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ABSTRACT

Interspecific territoriality (or IéT) has been
widely—documented in birds. Despite this, many aspects of
IST are poorly understood, -including the origin of the

behaviour, the proximate mechanisms which trigger it, and
‘the ecological conditions which promote.it. A better
understanding of IST requires careful.documentation of the
phenomenon and a detailed knowledge of the ecological
relations of the species involved. This study was
performed to determine whether Black-capped (Parus

atricapillus) and Mountain (P. gambeli) Chickadees

exhibited IST and to determine the potential for
interspecific résource competition during the breeding
season.

The introduction (Chapter 1) reviews the literature
and controversies of IST. In addition, I outline my
reasons for believing that Black-capped and Mountain
rChickadees should exhibit'IST. The study species, stﬁdy
area, and banding techniques are described in Chapter 2.

Territorial relations are examined in Chapter 3. Two
techniques of- plotting territorial boundaries (the Minimum
Convex Polygon method and Anderson's method) indiéate that
intraspecific territorial overlap is minimal for both

species while interspecific overlap is extensive.
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Natural and simuléted territorial encounters within
and between the study species are examined in Chapter 4.
Both species react more'strongly to conspecific territorial
intrusion (natural and simulated) than to heterospecific
territorial intrusion. ‘

Differences in the habitats of the study species are
not apparent (Chapter 5). However, the two species appear
to use the habitat differently.

.The potential for interspecific compétition for two
resources, nest-sites and food, is examined in;Chapter 6.
Although some interspecific differénces in utilized
nest-sites were found, the partial overlap of nest-site
requirements, nestrre—use patterns, and anécdotal
observations suggest that competition may occur for
nest-sites. The foraging behaviour of the two species
differs greatly, suggesting that Black-capped and Mountéin
Chickadees do not compete for food during the breeding
season. |

In the general discussion (Chapter 7) I conclude that
‘Black-capped and-Mountain Chickadees clearly do not exhibit
IST. This finding, coupled with the ecological relations
of the two species, is consistent with the view that IST is
: édaptive and should occur only when two speéies compete for

resources that are distributed throughout the territory.
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CHAPTER ONE

INTRODUCTION

The existence of interspecific territoriality
(hereafter referred to as IST) has long been recognized.
IST occurs when an individual of one species exhibits
aggression towards a heterospecific by showing some or all
of the behaviours which normally occur during conspecific
territorial encounters (Simmons 1951). To qualify as
complete IST this aggression must be related to the
territory as a whole and not simply to a portion of it
(e.g., nest defense). Documentation of IST normally
requires that (1) territories of the species in question do
not overlap, (2) the non-overlap is maintained by the same
behaviours used in intraspecific territoriality, and (3)
the non-overlap is not based on differential habitét
selection (Gochfield 1979).

IST has been documented in termites (Levings and Adamé
1984), fish (e.g., Low 1971, Ebersolerl977), amphibians
(Thurow 1976, Jaeger 1981) and small mammals (Smith 1968,
Wolff et al. 1983). However, most documented cases of IST
involve birds (see reviews in Simmons 1951, Orians and
Willson 1964, Murray 1971, Cody 1973). Despite this

widespread occurrence many aspects of IST remain



controverSial or incompietely understood.

One controversy concerns the adaptive nature of IST.
Early workers (Simmons 1951, Orians and Willson 1964,
Ashmole 1968) believed that IST was an adaptive reéponse,A
functioning to reduce competition for résources, usually
food. Cody (1569, 1973) extended this argument by
suggesting that physical or behaviourai characters used in
defense of territories (e.g., song) may actually converge
in pairs of spécies which are interspecifically
territorial. This character convergence would enhance IST
and further reduce competition.

Murray (1971, 1976, 1981) challenged both the adaptive
origin of IST and the existence of character convergence.
Murray claimed that IST originates simply as misdirected 7
intraspecific aggression. According to this view, IST is
normally selected against but it may occasionally persist
if it fortuitously reduces competition between species.
Murray felt that character convergence was unlikely because
it violated the competitive exclusion principle. Moreover,
Murray believed that the examples of IST and character
convergence used by Cody (1969, 1973) were poorly
docﬁmented, at best. For example, Murray and Hardy (1981)
re-examined Cody and Brown's (1970) alleged example of IST
and character convergence in Mexican finches. Studying the

same populations of finches as did Cody and Brown, they



found no evidence of either IST or character convergence.
They suggested that methodological problems in the original
study (e.g., the use of unmarked individuals; observations
spread over only a small segment of the bfeeding cycle)
resulted in conclusions which were not representative of
the long-term behaviour of the birds.

Several recent works have supported the idea that IST
has evolved as a mechanism to reduce interspecific
competition and is not simply mistaken identity. First,
not all pairs of species which exhibit IST are physically
or behaviourally similar (Catchpole 1978, Moore 1978).
Second, most species pairs exhibiting IST are ecologically
similar.énd, therefore, at least potential competitors
(Wittenberger 1981, and references cited therein). Third,
it has been shown that in several species whiﬁh defend
their territories against numerous species of intruders,
the degree of IST is positively correlated with the amount
of dietary ovérlap (Low 1971, Ebersole 1977, Mahoney 1981).
ﬁvidence supporting Cody's (1969, 1973) argument for
character convergence is weaker, but Rice (1978a) found
that two species of interspecifically- territorial vireos
appeared to exhibit character convergence in singing
behaviour. |

. 1f IST is a mechanism to reduce competition, then it

should occur when opportunities for ecological divergence
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_are limitéd (Oorians and Willson 1964). Conditions limiﬁing
divergence may be either habitat-related or
species-related. Structurally simple habitats with
relatively simple resource bases fall into the first
category. In these habitats alternative methods of
feeding, or alternative prey types, are not available for
the competing species. Thus, ecological divergence is
prevented. Species-related conditions promoting IST
include the presence of other species’exploiting the
resources in a similar way and/or high degrees of
behavioural or morphological ecological specialization.

- Most well-documented cases of avian IST appear to be
habitat-related. .Several studies of marsh-dwelling
passerines have demonstrated IST (e.g., Catchpole 1978,
Leonaéd and Picman 1986). This is probably because marshes
are relatively simple habitats for most passerines.
Habitat-related promotion of IST is also suggested in .
studies of pairs of species in habitats of differing
complexity. 1In these studies, IST has been demonstrated in
relatively simple habitats but not in more complex
habitats. For example, Rice (1978a) and Robinson - (1981)
studied the territorial relationships of Réd—eyed (Vireo

olivaceus) and Philadelphia Vireos (V. philadelphicus) in

habitats which appeared to differ in complexity. Rice

(1978a), working in the simpler habitat, found IST while



Robinson (1981) did not. The promotion of IST through
species-related prevention of ecological divergence remains
to be convincingly demonstrated.

Another aspect of IST which is incompletely understoodk
involves the proximate mechanism triggering interspecific
aggression. Early researchers (e.g., Simmons 1951) thought
that interspecific territoriaiity was not as complete as
intraspecific territoriality because some "innate
releasers" were missing. These "releasers" were thought to
be species—specific behaviours or physical characteristics
which automatically triggered (or "released") both
aggressive and territorial behaviour. Interspecific
aggression and territoriality involve only a subset of
-these releasers and, therefofe, produce only a subset
response. This -argument implies that the behaviours are
genetically programmed. If this view is correct, many
cases of IST could be easily explained as mistaken
identity.

However, recent work has indicated that a more
flexible mechanism may be involved. Emlen et al. (1975)
and Catchpole (1977) both suggested that individuals may
learn to distinguish competitors and then exclude them from
their territories. Losey (1981, 1982) experimentally
determined.that this type of learning is possible in two

different species of damselfish (Eupomacentrus, spp.). At




least one field study (Catchpole and Leisler 1986) has’
strongly suggested that such learning in competitive
situations does produce interspecific aggression inrnaﬁural
situations. If learning to respond to competitors is the
proximate mechanism which prdduceé IST, it strongly argues
against IST being misdirected intraspecific aggression,
Further studies addressing this question are needed.

The presence of sympatric Black-capped (Parus

atricapillus) and Mountain Chickadees (P. gambeli) near
Calgary provided an excellent opportunity to investigate
IST. Although never documentedrin North American titmice
(Family Paridae), IST is suspectgd to occur between

Black-capped and Carolina Chickadees (P. carolinensis) in

their narrow range of sympatry (Brewer 1963), and between
Black-capped and Mountain Chickadees (Orians .and Willson
1964). In addition, there are several reasons to suspect
that Black-capped and Mountain Chickadees may compete for
resources. Food competition is common in the genus Parus
(Dixon 1961; Alatalo 1982, Alatalo et al. 1986). My own
preliminary observations suggested that Black-capped and
Mountain Chickadees foraged in similar ways and in similaf
places. Thus, food competition seemed probable. Also,
both species nested in cavities in qualitatively-similar
habitats (pers. obs.). Wittenberger (1981) noted that

hole-nesting species often compéte for cavities and exhibit



IST. Thus, it seemed reasonable to expect both resource
competition and IST in Black-capped and Mountain
Chickadees. 7

Two or more species of pafids are seldom sympatric in
North America (Dixon 1961). 1In Europe, however, up to six
species often 6ccur togéther (Lack 1971). It has been
suggested that the North American parids have been
prevénted from developing the high degree of ecological
divergence necessary for the co-existence of several
species by the presenée of ecologically-similar wood
warblers (Parulinae) and vireos (Vireonidae) (Sturman
1968a, Lack 1969}. The inability of several species of
chickadees to co-exist is, therefore, probably due to
speciesirelated prevention of ecological divergence.
Demonstration of IST in Bléck—capped and Mountain
Chickadees would represent the first case of IST associated
~with species-related prevention of ecological divergence.

If IST were found it might also help in the
understanding of its origin. Minock (1971a) conducted a
study of territorial behaviour in very recently sympatric
(i.e., no more than two years of contact) Black-capped and
Mounfain Chickadees. His results suggested that the two
species did not exhibit IST. On my study site the two
species have been sympatric since at least 1955

(D. A. Boag, pers. comm.), and probably much longer, and



therefore have had ampie opportunity to learn to recognize
and respond to heterospecific competitors. If mf study
demonstrated IST it would suggest that IST has an adaptive
origin and did not arise as misdirected intraspecific
territoriality. ‘

Thus, the general objectives of my study were to
determine whether Black-capped and Mountain Chickadees are
interspecifically territorial and to evaluate the potential
for competition between the species.

The specific objectives of my study were, therefore:

1. To determine whether the two sbecies possess
non-overlapping territories.

2. To determine whether the two species react in the
same way to simulated territorial intrusion by con- and
heterospecifics.

3. To determine whether the two species have
territories with the same or very similar habitat
characteristics.

4. To determine whether the two species forage in
similar ways.

5. To determine whether the two species have the same

or very similar nest-site requirements.



CHAPTER TWO

STUDY SPECIES, STUDY AREA, AND BANDING TECHNIQUES

1. STUDY SPECIES
A. Appearance and General Behaviour

Black-capped and Mountain Chickadees are small (body
weight of 10.5-13.0 gm, total length of 12-15 cm [Udvardy
19771) passerines which are normally resident (i.e.,
non-migratory) throughout their range. The two sbecies are
sexually-monomorphic in plumage and size, and are similar
in appearance and general behaviour. The Black—capped

‘Chickadee has a jet black crown and hindneck.which are
separated from the black throat by a pure white face and
side of the neck (Salt and Salt 1976). The back is bluish
gray. When not in flight, the birds show a pronoﬁnced\
white stripe along the wing, f&rmed by the white edges of
the secondary feathers. The breast is white and-the flanks
are a light brown. |

Mountain Chickadees are similar in plumage, except
that they have a narrow gray-line above the eye and lack a
distinct white stripe along the wing. In addition, smoky
gray replaces white on the face and breast. The flanks are

also gray, but slightly darker than the face and breast.
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The key features useful in distinguishing the two species
in the field include the overall "sooty" appearance of the
Mountain and its lack of a distinct'white wing stripe.

Black-capped and Mountain Chickadees are similar
behaviourally as well as physically. These similarities
are apparent upon both casual observation and more detailed
examination. Both species afe extremely active and appear '
to be almost constantly in search of food. Both species
are very vocal. Although the vocalizations of the two
‘species are recognizably distinct, with the calls of the
Mountain being "raspier" (Dixoﬁ et al. 1970), they are
similar both to the ear (pers. obs.) and in several
acoustic parameters (Gaddis 1955).

A close examination of the annual cycle of the two
species reveals other behavioural similarities. During the
non-breeding season both species form relatively small
(approx. 4-12 individuals) flocks. Flocks of Black-capped
Chickadees show considerable temporal stability (Smith
1984) and may persist intact from the end of one breeding
season to the onset of the next. My own observa£ions
suggest that flocks of Mountain Chickadees also exhibit
high temporal stability. Both Black-capped (Glase 1973,
Smith 1976) and Mountain Chickadee (Dixoﬁ 1965, Minock
1971b) flocks exhibit well-defined linear dominance

hierarchies.
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In both species the onset of the bfeeding season is
marked by a gradual breakdown of flocks aqd an increase in
the behaviours associated with territoriality (e.gq.,
singing, aggression between conspecific males). The onset
of breeding behaviouf varies geographically, and may also
vary from year to year within a single:region. On my study
site it normally begén in early May. Based on behavioural
differences, the breeding cycle of both species may be
divided into several stages: prenesting, nest-building,
egg-laying, incubation, and nestling.

The durations of the pre-nesting and nest-building
stages Vary between years. Extreme daily variation in
weather, which often occurs in early spring, is believed to
be the cause of this variation in stage length (Odum
1941a). The durations of the remaining stages of the
breeding cycle are relatively fixed. For the Black-capped
Chickadee the durations of the egg-laying, incubation, and
nestling’stages are about 7, 13, and 17 days, respectively
(0dum 194la). Comparative data on the Mountain Chickadee
are not available, but personal observation Suggests a very
similar pattern. Breeding populations of Black-capped
Chickadees exhibit a high degree of breeding synchrony
(Odum 194la). My own observations corroborated this and
confirmed that synchrony between the two species was also

very high.
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There is one notable difference in the breéding
behaviour of the two species. Although both species neét
in cavities, Black-capped Chickadees excavate their own
cavities (Odum 1941la, pers. obs.) while Mountain Chickadees
nest in pre-existing cavities. Mountain Chickadees will
use either the deserted cavities of other hole-nesting
birds, such as woodpeckers (Udvardy 1977, pers. obs.) or
Black-capped Chickadees (pers. obs.),_or natural crevices,
such as holes in boulders (Collins 1978). The Black-capped
Chickadee takes a vafiable amount of time to excavate its
cavity; but it is usually completed within about one week
of initiation (pers. obs.). Breeding synchrony in the two
species is apparent from the egg-laying stage on, so
-Apresumably eitherrthe breeding cycle begins slightly
earlier in Biack—capped Chickadees ér Mountain Chickadees
spend a considerable amount of time searching for a

suitable cavity.
B. Distribution

The Black-capped Chickadee is distributed acrbss North
America in a wide band extending from the Alaskan and
Californian coasts in the west to Newfoundland and northern
New Jersey in the east (American Ornithologists' Union
1983). The Mountain Chickadee is limited to the cordillera

of western North America. Its range extends from northern



13

British Columbia to southern New Mexico and Arizona
(American Ornithologists' Union 1983).

Superimposing range maps of the two species would
suggest that they are sympatric throughout almost the
entire range of the Mountain Chickadee. Ho&ever, they are
norﬁally found in different habitats. The Black—cappéd
Chickadee is found within deciduous forests and along only
the edge of coniferous forests (Udvardy 1977). The
Mountaiﬁ Chickadee generally inhabits high-altitude
coniferous forests (Udvardy 1977). It is only in the
regions of western North America where deciduous forest
meets high—éltitude coniferous forest (e.g., mountain -
valieys)nthat the Black-capped and Mountain Chickadee are

sympatric.

2. STUDY AREA

The study area was located in and around the Sheep
River Wildlife Sanctuary (50° 38'N, 114° 30'W) in the upper
foothills of the Rocky Mountains, approximately 60 km
southwest of Calgary, Alberta (Fig. 1). A preliminary
study in the summer of 1982 indicated that both
Black-capped and Mountain Chickadees nest in the river
valleys of this area.

The study area was divided into a small (3.7 km? )

Primary Study Area surrounded by a larger (44.2 km? )



Figure 1. A map of Alberta showing the location of the
Sheep River Wildlife Sanctuary, where this study was

conducted.
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“Secondary Study Area (Fig. 2). The Primary Study Area
contained both the R. B. Miller Biological Station and the
Sheep Rivér Ranger Station. It paralleled short sections:
of both Gorge Creek and the Sheep River. It was chosen
‘becausevof its ease of access from the R. B. Miller
Biological Station and because it had almost continuous
habitat suitable for chickadees. All observations on
territorial and foraging behaviour, and all habitat
analysis plots were located within the Priﬁary Study Area.
In addition, all chickadee nest-sites found within the
Primary Study Area were used in nest-site analysis and song
playback experiments. The Secondary Study Area was used to
provide additional nests and thus increase sample sizes for
both the nest-site analysis and playback experiments. A
small number (3 in 1983, 4 in 1984) of nests from outside
the Secondary Study Area were also used for nest-site
anélysis and playback experiments.

The valleys within both the Primary and Secondary
Study Areas contain mixed forest interspersed with patches
of grass-covered meadow. The stands of forest contain, in

order of abundance, Trembling Aspen (Populus tremuloides),

White Spruce (Picea glauca), and Balsam Poplar (Populus

balsamifera). Some Lodgepole Pine (Pinus contorta) is also

found in the valleys, but vefy little was found within the

Primary Study Area. A "typical" stand is



Figure 2. A map of the study area, indicating the major

streams and the divisions of the study area.
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_ characteristically dominated by aspen and contains small
patéhes of spruce and, in areas of poor drainage, poplar.
Although individual stands exhibit a fairly even canopy
height, and .appear to be even-aged, there is considerable
variation in canopy height and stand age among stands.
Canopy height of individual stands varies from less than
5 m to greater than than 15 m. There is also a large
degree of variation among stands in both tree density and
herbaceous undergrowth. 01d stands of aspen show the
lowest tree densities but the thickest undergro&th. This
undergrowth consists’primarily of Cow Parsnip (Heracleum
lanatum) and various species of grass. Younger stands of
aspen show higher tree densities and sparser undergrowth,
Understories are not found in most stands. When present,
they consist primarily of young Trembling Aspen, with some
willow (Salix spp.) and alder (Alnus spp;). Anderson
(1979) gives a more complete description of the habitat of .,
the study area and surrounding region.

The climate of the study area is extremely variable.
The annual mean daily temperature for the region is only
19c(all climatic data, except personal anecdotes, from
Anderson 1979). However, this mean value conceals great
variability, both within and among seasons. During the
period from May to September the mean daily minimum and

mean daily maximum temperatures are 2°C and 18°C,



20

respectively. The mean frost-free period, which normally
occurs during Fhis same period, is only 20 days. May
through September is also the period during which the
majority of the mean yearly precipitation of 580 mm falls.
Most of this precipitation falls as rain. However, snow
may fall in any month of the yeaf. During the course of
this study snow fell in every.montﬂ excep£ July;

Mean daily minimum and maximum témperatures“for the
period from October to April are -13°c and 3°c, |
respectively. However, these meaﬁ‘values give no
indication of the 1arge/temperature fluctuations which are
common in the region. For example, iﬂ December, 1983 the
daily maximum temperatﬁre varied from 38°C to 22°C within
- one week. Snow cover in winter ié also highly variable.
Accumulations of gréater than 30 cm are not uncommon.
However, sparse precipitation and large numbers (25-30 per
winter) of chinook winds (strong westerly winds with a
daily maximum temperature of 4°C or higher) often result in
negligible snow cover.

Severe spring snow storms, usually in mid- to late
May, appeared to be the most predictable climatic phenomena

during the course of the study.

3. BANDING TECHNIQUES

Chickadees in and around the Primary Study Area were
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individually colour-banded during the winters of 1982/83
and 1983/84. The birds were caught in mist nets placed
around feéders stocked with sunflower seeds. Feeder
placement was determined after following flocks and mapping
their approximate territorial boundaries. Each flock
territory received one or two feeders, depending on
territory size and availability of sites for placement of
mist nets. Because presence of a super-abundant resource
can alter flock structure (Nowicki 1983) and, in turn, may
iﬁfluence breeding season behaviour (Smith 1984), feeders
were stocked on an intermittent basis only. All feeders
were initially stocked only until the flock found them and,
thereafter, only on the day prior to netting.

Upon capture, each individual chickadee received one
numbered aluminum U. S. Fish and Wildlife Service leg-band
and three coloured plastic leg-bands. A short (about 2 cm)
tag made of coloured plastic tape was affixed to each
colour-band to increase visibility. The use of four
colours (red, yellow, blue, and green) plus the aluminum
band allowed for 256 uniquely marked individuals of each
species. With the use of g-power binoculars, birds were
identifiable from a maximum distance of between 20 and
60 m, depending on the particular colour combination and
visibility conditions. Because techniques for determining

the sex of chickadees which are based on plumage or other
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external morphological characters are unreliable (Gochfield
1977), sex determination was'based upon behaviour exhibited
during the breeding season. During the course of the study
244 chickadees were banded - 99 (51 Black-capped, 48
Mountéin) prior to the 1983 breeding season and 145 (102
Black-capped, 42 Mountain, 1 hybrid) prior to the 1984

breeding season.
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CHAPTER THREE

TERRITORIAL RELATIONS

1. INTRODUCTION

Documentation of IST requires that territories of the
two species in question do not overlap. The demonstration
of such non-overlap necessitates that territory boundaries
be accurately demarcated by the researcher. There are
sevefal'methods available for estimating the size and shape
of home ranges or territories (see reviews in Stickel 1954,
sanderson 1966, Van Winkle 1975, Ford and Myers 1981,
Aﬂderson 1982). However, there is no general concensus as
to which method is best. Many authors (e.g., Braun 1985)
state that there is no single "pbest" technique and that the
decision of which method to usé depends on the goals of the
study, the life history and ecology of the species being
stﬁdied, and the resources (e.g., manpower, computer time,
etc.) éyailable to the researcher.

Prior to using any method to estimate territory size
or overlép of territories a fesearcher must addfess some
general questions. First, is home range eqﬁivalent to
territory in the species being studied? Home range is

defined as "...that area traversed by the individual in its
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.normal activities of food gathering, mating, and caring for
the young" (Burt 1943:351). Definitions of territory
differ from that of home range in that they incorporate the
ideas of active defense of some resource, exclusive use by
the territory holder, and spatial fixity of the defended
resource or area. Territory has been defined as "...a
fixed portion of an individual's or group's range in which
it has priority of access to one or more cr1t1cal resources
over others which have priority elsewhere or at another
time. This priority of access must be achieved through
social interaction" (Kaufmann 1983:9).

Many passerines have type A territories, i.e.,
territories in which all the activities of mating, food
gathering, and feeding of the young occur (Nice 1941). 1In
these species home range is equivalent to territory.
However, in some species the home range differs from the
territory. For example, in Lapland Longspurs (Calcarius

lapponicus), the area over which an individual travels

while.fbraging is larger than the area which is defended
(Tryon and MacLean 1980). When this is the case,
techniques which estimate home range do not give estimates
oﬁ,territory. In deciding whether a technique of
estimating home range is also suitablé for'estimating
territory, a researcher must have evidence that the two are

equivalent. Observation of the behaviour of the occupants
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of an area (e.g., observation of active defense at the edge
of the home range) is one form of evidence.

A second question to be addressed is whether or not
the territory varies in size throughout the breeding
season. Odum and Kuenzler (1955) showed that territory
si;e varied throughout the breeding season in Eastern

Kingbirds (Tyrannus tyrannus), Chipping Sparrows (Spizella

passerina), and Blue Grosbeaks (Guiraca caerulea).

Stefanski (1967) showed that territories of the
Black-capped Chickadees also yaried in size during the
breeding season. Clearly, such var&ation shoula be
considered when assessing territory overlap.

Techniques for estimating home range or territéry size
‘and shape may be divided into two major groups; statistical
and non-statistical (Dixon and Chapman 1980). Statistical
techniques are based on an areal statistical distribution
of observation points, or "activity loci", and may be
subdivided into parametric and non-parametric categories.
Non-statistical techniques are not based on statistical
distributions,of activity loci.

Most non-statistical techniques involve observing
territorial individuals and plotting their locations on a
map. Selected activity loci are then connected by straight
l1ines and the resulting polygon is taken to repreéent the

territory. Techniques vary both in how observations are
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~made and in how loci are connected. In both the flush
method (Wiens 1969, 1974, Sloan and Carlson 1980) and the
song—playback method (Dhondt 1966, Patterson and
Petrinovich 1978) observations are made on individuals
which have been manipulated experimentally. fhe response
to this manipulation is assumed to vary with the position
of the target individual with respect to the territory Z
boundaries. For example, in the song-playback method,
responses to playback of donspecific song are expected only
when the playback occurs within the territory. As the
experimenter moves outward from the center of the
territory, the location where response ceases is thought to
represent the territory boundary. However, the most
frequently-used method is to follow free-ranging (i.e.,
non—hanipulated),individuals for extended periods, plotting
their position éither at fixed intervals (e.g., Odum and
Kuenzler 1955) or continually (e.g., Stenger and Falls
1959). This technique assumes that peripheral observations
fall on the boundaries of the home range or territory.
After plotting observations on a map, it is necessary
to connect the points. However, it is not readily apparent
how this should be done. Connecting all perimeter points
produces a polygon that differs in size and shape from that
produced if the extreme outermost points are connected.

The most commonly used non-statistical method of
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mapping territories is to connect the extreme outermost
points such that no inner angle is greater than 1800.‘ The
résulting territory shape is a convex polygon. This
technique of mapping territories is usuélly referred to as
the Minimum Convex Polygon, or MCP, method. It appears
that "minimum" was added to the term bécéuse originally
this method was considered to enclose an area within which
an animal was known "...withoﬁt doubt to have been present”
(Hayne 1949:3). Odum énd Kuenzler (1955) provide a
detailed description of this technique. The MCP method, or
a slight modification of it, has been used extensively

" (e.qg., Stenger and Falls 1959, Stefanski 1967, Zach and
Falls 1979, Tryon and MacLean 1980).

Statistical techniques for estimating home range or
territory involve making a series of observations on the
location of a free-ranging individual and fitting them to
an assumed or calculated probability distribution. This
distribution gives the probability of finding an animal at
a particular location on a plane (Anderson 1982) and is
referred to as the "utilizationVdistribution" (Jennrich and
Turner 1969), or simply the UD. Contours demarcating‘areas
of equal probability of use by the animal are drawn on the
UD. The boundaries of the home range are specified by a
contour such that the volume under the distribution and

within the contour is some fixed (but arbitrary) percentage
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of the total volume. Often the 95% contour, which encloses
an area that the animal would be found 95% of the time, is
chosen (e.g., Jennrich and Turner 1969, Ford and Krumme
1979). |

Parametric and non—parametric’techniques differ in how
the UD is calculated. Parametric techniques assume that
- the UDs conforﬁ to a known statistical éistribution. The
activity loci are fit to the assumed distribution, such as
the bivariate normal (Jennricﬁ and Turner 1969). The
distribution is centered over the activity center of the
individual in question (see Hayne 1949 for a discussion of
the calculation of the activity center).

Recéﬁtly two non-parametric techniques have been
developed'(Fprd and Krumme 1979, Anderson 1982) which make
no assumptions about the shape of the UD. They allow the
animal being studied to define the UD. To illustrate,
consider that thé plane upon which an animal moves is a
checkerboard. Each time an individual is observed within a
particular square a checker is placed within that square.
The UD is then produced by drawing a line from the center
of the fop of each stack of checkers to adjacent stacks
(Anderson 1982). These UDs may have multiple peaks
(activity centers) which can be located anywhere within the
utilized area. In addition, the§ may be irregularly-

shaped.
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Each method of esfiméting territory size and shape has
its own advantages and disadvantages. The MCP method has
historical prominence (Jennrich and Turner 1969) and has
been used extensively. Thus, it offers tﬁe advantage of
allowing comparison with earlier studies. 1In addition, it
is quick and easy to calculate by hand (Anderson 1982).
However, the MCP method has numerous problems. First, it
assumes that the territory shape is convex. This is likely
to be true only when the habitat is homogeneous (Covich
1976). Most studies ignore this condition for its use.

Second, a MCP estimate can be severely biased by a
single long excursion out of the territory (Baker and
Mewaldt 1979). A common way to avoid this problem is to
exclude extreme observations. Often 5% of the most extreme
points are excluded (e.g., Stenger and Falls 1959, Tryon
and MacLean 1980). However, this method is arbitrary and
has no biological justification. Regd (1985} suggests that,
the most accurate and biologically-sound techniqué is to
exclude points if the area included by them is consistently
unused. However, this method is subjective and it should
be used to exclude only those observations which are
clearly outside of the territory.

A third and widely—discussed (e.g., Odum and Kuenzler
1955, Jennrich and Turner 1969, Schoener 1981) problem with

the MCP method is its sample size bias. When using this
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method, territory area increases with increasing sample
size, Odum and Kuenzler (1955) suggest the use of
"observation-area" curves (plots of territory areé
vs. cumulative sample gizeo to determine whether the sample
is sufficiently large. Observations should continue until
each additional point produces a very small increase in
area. They suggest that an ihcrease of 1% per observation
represents a reasonable cut-off point. This point roughly
corresponds to the levelling off (i.e., the asymptote) of
aﬁ observation-area curve. Several authors (e.g., Tryon
and MacLean 1980, Schoener 1981) defend the use of the MCP
method if sample sizes are sufficient.

However, Ford and’Myers (1981) contend that
. excessively large sample sizés may also bias the MCP
method. They found, using computer simulation, not only
that small sample sizes bias MCP estimates, but also that
after a certain number of observations (in their case 20)
the MCP method becomes less effective with increasing
sample size. Effectiveness was judged by assessing the
correlation between numerous home range estimates and a
utilized area of known size. The estimates were based on
various sample sizes with observations randomly drawn from
the utilized area of known size.

A problem related to that of small sample size is the

use of autocorrelated activity loci. Autocorrelation
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~occurs vhen an animal's position at time t + k is a
function of its position at time t (Swihart and Slade
1985a). ﬁhile independence of. observations is not an
assumption of the MCP method (nor of any other
non-statistical home range method), the use of datarwith
large positive autocorrelations can resﬁlt in
underestimates of home range area (Ford and Myers 1981,
Swihart and Slade 1985b). This is because much of the
information in highly-correlated data is redundant and thus
the "effective sample size" (actual sample less some factor
dependent on the size of autocorrelation) may be quite
small (Swihart and Slade 1985b). Autocorrelations large
enough to present problems to the MCP method can only be
produced by ﬁsing an extremely short sampling interval,
much shorter than the‘time necessary for an animal to move
throughout its home range (Swihart and Slade 1985b).

All statistical home range techniques share some
advantages and disadvantages. They are less 'sensitive to
sample size biases than are non-statistical techniques.
Anderson (1982) used computer simulation fo test the effect
of varying sample sizes in two techniques, one parametric
(Jennrich and Turner 1969) and one non-parametric (Anderson
1982). He found that for sample sizes of 10 or more, the
means of the distribution were relatively independent of

the sample size (i.e., there was little sample size bias).
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An additional advantage of most statistical tecﬁniques is
that they do not assume that home range is convex and thus
may be used in habitats that are heterogeneous.

However, there are disadvantages associated with
statistical techniques as well. First, they involve a
large amount of computation and are practical only if a
computer is available. Second, the choice of which
percentage of the 'UD to use in estimating the home range is
critical. In order to include most of the area utilized by
an individual, it would seem appropriate to include a large
~percentage of the UD, such as 90% or 95%. However, the 90%
or 95% contours lie in the tails of the UD which, at this
point, are nearly’horizontal. Therefore, choosing contours
which are only slightly different can produce large
differegcés in home range estimates (Anderson 1982).

Choice of a lower percentage, such as 50%, is recommended
by some authors (e.g., Ford and Krumme.l979) but will
1ikely produce an underestimate of the area of the home
range. When using statistical techniques care should be
taken to ensure that the percentage used to define the home
range is justified.

A third disadvantage with statistical techniques of
estimating home range is that they assume that the
observations are independent (i.e., the observations are

not autocorrelated). Simulations (Ford and Myers 1981,
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Swihart and Slade 1985b) have sho&n that underestimates of
home range area result when positively autocorrelated data
are used. Violation of this assumption is considered most
serious when home range estimates are based on only a few
observations (Schroder 1979, Anderson 1982). Use of a
relatively large number of observations or a relatively
long sampling interval are two ways to mitigate the effects
of autocorrelation. Braun (1985) felt that 50 observations
were a sufficiently large Sample to avoid problems of
autocorrelation. Choice of the appropriate sampling
interval is dependent upon the behaviour and ecology of the
species béing studied.

In éddition to tﬁe problems common to all statistical
techquues, parametric techniques have some unique
problems. The assumption that UDs conform to a known
statistical distribution places severe restriction on their
use. For example, many models (e.g., Jennrich and Turner
1969) assume that the UDs are bivariate normal and
therefore allow only for elliptical home range shapes. It
is highly unlikely that any UD is bivariate normal
(Andersbn 1982) and the UDs may just as easily resemble
"...fnﬁnels or pies as well as hills" (Schoener 1981:281).

An additional problem with parametric techniques
involves their treatment of activity centers. Most models

(e.g., Jennrich and Turner 1969, Koeppl et al. 1975) assume
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- that only one activity center exists. However, many
activity centers, such as nest sites, song perches, or
concentrated food resources, may 5e found within a
territory. Moreover, most models use the arithmetic mean
center as the activity center and use this point as the
peak of the UD. However, the arithmetic mean center may
have no biological significance. It could, in the case of
U-shaped or crescent-shaped home ranges, lie entirely
outside of the home range (Dixon and Chapman 1980). Only
one parametric home range model (Don and Rennolls 1983)
allows for the possibility of several activity centers.
This model assumes that the UD around each activity center
is circulaf normal.

Neither Anderson's (1982) nor Ford énd Krumme's (1979)
models assume that the UD conforms to a known distribution
or that only one activity center exists. These differences
alone make them superior to parametric models. Thé method ,
of Ford and Krumme (1979) has one serious drawback. It
requires massive amounts of éomputer time and is,
therefore, very expensi?e.

1 chose to use two techniques to plot the territories
of Black-cépped and Mountain Chickadees. The MCP method
was chosen primarily because of its simplicity. ﬁsing this
method, approximate territory boundaries could be

calculated while still in the field, where no computer was
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available. The non-parametric method of Anderson (1982)
was used after all the data were collected. Its ease of
uée, lack of statistical assumptions, relative
insensitivity to sample size, and economical use of
computer time, made this the best technique for my study.
The primary goal of this part of tﬁe study was to assess
territorial overlép of the two study species. However,
prior to this I will present a cbmparison of the areas
obtained using several variations of the two techniques for

estimating home range and territory size.
2. METHODS
A. Data Collection

Observations were maderon free-ranging, colour-marked
male chickadees. Males were chosen because they are more
active than females in territory defense'(Odﬁm 1941b) and
because it has been shown that in at least some species

(e.g., White-crowned Sparrowvs, Zonotrichia leucophrys)

females have more restricted movements than males during
the breeding season (Baker and Mewaldt 1979). 1 observed
that the male and female of a pair remained close together
during all stages of the breeding cycle, except the
incubation and nestling stages. Thus,.using either the

male or the female as the focal individual would have made
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1little difference during most of the breeding cycle.
Because the size of territories is reported to vary
throughout the breeding season in Black-capped Chickadees
(stefanski 1967), and may also vary in Mountain Chickadees,
I tried to make observations during each stage of the
breeding cycle. However, 'very few pairs were located
during the pre—nesfing stage. Observatioﬁs on most pairs
began during the cavity-digging stage (for Black-capped
Chickadees) or the nest-building stage (for Mountain
Chickadees). Observations began in the first week of May
and continued until the last week of June in both 1983 and
1984.

At least once during the cavity-digging (Black—-capped
Chickadees only), nest-building, laying, incubation, and
nestling stages of the breeding cycle each focal male was
followed by.two observers and the location of the bird was
recorded every five minutes. This interval was chosen
because it represented a period during which a chickadee
could easily travel to any point within its territory. An
interval of this length (relative to the time necessary to
travel across the territory) prevents autocorrelation of
the data from being serious énough to bias the MCP method
(Swihart and Slade 1985b). Locations were marked by
inserting a small numbered flag in the ground at the

position vacated by the focal bird when it moved to a new
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location. After the observation period the positions of
the flags were plotted on a 1:5680 aerial photograph |
mosaic. Fine detail, such as individual spruce trees,
could be discerned on the maps. This allowed for a high
degree of accuracy in plotting the locations on the map. I
believe that plotting of points was accurate to within
approximétely two meters.

| We attempted to follow focal birds until 30 locations
were recorded. Occasionally a bird was lost by the
observers during an observation period. When this
occurred; the observations were continued once the bird was
re-located. Occasionally the focal bird could not be
re-located and thus less than 30 locations were recorded
for that individual dqring that particular stage of the
breeding cycle. An observation period usually lasted
approximatel& 2.5 hours. However, in a few instances it
took up to 4 hours to complete an observation period. An
observation period of this length (2.5 to & hours) was used
because I believe that this much time was required for a
chickadee to travel to most areas within its territory.
Odum and Kuenzler (1955) found that between 2 to 8 hours of
field 6bservation was necessary to plot the territories of
several species adequately. Stefanski (1967) used an
observation period of only 1 hour (but repeated

approximately 3 times per stage of the breeding cycle) in
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plotting Black-capped Chickadee territories. Because
chickadees are most active in the morning, and are
relatively lethargic in the afternoon and evening

(pers. obs.), all observations were made between 0500 and
1300 (MDT).

Using this procedure, data were collected for eight
territories (five Black-capped, three Mountain) in 1983 and
14 territories (nine Black-capped, five Mountain) in 1984.
In 1983 Black-capped Chickadee territories were represented
by an average of 136.8 locations (with an average of 27.4
locations per stage of the breeding ¢ycle) and Mountain
Chickadee territories by an average of 109.6 locations
(also witﬁ.an average of 27.4 locations per stage of the
breeding cycle). No territory was represented by less than
100 observations. In 1984 the average number of locations
per territory (énd per stage) dropped slightly, with
Black-capped Chickadee territories being represented by an
average of 115.4 locations (23.1 per stage of breeding
cycle) and Mountain Chickadee territories by 99.8 locations
(25.0 per stage of breeding cycle). In 1984 one
Black—cabped Chickadee territory (with 92 locations) and
three Mountain Chickadee territories (with 68, 83, and 90
locations) were represented by less than 100 observations.

Following each field season, map locations were
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converted to Cartesian (x,y) coordinates and were entered

into a computer using a Calcomp 9000 digitizing. tablet.
B. Data Analysis

Territories were mapped and territorial overlap values
calculated using both the MCP method -and Anderson's (1982)
non-parametric method. However, prior to using eithef
method, the extreme outermost points were removed using the
method of Reed (1985). rThat is, points were excluded if
the area included by them was consistently unused. I
believe fhat these points represent rare excursions by
individuals out of their territory and thus their removal
was justified. In 1983 a total of three outlying points
were removed (two from a single territory, and one from
another'territory) and in 1984 only one point was removed.

‘In using either method to estimate territory size I
assume that home range is equivalent to territory in these
chickadees. Field observations suggest that this
assumption is reasonable. Eighteen of 20 incidents of
territory defense (bouts of strong countersinging and/or
‘chases) were at or very near an outérmost observation
point. Thus both species apbeared fo defend the entire
area they utilized. Hereafter, the terms "home range” and
"territory" are used interchangeably when they refer to

Black-capped or Mountain Chickadees;
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i) Minimum Convex Polygon Method

MCP estimates of territory size were made in two ways.
In the first, the area of the convex polygon containing
locations for each territorial male was calculated using a
fortran program, This program produced area estimates only
and did not provide information of the location of
territory boundaries. The size of each male's territory
was estimated for each stage of the breeding cycle for
which there were data. 1In addition, territory areas were
calculated for each male with data from all breeding stages
pooled. To ensure that an adequate sample size was used,
observation-area curves wvere constructed for each
£erritoriai male. These were constructed only for
ferritory estimatés based on the pooled data.

The second MCP method gave not only territory size,
but also the*position of territory boundaries. This method
allowed, therefore, the calculation of intra- and
interspecific territory overlap. I drew lines connecting
the extreme outermost points of each territory directly on
the maps. Maps of all territories were then superimposed
on a map of the study area. Regions of intra- and
interspecific overlap were clearly identifiable on the

composite map. Areas of each territory and each region of
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overlap were calculated using a Calcomp 3000 digitizing

tablet.
ii) Anderson's Method of Calculating Home Range

" Anderson's (1982) program for calculating home range
‘uses a series of observations to produce a UD for each
individual. The UD is printed out in the form of a large
matrix.: Each value in the matrix represents the
probability of an individual being found at a specific
location. With the use of a suitable graphics package, the
UDs may be converted to contour maps. Each contour
connects loci which have the same probability of an
individual being present. Anderson's program produces
estimates of home range area for 6nly two fixed percentages
of the UDs volume, 50% and 95%. These are known as the
MAP(.Sd) and MAP(.95) estimates, respectively.
Unfortunately, the contours which enclose the MAP(.50) and
MAP(.95) estimates are not easily identifiable.

Anderson's method assumes that observations are
independent (i.e., not autocorrelated). I took two
precautions to guard against problems of autocorrelation.
First, as previously mentioned, observations were made at
intervals which were relatively long compared to the time
required for a bird to cross its territory. Second, in

running the program, I used relatively large sample sizes.
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Anderson's method is relatively insensitive to sampie si;e
bias if data are independent, However, autocor;elation
problems are most serious to statistical home range models
when sample sizes are small (Schroder 1979, Anderson 1982).
I chose to use pooled data only and, by increasing sample
size, thus reduce the possible influence of
autocorrelation. |

It was necessary to make one~modificationrt0‘the data
for Black-capped Chickadees before making a final estimate
of territory size uging Anderson's prbgram. For several of
the territorial males there was a concentration of
observations around the cavity during the cavity-digging
stage. During this stage both paif members were actively
digging the cavitX: The resulting concentrétion of
observations at the cavity could change the shape of the UD
and the position of the territory boundary. Mountain
Chickadees do not dig cavities and thus would not have this
concentration of observations surrounding the cavity. I
felt it was best to exclude the cavity-digging observations
and produce home range estimates which were based on
behaviours common to both species. The removal of the
cavity-digging observations resulted in the loss of 10.51%
of the data in 1983, 2.91% of the data in 1984, and 5.60%
of the data when both years were combined. 1In order to

determine whether the exclusion of cavity-digging
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observations did affect territory size for Black-capped
Chickadees, I also ran Anderson's program using the entire
data set. |

UDs and MAP(.SO) and MAP(.95) values were calculated
for each territorial male in 1983 and 1984. The graphics
package SURFACE II was used to produce contour maps of each
UD.  To assess territorial overlap it was neceséary to
choose arbitrarily a cohtour represenfing the territory
boundary. Choice of a contour of too high of a probability
can result in boundaries which exclude several observations
and thus poorly reflect territory boundaries. Choice of
contours of extremely low probability can result in an area
of very.iarge size and the inclusion of areas where no
observations were made. 1 examined the positioning of
. several contours and chose one which enclosed most of the
observations, and all of the observations of territory
defense. This was the 0.0005 contour. ‘I defined this
contour as the territory boundary. The territorial maps
produced using this contour will be referred to as the
C.0005 maps. The area estimates produced by Anderson's
program (e.g., MAP(.50) or MAP(.95)) will be referred to as
utilized areas. It may be argued that this method of
choosing a contour produces a territory which differs very
little from that produced using the MCP method. However,

there is one important difference. The area enclosed by
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the 0.0005 contour may be of any shape; it is not confined
to being a convex polygon.

Transparent copies of the C.0005 maps were overlain on
the original mosaic map. Areas of the C.0005 maps for each
individual, and of the regions of iqtra— and interspecific
overlap, were calcu}ated using a Calcomp 9000 digitizing
tablet. 7

All tests of significance of difference in mean
. territory area in this chapter were made using t%o—sample
rt—tests, with a significance level of 0.05. Two-tailed
tests were used when there was no a priori reason to expect
directional (larger/smaller) differences in means.
One-tailed tests were used when there was reason to expect

directional differences in means.
3. RESULTS

No consistent pattern was found in the variation in
territory area among the different stages of the breeding
cycle for either Black-capped or Mountain Chickadees. Over
the two years of study, only three of 14 Black-capped
Chickadees and four of eight Mountain Chickadees exhibited
the pattern of variation in territory area reported by
Stefanski (1967) for Black-capped Chickadees, (i.e., a
decrease in territory area through the sequence of stages

of nest-building, pre-nesting, laying, nestling, and
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incubating). For the remaining tgrritories, there was no
indication of a consistent paftern of variation in
territory area during the breeding cycle. Because of this,
I felt that combining data from all stages of the breeding
cycle was justified. All observation-area curves did
exhibit asymptotes, suggesting that the sample sizes used

wvere sufficiently large.
A. Areas of Territories and Utilized Areas

Estimates of both utilized areas and territory sizes
varied little between species or between years (Table 1).
Within either year, no single teéhnique showed significant
differences in mean utilized or territory areas between
- species (minimum P value > 0.10). In addition, no
technique showed significant-differences in mean area
between years for either species (minimum P value > 0.20).
Significant differences between species were not found in
mean utilized or territory areas when data from both years
were combined for any technique (minimum P value > 0.20).

In 1983, the mean MAP(.50) and MAP(.95) values of
Black-capped Chickadees calcuiated using datalsets which
included observations of cavity-digging were significantly
smaller (maximum P value < 0.025)lthan those calculated
when observations of cavity-digging were‘excluded. This

same trend was also evident in 1984 (Table 1), but the



Table 1. Mean and standard deviation (S.D.) of utilized areas and territories of Black-capped

(BCC) and Mountain (MTC) Chickadees calculated using various techniques to estimate home range.

Area (ha)
1983 1984 Combined
BCC MTC BCC MTC BCC MTC
(n = 5) (n = 3) (n =9) (n_= (n = 14) (n = 8)
Technique Mean S.D. Mean S.D. Mean S.D. Mean Mean S.D. Mean S.D.
MCP 9.47 2.48 6.95 3.14 8.43 4.47 6.18 8.80 3.80 6.47 3.50
map(.50)1  0.52 0.31  N/A 1.08 0.79 N/A 0.88 0.70 N/A
MAP(.50)2 1.09 0.38 0.85 0.22 1.15 0.81 0.94 1.13 0.67 0.90 0.48
Map(.95)1 2,15 0.88 N/A 3.79  2.40 N/A - 3,20 2.11 N/A
MAP(.95)2 3.83 1.27 2.78 0.87 4.03 2.43 3.09° 3.96 2.04 2.98 1.49
€.0005 0.95 6.88 1.03 7.76 2.57 7.34 2.08 7.18 1.57

7.91

7.81

1. Estimate based on data set which includes observations of cavity-digging.

2. Estimate based on data set which does not include observations of cavity-digging.

9%
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differences were not significant (minimum P Qalue > 0.50).
when data from 1983 and 1984 wvere pooled, differences in
mean utilized area using the different data sets'wéye not
significant (minimum P value > 0.10).

Mean MAP(.éS) estimates were consistently three to
four times iarger than mean MAP(.50) estimates (Table 1).
These differences were significant (maximum P value < 0.05)
for either year examined independently or when the two
years were combined.

Mean C.0005 territory areas were consistently larger
than mean MAP(.95) utilized areas (Table 1). The
differences were significant when the two years were
analyzed independently (maximum p value < 0.005) and when
the two years were combined (maximum P value < 0.001).

The two techniques which were used in calculating,
territory overlap, the C.0005 technique and the convex
polygon technique, produced mean territory areas which were
very similar (Table 1). No significant differences between
the area estimates produced by the two techniques were
found when each species was examined independently for each
year (minimum P value > 0.25) or when data for each species

for both years were combined (minimum P value > 0.25).
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B. Territorial Overlap

None of the territéries mapped for 1983 using the
convex polygon method (and all territories in the Primary
Study Area were mapped) exhibited intraspecific overlap
(Figure 3). In contrast, all three Mountain Chickadee
territories overlapped‘Black—cépped Chickadee territories.
Mean interspecific overlap values (including only those
territories with intefspecific overlap) wére 33.0% for
Black-capped Chickadees and 40.0% for Mountain Chickadees
(Table 2).

'Although five of nine Black-capped Chickadee
territories in 1984 showed intraspecific overlap when the
convex polygon method was used, the same trend of minimal
intraspecific overlap and large interspecific overlap was
evident (Figuré.4). Those Black-capped Chickadee
_territories that overlapped with each other did so only to
a very small degree, as indicated by a mean percent overlap
value of 6.8% (Table 2). However, every Mountain Chickadee
territory was overiapped by at least one Black-capped
Chickadee territory and often the area overlapped was
relatively large (Figure 4)., The mean percent overlap
values for those tefritories exhibiting interspecific
overlap was 32.8% for Black-capped and 69.4% for Mountain

Chickadees. The larger value for Mountain Chickadees



Figure 3. Territory boundaries of Black-capped and

Mountain Chickadees in 1983 as determined by the convex

polygon method.
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Table 2. Mean percentage of overlap for Black-capped (BCC) and Mountéin (MTC) Chickadee
territories using two territory-mapping techniques. Percentage overlap is defined as -
total area of overlap on a specific territory divided by the total area of theroverlapped
‘territory X 100%. Mean values are calculated using only those territories which

exhibited overlap.

Percentage Overlap

1983 1984
Convex Polygon C.0005 Convex Polygon C.0005

Type of Overlap BCCV MTC BCC MTN BCC MTC BCC MTN
Intraspecific

Mean - - 2.7 - - 6.8 - 8.1 ‘4.9

S.D. - - 1.0 - 2.6 - 6.6 0.8

n 0 0. 2 0 5 0 6 2
Interspecific

Mean 33.0 40.0 28.4 46.1 32.8 .69.4 35.7 52.4

S.D. 16.3 20.7  15.9 8.2 31.6 25.7 24.1 10.0

n | 3 .3 4 3 7 5 7 5

1§



Figure 4, Territory boundaries of Black-capped and

Mountain Chickadees in 1984 as determined by the convex

polygon method.
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~reflects the fact that iﬁ three cases a single territory
overlapped more than one Black-capped Chickadee territory.
In these cases only a small portién of each Mountain
Chickadee territory was not overlapped by a Black-capped
Chickadee territorf.

Results similar to those obtained using the convex
polygon method were found using the C.0005 method (Figures
5 and 6). With the C.0005 method, each territory is not
necessarily enclosed by a siﬁgle boundary ahd thus may be
composed of two or more "islands" (e.g., compare ther
Black-capped Chickadee territory in the N.E. cbrner'of
Figures 3 and 5). In 1983 only two small regions of
intrasbecific overlap (both involving Black-capped
Chickadees) were found (Figure 5). The mean percent
overlap value of these territories was only 2.7%. As when
the convex polygon method was used, everyiMountain
Chickadee‘territory overlapped at least one Black-capped
Chickadee territory. Often the area of overlap, relative
to the territory area, was quite large. Mean interspecific
percent overlap values were 28.4% and 46.1% (Table 2),
respectively, for Black—capped and Mountain Chickadees.

Incféased intraspecific overlap wés found using'the
C.0005 method in 1984, similar to the trend found with the
convex polygon method. However, although the number of

regions of intraspecific overlap increased (from two to
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Figure 5. Utilized areas (territories) of Black-capped and

Mountain Chickadees in 1983 as determined by the C.0005

method.
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Figure 6., Utilized areas (territories) of Black-capped and

Mountain Chickadees in 1984 as determined by the C.0005

method.
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' four in Black-capped and from zero to one in Mountain
Chickadees) the areas overlapped remained small (Figure 6).
The mean intraspecific percent:overlap was 8.1% for |
Black-capped and 4.9% for Mountain Chickadees. As in 1983,
there was a large degree of interspecific overlap. The
mean percent interspecific overlap values were 35.7% and
52.4% (Table 2), respectively, for Black-capped and

Mountain Chickadees.
4, DISCUSSION

The similarity in both utilizedlareas and territory
sizes between years for either species and between species
for either year is not surprising. The area which an
animal uses may be affected by several factors, inéluding
food abundance and distribution, competitor density,
predator density, and bodyQSize of the animal (see reviews
in Brown 1964, Schoener 1968, Davies 1978, Morse 1980, and
Davies and Houston 1984). I have no reason to believe that
any of these factors changed significantly between breeding
seasons. In addition, no noticeable differences in
conditions which could indirectly affect the area used
(e.g., extreme climatic differences which could affect food
abundance) were apparent. There was an apparent increase
in chickadee population density during the course of the

study, with the number of territories in the Primary Study
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Area increasing from eight in 1983 to 14 in 1984. While I
| can not explain this apparent increase in population size,
I do not believe tha£ it influenced territory size of the
chickadees. This is because in 1983 the habitat was |
clearly not saturated (see Figure 3) and thus a population
increase could be accommodated without a reduction of the
size of individual territoriés. Between-species
differences in factors which could produce differences in
" the area used by Black-capped énd Mountain Chickadees, such
as body size or behavioural diffe}ences, also were not
apparent. |

The effect of concentrating numerous obseryations at
one location on both MAP(.50) and MAP(.95) estimates was
illustrated in 1983. Here; MAP estimates of Black-capped
Chickadee utilized areas based on data including
observations of cavity-digging produéed significantly:
smaller utilized areas than those based on data excluding
observations of cavity-digging. This same trend was .
present, but not significant, in 1984. This is ﬁrobably
because of the reduced number of observations of
cavity-digging in 1984. Observations of cavity-digging
blrds comprised 10.5% of the total sample in 1983 but only
2.9% in 1984. This reflects a methodologlcal difference
between Qears, rather than a difference in the behaviour of

the birds. 1In 1984 observations were often discontinued
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during a prolonged cavity-digging bout and then resumed
once the birds quit digging. However, the importan£ point
is that relatively minor behavioural differences between
sindividuals or species can produce relatively major
differences in MAP estimates of utilized area or territory.
Between-species differences in estimates of home rangé or
territory based on any technique which uses UDs shouid be
interpreted carefully.

The differences in mean area among the various MAP’
estimates were as expected. The relatively large
differences between the mean MAP(.95) and C.0005 estimates
supports the suggestion that relatively minor differences
in the contours chosen to represent home range or territory
boundaries can produce large differences in area. If I had
chosen MAP(.95) estimates to represent territorial
poundaries, then several observations of chickadees in
which territory defense was 6bserved would have been
excluded. Thﬁs, the arbitrar& MAP(.95) boundary can not be
interpreted as a territorial boﬁndary.

The convex polygon and C.0005 techniques produéed
similar estimates of mean territory area. The major
differences between tﬂe two techniques are (1) the shapes
of the resultant areas (polygons only for the convex
polygon technique, any shape for the C.0005 technique) and

(2) the presence of a single outer boundary in the convex
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polygon technique. Is there any advantage in using the
more complex C.0005 technique of -Anderson (1982)? When
studying species which use homogeneous hébitats and upon
which numerous observations of location are easily made
(e.g., many grassland species) there is probably little
justification for its use. However, when studying species
which are found in heterogeneous habitats and for which
obtaining large numbers of observations 'is difficult,
Anderson's method seems to be clearly superior.

| Is the defense of multiple territory "islands" by an
individual biologically reasonable? That is, could a
.territory be composed of several defended areas with
undefended spaces between them? I see no a priori reason
why, in a‘heterogeneous environmeht, an individual could
not independently defend several separate areas which are
valuable to it. Defense of an area is energetically costly
and makes little sense if the area being defended coﬁtains
no resources which are utilizable by the defending
individual. A similar phenomenon, polyterritorial polygyny

in the Pied Flycatcher (Ficedula hypoleuca), where each

male has several relativély distant territories with each
territory containing a mate, has been documented (Haartman
1956).

The most noteworthy trend in the patterns of

territorial overlap is that interspecific overlap was much
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more extensive than intraspecific overlap for both species.
Both the convex polygon and the C.0005 technique showed
this. It should be noted that these results are based on
the two territory-estimating techniques which produced the
largest territories. If territorial boundaries were
determihed using another method, the results may have been
very different. For example, if the MAP(.50) estimates,
which produced utilized areas only one-seventh to
one-eighth as large as either the MCP or C.0005 estimates,
were used as estimates of territory, it is conceivable that

both intra- and interspecific overlap would have been
negligible. However, I feel that the techniques chosen
represeﬁﬁ the territories most accurately and that the
results indicating differential overlap with con- and
heterospecifics are valid. Thus, if any spacing-mechanism
is operating between the two species, it is not producing
complete IST.

However, IST is not necessarily an all-or-none
phenomenon. Several authors (e.g., Ebersole 1977, Mahoney
1981) have found evidence supporting the idea that the
level of aggreséiop between species, and the. degree of IST
exhibited, may vary directly with the level of resource
competition between them. Kohda (1984) found that an
individual may defend differeﬁt types of territories (of‘

different size) against different types of compétitors. My
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rresults clearly indicate that individual Black-capped and
Mountain Chickadees do not defend their entire terfitgries
against birds of the other species. It remains possible
that Black-capped and Mountain Chickadees differentially
defend regions of their territory which contain resources
which are valuable to either species. For example, if the
two species compete for nest¥si£es but not for food, then
fhe optimal behaviour pattern may be to ignore
-heterospecifics throughout much of the territory, except in
the region of the nest. Such partial IST méy not have been
revealed when the overlap of entiré territories was

assessed,
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CHAPTER FOUR

NATURAL AND SIMULATED TERRITORIAL ENCOUNTERS

1, INTRODUCTION

A second requirement for documentation of IST is that
ﬁon—overlap of territories of the species in question is
maintained by the same behaviours used in intraspecific
territoriality iGochfield 1979). Two approaches may be
used to determine whether this requirement is fulfilled.
First, natural encounters may be observed to determine
whether the same behaviours are used in intra- and
interspecific territory defense. Unfortunately, there are
several drawbacks to this approach. Encounters between
territory-holders may be relatively rare during much of the
breeding season. Stefanski (1967) found that while
Biack—cappéd Chickadees spent appfoximately 31 percent of
their time in territorial defense during the nest;building
stage they spent only four percent of their time in
territory defense throughout the remaining stages. Thus,
it would only be during the relatively short nest-building
stage that territorial encounters could be regularly
observed. In addition, there may be considerable variation

among individuals in the behaviours used in territory
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_.defense. There may be several independent behavioural
components in territory defense that can vary independently
(Rice 197éb). With limited numbers of observations of
territorial encounters the extent of the variability of
territorial defense behaviours could be underestimated.
Therefore, comparisons of behaviours used in intra— and
interspecific encounters could be severely biased.

Another limitation in using natural encounters is that’
after territorial boundaries have been established, they
may be maintained by very subtle, and easily-overlooked,
behaviou?s. For example, mutual avoidance of con- or
heterospecifics at a previously established boundary could
maintain territoriality but, at the same time, be extremely
difficult to observe.

A second approach to determining whether intra- and
interspecific territorial boundaries are defended using the
same behaviours is to simulate territorial intrusions by
con- and heterospecifics and observe the behaviour of the
territéry—holder. Territorial intrusions may be simulated
in several ways, including placing captive (usually caged)
con- or heterospecifics within territories (e.qg., Myrberg
and Thresher 1974) or placing models of intruders within
territories (e.g., Martindale 1982). However, the most
commonly-used method of simulating intrusions in avian

.studies is to broadcast vocalizations that are used in
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territorial advertisement (usually song) within a territory
(e.g., Emlen et“al. 1975, Rice 1978b, 1978c, Saether 1983a,
Catchpole and Leisler 1986). An implicit aséumption in
these playback experiments is that tetritory defense is a
function of song. Several studies (e.g., Krebs 1976a) have
shown this assumption to be valid.

Song-playback experiments offer some advantages over
natural interactionsrin dssessing whether similar
behaviours are used in intra- and interspecific ferritory
defense. They may be performed at the convenience of the
researcher. Sample size is limited only by the number of
territory-holders in the populapion and, éhus,‘variability
in response can be adequately documented. In addition,
song-playbacks can be used to elicit responses which may
have waned or become too subtle to detect.

Unfortunately, playback experiments are not easy to
design or perfdrm. A review of the literature shows that
numerous experimental designs have been used, often because
the researcherfs.goals differ from one study to another.
However, regardless of the research question being asked, a
researcher must decide on (1) how to design the experiments
so as to control for as many potentially confounding
variables as possible; (2) how to measure "response”; (3)
how to statistically evaluate the results; and, (4) how to

interpret the results.
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Numerous confounding variables can potentially
influence the results of playback experiments. First, a
researcher must decide on which vocalization to play-back.
Often the choice is clear. For éxample, many species
possess only one version of their territorial song. Thus,
there is no decision to make with respect to which song
should be played-back. 1In other cases the choice is not so
clear.' Some species possess several songs which are used
in different contexts ie.g., Chestnut—sidedearblers,

Dendroica pensylvanica; Lein 1978). In addition,

individuals may react differently to the piayback of songs
which are familiar to them than to songs which are
unfamiliéf (Brooks and Falls 1975, Baker et al. 1981).
Thus, a researcher must ensure that the song chosen is used
in territory defense and that all subjects are equally
familiar with it.

1f a researcher is examining the ability of the
subjects to discriminate between various stimuli (songs),
then more than one vocalization‘must.be plafed to eéch
individual. 1In such experiments the sequence of stimulus
presentétion is another potentially ;onfounding variable.
It is possible that a pre&ious playback of one song type
left the subject slightly aroused ("primed") and in a
condition in which it is more likely to respond to the next

song-playback. If the presentation sequence is fixed; then
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the "priming" effect could produce a consistent bias in the
results. Alternatively, the presentation of a previous
song may have "habituated" the subject. Habituation occurs
when a subject becomes less responsive to a stimulus which
has been presented repeatedly. Habifuation could occur -
during the playback of a single song type if a song is
presented too many times. In addition, it could carry over
from the presentation of one song type to the next if the
interval between treatments is short. Again, if the order
of the treatmehts is fixed, then response values could be
consistently biased. To avoid the bias associated with -
order effects, the presentation sequence should be varied.
Habituation effects can be reduced by presenting each
stimulus for only a short period and by lengthening the
interval between preseniations. VThe actual durations of
the stimulus presentation and the interval between .
presentations should be deterﬁined bf performing pilot
studies on each species being studied.

A researcher must also decide on how to broadcast the
vocalizations. There are numerous issues (and confounding
variables) to consider here. The first is speaker type.
Singing'birds are essentially point sound sources. That
is, sound radiates almost eqﬁally in all directions from a
singing bird (Wiley and Richards 1978). Speakers which

radiate sound in all directions (omnidirectional speakers)
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provide a better imitation of singing bird than do
unidirecﬁional speakers. Thus, omnidirectional speakers
should be used whenever possible.

Another potentially confounding variable to consider

is playback volume. Emlen (1972) reported that Indigo

Buntings (Passerina cyanea) reacted differently when songs
were played back at different-volﬁmes. Ideally, playback
volume should match that of a naturally-singing male. This
is best done using a sound level meter, but, due to the
limited sensitivity of many models, this is often
difficult. Many researchers (e.g., Catchpole 1377, Searcy
et al. 1982, Catchpole and Leisler 1986) have chosen the
léss objective techniqué of métching volume by ear.

Spéaker placement is another potentially confounding
variable. Variation in response intensity with position of

the speaker in the territory has been documented in

numerous species, including Great Tits (Parus major; Dhondt

'1966), Field Sparrows (Spizella pusilla; Goldman 1973) and

White-throated Sparrows (Zonotrichia albicollis; Falls and

Brooks 1975). Thus, an effort should be made to
standardize speaker location in all experiments. This can
be done by placing it in a central location within the
ferritory or near an activity center (e.g., the nest).

The time at which playback experiments are performed,

poth on daily and seasonal time scales, can also confound
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the results. Many passerines exhibit diurnal variaﬁion in
general activity, and also diurnal variation in singing
behaviour.(Catchpole 1979). The tendency for an individual
to respond to song-playback may also vary diurnally.

verner and Milligan (1971) found that White-crowned

Sparrows (Zonotrichia leucophrys) consistently responded

differently (but not significantly so) to playbacks
performed in the morning than they did to those performed
in the afternoon. Therefore, caution should be taken when
comparing the responses of playbacks which were performed
at different times of day.

Rice (1978b) found that both Red-eyed and Philadelphia
Vireos exhibited seasonal variation in intensity of
response to song-playback. Response intensity was
strongest early in the breeding season and weakest late in
the breeding season. Rice's data indicated that this
~variable could be controlled if all playbacks are performed
at the same stage of the breeding cycle.

The behaviour of the subject immediately prior to the
experiment may also affect its response to'song—playback.
For example, an individual which has just finished a
singing "duel" with a neighboring territory-holder may
respond very differently than it would after an hour of
quiet preening. Efforts should be made to standardize (as

much as possible) the behaviour of the subjects prior to
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experimentation.

The weather at the time of playback experiments should
_also be standardized as much as possible. Many passerines
sing only rarely when it is raining (pers. obs.). These
species may also be less responsive to song-playback under
rainy conditions. High winds may affect the ability of the
subject to hear the stimulus song. Thus, rainy or windy
conditions should be avoided when conducting playback
experiments. A further way to control the effect of day to
day climatic variation is to perform all treatments on a
single individual on the same day.

After choosing an experimental design which controls
as many variables as poséible, a researcher must deéide on
how to measure the response to.éong—playback. Response is
normally -defined as the change iﬁ behaviour upon exposure
to a stimulus (Rice 1978b, Saether 1983a). Often responsé
is measured by monitoring therbehaviourxof an individual
both during a silent pre-playback period and during a
song-playback period and then examining the difference in
pehaviour (the response) between the two periods (e.g.,
Rice 1978b, 1978c, McGregor et al. 1983). The "monitoring"
of the behaviour is usually accomplished by collecting data
for one or more variables which are believed to represent
"response"; Common categories of response variables

include some measure of (1) the approach of the subject’ to
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the speaker; (2) the vocal behaviour of the subject; (3)
the locomotory activity of the subject; and, (4) the time
taken (latency) to respond. The actual variables used in
measuring these‘categories of response vary from one study
to another. For example, some of the variables which have
beén used to measure the approach ofrthe subject to the
speaker are ciosest approach (e.g., Falls and Brooks 1975,
Davies 1981); the frequency of approaching to within
pre-determined distance categories (e.g., Milligah and
Verner 1971), or simply whether or not the subject
approached the speaker at all (e.g., Boughey and Thompson
1976). variables which have been used to measure vocal
reéponsé.include, among others, the tstal number of songs
(e.g., Lemon 1967, Krebs 1976b), the total number of calls
(é.g., Richards 1979); and the percent of the test period
spent singing (Rice.1978b, 19j8c). Similarly, several
variables have been used to measure locomotory activity and
the latency to respond to the stimulus.

Next,‘the résearcher must decide on a technique for
determining whether fhe differences, if any, found between
the reéponses to the treatmernts in question are
significant. Again, numerous approaches have been taken.
I1f data have been collected for one variable only (e.g.,
Catchpole and Leisler 1986) a univariate statistical

procedure must be used. Often data are collected for
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_ several variables (e.g., Verner and Milligan 1971,
Catchpole 1977, Rice 1978D, 1978¢c). In these cases each
&ariable may be analyzed independently (a univariate'
approach) or the variables may be analyzed simultaneously
(a multivariate approach).

The most commonly-used way to analyze data from
playback experiments is to consider each variable
independently. Generally, nonparametric tests of
significance of difference between treatments (e.g.,
 Wilcoxon Matched Pairs test, Mann-Whitney U test) are used
(e.g., Searcy et al. 1981, Miller and Conover 1983), evenr
though;the data are usually of interval level. Presumably
the less-powerful nonparametric tests are used because the
researchers are concerned that the data do not fulfill the
statis£ical assumptions of parametric techniquesrahd
therefore the parametric tests would not give reliable
results. However, these concerns are not necessarily
justified. Many parametric tests of the quality of means,
such as the two-sample t-test, are robust enough to
withstand large departures from normality (Boneau 1960) and
from non-equality of variances (Box 1953). 1In recent years
the use of t-tests in analyzing the. data from song playback
expériments appears to be gaining popularity (e.g.,
Beletsky 1983, Saether 1983a, Tomback et al, 1983, Falls
1985).
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Several authors have analyzed several variables
simultaneously, i.e., through a multivariate approach.
Early attempts involved constructing a composite scale, or
hybrid index, by arbitrarily assigning "intensity" values
to one or more response variables. As an illustration,
Dhondt (1966) attempted to "quantify" the response of Great
Tits to song-playback by awaéding a value of one fo% a
distant song in response to the song—playback, a value of
fwo for an approach while singing and scolding (from the
canopy), and a value of three for'intensive scolding from
close quarters. Clearly, these approaches are very
subjective as the researcher is forced to make judgements
regarding what qualify-as strong (or weak) résponses. The
problems of hybrid indices are increased when arbitrary
values are assigned to several variables and then added
together to produce a single response score. To produce
these types of indices a researcher must decide not only on
what are relatively strong or weak responses but also on
the relative importance of the various response behaviours.
Another problem with these types of indices is that
response scores could be severely biased by treating highly
correlated variables as'independent, thus increasing tﬁeir
influence on the.final response score.

Multivariate statistical approaches to the analysis of

playback experiments have been taken by some authors (e.g.,
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Rice 1978b, 1978c, Kramer et al., 1985). Often discriminantr
function analysis or principal components analysis are
used. These multivariate approaches are generally more
powerful than the subjective hybrid indices, are readily
interprétable (Rice 1978c), and make no assumptions about
the relétive importance of various response behaviours. In
addition, the use of correlated variables does not alter
the conclusions of these multivariate analyses.
Multivariate statisticél techniques are probably preferable
to univariate techniques when thebresponses differ only
slightly. ‘This is because multivariate techniques are able
to discern small but significant differences in overall
response form (i.e., differences "accumulated" over several
variables) which could not be detected with a univariate
analysis. When the difference in response to .the various
playback treatments is large, either univariaie or
multivariate techniques are equally useful in analysis of
the results.

Interpretation of the results of playback experiments
is not necessarily a simple matter. If the goal of the
experiment is to determine whether the subjects
discriminate between various stimuli, and the subjects are
 found to respond differentially to the stimuli, then it is
obvious that the subjects do discriminate. However, if the

subjects do not react differentially, then it is impossible
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to determine whether they are giving a single response to
two (or more) discriminated stimuli or whether they are
actually unable to discriminate between the stimuli (Rice
1978c). Problems are also encounﬁered when an attempt is
made to infér the motivation of the subject from the
response it gives to a playback. There is considerable
controversy as to whether communicétion (in this case the
respbnée to playback) has evolved to facilitate the
transmission of the honest intentions of the signaller or
to conceal as much information as possible from the
recipient of the signal (see reviews in Dawkins ‘and Krebs
1978, Caryl 1979, Hinde 1981). These theoretical issues
can stfongly affect an interpretation of what is a strong,
or aggressive, response and what is a weak, or submissive,
response.

‘Despite the many potential problems of playback
‘experiments, I believe that with careful planning they can
be used to answer specific biological questions. I chose
to use a combination of observation of natural encounters
and the results of song-playback experiments to answer the
question "are the same behaviours used to exclude con- and

heterospecifics from territories?"
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2. METHODS
A. Natural Encounters

Because of their unpredictability, I opportunistically
recorded observations of natural encounters between
chickadees whenever observed. Most records were obtained
while félloWing chickadees for the purpose of mapping
territﬁries. Others were colleéted when searching for
cavities or banded birds. I defined an encounter as any
situation in which two or more chickadees which were not
paired to each other were potentially able to interact.
Because the ability of a chickadee to detect another
individﬁél varied with habitat, environmental conditions
(e.g., wind), and whether or not either bird was
vocalizing, I could not use an absolute distance as a
"cut-off" point in judging the potential to interact.

" Instead, I included only those situations in which
individuals were either definitely interacting or were
definitely aware of each other's presenée (e.g., foraging
within meters of each other).

1 assigned each encounter into one of three
categories: chase/supplant, countersing, or ignore. The
“chase/supplant" category inqluded all those encounters in
which one chickadee made a direct approach towards another

chickadee. I included only those approaches which were
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clearly directed towards another chickadee. The
"countersing” categofy included interactibns in'which two
birds were clearly singing in response to each other. Ih
most instances temporal matching of songs facilitated the
identification of bouts of countersinging. Situations in
which two birds were singing but were separated by a
relatively long-distance were not counted as countersinging
bouts. The "ignore" category included encounters in which
‘non-paired chickadees were close enough together to ensure
that they were definitely aware of each other but exhibited
‘no obvious response to the other bird. A few encounters
included both chasing/supplantiné and countersinging. When
this occurred, I assigned the»encounter to the
chase/supplant category. This criterion waé adopted
because I felt that it was best to assign an encounter to a
category according to the highest level of aggression
exhibited. I assumed that chasing/supplanting represented,
a higher level of aggression than countersinging.

Several encounters occurred during playback
experiments but in these instances I could not be sure
whether the encounter would have occurred without the
artificial intervention of song-playback. Therefore, I

excluded all such encounters from the final tabulation.
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B. Simulated Encounters - Playback Experiments

Studies on Black-capped (éorton'l976, Nowicki 1983)
and Mountain Chickadees (Minock 1971a) have shown that both
- species react to the playback of tape-recorded conspecific
vocalizations. Thus, playback experiments appear to be a
valid way of simulating territorial intrusion in
chickadees.

I made playback tapes from vocalizations recorded in
1982 using a Gibson P-650 parabolic microphone and Sony
TC-142 cassette recorder. To ensure that none of the
subjects would be familiar with the playback vocélizations,
I used tape-recordings from chickadees outside of the study
area. It is extremely unlikely that any of the subjects
.had previously heard these songs; Although Black-capped
Chickadees do not have a single vocalization which ciosely
corresponds in structure and function to the song of other
oscines, the two-note, whistled fee bee song (see Fig. 1lg
in Ficken et al. (1978) for spectrograms) is the
vocalization involved in territorial advertisement (Ficken
1981). This song, which is considered one of the most
steredtyped of parid songs (Latimer 1977), waé chosen for
playbacks. Mountain Chickadees also have whistled songs
but, unlike the song of the Black-capped Chickadee, their

songs vary among and within individuals in both the number
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, apd frequency of the notes (whistles). All versions of the
Mountain Chickadee's song appeared to be used in
territorial advertisement (pers. obs.). Songs consist of
two to six notes with any or all of the notes shifted to a
lower frequency from the "normal" frequency kpers. obs.)
However, three;note songs of unshifted frequency (see |
Fig. 2-0 in Gaddis (1985) for a representative spectrogram)
were by far the most commonly-heard éongs in the Sheep
River vidinity. I chose this song—typé for use in the
playback experiments.

The taped songs selected for playback were filtered
using a 2000 Hz high-péss filter to remove low frequency
background noise and were re~-recorded on three-minute
continuous loop cassette tapes. The song-rate on the
continuous loop tapes was eight songs per minute,
approx}mating that of a strongly singing territorial male
(pers. obs.).

Songs were played back using a Sony fC—142 cassette
recorder, a custom-built, battery-powered amplifier, and an
omnidirectional University Sound speaker. Volume was
matched to that of a strongly singiﬁg male usiné a
Realistic sound level meter.

Playback experiments were performed in both 1983 and
1984. To avoid possible seasonal differences in response

intensity I performed all playback experiﬁents during the
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late nestling stage. This stage was chosen because the
birds could be easily located at this.time and because I
had no time available for playbacks prior to this.

In all experiments the speaker was placed 15 m away
from the nest in the direction of the nearest territorial
poundary. The speaker was hung in a tree 1.5-2.0 m above
the ground. Because both Black-capped and Mountain
Chickadees exhibit diurnal variation in activity patterns
(pers. obs.) all experiments were performed in the morning
between 0700 and 1100 (MDT).

Fach male was used in one playback experiment only.
Each experiment consisted of two trials: playback of
conspecific. song and playback of heterospecific song. The
order of presentation of con- and heterospecific song was
alternated between successive experiments on the same
species to control for order effects. Alternation of order
between experiments was chosen over random selection
because the lgtter can produce poor interspersion of.
treatments in "small experiments" (Hurlbert 1984).

Each trial consisted Qf three 3-minute treatments; a
pré—test silent period, a test period when a tape was
played, and a post-test silent period. These treatments
were used to estimate "baseline" behaviour, to examine
response to the stimulus, and to examine the residual

effects of playback on the subject, respectively. A trial
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was begun only when a male engaged in feeding nestlings was
within th meters of the cavity with the female in, or
perched on the entrahce of, the cavity. Trials were
separated by at least ten minutes. That is, the second
trial began on the first occasion after ten minutes when
the conditions for starting a trial (see above) were
fulfilled. Pilot experiments in 1982 showed that
chickédees return to pre-playback behaviour patterns
(usually feeding nestlings) in less than ten minutes after
song-playback. Because I could not predict when the
conditions for startﬁng a trial'(see above) would occur, I
continuélly monitored (tape-recorded) activity before the
first tfial and after the ten-minute break between trials
and later determined the beginning of the pre-test period.

During each trial I continuously made a verbal
description of the position of the subject relative to the
speaker using a Sony TC-110B cassette recorder and
Sennheiser MKE 883 "shotgun" microphone. To aid estimation
of distance of the subject from the speakér I placed small
flags at distances of 1 m, 5 m, and 10 m from the speaker.
Four iines of flags radiating from the speaker at 90
angles, were used. I denoted the areas enclosed (i.e., the
concentric rings) as Area A (5-10 m from the speaker), Area
B (1-5 m from the speaker), and Area C (0-1 m from the

speaker). Verbal descriptions of the position consisted
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either of the area in whiéh the subject was in or the
absolute horizontal and vertical distances of the subjéct
from the speaker. Vocal behaviour of the subject was
simultaneously tape—re;orded;

Later, measurements of response variables were made
with an Observational Systems, Inc. event recqrdef and
stopwatch whilé listening toithe tapes; In this manner

data were obtained for the following variables:

1) Songs in test period (STP). The number of songs (full
or partial) given during the test period.
2) Songs in post—tést‘period (SPTP). As above, but in the
post-test period. |
3) Closest approach, horizontal (CLHOR). The closest
horizontal disfance (estimated to the nearest 0.5 m) of
. the subject to the speaker in a period. The maximum
value was 15'm, which indicated no approach toward the
.speaker.. |
4) Closest approach, vertical (CLVER). As above, but -
vertical distance instead of horizontal. When the
subject did not approach the speaker a value of\lS m
was arbitrarily assigned (corresponding to the

approximate maximum pree'height).
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6)

7)

8)

S)

10)

11)

12)

13)

14)
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Duration in area A, test (DAT). Total time (to nearest
0.5 s) spent in Area A during the test period. The
maximum value for this variable was 180 s.

Duration in area A, post-test (DAP). As above, but
during post-test period.

Duration in area B, test (DBT). Total time sﬁent in
Area B during the test period.

Duration in area B, post-test (DBP). As above, but
during post-test period.

Duration in area C, test (DCT). Totalitimé spent in
Area C during the test period.

Duration in area C, post-test (DCP). As above, but-
during post-test period.

Number of borders croésed, test (NBCT). The number of
borders (between area outside of Area A and Area A and
between Areas A, B, and C) crossed during the test
period.

Number of borders crossed, post-test (NBCP). As above,

. but during the post-test period.

Latency to closest approach (LCA). Elapsed time (to

nearest 0.5 s) from the onset of the trial to the’

closest approach .to the speaker. The maximum value was

180 s, indicating no approach toward the speaker.
Latency to first song (LFS). Elapsed time from the

onset of the trial to the first song sung by the
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subject. The maximum value was 180 s, indicating that
no songs were sung. |

15) Latency to first approach (LFA). Elapsed time from the
onset of the trial to the first distinct movement
toward the speaker. The maximum value was 180 s,

indicating no approach toward the speaker.

My original intention in collecting data for the
pre-test period was to provide a baseline for all response
variables. Differences between baseline values and test
and post—teéf values for all variables would thus represent
the response to the stimulus. However, because all
experiments were performed during the late-nestling stage,
the behaviour of the subjects prior to playback was
invariab}y feeding the nestlings, i.e., all response
variables had values indicative of no response. Thus,
because absolute values represented "response”, there was
no need to use difference values.

Flights through Areas A, B, and C while the subjeét
was engaged in activities other than territorial response
during the trials, (e.g., collecting food for nestlings)

were not included in the measurement of response.
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3. RESULTS | .

The behaviour patterns used by Black-capped and
Mountain Chickadees in natural conspecific encounters
differed from those used during heterospeci%ic encounters.
All 53 conspecific encounters were characterized by
aggreésive behaviour (chasing/supplanting, countersinging)
by at least one of the participants (Table 3). 1In
contrast, only 27 percent (14 of 52) of the encounters
betweén the two‘species’were accompanied by any form of
aggressive behaviour. The hypothesis that the behaviour
pattern exhibited in chickadee encounters is independent of
the species involved is rejected (%*= 65.1, P < 0.001).
However, if the contingency table is subdivided (Zar 1974)
by removing the "Ignore" column, then the hypothesis of
independence of behaviour with respect to species can not
be rejected (&= 3.87, P > 0.10). This indicates that the
difference in the "ignoring" behaviour between con- and |
héterospecific encounters ﬁs the major contributor to the
significant difference in the contingency table.

A total of 43 playback experiments (21 to Black-capped
and 22 to Mountain Chickadees) were performed during 1983
and 1984. Of these, six experiments (four Black-capped,
two Mountain) were excluded from the résulté because of the

intervention of nondemonic intrusions (Hurlbert 1984). For



Table 3. The frequency of three types of nafurally—occurring encounters observed between

Black-capped (BCC) and Mountain (MTC) Chickadees. See METHODS for definitions of

encounter types.

Type of Encounter

Participants Chase/Supplant Countersing Ignore Total ’
BCC-BCC 13 20 0 33
MTC-MTC 11 - 9 0 20
BCC-MTC 3 11 52

38

88
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~example, in 1983 one experiment for each species was
excluded because of a large increase in wind velocity
between treatments. In addition, one experiment performed
on a Black-capped Chickadee in 1983 was excluded because a
neighboring territory-holder was attracted to the area and \
interacted with the subject, thus potentially confounding
the resulfs. |

Onservatﬁons made during the playback experiments
suggested that there was no bias introduced to the results
by the order of the playback presentation sequence. This
was confirmed by examining the results of each species
1ndependently to see whether significant differences
existed between response variables when treatment order was
varied (e.g., comparing, within a species, the response to
conspecific song-playback using a con—/heterespecific order
with the response to conspecific playback using a
hetero—/conspecific order). No significant difference
between the two orders of presentatien was found for any
variable for either species (two-sample, two-tailed t-test;
all P values > 0.107). Thus, experiments utilizing both
presentatien sequences were combined in all subsequent -
analyses.

In general,-results of song-playback experiments
paralleled those of natural .encounters. Black-capped

Chickadees showed significant differences to con- and
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heterospecific playback for 10 of the 15 response variables
(Table 4). The direction of the respoﬁse difference is
s1m11ar for all 10 varlables. That is, if response
"strength" is defined as the magnitude of the change from
baseline behaviour, then Black-capped Chickadees responded
more strongly to conspecific song than they did to
heterospecific song. For examplé, Blaék—capped Chickadees
sang more frequently (significantly larger values for STP
and SPTP), approached the speaker more closely (smaller
value for CHLOR), and moved more frequently (larger values
for NBCT and NBCP) during trials with conspecific song than
during_trials with heterospecific song.

Mountain Chickadees differed significantly in
responses to con- and heterospecific playback for nine of
the 15 response variables (Table 5). As for the
Black-capped Chickadee, for all variables for which
Mountain Chickadees exhibited differential response, they
reacted more strongly to the playback of conspecific song
than to heterospecific song. In addition, those response
variables which did not differ significantly between con-
and heterospecific trials with Mountain Chickadees were tﬂe
same variables that showed no differences in trials with
Black;capped Chiékadees, with a few exceptions. Mountain
Chickadees did not exhibit significantly different vocal

responses to the two treatments (no significant differences
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Table 4. Means and standard errors (S.E.) of response -
variables when con- and heterospecific songs were played
back to Black-capped Chickadees. N = 17 for all variables.

See METHODS for explanations of acronyms for variables.

Conspecific Heterospecific
Variable " _Playback .Playback

Mean S.E. Mean S.E. P valuel
STP 24.18 3,94 1.24 0.49 <0.001
SPTP 7.41  2.06 0.59 0.30 0.004
CLHOR (m)2 4.47 1.56 11.50 1.15 - 0.001
CLVER (m) 6.18 1.35 9,91  1.54 10.080
DAT (s) 18.65 4.94 20.61 9.18 - 0.852
DAP (s) . 31.07 11.87 23.27 11.37 0.638
DBT (s) . 42.48 10,70 4,34 2.52 0.003
DBP (s) 14,41  4.56 1.27 1.01 0.012
DCT (s) 31.76 10.33 0.00 0.00 0.007
DCP (s) 32.23 18.67 0.00 0.00 0.103
NBCT 5.47 1.16 1.82 0.76 0.014
NBCP 2.65 0.70 0.71 0.24 0.016
LCA (s) . 126.81 13,10 139.98 15.21 0.517
LFS (s) 47.11 12.88 139.05 16.32 <0.001
LFA (s) 64.37 17.22 127.99 18.12 0.016

1. Two-tailed, two-sample t-test.
2. Units in parentheses
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Means and standard errors (S.E.) of response

variables when con- and heterospecific songs were played

back to Mountain Chickadees.

= 20 for all:variables.

See METHODS for explanations of acronyms for variables.

Conspecific Heterospecific
Variable Playback Playback

Mean S.E. Mean S.E. P valuel
STP 7.10 2.55 4.15 1.86 0.356
SPTP 9.45 2.29 4.45 2.13 0.118
CLHOR (m)?2 2,93 1.12 10.53  1.36 <0.001
CLVER (m) 3.83 1.02 10.85 - 1.20 <0.001
DAT (s) 22.57 5.79 16.13 5.61 0.429
DAP (s) 18.83  7.64 11.80  9.22 " 0.561
DBT (s) 44.49  9.87 12.94 7.15 0.014
DBP (s) 53.08 14.13 1.04 1.04 0.002
DCT (s) 43.10 8.78 - 1.98 1.13 <0.001
DCP (s) 35.00 12.06 0.37 0.37 0.010
NBCT 4.50 0.66 2.40 0.77 0.045
NBCP 2.35 0.49 0.45 0.36 0.004
LCA (s) 128.95  9.36 142.15 12.74 0.409
LFS (s) 118.85 15.97 152.90 11.33 0.091
LFA (s) 60.38 13.20 123.62 15.49 0.004

1., Two-tailed, two-sample t-test.

2. Units in parentheses.
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between treatments for STP, SPTP, and LFS). However, while
not significant, the same trend of response to conspecific
playback being stronger than that to heterospecific
playback was still present. Mountain Chickadees exhibited
significantly different responses for two variables (CLVER
and DCP) for which Black—cappeﬁ Chickadees did not.

Tﬁere are some interesting between-species comparisons
in the responses to the playbacks. There was no difference
in the mean values between Black-capped and Mountain
Chickadees for response to heterospecific playback for any
of the 15 variables (P > 0.05 for all variables, two-tailed
two-sample t—£est). However, there are significant
differences in the mean values between the species in three
of the variables used to meaSufe the response to
conspecific song (two-tailed, two—sample t-test, P < 0.05).
Black-capped Chickadees sang more SOngs during the
experimental period (sTP), had a lower latency to the first,
song (LFS), and spent less time in Area B during the

post-test periods (DBP) than did Mountain Chickadees.
4, DISCUSSION

The differential behaviour exhibited by both species
towards con- versus heterospecifics in both natural and
simulated encounters clearly:indicates that the behaviours

used to defend territories against conspecifics are not



94

extended‘to heterospecifics. Given that there is a large
degree of territorial overlap between the species, this is .
hardly surprising. However, several other aspects bf the
results merit further discussion.

First, although conspecific encounters were
characterized by higher levels of agonistic behaviour,
thére was some interspecific-agonisfic behaviour. For
example, chasing/supplanting or countersinging occurred in
27 percent of the natural interspecific encounters, 1In
addition, weak but observable responses were given during
the playback of heterospecific songs. Why should
individuals réactrto heterospecifics at all? One reason
may be that cases of iﬁterspecific aggression are simply
- miséirected intraspecific aggression (i.e., cases of
mistaken identity). The similarity in the appearance énd‘
songs of the two. species make this an appealing argument.
However, because agonistic behaviour is costly (in
energetic terms), one would expect that individuals who
misdirect aggressive behaviour would be selected against.
This should be especially'true in chickadees, which are
small homeotherms on "tight" energy budgets both during‘the
winter (Chaplin 1974, Grossman and West 1977) and the
bréeding season (Odum 194la). One situation in which such
interspecific agonistic aggression might reasonably be

explained as misdirected intraspecific aggression is in
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areas where the species have recently become sympatric. In
'éuch cases, it may be argued that there has been
insufficient. time for the development of the ability to
distinguish between conspecifics and heterospecifics which
are behaviourally and/or physically similar. However,
because Black-capped and Mountain Chickadees have been
sympatric in the Sheep River vicinity for at least several
decadeé (b. A. Boag, pers. comm.), and probably much
longer, the argument of inéofficient time to dévelop
probably does not apply in this case.

Minock (197la) performed song-playback experiments
with Black-capped and Mountain Chickadees in an area where
they had been sympatric for only two years. 1In a total of
203 experiments, Minock observed interspecific response
(defined as vocalizations given in résponse to
song—playback or arrival by a male.to the area of the
speaker) only .seven times. Although differences in the
methodologies of the playback experiments between the two
studies make comparisons difficult, it appears that
interspecific responses are stronger and/or more frequent
in my study area than in Minock's. This is consistent with
my suggestion that interspecific agonism in my population
is probably not misdirected intraspecific behaviour.

An alternative explanation for the interspecific

aggression is that the agonistic behaviour directed towards
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heterspecifics is adaptive and functions to réducé
competition. The finding that heterospecific agonism is
weaker than conspecific agbnism may indicate that
interspecific competition is weaker than intraspecific
competition in Black-capped and Mountain Chickadees.
Because territories may contain several different resources
for which competition could occur, "weaker" competition
could imply that the two species are competing for fewer
resources or that each resource is less strongly competed
for, or both, Two lines of evidence suggest that
competition for one resource (nest-sites) may be
responsible for the heterospecific agonism. First,
although I commonly observed heterospecifics within the
territory of a known individual, I rarely'observed them
close (within abproximately 30 m) to the nest of another
chickadee. Second, the nest-owners often exhibited
aggressive behaviour when a heterospecific approached its
nest. Six of 14 natural interspecific encounters, and all
which involved chasing/supplanting, occurred cloée to
nests.

The results of the playback experiments are also
consistent with the suggestion that nest-site competition
is }esponsible for interspecific aggression between
Black-capped and Mountain Chickadees. All playback

experiments were performed 15 m from the nesting cavity. -



97

In most experiments, territory owners responded (albeit
weakly) to heterospecific playback. The finding that the
response to heterospecific playback was weaker than téA
cqnspecific playback may indicate that there is only
partial overlap (and thus a reduced level of competition)
petween the two species in nest-site requirements. A
complete verification of this idea would fequife a detailed
analysis of the nest-site requirements of both species (see
Chapter 6), a demonstration of nest-site limitation, and
stronger evidénce of site-specific aggression (e.g.,
systematic variation of the location of playback
experimeﬁts). Unfortunately, these latter two steps were
beyond fﬁe scope of this study.r

A second aspect of the results which merits further
discussion concerns why differential respohse to treatments
was indicated by some variablés but not others. I believe
. that several variables which did not indicate differential
response are relatiQely poor indicators of response
intensity. For example, mean values for the latency to
closest approach (LCA) did not differ significantly between
treatﬁents for either species. However, because the
closest horizontal approach (CLHOR) was much smaller for
conspecific playback for both species, LCA measured fhe
time to approach to different distances in the two

treatments. Thus, comparisons of LCA between treatments
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are of questionable vaiue.

The variables measuring duration of time in thé
outermost distance "ring", duration in Area A'dﬁring tﬂe
tést—period (DAT) and duration in Area A during the
post-test period (papr), als? showed no sighifidant
difference between treatments for either species. These
two variables, however, are the ones which measure the
weakest response of all the distance variables. Moreover,
similar values may be produced by very different overall
responses by the subject. For example, a low but equél
value to both treatments could mean that the sﬁbject was
responding iﬁ a similar manner. However, it is also
possible that similarity in the valuesrto these variables
could be produced by a strong overall re§ponse to one
treatment (such as spending very littie time in Area A
briof to moving in closer) and by a weak overall }esponse
té the other treatment (such as spending a small amount of ,
time in Area A prior to flyiﬁg off).

Two other variables, closest vertical approach (CLVER)
and duration in Area C duringfthe post-test period (DCP),
exhibited significant differences between treatments for
Mountain Chickadees but not for Black-capped Chickadees.-
However, the difference between treatments approached
significancerfor both variables for Biack—capped Chickadees

(P values of approximately 0.10). The reason that the
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large difference iﬁ means for DCP to the two treatments was
not significant was the high variance in the response to
playback of conspecific song. | |

The most interesting differences between species in
response to playback of con- and heterospecific song lies
with the three variables used to measure song, (songs in
the test period (STP), sbngs &n the post—teét period
(SPTP), and the latency to first song (LFS)). The mean
values for these variables are significantly different
between treatments for Black-capped Chickadees but not for
Mountain Chickadees. The difference between the species
seems to be in the response to conspecific playback.
Black-capped Chickadeeé sang more songs and had a far lower
- latency to first song in response to conspecific songs than
did Mountain Chickadees. Why do Black—capped_Chickadees
show different vocal résponses to con- and heterospecific
playback while Mountain Chickadees show similar vocal
responses? If there had been no difference in response
between treatments in Mountain Chickadees for anf résponse
variable then there could be several possible explanations.‘
.For example, the simplest explanation would be that the
Mountain Chickadee playback tape was of poor quality and
therefore Mountain Chickadees did not recognize it as
conspecific song. A second explanation could be that the
wrong Mountain Chickadee song was chosen to be

il
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representative of territorial song (recall that Mountain
Chickadees have several song-types) .

Howéver, Mountain Chickadees exhibited siﬁilar
responses to both treatments for only those variables
measuring vocal response. Their other response variables
showed differences between con- and heterospecific playback
similar to the the differences exhibited by Black-capped
Chickadees. It is possible that with an enlarged
repertoire of songs the communicaﬁive "function” of song in
Mountain Chickadees has expanded beyond that of the
Black-capped Chickadee. As the number of functions served
by singing has increased it is possiblg that the role of
song in simple territory defense has decreased. Much more
research into the nature of .the variation of the song of
Mountain Chickadees, the ‘'significance of this variation,
and the role of the various songs in territory defense is

needed.
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CHAPTER FIVE

HABITAT RELATIONS

1. INTRODUCTION

Gochfield's (1979) third'requirement for the
documentation of IST is that the non-overlap of territories
of the species in question is not determined by
differential habitat selection on a habitat mosaic. This
criterion is necessary because differential habitat
selection alone could produce largely non- overlapping
terrltorles if the patches preferred by one spec1es were
interspersed among patches of the habitat preferred by the
other. Complete non-overlap could be produced by
differential habitat selection if the size of the patches
of habitat éreferred by each species was equal to or
greater than size of the territories. Because cases of
territorial non-overlap produced in this way may reflect
pre—exﬁsting preferences in habitat choice, they may have
different ecological or evolutionary consequences than
cases of IST produced through direct interspecific
interaction. Thus, it is important to separate them from
legitimateﬂexamples of IST.

The first step in determining why non-overlapping
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territories are found between two species is to make
detailed descriptions of the habitats of the territories.
If the habitats do not differ between the two species, then
it is likely that the observed territorial non-overlap is
the result of interspecific’interactioﬁ. 1f the habitats
of the territories do differ between the species, then
further tests are needed to determine whether choice or
interspecific interaction (e.g., the subordinate species
beingtrestricted to less preferred habitat by the dominant
species) is responsible for the differential‘habitat use.
One such test is to remove one of the species and see
whether the other will expand into the vacated area (e.g.,
Reed 1982, Garcia 1983).

Habitat selection may have both ecological and
evolutionary significance (Thorpe 1945). To ensure that
descfiptions of animals' habitats are biologically relevant
we must measure features which are used by the animal
itself when selecting a habitat. Svardson proposed that
birds have a habitat recognition mechanism which utilizes
numerous variables, possibly even social ones, and that a
settling reaction is released "...when the summation of
stimuli has reached a certain threshold...” (Svirdson

1949:165). James (1971) used the term‘niche—qestalt to

describe those aspects of the ecological niche that a bird

uses in habitat selection. Both the niche-gestalt idea and
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$v5rdson's (1949) "habitat recognition mechanism" assume
that a predictable relat}onship exists between the
occurrence of a bird and its characteristic vegetational
requirements. In addition, both assume that numerous
features or variables are used by the bird when selecting
their habitat. One difference between the views is thét
Svardson explicitly recognized the importance of social
variables while James did not.

In keeping with the multiple-variable nature of
habitat selection, James (1971) introduced a technique for
describing habitats which uses multivariate statistical
analysis. Dafa are collected for a number of variables in
circular plots of fixed diameter which are centered around
singing birds. The variables emphasize the major
structural features of the habitat (e.g., tree density,
percent ground cover) and little attention is paid to the
details of microhabitat structure (e.g., species
composition of ground cover). Principle component analysis
or discriminant function analysis are then used to analyze
the data. This technique has been used extensively (e.g.,
Raitt and Hérdy 1976, Gates and Gysel 1978, Landres and
MacMahon 1980, MacKenzie et al. 1982, Saether 19835).

Johnston (1979) examined the robustness of James'
(1971) technique to variation in sampling effort and to

between-year differences in a climatic variable
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(precipitation). johnston concluded that the technique is
robust and not 1ikely to generate different data sets when
subject to these types of seasonal and experimental
variation. Gotfryd and Hansell (1985) examined the effect
of observer bias on James (1971) technique. They found
that four observers differed significantly in their
measurements on 18 of 20 vegatation variables. They
strongly recommended that only one observer should be used
to collect data and that use of the technique should be |
limited to situations where actual accuracy is less
important than are relative differences between
vgituations” (e.g., between species, study areas, etc.).
Because of the influenaa of observer bias on the technique,
it should not be used to compare avian habitats between
stuéies;

When the goal of habitat description is to determine
whether differences exist between the habitats of two (or
more) ‘species, the data are often analyzed using
discriminant function analysis (or DFA). DFA is a
multivariate approach to pattern recognition and
interpretation (Williams 1983). The mathematical goal of
_DFA is to weight and linearly combinera group of variables
(the discriminating variables), which have been measured on
two or more groups, in such a way as to ensure that the

groups are as statistically distinct as possible (Klecka
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1975). Mathematically, DFA consists of searching for the
one orientation in multivariaté space along which the two
(or more5 clusters of variable measurements have the
greatest separation while simultaneously having the least
inflation (Davis 1973). ‘

DFA may be divided into two categories, classification
énd interpretation (Tabachnick and Fidell 1383, Williams
1983). 1In classification the goal is to produce a decision
rule (a classification function) which can be used to
predict the group to which an observation belongs. In
classification the meaning and number of discriminapt
functions is irrelevant (Tabachnick and Fidell 1983).

" Interpretation involveé finding a discriminant function
which optimally separates the groups and interpreting the
discriminant space in terms of the variables contributing
most heavily to the separation. 1In practice,
classification and interpretation are often performed
together, with the rate of correct classification being
used as a measure of the success with which the
discfiminant function has separated the groups.

Numerous practical issues confront an‘ecologist
wishing to use DFA to determine whether the habitats of two
or more species differ from each other. First; the
statistical assumptians of DFA must be addressed.

Unfortunately, there is disagreement among statisticians



106

regarding both (1) what the assumptions aré.and (2) what
the effects of violations of the assumptions are. For
example, Davis (1973), Klecka (1975), Pimentel (1979),
Tabachnick and Fidell (1983), and Williams (1983)
explicitly state the assumptions of DFA, but their lists
differ in at least one assumption. The only assumption of
DFA which all of the above authors agree upon is that there
should be equality of dispersions (i.e., the
variance-covariance matrices of the pre-identified groups
should be equal). However, there is considerable
disagreémént over the consequences of violation of this
assumption., Williams (1983) calls this a critical
assumption of DFA and states that the violation of it (or
any assumption on his list) reduces DFA to a |
data-exploration procedure. Davis (1973) states that
limited departure from equalitf of dispersion does not
seriously affect the function(s). ‘Lachenbruch (1975)
similarly concluded that discriminant functions are not
seriously affected if the dispersions are not too
different, but did not define what "too different" meant.
Klecka (1975) writes that DFA is robust to inequality of
dispersions and that "...the chief consequence of differing
is that cases are more likely to be classified into the
group with the greatest overall dispersion..." (Klécka

' 1975:446).
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Two other assumptions of DFA are that all variables
should be normally distributed within each group and that.
the prior probabilities of group membership should be |
identifiable. Williams (1983) notes that ecological data
rafely fulfill these assumptions. He further states that
ecological data often violate several of the assumptions of
DFA simultaneously. Virtually nothing is known of the
effects ofrmultiple violations on the discriminant
functions. Thus, Williams argues, any patterns indicated
by DFA should be considered suggestive and not :
confirmatory. Fortunately, the classification aspect of
_DFA provides a test of the success of the procedure and
because "...meaningful classification makes greater demands
on the variables than statistical inference does..."
(Tabachnick and Fidell 1983:299), most of  the statistical
requirements of DFA»may'be relaxed. For example, worryiﬁg
about the shape of a distribution makes little sense when
you achieve a high degree of correct classification
(Tabachnick and Fidell 1983). |

Another issue confronting ecologists concerns the
selection of the variables to measure. To have biological
significance, differences between habitats must be
associated with variables important to the species in
question. Both Holmes (1981) and Noon (1981) suggest that

attention should be focussed on the behéviour of the
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‘animals themselves. Pilot studies examining how the birds
use the habitat are suggested. The influence of
seasonality should also be considered. The time of year
(1) in which the variables are measured and (2) in which
the birds select their habitat can influence the results of
a habitat analysis (Whitmore 1981).

The type of data which’can be‘collected for each
variable must also be considered. Classically, DFA
requires that the dependent variables be continuous
(ordinal, interval, or ratio level) but, in practice, a
mixture of continuous and discrete (nominal) variables may
be used as léng as some of the variables are continuous
(Kleinbaum and Kupper 1978). In geheral, data
transformations offer little advantége when performing
DFAs. One exception is tﬁét data consisting of proportions
(or percentages) should be transformed (Johnson 198la).

The sample size required for DFA must also be |
addressed. As with the assumptions of DFA there is no
consensus as to the minimum sample‘size required. Johnson
(1981b) suggested that a good rule of thumb is to begin
with a minimum of 20 observations and add three to five
more observations for each variable in the analyéis.

_ Morrison's (1984a) finding that stable discriminant
functions were produced with 35 observations is consistent

with Johnson's suggestion. However, ecological studies
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often report the results of DFAs based on much smaller
sample sizes. For example,.Smith (1977) performed a DFA
with a sample size of eight (in the smallest group) .
Kroodsma (1984) performed a DFA on a sample of four.
Clearly, a sample size of four is dangerously small, and
any conclusions based on the aﬁalysis should be viewed with
caution. One firm rule is thét the sample size of the
smallest group should exceed the number of predictor
variables (Rice 1978a, Tabachnick and Fidell 1983, Williams
1983). |

Interpretation of the results of a DFA is not
necessarily straight—forwafd. When trying to interpret the
discriminant space in terms of the variables contributing
- most heavily to the separation, many authors use the
magnitude of the discriminant function coefficients as an
indication of the importance of the corresponding variable.
However, because the coefficients are "partial" in the same
sense as regression coefficients are (they reflect an
association after the influence of all other variables has
been removed), it is inappropriate to assess the importance
of the variables by the sizes of their coefficients
(Williams 1983). 1In addition, the coefficients can be
highly unstable (Raphael 1981). The correlation between
each variable and the discriminant functibns(s) moré

accurately reflect the importance of the variables (Raphael
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1981, Tabachnick and Fidell, Williams 1983). Comrey (1973)
suggested that in interpreting these correlations, or
loadings; the descriptors "excellent", "very good", "good",
"fair", and "poor" be used for loadings of 0.71, 0.63,
0.55; 0.45, and 0.32, respectively. Tabachnick and Fidell
(l983),su§gest that the proqedure for,interpreting
discriminant functions is to collect variablesxwith
loadings in excess of 0.3 and search for a coﬁcept that
unifies them,rwith greater attention given to variables
with higher loadings.

The rate of correct classification by the discriminant
function is commonly used as a measure of the success with
which the function has separated the groups. In many
studies the cases used in the classification are the same
as those which the function was based upon. This can
produce an inflation in the rate of correct classification
(Morrison 1969). One way to mitigate this bias is to
assess discrimination success by examining the
classification rate of an independent set of cases (a set
not used in producing the function). Because the number of
cases available is often limited this procedure is often
impractical. Another solution is to use a "jack-knifed
classification" where each case is classifiedfby eduations
developed from all of the data except the éase being

classified (Tabachnick and Fidell 1983). A drawback to
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‘this procedure is that jack-knifing requires an enormous
amount of computer time.

Another problem associated with using the
classification rate as a measure of the success of
dicrimination is that the effectiveness of the
classification over simple chance is rarely assessed
(Morrison 1969). Eveﬁ whén the‘gr00ps to be discriminated
are equal in size chance alone ‘could produce a
classification rate in excess of 50 percent (Titus et
al. 1984). As the sample sizes become increasingly unequal
the probability of correét classification by chance
increases. Titus et al. (1984) suggest the use of a
statistic (Cohen's Kappa) which evaluates both how much.
better than chance a classification is and whethef the
improvemént over chance is significant.

Much of the previous work on chickadee breeding
habitat has been qualitative. For example, Dixon (1961)
discussed habitat distribution and niche relationships in
North American species of Parus, but his data basé was
largely anecdotal. A few quantitative studies have been
made on the breeding habitat of the Black-capped Chickadee,
using both univariate (e.g, Brewer 1963) or multivariate
(e.g., Sturman 1968Db) approaches. In general, these
studies have indicated that Black-capped Chickadees are

usually associated with forests dominated by deciduous
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trees. To the best of my knowledge, no quantitative
studies of the breeding habitat of the Mountain Chickadee
have been published. Anecdotal references to the breeding
habitat used by Mountain Chickadees usually note an
association with coniferous forest (Dixon 1961, Minock
1971a). I‘attempted to analyze quantitatively the breeding
habitat of Black-capped and Mountain Chickadees. In the
remainder of this chapter 1 déscribe the habitat sampling
techniques and analysis which I used in trying to

understand the habitat relations of the two species.
2. METHODS
A. Data Collection

Habitat data were collected from fiverrandomly;chosen
circular plots per terrltory using a modified version of
the method of James and Shugart (1970) and James (1971)., I
made all habitat measurements myself, and used a second |
_person only to record data. Each plot was 11.0 m in
diameter, with an area of approximately 0.0l ha.

The variables used emphasized major structural
features of the habitat. Preliminary observations in 1982
showed that chickadees forage primarily in trees.
Therefore, I emphasized variables pertaining to tree

abundance and composition. All trees (defined as
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_vegetation with a diameter of main stem at breast height
(DBH) of 8.0 cm or greater) within each plot were
categorized by species and size class (in 8.0 cm
increments). In addition the condition of each tree
(living or dead) was noted. Estimates of canopy and grdund
cover weré made on two transects of the ﬁlot which
intergected at a 90 angle. Along the transects data were
collected by taking 10 plus or minus readings (five per
transect) for the presence or abéence of green vegetation
sighted through a sighting tube of 3.0 cm diameter held at
armslength. To estimate shrub density, two armslength
transects, tégether totalling approximately 0.005 ha, were
made across the plot and the number of stems that were less
than 8.0 cm DBH were recordgd. A clinometer was used fo
measure the average height of the canopy. In total 110
plots (70 Black-capped, 40 Mountain) from 22 territories.
(14 Black-capped, 8 Mountain) were sampled over the summers,
of 1983 and 1984. |

This sampling technigue initially produced data for 33
variables. However, several modifications had to be made
to the data prior to analysis. First, the number of
variables pertaining to tree composition had to be reduced.
This was because with so many combinations of species and
size clésses (five species categories and five size classes

were necessary for description) most cells in the resulting
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datarmatrix were empty. The cells were empty because most
plots contained only one or two tree species, each of
relatively uniform size. DFAs can not be performed when
‘fhere is such a large number of empty cells. Therefore, I
reduced the number of tree variébles by cbmbining classes.
In'ailwsubsequent analyses only four classes of trees were
used: small deciduous, large deciduous, small coniferous,
and large coniferous (for definitions of "large" and
"small" see the variAble list on p. 115). I believe that
the categories'of coniferous and deciduous have greater
biological relevance than the.tree species composition
because each species of chickadee has a geograéhic
distribution which spaﬁs the range of several tree species
. put is largely included in only one of the more inclusive
categories (deciduous for Black-capped Chickadees,
coniferous for Mountain Chickadees). In addition, the
original size categories had no biological signifiéance and
were chosen only for consistency with earlier studies. I
recognize that the reduction of the number of vériables
reduces the "resolving power" of the subsequent statistical
techniques to .perceive differences between the habitats
occupied by Black-capped and Mountain Chickadees.

Second, because five plots were sampled in each
territory, the déta for each plot can not'be considered an

independent case. Thus, I averaged the data for all plots
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within a territdry to produce a single independent case for
each territory. Thesg averaged values Qere used for all
subsequeﬁt statistical analyses, with one exception (see
below). The use of multiple plots per territory allowed
the extraction of four additional variables. - Thesé
variables (the proportion of plots per territory with zero,
one, two, or three tree spééies) give a rough measure of
the tree species diversity within each territory.

Third, because percentages or proportioﬁs form a 
binomial, rather than a normal, distribution (Zar 1974),
all such variables were arcsine transformed.’

The following is a complete listing of all variables
used in the subsequent statistical analyses. The means
described are for the five plots sampledrwithin a single

territory.

1) Small dec1duous trees (SMADEC). Mean number of

deciduous trees per plot w1th a DBH of 8.1 to 24.0 cm.

2) Large deciduous trees (LARDEC). As above;'but with a

DBH of greater than 24.0 cm.

3) Small coniferous trees (SMACON). Mean number of

coniferous trees per plot with a DBH of 8.1 to 24.0 cm.

4) Large coniferous trees (LARCON). As above, but with.a

DBH of.greater than 24.0 cm.



5)

6)

7)

8)

9)

10)

11)

12)

13)
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Total number of trees (TOTTREE). Mean total number of

trees per plot.

Number of dead trees (NUMDEAD). Mean number of dead

trees per plot. ~

Percent of trees dead (PERCDEAD). ' The mean peréentage

of trees that are dead per plot.

Canopy height (CANHT). Mean canopy height per plot,

measured to the nearest O.Sm;

Canopy cover (CANCOV). Mean percentage canopy cover

_for all plots within a territory.

Ground cover (GRCOV). Mean pefcentage ground cover for

all plots within a territory. ‘ T

Shrub density (SHRUB). Mean number of shrubs along two

armslength transects per plot.

proportion with 0 (zero) tree species (PROPO) .
Proportion of plots per territory with zero tree

species.

Proportion with 1 tree species (PROP1). As above, but

with one tree species.
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.14) Proportion with 2 tree species (PROP2). As above, but

with two tree species.

15) Proportion with 3 tree species (PROP3). As above, but

with three tree species.
B. Data Analysis

Two major analyses were performed. Ffrst,‘univariate
tests (two-sample t-tests) were performed to determine
whether mean values for any single habitat variable
differed between territories of the two species.

Second, DFAs were performed using the "Discriminant"
procedure of the Statistical Package for the Social
Sciences (SPSS), version 7-9 (Hull and Nie 1981). Two
different DFAs were pefformed. In the first only one case
per territory was used and thus 14 Black—capped and 8
Mountain Chickaéee cases were analyzed. The goal of fhis
analysis was simply to search for consistent differences in
the habitats occupied by the two species. I will refer to
this analysis as the habitat DFA.

fhe second type of DFA was performed to determine
whether the utilized habitat of the two species differed.
Because each territory appeared to contain patches of
different habitat types, it is possible that species with

different habitat requirements could fulfill their
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_particular requirements in territories with similar overall
" habitats. 1In other words, differential usage of the same
habitat mosaic within a territory could permit species with
different habitat requirements to co-occupy a single
territory. Clearly, the habitat DFA described above would
only give information on the overall habitat structure and
no information on the structure of the utilized habitat.
Therefore, I developed a technique to evaluate whether
the habitat actually used by the two species differs. The
technique involves weighting each plot within a territory
according to the relative amount of time an individual bird
spent at the plot. I chose a weighting scale of one to
five, with one representing the least amount of use and
fi&efthe greatest amount of use. Because each territory
had five plots and each plot received a value of between
one and five, the total weighting of each territory was 15.
Weighting values for each plot wefe determined using the .
utilization distributions described in Chapter 3. For each
territory:a map showing the location of the habitat
sampling points was overlain with a UD fpr that territory.
The sampling plot which occurred within the Eontour
indicating the highest probability of use was assigned a
weight of 5, the plot occurring in the next highest contour
region was assigned a weight of 4, and so on. When two

plots occurred on or between the same contours they were
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awarded equal Weightings, the value of which was the mean
for the two rankings in question. For exémple, if'two
plots occurred within the highest probabil%ty region each
would receive a weight of 4.5 (i.e., (5+4)/2);

Subsequently a DFA was run on the weighted data. SPSS
permits the weighting of cases and treats the importance of
each case in a way directly ﬁroportional to the Qeighfing.
For examplé, a case with a yeigh; of five is treated as
being five times as important as a case with a weight of
one. In using this technique I abandoned the one
territory/one observation Ease protocol established earlier
" and thus vioiated the assumption that each data point is
independent. I recognize this violation and thus consider
this aspect of the analysis as exploratory rather than
confirmatory. I will refer to this analysis as the
utilized habitat DFA. |

In both the habitat and utilized hébitat DFAs the
equality of group variance—covariaﬁce matrices were
evaluated using Box's M, the multivariate equivalent of
Bartlett's test for the homogeneity of variances (Pimentel
1979). Because the smallest group in the habitat DFA had
observations from only eight territories (the sample size
of the smallest group was eight), only seven variables
could be used in this DFA. Although the number of samples

in the utilized habitat DFA was larger (40 in the smallest .
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and thus I limited the number of variables used in this
analysis to seven as well. In each analysis the final list
of seven variables was chosen using a combination of two
procedufes. First, I used stepwise analyses to determine
the first seven variables chosen to enter each analysis.
The variables are selected for entréwon the basis of their
discriminatory power (Klecka 1975). However, because the
order of entry in a stepwise DFA can be determined by
trivial sample differences in relationships that do not
reflect population differences (Tabachnick and Fidell
1983), I did not accept the order of entry of the variables
as necessarily reflecting their power to discriminate.
Next, I ran direct DFAs with numerous different
combinations of variables to look for the optimal
combination of 7 variables (as judged by the loadings of
the variables and the ability to cofrecily classify the
data). 1In both types of DFA the stepwise and direct
methods produced the same list of seven variables with the
greatest discriminatory power.

The "Discriminant" procedure on SPSS allows for
adjustment of the probability of group membership for
classification purposes. Normally, an adestment is made
when there is prior knowledge of a skewed population

distribution between the groups. Often the relative sample
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sizes of the groups is used to assess whether the
population distributions are skewed. Because my sample
distribution of cases suggested the possibiiity of
population differences between the two species, I elected
to run analyses with both equal and adjusted prior
probabilities.

The actual success of the DFAs vas evaluated using F
tests of the significance of the Mahalanobis distance
between groups (a test for the equality of multivariate .
means) and the overall correct classification rate after

correction for chance.
3. RESULTS .

Mean values of all habitat variables in Black-capped
Chickadeé_territories were very similar to those for plots
in Mountain Chickadee territories (Table 6). None of the
differences between the means for the two species were
significant (two-tailed, two-sample t-test, all P > 0.188,
Table 6).

in the habitat DFA no significant difference was found
between the variance- covariance matrices for the two
groups (P = 0.187) and thus the most widely-cited
assumption of DFA was satisfied. The discriminant function
which provided the greatest separation was not significant

(p = 0.6407). That is, the group centroids (multivariate
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Table 6. Means and standard deviations (S.D.) of habitat
variables measured in Black-capped (BCC) and Mountain
Chickadee (MTC) territories. N = 14 for BCC territories
and n = 8 for MTC territories. See METHODS for
explanations of acronyms for variables.

BCC Térritories MTC Territories
Variable Mean S.D. Mean S.D. P valuel
SMADEC 12.46 8.10 13.92 7.74 0.684
LARDEC 1.91 1.70 2.22 1.90 0.697
SMACON 3.53 5.50 4,65 6.88 0.679
LARCON 0.80 1.50 1.60 3.20 0.430
TOTTREE ~ 19.20 9.67 22.33 9.77 0.476
NUMDEAD 1.91 1.11 2.09 1.14 0.731
PERCDEAD (%)% 14.61.  3.53 15.04  4.08 0.833
CANHT (m) 12.61  4.07 - 13.13  3.37 0.764
CANCOV (%) 35,31 6.87 36.98  10.47 0.653
GRCOV (%) 51.83 9,13 52,83 13.66 0.839
SHRUB 17.67 9.85 12.58 4.84 0.188
PROPO (%) 29.03  14.44 20.93  23.61 0.327
PROP1 (%) ~  37.01 16.88 37.38  10.13 - 0.957
PROP2 (%)  24.50 14.40 27.88  14.34 0.602
PROP3 (%) 15.10 16.22 14.58  21.13 0.948

1., Two-tailed, two-sample t-test.
2. Units in parentheses.
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means) were not significantly different. 1In addition, the
overall correct classification rate of the original data
set using either equal or adjusted prior probabilities of

. group membership was only 63.6%, which is not significantly
better than chance (Kappa = 0.214, P > 0.175). Thus,’
diffefences in the habitats of the two species were not -
found when each variable was examined independently or when
the variables were combined.

In the utilized habitat DFA, as in the habitat DFA, no
significant difference was found between the
variance-covariance matrices of the two groups
(p = 0.0971). The discriminant function which provided the
greatest separation was significant (P = 0.0039). The
highest overall classification rate of the original data
éét was obtained using prior probabilities adjusted to the
proportion in the sample. The classification rate (65.9%)
was slightly better than in the habitat DFA, and was very,
close to being a significant improvement over chance
(Kappa = 0.109, 0.0582 < P < 0.0594). The variables which
had the greatest discriminatory power, according to the
magnitude of their correlation with the discriminant
function, were NUMDEAD, LARCON, and SHRUB (Table 7), with
each accounting for 30% or more of the variation in the
data. This indicates that Black-capped and Mountain

Chickadees used areas that differed in numbers of dead
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“Table 7. Correlations between the discriminant function -
and the optimal group of dis¢ériminating habitat variables
for the utilized habitat DFA. See METHODS for explanations
of acronyms for variables. |

- Variable : Corrélqtion
NUMDEAD | ‘ . ' _ 0.622
LARCON | - 0.595
SHRUB , - -0.561
TOTTREE ' | 0.465
NUMTRSP . , 0.413
LARDEC 7 | 0.400

CANCOV 0.355
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trees, the number of large conifers, and the number of
shrubs. The weighted means éf the variables for each
species givés an indication of the direction of the
differences. Mountain Chickadees used plots with more dead
trees (Mountain Chickadee weighted mean = 2.00,
Black-capped Chiékadee weighted mean = 1.28), more large
conifers (Mountain Chickadee weighted mean = 1.73,
Black-capped Chickadee weighted mean = 0.72), and fewer
shrubs (Mountain Cﬁickadee weighted mean = 1.40, -

Black-capped weighted mean = 1.92).
4, DISCUSSION

No differences were found between the habitats of the
breeding territories)of Black-capped and Moﬁﬁtain
Chickadees using either univariate or multivariate
statistical techniques. Because these results are based on
relatively small sample sizes they should be regarded with
caution. However, there are at least two §ther reasons for
accepting these results., First, because the classification
in the habitat DFA was performed on the original data set
there was likely an upward bias in the correct
classification rate (Morrison 1969). Even with this upward
bias the classification rate was not better than that which
could be produced by chance alone. Thus, a conclusion of

no difference between habitats of the two species which is
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based on the classification rate is conservative.

Second, because there was é high degree of
iﬁterspecific territorial overlap between Black-capped and
Mountain Chickadees much of the occuﬁied habitat is
identical. Every Mountain Chickadee territory overlapped a
Black-capped Chickadee territory to some degree (see
Figures 3 and 4 in Chapter 3), with some territorieé almost
totally contained within Black-capped Chickadee territories
(e.g., the two most westerly territories in Figure 4).
Thus, the finding that the habitats of the two species show
no interspecific differences is hardly surprising.

The utilized habitat DFA suggested that the two
species use the habitat differently. These results should
be considered tentative for a number of reasons. First, as
previoﬁsly mentioned, the data violated the assumption of
independence. Second, although more cases were used in the
analysis, effectively the sample size was no larger than in
the habitat DFA and thus was dangerously small. Third, thez
classification rate, which verged on a significant
improvement over chance, was also subject to the upward
bias aésociatéd with re-classification of original data
sets.

Finally, the weighting technique which I used is
subject to criticism. I chose to use a relative weighting

scale because this allowed each territory to have an equal
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overall effect on the analysis. However, in using the.
relative scale the difference in absolute use between plots
may have been exaggerated or diminished. ' For example, if e
plot which had the lowest ranking (one) within the
territory was on the 0.0005 contour and the plot wifh the
highest ranking (five) was on the 0.005 centour, then a
ten-fold difference in actual use would be redeced to a
five-fold difference. Another probleﬁ associated with the
technique is that it relies heavily on thé accuracy of the
contour piacement on' the UDs. These contours are produced
after the data has been "smoothed" and thus there is a
degree of error in the placement of the contours.

Herver, if the results of the utilized habitat DFA
are considered valid and suggestive of a real trend, then
the variables associated with difference in habitat use
become inferesting. Several authors (e.g., Dixon 1961,
Minock 1971a) have noted that Black-capped Chickadees
normally occur in deciduous forest and Mountain Chickadees
in coniferous'fofest. My results indicate that even when
the two species are found in similar habitats, Mountain |
Chickadees tend to use conifers, especially large conifers,
more than ﬁlack—capped Chickadees. Thus, the habitat
preferenees exhibited by the two species in chickadees in
allopatry seem to persist when they are in sympatry. The

greater occurrence of dead trees in areas used by Mountain
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_Chiékadees may reflect an active preference for dead trees
by Mountain Chickadees (or an active avoidance of dead
trees by Black—capped’Chickadees). Alternatively, there
may be a correlation between the presence of largelconifers
and dead trees. In this case, preference for an area
dominated by large conifers would result in theiuse'of an
area with a higher occurrence of dead trees (or vice
versa). I believe that because neither species commonly
uses shrubs (pers. obs.) the difference in abundance of -
shfubs»in areas used by the two chickadee species is
unimportant. The abundance of shrubs seemed to be
positively co}related to the abundance of deciduous trees.
Thus, increased use of areas with coniferous trees b§
Mountain Chickadees would dictate that they would be found
in areas of low shrub abundance.

~The relationship between habitat use.and foraging
behaviour is also interesting. Because the observations .
which producedrthe UDé were dominated by foraging behaviour
(80 - 85% of the observations were of foraging birds) the
variables contributing most heavily to the discriminant
function should,rélate to foraging differences between the
two species. Thus, wve éhould expect to find clear
differences in foraging behaviour of the two species, with
Mountain Chickadees foraging more.extensively in lérge

conifers and/or dead trees than Black-capped Chickadees.
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CHAPTER SIX

POTENTIAL FOR INTERSPECIFIC COMPETITION

1. INTRODUCTION

The occurrence of territorial behaviour, both within
. and among species, is generally believed to be related to
the presence of competition for one or more resources (for
reviews on the relationship between territoriality and
resource competition see Brown 1964, Schoener 1968, Brown
and Orians 1970, Wittenberger 1981). The rare occurrence
of IST relative to intraspecific tefritoriality is often
attributed to the fact that competition is generally weaker
among species than within species (Orians and Willson
1964). This iower level of competition among species may
be because competition for each resource is weaker or
because fewer resources are being competed for (e.g., no
competition for mates), or both. \
Among small passerinés there are sevefal resources for
which competition could occur, including food, nest-sites,
song perches, and roést-sites. However, neither song
perches nor roost-sites appear to be likely candidates for
competition within or between the species of chickadees

that I studied. While both Black-capped (Odum 1941b) and
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. Mountain Chickadees (pers. obs.) tend to sing more during
the perio@ in which they hold breeding territories than
during the resi of the year, neither Black-capped (Dixon
and Stefanski 1970) nor Mountain (pers. obs.) Chickadees
use special song perches. Instead, 'both species tend to
sing while travelling through their territories engaged in
other activities, such as foraging. Competition for
roost-sites during the breeding season also does not seem
likely. Females of both Black-capped (Odum 194la) and
Mountain (pers. obs.) Chickadees "roost" (incubate or
brood) in their nest holes during the breeding season and
their mates roost nearby. Thus, roost-site competition
during the breeding season is more properly viewed as
nest-site cémpetition. Competition for roost-sites during
the remainder of the year is possible, but it is not likely
that it would influence territorial behaviour during the
breeding season.

Nest-sites and food are resources for which
Black-capped and Mountain Chickadees may compete and which
could potentially influence territorial behaviour.
Competition for nest-sites is common in hole-nesting
species (Haartman 1957, Wittenberger 1981). Although
Black-capped Chickadees excavate their own cavities
(primary cavity nesters) and Mountain Chickadees use

pre-existing cavities (secondary cavity nesters) there is
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still potential competition for suitable trees. As
previously mentioned, food competition is common in the
genus Parus (Dixon 1961, Alatalo 1982, Alatalo et al. 1986)
and my preliminary observations have suggested that both
spgcies forage in similar ways and in similar places.

Resource competiﬁion per se is difficult to document
in a field setting (Connell 1983). It requires a
demonstration that two or more species overlap in their use
of a'résource and that the resource in question is in
limited supply. Demonstration of overlap in resource use
alone can be considered only as an indication of the
potential for resource competition. 1In this study I chose
to examiné the potential for competition for food and
nest-sites between Black-capped and Mountain Chickadees and
thus collected data on resource use only. |

Overlap in nest-site requifements between species is
often assessed using'an approach similar to James' (1971)‘
-technique of describiﬁg habitat (e.g., McCrimmon 1978,
MacKenzie and Sealy 1981, MacKenzie et-al. 1982). One
obvious modification to James' technique is that sampling
plots aré centered at nest-sites, rather than song perches.
Use of James' technique assumes that birds have a
;niche—gestalt" of their nesting habitat. The variables
chosen for inclusion in nest-site analyses using James'

technique are generally those believed to be important to
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the species in question. Many researchers (e.g., McCrimmon
1978, Collins 1981, MacKenzie and Sealy 1981) include
variables pertaining to the nest-site itself (e.g., DBH of
nest-bearing tree) and the surrounding habitat. Using DFA,
Raphael (1981) examined the relative importance of
nest-tree and nest-habitat variables and concluded tha£
although nest-tree variables are slightly better

- discriminators, both types of variables should be included
to characterize nest-sites adequately. After using James'
(1971) technique to collect nest-site data, most
researchers use multivariate techniques, usually DFA, to
analyze it.

The amount of dietary oveflap between species is often
assessed by measuring the behavioural aspects of resource
use. Data that are commonly collected include the foraging
station used (tree, ground, etc.), species of tree used,
and foraging heightr(e.g., Hartley 1953, Sturman 1968a,
James 1976, Rice 1978a, Craig 1984). Two advantages of
this indirect approach over'moée direct measures, such as
éut analyses, are that it is a simple and quick way to
collect data and that it does not harm the study
population. The implicit assumption of tﬁe indirect
approach is that differences in foraging behavibur reflect
differences in resource use and thus ﬁreclude competition

(e.g., Wiens 1969). While this assumption seems valid, the
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converse (that similarity in foraging behaviour reflects
similarity in resource use) is not necessarily justified.

Data on foraging behaviour are genera11y$collected
using one of two techniques, sequential observations or
single point observations (Morrison 1984b). When making
séquential observations an individual bird is followed for
as long as possible and data are continuously récorded for
a number of variables (e.g., Sturman 1968a, Hertz et
al. 1976, James 1976, Rice 1978a). The single point
observation technique uses only one sighting per
individual, which is normally the fjrst sighting of that
individual (e.g., Hartley 1953, Manolis 1977, Franzreb
1983). FEach technique has advantages and disadvantages.
Sequential observations reveal rare behaviours more
completely than do single point observations (Morrison
1984b) but broduce data which are not suitable for -
parametric statistical analysis because they violate the
assumption of independence of samples (Wiens 1983). Single
point observations avoid the problem of autocorrelation of
samples but are biased towards recording visible behaviours
occurring in conspicuous or open habitat settings (Wiens
1983). |

A third technique for collecting . foraging data
combines the advantages of single point and sequéntial

observations without violating the assumption of
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independence of samples. In this method (J. A. Wiens,
bers. comm,) data are céllected from a single individual
over a fixed time period (an "obervation chain") with
observations' being made at pre-determined intervals within
the observation chain. Successive observation chains on a
gi&en individual are separated by a pre-determined time
period. Later, average valueé (for continuous variables)
or proportions (for discrete or multi-state variables, such
as "foraging station") are caléulated for each observation
chain. Each chain is then represented by a single value
(for each variable) which is not seriousiy autocorrelated
with previous or subsequent observations. The total number
of observations within‘a chain, the interval between

. observations within a chain, and the interval betweén
successive chains depend on attribﬁtes of the species being
studied (e.g., conspicuousness, ease with which the birds
are followed, the generalvactivity level of the species,
etc.). To my knowledge, this data collection technique has
not been used in any study published to date.

Early studies of avian foraging behaviour (e.g., Smith
1967, Sturman 1968a, Hertz et al. 1976) used primarily
descriptive analysis procedures. More recent studies have
used either univariate or multivariate statistical
procedures, with multivariate techniques becoming

increasingly common (e.g., Rice 1978a, Barlow and
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McGillivray 1983). DFA is often used when the goal of the

study is to determine if there are between-species

differences in foraging behaviour.

There have been few quantitative studies of the

nest-site requirements of North American chickadees.

odum's (1941a) account of nest characteristics of

Black-capped Chickadees consisted largely of measurements

of the dimensions of cavities. To the best of my knowledge

there have been no quantitative studies published on the

nest-site

requirements of Mountain Chickadees. I chose to

compare nest-site requirements of Black-capped and Mountain

Chickadees using James' (1971) data collection technique

and DFA.

There have been several quantitative studies of the

foraging behaviour of Black-capped (e.g., Smith 1967,

Sturman 1968a) and Mountain Chickadees (e.g, Manolis 1977,

Franzreb 1983). However, none have compared the foraging

behaviour
sympatry.
using the
and DFA.

nest-site

and their

of the two species, either when in allopatry or

I compared foraging behaviour of the two species
observation chain techniqpe of data collection
The remainder of this chapter describes the
and foraging béhaviour analyses, their results,

implications, in detail.
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2. METHODS
A. Nest-site Utilization
i) Data Collection

Nest-site data were collected for both species from
circular plots centered on the nest tree. The diameter of
each plot was 18.0 m, with an area .of approximately 0.625
ha. The sampling~technidue used in each plot was a
modified version of the method of James (1971) and was very
similar to that used in describing'the-habitat of the
breeding territories (Chapter Five).

Data were collected for both nest-habitat and
nest—trée variables. As in the analysis 6f the habitats of
the breeding territpries, the data collected for the
nest—habitat analysis emphasized major structural features
of the habitat. Data on tree composition (species and size
classes), free condition (li?ing‘or dead), shrub density,
and canopy ﬁeight were collected in the same way as
described in Chapter Five. Estimates of ground and canopy
cover were also made as previously described except a total
of 20 sightings (10 per transect) were made instead of 10.
This was done to increase the accuracy of estimates of
ground and canopy cover.

Data were collected for five characteristics of the
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nest-tree itself (i.e., species, condition, DBH, and height
of the nest;tree, and height of the nest).

This sampling technique initially produced data for 38
variables from 115 nest-sites (54 Black-capped, 61
Mountain) over the summers of 1982 to 1984. However, three
modifications were made to the data prior to performing the
analyses. First, as in the habitat analysis, the number of
variables pertaining to tree compoéition of the plots'haa
to be reduced. Because the sample plots were larger than
in the habitat analysis, and contained é greater variety of
tree species and size classes, it was not nécessarf to
‘"collapsé" as many categories as in the habitat analysis.

I combiﬁéd all coniferous species (Lodgepole Pine, White
Spruce, Limber Pine) into the more inclusive categofy of
nconiferous" (all size categories were retained). In
addition, separate categories for Trembling Aspen and
Balsam Poplar trees with a DBH of 24 cm or greater could
not be retained and thus'the'separate species were combined
into the category of "deciduous” (again, the individual
size classes were retained). it was necessary to combine
only two size classes of trees. For both deciduous and
coniferous species the size classes of 32-40 cm DBH and
greater than 40 cm DBH were combined. After combiﬁing
categories, 10 species/size classes remained in the

analysis (see below).
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Second, I excluded several nests from the analysis
because they had been used in previous years. In each case
the second (or third) occupant of a nest was a Mountain
Chickadee. Unfortunately, almost all instances of nest
re-use involved unbanded birds in at least one of the years
and thus I was unsure whether a cavity was reused by the
same individuals that occupied it in a previoius year.
Because of this I could not judge whether each year's use
represented an independent sample. Therefore, nests which
were used by the same species in consecutive years were
included only once in the analysis.  This exclusion of
re—uéed nesfs reduced the sample of Mountain Chickadee
nests from 61 to 47. I also excluded four Black-capped
Chickadee nests from fhe analysis bécause they were located
in trees which had previously contained a Black-capped
Chickadee cavity. Again, I was unsure if either member of
any of the pairs had used the trees previously. This
exclusion of re-used trees reduced the sample of _
Black-capped Chickadee nests from 54 to 50. Nests which
were used by Black-capped Chickadees in one year and by
Mountain Chickadees in a following year were included in
the analysis twice (onqe as a Black-capped nest, once as a
Mountain nest).

Third, variables represeﬁted by percentages or

proportions were arcsine transformed.
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The following are the variables used in'subseduent

statistical analyses.

1) Aspen in size class 1 (ASP1l). Number of Trembling

Aspen trees per plot with a DBH of 8.1 to 16.0 cm DBH.

2) Poplar in size class 1 (POPl). As above, but for

Balsam Poplar trees.

3) Coniferous in size class 1 (CONl). As above, but for

all species of coniferous trees.

4) Aspen in size class 2 (ASP2). Number of Trembling

Aspen trees per plot with a DBH of 16.1 to 24.0 cm DBH.

5) Poplar in size class 2 (POP2). As above,'but for

Balsam Poplar trees.

6) Coniferous in size class 2 (CON2). As above, but for

all species of coniferous trees.

7) Deciduous in size class 3 (DEC3). Number of deciduous

trees per plot with a DBH of 24.1 cm to 32.0 cm.

8) Coniferous in size class 3 (CON3). As above, but for

all species of coniferous trees.
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10)

11)

12)

13)

14)

15)

16)

17)

18)
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Deciduous trees in size classes 4 and 5 (DEC45).
Number of deciduous trees per plot with a DBH of 32.1
cm or greater.

«

Coniferous trees in size;classes 4 and 5 (CON45). As

above, but for all species of coniferous trees.

Tdtal number of trees (TOTTREE). Total number of trees

of all species and sizes classes within each plot.

Number of tree species (NUMTRSP). Total number of

species of trees per plot.

N

Canopy height (CANHT). Height of the canoéy, measured

to the nearest 0.5 m.

Canopy cover -(CANCOV). Percent canopy cover per plot.
Ground cover (GRCOV). Percent canopy cover per plot.

Shrub density (SHRUB). Number of shrubs along two

armlength transects per plot.

Percent of trees dead (PERCDEAD). The percent of trees

that were dead per plot.

DBH of nest-tree (DBH). The DBH of the nest-tree,

measured to the nearest cm.
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19) Height of nest tree (HTNESTR). The height of the

nest-tree, measured to the nearest 0.5 m

20) Condition of nest-tree (COND). The condition of the

nest-tree (living or dead).

21) Species of nest tree (SPNESTR). The species of the

nest tree.

22) Height of nest (HTNEST). The height of the nest,

measured to the nearest 0.5 m.

ii) Data Analysis

All but one of the analyses (see below) were pé;formed
on combined data from 1982 and 1983. Two—sample’t—tests
were performed on the 22 individual variables for. each
species to test the null hypothesis of no difference.
between years. For nest-sites of both species, all
variables showed non-significant differences between years
V(P > 0.05). Thus, lumping of the samples was considered
justified. The data from 1984 was uéed as an independent
set for classification purposes. |

The "Discriminant" procedure of SPSS (Hull and Nie
1981) was used for all DFAs. In all cases direct DFAs were
performed. The equality of group variance-covariance

- matrices was evaluated using Box's M. If small but
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N

siénificant differences were fouﬁd between the dispersions,
DFAs were performed using the group covariance matrix of
the canonical discriminant function, not those of the
original variables. No DFAs were performed when large
significant differences were found between the group
variance-covariance matrices. All DFAs were performed with
an equal prior probability of group meﬁbership. The |
success of the discriminant function was evaluated using an
F-test of the significance of the Mahalanobis distance
between groups and the overall correct classification rate
of an independent sample after correction for chance.

Several DFAs were performed. The first DFA was run
with bofﬁ nest-tree and nest—habitat variables and data
from all three years. The purpose of this DFA was to
identify variables which had very low discriminatory power
and exclude them from further analyses. I arbitrarily
chose to exclude all variables from further analyses if
they had loadings (correlations with the discriminanf
function) of less than 0.20. A loading of 0.20 fof a
variable is far below that which Comrey (1973) interprets
as "poor". I will refer to this analysis as the
,variable—redﬁction DFA.

The next DFA was run with only those variables with a
loading of 0.20 or greater in the variable-reduction DFA

and only with data from 1982 and 1983. The purpose of this
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 DFA was to judge the overall difference between the
nest-trees and nest-habitats of the two species.

Two subsequent DFAs were performed to determine which
group of variables (nest-tree versus nest-habitat) had the
most discriminatory power. One of these analyses included
only nest-habitat variables which had loadings of 0.20 or
greater in the variable-reduction DFA. 1In the othef
analysis only nest-tree variables were included. Because
there were only five variables in this category, all weré
included in the analysis regardless of their loadings in

previous énalyses.
B. Comparative Foraging Behaviour
i) Data Collection

Most foraging data were collected while following
colour-banded males for the purpose of plotting
territories. A small number of observations were made
while following individuals for the purpose of locating
nest-cavities.

Foraging observations began five minutes after
encountering a foraging bird. This five-minute delay in
collecting data was.implemented to avoid biasingrthe
observations towards recording visible behaviours occurring

in ‘conspicuous or open habitat settings. Once an
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observation chain began data were recorded every 30 seconds
on a check sheet. Information collected included foraging
station (tree, shrub, or ground) used, tree species used,
tree part used (trunk, branch, twig, or leaf), foraging
stance used (erect or inverted), height of the bird, and
height of the tree. '

Each observation chain consisted of up to 10
consecutive observations (chains were discontinued if the
target individual was lost from sight). Successive
observation chains made on an individual were separated by
five minutes. |

In this manner 1248 observations (938 on Black-capped
Chickadees, 310 on Mouﬁtain Chickadees), spread over 157
chains (116 on Black-capped Chickadees, 41 on Mountain
ChickadeeS),‘were collected in the spring and summer of
1984, The avérage number of observations per chain was
similar for Black-capped and Mountaiﬁ Chickadees (8.09 and

7.56 observations per chain, respectively). The numbers of
'chains per individual were distributed similarly among 10
Black-capped and five Mountain Chickadees of known
identity. |

Again, several modifications were made to the data
prior to analysis. First, mean values were calculated for
each chain for the two continuous variables (height of

tree, height of bird). For the remaining variables (ali
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multi-state) I calculated the proportion of observations
per chain in each state. Thus, each chain was represented
by one value for each variable.

As in previous analyses, some categories had to be
combined prior to analysis. The various species of trees-
were combined into the more inclusive categories of
"deciduous” and "coniferous". I feel this was justified
because both chickadee spe;ies primarily used only one
species of tree from each of these categories.

One "state" of each multi-state variable was excluded
from the DFA. This was necessary for tﬁe calculation of
the discriminant functions (the aléorithm in "Discriﬁinantf
requires matrix inversion, which is not possible with
highly correlated variables). For two-state variables
(e.g., foraging stancé) the exclusion of one.sfate resulted
in no loss of information. In three- or four-state
variables (e.g., foraging station) I excluded the state
representing the rarest behaviour and thus minimized
informatioﬁ loss. |

All variables reported as proportions were arcsine
transformed (after making all of the above modifications).
The final list of variables used in the analysis was as

follows.
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2)

3)

4)

5)

6)

7)-

8)

- 9)
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Station 1 (S1). Proportion of observations per chain

that the subject was foraging in a tree.

Station 2 (S2). Proportion of observations per chain

that the subject was foraging in a shrub.

Deciduous tree (DEC). Proportion of observations per
chain that the subject was foraging in a deciduous

tree.

Tree part 1 (Pl). Proportion of observations per chain

that the subject was foraging on the trunk.

Tree part 2 (p2). Proportion of observations per chain
that the subject was foraging on a branch (defined as

any limb > 2.0 cm in diameter).

Tree part 3 (P3). Proportion of observations per chain
that the subject was foraging on a twig (defined as any

1imb < 2.0 cm in diameter).

Stance 1 (STNCl). Proportion of observations per chain

that the subject was foraging in an erect position.

Height of bird (HTBIRD). The mean height of the

foraging bird, estimated to the nearest meter.

Height of tree (HTTREE). The mean height of the tree

being utilized, estimated to the nearest meter.
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ii) Data Analysis

As in previous analyses, direct DFA was used and the
equality of dispersions was assessed using Box's M.
Because my sample distribution of observations was heavily
biased towards Black-capped Chickadees, I performed all
DFAs with the prior probabilities adjusted in proportion to
sample size. The success of the discriminant functions was
evaluated using F-tests of the significance of the
Mahalanobis distance between groups and the overall correct
classification rate of an independent sample after
correction for chance. Becauée I had data from only one
summer I was unable to use data from a different year as an
independent sample. Instead, I randomly selected and
removed 20% of the original data from the calculation of
the discriminant function. 1 then used the observations

that had been removed for classification purposes.
3. RESULTS
A. Overlap in Utilized Nest-sites

Means of several«nest—site variables differed
significantly between Black-capped and Mountain Chickadees
(Table 8). Eight of the 17 variables pertaining to the
nest-habitat exhibited significant between-species

differences. In general, Black—éapped Chickadee nest-sites
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Table 8. Means and standard deviafions (S.D.) of variables
used in measuring nest-site habitat for Black-capped (BCC)
ana Mounfain (MTC) Chickadees. N = 50 for BCC nest-sites
and n = 47 forEMTC nest-sites. See METHODS for

explanations of acronyms for variables.

: BCC Nest-sites MTC Nest-sites
"Variable Mean S.D. Mean S.D. P valuelr
ASP1 76.52 56.18 44.43 31,63 0.001
POP1 . 7.80 18.35 7.34  14.35 0.891
CON1 . 1.72 3.46 2.68 4.19 0.220
ASP2 25,12  17.43 16.96 12.19 0.009
POP2 1.72  4.11 2.38 7.31 0.580
CON?2 0.40 0.97 2.02 4.09  0.008
DEC3 , 4,22 4.19 9.23 7.15 <0.001
CON3 0.36 1.05 1.40 3.18 0.030
DEC45 0.78 1.56 3.06 3.60  <0.001
CON45 0.20 0.76 1.28 2.70 0.008
TOTTREE 118.82  57.20 90.68  36.95 0.005
. NUMTRSP 2.04 1.01 2.36 0.99 0.116
CANCOV (%)2 53.30 14.13 50.32 14.65 0.311
'GRCOV (%) 65.50 18.52 71.89 17.09 0.081
"CANHT (m) 12.89 2.97 13.49 2.81 0.076
SHRUB 44,60 36.31 45.70  33.67 0.877
PERCDEAD (%)  9.20 6.23 9.48 6.06  0.824
DBH (cm) 13.20  3.82 26.45 9.92 <0.001
HTNESTR (m) 4.57 2.67 10.28 4.82 <0.001
NESTHT (m)  3.70 2.07 4.82 2.73 0.024

1. Two-tailed, two-sample t-test.
2. Units in parentheses.
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were found in forests dominated by small deciduous trees
while Mountain Chickadee nest-sites were found in forests
with larger deciduous trees and more conifers. In
addition, the three nest-tree variables which could be
represented by mean values (DBH, HTNESTR, NESTHT) showed
significant differences between means of the two species.
Of the two remaining nest-tree variables, obvious
petween-species differences were found in COND (39 of 50
Black-capped Chickadee nests were in dead trees, 31 of 47
Mountain Chickadee nests were in live trees) but not in
SPNESTR (45 of 50 Black-capped Chickadee nests were in
Trembling Aspens, 45 of 47 Mountain Chickadee nests were in
Trembling Aspens).

All DFAs exhibited small but significant differences
in dispersions. Thus; the group covariance matrix of the
.canonical function was used in the classification of cases.
The discriminant funﬁtion of £he variable-reduction DFA was
highly significant (P < 0.001). The overall correct
classification rate of this DFA was 89.69%, which 1is
significantly better than the classification rate which
would bé expected bf chance alone (Kappa = 0.792;

P < 0.0001). However, because this classification rate is
for the the same observations from which the discriminant
function was derivgd, there is an upward bias in this rate.

Of the 22 variables entered into the analysis, only 10 had
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correlations (or loadings) of 0.20 or greatér with the
discriminant function (Table 9). The ?emaining 12
variables had extremely poor discriminatory power,
illustrated by the fact that the removal of these variables
in a trial DFA produced no change in the overall correct
classification rate. The variabies which contributed most
to the separation were the nest-tree variables DBH of
nest-tree (DBH), height of nest-tree (HTNESTR), and
condition of the nest-tree (COND). Thus, the
between-species diﬁferences contributing most to the
discriminant function pertained to the nest-tree, with
Mountain Chickadees tending to nest in trees which were
tailer éﬁd of larger diameter (Table 8) than those in which
Black-capped Chickadees nested. In addition, Mountain
Chickadees tended to uséd cavities located in live trees to
a gfeater extent than did Black-capped Chickadees.

The data used in the next DFA were from 1982 and 1983
and only for those variables with loadings of 0.20 or
greater in the previous analysis. Again the discriminant
function was significant (P < 0.0001). The overall correct
classification rate of an independent sample. (the 1984 data
set) was 83.87%, which is significantly better than that
which could be produced by chance alone (Rappa = 0.621,
0.0014 < P < 0;0015). The variables contributing most

heavily to the separation were the same nest-tree variables
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Table 9. Magnitudes of correlafions between the
discriminant fuhction.ahd the discriminating variables for
the variable—réauction DFA. Included are only those
variables with correlatiops of 0.20 or greater. See

METHODS for explanations of acronyms for variables.

Variable. o ' Correlation

DBH : _ 0.771

HTNESTR _ ( - 0.630

coo L -0.481

DEC3 | . 0.368

'DEC45 : : | 0.355

ASP1 ' ' -0.298

TOTTREE - -0.248

CON2 ’ | 0.236

CON45 - | ‘ _ - 0.235 .

ASP2 ' “ f - -0.230




152

as in the variable-reduction DFA (Table 10).

Removal of the nest-tree variables in the next DFA
produced only a small change in the results. The
discriminant function was still significant (P = 0.002), a;
was the ‘improvement of the overall correct classification -
rate of the 1984 data set (80.65%) over chance alone
(Kappa = 0.460, 0.0274 <P <d.0281). The loadings of all
the discriminating variables were fairly similar to each
other (Table 10), indicating a similar contribution by all
the variables to the separation of the groups. The means .
for the discriminating variables (Table 8) show that
Black-capped Chickadees used nest-sites which were
surrounded by more smail deciduous treeg& than were Mountain
Chickadee nest-sites. Mountain Chickadee used nest-sites
surrounded by more coniferous and large deciduous trees
than wefe Black-capped Chickadee nest-sites.

The final DFA was run with nest-tree variables only.
As in previous analyses, the discriminant function was
significant (P < 0.0001). The overall correct
classification rate of the 1984 data set (83.87%) was
significantly better than that expected by chance alone
(Kappa = 0.621, 0.0014 < P <0.0015). The variables which
contributed most heavily to the function were the same as
in the analysis with nest-habitat and nest—tree‘variablesz

combined (DBH, HTNESTR, and COND)(Table 10). Not
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153

discriminant functions and the discriminating variables for

analyses including a) both nest-habitat and nest-tree

variables, b) nest-habitat variables only, and c) nest-tree

variables only. See METHODS for explanations-of acronyms

for variables.

Nest-habitat and

Nest-habitat

Nest-tree

analysis by having very low correlation with the

‘discriminant fun;tion in the variable-reduction DFA.

Variable Nest-tree vars. variables. variables.
DBH ©0.640 N/al 0.767
HTNESTR 0.679 N/A 0.813
" COND -0.340 N/A -0.407
DEC3 0.318 0.527 N/A
DEC45 0.257 0.426 N/A
ASPl -0.335 -0.555 N/A
TOTTREE -0.268 -0.444 N/A
CON2 0.237 0.393 N/A
CON45 0.193 0.319 N/A
ASP2 -0.228 -0.377 N/A
NESTHT? - " N/A 0.303
SPNESTR? - N/A ~0.016
1. Not applicable.
2. Excluded in the combined nest-habitat and nest-tree
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surprisingly, SPNESTR contributed only very weakly to the
separation (both species nested almost exclusively in
Trembling Aspen).

Thus, nest-sites differ between the species primarily
in the size of trees used, with Mountain Chickadee nests
being associated with trees which were larger than those

associated with Black-capped Chickadee nests.
B. Overlap in Foraging Behaviour

Highly significant differences were found between the
means of Black-capped and Mountain Chickadees for each
foraging variable, with the exception of the proportion of
observations when the bird was erect (STNC1l)(Table 11).
~ The largest difference was in the proportion of
observations in deciduous trees (DEC). Black-capped
Chickadees foraged in deciduous species to a far greater
extent than did Mountain Chickadees (87% of the
observations vs. 30%). Black-capped Chickadees foraged
less in trees (S1) and more often in shrubs (S2) than did
Mountain Chickadees. Black-capped Chickadees also foraged
more often on the branéhes (P2) (and less often on the
trunk (P1) and twigs (P2)) than Mountain Chickadees.
Black-capped Chickadees foraged lower (HTBIRD) and in
shorter trees (HTTREE). than Mountain Chickadees.

Small but significant differences were found between



Table 11. Means and standard deviations (S.D.) of
variables used iﬁ measuring the foraging behaviour of
Black-capped (n = 116) and Mountain Chickadees (n = 47).

See METHODS for explanations of acronyms for variables.
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Black—caﬁped Mountain

Chickadees ' Chickadees
Variable - Mean S.D. Méan S.D. P valuel
s12 76.01 20.20 - 88.90  7.03 <0.001
s2 11.97 16.74 1.10 | 7.03 <0.001
DEC ' 86.75 8.46 36.08_ 34.07 <0.001
P1 N 6.16 13.61 0.00  0.00 0.004
P2 .33.86 21.64 22,70  17.82 0.004
P3 52.70  21.75 67.30 17.82 <0.001
STNCl" 81.45 15.15 78.17  16.41 0.245
HTBIRD (m) 4.30 2,13 7.44 - 3.00 <0.001
HTTREE (m) 7.34 2.46 10.55 2.55 <0.601

1. Two-tailed, two-sample t-test.
2. All variables represented as percéntages} unless

otherwise indicated.
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_ the dispersions of the two groups in the DFA and thus the
classification of cases was performed using the group
covariance matrix of the canonical discriminant function.
This analysis produced a highly significant discriminant
function‘(P < 0.0001). The overall correct classification
rate of an independent sample (the remaining 20% of the
foraging chains) was 94.44%, a highly significant
improvement over chancef(Kappa = 0.8753, P < 0.0001).
Three variables contributed fér more strongly to the
discriminant function than the remaining variables (Table
12). Black—;apped Chickadees tended.to use deciduous trees
(DEC) to a greater extent, to forage lover (HTBIRD), and

use shorter trees (HTTREE) than did Mountain Chickadees.
4, DISCUSSION

Between-species differences were found in both the
utilized nest-sites and foraging behaviour of Black-capped .
and Mountain Chickadees. The finding that Mountain
Chickadees tended to nest in trees which were both taller
and had larger diameters is probably related to their
requirement for pre-existing cavities. Often, Mountain
Chickadees nested in abandoned Yellow-bellied Sapsucker

(Sphyrapicus varius) nest cavities, which were invariably

jocated in large Trembling Aspen. By using these cavities

' Mountain Chickadees necessarily used trees of large
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Table 12. Correlations between the discriminant function
and the discriminating variables for the foraging DFA. See

METHODS for explanations of acronyms for variables.

Variable Correlation

DEC ‘ 0.769 .
HTBIRD . -0.436
HTTREE -0.410
S2 | S | 0.191
s1 ~0.189
Pl | 0.148
P3 | , 0.144
P2 0.096

STNC1 0.070
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diameter. In turn, the difference in nest-habitats between
the two chickadee species is probably related to the use by
Mountain Chickadees of large nest-trees. Thus, in using a
nest-tree with a large diameter, an individual necessarily
uses a nest-habitat which is also characterized by large
trees (mogt aspen stands in the area were of relatively
uniform age and size).

Despite the differences in nest-site use between
Black—capped and Mountain Chickadees there are several
reasons to believe that the species may compete for
nest-sites. First, I measured nest—site%use, not choice.
It is possible that the observed use is affected by
behavioural_interactioné between the two species, with one,
of them being limited to less-preferred nest—sites.; Minock
(1972) found that Black-capped Chickadees were normally
able to dominate Mountain Chickadeés at winter feeding
stations. If the same dominance relationship occurs within
my study populations in the breeding season, Black-capped
Chickadees could potentially restrict Mountain Chickadees
to less-preferred nest-sites. The only practical means I
know of assessing whether or not this is the case would be
to remove Black-capped Chickadees from the study site and
examine whether nest-site use by Mountain Chickadees
changes.

Second, although statistical differences in nest-site
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use were found between the two species, there was some
overlap. The fact that 16.13% of the cavities were
misclassified in the analysis which included bofh nest-tree
and nesf—habitat variables is indirect evidence of this
overlap. Direct evidence.is that twoAcavities that were
used by Black-capped Chickadees in one year were reused in
the successive year by Mountain Chickadees.

Third, nest-tree/cavity re-use patterns suggested that
there may be resource limitation. During the cou;se of the
study, 11 cavities were used in tworconsecutive:years (nine
times by Mountain Chickadees, twice by Black-capped
Chickadees followed Mountain Chickadees) and four cavities
were used in three consecutive years (all occupants were
Mountain Chickadees). 1In addition, in four instances
Black-capped Chickadees excavated cavities in trees which
had been used by Black-capped Chickadees in a previous year
(two were in consecutive years, two were used in 1982 and .
then not until 1984). I also observed that several trees
which contained Black-capped cavities also possessed
numerous other (unoccupied) cavities which resembled those
dug by Black-capped Chickadees. Some of thesétcavities
appeared very old. ~While I can not exclude the possibility
that such cavity and/or tree re-use patterns may be
explained as nest-site philopatry, the observations are

consistent with the idea the suitable nest-sites are
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limited. ' Other studies of hole-nesting passerines (e.g.,
Haartman 1957, Enemar and Sjostrand 1972) have demonstrated
nest-site limitation.

Fourth, some interspecific aggression, which could be
interpréted as a behavioural manifestation of competition,
was observed at or near nest-sites. During the playback
experiments, which were performed near the nest-sites (see
Chapter Four), there was often a response (albeit weak{ to
the pla&back of heterospecific song. In addition, most
instances of naturally-occuring interspecific aggression
occurred at or near nest-sites (see Chapter Four). One
series of observations, made in the spring of 1983, is
particuiérly suggestive of nest-site competition between

chickadee species. Initially, I observed a Boreal

Chickadee (Parus hudéoﬁicus) enter a cavity‘containing an
active Black—capped.Chickadee nest while the occupants of
the cavity were away foraging. The male Black—cépped
Chickadee soon returned and discovered the Boreal Chickadee
in the cavity. The Black-capped Chickadee attacked,the‘
Boreal éhickadee and a prolonged fight (about 30 seconds)
took place. Eventually, the Black-capped Chickadee drove
the Boreal Chickadee away. On several occasions during the
next week I observed that the Black-capped Chickadees were
still using the cavity. However, ten days after the

original incident a pair of Mountain Chickadees was found
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to be using the cavity. This pair continued using the
cavity throughout the remainder of the breeding cycle. I
have no idea what happened to the original occupants, but
interspecific aggression can not be ruled out. At the very
least, this series of observations is furthef evidence that
suitable nest-sites are limited. Interpreting this series
of events as suggestive of intérspecific competition does
not seem unreasonable.

I recognize‘that none of the preceding is conclusive
evidence of interspecific competition for nest-sites.
However, I believe that the data and observations are
consistent Qith the idea that Black-capped and Mountain
Chickadees compete for nest-sites and that it would be
worthwhile to pursue this issue further.

The foraging behaviour of Black-capped and Mountain
" Chickadees differed greatly. The largest singleldifference
was in the type of tree used, with Black-capped Chickadees.
foraging in deciduous trees far more than Mountain '
Chickadees. 1In addition, Black-capped Chickadees foraéed
lower in the canopy and in smaller trees than did Mountain
Chickadees. The overlap in foraging behaviour, and thus
resource use, was very low, as indicated by the very low
rate of misclassification of cases in the foraging
behaviour DFA (5.56%). These diffefences in foraging

behaviour are probably due to differences in preference
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between the two species because both had similér resources
available to thém (recall that no differen;es were found
between the habitats of the territories of the two |
species).

This low degree of overlap probably reduces food
competition between the species. As with nest—sites; it is
possible that' the observed foraging behaviour is a direct
result of competitive interactions, (i;e., that one ofithe
two species is being restricted toiless—preferred foraging
stations and/or behaviours by the other species). However,
my field observations do not support this. Whén I was
making my observations there was normally only one species
(usually one pair of birds) in the vicinity and thus there
. was no reason for an individual to restrict its foraging
behav1our. In the few instances in which I observed
individuals of the two species foraging near one other,
including some cases where heterospecifics were within a
meter of one another, there was no indication of
interspecific aggression. ‘

Further support for low dietary overlap (and hence
lack of competition) between the species is the observation
that the bills of the Mountain Chickadees in my study site
are'significantly‘loﬁger and thinner than those of
Black—capped Chickadees (P < 0.001, two-sample t-test,

Hill, unpublished data). While there is some controversy
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about the relationship betweeh bill dimensions and food
resource use (e.g., Hespenheide 1975), it is generally
accepted that between-species differences in bill size
often reflect between-species differences in prey choice.
It could be argued that the differences in bill shape and
foraging behaviour are a product of competition in the
past, but I feel that this is unlikely. This is because
the between-species differences in foraging behaviour I
documented, with Black-capped Chickadees primarily using
deciduous trees and Mountain Chickadees primarily using
coniferous trees, parallel those found when eachrspecies
has been étudied in allopatry (e.g., Smith 1967 énd Sturman
1968a for Black-capped Chickadees; Maholis'l977 and
Franzreb 1983 for Mountain Chickadees). Moreover, because
the range of sympatry of the two species is very narrow
relative to the overall distribution of each species, any
change in gene frequencies produced by selection pressures
relating to interspecific competition when in sympatry
would likely be swamped by gene floﬁ. I believe that the
differences in foraging behaviour and bill morphology are
simply due to adaptation to different habitats.
Interestingly, Partridge (1976) found similar foraging
behaviour/bill morphology relatiénships in two species of
European parids, with the bills of the conifer-foraging

Coal Tit (P. ater) being longer and thinner than those of
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the deciduous-foraging Blue Tit (P. caeruleus). Partridge
attributed these differences to adaptation to different
habitats. 7 |

'I feel that in the context-of my study the argument of
_"competition-past" (Sgggg Connell 1980) is irrelévant.
This is because the goal of my study is to examine if
current ecological conditions explain the observed
territorial behaviour of Black-capped and Mountain
Chickadees. To infer that the presence of a current
pattern (differences in food resource use) indicates a past
process (competition), when other explanations are equally
plausible, and then use this process ag an explangtion of
another current pattern (the observed territorial

behaviour), is poor logic at best.
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CHAPTER SEVEN

GENERAL DISCUSSION

My study has demonstratéd that Black-capped and
Mountain Chickadees do not exhibit IST in the Sheep River
Wildlife Sanctuary. More specifically, my results
demonstrate that (1) the bréeding territories of the two
species overlapped to a large degree, (2) the behaviours
directed towards conspec1f1cs during territory defense were
not extended to heterospec1f1cs, and (3) there were no
readily ‘identifiable dlfferences between the habltats of
the breeding territories of the two species. 1In addition,
behavioural observations énd patterns of overlap in
resource usage suggested that Black-capped and Mountain
Chickadees may compete for suitable nest-sites but likely
do not compete for food. | |

The results of my study are consistent with the view
that territorial behaviour is causally linked to
cdmpetition for resources, especially food. While other
explanations are possible, reduction of competition for
food is the likely reason why Black—capped and Mountain
Chickadees defend territories against conspecifics.

Because food competition is probably very limited or absent



166

petween the two species during the breeding season, IST
should not occur, as was the case. Black-capped and
Mountain Chickadees probably compete for nest-sites.
However, because nest—sites are discrete resources which
are not spread throughout a territory, the,consequenée of
this competition for them need not be defense of the entire
territory against heterospecifics. Instead, interspecific
aggression localized to the area immediately surrounding
the nest-site could effectively deter competitors. Again,
this is what wasrobserved. Some researchers (e.g., Cody
1973) refer to this site-specific aggréssion as "partial
IST" while others (e.g., Simmons 1951) refer to it simply
as nest-site defense. I believe that because an
identifiable object, rather than aﬁ area, is being
defended, the term nest;site defense 1s more accurate.
However, the difference is largely semantic.

Another aspect of my results meriting discussion is
the apparent absence of food competition between
Black-capped and Mountain Chickadees during summer. _Other
studies of sympatric parids in North America (Dixon 1954,
Smith 1967; Sturman 1968a) have also shown an absence of
food competition. However, in Europe food competition
appears to be common among périds (Alatalo 1982). The
reason for the difference in the level of interspecific

competition among parids from the two continents is not
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readily apparent. Sturman (1968b) ana Lack (1969)
suggested that in North America the Vireonidae (vireos) and
the Parulinae (wood warblers), two groups not found in
Europe, may f£ill some of the niches occupied by titmice in
Europe. Thus, the competition among tits that is found in
Europe is replaced in North America by competition between
tits and vireos and/or wood Qarblers.; However, because
there have been relatively few studies that have examined
food competition among North American parids, it is
possible that the between-continent difference in levels of
food competition is an artifact. Thus, I believe that more
studies examining food competition among North American
parids are warranted. ‘

What are the implications of my results to the
controversies of IST? First, because the bopulations of
Black-capped aﬁd Mountain Chickadees I studied did not
exhibit:IST, my study does not provide insight into the
ecological conditions which promote IST. If I had found
that the two species did exhibitVIST, then it could have
been argued that this represehted the first case of IST
promoted through species—reiated prevention of ecological
divergence. However, IST which is promoted through
species-related prevention of ecological divergence still
remains to be demonstrated and it may be that IST will

continue to be found only in situations where simple
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habitatustru;ture‘prevents ecological divergencé.

Second, my study does not help answer the question of
whether fST has an adaptive origin or is simply a
consequence of mistaken identification. Howevéf, comparing
the results of my study with two other studies of
Black-capped and Mountain Chickadees does provide some
insight into the controversy. My study populations, which
have been sympatric for at least several decades, did not
exhibit IST. Based on the results of my study alone, I can
not speculate on the ter:itorial behaviour of the
chickadees in my study area when they first became
sympatric. Minock (1971a) studied behavioural interactions
of recently sympatric Black-capped and Mountain chickadees.r
His results were very similar to mine, with only limited
interaction occurring between individuals of the two
species during the breeding season. In addition, the
ecological conditions of his study site were very similar
to mine, with the zone of sympatry occurring along the edge
of each specieé' normal geographic distribution, in an area
where the preferred habitats of the two species abut and
mix (i.e., in mixed forest). 1In neither study was there
any indication of individuals of either species commonly
mistaking one another. I believe that given the similarity
in-ecological conditionsrof the two study areas, it is

reasonable to assume that the behaviours exhibited by
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chickadees in Minock's study area are similar éo those
which would have been exhibited by chickadees in my study
area when they first became sympatric. In addition, 1I
believe that the behaviours currently exhibited by
chickadees in my study area likely approximate those which
will be present in Minock's populations after an extended
period of sympatry. Thus, I believe that mistaken identity
has had little influence on the territorial behaviour of
either species.

1f, as Murray (1971, 1976, 1981) argues, mistaken
identity commonly occurs and produces IST, then both should
be found in zones of sympatry of Black-capped and Mountain
Chickadees, at least for a short time after the
establishment of sympatry. :The two species are similar in
morphology and behaviour, including those behaviours which
are associated with territorial defense (Minock 1971a,
pers. obs.), communication (Gaddis 1985, pers. obs.), and
mating (Dixon et al. 1970, pers. obs.). This similarity is
illustrated by the fact that untrained observers often
confuse the two species. But, even though the conditions
are favorable for mistaken identity between Blaék—capped
and Mountain Chickadees, it does not appear to occur.

A third study of Black-capped and Mountain Chickadee
behaviour and ecology has produced very different results.

William Howe (pers. comm.) studied Black-capped and
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Mountain Chickadees in an area historically inhabited by
Black-capped Chickadees only. His study area, neér
" Albuquerque, New Mexico, is roughly 100 km from the next
nearest population of ﬁountain Chickadees. It is believed
that the Mountain Chickadees present in his study area
Qriginated from a small group of individuals blown into the
area by a storm (w. H; Howe, pers. comm., J. A, Wiens(
pers. comm.). Interestingly, the populations of chickadees
in his stud& area exhibit IST aﬁd also hybridize'freely,(an
event which appears to be extremely rare in the populations
studied by Minock and myself). 1In the populations studied
" by Howe there appears to be no species—isolating
mechaniéﬁs, (i.e., mistaken identity'is the rule rathér
than the exception).
what is the source of the difference between the
results of Minock's study and my study on one hand and
Howe's study on the other? One pdssibility is that the
habitat in Howe's study area is less diverse, thus
preventing resource partitioning. The fact that the area
was historically populated only by Black-capped Chickadees
suggests that the habitat is probably notrsuitable for
Mountain Chickadees. This paucity of habitat types could,
through the prevention of ecological divergence, ‘
potentially explain the occurrence of IST. However, it

does not explain the occurrence of extehsive hybridization.
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I believe that a more likely explanation is that in
cases where sympatry is found along the edge of the natural
distribution of the two species (e.g., Minock's study, my
study) members of both species have had experience with
each other and hence there has been ample opportunity to
evolve species-isolating/species-recognition mechanisms.

In Minock's populations it is likely that individuals of
both species have had experience with each other. Both
Black-capped (Odum 194la, Weise and Meyer 1979) and
Moﬁntain Chickadees (pers. obs.) wander somewhat during the
post-breeding season and there is some evidence that
Mountain Chickadees undergo an altitudinal migration (Dixon
and Gilbert 1964). Both of these factors could increase
the probability of heterospecifics encountering one
another. 1In addition, intérspecific encounters could occur
in years where population densities of one or both species
are high (such as after a mild winter),lforcing'some
individuals to breed in habitat;in which they would
normally not breed, such as the mixed forests in Minock's
and my study area. If such encounters do occur, and if
hybridization and IST reduce the fitness of individuals of
either species, then the evolution of species-isolating
and/or species-recognition mechanisms would predictably
follow. Once such mechénisms evolved, cases of mistaken

identity producing IST or hybridization would be rare or
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absent, as in my study area. Thus, in cases of sympa;ry'
produced by gradual range expansion, mistaken identity and
IST originating from mistaken identity would only be found
for the very brief period of time during which contact
between the two species is limited. By the time sympatry
is widespread the existence of species—isolaﬁing and
species-recognition mechanisms would prevent IST. In areas
where normally disjunct populations of chickadees are
vsuddenly" united, such as Howe's study area, it would be
expected that épecies isolating/recognition mechanisms
would not exist and hence both IST and hybridization would
be common. -

Thus, the major‘discrepancy between the views of
Murray (1971, 1976, 1981) and myself lies with the
conditions and frequencies with which mistaken identity is
likely to occur. Unlike Murray, I believe that mistaken
identity which is widespreéd between two populations, and
IST originating thréugh mistaken identity, are likely to be
found only when similar species with disjunct, rather than
contiguous, distributions are united after a long period of
allopatry. Furthermore, I believe that these conditions
are rare. IST originating through mistaken identity would
probably be very short-lived and present only before |
sympatry is widespread. Thus, I believe that most cases of

stable IST probably have an adabtive origin,
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My final point is primarily philosophical. Many of
the rev1ews, and many of the controversies, of IST are
based on examples of IST which are poorly documented In
many studies of IST only a minimal amount of attention has
been paid to methodology. Theoretical arguments cohcerning
IST have far-surpassed the data base updn which they are
based. Before any significant progress can be made into
understanding the origin and adaptive significance of IST
several of the earliet studies must be repeated in a far
more rigorous fashion than they were originally performed.
New studies of pairs of species believed to exhibit IST
must be more rigorous than most existing studies. Finally,r
far more attention must be paid to methodology than has

been done in the past.
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