour were observed
not oniy in response to the removal of males, but females
< also changed their probini rate when they visited portions
of trees typically used by males. The relationship between
foraging height and probing rate in both sexes suggests that
differences in foraging method were related to a
heterogenous distribution of prey types across heights,

rather than morphological specialization (e.g. bill size,
\

.

shape) .

A second observation supporting interference
competition was that during the removal period females did
not use all parts of trees exploited when both sexes were
ﬁresenﬁ, but rather abandoned their normal areas aﬂ'
concentrated their search in the lpwe: parts of the trees,
where males were usually found;’The latter point suggests
that it was more profitable for all chickédees to forage
léwe: in poplar woods. |

Despite the flexible behaviour of females and tWeir

O

preference to forage in areas usually occupied by males,
: ¢ : b |



75

specialization may have played a role in their search for
food, as they did not behave exactly like males in the
absence of the latter. Possigzy, because females spend much
more time in the higher parts of irees, they may become more
skilled than males in finding préy there;

Foraging site payoffs

.

Do male chickadees use “better"/foraging sites than
females? Since high social rank generally equates priority
.to limited resources (Wilson 1975; Gauthreaux 1978, Kaufmann
1983), it is reasonable to suspect that males may secure the
best foraging sites. Potential costs‘possibly higher 1in the
foraging area of females include: 1) a lower foraging
efficiency, and 2) increased exposure to predators. Most
- published studies simply discuss whether specialization or

. .
interference leads to the niche separation of females and
males; no study on sex dimorphism in foraging niches of
birds has documented costs and benefits associated Qith the
_ nicﬁes of females and males. Howéve}, Ekman (1987) showed a
_numbe;.of advantages to the ;oraging niche of adult willow

tits compared to that of young, in terms of foraging
efficiency and avoidancé'of the main Jocal predator, the
pygmy owl (Glaucidium passerinum). Ekman et al. (1?81)
also showed that young willow tifs'sufféred a.‘}ghen
montalify rate\tﬁan adulgs.

In my population, four observations suggest that males

exploit better food qnd/of cover against pfédators.than

&> |
/.
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females. First, observations at feeding stations adjacent to
the main study area showed clearly that males had priority
of access to resources, as found 1n several cher chickadee
studies (Hamerstrom 1942, Odum 1942, Hartzler 1970, Glase
1973, Smith 1976, 1984). Thus, by means of overt
aggressrveness, males can secure a limited, defensible
resource. This is further supported by frequent intersexual
agonistic encounters in foraging chickadee flocks, which
occurred primarili'ig areas typically used by males, eveni
though most i;teractions away from feeders did not directly
involve a prey item. A second relevant observation is that
even though females had a similar feeding rate as madles,
females h;d to make a larger number of unsuccessful probes.
Therefore Yemales invested more time and energy per prey
capture, aqd»if‘prey eaten by the two—sexes—were equivalent
enérgeticaily, females would experiehce a lower return rate
while foraging than @;les. Moreover, assuming that probing
for food and Scanning for predators Qere mutually exclusive .
activities, females were more likely to be taken by surprise ‘
.by predators, since they spent‘les§ time scanning.

A third factor suggesting that males exploited preferred
areas is Fhat exposure to the main local diurnal predators
'of wlntering passer1nes porthern shrikes and hawk owls) waq]
potentially higher for females, since they foraged malnly in
the upper . parts of the trees, where northern shr1kes (Bent »’Ju

1965, Cade 1962, 19@7)vand hawk owls (pereonal observation)

‘usually hunt. A last, and perhaps most critical point is

v
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N
that females suffered higher mortality than males in the

second year of this study (see Chapter I1).

A difficulty with this experiment is that sex and
social rank are confounded, i.e. 'female' and 'subordinate'’
being ﬁearly equivalent categories. Similarly, age and rank
were somewhat confounded in Ekman and Askenmo's study, all
adults dominating all young (Barrette and Vandal 1986) .
However, a combination of the results from the willow tit
studf (Ekman and Askenmo 1984) and the presént one glve some
insight as to whether sex, age or social rank per se is
the main proxihal factor that leads té differences in
observed foraging niches of titmouse flock members. In both
studies, socially subordinate birds foraged in different
areas>than dominants, even though the sex and age of those

' \
subordinates varied between studies. This suggests that

social dominance, rather than sexual specjalizaé?bn or lower
fofagi;g ability of young, is the chief proximal factor
leading to differences in observed foraging.behaviopr among
members of willow tit and black-capped chickadee flocks, a
premise.of the interference hypothesis.

In spite of the possible short—térm advantages of the ¢
male's niche in this study, it would be necesgary to cbllecgﬁ
long-term data oﬁjwinter survival rates of females and male%
to measure the ultimate-adaptive value of exploiting a'give+
niche, *and to_determiné whether’sexuai niche g;fferentiétiqn

«

is evolutionarily relevant. : .

»



78

LITERATURE CITED

5

kYl

A Alatalo, R. V., L. Gustafsson, and A. Lundberg. 1986.
Interspecific competition and niche changes in tits

(Parus spp.): evaluation of nonexperimental data.

~ -

Am. Nat. 127:819-834,
{0.’lcoék, J. 1984, Animal be‘havior. Sinauer }\ssociateo,
* Sunderland, Mass. 596 pp.
“ A%t@annj‘q. 1974. Observational study of behaQior:'.
sampling methods. Behaviou; 49:227-265.
Austin, G. T. 1976. Sexual and seasonal differences in
e iforagingpof‘ladder-backed woodpeckers. . Condor
~ , 76:317-323,

Barrette, é:, and D. Vandal. 198¢. ‘Social rank, dominance,
antler si;e;)ahd access to food in\snow—bound wild

‘woodland»caribou. Behaviour 97:118-146.

Bent, A. C. 1965. Life histories of North American
wagtails, shrikes, Qireos, and their aliies. U. S.
Natl. Mus. Bull. 191, ’ ‘ |

Bernstein, I.S. i1980. Dominance£ a theofetical,

perspeoti;e for etho%ogists. pp.71-84 In: D. R.

Omark, F. F. Strayer and D. G. 2?reeman-(eds ). i

Domlnance relatlons. Garlqnd STPM Press, New Yonk

x Brown, J. L 1975 The Evolution of Behavior. "W. W. .

& Norton Inc N, Y. O

-~ . LT . ~ - .

. Busby, D. G., and S..G. Sealy., 1979, Feedlng ecology of ‘a

“*

populatlon of nest1hg yellow varblers. Can. J, 2001.

-



79

57:1670-1681. o -
Cade, T. J. 1962. Wing movements, hunting, and displays of
the northern shrike. Wilson Bull. 74:386-408. l
Cade, T. J. 1967. Ecologicél and behavioral aspects of
predation by a northern shrike. Liviné Bird 6:43-86.
Connell, J. H. 1983. On the prevalence and relative

importance of interspecific competition: evidence from

field experiments. Am. Nat. 122:661-696.

»
-

Dewsbury, D. A. 1982. Dominance fank, copH}atorf,behaviour
and differential reproduétion. Quart. Rev. Biol.
57:135-159. , | B '

Ekman, J. 1987. Exposufe and time Qsé in wiliow tit

Y
flocks: the cost of subordinatiqn. Anim. Behav.

35:445-452,
»

Ekm%ﬁ, J., and-C. Askenmo. 1984. Sociél rank and habitat
use in willow tit groups. Anim. Behav. 32:508-514.

¢ .
Ekman, J., G. Cederholm, and C. Askenmo. 1981. Spacing and

survival .in winter groups of willow tit Parus
montanyg and crested tit P. cristatus - a removal

study. J. Anim. Ecol, 50:1-9,

Gauthreaux, S. A. Jr. 1978. The ecologica} significance of
’ A . .
- L

behavioral dominance. Perspectives in;EthOIOgy

\

3:17-54,
Glase, J.-C. 1973. Ecology of social orgahization in the
black-capped chickadee. Living Bird . 12:235-267.

Hamerstrom, F. 1942, Dominance in winter flocks of

chickadees. Wilson Bull., 54:32~42.



80

Hartzler, J. E. 1970. Winter dominance relationship in,

i

biaqk—capped chickadees. Wilson Bull. 82:427-434.

Hogstaa, O. 1976. Sexual dimorphism and divergence in

- -

winter'foraging behavior sof thtee-toed wobdpeckers
Picoides tridactylus. ibis 118: 81250, ' o
Hogstad, O. 1978. Sexual dimorphism in relation to winter
; {oraging and territorial behaviour of the three-toed

woodpecker Picoides tridactylus and thethree

Dendhécopos species., 1bis 120:198-203.

-

Jackson, J. A. 1970. A quantitative study of the foragingo_

-ecology’ of downy woodpeckers. Ecology 51:318-323.
Kaufmann, J. H. 1983. On the defipitions and fgnctién&,pf
dominance and terri,oriality Biol. Rev. 58:1-20. |
Kilham, L. 197.0 f‘eedlng behavior of downy woodpegked:-s I.
Preferences for paper blrches and sexmal ﬁ?eferenqes.
Auk 87:544~556. - ; R -

L1gon, J D. 196Bé Sexual differences in foraging

« "

behav1or in two spec1¢s of Dendrocopos woodpeckers. .

s

Auk 85:203-215.

Ligon, J. D. 1968b. ObserVatlons on- strlckla: ]

jfwoodpecker Dendrocopos StPlelandl. Coh
7028384, ' -t ./

quon, J. D. 1973-, Foraglng behav1or of . the white headed
woodpecker ir Idaho. Auk 90 862~869.

/ﬁelgs, J. B., D. C Smlth cand J.- van Busklrk ’ 19&3f Age ’
Tfm;// ‘>,' determ1nat1on of black- 6app¢d.ch1ckadees. J. Field -

- ormighol. 54:263-286. . - R




81

Morrison, M. L., and K. A. With. 1987. Interseasonal and

. intersexual resource partitioning in hairy and
white- headed woodpeckers. Auk 104:225 233.

Morse, D. H. 1980. Behavioral Mechanisms in Ecology.
Harvard, Cambridge.

Morton, E. S., J. F. Lynch, K. Youg, and P. MEhlhop. 1987.

! Do male hooded warblers exclude females from
nonbreeding territories 1in tropical forest? Auk
104:133A133.

Mur%on, R. K., A. J.~Isaacson, and N. J. Westwood. 1971,
The signi{icance of gregarious feeding behaviour and
adrenal stress in‘g population of wood-pigeons Columbé
palumbus. J. lZool. (London, 165:53-84.

Odum, E. P. 1942. Annual cycle of the black-capped
chickadee - 3. Auk 59:499-531.

Park, T. 1962. Beetles, competition, and populaticons.
Science 138:1369-1375.

Peters, W. D., and T. C. Grubb. 1983.‘ An experimental

\
analysis of sex-specific foraging in the downy
wooapecher picoides pubescens. Ecology
64:1437-1443.

. Rowell, T. 1974. The concept of social dominance. Behav.
Biol. 11:131-154,

Salt, W. R., and A. L. Wilk. Y966. The birds of Alberta.
2nd. ed. Queen's printer, Edmonton. ‘

Schneider, K. J. 1984. Dominance, predation,‘and optimal

foraging in white-throated sparrow flocks. Ego;ogy



+

65 1820-1827.

kY

Schoener, T. W. g83. Field experiments on interspecific
competi1tion. Am. Nat. 122:240-285.

Selander, R. K. 1966. Sexual dimorphism énd differential
niche utilization 1n birds. Condor 68:129-141.

Smith, S. M. 1976. Ecological aspects of dominance
hierarchies in black-capped chickadges.‘ AUk
93:95-107. }

Smith, S. M. 1984. Flock switching in chickadees: why be a
winter floater? Am. Nat. 123:81-98.

Sokal, ﬁ. R., and F. J. Rohlf. 1981. Biometry, 2nd ed.
Freeman. San Francisco. «

Terres, J. K. 1980. The Audubon Society encyclopedia of
North American birds. Knopf New York.

Underwood, T. 1986. The analysis of competition by field
experiments. [n: J. Kikkawa and D. J. Anderson
(eds.). Community Ecology: Pattern and Process.
Blackwell, Melbourne. pp. 240-268.

Weise, C. M., and J. R. Meyer. 1979. Juvenile dispersal
and development of site-fidelity in the -black-capped
chickadee. Auk 96:40-55. >

Wilson, E. O. 1975. Sociobiology: The New Synthésis.

Belknap Press. Harvard.

~ .



N

IV. SITE-RELATED DOMINANCE AND HABITAT USE
: 2

AMONG WINTER FLOCKS OF BLACK-CAPPED CHICKADEES
. N

’

’

INTRODUCTION «

A crucial attgibute of territorial behaviour in birds
is that owners socially dominante intruders within a
topographical area from which they exclude intruders (Brown
and Orians 1970; Brown 1975, Kaufmann 1983). In contrast,
social rapk in hierarchical systems is typically independent
of location, and members of a social group share a common
home rahge (Wilson -1975). An intermediate situation occurs,
in which birds shift social rank according to their
location, but hevertheless tolerate "intruders" in their
area of dominance (or "dominion": Brown 1975). This latter
pattern has.been described in several bi}d species (Odum
1941, Coléuhoun 1945, Brian 1949, Michener 1951, Bgown 1963,
Fx

A large number of studies of agonistic behaviour in

Willis 1968, Glase 1973, DgLaets1984).

flocking birds has focussed on dominance relationships
within groups (reviewed by Schein 1875, Wilson 1975 and

Gauthreaux 1978). However, vénywlittle is known about the

83 -
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relationships hetween adjacent social groups, perhaps

because of the infrequent encounter’s between groubs, or the -
lack of.recognition of individuai groups wiéhin large, but
temporary aggregations. Nevertheless, interactions between
social groups of birds have been illustrated in some studies

of commgnél (or "group") territoriality between flocks of
Australian magpies, Gymnorhina tibicen (Carrick 1963),

acorn woodpeckers Melanerpes formicivorus (Koenig 1981, .
Hanngn et al. 1985), Augtralian noisy miners Manorina
melanocephala (Dow 1977), antbirds lAves:Formica;iidae; \
Munn and Terborgh 1979), and titmice (Aves: Paridae: Odum
1942, Dixon 1963, +965, Condee j970, Hartzler 1970, Glase
1973, Ekman 1979, Nowicki 1983, Smigh‘1984). Such spacing
bgtweén groups can set an upper limit on population sizé by
restricting acce;; to breeding resources (Carrick 1963, Dow
1977, Hannon et al. 1987) or resources for survival

outside the breeding season (Ekman et al’. 1981).m

Despite the numerous studies that regard winter flocks

of black-capped chick#dee as territorial (Odum 1941, 1942& '
Hartzler 1970, Gizse ;§73, Nowicki 1983, Smith 1984), little N
quantitééive data has accumulated on the relationships
between flocks, and mést of the information comes from
\Qppplations using artificiél bird feeders. Here, I report on
the relationship between the use of home raige in winter and
agonistic behaviour bgtween members oﬁkcontiguous flocks of

black-capped chickadees in fdéd-supplemented and control

populations. I also discuss the economics .of flock~s§ac§pg



and allocation of respurces for survival among winter

flocks. ’ .

STUDY AREA AND METHODS

>
«
[

Thfs_gtudy was conducted at the Meanook Biological
Station (54937'N, 113920'W), near gthqbasca, Alberta, |
Canada, in the winters 1985-86 and 1986-87. The study area
was a 5 km2 mosaic of poplar (Populus tremuloidés and
P. balsamifera) woodland interspersed with fields (20% of
the area), and stands of willows (Salix Spb.) of up to 4

ha. A woodland area of 2.6 km2 (pr;vate»and Crown land)

was provided with feeders filledeit; sunflower seeds, and
t.9 km2 (wildlife area) was not disturbed by feeders. Nine
feeding stations were scattered in the feeder area in
1985-86, and 14 in 1986-87. The feeder and controllareas'

were separated by grain fields to limit the movement of

~

- birds, especially from the control area to the-feeder area.
In both winters, viftually_all"the chickadees on the
study area (>95% of approximatiyeiy 350 each winter) were
captured 'in mist-nets and individually marké@hyith ~oloured
.leg bands. Strips of electrichan's tape were'%tbck to the
banGS‘to make "flags" that enhanqgg.the visibiljty of Phe

\

colour combinations. ' . B S

>



"Flock home ranges

In the two winters, I de?ermined the membership of each
.

',flock‘froh August to November when flock membership _ i

-

_ stabilized). When at }east three birds were consistently
\5een together, they wefe considered a flock: Also, I did not
record a‘si;hging of a flock Gnless I positively }dentifieﬂ‘;wi
at least three known members.
I mapped_sightings of each flock at least ‘once a week
(four to fivg times a week during most of the winter).
Sightings were recorded daily on maps of the stud& area
(scalé 1:7500) that were based on aerial photos. The
accuracy ol the sightings was about +25 m, depending an the
distance of known landmarks. 2 transparency with a~50 m grid 
(on scale) was put on each daily‘%ield map to code the ‘
locations of the sightings. When I was observing a fiéck, I
recorded its location once every 5 hin, sometimes for up to
3 h, but most often for less than ?5 min. Such a short
interval between observations probably resuited\in
autocorrkiated sighti;gs (Swihart and Slade 1985, Ford and
Myers 1381), but I assume this is not critical here,. since fl'
used minimum convex poiygons instead of a proba¥ilistic hoﬁe
range model in this .study. \
I‘dﬁtermineé the home-range of 20 flocks in the control
\area in 1985-86,\from October to Magch, and 2% in 1986-87. I
" also determined éhe home range of "feeder" flocks in the two

years, but‘only before they started to use gupplempntal

food. I mapped the{ home ranges of 13 "feéder"‘ flocks in
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<

1985-86, and 18 in 1986-87. 1 used the flock home ranges
< - .

primar&iy to determine the location of encounters between

flocks relativé,to the center of their home ranges. The
2 , -

latter information was used to examine site-related

domi?ance among flocks (see below).

Site-related dominance

When two or more flocks were found together (either 1in
the control or feeder area), 1 recorded the winner and the
loser of all agonistic interactioné between members-of
different flocks. I classified the iﬁteractions into four
types:mdisplacemeni, chase, unsuccessful attempt to displace
a bird, and waiting by one bird until another has leftAthe
food location (see Dixon 1965, Smith 1984),uWhen a sequence
of sever consecutive chases or displacements involving the
same t’woa‘b%foccu-rre_d,; dnly one interact‘ion was recorded.
Thus) 1 considered all interactions as independent.

1 observed dominance interactions primarily in the-
feedef area,'kheée several flocks were often using féeding
stations at the same time. I also recorded all interactions
betyeen‘members of neighbburing flocks on the control area,
whenever two or more flocks were found togetﬁer. In three
cases, I induced grouping of two flocks in thé control area
by agtrécting a flock to a feeder; then carrying the feeder,
followed by.the flock, to the;neighbagring flock's range, to
attract tpeisecond fldck.AThese artificially induced

—

encounters lasted between 30-60 min. The location of all

-’ . . \
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encounters between flocks was recorded on daily field maps.
N

inally, I recorded all agonistic interactions between
members of flocks (at and ayay from feeders) to obtain

dominance hierarchice within each flock (see Chapter I1).

d

fed

Agonistic defence of space between flocks

n
1f flocks agonistically 3efend a communal territory,

one would predict that when two or more meet, individuals
will direct relatively more aggressiveness interactions
.towards members of "intruding"” flocks than towards members
of their own flock. To determine whether members of the
scudy flocks behaved this Qay, I noted all individuals that
were éispiaceq’or chased by the most dominant bird.of the
flock closgst to the geometric center of its range (resident’
flock). This w;s done only in 19%5—86 with flocks from the
conkrol area, away from féeders. %bservations at feeders
were not included, because the frequency of interactions of
all birds with the most dominant bird was presuhably
dependent of the frequency of use of the feeder. Use off
feeders was highly variable among individuals.

This method generated frequencies of attacks on
"residdts" and ;intruders“ that could be comparedrto the
null hypothesis that target ‘fas were sgleéted
indépendently with réspéct to flockbmembership. I
concentrated on the most dominant resident bird so as to

standardize the focal bird's rénk for all observations, and

because the most dominant flock member is the only

. —
[



individual that initiates all its i1nteractions. )

RESULTS

Flock composition and social organization

Members of each flock foraged together throughgut-most
of the winter in the control area (see Chapter II). However,
flocks did not always forage as single units in their homet
range; in 1985-86, 22% of the 578 social groups‘3n00unt6Ped
were composed of more\E&:n one flock, and 20% of the 526 :
groups 1in 1986;87. did 'not consider these, large groups as
"flocks" because ggiy never lasted for more than a few
hours, in contrast to true flocks. Inethe feeder area,
chickadees were nearly always in large éroups in the
vicinity of feeding stétions. Thesge” groups generally
included resident flocks and birds from adjacent woodland
that were drawn in the feeder area. The cdmposition of large
groups of chickadees in the feeder area was unstable-and |
dependeng/on the arrival and theiaepar:ure of flocks at
feeding stations. Hf

A

-

Habitat' use and overlap betweén flocks
4 - .

Supplemental food resources were not exclusively used
. . s S :
by one flock, but shared by all flocks that discovered
feeding staggons (Fig. IV-1). In the aontrol area, a mean

number of 162 Bightings per flock was made in 1985-86

&.‘ -
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‘ 12345678910 .

Number of flocks

. e

Figure IV-1: Numbers of flocks seep at each feeding station,

throughout the winter. All the{éeeédng stations represented
were used by birds for at least o pooled from

ne week. Data
1985-86 and 1986-87 feeders. dt



(SE=30, n=20) and 94 sightings per flock in 1986-87 (SE=23,

n=25). Also, at least 50% (1985-86) and 33% (1986-875 of
-0.25 ha grid squares in woodland were used by two or more
flocks over the winter (Fig. IV-2). Since members of
free-roaming flocks usually occupied an area 3-4 times
larger than a‘érid square (personal obs.), one can rule out
the possibility of undetected "core areas"” witpinAgrid
squares.

Estimates of overlap between winter home' ranges do mot
contain information on the disgﬁrsion patte;n between actual
flocks at any time: despite their overlapping ranges, flocks
may have avoided each other ("grdup space": Brown and Orians
1970). Mutual aﬁofdance was unlikely in this population, as
foraging groups of up to five different flocks were
regqulagly observed. The maximum size of thesé’farge
temporary groups reached 50 ingividuals in 1985-86, and 31
individgals in 1986-87. . -

" Thz\number of flocks seen on a particular 1.0 h? block
(four gr;d squares) was positively correlated with the
number of chickadee sightings on this block (Spea;manLJ
r=0.56,‘;=200, P?0.00I (1985-86) and.r¥0.54, n=194, P<0.00i
(1985—87)). The number of flocks seen at a given location
(without feeders) presumébly increased logarithmically as-a
fuhctioﬁ of the‘number'df sightings on this area, because

the estimated size of each home range ihsggaseé

e

logarithmically as a function of the number of sightingq

(0Odum and Kuenzler 1955). As a result, I made the“folloiing
N ’ a'.

i
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Number of grid squares

01 2 3 45 6 7
Number of flocks

2

Figure IV-2: Frequency-distribution of the number of flocks
observed on 0.25 ha grid squares in the undisturbeéd area, in-
winters 1985-86 (hatched bars) and 1986-87 (solid bars).

Only squares containing woodland were included. - ’

-
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< . \
- .
transformation to correct the data foJWZhe~frgquency‘of

sightings on each grid square where 1 observed chiciaaees:

»
.

Overlap Index = 2 X Number of floéks
In(Number of sightings + 1) ﬁ -t
A factor of 2 was jntroduced to méke indevaélues on
Figure IV-3 easier to read. The "overlap index".obtaiéed was
phifo'rm @Wver the control area in the two winters (Fig. .‘
1v-3), ' and normally distributed (Kolmogbrpv—Smirnbv

one-sample tests, two~taiied, P > 0.05 in the two winters).
. . N ) s ERN

The mezn overlap index in the firsﬁ winter was higher than

in thef¥econd winter (12.7 vs. 10.6 respectively, paired
t-test, two-tailed, df=188, P=0.001), suggesting that

. ,
annual variation in spacing can occur among chickadee

flocks.

P o

) \

Site-related dominance _ . RS

IﬁP;hé feeder and control areés, the rank of chi;kadeeg
within their flock demained constant, regardless of the -
location §} the flock. Howevery-in groupspof two or more
flocks at a.feéding;statigq,(eitéér‘on control or feeder
area),‘ﬁgonistic interactions between birds ofAHifferént -
flockS'wege won more frequently py:membefs of the flock-
closest to the tenter of/its'home range ('q?sfdent" Tlocii

Table IV-1). This was true for;hll flock members,'a@dfmost

dominant birds of flééks farther from the center of. their

!
. 4

=
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have been reduced to one significant digit for readability.
Blank areas correspond to grid squares that did not contain

Each value represents a
woodland or that were not visited by the observer.

Index of overlap between flocks in different

corrected estimate of overlap on a grid square of
(2 X number of flocks / ln(number of sightings +

locations in the control area.

Figure IV-3
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TABLE 1V-1: Site related dominance between flocks of
black-capped chickadees at feeding stations. The resident
flocks were the ones closer to the center of their home
range at the time of the observations. Binomlial tests are
two-tailed and the null hypothesis 1s that the birds of
intruding and resident flocks are equally likely to win

95

agonistic interactions (binomial p=0.5). Numbers of birds in
each flock are 1n parentheses.

Date Resident Intruding Nc. of victories Binomial

flork flock Residents Intruders test

860126 J(7) W(7) 57 2 P <0.001
860126 J(7) K(8) 28 4 P <0.001
860202 E(9) A(5) 32 10 P =0.001
860202 E(9) G(12) 43 16 P <0.001
860205 G(12) F(10) 122 44 P <0.00"
B61030 F6B(6) F5(8) 12 4 P =0.077
861104 G(13) A(5) 19 12 P =0.281
861106 F1B(6) 0(6) \ 46 7 P <0.00"
861120  F3(8) F3B(?) / 31 8 P <0.00!
861121 F8A(5) F6A(4) 15 3 P =0.008
B61202 M(6) F(6) ™ 10 2 P =0.039
861203 K(11) L(12) 86 69 P =0.199
861208 FB8B(6) c(7) 5 0 P =0.063
8612}5 K(10) J(8), 16 14 P =0.855
861,216 FBA(4) F6A(4) 3 2 P =1.000
861218 F4A(7) F5(5) 9 1 P =0.025
B61228 F5(5) F6C(7) 11 9 P =0.824
861228 F6B(6) F5(5) 10 3 P =0.092
870101 F4B(5) F4A(7) 13 6 P =0.167
870101 F4B(5) F5(5) 18 3 P =0.002
870101 F4A(7) F5(5) 9 0 P =0.004
870103 FB8A(4) F6A(4) 3 3 P =1.000




tanges (Mintruder” flocks) were often displaced by lewest
ranking birds of the resident flock.
However, because of the large number of birds i1n 'composite

‘locks’ and the temporary naiture of these groups, 1t was not

pessible to observe enough interactions to generate a
"pooled” dominance hierarchy of all birds of 'cbmposité
flocks .

Site-related dominance was apparently not an artifact
of the use of feeders. In the control area in "natural”
encounters away from feeders, birds of resident flocks also
won agonistic interactions against:birds of intruding flocks
more {requently than expected (50 wins vS..12 losses by
birds'o} resident flocks in 1985-86, binomial tgst,

two-tailed: P<0.0001; 61 wins vs. 10 losses in 1986-87, }-

P<0.0001).

Agonistic defence of space between flocks

Even though birds of a resident flock were socially
dominant to members of intruding flocks and thus were
theoretically able to displace or chase intruders, they did
not dire:i more agonistic interactions towards members of
intruding flocks than towards the membeg; of their own
flock, at least in 1985-86 (Table IV-2). All interactions in
Table I1V-2 were displaceménts; no chases were observed.
Surprisingly, data from the 1985-86 winter shows a trend

opposite to the one expected if flock jnembers communally

defend a territory; the most dominant leg’were more
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aggressivé‘towards members of their own flock than predicted
by chance or by the hypothesis of agonistic spacing between
flocks. Whether this was because the members of the same
flock were closersto each other, and consequently more
likely to interact, than members of different flocks is
unknown. Overall, members of different flocks tolerated each
other, at least away.from feeders. Although control flocks
showed site-related dominance (see above), they did not seem

to use their status to completely exclude intruders.

DISCUSSION i

Home range overlap

v
Pitelka (1959) and Schoener (1968) suggested that

territoriality is an ecological rather than behavioural
conceét and that consequently, only animals with
non-overlapping home-ranges should be called territorial. If )
one agrees with this definition, then chickadee flocks

during the two years of this study, were not territoribl, i;
either food supplemented or control areas.‘The uniform

degree of overlap §etwe%b flocks, the apparent absence of
well-defined areas of concentrated use in their home ranges,
and the high frequency of foraging groups Sonsisting of

several flocks suggested that chickadees were using the

woodland ragher uniformly.



99

This is the first study that documents broad spatial

~

ove:lép betWeen winter home rang(& for North Amé€rican
parids. Authors of pr;;ious studies on Carolina chickade;s,
Parus carol inus (Dixon 1963), .mountain chickédeesp Parus |
gambel i (Dixon 1965), tufted ff%mice,'Par icolor |
(Condee 1970), and black-capped chickadees (&.g. Hartzler
1970, Glase 1973, Smith 1984) have all stated that parids of
their studies were using exclusive ranges. The si‘guation is
similar in Scandinavia, where willow tits (Parus montanus)
and crested tits (Parus cristatus) use exclusive feeding
territpries (Ekman‘1979, Ekman et al. 1981). In contrast
to North Ameri;gn and Scandinavian parids, great tits
(Parus major) in Japan have been describeq as
non-territorial (Saitou 1979), as their ho‘me-rar\.geSl
overlapped considerably aﬁd they often united in large, but
temporary éroups of several flocks.
? How does—OTe explain the differences in sﬁécing among
flocks between this study and others on black-capped
-chickadees? One possibility is simply that habitat .
structure, food abundance, weather, ahd other factors may
differ between areas and among years. It ié also possible
that this difference is simply an artifact of the method by
. -
which home ranges were .calculated. For example, the data
here sﬁowed a positive correlation between the'li}elihood of
observation (estimated gy the number of chickadee sightings .

on a given area) and the number of flocks observed:in an

area. Thus the fewer observations made in an area, the more

- N
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-~
"territorial" a flock would appear if no correction is m&de
for‘tﬁe number of observations. Since qugntitative daEa on
flock home ranges in previous studies of black-capped
chickadees were féwrgr even lacking, this may have

contributed to the conclusion ¢f other researchers.

Ranges of control chickgdee flocks may overlap to give
each flock access to fe resources (e.g. food, shelter).
However, this would be unterbalanced by the depletion of
>resources by othe; flocks raging on one flock's range.
Since phere is an additional] energetic cost to defending a

territory (e.g. Brown 1%t4, /|Gill and Wolf 1975), the net

"payoff" (costs/benefits) t¢ flocks not defending a

territory would probably be higher than the afternative *
tactic of defence, when resgurces are uniforle diséributed.
1f resources are limi ahd distributed heterogenously,
territoriality could'be_advantageous to birds that have a
"high quality" resource near the center of their home range
(Davies and Héuston 1984). In this case, intrusion, by other
flock§ coulg deplete these non-renewable resourcés more than
could be compensated by the use of other flock range®\ If
so, the-cost of defence could be offset by the resources
gained.

Resources in the control area were presumably more
uniformly distributed than in the feeder area, so one vould
expect flocks to be more territGtial in the feeder than in

the control area. This was clearly not the case, since btoad

overlap occurred in both argas. One possible explanationm is

’
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that "intruder pressure"” varied in parallel to resource
abundance and patchiness, which was highest in the feeder
area. Clumped resources of high quality can attract
consi derable numbers of competitors, and the cost of

excluding intruders may become~higher than the value of the

!

Al

\true for wintering black-capped chickadees, becausg of their

resource defended (Myers et al. 1979). Th.s 1s especlally

high densities. Thus, in the feeder area, flocks may have

overlapped for different reasons than under natural

R
\,\

conditions. Also, concentrated sources of sunflower seeds at
feeaing stations were practically unlimited, which
presumably lowered competition for food among chickadee
flocks, and in turn lowered the‘need for exclusive foraging.
areas. Unfortunately, the effects of food abundance and
intruder pressure are hard to separate, as these two factors
are oftenlpositively correlated (Davies and Houston 1984,
but see Myers et al. 1979, and Mares et al. 1982). A
-qost-benefit'model is further complicated by tﬁezsffect of
temperature: the réiative cost of defence‘possibiy increases
when temperature_deqreaseT, since birds have to feed more
and thus have less time for other actidities. However, the
"value" of food resources may also be higher at. lower
;emperatures, making predictions about the relationship
between weather*anq territorial behaviour difficult.

Clearly, thé qualiéative model discussed above Qeeds to pe

substantiated by Quantitative data.

! o,

%
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Site-related dominance

The Qite—related dominance observed heré between
chickadeeg of different flocks at feeding stations agrees
with prev;ous gualitative accounts of chickadee dominance at
feeders (Odum 1941, Dixon 1965, Glase 1973). It also agrees
partly with more recent and guantitative work on great tits
in Belgium (DeLaet 1984), that showed that adult male's
dominance status was dependent on the location of the

feeders. However, she found that males less than one year

old followed an "absolute hierarchical system” (i.e. social
. /

.
k)

status independent on location).

Since other studies of site-related dominance in parids
were made exclusively at feeding stations, one c;uld argue
‘thét this phenomenon was a by-product of food
supplementation. This was not the case in this study, since
site-related dominance occurred at and away from feeding
stations. Site-related dominance wms not an early
manifestation of spring territo%ial behaviour, as it was
observed as early as October. Also, a large number of female
and male flock members that did not stay to secure a
breeding territory exhibited site-related dominance.

DeLaet (1984) arjued that site-reldwved dominance, and
perhaps spacing, is influenced by‘climate, as it was most
obvious in the mildest winters of her study. The present

study was too short, and the two winters too similar in

weather to produce enough data on yearly variation of
- AN

—

spacing behaviour of chickadee flocks.

h +
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There is a possible interaction between foo
availability, temperature, and spacing beg;viour. When food
is not limiting, black-capped chickadees are perhaps less
aggressive towards intruders in a colder winter, since they
presumably have to spend more time foraging, and less time
lnteracting sécially. However, when food 1is séarce; flocks
may need to defend the resources in their home range, in
order to survive (Ekman et al; 1981), especially in colder
‘years, when metabolic demand is higher (Perrins 1979).
Chickadees survived more poorly in 1986-87 (see Chapter I1),
suggesting higher food limitation then. The apparently lower
food availabilityﬂin 1986-87 was aEéompanied by a narrower
overlap between flock ranges, which 1is consisteﬁt with the
model above. Temperature itself probably did not affect”
strongly spacing between flocks in this study, since it was
similar in the two"yearsu(Chapter I1). If flock
territoriality occurs at all in th¥s population, colder

temperatures and/or food limitation seem necessary to induce

it.

Agonistic defence of space between flocks

| To have a'complete‘picture of the territorial behaviour
of a species, one has to document not only the degree of
overlap between social units (Pitelka 1959), but also
spacing behaviour per se (Kaufmann 1983). Even though
members of a flock near the center 6f its home range

socially dominated intruders in this study, it does not
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-
follow that flocks were defending territories. <>
Black-capped chickadee flocke& have been described as
hostiie toward each other, based on the nature and intensity
of vqcalizations in encounters between ‘flocks (Glase 1873,
Nowicki 1983), or agonistic behaviour by the most dominant
males of resident flocks towards intruders (Hartzler 1970).
In the present study, however, I found no evidence for
increased frequency of agonistic behaviour between members
of differgnt flocks, despite site-related dominance. One
observation that failed to sub&ort active defence between
flocks was thét\dominant males in 'composite' groups did E?t

direct more aggressiveness towards intruders than towards

members of their own flock (often, the reyerse was true).
Second, if flocks were mutuallylavoiding each other, one
would expect large groups to be highly ephemeral. This was
not the case, as 'composite flocks' sometimes lasted for-
sevéral hours. Thus, besides 6verlapping‘broadly spatially,

flocks of chickadees showed a high degree of mutual

tolerance.
>

A growing number of accounts of the spacing behaviour -
of groups of non;breeding birds shows that there is a wide

range of spatial organization across species, and perhaps
N .

even among populations of the same species. However, little

is known about factors that influence the "decision" of

non-breeding groups to defeftd' a feeding territory.
&S '
Predictions of cost/benefit models of territoriality should

be tested in future studies of communal territoriality, to

v
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determine factors shaping the spatial organization of social
animals and to examine the general concept of

territoriality.
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V. CONCLUDING DISCUSSION

Numbers of black-capped chickadees do not continuously
‘ncrease, despite their high fecundity (clutch size usually
t #: Bent>1946). Perrins (1979) emphasized the potential
impottance of mortality of young 1n the first months of
the1r lives, presumably because)of food shortage and
precation (Perrins 1979). This source of mortality, as well
as fall mortality, 1s poorly documented for black-capped
chickadees. However, summer and fall mortality of chickadees
seem to contribute little to year-round mortality, ‘
especially in young, since the number of chickadees in early
winter was &till substantially larger than the number of
breeders in the two years of my study, and in all year-round
studies of chickadees published so far (Odum 1942, Glase
1973, Smith 1967, 1976, 1984). The sharp decline of the
number of individuals in spring (mostly. winter
subordinates), combined with the results of the spring
removal experiment, suggested that competition for territory
aéquisition led to the disappearance (and pre;umably death)
of large numbers %f young. ¢

While territoriality was probably the process that
limited the number of breeders, winter social dominance was

2110
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clearly involved in determining which individuals bred.
Adults, which dominated young, nearly always secured
territories; as a result, the only breeding ppportunities

*
left to yearlings were vacanclies created by death of adults.

This 1s where social Status‘in‘yearlings had a most obvious
effect: having a high sociai status 1n winter considerably
increased the probability of acguiring a bfeeding territory.
This observation is by no means new, as Glase's (1973) work
on black-capped chickadees led to the same conclusion.
However, Smith (1984) reported a somewhat different system,
in which unmated low ranking ind%viduals acted as "floaters”
that rapidly mated with dbminant-birds that lost their mate,
thus gaining a higher status than already-mated birds of
intermediate(rank. Floating behaviour of these subordinates
was regarded as a freqaipcy-dependbht, evolutionary stable
strategy. Since only four chigkadees behaved as "winter
floaters” in Meanook, this pattern may be of limited
occurrence. Contrary té a "mixed strategy" explanation,
results of this study suggest that subordinates behave as
"hopeful dominants"” (WestlEberhard 1975), i.e.\thgy expect
to become dominant later in life, a status that théy
automatically acquire relative to new young, as soon as they

S

pass their first breeding season. _
In this study, I dichotomized the observations on the

outcome of dominance in spring: bi;ds established a

territory or failed to do so. One could argue that to get a~

finer- grained analysisfof correlates of dominance, 1 should
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follow breeders well into summer, to get another measure of
fitness such as fledging success. Although intuitively
appealing, this idea poses at least one major prdblem: one
would have to control for age effects and thus separate the
analysis into pairs of yearlings and pairs of adults. It 1s
very rare that two or more palrs of the same age from the

same flock breed, thus opportunities for comparisons would

be rare.
’

Even though territory acquisition best reflects the
effects of social dominance in chickadees, it 1s by no means
the only way in which dominance can affect fitness in
parids. In Europe, spring territoriality is of little or
indirect importance in limiting breeding populations of
titmice (Krebs 1971, Perrins 1979, Cederholm and Ekman 1981,
but see Krebs 1977). Social dominance in spring is
presumably also unimportant in territory acquisition for
European parids, since nearly all individuals obtain a
territory. However, Ekman and Askenmo (1986) reported the
existence of several unmated male willow tits in the
breeding season; dominance ahong males may be potentially
important to the acquisition of a mate, but this is not
fully documented. (

Besides territory acquisition, another correlate of
social dominance that has received much attention is winter
mortality. This factor is best documented in Scandinavian

studies, where the climate is most similar to Alberta's.‘gié»

their study of willow tits, Ekman and Askenmo (1984) showed
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that dominant individuals survived better than subordinates,
and suggested that this was becau§g théy used better
foraging zones\in the trees. Ekman (198}) later showed that
willow tits féraging in the dominants' zone were less
exposed to predators than birds foraging elsewhere. Thus,
dominance in these willow tit studies operated rather
differently than in published ;tudies of black-capped

N .
chickadees, even though these spécies are closely related.

In this study, winter survival was substantially higher .
than in Scandinavia but, as in several European studies of
parids (e.g. Krebs 1971, van Balen 1980, Dhonat 1971) winter
food apparently limited survival to some extent (but far
less than in the study of Jansson et al. (1981)). The
relatively warm temperature in the two winters of this study.
ma& explain in part why éurvival was higher thaﬁ in
Scandinavian studies, but other factors potentially
contribute é0=such'é difference. Scandinavian t{tmouse ‘
studies have been conducted in coniferous habitat, which
probahlly has different resources (quality/qgantity) thaﬁ the
poplar woodland of my study. Also, Scandinavian forests
contain an avian prédatpr unknown to central Albertan
woodland: the pygmy owl (Glaucfdium passer inum), which
frequently kills willow tits (Ekman 1987). .

Even though it varies among studies; the limiting
effect of food or some related resource points to the
existénce of competitidn'in winter flocks. In contrast to

acompetitidn”for territoriies, yhiéhJis primarily intrase;ual,

-~
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. . \ .
winter competition in chickadees presumably involves

-

contests between all individuals, regardless of their sex.
. A

1f this is true, then the subordination of females to males,

as shown in this study, should be detrimental to the females
[
in contests over winter resources. Competition between flock
members often took the form of contests for specific food

items, most often at artificial bird feeders, but
» ’ #

occasionally also in more natural conditions. Unfortunately,
I could not estimate the importance of klgptoparasitism to
survival in the Meanook population. In my study, competition
in winter was best illust;ated by the. removal of males,
which led to a marked "niche shift" by females. Exclusion of
females from presumably better foraging areas by males may
have led to higher female mortality in one of the two years
of this study, but evidently, only long term data can
determine whether higher female mortality in winter is:real.
Data for harsh winters might reveal a mﬁch greater mortality
than in the two winters of this study, which were relatively
mild. )

Winter resource limitation may not only influence
within-flock interactions, b‘g’also interactions between
f%ocks, since different flocks use similar resources.
Interactions between non-kin dgroups are poorly understood,
"and most literature on the relationships between such ;roups
is descriptive (e.g. Carrick 1963, Cdndee 1970, Glase 1973).

However, a study of willow tits in Sweden (Ekman et al.

1981) has experimentally shown\thatvflocks defend
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territories, which results in a floating population that
eventually disappears in winter. In contrast to the latter
study and numerous accounts of flock territoriality in
chickadees (e.g. Odum 1942, Hartzler 1970, Glase 1973, Smith
1984), 1 found no evidence of flock territoriality in this
population, but again, this may be subject tbryearly
variation. Ecological factors that could lead to flock
territoriality (or the absence thereof) are not well .
understood, but presumably }nvolve a combination of food
abundance, dispersion (Davies and Houston 1984), and weather
_(DeLaet 1984), as in other bird species (reviewed by
Carpenter 1987)7 ’

Short-term studies like the present one cannot lead to
strong inferences ‘about the function of a partiéulaF'type of
behaQiour; becauseipatterns ife gubject to yearly variation.
only long-term data can account for a possible nyear effect”
on patterns described. Howe}er, short-term studies are
adequate for- the detailed analysis of processes that may
lead td‘general patterns. Foraging observations in this
study Fevealed potential costs té‘subordination in‘winter
that were not previously documented in black-;apped
chickadees. There is a need.for long-term data,dn winter

survival to substantiate ideas developed in the two years of

this study.
o ’ \&k - .
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VI. Appendix 1.
SEX DETERMINATION OF BLACK-CAPPED CHICKADEES

WITH A DISCRIMINANT FUNCTION

INTRODUCTION

As there are no marked differences in the plumage of
female and male black-capped chickadees, early chickadee
studies (e.g. Odum 1942, Hamerstrom 1942) have used breeding

~

behaviour as the only criterion for sex determination. Males
sing, feed the female during‘incubation, and only females
Sincubate. However, the sex of only a small proporgibﬂ of
wintering birds can be known with such a method. Glase
(1973) used a combination of the slight sexual size
dimorphism, cranial pneumatization and breeding behaviour to
determine the sex of more birds, but he used only wing
Yength as a body size characteristic. NP published study has
used a multivariate approach to help in&rease the number of
birds classified as males or‘females. Here, I summarize the
results of'a discriminant anélysis cénduéted on three

morphometric variables, s
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METHODS

Chickadees were usually captured with mist nets, and
.most of the banding occurred in fall, in the morning.
Bésides colour banding each bird captured, we usually
measured the flattenéd wing length to the nearest 1.0 mm aﬂaf
body mass to the nearest 0.1 g. The outer right rectrix was
plucked and measured later, to the nearest 1.0 mm. Birds
with extensive tail wear were removed from the analysis.
Tarsus length was also measured on most birds, but the
method variéd between observers. Thus, I did not include
tarsus length in this analysis.

The discriminant function was computed from the
measurements of the first gapture of all birds whose sex was
determineé by breeding behaviour (143 females and 171
males). I did not use the sample that generated the
discriminant function to estimate the percentage of cases
correctly classified, since this method tends to
overestimate the true perforﬂfnce‘of the function in the
population (Norusis 1986). Instead, 1 used measurements from

©

recaptures of 52 known females and 91 known males to

estimate ‘the percentage of cases cl?ssified correctly.

RESULTS

Males were larqger than females in the three variables

(Table VI-1) and mean discriminant scores were different for

-
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males and females (Figure VI-1), Differénces between adults

and juveniles were inconsistent for the three variables, and
9]

mean scores of adults and young were ndbt different in males
(Wilks' Lambda=0.987, P=0.77) and females (Wilks’ -
Lambda=0.976, P=0.63). Thus, adults and young were pooled in

the analysis. The overall rate of correct classification was

93.7% from the measurements alone (Table VI1-2).



TABLE VI 1:
samples (lirst
the P=0.001 level.

Morphological
captures only).

measurement s

h}

ot -temale
All F's are significant at
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and male

Vararable Females Males F Unstandardized
(n=143) (n=171 ) discriminant
- function
Vcoefficients
Body mass (q) 115 12.4"7 135 0.40611
Tail length (mm) 62. 64.6 133 0.0991
Wwing length (mm) 64 .7 68.0 352 0.4885
Mean discriminant -1.2583 1.0522 * .
score
* Wilks' Lambda=0.43, df=3, P<0.001
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N
o, B

o

Frequency

Discriminant score

-

Figure VI-1: Frequency distribution of canonical
discriminant scores for males (solid bars) and females

(hatched bars).



124

TABLE V1 2: Classification results for cases not selected
for use in the calculation of the discriminant function.

Actual sex N Predicted sex
Female Male
. e
Female 52 47 ) 5
(90 ) (9.6%)
Male SR 4 87

(4.4%) (96%)
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