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ABSTRACT

The purpose of this study was to determine how the songbird species

composition of the boreal, mixedwood forest changed as it aged from middle

aged (50 - 60 years) to very old (over 130 years), and to determine the

minimum age of forest needed to support all species in this community. The

study also examined in detail how twelve species of similar, foliage-gleaning

songbirds could co-exist in the spruce-dominated, old-growth stage of this

forest type.

I found that there was a group of five songbird species that did not occur in

forest under 100 years old, and reached their highest densities only in forest

that was over 130 years old In addition, there were six other species that did

not occur in forest under 80 years old and reached their highest densities in

forest 100 or more years old.

The twelve species of songbirds I studied used the available habitat

differently from each other by foraging in different kinds of trees and at

different heights within the same tree species. Four bird species were not

observed foraging in deciduous trees, and three species did not use balsam

fir - but all twelve species were observed foraging in white spruce. Vertical

stratification between the bird species was best developed in white spruce

because all the birds foraged in this tree and because spruce were tallest

From the results of this study, I conclude that the older age classes of

boreal, mixedwood forest are an important part of the boreal ecosystem and

playa key role in the survival of many forest songbirds. I also conclude that
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within the old-growth forest, white spruce is a very important tree species that

is heavily used by foliage gleaning songbirds. It is important to ensure that all

forest age classes continue to exist and that forestry practices do not truncate

the normal successional sequence of the boreal, mixedwood forest
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1. INTRODUCTION

1.1 Objectives

The Facts:

1) The boreal mixedwood forest is the most biologically diverse ecoregion
in Saskatchewan. 2) The old-growth stage of this forest is naturally rare. 3)

The older age classes of forest (> 100 years) will decline (i.e. get rarer) due to

current management practices. 4) There is substantial evidence in published
literature to suggest that certain bird species need older forest and can not

sustain their populations without it (Erskine 1977, Titterington et al 1979,

Hunter 1990, Hammond 1991).

My Questions:

1) Are there any songbird species that depend on old-growth, mixedwood

. forest that will have their area of available habitat reduced?

2) How do songbirds use the available habitat in old-growth forest (why it is

important to them)? Do they all use the trees in the same way, or are

different parts of the trees used by different species, helping to explain why a

more diverse habitat supports more species?

Songbirds are appropriate species to represent the biological diversity of a

habitat because; 1) they are relatively easy to detect and to reliably identify,

2) they have been studied sufficiently elsewhere to provide comparisons of
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their behaviour in boreal forest with their behaviour in several other habitats

and communities.

To answer the first question, I conducted breeding bird surveys in forest of

four different ages; 50-60, 80-90, 100-110 and over 130 years old. The first

two age classes correspond to the age of the forest before the suggested

logging rotation age and at rotation age. The last two age classes represent

mature and old-growth forest that is older than the intended rotation age. By

conducting breeding bird surveys in forest of varying ages, I wanted to

determine if forest age had any effect on what species of birds were present,

or if species composition was similar in all forest ages.

I chose not to look at birds in young forest «50 years old) because under

current management practices, there will not be a shortage of young forest

(Sask, State of the Resource Report 1993). There is also considerable

evidence in published literature which shows that bird communities in young

forest are comprised of different species than those in older forest (Erskine

1977, Titterington et aL 1979, Tomialojc and Wesolowski 1990).

To answer the second question, I observed the foraging and singing
behaviour of the entire guild of small, foliage-gleaning songbirds in the oldest

age class of forest (130+ years). In most forest types, the older age classes

tend to have the highest foliage-height diversity and as a result, a high bird

species diversity (MacArthur and MacArthur 1961).· Therefore, I chose to

observe the birds in the old-growth forest to try and find out how they used

the available habitat, and how they interacted with each other.

The first major studies on boreal songbirds helped to establish which bird

species occurred in this type of forest (Kendeigh 1947, Carbyn 1971, Erskine

1977). Recently, studies have been undertaken to assess songbird response to
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logging in the foothills and aspen forests of Alberta (Farr 1990, S. Hannon, B.

Stelfox pers. comm.). It is important to know what bird species are present

and how they respond to habitat disruption, but in order to increase our

understanding of these birds, it is also important to know how they interact

with each other, and with their environment I hoped to add to the

knowledge of boreal songbirds by studying their habitat use in old-growth
forest in detail

There have been many studies on the foraging behaviour of warblers

(MacArthur 1958, Morse 1968, Morse 1989). However, in the boreal

mixedwoods, warblers coexist with insectivorous birds from other families that

are potential competitors; therefore, I observed the feeding habits of all small

foliage-gleaning, insectivorous songbirds. These included Tennessee

(Vermivora peregrina), blackburnian (Dendroica fusca), Cape May (D.

tirgrina), magnolia (D. magnolia), yellow-rumped (D. coronata), black-throated

green (D. virens), and bay-breasted warblers (D. castanea) as well as solitary
vireo (Vireo solitarius), golden-crowned (Regulus satrapa) and ruby-crowned

kinglets (R. calendula), western tanager (Piranga ludoviciana), and boreal

chickadee (Parus hudsonicus).

A characteristic of the mixedwood forest is the frequent juxtaposition of

trees of different species, giving birds a number of choices of trees to use.

Therefore, I recorded the birds' foraging habits in all tree species, both

deciduous and coniferous. In this way, I could find out which trees the birds

used and how important the different tree species were to the various bird

species.

Most of the songbirds which breed in the boreal forest are neotropical

migrants - birds which breed in temperate North America, and winter south of
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the continental United States (Erskine 1977, Terborgh 1989). Birds such as

tanagers, thrushes, vireos and warblers, spend the northern winter in Mexico,
Central and South American and the Caribbean and may remain there for 6

or 7 months of the year (Keast and Morton 1980). Many of these bird species
have seriously declined in population in recent decades, especially in the

eastern United States (Robbins et al 1989a).

Some researchers believe that these birds are limited by the availability of

wintering habitat, and the main reason for their decline is deforestation in the

tropics (Keast and Morton 1980, Terborgh 1989). The species which have

declined the most, however, are those which require large patches of mature

forest for breeding as well as for wintering (Terborgh 1989, Robbins et al

1989b). In fact, the bird which shows the greatest decline in population is the

bay-breasted warbler (Dendroica castanea), which breeds in mature boreal

forest (Robbins et al 1989a).

The habitat of boreal songbirds is being fractured and degraded in both

their winter and summer homes. There is evidence to suggest that smaller

patches of forest makes songbirds more susceptible to predation and to nest

parasitism by brown-headed cowbirds (Molothrus ater) (Mayfield 1977,

Wilcove 1985). Therefore, it is important to acquire more knowledge of the

habitat requirements of boreal birds if remaining tracts of habitat are to be

managed to sustain their populations.

1.2 Study Area

This study took place in the boreal, mixedwood forest, which in

Saskatchewan, runs in a NW.-SE. direction between 52° and 56° N. latitude

(Kabzems et al 1986); (figs 1.1.; 1.2). The mixedwood area is one of six

ecological regions into which Saskatchewan has been divided, the others being
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subarctic boreal, northern boreal, parkland, grassland and Cypress hills (fig.

1.2) (Harris et al. 1983). These "ecoregions" are based on macroclimate and

soils and each has its own distinctive flora and fauna (Harris et al. 1983).

The most common tree species in the mixedwood forest are trembling aspen

(Populus tremuloidesi, jack pine (Pinus banksianai, black spruce (Picea

mariana), and white spruce (P. glauca). White birch (Betula papifera), balsam

poplar (Populus balsamifera) and balsam fir (Abies balsamea) also occur, but

are not as common. Tree species composition in an area is greatly influenced

by soil type, precipitation, elevation and aspect (Kabzems et al. 1986). Jack

pine tends to grow in xeric or sandy areas, while black spruce tends to grow in

poorly drained, hydric areas (Kabzems et al, 1986). For this study, I chose to

focus on mixed spruce-aspen forest which is characteristic of well drained,

mesic sites. I chose to focus on mixed spruce-aspen forest because the

diversity of breeding bird species is higher here than in jack pine or black

spruce forests, and the availability of this forest type may decline due to

current forestry practices (Harris et al, 1983).

The mixedwood forest is the most biologically diverse region in Prairie

Canada (Harris et al, 1983). Not only does it contain the highest number of

tree species, but it also has the highest diversity of birds, mammals, fish,

understory vegetation and insects (Harris et al. 1983). According to the North

American Breeding Bird Survey (an international survey conducted across

Canada and the United States) the boreal mixedwood forest also has one of

the highest diversities of breeding birds north of Mexico (Robbins et a1. 1986).
The Saskatchewan Breeding Bird Survey route #42 (Brightsand), which is in

the mixedwood region, consistently records the highest number of breeding
bird species in Canada (B. Johns, C.W.S. pers. comm.).

Like other areas in the boreal forest, the mixedwood is fire successional
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(Mutch 1970, Telfer 1993). This means that succession in this forest is driven

by fire and many of the tree species are adapted to it; however, the amount of

burning is not spread evenly through the forest (Hosie 1973, Johnson 1979).
Most forest is burned b� large infrequent fires, but many areas are burned

several times, and a few small patches may escape burning for over 200 years

(Johnson and Fryer 1989). This uneven burning makes the mixedwood a

mosaic of different aged patches of forest (Day and Harvey 1981, Telfer

1993). It is this mosaic of different ages that probably allows for a high

diversity of wildlife species (Erskine 1977).

Before the arrival of Europeans, mixedwood forest covered approx. 112,000
km2 in Saskatchewan (Kabzems et al 1986). Thirty two percent (approx.

36,000 km') of this has been cleared for agriculture, and no longer exists as

forest (Kabzems et al 1986). Approximately 90% of what is left as forest, has

been allocated for harvest by four multinational forestry companies. Only 6 %

of the forest (6,545 km") has been allotted to parks, and of this, only the 3,875
km2 (3.5 %) within Prince Albert National Park has complete protection from

logging, grazing and mining.

The future of boreal mixedwood forest, especially the older age classes

(> 100 years old), is therefore threatened by the speed and magnitude of the

logging industry and by its intended rotation time of 70-90 years (Sask

Integrated Forest Resource Management Plan 1993, Spenser 1993). Eighty

percent of the timber harvest on the Weyerhauser lease (for example) is

coming from mature to old mixed spruce-aspen stands (Spenser 1993). Over

the long term, there will be a decline in the amount of older, spruce
dominated mixedwood forest (Spenser 1993, State of the Resource Report

.1993). In fact, there may be acute shortages of spruce sawlogs (i.e. large

trees) within 30 years (Spenser 1993).
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Old stands dominated by white spruce originally occupied 4.5 % of the

mixedwood forest region, but because white spruce is the most commercially
valuable tree in the province, by 1984 this area had been reduced to 2.5 %

(Kabzems 1971, Kabzems et aL 1986). In boreal forest, "old-growth" is

defined as forest that is over 120 years old (Kabzems et aL 1986). Foresters

prefer to call these old forests "overmature" or "decadent". These terms mean

the same thing, that the net annual growth in these forests is close to zero;

tree growth = tree death (Hunter 1990).

Most literature describing old-growth forests is concerned with the west

coast temperate rain forest (Bunnell and Kremsater 1990). Compared to the

coastal forest, with trees 60 or 70 metres tall and 1,000 years old, the boreal

forest is not very old In fact, because boreal forests have a relatively high
fire frequency (approximately 80 year fire cycle in Saskatchewan), and tend to

be successional in nature, it has been argued that there is no such thing as an

"old-growth" boreal forest (Thompson 1993). I argue that despite ecological

differences, old-growth forest is old-growth forest, and has characteristic

features regardless of where it occurs. Hammond (1991), states that all

natural forest, no matter what kind, (coastal, pine, hardwood or boreal), will

go through an old-growth phase if left unmanaged The most notable feature

of any old-growth forest is that the trees are older and taller than the average

for that species, they have large diameters and are widely spaced (Hall 1980,

Day and Harvey 1981, Hammond 1991). Old-growth forests also have

multiple canopy layers, contain trees of various ages from old to young, have

many gaps and openings, and contain many snags and deadfalls (Smith 1980,
Erskine 1977).

My study was conducted mainly in Prince Albert National Park, located

approximately 200 km north of Saskatoon, Sk The study was centred in the

park because it contains some of the few remaining, relatively accessible
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stands of old-growth forest left in the province. The park is 3,875 km2 in area

and is located between 53° 35' and 54° 20' N. latitude and 106° 00' and 106°

45' W. longitude. The park is roughly 80 km from north to south and 48 km

from east to west and is at an elevation of between 520 and 760 metres asl.

(Kabzems et al. 1986).

Using forest cover maps, and the knowledge of the national park staff, I

identified six areas of old-growth, mixedwood forest, over 40 ha in size within

the park Three of these sites, hereafter identified as Treebeard trail, Crean

lake and Maclennen river, were used in the study (figure 1.3). These three

areas were chosen for logistical reasons, access to the others was more

difficult These sites were used in both years of the study, both for censuses

and for behavioural observations.

From tree coring, the age of six of the largest trees in all three study areas

was found to be > 120 years. Individual white spruce trees ranged in age from

120 to 190 years (see chapter 2). These samples reflect the minimum ages of

the forest stand because the oldest trees were too rotten at the core to be

aged accurately (chapter 2). Only white spruce were aged because deciduous

trees and fir do not produce readable cores.

The Treebeard Trail site was located 14 km NW of the Waskesiu townsite,
in a patch of old forest approximately 90 hectares in area. The Crean Lake

study area was located in a 64 ha patch of old-growth forest approximately 1

km east of the Crean Lake warden station and 16 km NW of Waskesiu.

Twenty-five km NE of this site, was the Maclennen River study area. This 60

ha area was approximately 2 km W of the eastern park boundary (2 km NW

of the Maclennen River warden patrol cabin).

The three old-growth study sites in Prince Albert Park were used in both
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Figure 1.3 Location of study sites within Prince Albert Park and the

surrounding area. Hatched areas represent major lakes in the area.
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years of the study. In 1991, seven new study areas in younger forest were

added, to determine if the birds which I was observing in the old-growth
forest also occurred in younger forest Two of these new sites were in the

park, and five were outside (figure 1.3). Two study areas added in the park in

1991 were between 80 and 90 years old They were both located in a large
stand of forest, approximately 800 hectares in size. One site (#4) was located

100 metres along the road from the tum-off onto the Crean Lake road, 8 km

northwest of Waskesiu. The other study area (#5) was 2 km north of the first

site along the same road

Three sites used in 1991 were in forest between 100-110 years old and were

located near Emma Lake, approximately 10 km east of the southeast

boundary of Prince Albert Park Site #6, was at the Murray Point

campground, 5 km north of highway 263 on Emma Lake. Sites #7 and # 8

were located along highway 953, with site #7,600 metres down a snowmobile

trail,5 km north of the junction of highways 263 and 953. Site #8, was 1 km

west of the snowmobile trail, 100 metres south of highway 953. The two

remaining study areas, #9 & #10, (each approx. 60 ha in size) were in forest

between 50 and 60 years old These two sites were located 6 km west of

highway 2; 10 km north of the junction of highways 2 and 263.

1.2.1 Character of the Forest

Forests in old-growth study areas were examples of climax boreal forest as

described by Erskine (1977). These forests have few, widely spaced, very tall

(>20 m), wide diameter trees (Day and Harvey 1980, Hall 1980). Old-growth,

spruce-fir forests are described as having an over-story of spruce, a few large
remnant poplar or birch, and an understory of fir (Smith 1980, Kendeigh

1947). They also have many fallen trees and snags and can be difficult to

travel through; "... passage through a spruce-fir forest is a tedious and tiresome
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activity" (Smith 1980).

In myoId-growth study areas, there were two strata of trees (figs 1.4 & 1.5).
The upper level, which towered 25-30 or more metres in height, was

dominated by large white spruce, but with a few old aspen rivalling the spruce

in dimensions. The second stratum, of trees was between 15 and 18 metres

tall and was dominated by balsam fir with a few old white birch.

Because many of the trees were partially rotten, there were many standing

snags and fallen trees. The large number of fallen trees created many large
and small gaps in this forest Balsam fir saplings grew both in gaps and under

the canopy. White birch saplings occurred at Maclennen river in forest gaps,

while at Treebeard trail, alder (Alnus sp.) and raspberries (Rubus sp.) also

occurred in gaps. The dominant ground cover at all three sites was moss. At

Maclennen river in particular, mosses and lycopodium formed a luxuriant

carpet which grew over everything. Pools of standing water also occurred,

especially in the depressions caused by the uprooting of trees.

The 100-110 year old sites were similar to the. old-growth areas both in tree

species composition and height The biggest difference between the two ages

was in the amount of fir, snags and deadfall; very few deadfalls or snags

occurred in the 100-110 year old sites, and most firs were saplings. In the 80-

90 year old sites, coniferous trees were taller than the deciduous trees and the

ratio of softwoods to hardwoods was still fairly close to 50:50 because the

hardwoods had not yet begun to die out The 50-60 year forest differed most

from other forest age classes because average tree height at this age was

shorter and deciduous trees were taller than conifers.
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1.3 Previous studies

According to the competitive exclusion principle, the more similar two

species are, the more they will compete (Gause 1934), and that two closely
related species cannot occupy the same niche in the same habitat at the same

time (Lack 1944, Svardson 1949, Udvardy 1951). However, there is some

disagreement on the importance of competition, with some researchers

believing that competition is not as important an influence on community
structure as previously believed (Conner and Simberloff 1979).

In 1958, MacArthur studied a group of birds that appeared to violate the

competitive exclusion principle; five congeneric species of warblers

(Dendroica) that bred in the spruce-fir forest of northern Maine. MacArthur

showed that the birds divided the available niches both horizontally and

vertically, which was a finer division of habitat than that shown by any other

vertebrate group. MacArthur believed that this allowed warblers to live in the

same forest This study has since become a classic of fine scale niche

partitioning in vertebrates, and has found its way into ecology textbooks (ie.
Pianka 1974, Krebs 1978, Wiens 1989).

Morse (1968) studied the same group of warblers (in the same area as

MacArthur) and came to similar conclusions - that the birds did indeed

partition the habitat extremely finely. However, Morse added two further

dimensions to the study as he found that males and females of the same

species foraged in slightly different locations in the same tree, and that

dominance relationships between species also influenced their co-existence.

Since these two studies, vertical and horizontal habitat partitioning has also

been observed in many other species (Martin 1960, Culver 1970, Anderson

and Shugart 1974, Alatalo 1982, Strong et al 1984).
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It may seem repetitive to conduct another study on this group of songbirds,
but there are several differences between my study and those by MacArthur

and Morse. My study was conducted in boreal forest, while the others were

not Almost all previous behavioural studies on warblers have occurred in the

eastern United States in hardwood forest (Holmes et al 1979), or in Acadian

forest (MacArthur 1958, Morse 1968). Although similar to boreal forest,
Acadian forest contains many nonboreal tree species, such as red spruce

(Picea rubens), yellow birch (Betula allegheniensisy and maples (Acer sp.) and

has in general, a richer flora that might be expected to influence niche

partitioning by birds (Rowe 1972).

I have found that there is a lack of information about the behaviour of

boreal songbirds that was actually collected in the boreal forest (especially
from boreal forest in Canada). Three of the warblers in MacArthur's study

(Dendroica coronata, D. tigrina, and D. castanea) are boreal warblers and are

near the centre of their geographic range in Saskatchewan but are near the

edge of their range in Maine (Dunn et al 1983). Birds at the edge of their

range have been found to behave differently from those near the centre of

their range (Collins 1983).

My study was also different from previous ones because I studied the entire

guild of foliage-gleaning songbirds, not just warblers; I looked at the

behaviour of seven warblers, two kinglets, one vireo, one tanager and one

chickadee. There was the potential for greater overlap between birds in my

study as there were seven species of warblers (including six congeners) in my

study area compared to five in MacArthur's.

For most groups of species, there is a latitudinal gradient in diversity, with

more species occurring in the tropics and progressively fewer species in

northern latitudes (Pianka 1966). Songbirds in spruce-dominated forests in
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North America are an interesting group to study because, during the summer,

they reverse the general trend of decreasing species diversity with increasing
latitude (Rabenold 1993). Bird species diversity in spruce forests actually
increases as one moves north of Mexico to approximately 53°-54° N latitude

where diversity begins to decline (Rabenold 1993, Robbins et al 1986). This

is due to the large influx of migratory songbirds, which can be regarded as a

small piece of the tropics that moves northward every spring (Keast and

Morton 1980, Terborgh 1989).

Rabenold (1978) found that there were more species of foliage-gleaning

songbirds and more overlap between these species in Maine than there was in

North Carolina. The additional birds in the Maine study area were closely
related species (congeneric in the case of warblers). The high diversity in the

northern forest and the high overlap between northern species was caused by
the addition of broadly overlapping generalists - or "generalist stacking"

(Rabenold 1978, 1993). In other words, even though there were more species
of birds in the north, they had larger niches than the birds in the south. This

expansion of niches is the opposite of what is proposed to happen in the

tropics (Klopfer and MacArthur 1961, Rabenold 1993).

One theory that has been put forth to explain why there are so many bird

species breeding in the north is the large pulse of seasonably available food at

this latitude (Wiens 1977, Rabenold 1993). The northern growing season is

compressed, with such large numbers of arthropod prey available that the

birds are not able to exploit it all (Weins 1977). Rabenold (1993) explained
that this "seasonal compression of productivity" was the reason behind the

high northern diversity. Wiens (1977) suggested that in a variable

environment, such as the northern forest, the birds may not be able to track

available food and that suitable habitats may not be fully occupied
MacArthur and Levins (1967) also suggested that when environmental
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uncertainty increased, species niche sizes also increased, which could account

for the large amount of foraging overlap in northern birds.

It would have been interesting to compare the overlap between the birds in

my study area and those from Rabenold's; he studied birds from 35° and 46°

N latitude while my study was located between 53° and 54° N latitude. This

would have enabled me to see if the trend for increasing species overlap
continued as one moved north into the Canadian boreal forest

Unfortunately, the trees were not divided into the same number of foraging
zones so the two studies were not directly comparable. The reason my study
was not comparable to Rabenold's (1978) was that I had already decided to

compare my results with MacArthur's (1958). I did not discover Rabenold's

paper until after the data for this study had been collected



2. VEGETATION ANALYSIS

2.1 Methods

In order to compare the forest between study areas, I established vegetation

plots in each of the 10 study sites. I wanted to know if tree species composition
and height were similar between old-growth study areas and if tree species

composition (and height) differed as the forest aged The information on the

vegetation in my study areas is mainly descriptive in nature and is not meant to

be a detailed analysis of the vegetation in this area.

James and Shugart (1970), described a method of habitat description that gives
an estimate of vegetative cover in 40 hectares. This method has been used in

many bird studies but gives more detail than was necessary for my study.
However, because the James and Shugart method is well established in the

scientific community, I used a slightly modified version of their method for my

particular situation.

The area around where a bird sings is thought to be representative of the

vegetation within that bird's territory (James 1971); therefore, I centred my

vegetation plots at the same location in the forest as I conducted my breeding
bird surveys (see chapter 3). Each of my study sites had the same number of

vegetation plots as it had bird point count locations. There were five vegetation

plots in each of the oldest forest areas, and three vegetation plots in each of the

other study areas. I measured the vegetation within 0.01 ha circular plots; I used

circular plots because this method is more accurate than plotless techniques

20



21

(James and Shugart 1970). Although these circles were not randomly chosen,

they were located in the same area of forest used to obtain the bird data and so

I feel that they give a reasonably accurate picture of the birds' breeding habitat

In each plot, height and diameter measurements were taken on all trees and

their heights recorded using a clinometer calibrated for measurements from 15

m or 20 m away from the tree. Percent shrub and ground cover was recorded

for each plot and the number of fallen logs and snags were also recorded A

diameter of 7 cm at breast height was chosen as the cutoff between trees and

saplings because it corresponds to the 3 inch dbh size limit used by James and

Shugart (1970). Trees smaller than 7 em dbh were classified as shrubs.

To determine the age of the study areas, I took tree core samples from 6 of

the largest white spruce at each site, using an increment treeborer. The accepted

forestry practice to age a tree stand is to sample the dominant trees - which are

defined as the largest canopy-level trees in the area (C. Jessop, E. Telfer,1. Wier

pers. comm.). The sample is taken as close to the base of the tree as possible,
and in the case of white spruce, 10 years added to the total ring count This is

to correct for the amount of time it takes a young tree to become established (C.

Jessop, pers. comm.). The borer must pass through the centre heartwood of the

tree or the sample will not accurately reflect the age of the tree. After removing
the tree core, I counted the annual rings with the aid of a hand lens to determine

the age of the tree. I aged only white spruce because the hardwood species had

centre rot, and the resin in fir caused the tree borer to stick. I could not obtain

a core sample from the largest white spruce in the old-growth areas because they
had centre rot

2.2 Results

There were four main tree species that occurred in the study areas; white
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spruce, balsam fir, trembling aspen and white birch. As the forest aged, the

percent coniferous trees increased while the percent deciduous decreased (tables
2.1 & 2.2). The largest difference in tree species composition of the forest ages

classes was percent of balsam fir, Balsam fir did not occur in the 50-60 year old

sites and was present mainly as seedlings and saplings in the middle two age

categories; but, by the time the forest reached the old-growth stage, 40 % of the

trees were balsam fir, This difference in the amount of balsam fir present at

different forest ages was significantly different (one-way Anova, F= 16.38,

df=3,9, P<O.OI).

In all three old-growth areas, more than 60 % of the trees were coniferous -

white spruce and balsam fir (table 2.1). Although the percentage of deciduous

trees was highest at Treebeard Trail, the tree species composition (numbers of

trees, not percentage) was not significantly different between the three study
areas (X2=5.24, df=4, P>.20). The largest individual trees, in both height and

diameter, were found at Treebeard Trail; however, neither mean height nor

mean diameter was significantly different between the three old-growth areas (t

test of means of two most different areas). The mean age of the three old

growth areas (table 2.3) did not differ significantly (t-test of two most different

areas).

Using the tree diameter data, I calculated basal area for each tree species using
an equation from Ford-Robertson (1971) to compare the percent of basal area

contributed by each tree species (table 2.2). The percent of forest comprised by
each tree species was slightly different when compared by basal area, than when

compared by percent of species present I calculated basal area because white

spruce and trembling aspen were much bigger trees than balsam fir. If the study
areas are compared only by numbers of individual tree species present, then

balsam fir would appear to make up a greater percentage of the available habitat

than it does.



Table 2.1 Percent of total individuals contributed by
each tree species in 0.01 ha of forest at different' forest
ages.

Tree Species
WS BF AP WB

Forest age:
130+ 35 40 16 9

100-110 65 0 25 10
80-90 40 4 30 26
50-60 55 0 42 3

Old-growth sites:
TRB 42 26 16 16
MCL 33 55 0 12
CRL 27 50 23 0

Table 2.2 Percent. of total basal area contributed by each
tree species in 0.01 ha of forest at different forest ages

Tree Species
Forest age WS BF AP WB

130+ 46 30 20 4
100-110 82 0 13 5
80-90 50 1 30 19
50-60 28 0 69 3

Table 2.3 Tree age in years, established from 6 of the
largest white spruce in each of the study areas.

Location min. x ± sd. max.

TRB 115 132.5 ± 10.3 145
MCL 110 140.8 ± 25.2 190
CRL 110 145.0 ± 23.1 170
CRG 65 81.5 ± 9.1 90

CRR 75 85.0 ± 5.7 90

WS-white spruce AP-trembling aspen
BF-balsam fir WB-white birch
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In both the 100-110 and 80-90 year old sites the amount of spruce increased

when compared by basal area rather than by percent of species, while aspen and

birch made up a smaller proportion of the total when compared by basal area.

In contrast with the other age classes, in the 50-60 year old forest, aspen made

up a greater proportion of the basal area than spruce. This was because at this

stage of succession, aspen were larger trees than spruce.

The tallest and widest individual trees were found in the oldest (130+) forest;

however, the mean height and width values for trees were larger in the 100-110

year old stands than in the 130+ year old forest (table 2.4). This is because

there was greater variation in tree sizes in the oldest (130+ years) forest than

there was in the 100-110 year old forest Old-growth forests have been described

as "all-aged" forests (Bunnell and Kremsater 1990, Smith 1980), because shade

tolerant species such as spruce and fir are continually regenerating under the

canopy. As the older trees die, they create gaps that are filled by the younger

trees. Therefore, by the time a forest is old, there is a wide range in sizes and

ages of the trees.

The number of logs and snags tended to increase with forest age (table 2.5),
with none occurring in the sample plots in the 50-60 age class. The highest
number of logs occurred in the 130+ age class, while I found the highest number

of snags in the 80-90 age class.

2.3 Discussion and Summary

From the core samples, it is clear that not all the trees in the same plot were

the same age. This was not because some trees are large and others small,
because I took samples only from the largest trees in the area. [ While the trees

sampled in a particular area were not exactly the same size they were as close

to it as possible. For example at the Maclennen River study area, one tree
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Table 2.4 Tree heights and diameters at breast height
(dbh) at the different study sites.

h�ight(m)- dbh(cm)
age area n min x ± sd max min x ± sd max

130+ TRB 23 9 15.0 ± 4.7 37 9 23.6 ± 14.1 74

MCL 9 9 18.5 ± 7.8 36 8 28.9 ± 14.0 63
CRL 27 9 14.5 ± 4.9 33 8 21.3 ± 10.8 58

100 MRP 20 9 19.1 ± 6.8 29 9 28.8 ± 12.7 61
SKT 12 12 20.9 ± 5.3 27 11 27.3 ± 12.8 45
HWY 12 13 23.5 ± 5.4 28 11 26.0 ± 8.4 43

80 CRG 28 10 17.3 ± 4.5 28 8 19.3 ± 6.9 36
CRR 20 13 18.1 ± 3.2 25 16 22.9 ± 4.4 35

60 WWE 41 9 14.8 ± 2.3 19 8 14.5 ± 3.9 21
WEW 45 9 13.7 ± 2.3 19 8 13.7 ± 2.3 22

* n = number of trees in sample

TRB - Treebeard trail site
MCL - Mclennen river site
CRL - Crean lake site
CRG - Crean gate site
CRR - Crean road site

MRP - Murray Point site
SKT - Skidoo-trail site
HWY - Highway 953 site
WEE - Weyerhaeuser east
WEW - Weyerhaeuser west

Table 2.5 Mean number of logs and snags in each of five
0.01 ha. forest study plots.

age logs snags

130 + 5.6 0.5
100-110 0.3 0.1
80-90 2.0 1.2
50-60 0 0
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sampled had a dbh of 53 em and was 110 years old, while.another tree in the

same area had a dbh of 58 em and was 190 years old] It was because trees in

a certain area varied age that I described forest age in 10 year classes, ego 50-60,

or 80-90. These age blocks include most trees in the area; however, there are

older and younger individuals present I described the old-growth forest as 130+,

because there was such a wide age spread that a 10 year span does not give an

accurate description of stand age.

The youngest age class of forest, 50-60 years old, had a nearly equal mixture

of coniferous and deciduous trees; however, the deciduous trees were larger than

the conifers and there were no balsam fir. In the 80-90 year old forest,
coniferous and deciduous trees were similar in abundance and in size. It is at

this stage of development in the boreal forest that spruce start to take over as the

dominant trees and aspen and birch decline (Kirby et al, 1957, Day and Harvey

1981).

The 100-110 year old forest was very similar to the 130+ year old forest in

terms of tree height and diameter. The biggest differences between the two

oldest forest classes was in the size of the balsam fir and the amount of

deadwood In the 100-110 year old forest, most firs were at the sapling stage,

which allowed more light to reach the forest floor in this forest than in the 130+

year old forest which was darker (pers. obs.). There was most likely less dead

wood in the 100-110 year old forest because most of the spruce were healthy and

although some of the aspen had started to die, there were still many of them left

Many of the spruce in the 130+ year old forest were starting to rot and some

had fallen, while most of the deciduous trees were rotten and many had already
fallen (pers obs.).

It was important to take into account the percent of basal area comprised by
each tree species in the old-growth forest to correlate tree availability with bird
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behavioural observations. White spruce were so large that they provided the

most potential feeding surface area for birds. The aspen still alive were also very

large and had a large potential feeding surface for foliage gleaning birds.

Although balsam firs were numerically more abundant than the other trees, they
were (usually) smaller, and so offered less surface area for foraging birds. It

would have been preferable for me to have measured the foliage volume of the

different tree species, but I did not do this. In order to compensate for the

difference in size among the tree species, I used basal area as a substitute for

foliage volume.

To walk through an old-growth forest (in this case over 130 years old) leaves

no doubt that the white spruce are the dominant trees. They tower over the

other trees, and create huge open spaces for regeneration when they fall. For

foliage-gleaning birds, they offer a wall of potential feeding habitat, that on a

large tree may stretch vertically from 5 up to 37 metres and at the widest, may

spread out horizontally 3 metres on each side.

It is the vertical development of old forests that creates the large structural

·diversity in this type of habitat (Meslow et aL 1981). Because of this structural

diversity, at anyone point in the forest, an older forest will almost always be

more diverse (more canopy layers) than a younger one (Maurer and Whitmore

1981). The diversity of the vegetation creates large numbers of available niches,
which in tum might be expected to allow high numbers of both species and

individuals to exist in old forests (Meslow et aL 1981). I test this hypothesis by

relating number of bird species to forest age (chapter 3).



3. BIRD COMMUNITY SURVEYS

3.1 Methods

Bird species composition changes as the forest ages through seedling, sapling,
mature and old-growth stages (Titterington et aL 1979, Crawford and Titterington
1979). I chose, therefore, to survey bird populations in older forests to see if

there was a change in bird species composition between forest before logging
rotation age, (50-60 years), at rotation age (80-90 years) and after rotation age

(100-110 and 130+ years).

A number of methods have been used to estimate densities of birds in

different habitats. Territorial mapping is used to locate every pair of breeding
birds in order to estimate the absolute density of each bird species within a

specific area, while transects and circular plots are methods used to estimate the

relative abundance of birds within either specific areas or habitat types (Ralph
and Scott 1981). Territorial mapping is more accurate for estimating absolute

densities of birds than either transects or point counts (Ralph and Scott 1981).

However, it is labour intensive and requires more time and people than were

available for this study (Oelke 1981).

Although transects and point counts give similar results in estimating relative

abundance of birds, point counts are more useful in rugged terrain, otherwise

researchers spend more time watching where they are going than watching for

birds (Dawson 1981, Verner 1985». In my study area the forest was quite dense,

often with no trails, therefore, breeding birds were surveyed using the point count
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without distance calculation method This method follows the Indice Ponctuel

d'Abondance (I.P.A.) developed by Blondel et al. (1970) and has been widely
used in bird �ommunity studies (Verner 1985, Farr 1993, Smith 1993). This

method is considered to be a good index of relative abundance (Verner and

Ritter 1985), and an efficient method for comparing species composition and

richness between habitats (Blondel et al. 1981).

When using point counts care must be taken to minimize the chance of

recording the same singing bird from two different locations or hearing a bird

singing from another habitat Therefore, all "listening stops" are at least 200 m

apart and at least 100 m away from a habitat edge (Blondel et al. 1981, Scott and

Ramsey 1981). Because of the distances involved, I was unable to establish the

same number of point count stops in each of my study areas. I established five

"listening stops" in each of the three old-growth sites, and three stops in each of

the other study areas. The "stops" were a marked place in the forest were I

would stand and listen during early morning surveys. Each "stop" was marked

so I could find it again.

At each listening stop, I stood quietly for one minute to let the birds become

accustomed to my presence, then recorded all birds seen and heard for 10

minutes. I repeated the procedure for all stops in a study area All surveys took

place between sunrise and 4"2 hours after sunrise. Each study area was censused

twice during thebreeding season; early (June 1 - 15) and late (June 20 - July 4).

Conducting bird surveys at different times during the breeding season gives a

more accurate picture of the bird community than either just one survey, or

several surveys done on consecutive days (Kendeigh 1944, Hilden 1981, Skirven

1981). Weather conditions have a large influence on both how many and which

species of birds are detected, therefore, all censuses were done on days with fair

weather (no rain, light wind) (Robbins 1981). To minimize observer biases, I

carried out all censuses myself (Hilden 1981).
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The oldest (130+ years) and second youngest (80-90 years) sites were always

surveyed within two hours of sunrise. Because of travel distances involved and

unpredictable weather conditions, it was most convenient to survey the 50-60 and

100-110 year old sites on the same morning. To reduce possible biases, the same

area was not always surveyed first By the time the last 100-110 year old site was

surveyed (approx. four hours after sunrise), there were as many species of birds

singing as there was earlier in the morning. Even when the 50-60 year old sites

were surveyed at the supposed "peak hours" (within 2 hours of sunrise), there still

were not as many bird species singing in these areas as in the older forest

3.2. Results

3.2.1 Bird community - forest age relationship

My comparisons between the bird communities in forest stands of different

ages (table 3.1) includes data obtained in 1991 only, when all age classes of forest

were sampled Sample sizes from each forest age-class were not equal, therefore,
the data were standardized by pooling the number of individual birds recorded

.

for each species in each age class and dividing by the number of "listening stops"
in that age class. In this way, the mean number of individual birds for each

species per listening stop could be directly compared between forest age classes

(table 3.1). These values represent the probability of detecting an individual of

a certain species at any listening stop.

The number of species and species diversity both increased with forest age

(table 3.1). Species diversity was calculated using the "Shannon Diversity Index"

(H=-EPJnPJ, where Pi is the proportion of the total made up by the ith species
(Shannon and Weaver 1949). I used this index because of it's wide used and

because it incorporates information on proportional abundance of species

(Magurran 1988). Species evenness was calculated using the "Shannon



Table 3.1 Mean (x ± sd) number of birds per point count in different age
classes of forest (1991 data). N, equals the number of point counts in
different forest age classes. Groups combine species using similar ages of
forest

species 50-60

years
n=12

80-90

years
n=12

100-110

years
n=18

130+

years
n=30

(group one)

Cape May warbler .20 ± .40
western tanager .20 ± .40
winter wren .67 ± .47

white-winged
crossbill .20 ± .42

golden-cr.
kinglet .05 ± .23 .20 ± .31

(group two)

evening
grosbeak .17 ± .37 .20 ± .40

gray jay .08 ± .27 .05 ± .23 .27 ± .44
brown creeper .33 ± .47 .27 ± .44
boreal
chickadee .17 ± .37 .17 ± .37 .17 ± .37

ruby-cr.
kinglet .08 ± .27 .56 ± .50 .17 ± .37

(group three)

magnolia warbler .08 ± .27 .83 ± .79 .33 ± .57 1.20 ± .57

bay-breasted
warbler .33 ± .47 .25 ± .43 .22 ± .42 .77 ± .50
Swainson's
thrush .08 ± .27 1.17 ± .37 .78 ± .63 1.20 ± .56
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Table 3.1 con't

species 50-60 80-90 100-110 130+

years years years years

(group four)
rose-breasted

grosbeak .33 ± .47 .07 ± .24
blackburnian
warbler .17 ± .37 .17 ± .37 .89 ± .81 .43 ± .54
black-thr,

green warbler .83 ± .55 .41 ± .49 .61 ± .59 .20 ± .40
ovenbird .83 ± .79 1.25 ± .92 1.33 ± .47 .10 ± .30

red-eyed
vireo .33 ± .47 1.08 ± .64 .39 ± .48 .15 ± .34

(group five)
yellow-romped
warbler .58 ± .64 1.08 ± .76 .67 ± .58 .90 ± .36

mourning warbler .08 ± .27 .17 ± .37 .07 ± .24
Tennessee warbler .33 ± .74 .25 ± .43 .28 ± .37 .47 ± .55

solitary vireo .24 ± .43 .17 ± .27 .17 ± .37 .17 ± .37
red-breasted
nuthatch .33 ± .62 .25 ± .43 .44 ± .49 .50 ± .56

pine siskin .17 ± .37 .05 ± .23 .17 ± .37
white-throated

sparrow .08 ± .27 .41 ± .49 .22 ± .42 .30 ± .46

chipping
sparrow .33 ± .47 .33 ± .47 .78 ± .53 ..68 ± .49

Total # species: 15 17 21 26

Shannon Diversity
Index (H'): 2.47 2.53 2.71 2.91

Shannon Equitability
Index (J): 0.91 0.89 0.89 0.89
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Equitability Index" (1 =H IlnS), where S= the total number of species (Begon et

aL 1990). I calculated species evenness because two habitat types could have

different species richness, but they could have the same evenness. In other

words, similar number of individuals are present in each species rather than one

or two species being very abundant

I divided the birds surveyed into five different groups based on their

occurrence in forest of different ages (table 3.1). Birds in group 1 were found

only in the oldest two age categories, group 2 birds did not occur in the youngest

age category. Group 3 was made up of birds that occurred in every age class, but

were found at highest numbers in the oldest forest type. Birds in group 4 were

those that occurred in highest numbers in the middle two age classes of forest

and group 5 consisted of birds which showed no clear trend in forest age class

preference.

The five species of birds (group 1) with a marked preference for the oldest

forest age class were: Cape May warbler (Dendroica tigrina), western tanager

(Piranga ludovicianai, winter wren (Troglodytes troglodytes), white-winged
crossbill (Loxia leucoptera) and golden-crowned kinglet (Regulus satrapa). The

first four species were found only in the 130+ year old forest, while the kinglet
reached its highest density in this forest and did not occur in forest under 100

years of age. A "Friedman 2-way analysis of variance by ranks" test (Siegel and

Castellan 1988) showed that the birds in group one did not occur with equal

frequency in all age classes of forest (Fr= 11.92, k=4, P<0.05) and their

frequency in the 130+ year old stands was significantly higher than it was in the

two youngest age classes (P<0.05).

Group two consisted of five bird species that did not occur in the youngest

forest but had similar densities in the older forest age classes. Friedman's

analysis showed no significant difference in bird frequencies between the three
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oldest age classes. Group three was composed of three species, which occurred

in all forest ages surveyed, but were more common in the oldest age class. Two

species, magnolia warblers (D. magnolia) and Swainson's thrushes (Catharus

ustulatus), were ten times more abundant in the 130+ year old forest than they
were in the 50-60 year old forest

Group four consisted of five species which tended to occur in highest numbers

in forest age classes 80-90 and 100-110 years (table 3.1). Friedman's analysis
showed that this group of birds did not occur equally in each age class (Fr=

41.48, k=4, P<0.01), and that these species were more abundant in 100-110 year

old forest than in 130+ year old forest (P<0.05). The eight species of birds in

group five showed no significant forest age preference (Friedman analysis).

3.2.2 Old-growth areas

Data for breeding bird species in age class 130+ were collected in 1990 and

1991. The mean number of individuals of each species was calculated using the

data from both years and the result divided by the number of listening stops to

arrive at the average number of birds of each species per stop. Although the

species composition between the three study areas was fairly similar, there were

some differences in species diversity and total number of species between the

three sites (table 3.2). Of the three old-growth study sites, the Maclennen river .

study area had the highest diversity and number of species, followed by
Treebeard trail and Crean lake (table 3.2). No one species stood out as being

especially abundant in any of the three areas, although all three areas had two

or three species that were fairly uncommon. As a result, the Equitability indices

(1), for all the three old-growth areas were similar.

Some species, such as Swainson's thrushes, gray jays (Perisoreus canadensis)

and winter wrens, occurred in similar numbers in all three study areas, while



Table 3.2 Mean (x ± sd.) number of birds per point count in forest over 130

years old (1990 and 1991 data). N, equals the number of point counts.

species

Treebeard
Trail

x ± sd
n=10

Maclennen
River
x ± sd,
n=lO

Crean
Lake
x ± sd.
n=lO

gray jay 0.2 ± 0.4 0.3 ± 0.5 0.2 ± 0.4
boreal chickadee 0.3 ± 0.5
brown creeper 0.4 ± 0.5 0.1 ± 0.3 0.1 ± 0.3
red-breasted
nuthatch 0.5 ± 0.5 0.5 ± 0.6 0.7 ± 0.5
winter wren 0.7 ± 0.4 0.9 ± 0.5 0.9 ± 0.5
Swainson's thrush 1.3 ± 0.6 1.2 ± 0.5 1.1 ± 0.5

golden-crowned
kinglet 0.1 ± 0.3 0.1 ± 0.3 0.3 ± 0.4

ruby-crowned
kinglet 0.5 ± 0.5 0.4 ± 0.5 0.3 ± 0.4

solitary vireo 0.5 ± 0.5 0.4 ± 0.4

red-eyed vireo 0.2 ± 0.4 0.1 ± 0.3 0.3 ± 0.5

Tennessee warbler 0.5 ± 0.5 1.5 ± 0.5 0.4 ± 0.4
blackburnian warbler 0.4 ± 0.5 0.1 ± 0.3 0.7 ± 0.6
black-throated

green warbler 0.6 ± 0.7

Cape May warbler 0.8 ± 0.6

yellow-rumped
warbler 0.8 ± 0.3 0.4 ± 0.4 0.7 ± 0.5

magnolia warbler 1.1 ± 0.5 0.9 ± 0.6 1.5 ± 0.5

bay-breasted warbler 0.7 ± 0.5 0.5 ± 0.5 1.0 ± 0.6
ovenbird 0.3 ± 0.5 0.1 ± 0.3 0.1 ± 0.3

mourning warbler 0.5 ± 0.5

rose-breasted

grosbeak 0.2 ± 0.4

chipping sparrow 0.2 ± 0.4 0.7 ± 0.5 0.1 ± 0.3
white-throated

sparrow 0.6 ± 0.5 0.4 ± 0.4
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Table 3.2 con't

Treebeard
Trail

Maclennen
River

Crean
Lake

western tanager 0.1 ± 0.3 0.6 ± 0.5

pine siskin 0.1 ± 0.4 0.6 ± 0.5 0.4 ± 0.4

white-winged
crossbill 0.3 ± 0.4 0.5 ± 0.5 0.1 ± 0.3

evening grosbeak 0.1 ± 0.3 0.5 ± 0.5 0.1 ± 0.3

Total species: 22 24 19
Shannon Diversity
Index (H') 2.84 2.91 2.62
Shannon Equitability
Index (1) 0.91 0.90 0.89
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other species, e.g. Cape May and black-throated green warblers, occurred in only
one of the three sites. Tennessee warblers and evening grosbeaks were much

more common in some areas than others (table 3.2). One interesting feature was

that the bird species which were most abundant was consistent between study
areas. Swainson's thrushes, magnolia warblers and winter wrens were among the

top four most abundant birds in all three study areas.

, 3.3 Discussion and Summary

Different species achieved their maximum abundance at different forest ages;

some preferred the oldest forest, while others occurred in all ages that were

sampled The most important point from this survey, however, was that .... there

were no species ofbird which occurred in the youngest age class offorest sampled
that did not also occur in the older age forest ages. Conversely, there were 11

species of birds found in the older age classes of forest, which did not occur in

the youngest forest This means that there are some species of birds for which

50-60 year old forest (or even 80,90 or 100 year old forest) does not appear to

represent acceptable habitat

The importance of old-growth forest to many bird species has been well

documented (Morse 1976a, Maurer andWhitmore 1981, and Meslow et al. 1981).

DeGraff and Chadwick (1987) found that forest age influences which species of

birds are present as much as forest type (ie. deciduous or coniferous). It is

believed that the reason there are so many species of birds in old forest is that

the structural diversity and volume of the vegetation is greater than it is in

younger forests (Maurer and Whitmore 1981, Meslow et al. 1981, Tomialojc and

Wsolowski 1990). This increased diversity may increase bird survival during
times of stress, as bird populations declined much less in areas of old forest

compared to areas of younger forest during years with adverse weather

conditions (Morse 1976a).



38

Winter wrens, Cape May warblers, western tanagers, white-winged crossbill,

golden-crowned kinglets and evening grosbeaks, were not found in forest that was

under 100 years old; results from other recent bird-habitat studies have shown

the same species to be age sensitive in other parts of Canada. In Alberta, Farr

(1990, 1993) found that golden-crowned kinglets, western tanagers, and winter

wrens reached their highest densities in old-growth stands. A multivariate

analysis using data from across Canada has shown these same species - plus

blackburnian and black-throated green warblers and pileated woodpeckers

(Dryocopus pileatus) - are correlated with old, white spruce dominated forests

(Kirk et aL in press).

The 130+ year old forest was multilayered, with the tallest individual trees, the

most young regenerating spruce and fir and the greatest amount of deadfall and

snags (chapter 2). Forests with multilayered canopies and large amounts of dead

and dying wood ate hypothesised to have more niches than younger forests and

therefore support a greater diversity of bird species (MacArthur and MacArthur

1961, James 1971).

The presence of so many young spruce and fir was the most likely reason

magnolia warblers were abundant in old forest because these warblers are

associated with regenerating conifers (DeGraff et aL 1980). The presence of tall

trees and small regenerating trees in the same habitat may be the reason for the

many different bird species occurring in the oldest forest The same conditions

that make a forest attractive (tall, mature trees) to high foraging species - such

as Cape May and blackbumian warblers - also allow for regeneration, which

attracts birds that forage lower in the canopy - such as magnolia warblers (Morse

1976).

One species that appeared to be very restricted in its habitat use was the Cape

May warbler. In the two years studied, Maclennen River was the only place I
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saw or heard Cape May warblers. I suspect this was because Mac1ennen River

was the most open and park like area and had the largest spruce trees of any of

my study sites. Other researchers have also found that Cape May warblers are

very localized in their occurrence and usually restricted to areas of open, mature,'

coniferous forest (Bent 1953, Salt 1973, DeGraff et at 1980).

It is also possible that Cape May warblers were seen at Maclennen River

because the spruce trees there may have been infected with spruce budworm

(Choristoneura jumijerana), although I did not notice any. Cape May, bay
breasted and Tennessee warblers and evening grosbeaks have all been shown to

be correlated with budworm outbreaks (Kendeigh 1947, Takekawa and Garton

1984). The fact that Tennessee warblers were three times more abundant and

evening grosbeaks five times more abundant at Maclennen river than at the other

two old-growth sites, is another reason to suspect budworm. When an area is

infested with budworm, warblers which are non-budworm specialists tend to

decrease in numbers (MacArthur 1958). My results are consistent with this

because the densities of blackbumian and yellow-rumped warblers were lower

at Maclennen River than they were at the other two old-growth sites.

Besides the eleven species which did not occur at all in the 50-60 year old

forest, several other species (those in group three) which were found in this

forest occurred only at low densities (table 3.1). If younger forest is sub-optimal
habitat for these species it may act as a population "sink". This means that even

if a species occurs in a habitat, it might not be successfully producing young in

this area and would be dependent on immigration from surrounding "source"

areas to maintain its population in this area (Pulliam 1988).

One species for which the 50-60 year old forest may be acting as a sink is the

blackbumian warbler (D. fusca). Although some blackbumian warblers were

found in the 50-60 year old forest, they occurred there only at low densities and
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reached their highest densities in the oldest two age categories (table 3.1).
Behaviourial observations showed that this warbler was significantly associated

with tall trees and its average feeding and singing heights were higher than most

of the trees in the 50-60 year old forest (chapters 2 & 4). Because of their

dependence on tall trees (especiallywhite spruce), blackbumian warblers may not

be able to survive over the long term in forest under 100 years in age.

Among the old-growth sites, I saw and heard black-throated green warbler only
at Treebeard Trail Black-throated green warblers probably occurred only at

Treebeard Trail because of the three old-growth areas, it had the most deciduous

trees, especially white birch, on which these warblers preferred to feed (Chapters
2 & 4). Unlike Cape May warblers, black-throated greens also occurred in other

age classes of forest, including the youngest areas surveyed (table 3.1).

That black-throated green warblers occurred in all age classes of forest that I

surveyed is interesting, as they have been described elsewhere as old-growth
conifer specialists (Kirk et al in press). This may be due to differences in ages

between my study areas and those in other studies. I concentrated my surveys

in forest that was mature to very old, and did not survey any young or very

young forest, while other ,studies included very young (early successional) forest

and their "old" age classes were not as old as mine (Kirk et al in press).

Two birds that were most common in the 100-110 year old forest, rose-breasted

grosbeaks and ovenbirds (Seiurus aurocapillus), are associated with mature

deciduous or mixedwood habitat with large diameter trees and open ground
cover (Titterington et al 1979, Kirk et al in press). Birds which showed no age

preference (those in group five) were most likely using forest characteristics

other than age to choose their preferred habitat Yellow-rumped warblers (D.

coronata), solitary. vireos (Vireo solitarius) and chipping sparrows (Spizella

passerina), are associated with coniferous forests (including jack pine and black
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spruce) rather than with forest age, while mourning warblers (Oporomis

philadelphia) are associated with either second growth or openings in the forest

(Collins et al, 1982, Kirk et aL in press). Tennessee warblers (Vermivora

perigrina) have been found in a wide range of habitats and in all forest ages

(Kirk et al, in press). Although Tennessee warblers are usually found deciduous

forest, they also occur in mixed forest and appear to exploit budworm outbreaks

which occur mainly in coniferous forests (Kendeigh 1947, Soper 1952, Kirk et al.

in press).

Besides identifying which species did or did not occur in a certain age of

forest, I also assessed which species were more abundant in different ages.

Ovenbirds were the most abundant birds in all age classes except the oldest

(130+), where their numbers per point count were less than 10% of what they
were in forest between 80-110 years old. As the ovenbird is the only passerine
bird species chosen as an indicator species in the Saskatchewan Forest Habitat

Project, it is interesting to note that managing for this species would find old

growth forest to be unimportant habitat This may not be good in the long term

for bird species for which old-growth is important habitat

Swainson's thrushes were the opposite of ovenbirds, in that they were among

the top three most abundant birds in all forest age classes except the youngest,

where they occurred at 10% or less of the density they showed in the other areas.

Yellow-rumped warblers were interesting in that not only did they not show any

marked preference for a certain age of forest, but they were also one of the most

abundant bird species (within the top 3 or 4) in all age classes of forest
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4. BEHAVIOURAL OBSERVATIONS

4.1 Methods

All observations on bird behaviour were made in the three old-growth

(> 130 years) forest areas. I used focal sampling (Altman 1974), to gather
these data; following an individual bird and observing it continuously until it

was lost from sight Continuously observing birds until they are lost from

sight is the most practical method to study free ranging, wild birds in densely
forested habitats, and has been used in other studies (MacArthur 1958, Morse

1968, Robinson and Holmes 1982, Morse 1989).

All observations were made between May 20 to Aug.l, during all daylight

hours, from 4:30 am. to 9:30 pm. for a maximum of two minutes per

individual Any observation that lasted for less than five seconds was not

used in my analysis. I limited observations to 2 min. to prevent possible
biases due to watching one particular individual for a much longer time than

other individuals, since most birds were lost from sight within 30 seconds.

I observed birds using 8 x 40 power binoculars and recorded data using a

portable tape recorder. Bird observations included; species, age, sex and

behaviour. Behaviour was classified as feeding, singing or resting. I recorded

the species of tree in which the bird occurred and estimated the bird's height
in the tree. To determine if there was a systematic error in my height

estimates, I calibrated my estimates with actual tree heights. To do this, I

estimated the heights of 50 trees of different species and sizes and then
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Figure 4.1 The relationship between the estimated heights of trees and their
actual heights - measured with a clinometer. The top graph shows data from
conifers (white spruce and balsam fir), while the data on the bottom graph
came from trembling aspen.

44



coniferous deciduous

,
,
\
\

2

T 2
M

8
M

8
3

, , 4, ,
, ,
, I
, I
, I
, I
, ,

, , , 5
, , ,
, , ,
, , ,
, , ,
, , ,
, , ,
, , ,
, , ,

.
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that can be easily measured

Several researchers (MacArthur 1958, Morse 1968, Rabenold 1978),

reported that birds are difficult to see in certain parts of a tree - especially
when they are high up next to the trunk. To test this with my data, I

conducted a Chi-square test using the total number of observations on all

species (for all activities) in white spruce. The null hypothesis (H:o) was, that

if the birds were equally visible in all 15 tree zones, then the number of

observations would be the same in all zones. This was not the case, the

amount of observations were not equal in all zones (X2= 121.78, df= 8,

P<O.OOI).

There is likely some observational bias in my data as zone Bl (the top part

of the tree next to the trunk) was under represented, but zones T,M and B5,

(the bottom part of the tree) were also under represented. Zone T5, the

outer bottom branches on a tree, is the easiest zone in which to see a bird

Because birds were observed for the least amount of time in both the easiest

and hardest zones in which to see, I feel that my data are as unbiased as they
could possibly be, given the field conditions under which I worked.

4.2 Results

4.2.1 Bird use of trees compared to their availability

. The four major tree species in the old-growth study areas - white spruce,

balsam fir, trembling aspen and white birch made up 46%, 30%, 20% and 4%

of the total available trees when measured by basal area (chapter 2). By

comparing bird species use of the different tree species relative to the

proportional availability of those trees, I found that some birds did not use the

trees in proportion to their abundance in the forest
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I used percent basal area for the trees rather than percent of individuals for

the analysis because there was a large difference in the size of the different

tree species. White spruce and trembling aspen tended to be large trees (25-
30+ m tall), while most of the balsam fir and white birch were less than 20 m

tall I felt that using percent of individual trees in the analysis would have

biased the results toward balsam fir as it was an abundant tree, but not a very

large one. I would have used foliage volume instead of basal area in the

analysis, but I did not measure volume.

To check for possible visibility biases between the different tree species, I

conducted a Chi-square test using Bonferroni confidence intervals on the total

number of seconds of observations (for all birds for all activities combined) in

each tree species. I found that the amount of time I observed birds in spruce,

fir and aspen did not differ significantly from the availability of these trees.

However, the amount of time I observed birds in white birch was significantly

higher (P<0.05) than would be expected by its availability. I know from

personal experience that birds are run easier to see in white birch than in

other trees (if anything, they are slightly easier to spot in trembling aspen). I

conclude that several species of birds were in fact selecting to forage or sing
in birch.

The average duration for an observation of a bird in white birch (mean 46

± S.D. 38 sec.) was not different from the average duration of an observation

in white spruce (48 ± 39 sec.). The average length of an observation in aspen

appeared to be longer than the average in balsam fir. However, only three

bird species used both aspen and fir. When I compared the average length of

an observation using only those species that were common to both aspen and

fir, I found that they were not significantly different (t-test, P>0.30).

White spruce was the preferred tree species for both foraging and singing
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activities. None of the twelve species avoided spruce for either feeding or

singing. Ruby-crowned kinglets and yellow-rumped warblers selected spruce

for their feeding activity, while 100 % of singing Cape May warblers and ruby
crowned kinglets observed were in white spruce (figure 4.3). The second most

abundant tree, balsam fir, was clearly avoided by some bird species. Western

tanagers, blackburnian and black-throated green warblers were never observed

(either singing or feeding) in balsam fir.

Trembling aspen was avoided by several bird species; ruby and golden
crowned kinglets, solitary vireos, boreal chickadees and black-throated green

warblers were never observed feeding or singing in aspen (figure 4.5).
The least favoured tree appeared to be white birch, as 6 species were never

observed in this tree (figure 4.6). White birch was not very common so it was

hard to establish whether the birds actually were avoiding these trees, or if

this apparent avoidance was due to sampling bias.

To test if any of the apparent differences in the birds' use of the tree

species were statistically significant, I conducted a Chi-square test using
Bonferroni confidence intervals. There was enough data to conduct this test

on the use of the different tree species compared to the proportional
abundance of those trees for only four of the bird species observed; yellow

rumped, magnolia, bay-breasted and Tennessee warblers (table 4.1).

Yellow-rumped warblers used white spruce more and aspen less than

expected ()(2=21.21, df=3, P<O.01) when feeding, and they used white birch

more than expected for singing (table 4.1). Magnolia warblers did not forage
in aspen, and they used white birch more than expected (�=56.99, df=2,
P<O.OOI) when singing (table 4.1).

Bay-breasted warblers did not feed often in aspen. Although, this
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Figure 4.3 Use of white spruce by birds for feeding and singing compared to

proportional availability (by basal area) in the forest N, is equal to the
number of birds seen for each species. No species of bird avoided white

spruce - either for singing or feeding, while two bird species selected white

spruce for feeding and two others for singing. * Yellow-rumped warblers used
white spruce significantly more than expected (P<O.05) when feeding (Xl test
with Bonferroni confidence intervals).
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Figure 4.4 Use of balsam fir by birds for feeding and singing compared to its

proportional availability (by basal area) in the forest N, is equal to the
number of birds seen for that species. Two bird species appeared to select
balsam fir for feeding, while four species avoided it Only one bird species
selected fir when singing, while six bird species avoided fir when they were

singing. * Tennessee warblers significantly avoided balsam fir (P<0.05) for
both feeding and singing (Xl test with Bonferroni confidence intervals).
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Figure 4.5 Use of trembling aspen by birds for feeding and singing compared
to proportional availability (by basal area) in the forest N, is equal to the

number of birds seen for that species. Two bird species selected aspen for

both feeding an singing, while six species avoided it for both feeding and

singing. *Yellow-rumped warblers significantly avoided aspen (P<O.05) when

feeding (X2 Bonferroni confidence intervals).
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Figure 4.�.· Use of white birch by birds for feeding and singing compared to

proportional availability (by basal area) in the forest. N, is equal to the
number of birds seen for that species. Only three species of bird fed in birch,
while seven did not Five bird species sang in birch, while six did not *

Tennessee and magnolia warblers used white birch significantly more than

expected (P<O.05) for both feeding and singing » while yellow-ramped
warblers used it significantly more for singing (X' test with Bonferroni
confidence intervals).
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'Table 4.1 Bird use of the different tree species for
feeding and singing (based on number of observations)
compared to the trees' availability (X2 test, with
Bonferroni confidence intervals).

Bird species Activity X2 P

yellow-rumped feeding 21.21 <0.001 *

warbler singing 7.82 <0.01 *

magnolia feeding 0.91 n.s.

warbler singing 56.99 <0.001 *

bay-breasted feeding 5.32 n.s.

warbler singing 2.93 n.s.

Tennessee feeding 60.68 <0.001 *

warbler singing 62.05 <0.001 *

Significant differences:

Yellow-rumped warbler - used white spruce more and

trembling aspen less than expected when feeding. Used
white birch more than expected when singing.

Magnolia warbler - used white birch more than expected
when singing.

Bay-breasted warbler - used trees in proportion to their
availability.

Tennessee warbler - used white birch more and balsam fir
less than expected when feeding and singing.
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difference was not statistically significant (P=O.09), I believe a larger sample
size may have found a significant difference as trembling aspen made up close

to 1/3 of the available trees (table 4.1). Bay-breasted warblers were never

observed in birch, but because this tree was uncommon, it is unclear whether

these warblers actually avoid it On the other hand, Tennessee warblers used

white birch more than expected for both feeding (X2=60.68, df=3, P<O.OOI)
and singing (X2=62.05, df=3, P<O.OOI) (table 4.1). Tennessee warblers used

spruce and aspen in proportion to their abundance, but avoided fir for both

feeding and singing (table 4.1).

To compare if birds used different tree species in the same proportion for

both feeding and singing, a Chi-square analysis was done for each bird species
that fed and sang in more than one species of tree. A Fisher exact test was

used when the sample sizes were small « 15), or if there were zeros in the

data. These tests were done to determine if a bird used one species of tree

more for singing, and a different tree species more for foraging.

A significant result in a Chi-square test allows one to say that the values

compared are different, but not in which cell the difference occurs. To find

out where the differences occurred, I conducted a second, Chi-square,

postpriori test using Sidak's correction (Rolf and Sokal 1981, Sokal and Rolf

1981). Sidak's correction [oc'=I-(l-oc)lIk] is used for unplanned multiple

comparisons and increases the size of the critical value. The maximum

number of comparisons that can be made are equal to the degrees of freedom.

There was no significant difference between the use of different tree

species for singing or foraging behaviour for western tanagers, solitary vireos,

blackburnian, black-throated green or Tennessee warblers (table 4.2).

Yellow-rumped warblers used white birch more for singing than they did for

feeding (P<O.05, Chi-square, with Sidak's correction) but showed no feeding



Table 4.2 Differences in tree species use between feeding and singing.

bird df p

yellow-romped warbler 16.30 3 <0.001*

magnolia warbler 0.63 2 n.s.

bay-breasted warbler 7.56 2 <0.05*
Tennessee warbler 0.47 3 n.s.

blackbumian warbler 0.00 1 n.s.

black-thr. green warbler 0.38t
. western tanager 0.19 1 n.s.

solitary vireo 0.13 1 n.s.

yellow-romped warblers - used white birch more for singing than they did for

feeding (X2, with Sidak's correction).

bay-breasted warblers - used trembling aspen more for singing than they did
for feeding (X2, with Sidak's correction).

t test for black-throated green warbler was Fisher exact test
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and singing difference in their use of the other tree species. Magnolia
warblers sang in aspen but did not forage in them; there was no significant
difference between their feeding and singing use of the other tree species.

Bay-breasted warblers showed no significant difference in their feeding and

singing use of spruce and fir, but they used aspen more for singing than they
did for feeding (P<0.05, Chi-square, with Sidak's correction); (table 4.2).

4.2.2 Diversity indices

The diversity of use of foraging zones by different birds was calculated

using the Shannon Diversity Index (H'= -1; Pi InPJ (Shannon and Weaver

1949, Begon et aL 1990). In white spruce and balsam fir, if a bird species fed

equally in all 15 zones the highest possible value would be H'= 2.71, while in

trembling aspen and white birch the highest possible value was H' = 2.20, as

these two trees were divided into only nine zones (figure 4.2 & table 4.3).

The foraging diversity of the birds was also calculated using a component of

the Shannon formula called J' (table 4.3). In the equation, J'= (H' IH'mu.), J'

can have a value between zero and one; this value is calculated by comparing
the diversity index (H') of a species to the maximum H' value possible

(Tramer 1969). The value of J' is related to H' in that the birds with the

highest H' value also had the highest J' (table 4.3). If a species had a J' value

equal to 1, it would mean that bird species was foraging equally in all parts of

the tree. I calculated J' as well as H', because H' shows which species is most

diverse, while J' shows what percent of the total possible that each species is

using. The highest J' value in my data (0.93) was recorded for the yellow

rumped warbler in white spruce (table 4.3). This means that when they were

in white spruce, yellow-rumped warblers foraged at close to the maximum

diversity possible.



Table 4.3 The feeding diversity for different species of birds foraging in
different tree species - using the Shannon diversity index (H') and (J').

birds:
spruce
H' J'

fir
H' J'

aspen
H' J'

birch total
H' J' H'

warblers

cmwa 0.69 0.25 - 0.69
blwa 1.58 0.58 1.60 0.73 2.22

btgw 1.56 0.58 1.61 0.73 2.24
bbwa 2.26 0.83 1.91 0.70 1.73 0.79 3.00
tewa 1.83 0.68 1.93 0.72 1.65 0.75 1.49 0.68 3.12
mawa 2.37 0.88 2.16 0.80 1.89 0.86 3.24

yrwa 2.51 0.93 2.47 0.91 1.52 0.69 1.49 0.68 3.29

non-warblers

rcki 2.44 0.90 2.19 0.81 2.88

gcki 2.12 0;78 1.84 0.68 2.69
boch 2.36 0.87 1.99 0.73 2.40
sovi 1.49 0.55 1.70 0.63 2.25
weta 1.73 0.64 1.33 0.60 2.24

max. 2.71 1.00
value:

2.71 1.00 2.20 1.00 2.20 1.00 3.78

cmwa - Cape May warbler blwa - blackburnian warbler
mawa - magnolia warbler btgw - black-throated green warbler
tewa - Tennessee warbler yrwa - yellow-rumped warbler
bbwa - bay-breasted warbler

rcki - ruby-crowned kinglet gcki - golden-crowned kinglet
boch - boreal chickadee sovi - solitary vireo
weta - western tanager
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I calculated the total foraging diversity (total H') for each bird species -

using all foraging data for that bird from each tree species. If a bird foraged

equally in every zone of all four trees, its total diversity would be H'=3.78

(table 4.3). The bird with the highest total foraging diversity (H'=3.29) was

the yellow-rumped warbler. These warblers were the most diverse foragers in

both spruce (2.51) and fir (2.47), and were one of only two species that

foraged in all four tree species (table 4.3). In fact, the four most diverse
.

.

species (total H') were all warblers - yellow-rumped (3.29), magnolia (3.24),
Tennessee (3.12) and bay-breasted (3.00) (table 4.3). This is most likely
because these four warblers foraged in 3 or 4 species of trees (both deciduous

and coniferous), while all non-warblers foraged in only two tree species and

except for western tanager, never used deciduous trees.

There appeared to be a relationship between how diversely a bird species

foraged in white spruce and how many species of tree they foraged in. To

test if there was in fact a relationship between the feeding diversity of a bird

species and the number of trees that species used, I conducted a Spearman
Correlation test on the data (Siegel and Castellan 1988). I did the test twice,

once using the diversity index for birds feeding in white spruce, and once

using the total feeding diversity index. It did not make a difference to the

final result which of the two H' values was used

Among the seven warbler species, there was a significant (P<O.05) positive
correlation between how diverse a feeder a bird species was in white spruce

and how many tree species that bird foraged in. The two most diverse

feeders, yellow-rumped and magnolia warblers, foraged in 4 and 3 tree species

respectively. The least diverse foragers, Cape May and blackburnian warblers,
used only 1 and 2 species respectively. There was no correlation between

foraging diversity and number of tree species used by the five non-warbler

species, because all five used only two different species of tree.
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4.2.3 Tree zone diagrams

I used the tree diagrams in order to illustrate the part of the tree in which

most of the foraging activity for any particular bird species occurred. The

percent of foraging observations and foraging times were shaded until an area

equalling at least 50 % of the species activity was shaded (figures 4.7-4.12). I

illustrated both foraging observations and times to show that for most species
the zones in which they were most often observed were the same as the zones

in which they spent most of their time.

The tree diagrams represent a graphical view of the tree zones used most

often by the different bird species. To find out if tree zone use was

significantly different in any of the bird species, I conducted Chi-square tests

on the seven species for which there was enough data (no zeros, and no

expected values less than 5). Chi-square test allows one to say that there is a

difference between the values tested, but not where the difference occurs. To

find out where differences occurred, I used postpriori Chi-square tests using
Yates correction for continuity [X2=E( Ife-fo 1-0.5)2 Ifc] (Zar, 1984).

4.2.3.1 White Spruce

Six of the eleven species observed foraging in white spruce were warblers

(figure 4.7). The highest foraging species were blackbumian warblers; over

60 % of foraging observations and foraging times for this species occurred in

zones Tl and T2 (figure 4.7). The second highest foragers were black

throated green warblers with approximately 60 % of the foraging times and

observations occurring in zones Tl, T2 and T3 (figure 4.7). Neither of these

two warbler species were ever observed foraging near the bottom of the tree

in zones 4 or 5.
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Figure 4.7 The proportion of different tree zones used by different species of
warblers when foraging (in white spruce) as a percentage of both time and
number of observations. The shaded area represents those tree zones in
which the birds most commonly occurred, representinga 50 % of the foraging
activity.
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Figure 4.8 The proportion of different tree zones used by different bird
species when foraging (in white sprucer; as-a percentage of both time and
number of observations. The shaded area represents those tree zones in
which the birds most commonly occurred, representing � 50 % of the foraging
activity.
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Figure 4.9 The proportion of different tree zones used by different species of
warblers when foraging (in balsam fir), as a percentage of both time and
number of observations. The shaded area represents those tree zones in

which the birds most commonly occurred, representing > 50 % of the foraging
activity.
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% 980sac. % 58obs.

Figure 4.10 The proportion of different tree zones used by different bird
species when foraging (in balsam fir), as a percentage of both time and
number of observations. The shaded area represents those tree zones in
which the birds most commonly occurred, representing > 50 % of the foraging
activity.
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Figure 4.11 The proportion of different tree zones used by different bird
species when foraging (in trembling aspen), as a percentage of both time and
number of observations. The shaded area represents those tree zones in
which the birds most commonly occurred, representing ;;::50 % of the foraging
activity.
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Figure 4.12 ·The proportion of different tree zones used by different bird
species when foraging (in white birch), as a percentage of both time and
number of observations. The shaded area represents those tree zones in
which the birds most commonly occurred, representing �50% of the foraging
activity.
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From the tree diagrams (figures 4.7 & 4.8), blackburnian and black-throated

green warblers tended to forage on the outer branches near the top of the

tree, while bay-breasted warblers and western tanagers tended to forage on

the inner branches in the upper half of the tree. Magnolia and Tennessee

warblers were observed most often in the middle layers of the tree, while

golden-crowned kinglets and solitary vireos were frequently observed in the

lower half of the tree. The most diverse foragers, yellow-romped warblers,

ruby-crowned kinglets and boreal chickadees, used almost every tree zone.

Yellow-romped warblers foraged in almost every zone from the top to the

bottom of the tree, they concentrated their foraging in the middle part of the

tree and in the middle and outer parts of the branches - zones T and M within

zones 2, 3 and 4 (figure 4.7). These birds did not use either the horizontal

(P<O.05) or vertical zones (P<O.OOI) equally when foraging (table 4.4). When

tested using Yates correction, I found that yellow-romped warblers foraged in

zone 3 more than in the other vertical zones (X2=22.20, df=l, P<O.OOI) and

used zone B less than the other horizontal zones (X2=6.74, df'=L, P<O.OI).

Magnolia warblers foraged mainly midway up the tree in (zones 2 & 3) and

were seldom seen either high in the tree (zone I), or in the lowest part of the

tree (zone 5) (figure 4.7). Magnolia warblers did not use the vertical zones

equally (P<O.OOI, table 4.4) and a postpriori test found that they used zoneJ

more than the others (X2=13.07, df=I, P<O.OOI). A chi-square test showed

there was no significant difference in their use of horizontal zones (table 4.4,

figure 4.7).

I saw bay-breasted warblers most often in the upper part of the tree, zones

2 and 3, on the larger branches, M and B, and never observed them in the

bottom part of the tree (zone 5) (figure 4.7). Bay-breasted warblers did not

use either the vertical zones 1-4 equally (P<O.OI) or the horizontal zones T,M



Table 4.4 Chi-square test on bird foraging zones. An

(*) - indicates a significant difference in bird use of
the horizontal or vertical zones in that tree species.
Missing species omitted due to lack of data.

Bird species Tree Zone OF X2 P

yellow-rumped ws T,M,B 2 9.42 <0.05 *

warbler ws 1-5 4 33.33 <0.001 *

bf T,M,B 2 1.12 n.s.

bf 1-5 4 10.12 <0.05 *

magnolia ws T,M,B 2 3.57 n.s.

warbler ws 1-5 4 19.93 <0.001 *

bf T,M,B 2 0.33 n.s.

bf 1-5 4 59.88 <0.001 *

wb T,M,B 2 9.00 <0.05 *

wb 1-3 2 2.38 n.s.

bay-breasted ws T,M,B 2 8.00 <0.05 *

warbler ws 1-4 3 13.15 <0.01 *

bf T,M,B 2 6.72 <0.05 *

bf 2-4 2 19.23 <0.001 *

Tennessee ws T,M,B 2 6.31 <0.05 *

warbler ws 1-4 3 5.34 <0.10
bf T,M,B 2 4.92 <0.10
bf 1-4 3 9.08 <0.05 *

ap T,M,B 2 11.20 <0.01 *

ap 1-3 2 0.40 n.s.

wb T,M,B 2 2.95 n.s.

wb 1-3 2 0.42 n.s.

blackburnian ap T,M,B 2 14.13 <0.001 *

warbler ap 1-3 2 4.75 n.s.

boreal ws T,M,B 2 0.13 n.s.

chickadee ws 1-5 4 14.11 <0.01 *

bf T,M,B 2 1.68 n.s.

bf 2-4 2 14.20 <0.01 *

ruby-crowned ws T,M,B 2 0.77 n.s.

kinglet ws 1-4 3 1.69 n.s.

bf T,M,B 2 0.16 n.s.

bf 1-5 4 17.25 <0.01 *

golden-crowned ws T,M,B 2 1.35 n.s.

kinglet ws 1-5 4 2.95 n.s.

(T,M,B) - are horizontal zones: (1-5) - are vertical
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and B equally (P<O.05) (table 4.4). I found that bay-breasted warblers used

zone 4 less than zones 1-3 (X2= 6.33, df=l, P<O.05) and zone T less than the

other horizontal zones (X2=4.29, df=5, P<O.05).

In white spruce, Tennessee warblers foraged mainly in the middle zones (2
and 3), on the outer part of the twigs - zone T (figure 4.7). Although these

warblers were never observed in zone 5 their use of zones 1-4 was not

significantly different (table 4.4). Tennessee warblers did not use the

horizontal zones equally (P<O.05, table 4.4), and a postpriori test found that

they used zone T more than the other horizontal zones (X= 4.79, df=l,

P<O.05).

Among the non-warblers, the most diverse feeder in white spruce was the

ruby-crowned kinglet (figure 4.8). These birds had a feeding diversity index

of H'= 2.44, (only yellow-rumped warblers had a higher diversity), and

foraged in every tree zone except the bottom - zone 5 (table 4.4, figure 4.8).
A Chi-square test found no significant difference in their use of either the

vertical (1-4) or horizontal zones (table 4.4). The other kinglet in this study,
the golden-crowned, foraged lower in the trees than the ruby-crowned, mainly
in zones 3 and 4, and had a lower feeding diversity index (H'=2.12) (figure
4.8 and table 4.4).

Another diverse feeder in white spruce was the boreal chickadee (figure

4.8). These birds had a feeding diversity index of H'= 2.36 (table 4.4) and

were observed foraging in almost every tree zone from the top to the bottom

of the tree and from the inner branches to the outer twigs. There was no

significant difference in boreal chickadees use of the horizontal zones, but

they did not use the vertical zones equally (P<O.OI) (table 4.4). They used

zone 5 less than zones 1-4 (X2=11.97, df= l, P<O.OOI).
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4.2.3.2. Balsam fir

As was the case for white spruce, the most diverse foragers in balsam fir

were yellow-rumped warblers (figure 4.9). Yellow-rumped warblers foraged in

balsam fir similar to the way they had in white spruce. In both trees they
were observed in almost every zone from top to bottom - although they
occurred more often in the middle zones (figures 4.7 & 4.9). In fir, yellow

rumped warblers did not use the vertical zones 1-5 equally (P<0.05), but there

was no difference in their use of the horizontal zones (T, M and B) (table

4.4). A postpriori test using Yates correction showed that they used zone 1

less than the other four vertical zones (X2=4.83, df=l, P<0.05).

In balsam fir, magnolia warblers were almost as diverse in foraging as they
were in white spruce. In both trees they concentrated most foraging activity
in vertical zone 3 (figures 4.7 & 4.9). In balsam fir, this preference for zone 3

was even more pronounced, as over 50% of their foraging activity (both time

and no. observations) occurred in this zone (figure 4.9). Magnolia warblers

did not use zones 1-5 equally (P<O.OOI), there was no significant difference

in their use of the three horizontal zones (T, M and B) (figure 4.9, table 4.4).
A postpriori test using Yates correction, showed that magnolia warblers used

zone 3 significantly more than the other zones (X2=54.86, df=l, P<O.OOI).

The foraging behaviour of Tennessee warblers in balsam fir was similar to

their behaviour in white spruce (figures 4.7 & 4.9). Tennessee warblers

foraged most often in the middle and outer parts of the twigs and branches in

zones 2 and 3 (figure 4.9). These birds were never observed in zone 5, and

did not use zones 1-4 equally·(P<0.05) (table 4.4). A postpriori test showed

that they used zone 3 more than the others (X2=5.67, df= 1, P<0.02).

Bay-bre,asted warblers foraged in fewer tree zones in balsam fir than they
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had in white spruce, as a result, their foraging diversity index was lower

(H'= 1.91 vs H'=2.26). Bay-breasted warblers did not use the horizontal zones

T,M and B equally (P<0.05) (table 4.4). These birds were not observed

foraging in vertical zones 1 or 5 and did not use zones 2-4 equally (P<O.OOl)

(figure 4.9, table 4.4). A postpriori test using Yates correction, showed that

bay-breasted warblers used zone 4 less than zones 2 and 3 (X2=7.36, df=l,

P<O.Ol).

As was the case for white spruce, the most diverse feeder of the non

warblers was the ruby-crowned kinglet (table 4.3). These birds were observed

in almost every tree zone - from the top to the bottom and from the inner

branches to the outer twigs. Ruby-crowned kinglets foraged fairly equally in

zones B, M and T, a chi-square test also showed no significant difference in

their use of these horizontal zones (table 4.4). Kinglets did not use the

vertical zones 1-5 equally (P<O.Ol, table 4.4). A postpriori test showed that

they used zone 3 more than the other zones (X2=6.60, df=l, P<O.02). In

balsam fir, as in white spruce, ruby-crowned kinglets were more diverse

foragers than their relatives, the golden-crowned kinglets (H'= 2.19 vs

H'=1.84) (table 4.3). Similar to their foraging behaviour in spruce, golden
crowned kinglets concentrated their foraging in zones 3 and 4, and were never

observed in zones 1 or 5 (figure 4.10).

Boreal chickadees foraged in fewer zones in balsam fir than they did in

white spruce, consequently their feeding diversity index was lower in fir (H'=

1.99) than it was in spruce (H'=2.36). (table 4.3). Boreal chickadees foraged
in all parts of the branches from the inner part of the tree right out to the

ends of the twigs (figure 4.10). A chi-square test confirmed no significant
difference between the use of zones T, M and 8 (table 4.4). Boreal

chickadees were never observed in zones 1 or 5 and they did not use the other

vertical zones equally (P<O.OI, table 4.4). A postpriori test found that they
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used zone 4 less than the other zones (X2=12.78, df=l, P<O.OOI).

4.2.3.3 Trembling aspen

Five species of birds were observed foraging in trembling aspen. Western

tanagers, blackburnian and Tennessee warblers fed high in the trees, while

yellow-romped and bay-breasted warblers fed low in the trees (figure 4.11).
Of the birds which fed in trembling aspen, western tanagers foraged the

highest and were never observed in the lowest part of the tree - zone 3 (figure
4.11). In the horizontal zones, western tanagers were observed more often on

the middle part of the branches than they were on small twigs, but they were

never observed on the largest branches near the trunk (figure 4.11). Western

tanagers had the lowest feeding diversity index (H'= 1.33) of the birds that

foraged in trembling aspen (table 4.3).

Two other species that foraged high in trembling aspen were blackburnian

and Tennessee warblers (figure 4.11). These species both foraged mainly in

zones 1 and 2 and were seldom observed in zone 3 and had similar feeding

diversities; Tennessee warbler, H'= 1.60 and blackburnian warbler H'= 1.65

(table 4.2). Neither blackburnian nor Tennessee warblers used the horizontal

zones (T, M and B) with equal frequency (table 4.4).

Unlike their behaviour in other tree species, yellow-romped warblers were

not especially diverse feeders in aspen (H'= 1.52) (table 4.3). Yellow-romped
warblers were seen foraging most often in vertical zones 2 and 3 and were

never observed on the large inner branches (figure 4.11, table 4.3). In

contrast, bay-breasted warblers were observed most often on the large
branches near the bottom of the canopy, and had the highest feeding diversity
of any species in aspen (H'= 1.73) (figure 4.11, table 4.3).
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4.2.3.4 White birch

Only four bird species were observed foraging in white birch, two of which -

black-throated green and yellow-rumped warblers - foraged high in the trees,

while the other two - Tennessee and magnolia warblers - tended to forage
lower in the trees (figure 4.12). The highest forager was the black-throated

green warbler, with over 60% of both foraging observations and times in zone

1 (figure 4.12). These birds also concentrated their foraging activity in the

outer part of the branches on small twigs, and were seldom observed feeding
near the trunk (figure 4.12).

For more than 70% of the time they were observed and more than 50% of

the individual observations, yellow-rumped warblers foraged in zone 1 (figure
4.12). Yellow-rumped warblers foraged relatively equally in the outer and

middle parts of the branches, but they were not observed foraging on the

large, inner branches (figure 4.12). Because there were several tree zones in

which yellow-rumped warblers did not forage, they had the lowest feeding

diversity index, (H'= 1.49) of the species that foraged in white birch (table

4.3).

The two most diverse foragers in white birch were Tennessee and magnolia

warblers, each with a feeding diversity index of H'= 1.89 (table 4.3).
Tennessee warblers were observed foraging in every tree zone from top to

bottom and from inner branches to outer twigs (figure 4.12). There was no

significant difference in Tennessee warblers use of either the horizontal or

vertical zones (table 4.4).

Magnolia warblers were observed in almost every tree zone. Of all the bird

species, magnolia warblers (in white birch) had the largest disparity between

% observations and % time spent in each tree zone (figures 4.12). Magnolia
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warblers were often seen in zone T, but spent more time in zones M and B

when they occurred there.

4.2.4 Species foraging overlap

While the tree zone diagrams illustrate the amount of overlap between the

different bird species pictorially, it is also possible to compare the amount of

overlap between the species statistically. In order to assess the degree of

foraging overlap between the different bird species, I compared each of the

twelve species - one pair at a time. The proportion of observations each bird

species spent in each of the 15 possible tree zones (or 9 zones in the

deciduous trees) was compared between each species pair (tables 4.5 & 4.6).

In order to calculate the amount of overlap I used Morisita's Index [C=2

E(XiJi) I E(�2) + E(Yi2)] from Diamond (1983) and Hom (1966). In this

equation, x, & Yi are the foraging proportions from the two bird species and C

ranges from 0 (no overlap) to 1 (complete overlap).

The amount of overlap between the different bird species that foraged in

white spruce varied enormously, from 0 %-94 % (table 4.5). The mean species

overlap in spruce (56 % ± 20%) was the lowest of all the tree species. This

was no doubt due to the large range, because the three highest overlap values

(94%,93% & 90%) all occurred in spruce (tables 4.5 & 4.6).

From the tree diagrams, it was apparent that when foraging in white spruce,

yellow-rumped warblers overlapped a great deal with several other bird

species (figures 4.7 & 4.8). When compared mathematically, I found that

these birds had the highest mean overlap (71 %) of any species (table 4.5).

Yellow-rumped warblers showed the most overlap with magnolia warblers

(94 %), boreal chickadees (90 %), bay-breasted warblers (86 %), and golden
crowned kinglets (83 %) (table 4.5). Boreal chickadees, bay-breasted and



Table 4.5 Feeding overlap between different bird species foraging in white

spruce.

yrwa mawa bbwa tewa blwa btgw sovi weta boch rcki

gcki

yrwa .94 .86 .72 .39 .65 .56 .47 .93 .77 .83
mawa .84 .66 .36 .66 .53 .48 .85 .76 .75
bbwa .60 .38 .56 .58 .59 .90 .80 .55
tewa .74 .60 .40 .26 .61 .57 .40
blwa .62 0 .19 .51 .49 .18

btgw .27 .37 .61 .55 .63
sovi .13 .48 .41 .61
weta .53 .64 .42
boch .44 .70
rcki .74

gcki

mean .71 .68 .66 .56 .39 .55 .40 .41 .66 .62 .58

overall mean .56 ± .20
and sd,

Abbreviations:

yrwa - yellow-rumped warbler mawa - magnolia warbler
bbwa - bay-breasted warbler tewa - Tennessee warbler
blwa - blackburnian warbler btgw - black-thr. green warbler

sovi - solitary vireo weta - western tanager
rcki - ruby-crowned kinglet gcki - golden-crowned kinglet
boch - boreal chickadee

74



•

Table 4.6 Feeding overlap between different bird species foraging in balsam

fir, trembling aspen and white birch.

Balsam Fir

yrwa mawa bbwa tewa sovi boch rcki gcki

yrwa .64 .61 .59 .52 .69 .83 .57
mawa .71 .80 .27 .81 .78 .84
bbwa .49 .13 .83 .71 .68
tewa .39 .55 .71 .68
sovi .17 .38 .28
boch .75 .77
rcki .82

gcki

mean .64 .69 .59 .60 .31* .65 .71 .66

overall mean .60 ± .20
and sd

Trembling Aspen White Birch

yrwa bbwa blwa tewa weta yrwa mawa tewa

btgw

yrwa .79 .63 .65 .77 yrwa .69 .67 .84
bbwa .66 .57 .64 mawa .80 .57
blwa .81 .85 tewa .72
tewa .48 btgw
weta

mean .71 .67 .74 .63 .69 mean .73 .69 .73 .71

overall mean .68 ± .11 overall mean .72 ± .09
and sd and sd.

*
- sovi overlaps significantly less than mean in balsam fir
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magnolia warblers also overlapped > 80 % with each other.

While the above bird species overlapped a great deal with many other birds,

some bird species did not overlap very much at all It was apparent from the

tree diagrams (figures 4.7 & 4.8) that blackbumian warblers did not overlap
much with most other species; indeed their mean overlap was the lowest

(39 %) of all species (table 4.5). Solitary vireos also overlapped little with

most other birds, <50% with six species. Blackbumian warblers and solitary
vireos were interesting in that they were the only two species that did not

overlap with each other at all (0% ).

Although the range in bird species overlap was high in balsam fir (13-84 %),

it was slightly less than the range in white spruce (Tables 4.5 & 4.6). The

mean overlap appeared to be slightly higher in fir than in spruce, but this

difference was not significant (t-test, Sokal and Rohlf, 1981). The highest
amount of overlap was between magnolia warblers and golden-crowned

kinglets (84 %) - while bay-breasted warblers and solitary vireos overlapped
but 13 %. Yellow-rumped warblers overlapped far less with boreal chickadees

(69%), magnolia (63%) and bay-breasted warblers (61 %) in fir than they did

in spruce (table 4.6).

In fir, the bird which overlapped most with other species was the ruby
crowned kinglet - with a mean overlap of 71 % (table 4.6). The bird that

overlapped least with other species was the solitary vireo; its mean overlap
value (31 %), was significantly less (t-test, Siegel and Castellan, 1981) than the

overall mean for birds in fir (table 4.6).

In deciduous trees, there was less variation between the bird species that

overlapped most and those that overlapped least, the ranges being 48 %-85 %

in aspen and 57%-84 % in birch (table 4.6). In aspen, the species which

-
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overlapped most were blackburnian warblers and western tanagers (85 %), and

blackbumian and Tennessee warblers (81 %). Species which overlapped the

least were Tennessee and bay-breasted warblers (57 %), and Tennessee

warblers and western tanagers (48 % ). In birch, the most overlap occurred

between black-throated green and yellow-rumped warblers (83 %), while the

lowest was between black-throated green and magnolia warblers (57 %).

4.2.5 Zones used for singing vs zones used for feeding

Singing observations were recorded for ten species of birds in white spruce,

six in balsam fir and trembling aspen and five in white birch. Compared to

the zones of major foraging activity, many bird species tended to sing closer to

the top of the tree than they had fed (compare figures 4.7-4.12 with figures

4.13-4.17). To see if the tree zones used for singing were significantly
different than those used for feeding, I conducted Chi-square tests comparing
the data between feeding and singing (table 4.7). Only two species, yellow

rumped and Tennessee warblers showed a significant difference in tree zone

use between singing and feeding. To find out in which zone this difference

had occurred, I did a postpriori Chi-square test using Yates correction. I

found that in white spruce both yellow-rumped and Tennessee warblers used

zone 1 (the top of the tree) more for singing than they had for feeding

(yellow-rumped warbler X2= 13.07, df=l, P<O.OOI; Tennessee warbler

X2=6.84, df=l, P<O.OI). Tennessee warblers also used zone 1 in aspen more

for singing than they had for feeding (X2=9.66, df=l, P<O.OI).

4.2.6 Bird use of trees - height data

The tree diagrams (figures 4.7-4.17), show where different bird species most

often forage and sing. While the diagrams give an idea of the relative

positions of birds in the trees, I also wanted to know if the actual heights of



Table 4.7 Chi-square test comparing bird feeding and

singing zones within the same tree species. An (*) -

indicates a significant difference in use of the tree
zones between bird feeding and singing behaviour.
Missing species omitted due to lack of data.

Sird species Tree Zone OF X2 P

yellow-rumped ws T,M,S 2 5.22 <0.10
warbler ws 1-4 3 18.13 <0.001 *

bf T,M,S 2 0.11 n.s.

bf 1-4 3 6.16 n.s.

magnolia ws T,M,S 2 0.29 n.s.

warbler ws 1-5 4 0.48 n.s.

bf T,M,S 2 1.72 n.s.

bf 1-4 3 3.63 n.s.

wb T,M,S 2 0.05 n.s.

wb 1-3 2 0.71 n.s.

bay-breasted ws T,M,S 2 3.06 n.s.

warbler ws 1-4 3 1.09 n.s.

bf T,M,S 2 0.19 n.s.

bf 1-4 3 1.35 n.s.

Tennessee ws T,M,S 2 0.44 n.s.

warbler ws 1-4 3 10.64 <0.01 *

ap T,M,S 2 2.77 n.s.

ap 1-3 2 12.54 <0.01 *

wb T,M,S 2 0.09 n.s.

wb 1-3 2 2.71 n.s.

blackburnian ws T,M,S 2 1.15 n.s.

warbler ws 1-3 2 2.26 n.s.

ap T,M,S 2 1.64 n.s.

ap 1-3 2 1.81 n.s.

(T,M,B) - are horizontal z�nes: (1-5) - are vertical

ws - white spruce, bf - balsam fir
ap - trembling aspen, wb - white birch
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Figure 4.13 The proportion of different tree zones used by different species
of warblers when singing (in white spruce), as a percentage of both time and
number of observations. The shaded area represents those tree zones in
which the birds most commonly occurred, representing >50% of the singing
activity.
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Figure 4.14 The proportion of different tree zones used by different bird
species when singing (in white spruce), as a percentage of both time and
number of observations. The shaded area represents those tree zones in
which the birds most commonly occurred, representing ;;:::50 % of the singing
activity.
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Figure 4.15 The proportion of different tree zones used by different bird
species when singing (in balsam fir), as a percentage of both time and number

of observations. The shaded area represents those tree zones in which the

birds most commonly occurred, representing �50 % of the singing activity.
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Figure 4.16 The proportion of different tree zones used by different bird

species when singing (in trembling aspen), as a percentage of both time and
number of observations. The shaded area represents those tree zones in

which the birds most commonly occurred, representing >50% of the singing
activity.
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Figure 4.17 The proportion of different tree zones used by different bird
species when singing (in white birch), as a percentage of both time and
number of observations. The shaded area represents those tree zones in
which the birds most commonly occurred, representing ;:: 50 % of the singing
activity..
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the trees was important to the birds. Did the birds forage in the same relative

position regardless of tree height, or did a particular species prefer tall or

short trees. I gathered data on the height at which I first saw the birds in the

different tree species. For approximately 75 % of my observations, the first

height was the only time I saw the bird before it flew away. As stated

previously, most of the height data used in my analysis were estimates (figure

4.1). I analyzed the data for foraging and singing heights separately to see if

there was an significant difference in the heights at which birds foraged and

sang.

To determine whether all bird species foraged at the same height in the

same species of tree, the data were analyzed using a one-way Anova (using
Proc GLM in SAS). In three of the four tree species, white spruce, balsam

fir, and white birch, different species of birds foraged at significantly different

heights, (P<O.05, table 4.8). Bird foraging heights were not significantly in

trembling aspen. The heights used by different bird species to sing were

significantly different in all four tree species (table 4.9). To determine where

the differences occurred, the data were analyzed using a pair-wise comparison

test [Tukey's HSD (honestly significant different) test, P<O.05].

In white spruce, blackburnian warblers foraged significantly higher than all

other bird species except black-throated green warblers (figure 4.18). Bay
breasted warblers foraged significantly higher than magnolia warblers and

solitary vireos, while black-throated green warblers foraged significantly higher
than magnolia warblers (figure 4.18). The other eight species were not

significantly different from each other (figure 4.18).

Among the bird species that sang in white spruce, western tanagers, Cape

May and blackburnian warblers were not significantly different from each

other, but all three sang from significantly higher perches in trees than solitary



Table 4.8 Results of a I-way Anova on bird foraging
heights within a specific tree species. An (*),
indicates a significant difference in foraging heights
between the different bird species that forage in that
tree species.

Tree species df N F P

ws 10 228 5.36 0.001 *

bf 7 143 2.47 0.02 *

ap 4 44 2.16 0.09
wb 3 43 3.36 0.03 *

Table 4.9 Results of a I-way Anova on bird singing
heights within a specific tree species. An (*),
indicates a significant difference in singing heights
between the different bird species that sing in that tree

species.

Tree species df N F P

ws 9 166 16.83 0.0001 *

bf 5 86 4.66 0.009 *

ap 5 88 2.99. 0.02 *

wb 4 45 4.24 0.006 *
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vireos, yellow-rumped, magnolia, bay-breasted and Tennessee warblers (figure

4.19). Ruby-crowned kinglets sang from significantly higher perches in white

spruce than either solitary vireos or magnolia warblers; the other species were

not significantly different from each other (4.19).

In balsam fir, boreal chickadees sang from significantly higher perches than

magnolia warblers and solitary vireos, while Tennessee warblers sang

significantly higher than the later two birds an� bay-breasted warblers (figure

4.20). Among those birds which fed in balsam fir, bay-breasted warblers fed

significantly higher than yellow-rumped warblers and solitary vireos (figure

4.20).

In aspen, blackbumian warblers sang from significantly higher perches than

magnolia warblers. However, none of the five species of birds which fed in

aspen were significantly different (figure 4.21 & 4.22). In white birch, black

throated green warblers sang significantly higher than the four other species -

solitary vireos, Tennessee, yellow-rumped and magnolia warblers - that

occurred in this tree (figure 4.22). Of the four bird species observed feeding
in white birch, black-throated green was again higher than the others, but this

difference was only significant when compared to the Tennessee warbler

(figure 4.22).

The previous test determined that not all species of birds foraged (or sang)
at the same height in the same tree species, but not if there was a difference

in the height of the trees themselves. Anova and Tukey's test (P<0.05) were

conducted to determine if tree height (for the same tree species) was

significantly different between the different bird species. I found that there

was a significant difference (P<O.OOI) between the size of white spruce used

for foraging by different bird species (table 4.10). There was no significant
difference in tree heights between species foraging in aspen (P=0.63), but the
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Figure 4.18 Foraging heights of different species in white spruce.
Blackburnian warblers foraged significantly higher than all other species
except black-throated green warblers. Black-throated green warblers foraged
higher than magnolia warblers, while bay-breasted warblers foraged higher
than magnolia warblers and solitary vireos.
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Figure 4.19 Singing heights of different species in white spruce. Western

tanagers, Cape May and blackburnian warblers sang significantly higher
(P<O.05) in the trees than all other species except black-throated green
warblers and ruby-crowned kinglets. Kinglets sang significantly higher
(P<O.05) than solitary vireos and magnolia warblers.
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Figure 4.20 Singing and feeding heights of different species in balsam fir.
Tennessee warblers sang significantly higher (P<0.05) than solitary vireos,
bay-breasted and magnolia warblers. Bay-breasted warblers fed significantly
higher (P<0.05) than yellow-rumped warblers and solitary vireos.
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Figure 4.21 Singing and feeding heights of different species in trembling
aspen. Blackburnian warblers sang significantly higher (P<0.05) than
magnolia warblers, but no bird species fed at significantly different heights in

trembling aspen.
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Figure 4.22 . Singing and feeding heights of different species in white birch.
Black-throated green warblers sang significantly higher (P<O.05) than all other
bird species in white birch and they fed significantly higher than Tennessee
warblers (P<O.05).
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results from balsam fir and white birch were close to significance, P=0.08 and

P=O.06, respectively (table 4.10). The Anova for the singing data showed that

all species of trees varied significantly in height (table 4.11).

Tukey's pair-wise comparisons indicated that white spruce in which

blackburnian warblers foraged were significantly taller trees than the ones

which boreal chickadees, ruby-crowned kinglets, yellow-rumped and magnolia
warblers used (table 4.12). Cape May and Blackburnian warblers both used

significantly taller white spruce for singing than solitary vireos, yellow-rumped,

magnolia, bay-breasted and Tennessee warblers (table 4.12). Western

tanagers, ruby-crowned kinglets and Tennessee warblers also sang in

significantly taller white spruce than solitary vireos, yellow-rumped, magnolia
and bay-breasted warblers (table 4.12). In balsam fir, Tennessee warblers

sang in taller trees than solitary vireos, yellow-rumped, magnolia and bay
breasted warblers, while in white birch, black-throated green warblers sang in

taller trees than Tennessee warblers and solitary vireos (table 4.10).

4.2.7 Feeding and Singing heights

4.2.7.1 Height of the birds

To determine if the same species of bird foraged (or sang) at the same

height regardless of the tree species in which it was foraging, the data were

.

analyzed using a one-way Anova (Proc GLM in SAS) (tables 4.13 & 4.14). A

pair-wise comparison test, Tukey's HSD test (P<0.05), was also done to

determine in which tree species any differences occurred.

The Anova indicated that five species, magnolia, black-throated green and

blackburnian warblers, golden-crowned kinglet and boreal chickadees, fed at

the same height no matter what species of tree they were foraging in (table



Table 4.10 Results of a 1-way Anova on the height of
trees in which birds were feeding. An (*), indicates a

significant difference in tree heights in which different
species of birds were foraging.

Tree species df N F P

ws 10 236 3.80 0.0001 *

bf 7 164 1.88 0.08

ap 5 44 0.64 0.63
wb 3 47 2.79 0.06

Table 4.11 Results of a 1-way Anova on the height of
trees in which birds were singing. An (*), indicates a

significant difference in tree heights in which different
species of birds were foraging.

Tree species df N F P

ws 9 162 9.38 0.001 *

bf 5 90 3.76 0.004 *

ap 5 94 2.70 0.03 *

wb 4 53 3.14 0.02 *
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Table 4.12 Bird species that fed and sang in
sigificantly higher trees of the same species than other

species of birds. (Tukey's HSD test, P<O.05).

Activity Tree Higher species Lower species

feeding ws blackburnian w.

singing ws Cape May warbler
and

blackburnian w.

ws western tanager
ruby-cr. kinglet
Tennessee warbler

bf Tennessee warbler

wb black-throated
green warbler

yellow-rumped w.

magnolia warbler
ruby-cr. kinglet
boreal chickadee

yellow-rumped w.

magnolia warbler
bay-breasted w.

Tennessee w.

solitary vireo

yellow-rumped w.

magnolia warbler
bay-breasted w.

solitary vireo

yellow-rumped w.

magnolia warbler
bay-breasted w.

solitary vireo

Tennessee w.

solitary vireo

ap none

significantly different
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4.13). The six other bird species, yellow-rumped, bay-breasted, and Tennessee

warblers, solitary vireo, western tanager, and ruby-crowned kinglet foraged at

significantly different heights depending on what species of tree they were in

(table 4.13).

Yellow-rumped warblers foraged significantly higher in white spruce,

trembling aspen and white birch than they did in balsam fir (table 4.15). They
also foraged significantly higher in aspen than in spruce. Bay-breasted
warblers also foraged higher in aspen and spruce than in fir and Tennessee

warblers foraged higher in aspen than they did in spruce, fir and birch (table

4.15). Solitary vireos and boreal chickadees foraged significantly higher in

white spruce than they did in balsam fir and western tanagers foraged higher
in aspen than in spruce (table 4.15).

The same test was conducted for data on singing heights in different tree

species. All birds tested, except black-throated green warblers, sang at

significantly different heights in the different tree species (table 4.14). This

means that the black-throated green warbler sang at similar heights regardless
of tree species, whereas the other bird species sang at different heights in

different tree s�ecies. Yellow-rumped, bay-breasted and Tennessee warblers

sang significantly higher in white spruce and trembling aspen than they did in

balsam fir (table 4.16). Blackburnian warblers and western tanagers sang

higher in spruce than they did in aspen and solitary vireos sang higher in

spruce than in fir. Magnolia warblers sang significantly higher in aspen and

birch than they did in fir (table 4.16).

4.2.7.2 Height of the trees

To determine whether the heights of the trees (not the birds' foraging

height) in which the birds foraged differed between tree species, a one-way



Table 4.13 Comparison of bird foraging heights in different tree species (1-
way Anova). An (*), indicates a significant difference (P<0.05) in bird

foraging heights between different tree species.

Bird DF N F P

Yellow-romped w. 3 110 8.08 0.0001 *

Magnolia w. 2 84 1.69 0.19

Bay-breasted w. 2 52 5.73 0.006 *

Tennessee w. 3 54 17.42 0.0001 *

Black-throated gr. w. 1 11 0.12 0.74
Blackburnian w. 1 23 0.00 0.99

Solitary vireo 1 10 5.60 0.04 *

Western tanager 1 7 6.80 0.05 *

Golden-cr. kinglet 1 14 1.03 0.33

Ruby-crowned kinglet 1 36 4.86 0.034 *

Boreal chickadee 1 57 0.33 0.57

Table 4.14 Comparison of bird singing heights in different tree species (I-way
Anova). An (*), indicates a significant difference (P<0.05) in bird singing
heights between different tree species.

Bird DF N F P

Yellow-romped w. 3 42 2.98 0.04 *

Magnolia w. 3 94 5.80 0.001 *

Bay-breasted w. 2 69 10.34 0.0001 *

Tennessee w. 3 55 9.23 0.0001 *

Black-throated gr. w. 1 6 0.01 0.95
Blackburnian w. 1 43 33.2 0.0001 *

Western tanager 1 19 14.98 0.001 *

Solitary vireo 2 37 4.96 0.013 *
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height and standard deviationTable 4.15 The mean

(metres) of bird foraging height in different tree
species. Means followed by different capital letters
are significantly different from each other (P<0.05,
1-way Anova, Tukey's HSD test).

Bird Tree N X ± SD.

yellow-rumped ws 67 6.8 ± 4.1 A
warbler bf 29 4.6 ± 2.6 B

ap 8 11.4 ± 5.0 C
wb 6 9.6 ± 3.6 A,C

magnolia ws 32 5.8 ± 4.6 A
warbler bf 32 4.9 ± 2.6 A

wb 20 7.0 ± 5.0 A

bay-breasted ws 27 10.3 ± 4.8 A
warbler bf 20 6.8 ± 2.6 B

ap 5 11.8 ± 3.1 A

Tennessee ws 22 8.6 ± 3.3 A
warbler bf 8 5.7 ± 2.3 A

ap 13 14.4 ± 4.6 B
wb 11 5.3 ± 2.3 A

black-throated ws 5 12.7 ± 9.0 A

green warbler wb 6 11.4 ± 3.9 A

blackburnian ws 9 15.7 ± 7.8 A
warbler ap 14 15.7 ± 3.4 A

solitary ws 5 6.1 ± 1.9 A
vireo bf 5 3.6 ± 1.3 B

western ws 3 8.6 ± 2.3 A

tanager ap 4 17.1 ± 5.2 B

golden-cr. ws 8 7.0 ± 2.9 A

kinglet bf 6 5.6 ± 1.5 A

ruby-crowned ws 23 7.2 ± 4.6 A

kinglet bf 13 4.3 ± 1.5 B

boreal ws 27 6.7 ± 4.3 A

chickadee bf 30 6.1 ± 3.4 A

ws - white spruce ap- trembling aspen
bf - balsam fir wb- white birch
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Anova was done on the tree height data (table 4.17). The same series of tests

were also done on the tree height data for singing birds (table 4.18). I wanted

to test this because not all tree species in the study area were the same height

(see chapter 2). If a bird species did not show a significant difference in tree

height, regardless of tree species, it suggests that birds select for trees of a

certain height

For western tanagers, solitary vireos, black-throated green and blackburnian

warblers, the height of the trees in which they foraged was not significantly
different for different species of tree (table 4.17). For the other seven bird

species tested, the height of the trees in which they foraged differed

significantly between tree species (table 4.17).

I used Tukey's test to determine which trees were significantly different in

height among those birds that showed significant difference in tree height

Yellow-rumped, bay-breasted and Tennessee warblers all foraged in spruce

and aspen that were taller than the firs and birches - while solitary vireos,

ruby-crowned kinglets and boreal chickadees foraged in spruce that were taller

than the fir (table 4.19). These results are not surprising, because white

spruce and trembling aspens were the largest trees in the study area - while

most of the balsam fir and white birch were small, understory trees (chapter

2).

Among singing birds, the height of trees used differed significantly between

tree species for all birds except black-throated green warblers (table 4.18).

This meant that when singing, black-throated green warblers used trees that

were the same height, regardless of species. When singing, blackburnian

warblers and western tanagers used spruces that were taller than aspens -

while solitary vireos sang from spruce that were taller than firs and birches

(table 4.20). Yellow-rumped, magnolia, and bay-breasted warblers sang from



Table 4.16 The mean height and standard deviation
(metres) of birds singing in different tree species.
Means followed by different capital letters are

significantly different from each other (P<0.05,
1-way Anova, Tukey's HSO test).

Bird Tree N X ± so.

yellow-rumped ws 14 12.2 ± 6.6 A
warbler bf 11 6.8 ± 4.5 B

ap 8 12.2 ± 4.2 A
wb 9 8.8 ± 3.7 A,B

magnolia ws 34 7.3 ± 6.4 A,B
warbler bf 34 5.2 ± 2.1 B

ap 11 11.0 ± 3.5 A
wb 15 9.1 ± 3.8 A

bay-breasted ws 30 12.5 ± 7.1 A
warbler bf 18 6.1 ± 3.1 B

ap 21 13.6 ± 4.3 A

Tennessee ws 25 14.3 ± 5.9 A
warbler bf 6 10.9 ± 3.4 A,B

ap 13 14.2 ± 2.9 A
wb 11 6.0 ± 3.2 B

black-throated ws 3 15.7 ± 11.4 A

green warbler wb 3 15.2 ± 4.0 A

blackburnian ws 17 22.8 ± 4.6 A
warbler ap 26 15.6 ± 3.6 B

solitary ws 17 8.9 ± 3.8 A
vireo bf 13 4.9 ± 2.7 B

western ws 10 20.6 ± 5.4 A

tanager ap 9 12.3 ± 3.8 B

ws - white spruce
bf - balsam fir

ap - trembling aspen
wb - white birch .
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Table 4.17 A one-way Anova on heights of trees used by
foraging birds. An (*), indicates a significant
difference (P<0.05) in heights between the species of
tree used by that particular bird species.

Bird species OF N F P

yellow-rumped w. 3 117 6.45 0.0005 *

magnolia w. 2 83 3.97 0.02 *

bay-breasted w. 2 51 8.23 0.0008 *

Tennessee w. 3 67 14.90 0.0001 *

black-thr.gr. w. 1 12 3.96 0.08
blackburnian w. 1 25 2.15 0.15

solitary vireo 1 9 7.71 0.03 *

western tanager 1 7 0.99 0.36

golden-cr. kinglet 1 17 2.32 0.15

ruby-cr. kinglet 1 37 4.42 0.04 *

boreal chickadee 1 66 4.63 0.04 *

Table 4.18 A one-way Anova on heights of trees used by
singing birds. An (*), indicates a significant difference
(P<0.05) in heights between the species of tree used by
that particular bird species.

Bird species OF N F P

yellow-rumped w. 3 49 6.98 0.0006 *

magnolia w. 3 90 8.25 0.0001 *

bay-bre�sted w. 2 73 17.41 0.0001 *

Tennessee w. 3 62 12.13 0.0001 *

black-thr.gr. w. 1 7 0.31 0.60
blackburnian w. 1 43 31.68 0.0001 *

solitary vireo 2 41 24.25 0.0001 *

western tanager 1 16 6.95 0.02 *

100



Table 4.19 The mean height and standard deviation (in
metres) of the trees in which different species of birds
were foraging. Means followed by different capital
letters are significantly different from each other
(P<0.05, 1-way Anova, Tukey's HSO test).

Bird Tree N X ± SO.

yellow-rumped ws 66 12.8 ± 4.8 A
warbler bf 37 9.8 ± 4.3 B

ap 7 17.1 ± 3.8 A
wb 7 11.5 ± 3.6 B

magnolia ws 34 12.4 ± 6.5 A
warbler bf 32 9.0 ± 4.2 B

wb 17 8.7 ± 5.3 B

bay-breasted ws 17 16.7 ± 6.2 A
warbler bf 19 10.5 ± 3.7 B

ap 5 16.9 ± 5.4 A

Tennessee ws 22 15.3 ± 5.3 A
warbler bf 15 13.1 ± 2.7 B

ap 13 18.3 ± 4.4 A
wb 17 7.9 ± 4.7 B

black-throated ws 6 19.2 ± 5.9 A

green warbler wb 6 13.6 ± 3.4 A

blackburnian ws 10 21.4 ± 4.9 A
warbler ap 15 19.1 ± 2.6 A

solitary ws 5 16.4 ± 6.7 A

vireo bf 4 6.8 ± 0.8 B

western ws 3 16.2 ± 4.6 A

tanager ap 4 20.1 ± 5.5 A

golden-crowned ws 9 14.2 ± 5.5 A

kinglet bf 8 10.3 ± 4.4 A

ruby-crowned ws 22 12.7 ± 4.3 A

kinglet bf 15 9.7 ± 4.1 B

boreal ws 32 13.1 ± 7.1 A
chickadee bf 34 9.9 ± 4.7 B

ws - white spruce ap - trembling aspen
bf - balsam fir wb - white birch
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spruces and aspens that were significantly taller than firs and birches (table

4.20). The spruce, fir and aspen used by Tennessee warblers were not

significantly different from each other, but all were significantly taller trees

than the birch used by this bird (table 4.20). For Tennessee warblers, this

meant that they sang from canopy level firs, which is significant because not

many fir in the study area were canopy level trees.

4.2.8 Singing height vs. Feeding height

4.2.8.1 Height of the birds

To determine if there was a significant difference between bird feeding and

singing heights, a two-way Anova was conducted on the data (using Proc GLM

in SAS). This analysis was done to determine the effect activity (feeding or

singing) and tree species had on bird height The results showed that three

species of birds, yellow-rumped, Tennessee, and blackburnian warblers (table

4.21), fed and sang at significantly different heights (P<0.05). Five other

species, bay-breasted, black-throated green and magnolia warblers, solitary
vireo and western tanager, did not feed and sing at significantly different

heights (table 4.21).

Four of the eight species tested - yellow-rumped, Tennessee, and

blackburnian warblers as well as western tanagers - displayed a significant
interaction effect (table 4.21). This means that the height at which the birds

fed or sang was influenced by the species of tree in which the activity
occurred I found that the bird species which displayed an interaction effect,
fed and sang at significantly different heights in some tree species, but not in

others (table 4.22).

Western tanagers, yellow-rumped and blackburnian warblers all sang



Table 4.20 The mean height and standard deviation (in
metres) of four species of trees in which different bird
species were singing. Means followed by different
capital letters are significantly diffferent from each
other (P<0.05, 1-way Anova, Tukey's HSO test).

Bird Tree N x ± SO.

yellow-rumped
warbler

magnolia
warbler

bay-breasted
warbler

Tennessee
warbler

black-throated
green warbler

blackburnian
warbler

solitary
vireo

western

tanager

ws

bf
ap
wb

ws

bf

ap
wb

ws

bf
ap

ws

bf

ap
wb

ws

wb

ws

ap

ws

bf
wb

ws

ap

11
12
12
14

29
33
12
16

33
18
22

29
7

17
9

3
4

19
24

15
16
10

9
7

16.1 ± 4.3
9.2 ± 3.9
15.2 ± 4.1
11.3 ± 4.4

13.9 ± 6.7
9.2 ± 3.8
16.6 ± 3.4
11.6 ± 4.3

17.8 ± 6.7
9.6 ± 3.6
18.7 ± 4.2

19.7 ± 5.5
15.6 ± 4.8
16.3 ± 3.1
8.9 ± 4.2

20.2 ± 11.4
17.1 ± 2.3

25.8 ± 5.5

18.6 ± 2.5

19.1 ± 4.3
9.9 ± 4.3
9.5 ± 3.4

22.1 ± 2.9
17.6 ± 3.9

A

B,C
A,C
C

A
B
A

A,B

A
B
A

A
A
A
B

A
A

A
B

A
B
B

A
B

ws - white spruce
bf - balsam fir
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Table 4.21 Comparison of the heights at which birds fed
and sang in four different tree species (2-way Anova).
This was to establish whether there was a difference
between bird feeding and singing heights.

Bird species pModel DF F

yellow-rumped
warbler

magnolia
warbler

bay-breasted
warbler

Tennessee
warbler

black-throated

green warbler

blackburnian
warbler

solitary vireo

tree sp.
activity
interaction

tree sp.
activity
interaction

tree sp.
activity
interaction

tree sp.
activity
interaction

tree sp.
activity
interaction

tree sp.
activity
interaction

tree sp.
activity
interaction

western tanager tree sp.
activity
interaction

3
1
3

8.98
4.26
2.69

0.0001 *

0.04 *

0.05 *

0.0002 *

0.06
0.56

0.0001 *

0.31
0.36

0.0001 *

0.001 *

0.01 *

0.80
0.31
0.98

0.004
0.005
0.004

*

*

*

3
1
2

7.00
3.68
0.59

0.03
0.07
0.52

*

2
1
2

14.51
1.03
1.03

0.97
0.09
0.0005 *

3
1
3

20.09
11.09
3.78

1
1
1

0.06
0.82
0.01

1
1
1

8.78
8.30
8.96

2
1
1

3.87
3.30
0.42

1
1
1

0.00
3.18
16.87
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Table 4.22 Mean and (sd) of heights at which birds sang and fed in different
tree species. (*), indicates a significant difference between feeding and singing
heights (p<0.05, one-way Anova; Tukey's HSD test).

--mean ht (m)
Bird sp. Tree Sing (sd) Feed (sd) N F P

yellow- ws 12.3 6.6 6.9 4.2 81 15.56 0.0002 *

rumped bf 6.8 4.5 4.6 2.6 40 3.63 0.06
warbler ap 12.2 4.7 11.4 5.0 16 0.11 0.74

wb 9.7 3.7 8.8 3.6 15 0.19 0.67

magnolia ws 7.3 6.4 5.8 4.6 66 1.21 0.28
warbler bf 5.2 2.1 4.9 2.6 66 0.38 0.54

wb 9.1 3.8 7.0 5.0 35 1.93 0.17

bay-br. ws 12.5 7.1 10.3 4.8 57 1.84 0.18
warbler bf 6.1 3.1 6.8 2.6 38 0.59 0.45

ap 13.6 4.3 11.8 3.1 26 0.71 0.41

Tennesse ws 14.3 5.9 8.6 3.3 47 15.94 0.0002 *

warbler bf 10.9 3.4 5.7 2.3 14 11.95 0.005 *

ap 14.2 2.9 14.3 4.6 26 0.01 0.94
wb 6.0 3.2 5.3 2.3 22 0.33 0.57

black-tho ws 15.7 11.4 12.7 9.0 8 0.17 0.69

gr. war. wb 15.7 4.0 11.4 3.9 9 1.85 0.22

blackbur. ws 22.8 4.6 15.7 7.8 26 8.72 0.007 *

warbler ap 15.6 3.6 15.7 3.5 40 0.01 0.91

solitary ws 8.9 3.8 6.1 1.9 22 2.58 0.12
vireo bf 4.9 2.7 3.6 1.3 18 1.13 0.30

western ws 20.6 5.3 8.6 2.3 13 13.65 0.004 *

tanager ap 12.3 3.7 17.1 5.2 13 3.56 0.09

ruby-cr. ws 19.2 8.7 7.3 4.7 29 21.55 0.0001 *

kinglet

boreal bf 9.8 7.8 6.1 3.4 34 2.99 0.09
chickadee
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significantly higher than they fed in white spruce (table 4.22). Tennessee

warblers sang significantly higher than they fed in both white spruce and

balsam fir (table 4.22). An unusual feature of western tanagers was that they
were the only bird species that fed higher than they sang in one tree species

(aspen) and sang higher than they fed in another tree species (spruce) (table

4.22). This was the reason behind the highly significant interaction values

shown by this species (F= 16.87 and P=0.OO(5) (table 4.21).

There was no significant difference between feeding and singing heights for

magnolia, bay-breasted and black-throated green warblers and solitary vireos

and height was not affected by the species of tree in which the bird was

foraging or singing. Two additional species in table 4.20, ruby-crowned kinglet
and boreal chickadee, could not be included in the interaction table (4.21)
because they were only observed singing in one species of tree. Ruby
crowned kinglets were observed singing only in white spruce, and in these

trees, they sang significantly higher than they fed (19.2 m vs. 7.3 m) (table

4.22). Boreal chickadees were observed singing only in balsam fir, and

showed no significant difference between feeding and singing height (4.22).

4.2.8.2 Height of the trees

The two-way Anova on bird feeding and singing heights showed which

species of birds fed and sang at different heights, but not whether the birds

used trees of different heights between feeding and singing behaviour. In

other words, I wanted to know if certain species of birds used significantly
.

taller trees for singing than they did for feeding or visa versa Therefore, I

conducted a two-way Anova on the height of the trees in which the birds fed

and sang to see if the birds were using significantly taller or shorter trees for

their different activities.
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For all but two of the bird species tested, there was a highly significant
difference in tree height depending on what species of tree it was (table 4.23).
This was not a surprising result, because two of the tree species, spruce and

aspen, were generally much taller trees than the other two species, birch and

fir. What is interesting, however, is that for black-throated green warblers and

western tanagers, there was not a significant difference in tree height between

the different tree species (table 4.23). This means that these two bird species
used trees of approximately the same height no matter what species of tree

they were in.

Tennessee and blackburnian warblers displayed a significant interaction

effect because they sang in significantly taller white spruce than they fed, but

showed no such difference in other tree species (tables 4.21 & 4.24). Ruby
crowned kinglets also used taller spruces for singing (24.4 m) than they did for

feeding (12.6 m), P=O.OOI (table 4.24). Of the five bird species that sang

significantly higher than they fed, yellow-rumped warbler, western tanager,

ruby-crowned kinglet, blackburnian and Tennessee warblers (table 4.22), the

latter three species also sang in trees that were significantly taller than the

trees in which they fed (tables 4.22 & 4.24). However, the only tree species in

which those chosen for singing were taller than those used for feeding was

white spruce.

4.2.9 Canopy vs. subcanopy trees (feeding and singing data combined)

Besides observing the species of tree a bird was in, I also took note of

whether the tree was a canopy level tree, or a subcanopy tree. Four species
of birds, western tanager, Cape may, blackburnian and black-throated green

warblers, used canopy level trees almost exclusively (regardless of tree

species) (table 4.25). Bay-breasted and Tennessee warblers used subcanopy

trees, but were found more often in canopy level trees. Magnolia warblers



Table 4.23 Heights of trees of four different species in
which bird feeding and singing took place (2-way Anova) •

Bird species Model DF F P

yellow-rumped tree species 3 11.61 0.0001 *

warbler activity 1 0.01 0.94
interaction 3 1.20 0.31

magnolia tree species 3 9.66 0.001 *

warbler activity 1 3.18 0.07
interation 2 0.79 0.46

bay-breasted tree species 2 19.97 0.0001 *

warbler activity 1 0.04 0.85
interation 2 1.42 0.25

Tennessee tree species 3 23.26 0.0001 *

warbler activity 1 2.81 0.09
interation 3 3.11 0.03 *

black-throated tree species 1 2.43 0.14

green warbler activity 1 0.62 0.45
interaction 1 0.19 0.67

blackburnian tree species 1 20.28 0.0001 *

activity 1 3.61 0.06
interaction 1 5.55 0.02 *

solitary tree species 2 23.03 0.0001 *

vireo activity 1 3.41 0.07
interaction 1 0.01 0.94

western tree species 1 0.06 0.81

tanager activity 1 0.41 0.53
interaction 1 2.61 0.12
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Table 4.24 Mean height of trees in which birds sang and
fed. An (*) , indicates a significant difference between
the height of trees in which birds sang compared to the
trees in which they fed, P<0.05 (2-way Anova, Tukey's HSD

test) •

Bird Tree Sing (sd) Feed (sd) N F P

yellow- ws 16.1 4.3 12.8 4.8 75 2.43 0.12

rumped bf 9.2 3.9 9.8 4.3 48 0.14 0.74
warbler ap 17.1 4.1 15.2 3.8 19 1.08 0.31

wb 11.3 4.4 11.5 3.6 21 0.00 0.95

magnolia ws 13.9 6.7 12.4 6.5 63 0.91 0.34
warbler bf 9.2 3.8 9.0 4.2 65 0.02 0.87

wb 11.6 4.3 8.7 5.3 33 2.83 0.11

bay-bra ws 17.8 6.7 16.7 6.2 60 0.46 0.50

warbler bf 9.6 3.6 10.5 3.7 42 2.75 0.11

ap 18.7 4.2 16.9 5.4 27 0.66 0.42

Tennessee ws 19.7 5.5 15.3 5.3 51 8.40 0.001*
warbler bf 15.6 4.8 13.1 2.7 22 2.38 0.14

ap 16.3 3.1 18.3 4.4 30 2.05 0.16
wb 8.9 4.2 7.9 4.7 26 0.30 0.58

black-th. ws 20.2 11.4 19.2 5.9 3 0.03 0.86

gr. war. wb 17.1 2.3 13.6 3.4 10 2.97 0.12

blackbu. ws 25.8 5.5 21.4 4.9 27 4.06 0.005*
warbler ap 18.6 2.5 19.1 2.6 39 0.31 0.58

solitary ws 19.1 4.3 16.4 6.7 20 1.14 0.29

vireo bf 9.9 4.3 6.8 0.8 21 2.29 0.14

western ws 22.1 2.9 16.2 4.6 12 2.17 0.17

tanager ap 17.6 3.9 20.1 5.5 12 0.59 0.46

ruby-cr. ws 24.4 5.0 12.6 4.3 27 19.17 0.001*

kinglet

ws - white spruce
bf - balsam fir

ap - trembling aspen
wb - white birch
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Table 4.25 Bird use of canopy and subcanopy trees

Bird species
# of observations
canopy subcanopy

Canopy species:

Cape May warbler
blackburnian warbler
black-throated green warbler
western tanager

10
64
17
26

o
1
o
1

bay-breasted warbler
Tennessee warbler

66
72

40
38

Subcanopy species:

magnolia warbler
boreal chickadee

63
27

109
45

Neutral species:

yellow-rumped warbler
solitary vireo
golden-crowned kinglet
ruby-crowned kinglet

79
21
6

22

77
26
8

20

Magnolia warblers and boreal chickadees use subcanopy and

canopy level trees significantly different from bay
breasted and Tennessee wablers, (X2=33.76, df=3,
P<O. 001) •

'
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and boreal chickadees were the opposite of the previous two species as they
used subcanopy trees more than canopy trees (table 4.25). Yellow-rumped
warblers, solitary vireos, golden and roby-crowned kinglets showed no

preference and used subcanopy and level canopy trees almost equally (table

4.25).

I found that magnolia warblers and boreal chickadees used subcanopy trees

significantly more (X2=33.76, df=3, P<O.OOI), than bay-breasted and

Tennessee warblers (table 4.25). Magnolia warblers and boreal chickadees did

not differ significantly from each other in their use of the two classes of trees

(table 4.25). I found that yellow-romped and magnolia warblers used the

same tree species, foraged in the same tree zones and did not forage or sing at

significantly different heights. Therefore, I conducted a Chi-square test on the

use of canopy vs subcanopy trees between these two species. I found that

magnolia warblers used subcanopy trees more than yellow-rumped warblers

(X2= 6.57, df=l, P<O.OI). This was the only significant difference in habitat

use that I found between these two species.

-
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4.3 Discussion

4.3.1 Bird use of trees compared to their availability

I found that the birds did not use the different tree species in proportion to

their availability. Birds showed preferences for certain tree species while they
clearly avoided others. Similar evidence of birds favouring one tree species
over another has been found in many other avian studies (Holmes et al. 1979,

Franzreb 1983, Morse 1989).

In her study of birds in conifer forests in Arizona, Franzreb (1978) found

that tree species were not used in proportion to their abundance; yellow

rumped warblers and ruby-crowned kinglets used douglas fir (Psuedotsuaga

menziesiii and alpine fir (Abies lasiocarpa) much more and aspen much less

than expected. In Maine, both MacArthur (1958) and Morse (1989) found

that blackburnian and black-throated green warblers preferred red spruce over

white spruce. In eastern hardwood forests, Holmes et al, (1979), found that

almost all bird species in their study area preferred to forage in yellow birch

(Betula alleghaniensisy and strongly avoided American beech (Fagus

grandifolia).

Reasons why birds used certain trees in preference to others could be due

to a number of factors, such as number and species of insects in the tree, size

and shape of the tree, type of foliage and the morphology of the birds

themselves (Southwood 1962, Greenberg 1979, Holmes et al. 1979). Holmes

and Robinson (1982) found that in their study area, yellow birch had the

highest density of lepidopteran larvae - which may have been why the birds

preferred this species of tree. Yellow birch also had small leaves that were

easier for gleaning songbirds to reach than the larger leaves of beech and
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maple (Acer sp.) (Holmes and Robinson 1982).

The size of birds and the shape of their body parts also influences how they

forage (Osterhaus 1962, Miles and Ricklefs 1984). I found that the largest
birds in my study area (solitary vireos and western tanagers) tended to forage
on larger branches than smaller birds - a tendency which was also noticed by
Alatalo (1982). Greenberg (1979) found that conifer foraging warblers tend

to be larger than deciduous foraging warblers and Alatolo (1982) found that

conifer foraging birds tended to have longer and thinner bills than birds that

foraged in deciduous trees.

In my study area, three species - golden and ruby-crowned kinglets and

boreal chickadees - avoided deciduous trees; they were never observed

foraging or singing in either birch or aspen. Similar results have been found

in other studies, which have identified these birds as conifer specialists

(Stewart and Aldrich 1952, Bent 1964, Erskine 1977, Kirk et aL in press).

Several other bird species in my study area avoided one or more species of

trees. Cape May warblers occurred only in white spruce, blackburnian and

black-throated green warblers avoided fir, solitary vireos avoided aspen and

bay-breasted warblers avoided birch - however, none of the species I studied

avoided white spruce. The use of spruce by all species was not unexpected as

white spruce was such a dominant tree. As patches of old, spruce-dominated
forest are rare in Saskatchewan, I expected birds that prefer spruce to

selectively occupy this habitat

Holmes and Robinson (1982) found that black-throated green warblers were

highly selective of yellow birch. Although my sample size was small (5 birds

in spruce, and 6 in birch), I also found that black-throated green warblers

frequented birch trees. It was possible that in my study area, white birch had
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a high density of lepidopteran larvae just as yellow birch had a high density of

larvae in Holmes and Robinson's study (1982). While I did not quantitatively
measure insect abundance in my study, I observed that most birch saplings in

my study area were infested with leaf rolling caterpillars. I could not tell if

the mature birch trees were similarly infested, as they were too tall for me to

see into their canopies.

Balsam fir is structurally similar to white spruce. Therefore, it seems

strange that four species of birds avoided this tree when feeding and six

avoided it when singing. It seems unlikely that the birds avoided balsam fir

due to low insect densities in these trees, because fir are quite susceptible to

many different kinds of insect pests - in fact more so than white spruce (Ives

and Wong 1988). If one assumes that insect densities were similar between

balsam fir and white spruce, why did so many species of birds tend to avoid

fir? I think the biggest reason was height In my study area, balsam fir tended

to be understory trees - shorter than spruce and aspen, and for several of the

high foraging bird species, western tanagers, Cape May, blackburnian and

black-throated green warblers, I believe that these trees were simply not tall

enough to attract the birds. In my study area, balsam fir averaged only 11.7 ±

5.6 m. tall, while the average feeding and singing heights of Cape May,

blackburnian, black-throated green warblers were all over 15 m.

Another possible reason why some species avoided balsam fir was its

branch structure. Morse (1989), suggested that structure of needles and

branches was the reason his warblers preferred red spruce over white. He

argued that because red spruce needles lie flatter against the branches it was

easier for the birds to forage on this tree than in white spruce. Morse (1989)
also suggested that the birds did not get as wet in red spruce as they did in

white during rain.



115

Although balsam fir does not differ structural from white spruce in the

same way that red spruce does, I observed that the branches on balsam fir

were more flimsy than those of white spruce. Therefore, bird species that fed

on the thin outer branches would have had a hard time foraging in balsam fir,
as the branches would have bent under their weight (pers. obs.). In contrast,

birds that feed on larger branches closer to the trunk should have been much

less affected by the structure of the firs' branches.

My data seem to support this idea because blackbumian, black-throated

green and Tennessee warblers (all tip feeders) avoided balsam fir, while bay
breasted warblers, solitary vireos and boreal chickadees (all middle and inner

feeders) foraged in balsam fir in proportion to or greater than its availability.
However, this result is confounded by height preference as the later three

birds also tended to be low foragers, whereas the tip foraging birds tended to

forage high in the trees.

In my study area, trembling aspen were large canopy level trees, yet they
were used less than expected or avoided entirely for foraging by all but three

bird species. Franzreb (1983), also found that aspen were avoided by almost

all bird species even though they were one of the most abundant trees in her

study area. There may have been lower densities of insects in trembling

aspen than in the other tree species, but I did not measure insect abundance

so I cannot be sure of this. It is likely that aspens did have fairly high insect

densities however, because these trees are susceptible to numerous insect

pests, including lepidopteran larvae (Ives and Wong 1988, Southwood 1962).

A more likely reason birds avoided aspen was its structure. Aspens have

relatively large leaves with long petioles, making it difficult for a small bird to

reach insects on the leaves (Holmes and Robinson 1982). Aspen leaves also

move around in the slightest breeze, and can not support the weight of most
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birds (Morse 1989). It has been suggested that these difficulties explain why
most spruce-feeding, foliage-gleaning Dendroica warblers tend not to feed in

deciduous trees (Morse 1989).

The two species of birds that did selectively feed in aspen, western tanagers

and blackburnian warblers, tended to forage more towards the inner part of

the tree, rather than on the outer twigs. The third species, Tennessee

warblers, used aspen in proportion to its abundance and they foraged on the

outer most small twigs. This is perhaps due to their small size, as Tennessee

warblers were one of the smaller warbler species in my study area (and the

only one from genus Vermivora - which tend to be smaller birds than those in

the genus Dendroica). These warblers also tended to hover more than some

of the other species (pers. obs., Morse 1989); which may have allowed them to

forage at the tips of leaves they could not otherwise have reached

Trembling aspen were used by more species of birds for singing than for

feeding, possibly because most bird species sang higher than they foraged
Because aspen were tall, they would have offered a good singing perch to

those bird species that sit in one spot for extended periods of time when they

sing. These "sit and sing "

songsters were exactly the species that used aspen

the most - western tanagers, blackburnian, yellow-rumped and bay-breasted
warblers. Other birds which move around while they sing, eg. black-throated

green warblers and solitary vireos, did not sing in aspen (pers. obs., Morse

1989, Kendeigh 1947).

Blackburnian and black-throated green warblers have been Identified

elsewhere as strong competitors (MacArthur 1958, Morse 1976). Morse

(1976) found that black-throated green warblers were dominant in aggressive
encounters and he speculated that if the forest did not contain a few tall trees

as refuges, blackburnian warblers could ,not successfully compete with black-
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throated greens. I did not witness any aggressive interactions between the two

species.

Both blackbumian and black-throated green warblers are known to forage

selectively in birch and conifers in other forest habitat (Holmes and Robinson

1982). I found that both species used white spruce in proportion to its

availability but avoided balsam fir. However, blackburnian warblers were

never observed in white birch and used trembling aspen more than expected,
while black-throated green warblers were never seen in aspen and used birch

more than expected Because blackburnian warblers have been shown

elsewhere to forage selectively in birch, it may be possible that black-throated

green warblers were excluding blackburnian warblers from birch trees. It is

not clear whether blackbumian warblers had any effect on why black-throated

green warblers did not use aspen.

4.3.2 Foraging zones and foraging heights of the different bird species.

Besides foraging at different frequencies in different tree species, the birds

also foraged in different parts of the trees. Similar to the results of .

MacArthur (1958) and Morse (1968), I found that the birds in my study area

appeared to divide the available habitat within a tree both vertically and

horizontally. Those species which fed at similar heights tended to divide the

habitat horizontally - by focusing primarily on either proximal or distal parts
of the branches. Although the birds tended to concentrate their foraging
behaviour in specific vertical and horizontal areas within the trees, there was

still considerable overlap between many species.

More species of birds foraged in white spruce than any other tree in my

study area. Therefore, the potential for species overlap was highest in this

tree. Also, because so many birds foraged in white spruce, and because
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spruce tended to be the largest trees with the most surface area, vertical and

horizontal stratification among birds would be expected to be well developed
in these trees.

4.3.2.1 MacArthur Revisited; Maine 1956-57 and Saskatchewan 1990-91

I divided my spruce trees into the same number of foraging zones as

MacArthur (1958), because of this, I could directly compare the foraging
behaviour of the five species of warblers (yellow-rumped, black-throated

green, bay-breasted, blackbumian and Cape May warblers) common to both

studies. Although MacArthur did not state the order of abundance for the

warblers in his study area, I deduce from reading his thesis that black-throated

green warblers were very common. This is important because both

MacArthur (1958), and Morse (1976b) believe that black-throated green

warblers are the most aggressive species in Maine and that they influence the

behaviour of the other warblers.

Morse (1968, 1976b) studied warblers in the same area as MacArthur

(coastal Maine) and reported that the black-throated green warbler was

indeed the most abundant species. Morse (1976b) found the warbler

abundance to be - black-throated green > blackbumian > yellow-rumped >

magnolia In Saskatchewan, I found the relative abundance of different

warbler species was the reverse of that found by Morse; magnolia > yellow-
.

romped > bay-breasted > blackbumian > black-throated green and Cape

May. Because the supposedly socially dominant species (black-throated green

warbler) was rare, this could possibly have an effect on the habitat use of the

other species.

Although my study and MacArthur's were separated by 34 years and 3,000

km, many results were similar. The three highest foraging warblers - Cape
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May, blackbumian and black-throated green - displayed almost identical

behaviour in Saskatchewan and Maine (compare figures 4.7 & 4.23). Bay
breasted warblers were also similar in the two study areas, foraging on larger
branches closer to the trunk than the other warbler species.

The bird that was most different between the two studies was the yellow

romped warbler. Unlike MacArthur, who found these birds to forage most

often low in the trees on large inner branches, I found that yellow-romped
warblers foraged most often at mid-heights on the outer (T) and middle (M)

parts of the branches. Using MacArthur's tree diagrams I was able to

calculate how many bird observations occurred per tree zone by using the

total number of observations and the percent of those observations in each

zone. Compared to MacArthur's study, yellow-romped warblers in

Saskatchewan foraged more in zone 'M' and less in zone 'B'. Using a Chi

square test for k-independent samples, this difference was found to be

significant at the P<O.OI level

The fact that black-throated green warblers were rare in the Saskatchewan

study areas, and yellow-romped warblers very common, was probably the most

important reaso� behind the differences between my study and MacArthur's.

Black-throated green warblers appear to be socially dominant over the other

warblers (Morse 1976b). Yellow-romped warblers in particular seem to be the

most affected by aggressive interactions and in Maine, they appear to forage
low in the trees because of competition exerted by other warbler species -

especially the black-throated green (Morse 1976b, 1989). Both Morse (1971)
and Howe (1979) reported that yellow-romped warblers exhibit ecological
release in the absence of competitors by expanding their use of microhabitats.

In both studies, yellow-romped warblers were on small islands where black

throated green warblers were not present
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Figure 4.23 The proportion of different tree zones used by different bird
species as a percentage of both time and number of observations; redrawn
from MacArthur. The shaded area represents those tree zones in which the
bird most commonly occurred, representing > 50 % of the foraging activity.
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Although yellow-rumped warblers were equally diverse in their foraging
behaviour in Saskatchewan and Maine, when their centres of foraging activity
were compared, those in Saskatchewan had expanded their foraging activity

higher up in the tree (figures 4.7 & 4.23). Thus, yellow-rumped warblers in

Saskatchewan appear to have undergone ecological release due to the relative

rarity of black-throated green warblers as they have been found to do

elsewhere.

In addition to comparing the tree zone preference of the warblers between

my study and MacArthur's, I also compared the feeding diversity of the birds

within the trees using the Shannon diversity index. In both studies, the most

diverse feeder was the yellow-rumped warbler and the least diverse was the

Cape May warbler (table 4.26). The feeding diversity index (H') for yellow

rumped and bay-breasted warblers were very similar between the two studies,
but the feeding diversity indices of blackbumian and black-throated green

warblers were lower in Saskatchewan than they were in Maine (table 4.26).

I also compared bird foraging overlap between my study and MacArthur's

using Morisita's index of overlap (table 4.27). Except for yellow-rumped and

bay-breasted warblers, all other species pairs overlapped less in Saskatchewan

than they did in Maine. A 'Sign Test' (Siegel and Castellen, 1988) showed

that the amount of foraging overlap was significantly higher (P<O.02) in

MacArthur's study than in mine.

A possible reason for less overlap in the Saskatchewan study could have

been due to the greater variety of tree species in this study area According
to MacArthur (1958), many of his study sites were composed of red or white

spruce - often in pure stands. In Saskatchewan, all study sites were composed
of a mixture of white spruce, balsam fir, trembling aspen and white birch.

The larger choice of trees in which to feed may have allowed the birds to



Table 4.26 A comparison of the diversity of tree use by
different warbler species in spruce trees between my
study and MacArthur's study (Shannon diversity index) •

.

My study MacArthur's study

H'Bird Species H' Bird Species

Cape May warbler
blackburnian w.

black-thr.green w.

bay-breasted w.

yellow-rumped w.

magnolia w.

Tennessee w.

0.69
1.58
1.56
2.26
2.51
2.37
1.83

Cape May warbler
blackburnian w.

black-thr.green w.

bay-breasted w.

yellow-rumped w.

1.41
2.11
2.31
2.20
2.49
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Table 4.27 Comparison of feeding overlap (Morisita's index of overlap),
between different bird species foraging in spruce - white spruce in my study
and red and white spruce in MacArthur's study.

MacArthur's Study

yrwa
yrwa
bbwa

btgw
blwa
cmwa

mean .76

bbwa
.79

btgw
.83
.84

blwa
.83
.66
.81

cmwa

.57

.39

.61

.81

.67 .77 .78 .60

overall mean .71 ±.11

My Study

yrwa bbwa btgw blwa cmwa*

yrwa .86 .65 .39 .14
bbwa .56 .36 .12
btgw .62 .55
blwa .59
cmwa

mean .51 .48 .60 .49 .35

overall mean .48 ±.22

*
- cmw� :is . singing observations only

yrwa - yellow-rumped warbler
bbwa - bay-breasted warbler
cmwa - Cape May warbler

btgw - black-throated green warbler
blwa - blackburnian warbler

123



124

overlap less when they were in the same kind of tree.

Although there were some differences in species foraging overlap between

my study and MacArthur's, there were also similarities. In both studies the

species that overlapped the least were bay-breasted and Cape May warblers,

and yellow-rumped and Cape May warblers (table 4.27). This is most likely
because Cape May warblers tended to be higher in the trees than the other

two species. Both studies also found that Cape May warblers overlapped most

with blackbumian warblers - most likely because both species were found high
in the trees on the outer branches.

Both Morse (1989) and MacArthur (1958), stated that black-throated green

warblers and yellow-rumped warblers overlap a great deal in their niches and

are strong competitors. However, when I compiled the overlap data from

both my study and MacArthur's, I found that yellow-rumped and black

throated green warblers did not overlap with each other any more than they
did with the other warbler species (table 4.27).

4.3.2.2 Other research

My observations on bird foraging behaviour are similar to the findings of

other researchers besides MacArthur. Bent (1953), Salt (1973), and DeGraff

et al (1980), have all described blackbumian warblers as birds of the tree tops

that spend most of their time far above the ground Morse (1976a) noticed

that blackbumian warblers were seldom found in forests under 18 m tall The

mean foraging height I found for blackbumian warblers (15.7 ± 7.8 m) was

similar to that found by Sabo and Holmes (1983) in New Hampshire (15.0 ±

4.2 m).

Both MacArthur (1958), and Morse (1976a) found that the absolute height
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of the trees was very important for the coexistence of blackburnian and black

throated green warblers. Morse (1976a, 1976b), believed that the presence of

emergent spruce was essential for blackburnian warblers to coexist in the

same forest with black-throated greens. This phenomenon of a vertical refuge
to escape an aggressive congener has also been described for Philadelphia
vireos (Vireo philadelphicus), which use tall trees to escape from red-eyed
vireos (V. olivaceus) (Robinson 1981, Sherry and Homes 1985).

Black-throated green warblers in my study used only two species of trees -

white spruce and white birch. Other researchers have also found that black

throated green warblers are selective in their use of tree species (Greenberg

1979, Maurer and Whitmore 1981). However, black-throated green warblers

show wide geographic variation in their habitat use and warblers in one part

of the continent may behave differently from those in another area (Holmes

et, aL 1979, Collins 1983).

My results on bay-breasted warblers were similar to those of MacArthur

(1958), Salt (1973) and DeGraff et aL (1980), all of whom found that these

birds tended to feed at intermediate or upper levels in conifers on the larger
inner branches. Unlike most other birds in the study area, bay-breasted

warblers, solitary vireos and western tanagers foraged on the large inner parts

of the branches. Bay-breasted warblers and solitary vireos also had similar

foraging styles, gleaning slowly along the branches in a radial direction

(MacArthur 1958). These two species appeared to segregate from each other

vertically as bay-breasted warblers foraged significantly higher than solitary
vireos.

As well as being one of the smallest warbler species in the study, Tennessee

warblers were the only Vermivora warbler present - the rest being members of

the genus Dendroica. Of the 12 species in my study, Tennessee warblers were
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one of the most diverse foragers (table 4.2). They fed in all tree species, but

usually foraged on the distal ends of the branches no matter what species of

tree they were in. Kendeigh (1947), and DeGraff et aL (1980), also found

that Tennessee warblers foraged in many different kinds of trees at all levels

from the ground to the tree tops, but usually foraged on the outer terminal

foliage of the trees.

Morse (1989) found that warblers of the genus Vermivora frequently feed

on the tips of branches - in deciduous as well as in coniferous trees. A

combination of foraging in a select area, in many different tree species could

help the Tennessee warbler fit into a community that would already has more

coexisting species of Dendroica warblers than any other community.

Similar to MacArthur (1958) and Morse (1968, 1989), I found the most

diverse forager of all the birds was the yellow-romped warbler. Kendeigh

(1947) also found that yellow-romped warblers were diverse foragers and that

they fed in all tree species, and at all heights from the ground to the tree tops.

Morse (1976b) suggested that yellow-romped warblers used their diverse

feeding habitats as a strategy for reducing competition with other warblers, as

he found yellow-romped warblers were subordinate to all other spruce-woods
Dendroica warblers. However, in my study I found no evidence to support

the claim that yellow-romped warblers were subordinate to the other warblers.

I witnessed only two interspecific attacks between yellow-romped and

magnolia warblers, with one win (chased the other bird away) by each species.

There was a great deal of overlap between magnolia and yellow-romped

warblers, in foraging height and in their use of tree species and zones.

Magnolia and yellow-rumped warblers showed a 94 % (table 4.5) foraging

overlap in white spruce, as both species tended to concentrate their foraging

activity approximately halfway up the tree (zone 3). These warblers were also



127

two of the most abundant birds in the study area (chapter 3). Where the two

species differed, however, was in their use of canopy and subcanopy trees.

Magnolia warblers used subcanopy trees significantly (P<0.01) more than

yellow-romped warblers, which used canopy and subcanopy trees equally

(table 4.25).

Selection of subcanopy trees was the most likely reason why magnolia
warblers showed no difference in their use of the horizontal zones (T,M and

B), because there was much less difference between the outer and inner parts

of a branch on a sapling than there was on a large old tree. Magnolia
warblers' use of subcanopy trees probably explains why they were never

observed foraging in trembling aspen, which were all large mature trees in the

study area Other researchers have found that magnolia warblers forage

preferentially in subcanopy conifers. Kendeigh (1944), and Bent (1953) both

found magnolia warblers mainly in dense thickets of young conifers. Salt

(1973) suggested that most magnolia warblers feed within 1 or 2 metres of the

ground, while Sabo and Holmes (1983) found the mean foraging height of

magnolia warblers was 4.6 ± 2.9 metres (similar to my results).

Of the twelve species of birds in my study, boreal chickadees were the only

permanent resident Little has been written on the foraging habits or height

preferences of boreal chickadees. I found these birds to be very flexible (both

vertically and horizontally) in their foraging habits in' spruce and fir but they
avoided deciduous trees. Boreal chickadees had no clear zone of

specialization; this is probably because these birds are permanent residents of

coniferous forests and therefore must be adaptable in order to survive in a

harsh boreal environment (Bent 1964). I found the mean foraging height of

boreal chickadees was 6.7 ± 4.3 metres, similar to the 5.0 ± 2.8 metres found

for this species in New Hampshire (Sabo and Holmes 1983). Boreal

chickadees and yellow-romped warblers were very diverse feeders and



128

overlapped a great deal both in foraging height and in tree zone use; however,

yellow-rumped warblers foraged in deciduous trees while boreal chickadees

did not

Two other low feeders in my study area were golden-crowned kinglets and

solitary vireos. These two birds overlapped extensively in their vertical

foraging zones, but not horizontally. The kinglets foraged most often in the

outer and middle parts of the branches, while the vireos foraged in the inner

and middle zones, and never occurred on the outermost twigs. These foraging
differences were most likely due to differences in size and in feeding styles
between the two birds. Solitary vireos are much larger birds than kinglets and

feed by moving methodically along the branches. Kendeigh (1944), and Bent

(1965) have also noticed that solitary vireos feed near the base of the

branches in conifers. Golden-crowned kinglets were the smallest bird in my

study area, and they frequently fed by hovering at the tips of the branches.

Bent (1964) and Morse (1967) also noticed that golden-crowned kinglets

foraging in this manner - something vireos never did

I found that ruby-crowned kinglets were diverse foragers in white spruce,

second only to yellow-rumped warblers (table 4.2). Other studies have also

shown that these birds are diverse foragers in coniferous trees (Franzreb 1978,

Rabenold 1978). Although they were observed in almost every zone, most of

their foraging took place in the upper two-fifths of the tree, which caused

them to overlap a great deal with both blackbumian and black-throated green

warblers. Ruby-crowned kinglets, however, tended to forage on all parts of

the branches from the inner part near the trunk (where the warblers did not

forage), to the outermost twigs. The kinglets also had a slightly different way

of foraging than the warblers - hovering at the tips of the foliage and clinging
to the ends of the twigs. Black-throated green warblers sometimes hovered

but did not cling while blackbumian warblers never used either technique
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(pers. obs., Morse 1967).

In Maine, Rabenold (1978) found that ruby-crowned kinglets were more

diverse foragers and foraged higher than golden-crowned kinglets. In the

mountain conifer forests of Arizona, Franzreb (1984) found that ruby and

golden-crowned kinglets overlapped a great deal, but that ruby-crowned

kinglets foraged slightly higher. I found that there was considerable overlap
between the two species of kinglet and that their mean foraging heights were

not significantly different However, I found the ruby-crowned kinglet to be a

more diverse feeder than the golden-crowned kinglet, as it used more of the

tree zones.

4.3.2.3 Foraging in fir, aspen and birch

I found no literature which examined the foraging behaviour of songbirds in

balsam fir, trembling aspen, or white birch. The only other study that

mentions warblers foraging in balsam fir is MacArthur (1958), but

unfortunately he combined his data for fir with those from spruce.

Compared to how they foraged in spruce, several birds tended to forage in

more restricted areas in fir (figures 4.7, 4.8, 4.9 & 4.10), and the foraging

diversity index (H') of six species was lower in fir than it was in spruce (table

4.3). Both magnolia warblers and bay-breasted warblers contracted their main

activity zones in fir - magnolia warblers to zone three and bay-breasted
warblers to zones two and three. Compared to how they foraged in spruce,

boreal chickadees shifted their foraging zone upward, using zone four little

and zone five not at all. Solitary vireos shifted their main foraging area down

in fir, to zones four and five. The only other bird species that regularly used

zone five was the yellow-rumped warbler - which is most likely why solitary
vireos overlapped more with yellow-rumped warblers than they did with any
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other species (table 4.6).

The four highest foraging bird species - western tanagers, Cape May,
blackbumian and black-throated green warblers - did not use balsam fir, The

most likely reason for this was that the average height of balsam firs in the

study area was 11.7 ± 3.7 m , and all four of these species used white spruce

that averaged 19 to 20 or more metres tall. Many other studies have

consistently found these birds to be associated with tall trees (Bond 1937, Bent

1965, Salt 1973, Morse 1976a).

In balsam fir, bay-breasted warblers foraged significantly higher than

yellow-rumped warblers and solitary vireos (figure 4.20). This is most likely
because bay-breasted warblers foraged mainly in zones two and three, while

solitary vireos used mainly zones four and five, and yellow-rumped warblers

used all zones - including those at the bottom of the tree. Four bird species -

solitary vireos, ruby-crowned kinglets, yellow-rumped, and bay-breasted
warblers, foraged in significantly shorter firs than spruces (table 4.15).

However, the balsam firs used for foraging by the different bird species did

not differ significantly in height (table 4.12).

The five birds species that foraged in trembling aspen did not forage at

significantly different heights from each other, nor did they use trees that

were significantly different in size. This was likely because most of the aspens

in the study area were �ature to old trees and offered little choice in' height

Aspen are one of the first trees to regrow after a fire and are shade intolerant

(ie. cannot grow under other trees), therefore most aspen in a mature forest

are all of a similar age and height (Kabzems et al. 1986). Although the birds

that used aspen foraged in similar sized trees, they tended to avoid each other

by concentrating their activities in different zones.
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Western tanagers and blackburnian warblers both foraged high in the trees.

They appeared to avoid each other by foraging in different horizontal zones -

blackburnian warblers on the small, outer twigs and western tanagers on the

large, middle branches. This difference in foraging was probably caused by
bird size as tanagers are larger than warblers (Dunning 1993). The tendency
of larger birds to forage on thicker branches than smaller birds has also been

noticed in Europe by Edington and Edington (1972).

There was considerable overlap between yellow-romped and bay-breasted
warblers in aspen. Bay-breasted warblers, however, used the larger inner

parts of the branches more than yellow-romped warblers - more in fact, than

any other species. Three of the five species - western tanagers, blackburnian

and yellow-romped warblers - were never observed in this zone. By using the

large branches (zone B), bay-breasted warblers were able to use a part of the

tree that was virtually unexploited by any of the other species.

In aspen, Tennessee warblers concentrated their foraging almost entirely in

the outer zone of small twigs. This was probably because Tennessee warblers

were the smallest bird observed in aspen. Another possible reason was

suggested by Morse (1989), who believes that warblers from the genus

Vermivora are better adapted to forage on the small outer twigs of deciduous

trees than Dendroica warblers.

In the study area, white birch was' not a common tree, accounting for only
4 % (by basal area) of the trees available in the study area (chapter 2). It is

therefore impossible to tell if the birds that did not forage in birch were

actually avoiding it Of the four species of birds observed feeding in white

birch black-throated green, magnolia and Tennessee warblers all selected it,

while yellow-romped warblers used the tree in proportion to its abundance.
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In white birch, yellow-rumped warblers foraged occasionally in saplings, but

most often occurred in large trees, thereby overlapping considerably with

black-throated green warblers. In fact, yellow-rumped and black-throated

green warblers overlapped far more in birch than they did in spruce (table

4.4).

In spruce, for one third of the foraging observations and for more than one

third of foraging times, yellow-rumped warblers were in the lowest two tree

zones - while black-throated green warblers were never observed in either of

these two zones. In white birch, both species occurred in the upper part of

the tree (zones Tl & MI) for more than 50% of both observations and time.

It appears that these two species may have reduced competition between each

other in that yellow-rumped warblers did not use white birch often (only 6 %

of foraging observations), whereas black-throated green warblers were highly
selective of this tree (55 % of foraging observations).

Black-throated green warblers foraged significantly higher and used

significantly larger trees than Tennessee warblers (P<0.05) (figures 4.12 &

4.22). This was because black-throated green warblers foraged in large,

canopy level birches, while Tennessee warblers foraged in small birch saplings.

Both magnolia and Tennessee warblers were diverse foragers in birch

saplings. Their mean feeding heights overlapped and their overlap in zone

use was 80% (table 4.6). These two species possibly reduced competition
between each other by foraging diversely and by using other tree species
besides birch. Tennessee warblers used aspen according to its availability,
while magnolia warblers did not use it at all Conversely, magnolia warblers

used firs in proportion to their availability while Tennessee warblers tended to

avoid them.
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4.3.4 Zones and heights used by birds when singing

During the breeding season, males sing to attract mates and to warn other

males of the same species to stay away (Morse 1980, Welty 1982, Morse 1989).
The problem for forest birds is that the thick vegetation causes distortion and

attenuation of their songs (Wiley and Richards 1978). Martin and Marler

(1977) found that all frequencies of sounds attenuate more at greater heights,
but if one uses a sound near the ground, it is better to use a low pitched one.

In a temperate forest (both deciduous and coniferous) there exists a "sound

window", from ground level to approximately 1 metre off the ground - where

sounds between 1-3 kHz carry the furthest (Martin and Marler 1977).

Curiously enough, most temperate forest birds do not sing from the ground

(Wiley and Richards 1982). Birds that do sing near the ground, such as

Connecticut warblers (Oporornis agilis), usually have intense, low frequency
voices (Morse 1989). Ficken and Ficken (1962) found some correlation

between the foraging height of a bird and the pitch of its song; for example
ovenbirds (Seiurus aurocapilus) (ground foragers) have a much lower song

(mean 4 kHz) than high foraging birds such as blackpoll warblers (Dendroica

striata) (mean 8.9 kHz) (Brand 1938, Ficken and Ficken 1962).

There is less sound distortion above 10 m in height in a coniferous forest

than in a deciduous one, because there is less vegetation at the canopy level

of a coniferous forest (Wiley and Richards 1982). This is a likely reason why
birds in a coniferous forest tend to sing from high in the trees, while in a

deciduous forest they sing from the lower canopy (Morse 1989).

The birds in my study area appeared to follow this pattern, as those with

higher pitched songs sang higher in the trees than those with lower pitched

songs (table 4.28 and figure 4.24). I found that the correlation between
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Table 4.28 Foraging heights of birds compared to the frequency of their songs
in kilohertz.

species foraging height song frequency (kHz)*

blackburnian warbler high 4 - 10

Cape May warbler high 6-8

ruby-crowned kinglet medium 6-8

golden-crowned kinglet medium 6-8

Tennessee warbler medium 6-8

bay-breasted warbler med.-high 5-7

black-thr. green warbler med-high 4-8

yellow-rumped warbler med-Iow 4-6

magnolia warbler low 2-6

boreal chickadee med-Iow 2-6

solitary vireo low 2 - 4.5

western tanager medium 1.5 - 2.5

* - from the Library of Natural Sounds
Cornell Labratory of Ornithology
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Figure 4.24 The relationship between the singing heights of birds (in metres)
and their mean song frequency (in kilohertz). Graph A presents data from
warblers only, and B is all birds in the study. (em- Cape May warbler, bl
blackbumian warbler, bb- bay-breasted warbler, bt- black-thr. green warbler,
te- Tennessee warbler, mw- magnolia warbler, rk- ruby-cr. kinglet, sv- solitary
vireo, wt- western tanager)
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singing height and song pitch was much higher in warblers (r.=0.85) (figure

4.24) than when the singing heights of all birds was tested (rs=0.57)

(Spearman rank correlation, Siegel and Castellan 1988). The birds in my

study area that sang from the greatest height - Cape May and blackburnian

warblers - both had very high frequency songs with a mean frequency over 7

kHz (table 4.28 & figure 4.24). Magnolia warblers, solitary vireos and boreal

chickadees all sang from low in the trees and had relatively low frequency

songs - down to 2 kHz, that fit into the 1-3 kHz "sound window" proposed by
Martin and Marler (1977).

The most interesting singing behaviour was displayed by the western

tanager. This bird was the only one in my study that sang lower (from the

-lower canopy) than it fed in aspen, but sang higher (from the very top) than it

fed in spruce. This is what one would predict from the studies on sound

distortion (Wiley and Richards 1982). In spruce, the western tanager does not

follow the model for song pitch, however, as it had one of the lowest songs of

any bird in my study (1.5 - 2.5 kHz), but sang from high in the trees.

4.3.4.1 Bird singing heights vs. bird feeding heights

In my study, five species; western tanager, ruby-crowned kinglet, yellow
rumped, Tennessee, and blackburnian warblers, sang significantly higher in the

trees than they fed (table 4.21). Tennessee warblers sang higher than they fed

in spruce and fir, while in the other four species, this difference between

feeding and singing height was significant only in white spruce (table 4.22).

A two-way Anova on tree height showed that the heights of the trees used for

feeding and singing were significantly different in three species - ruby-crowned
kinglets, blackburnian and Tennessee warblers (tables 4.23 & 4.24). This

difference occurred only in white spruce, where the birds chose significantly
taller trees from which to sing than they used for feeding.
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Ten species of birds were observed singing in white spruce, seven of which

sang mostly, or entirely, from the very top of the tree - zone 1 (figures 4.13 &

4.14). This trend to sing from high in the trees agrees with the prediction that

in coniferous trees, birds should sing from near the top because there is less

vegetation in the canopy of a coniferous forest (Martin and Marler 1977,

Morse 1989). Only three species, solitary vireos, magnolia and bay-breasted
warblers, did not sing most often from the top of the tree were. This is

because solitary vireos used the bottom parts of trees, bay-breasted warblers

used the middle layers, magnolia warblers used shorter than average trees,

and none of the birds changed either their height or their zone use between

singing and foraging (table 4.22).

Although birds are predicted to sing from the tops of coniferous trees

(Wiley and Richards 1982, Morse 1989), this trend was not apparent for birds

singing in balsam fir. Unlike white spruce, in balsam fir there did not appear

to be a major upward shift in zone use between singing and feeding (figures
4.9, 4.10 & 4.15). This is probably because there was less variation in height
between the smallest and largest fir in the study area, where fir are (mostly)

sub-canopy trees. The only species which sang higher than they fed in balsam

fir were Tennessee warblers, these birds also chose taller than average fir

from which to sing (table 4.12).

There is a lot of distortion of sound caused by the canopy of deciduous

trees, therefore, one would expect the birds to sing either below the main

canopy or above it (Wiley and Richards 1982, Morse 1989). In aspen, it

appears that Tennessee and blackbumian warblers sang above the main area

of distortion by using zone 1, while the heavier western tanagers sang from

the lower part of the canopy (zone 3) (figure 4.16). Bay-breasted warblers

appeared to use both strategies, as they sang most often from either the very

top or bottom of aspens, and seldom used the middle (figure 4.16). Yellow-
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romped and magnolia warblers did not show any specific trend.

White birch is also a deciduous tree and one would expect the birds to

encounter song-distortion problems similar to those in aspen. Two species,
black-throated green and yellow-romped warblers, tended to sing mostly, or

entirely, from the very top of the trees (figure 4.17). The other three bird

species either sang from the middle part of the tree or showed no specific
trend This lack of a trend to use high or low parts of the trees was probably
caused by two of the species - solitary vireos and Tennessee warblers - using

mostly subcanopy trees.



5. GENERAL CONCLUSION

The two main objectives of this study were; 1.- to determine if there were

any songbirds which depend on old-growth forest, and 2.- to determine

interspecific differences in habitat use (if any) among the small insectivorous

songbirds (foliage gleaning guild) in this old-growth forest

The first objective was answered in chapter three, where I found that there

was a group of five species that did not occur in forest under 100 years old

and another six species that did not occur in forest under 80 years old and

reached their highest densities in forest 100 years or older. In addition, there

were no species in the youngest forest sampled (50-60 years) that did not also

occur in the oldest forest From these findings, I concluded that old forest has

an important role to play in the survival of at least 11 species of boreal forest

songbirds.

In old-growth, mixedwood forest, I found that most of the twelve songbird

species I studied in detail used the habitat differently from each other. I found

that certain species showed a preference for using one kind of tree over

another, or for foraging at a certain height or in a particular part of the tree,

while other species were not as selective and used the trees in proportion to

.

their availability and occurred at most heights and in most tree zones. There

were also some species (such as yellow-romped and magnolia warblers) that

overlapped considerably in their habitat use.

Of the twelve species of birds I observed, seven were warblers. These birds
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had the potential to be strong competitors with each other as six of the seven

species were congeneric (Dendroica). I found that the warblers could be

divided into high, middle and low foragers. Cape May and blackbumian

warblers specialized in using the upper parts of tall trees, bay-breasted and

black-throated green warblers used the middle and upper parts of trees,

magnolia warblers specialized in using subcanopy trees, and the two most

diverse birds - yellow-rumped and Tennessee warblers - used all available

trees at a variety of heights.

The old-growth forest (> 130 years) in my study area was a very diverse

habitat It was a multilayered forest with some very tall trees (>30 m), some

shorter trees (mean canopy ht, 15-16 m), some regeneration and many logs
and snags. This wide variety of niches allows many different species of birds

to live in old forest (MacArthur 1964). This multilayered aspect, along with

the many dead and uprooted trees, is a characteristic of old-growth forests no

matter where they are, and is the main reason these forests can sustain the

diversity of life that they do (Anderson and Shugart 1974, Tomialojc and

Wesolowski 1990, Meslow et aL 1981, Benkman 1993).

The many species of birds that have managed to adapt to the available

habitat coexist with each other by using different vertical and horizontal parts

of the trees as well as by focusing their activities in different species of trees.

This horizontal and vertical separation has also been noticed in many other

studies (MacArthur 1958, Martin 1960, Morse 1968, Alatalo 1982).

The phenomenon of bird species separation by height was best developed in

white spruce, most likely because these trees were the tallest Height

separation was also noticeable in spruce because there was a wider range in

their heights than in other trees. This is because white spruce were able to

recruit young trees under their own canopy - which allowed individual trees of
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many ages to be present in the forest (Kabzems 1971).

For the birds in my study area, white spruce was the most important tree, as

it was used for feeding and singing by all species studied It was not avoided

by any birds and was preferred by three species - ruby-crowned kinglets,

yellow-rumped and Cape May warblers. If spruce were selectively removed,
for example by logging, it is possible that more than half of the bird species in

this area would disappear. It goes without saying that if all the trees in this

area were cut, this community would disappear and be replaced by one

adapted to early successional habitats (Freedman et al 1981).

This phenomenon of the importance of one or two tree species has also

been noted in other studies. Holmes and Schultz (1988) found that insects are

much more available (easier to catch) on certain tree species (Betula sp.) than

others, which makes these trees more important than others to bird survival

In the tropics, Terborgh (1986) found that certain fruit trees such as figs

(Ficus sp.) are "keystone species", and are critical to the survival of many

tropical animals. In boreal Canada, Erskine (1977), stated that mature and

old spruce-fir forest receives far less attention than it deserves in

environmental impact studies as it is critical habitat for many boreal species.

As noted by Erskine (1977), Kabzems et al (1984), and Helle and Jarvinen

(1990) what a mature spruce-fir forest really indicates is the most fertile

community in the boreal forest Although these forests are one of the rarest

habitat types in the boreal forest, they contain one of the richest bird

communities (Erskine 1977). Because of the tremendous profits involved, this

type and age of forest is currently receiving a disproportionate amount

(relative to its abundance) of attention from the logging industry. My results

suggest that the loss of the mature and old spruce-fir forest (100 years and

older) will cause the local extinction of those species which depend the most
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on this habitat - western tanagers, golden-crowned kinglets, winter wrens,

Cape May, blackbumian, black-throated green, and bay-breasted warblers.

It has already been shown in in Europe (Helle 1985, Helle and Jarvinen

1986, Avery and Leslie 1990), and in North America (Franzreb and Ohmart

1978, Titterington et aL 1979, Beckman 1993), that clearcutting large areas of

mature and old-growth forest is correlated to major declines in many bird

species. The increased fragmentation of what remains of the forest, through
both agriculture and logging, has proved to be extremely detrimental to those

birds that remain - increasing predation and nest parasitism (Freedman et aL

1981, Blake 1983, Wilcove 1985, Terborgh 1989).

Current forestry management plans are to log all existing older forest

stands, within leased areas, and set the subsequent rotation age for the next

logging cycle at somewhere between 70 and 90 years. If this happens, the two

oldest age categories of forest sampled in this study will no longer exist

outside of protected areas. My results suggest that there will be significant

negative consequences to forest songbirds by removing forest older than 90

years, and not allowing it to regrow past this age. Morrison et al, (1986),
found that both number of individuals and species diversity decrease when

old, diverse forest is replaced with monotypic stands harvested on a 70 year

rotation. If these same forestry practices are followed in Saskatchewan, many
bird species may be severely reduced in numbers or eliminated entirely

(Welsh 1981, Crawford and Titterington 1979).

My study has shown that mature and old-growth mixedwood forest is an

important habitat for many songbird species. Forest that is under 80 years of

age does not constitute acceptable habitat for at least 11 species of forest

passerine birds. Although it was not within the scope of my research to look

at other parts of this ecosystem, it has been shown in many other areas that
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old-growth forest is critical habitat for many other species besides songbirds.

Larger birds such as many woodpeckers and owls, depend on old forest, as do

certain mammals (such as woodland caribou) and rare plants. This is not to

say that all forest in Saskatchewan needs to be old; a balance of all forest age

classes is needed to ensure the survival of all species. If we fail to protect an

adequate proportion of Saskatchewan's mixedwood forest, we will threaten the

survival of many species, and even worse, we may end up with no natural

forests and no way to assess or repair the damage we have done.
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