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INTRODUCTION 

The evolutionary consequence of the coexistence of similar species 

is a major area of ecological research. The aim of this research is to 

determine the ways in which species may limit "ecological competition" 

by resource partitioning, the differential use of habitat and food. 

Recent attempts to measure habitat partitioning among species with-

in a cormnunity have used multivariate statistical procedures to analyze 

the characteristics of the vegetation. These procedures allow ordination 

of the species within the community along a vegetational continuum (James, 

1971; Whitmore, 1975), but while they reduce the problem of habitat par-

titioning to a simplified set of variables, and allow quantification 

similarity among species they fail to measure species partitioning within 

a habitat. Within habitats of similar vegetational structure, differences 

in habitat use among species may permit the occurrence of several eco-

logically similar species. 

One aspect of resource partitioning which has received much atten-

tion, but little investigation, is the idea that the resource use of any 

one species is the result of interaction with syntopic competing species, 

that is, that the realized niche of a species may vary depending on the 

presence of ecologically similar species. Ecologists have speculated 

that the fundamental niche of a species is expressed only in the absence 

of competitors and is expected to differ in size, shape and position from 

the realized niche (Cody, 1974), but because differences between the 

fundamental and realized niches are difficult to measure, few data exist 

to support this theory. 

1 
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The Present Study_ 

For my study, I chose to examine a group of morphologically similar, 

closely related birds which represent the most abundant component of the 

flycatching guild (Root, 1967) in the eastern United States: the tyrant 

flycatchers, family Tyrannidae. In the southern Appalachians, there are 

seven common breeding species of flycatchers: Eastern Kingbird (Tyrannus 

tyrannus), Great Crested Flycatcher (Myiarchus crinitus), Eastern Phoebe 

(Sayornis phoebe), Acadian Flycatcher (Empidonax virescens), Willow Fly-

catcher (!· traillii), Least Flycatcher (_!. minimus), and Eastern Wood 

Pewee (Contopus virens). While all of these species are sympatric over 

a large area, many species are not syntopic (Rivas, 1964) because of 

varying habitat requirements (Hespenheide, 197la; Johnston, 1971). 

Flycatchers derive their common name from the habit of aerial pursuit 

and capture of insect prey. The flights, called sorties, are also per-

formed by species other than flycatchers, but in North America, this trait 

is most definitive of the Tyrannidae. Within the family, flycatching is 

not a stereotyped behavior, for there is considerable variation in many 

of the foraging tactics (Lederer, 1972; Verbeek, 1975). These species 

lend themselves well to scientific studies of resource. partitioning 

because they are locally abundant in a variety of habitats, are typically 

easy to observe because of their conspicuous foraging flights, and are 

easily identified in the breeding season because of their species-

specific calls. 

Several other studies have approached the topic of resource par-

titioning in the eastern forest flycatchers (Hespenheide, 197la; Johnston, 

1971; Lederer, 1972). However, no single study uses the measurement of 
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a large number of habitat variables to quantify niche parameters such 

as niche breadth and niche overlap. This approach seems to be a logical 

way to answer many of the still remaining questions of such parameters 

as niche breadth and niche overlap among these species. 

Justifications for Research 

In light of the weaknesses of the previous studies on the eastern 

species of the Tyrannidae, I felt there was sufficient need to clarify 

the relationships among these sympatric species. Therefore, I set out 

to test the following hypotheses. 

Hypothesis I 

It was my contention that overlap among several species of the 

eastern Tyrannidae (particularly the forest species) was much higher 

than previously reported. Hespenheide (197la) stated that habitat overlap 

among forest flycatchers was low and that a maximum of two species (the 

Crested Flycatcher and one other species) existed with overlapping 

habitats in any one forested area. My initial observations indicated 

that three species of flycatchers often forage in the same area. In 

order to test the hypothesis of high overlap among these species, I 

quantified vegetational aspects of the foraging habitat of each species, 

since little of these data were available. I then calculated various 

measures of resource overlap among the species. 
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Hypothesis II 

My second hypothesis was that resident species would use other means 

of resource partitioning within the habitat to minimize resource overlap. 

This would be particularly important if there was a high degree of 

resource overlap as proposed in hypothesis I. Hypothesis II was tested 

by examining other aspects of habitat selection, such as differences in 

vertical stratification, foraging substrate diversity, and by observing 

comparative differences in foraging behavior. 

Hypothesis III 

Thirdly, I contended that there may be a measurable difference in 

the foraging ecology of some flycatcher species in the presence of another 

competitor, particularly if there is a high degree of overlap among the 

species. Similar thoughts have been expressed by Hespenheide (197la) and 

Cody (1974), but neither author presented sufficient data to prove their 

speculation. Again, Hespenheide (197la) believed the presence of the 

Crested Flycatcher affected the foraging ecology of other resident fly-

catchers. In testing the third hypothesis, two possibilities are 

plausible. 

First, given that overlap is extensive between forest tyrannids 

(first hypothesis), then it may be possible that interspecific inter-

action among species may be measurable. Alternatively, if habitat over-

lap among the species is low, as Hespenheide contends, then it may be 

difficult to measure the effect of one species on the foraging aspects 

of the other. 



METHODS 

Study Area and Sampling Procedures 

Observations for this study were made in Montgomery, Botetourt, 

Giles, Craig, Roanoke, Smyth and Grayson Counties. Attempts were made 

to sample a variety of woodland and open habitats at different elevations 

for the presence of flycatchers. The ridge and valley province of south-

western Virginia typically varies in elevation between 300 and 700 m, 

with some elevations up to 1700 m and occasionally higher. Most of the 

land below approximately 750 m has been mostly cultivated and areas 

above 750 m were mostly forested. Data were collected from late May to 

m.id A11gust in 1976, 1977, and 1978. Most observations were made at 

06:00 - 11:00 h, but observations were recorded throughouc the day 

whenever a flycatcher species was encountered. Data were not collected 

during windy or inclement weather because of difficulty in observation 

and potential changes in foraging behavior (Grubb, 1975, 1978), even 

though such factors may be important in explaining foraging differences 

among these species. Observations were made on as many individuals as 

possible to insure an adequate sample size for habitat analysis. Between 

two and four foraging observations were usually recorded for each indi-

vidual. Foraging and habitat data were collected whenever a successfully 

foraging species was encountered. Foraging success was determined by 

observing the capture of an insect or the consumption of an insect after 

a foraging flight. 

I used each subject's foraging perch to define the center of a 1/25 

hectare, circular sampling area for my habitat analysis. For each 

5 
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observation a total of 26 variables were measured to describe the foraging 

habitat, and two variables were measured for each foraging flight (Table 1). 

Sampling Technique 

A circular, 1/25 hectare circle (11.28 m diameter) was chosen because 

it provides an adequate amount of vegetation for sampling and because it 

has been used in other studies (James and Shugart, 1970; James, 1971) 

which may provide some comparison with my study. Within each sampled area 

the height of the foraging perch, height of the tree containing the foraging 

perch and height of the tallest tree in the sampled area were measured 

either by direct comparison to a graduated 8 m pole or by using an Abney 

level. Throughout the study all measurements were usually made to the 

nearest foot and were later converted to metric equivalents. The diameters 

of all of the trees within the circle were measured using a metric diameter 

tape and were classified into the appropriate diameter class. A series 

of 21 sampling points was established within each sampled area. One of 

these sampling points was lee-a-t-ed cl±rectly under the foraging perch. 

The other 20 were located along four 5.6 rn transects radiating from the 

center point to the boundary of the circle (Fig. 1). These transects 

followed the azimuth of North (0°), East (90°), South (180°) and West 

(270°). Each transect contained five sampling points which were equi-

distant from each other. At each sampling point, an 8 m aluminum pole 

was erected to measure vertical stratification of foliage. This was done 

by coenting the number of leaves touching the pole at three different 

levels; 2-2 . .5 m, 4-4.5 m and 6-6.5 m. By sighting through a cardboard 
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Table 1. List of variables, mnemonic codes and brief description. 

Variable 
Code 

Elev 

Treht 

DBH 

Taltre 

NL2 

NL4 

NL6 

Cancov 

Grncov 

Dia-1 

Dia-2 

Dia-3 

Dia-4 

Dia-5 

Description 

Foraging Habitat 

Elevation to nearest meter 

Tree height, height of tree containing foraging 
perch to nearest foot (converted to meters) 

Diameter at breast height (1.37 m above ground line) 
of tree containing foraging perch, taken to nearest 
centimeter 

Tall tree, height of tallest tree in 1/25 hectare 
circle, to nearest foot (converted to meters) 

Number of leaves touching sampling pole between 2-2.5 m 
at 21 sampling points 

Number of leaves touching sampling pole between 4-4.5 m 
at 21 sampling points 

Number of leaves touching sampling pole between 6-6.5 m 
at 21 sampling points 

Canopy cover, presence/absence data for canopy cover at 
21 sampling points 

Ground cover, presence/absence data for ground cover at 
21 sampling points 

Diameter class 1 - number of trees within 1/25 hectare 
area with diameter between 5 and 15 cm 

Diameter class 2 - number of trees with diameter 15-25 
cm 

Diameter class 3 - mnnber of trees with diameter 25-35 
cm 

Diameter class 4 - number of trees with diameter 34-45 
cm 

Diameter class 5 - number of trees with diameter 45-55 
cm 



Variable 
Code 

Dia-6 

Shrub 

BA 

Slope 

Slasp 

bCLR 

DBLD 

Perht 

Pertyp 

Vigor 

Canaf 

Dist 

Behav 

8 

Table 1 (continued). 

Description 

Diameter class 6 - number of trees with diameter 
55-+ cm 

Number of shrub stems intersected in two armslength 
transects through 1/25 hectare 

Basal area, in m2/hectare; sum of basal area of all 
diameter classes plus the basal area component of 
shrubs (see text) 

Slope of sample site in degrees 

Slope aspect, in degrees, compass reading (azimuth) 

Distance to water, from foraging perch to nearest 
meter 

Distance to nearest clearing from foraging perch, 
to nearest meter 

Distance to nearest building from foraging perch, 
to nearest meter 

Perch Site Selection 

Perch height, height of foraging perch to nearest 
foot converted to meters 

Perch type - twig, branch, limb, shrub, herb fence, 
utility wire, other man-made structure 

Perch vigor - living perch, dead perch 

Canopy affinity - perch height divided by height of 
tree containing perch 

Sortie Characteristics 

Sortie flight distance - distance from foraging perch 
to point of prey capture; estimated to nearest foot 
and converted to meters 

Classification of foraging behavior as either hawking 
or gleaning 
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FIGURE 1 

FORAGING HABITAT SAMPLE PLOT 

------~~~ 8m Pole to Scim.,le 
~ Vegetation Between 

2-2.5, 4-4.5, 6-6.Sm 

Armslength Transects 

Area 0.1 ha 

Figure 1. 

Schematic daigram of the 1/25 hectare foraging habitat sample plot 

used to evaluate vegetation characteristics of foraging habitat of 

seven species of tyrannid flycatchers. 
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tube, presence/absence data were collected for ground cover and canopy 

cover at each of the sampling points (James, 1971). Shrub density for 

each area was assessed by counting the number of shrub stems which inter-

sected my outstretched arms while walking the length of the four transects 

and adding these values together. Shrub stems were defined as any woody 

growth less than 5 cm in diameter at breast height. A diagram of the 

vegetation sampling procedure is found as Figure 1. 

The distance to-the nearest source of water, building and clearing 

were estimated by pacing the distance or by using topographic maps. 

Elevation in feet (converted to meters) was determined to the nearest 

possible measurement by using USGS topographic maps. 

To compute basal area, an average diameter of 1 cm was defined for 

shrub stems in open field habitats while an average diameter of 2.5 cm was 

defined for woodland areas. The total basal area for the study plot was 

calculated by adding the basal area contribution of each tree diameter 

class and the contribution of the appropriate shrub diameter class 

(either 1 cm or 2.5 cm X the number of shrub stems). 

Tree species occurring within the sampled area were recorded as 

accurately as possible. The presence of other species of flycatchers 

singing or foraging within 100 m of the study plot were recorded as poten-

tial competitors. The presence of other avian insectivores which were 

potential competitors was also recorded. 

Foraging substrates and foraging tactics were recorded using the 

methods of Verbeek (1975). Substrates included any perch from which the 

bird made a sortie. This method arbitrarily partitions trees used into an 

inner core and peripheral shell (Fig. 2). Each of these areas is then 
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FIGURE 2 

Outer Periphery 

Upper Portion 

Middle Portion 

Lower Portion [7 
Figure 2. 

Schematic diagram of the method for evaluating tree use. Trees were 

divided into an outer periphery and inner core and each of these 

vertical partitions was divided into an upper, middle and lower portion. 

These regions plus the apex created seven physionomic regions of the 

tree for estimating foraging perch locations. (After Verbee~,1975). 
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divided into a lower, middle and upper region plus the apex. This par-

titions the tree into seven regions. For this study, trees were defined 

as any wood plant -::._4 m high. Note was also made as to whether the perch 

was man made (inanimate) or living or dead vegetation. If the perch was 

in a tree, it was classified as either being a twig (2_1 cm), branch 

(1 to 5 cm), or limb (>5 cm). The flight distance between the perch and 

point of prey capture was estimated to the nearest foot and later trans-

formed into meters. Foraging behavior was classified as either hawking 

(aerial prey capture) or gleaning (removal of prey from a substrate). 

Note was made after each sortie as to whether the bird returned to the 

same perch, within a few centimeters, or flew to a new perch. 

The Analyses 

Descriptive statistics (mean, standard deviation and range), analysis 

of variance and Duncan's new multiple range test were calculated on all 

of the habitat variables in this study (Sokal and Rohlf, 1969; Barr et al., 

1976). 

The different aged forest stands of southwest Virginia made compari-

sons among the flycatcher species difficult without relating forest age 

to canopy height (tree height). To resolve this problem, a canopy affinity 

value was calculated by dividing the height of the foraging perch by the 

height of the tree containing the perch. Use of the canopy affinity 

value facilitates comparisons of the same species from stands of different 

canopy heights and comparisons of different species from the same area. 

Information from the 26 structural habitat variables was extracted 

and analyzed using a combination of two multivariate statistical analyses; 
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principal component analyses (PCA) and discriminant function analysis 

(DFA). Both of these analyses have been widely used in evaluating habitat 

resource use in birds and mannnals. Many studies have simply used these 

techniques to provide an ordination of avian cormnunities with regard to 

a vegetation continuum (James, 1971; Shugart and Patten, 1972; Shugart 

and James, 1973; Anderson and Shugart, 1974; Whitmore, 1975). Several 

studies, particularly more recent ones, have used these techniques in a 

more comparative manner, rather a descriptive approach (Green, 1971, 1974; 

Whitmore, 1977; Conner, 1977; Dueser and Shugart, 1978, 1979; Noon and 

Able, 1978). Only a few studies have used these techniques to evaluate 

habitat differences and niche parameters among closely related species 

(Hespenheide, 197la; Conner, 1977; Noon and Able, 1978; Rice, 1979). 

Principal component analysis has been used by several biologists as 

a mathematical representation of the ecological niche (James, 1971; 

Miracle, 1971; Green, 1971; Morrison, 1976). These authors also discuss 

the mathematical assumptions for use of these analyses for biological data. 

Principal component analysis has several major benefits. First of all it 

allows simultaneous analysis of many variables which may be correlate~ 

and reduces the information of the original variables to a new set of 

variables (principal components) which are orthogonal (uncorrelated). 

Secondly, because all variances of the principal component analysis are 

standardized, several species may be compared in the same "n" dimensional 

multivariate hyperspace. Green (1971, 1974) cautions that in order for 

these to be a meaningful biological interpretation to the principal com-

analyses, the components should have a correlation (loading values) to 

the variables entered into the analysis. 
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Principal component analysis (Barr et al., 1976) was performed on 

all of the habitat variables and comparisons were made among the seven 

species of flycatchers to determine qualitative differences in the 

foraging habitat. The objective of this analysis was to detect large 

differences in habitat which would be the most effective means of 

ecological separation of species. Species with similar foraging habitat 

structure would perhaps partition the habitat in some other manner. 

The descriptive information of principal component analysis and 

discriminant function analysis permitted comparisons among species. 

These quantitative descriptions permitted the extraction of other infer-

mation such as ecological similarity (euclidean distance), breadth of 

resource use and overlap in resource use, from these analyses. 

Ecological Similarity: The similarity index (Euclidean distance) is 

the distance between the species centroids (means) in n-dimensional 

hyperspace of a principal component analysis. It was calculated using 

the formula: 

where D = Euclidean distance, x1 is mean of species 1 on first component 

x, x2 is mean of species 2 on first component x, y is second component, 

z is third component, etc. This value was used as a measure of ecological 

similarity between the species' foraging habits. Other studies of avian 

populations which have made similar uses of Euclidean distance include 

Power (1971), Conner (1977), and Conner and Adkisson (1977). 

Breadth of Resource Use: Resource breadth (niche breadth) has been 

described as the "distance" through a niche hypervolurne along a particular 
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line in niche space (Levins, 1968; MacArthur and Levins, 1967). Calcula-

tions of breadth of resource use with regard to the foraging habitat were 

made by summing the variance values of each species over each component 

of PCA as done by Conner (1977). This approach intuitively seems an 

adequate method of estimating niche breadth since with PCA all axes are 

orthogonal and variance values would be additive. The use of PCA 

variances rather than PCA range values along an axis (component) also 

seems more realistic since I am working with a statistical derivation 

and not the actual parameters, and variance values rather than ranges 

would seem to be a more conservative approximation of the realized niche 

for comparative purposes. 

Overlap in Resource Use: There are many papers which define and 

attempt to measure realized "niche overlap" (Horn, 1966; MacArthur and 

Levins, 1967; Colwell and Futuyma, 1971; Pielou, 1972; Sabath and Jones, 

1973; Cody, 1974; May, 1974). Most of these papers deal with measurement 

of overlap along a single niche dimension (one variable) or a summation of 

several variables, and define niche overlap as the probability of two 

species encountering each other along that dimension or as possible 

competition inferred by the overlap. Recently, however, Harner and 

Whitmore (1977) described a method which allows for measurement of niche 

overlap in three-dimensional overlap for an "n" number of species. This 

approach, however, would not give the more conservative measurement 

between any two species of the "n" because DFA acts to maximize the 

difference among all means considered simultaneously. In doing so, 

it is possible that the difference between any two means may be compen-

sated to achieve the overall maximization. To avoid this problem, each 
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species was compared with all other flycatcher species in the study by 

means of a two-group discriminant function (Klecka, 1975). Two measures 

of niche breadth were interpreted from this analysis. First, the number 

of misclassified observations between the two samples was examined as 

being a general means indicating niche overlap. This is a percentage 

measure which is generated by scanning all observations of two species 

and classifying them into two species groups on the basis of statistical 

similarity. This information is then compared with the actual species 

classification for each observation, and a ratio of percent correct 

classifications is generated. Overlap of resource use was also measured 

using the method described in detail by Harner and Whitmore (1977). The 

overlap index "alpha" which is generated is similar to the measure de-

scribed by MacArthur and Levins (1968), except for its multivariate nature. 

Substrate Diversity Index: An index of substrate diversity for 

foraging perches was calculated for each species using the Shannon in-

formation formula (Shannon, 1948). An index of tree use·was also 

calculated using this formula. The assump~ions for use and a description 

of the various components of this formula are discussed by Pielou (1966) 

and Tramer (1969). 

Sortie Flight Distance. The data for sortie flight distance repre-

sented a skewed distribution for each species. As a result, comparisons 

between species were made using a median test (Siegel, i956). This test 

approximately follows a chi-square distribution with two degrees of 

freedom. 
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Assumption on the Nature of Resource Partitioning 

Any discussion of resource breadth, overlap, and partitioning must 

first consider the ecological and evolutionary relationship among the 

species in question. Two other considerations must also be exercised. 

First, the species in question may have evolved allopatrically, and if 

so, have evolved habitat differences adapted to their respective areas 

of residence. Thus in areas of sympatry these species may then do little 

more than select habitats which are similar to those in which they evolved. 

As a result, there would be little interaction among the species. 

Second, species in areas of sympatry may have evolved habitat differences 

as a direct result of competitive interaction. While these two possi-

bilities are very difficult to test, and I have few data to support my 

choice, I assume the latter possibility took place, just as other in-

vestigators have done who have demonstrated resource partitioning be-

tween ecologically similar species (MacArthur, 1958; Morse, 1968; James, 

1976; Co~ner, 1977; and others). 

Assumption on Habitat Selection 

Ultimately, studies of niche habitat parameters must consider the 

means by which species select their habitats. Several authors have 

reported that bird species select optimum habitats by innate search 

images (Wiens, 1969; James, 1971; Anderson and Shugart, 1974; Whitmore, 

1977). In particular, James (1971) states that species select the 

optimum habitat by a process she describes as "niche gestalt." How-

ever, it is highly probable that the criteria selected by 
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ornithologists may not be the same criteria which bird species employ 

in habitat selection (Vandermeer, 1972; Whitmore, 1977). Nevertheless, 

most of the variables selected for this study are similar to those 

reported by other authors and were effective in discriminating habitats 

of several species, as well as other variables intuitively appropriate 

for the species I studied. 

Assumption on Food Resource 

I am separating the species not on the basis of food resource 

availability, but on the partitioning of the foraging habitat space. 

Because measurement of the flycatcher food resource was not feasible, I 

assumed, as a substitute, that the insect food resource would be equally 

abundant for each species in all habitats and habitat partitions. 

Similar assumptions were made by other authors studying foraging by 

insectivores (Morse, 1973; Schoener, 1974; Shugart et al., 1975). In 

particular, Hespenheide (197lb) supports this view for insect fauna 

found beneath the forest canopy. However, insect faunas are probably 

not uniform above the forest canopy (Hespenheide, 197lb) or in open 

areas (Leck, 1971; Verbeek, 1975; Foreman, 1978). 

Niche Terminology 

In this study, terms that are used :to describe the niche will 

refer to the foraging aspect of the realized niches. Thus use of the 

terms breadth and overlap will only ref er to breadth of or overlap be-

tween the foraging aspects of the species' realized niches and not the 

entire niche. 



RESULTS AND DISCUSSION 

Before the information on resource overlap and resource breadth 

among the species can be generated, it is first necessary to quantify 

various vegetational characteristics of the niche. Vegetational data 

provide a quantitative description of the habitat preferences among 

syntopic species and provide a data base for analyses of breadth and 

overlap. 

The relative abundance of the seven flycatcher species in southwest 

Virginia provided adequate sample sizes for the analysis of vegetational 

characteristics and foraging behavior (Table 2). My larger sample sizes 

for species such as Kingbirds, Phoebes, and Willow Flycatchers are at-

tributable to the open habitats of these species which facilitated 

observations. The small sample size for the Great Crested Flycatcher 

is due its affinity for upper forest strata which made observation 

difficult. The following sections provide species comparisons for each 

of the measured variables which were found to be the most significant 

in explaining species differences. 

Species Niche Comparisons 

Elevation 

Within southwest Virginia, differences in elevation effectively 

acted to separate at least two of the species, the Least Flycatcher and 

Acadian Flycatcher. The mean elevation for the Least Flycatcher (1198.3 

m) is significantly greater than mean elevation for all other species. 

In contrast, the mean elevation of the Acadian Flycatcher (495.5 m) is 

19. 
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Table 2. Flycatcher sample sizes for variable categories. 

Foraging Habitat and Sortie 
Species Perch Selection· Cana£* Characteristics 

Kingbird 55 22 139 

Crested 28 27 37 

Phoebe 50 30 65 

Acadian 44 42 64 

Willow 85 33 113 

Least 37 36 49 

Pewee 55 52 105 

*See Table 1 for mnemonic codes. 
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significantly lower than any of the species, within the exception of 

the Willow Flycatcher. The high elevation value for the Least Flycatcher 

is a result of restricted populations in the study area at Mt. Lake 

Biological Station (elev. 1168 m) and Mt. Rogers recreation area (1220-

1750 m). The high elevational difference between these two species in 

southwest Virginia has been noted in previous studies (Davis, 1959; 

Johnston, 1971). This elevational difference serves to separate two 

ecologically similar species which typically are allopatric except in 

such areas as northern Illinois and southern Wisconsin where the southern 

distribution of the Least Flycatcher overlaps the northernmost distribu-

tion of the Acadian Flycatcher. In such areas of geographical overlap, 

Hespenheide (197la) was unable to find habitats shared by these two 

species even though they often had adjoining habitats. He failed to 

sample more southern occurrences of the Least Flycatcher such as those 

within the present study area. Although he did not present data on 

altitudinal replacement between the Least and Acadian Flycatchers, 

Hespenheide (197la) assumed that it may be a factor in the distribution 

of these species in the Appalachians, but he stated that differences in 

habitat are probably a more effective means of separating these congeners. 

Johnston (1971) did not include the Acadian Flycatcher in his study 

because it does not occur at the Mt. Lake Biological Station (elev. 1070 m) 

in Giles County. During my study, only one Acadian was found at eleva-

tions comparable to those of the Least Flycatcher. It was located in 

a virgin hemlock stand on Salt Pond Mt. (elev. 1130 m) in Giles County, 

and no Least Flycatchers were present in the immediate proximity of this 

bird. 
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The presence of the Least Flycatcher in areas of higher elevation 

is probably not solely attributable to elevation. Several authors have 

discussed the "park-like" habitat of the Mt. Lake Biological Station and 

the high density of Least Flycatchers in this area (Davis, 1959; Johnston, 

1970, 1971). Similar habitat modifications exist in much of the managed 

Mt. Rogers recreation area in Grayson and Smyth Counties. These modified 

habitats are similar to the open forests which this species inhabits in 

the central part of its range (Bent, 1942). 

The elevational difference which exists between the Least and 

Acadian Flycatchers also effectively divides the forest flycatchers into 

two potential assemblages. In areas of 1070 m and above, the forest 

assemblage may contain four species; Crested, Pewee, Least, Phoebe. 

In areas 1070 m and below, the assemblage may contain; Crested, Pewee, 

Acadian, Phoebe. 

Other significant differences in elevation demonstrated in Table 3 

are not considered as important as the differences mentioned above be-

cause of the wide elevational range of these species and the likelihood 

of sampling error. 

Differences in elevation may effectively limit resource overlap in 

similar species. Terborgh and Weske (1975) and Terborgh (1977) report 

on the occurrence of species relative to an elevational gradient. They 

report that "diffuse competition," as a result of elevational changes in 

vegetation, climate, etc., and direct competition and exclusion of con-

geners were responsible for two-thirds of distributional limits on 

Andean birds whose ranges are affected by elevational differences. 



Species 

Crested 

Pewee 

Least 

Acadian 

Phoebe 

Kingbird 

Willow 

Table 3. Species means for elevation (meters) for sampled areas and 
statistical difference among species. 

N Mean + S. D. Cr** Pe Le Ac Ph 

28 868.8 366.0 

55 656.6 30.12 * 

37 1198.3 99.2 * * 

44 495.5 150.5 * * * 

50 720.9 364.7 * NS * * 

55 598.9 65.7 * NS * * NS 

85 5 76. 2 99.6 * * * NS * 

* p < 0.05; Duncan's New Multiple Range Test 

Ki Wi 

-

NS 

**Abbreviations for each species: Cr = Crested; Pe = Pewee; Le = Least; Ac = Acadian; Ph = Phoebe; 
Ki = Kingbird; Wi = Willow. 

N 
w 
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Habitat Differences 

All 26 structural habitat variables for 354 observations were 

entered into PCA (Barr et al., 1976); however, all but seven variables 

were removed from further analysis. Green (1974) and Kim (1975) provided 

the following guidelines for variable removal. First of all with vari-

ables which were highly correlated (biologically redundant) with each 

other, only one variable was included. Secondly, in order to facilitate 

a biological understanding of the PCA, I only included variables in 

the analysis which had high loading values on the components relative to 

the other variables (Kim, 1975). With principal component analysis up to 

six components (number of species minus one) could potentially be generated. 

However, only four components were used to compare species for easier 

interpretation and because most (92.7%) of the total variance is explained 

by the first four factors. 

Results of principal component analysis (Table 4) and variable cor-

relation matrix (Table 5) were calculated using seven variables which were 

selected by the above criteria. The 'variables were: tree height, DBH, 

canopy cover, number of trees in diameter class 1 (5-15 cm), number of 

trees in diameter class 2 (25-35 cm), number of shrub stems, and basal 

area. 

Examination of the variable correlation matrix (Table 5) reveals 

the relationships among the variables. Tree height was correlated to 

DBH, canopy cover, and, to a lesser degree, basal area. Basal area was 

highly correlated with canopy cover and to a lesser degree, diameter 

class 3. Shrub had a high negative correlation to all the forest 
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Table 4. Results of principal component analysis of 
foraging habitat variables for all species 
of flycatchers. 

ComEonent 
I II III 

Portion of total variance (%) 50.5 16.9 13.6 

Cumulative portion of total 
variance accounted for (%) 50.5 67 .4 81.0 

Factor loadings (correlations of 
components to variables) 

Treht* 0.31 0. 71 -0.03 

DBH 0.03 0.99 -0.10 

Cancov 0.52 0.28 -0.11 

Dia-1 0.09 0.05 -0.01 

Dia-3 0.98 0.05 -0.06 

Shrub -0.06 -0.09 0.99 

B.A. 0.57 0.28 -0.06 

*See Table 1 for mnemonic codes. 

IV 

11. 7 

92. 7 

0.18 

0.02 

0.38 

0.98 

0.05 

-0.01 

0.32 



Treht 

DBH 

Cancov 

Dia-1 

Dia-3 

Shrub 

B.A. 
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Table 5. Correlation matrix of seven habitat variables for 
principal component analysis on seven species of 
flycatchers. 

Treht* DBH Cancov Dia-1 Dia-3 Shrub 

LOO 

0. 75 LOO 

0.66 0.38 LOO 

o. 30 0.09 0.55 LOO 

0.43 0.10 0.67 0.17 LOO 

-0.13 -0.20 -0.20 -0.03 -0.13 LOO 

0.59 o. 39 0.84 0.48 o. 71 -0.15 

*See Table 1 for mnemonic codes. 

B.A. 

LOO 
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variables, which is intuitively correct, since shrub density would de-

crease with increasing forest (canopy) density. Except for one case, 

all correlation coefficients for variables are 0.75 or less. These 

variables represent a non-redundant habitat description for further 

analysis. 

As mentioned, high factor loading relative to the other variables 

was one criterion for variable selection. A biological interpretation of 

the principal components can be made from the factor loadings in Table 4. 

Factor I could best be generalized as representing "forest density" (or 

habitat density) because of the high loadings of Dia-3, basal area, and 

canopy cover. Factor II would represent "tree size" for the foraging 

perch due to the high loadings of DBH and tree height. Factor III can 

only represent "shrub density" because of the exceptionally high loading 

of shrub and negative loadings of other variables. Factor IV probably 

also represents an "immature forest age" factor, or perhaps an indicator 

of the species composition of the forest because of the loading of Dia-1. 

Means for each species along the first four principal components are 

given in Table 6. Graphic representation of the means for each species 

for principal component axes I, II,and III are displayed in Figure 3. 

The expansion along axis I improves the quality of the diagram for 

separation purposes. This is not a totally invalid approach since this 

component explains most of the variance (50.5%) in the model. 

Examination of Table 6 and Figure 3 with reference to the factor 

loadings of Table 4 reveals the overall differences in foraging habitats 

of the seven species in the study. The five forest species had a wide 

range of scores for factor I. Since this component may be termed "forest 
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FIGURE 3 so 
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Figure 3. 

Positions of flycatchers species centroids in three dimensional hyper-
space for a principal component analysis. The first axis, PCA-1, 
explains 50.5% of the total model variance and is a measure of habitat 
density: high values indicate increasing habitat density. PCA-2, which 
explains 16.9% of the model variance, describes selected tree size with 
high yc;_lues representing large tree size (taller and larger DBH) . The 
third axis, PCA-3, explains 13.6/~ of variance and is representative of 
the habitat shrub density; high values indicate a high shrub density. 
Abbreviations ~ean; Cr = Great Crested Flycatcher; Pe = Eastern Wood 
Pewee; Le = Least Flycatcher; Ac = Acadian Flycatcher; Ph = Eastern 
Phoebe; Ki = Eastern Kingbird; Wi = Willow Flycatcher. 
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Table 6. Means for PCA components I-IV for each species. 

Species N I II III IV 

Crested 28 1. 23 28.53 20.95 19.45 

Pewee 55 -0.05 31. 37 13.17 11. 27 

Least 37 0.91 25. 79 12.23 11.65 

Acadian 44 1. 27 15. 83 23.79 14.00 

Phoebe 1 50 0.81 14.41 11.24 9. 80 

Kingbird 55 1.00 14.96 4.85 2.31 

Willow 85 2.73 7.94 45.11 5.00 
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density" or habitat density, the higher values of the Acadian, Crested 

and Least were indicative of their selection of denser, more mature 

forests while the lower values of the Pewee and Phoebe indicated their 

preference for less mature forests, or more open forests. Examination of 

scores along component I for the two open species revealed a much higher 

mean score for the Willow Flycatcher than for the Kingbird. Reasons for 

this mean exceeding those of the forest species is probably due to the 

high shrub density associated with this species. 

Scores for factor II, "tree size," also were higher for the Pewee, 

Crested and Least which indicated a preference for larger and taller 

trees for foraging sites. The lower scores for the Acadian and Phoebe 

indicated a preference for smaller trees when foraging. 

The factor scores for factor III were highest for the Acadian and 

Crested Flycatchers. Because this factor is so closely correlated with 

shrub density, these scores indicated a preference for relatively shruby, 

dense habitats when compared to the scores of the Pewee, Least and Phoebe 

which had similar preferences for shrubs. 

These habitat preferences for each species of flycatcher have been 

noted in many studies. Two of the species, the Eastern Kingbird and 

Willow Flycatcher, were found in open, unforested habitats. Four species, 

the Great Crested Flycatcher, Eastern Wood Pewee, Least Flycatcher, and 

Acadian Flycatcher, were found in wooded areas. One species, the 

Eastern Phoebe, was found mostly in wooded situations, but also occurred 

in areas similar to those of the Kingbird and Willow Flycatcher. 
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For the most part, there were few surprises in the variables 

selected by the PCA. Percent canopy cover (cancov) in my study is 

known to be the most important variable for separating species in a 

large avian community (James, 1971; Whitmore, 1975). Canopy height 

(tree height), numbers of trees in diameter classes, and shrub density 

were also selected as important variables in these two studies. These 

studies also found ground cover and number of tree species important 

variables for species separations. However, these variables were not as 

important in my study, perhaps because I was investigating taxonomically 

similar species rather than a diverse assemblage of birds. Two variables 

I selected for this analysis which were not used by James (1971) or 

Whitmore (1975) were basal area (BA) and diameter at breast height (DBH). 

These variables were important, particularly in separating the woodland 

species of flycatchers and were also used in a comparative study of 

woodpeckers by Conner (1977). 

Means ·for each species were compared for each of the seven variables 

selected by PCA. Detailed results for each of these variables follow . 

. 
Canopy Cover. Values for canopy cover were derived by adding all 

positive (presence) readings for canopy at the 21 sampling points 

(Table 7). Complete canopy cover, cover at all points, would have a 

value of 21,while a value of zero indicates absence of canopy at all 

sampling points. As expected, the forest species showed the higher 

canopy cover values; the Acadian Flycatcher had the highest value 

(18.63) being significantly greater (p < 0.05) than for all other 

species. Canopy cover values were statistically different (p < 0.05) 



Species 

Crested 

Pewee 

Least 

Acadian 

Phoebe 

Kingbird 

Willow 

Table 7. Means, standard deviations for the variable canopy cover and statistical 
differences among seven species of flycatchers. 

N Mean + S.D. Cr Pe Le Ac Ph Ki 

28 14.14 7.06 

55 13. 74 5.18 NS 

37 14.30 6.12 NS NS 

44 18.63 3.47 * * * 
50 8.33 6.46 * * * * 
55 1. 71 3.18 * * * * * 
85 0.55 1.58 * * * * * NS 

* p < 0.05; Duncan's New Multiple Range Test 

Wi 

VJ 
N 
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among all species except between the Crested and Least, Crested and 

Pewee, and Least and Pewee in forested situations and between the Willow 

and Kingbird on the low end of the canopy cover scale. The Willow Fly-

catcher had the lowest canopy cover (0.55) of any of the species. 

Diameter Class 3 (number of trees between 25-35 cm). Mean values 

for this variable for each species are also indicative of the species 

preference for wooded areas (Table 8). Again the Acadian Flycatcher has 

the highest value (4.77) which is significantly greater (p < 0.05) than 

for all other species. Most all other differences among species are 

significantly different from the Crested, Pewee or Least Flycatchers. 

There is also no difference between the Crested and Least Flycatcher. 

While differences among species with regard to this variable may not be 

readily interpretable, inclusion of this variable with others will aid 

in description of species' specific habitats (see discussion). 

Shrub Density. Differences in means for number of shrub stems per 

two armslength transects, and statistical differences among means were 

not as distinctive (Table 9) as the previously described variables. 

The Willow Flycatcher had the highest shrub value (43.93), being 

significantly greater than for all other species. Similar results were 

also found by Whitmore (1975). The other differences among species were 

not significant except between the Kingbird and Acadian and between the 

Kingbird and Crested. The Acadian Flycatcher had the highest mean 

(21.14) among the woodland species. 

Tree Height. Separation among species with regard to mean tree 

height was distinct between the woodland species and open habitat 



Species 

Crested 

Pewee 

Least 

Acadian 

Phoebe 

Kingbird 

Willow 

Table 8. Means, standard deviations for the variable diameter class #3 (trees 
between 25-35 cm) and statistical differences among seven species of 
flycatchers. 

N Mean + S.D. Cr Pe Le Ac Ph 

28 2.17 1. 87 

55 1. 37 1.41 * 
37 2.21 2. 03 NS * 
44 4. 77 2.26 * * * 
50 1. 85 2.65 NS NS NS * -

55 1.63 0.61 * * * * * 
85 0.02 0.22 * * * * * 

* p < 0.05; Duncan's New Multiple Range Test 

Ki Wi 

w 
~ 

* 



Species 

Crested 

Pewee 

Least 

Acadian 

Phoebe 

Kingbird 

Willow 

Table 9. Means, standard deviations for the variable shrub and statistical 
differences among seven species of flycatchers. 

N Hean + S. D. Cr Pe Le Ac Ph -

28 17.96 24.81 

55 10.02 9.35 NS 

37 9.48 10. 73 NS NS 

44 21.14 12. 80 NS NS NS 

50 9.58 12.14 NS NS NS NS 

55 3. 6 7 8.74 * NS NS * NS 

85 43. 93 50.42 * * * * * 

*p < 0.05; Duncan's New Multiple Range Test 

Ki Wi 

w 
Ln 

* 
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species (including the Phoebe) as seen in Table 10. The Pewee had the 

highest mean tree height (12.84 m), but there were no statistical dif-

ferences among the Crested, Pewee, Least,or Acadian Flycatchers. Mean 

values for these species were, however, significantly greater than those 

for the Phoebe and two open habitat species, the Kingbird and Willow. 

The mean tree height for the Phoebe was statistically greater than that 

for the Kingbird and Willow Flycatcher. There was no significant dif-

ference between the Kingbird and Willow Flycatcher for mean tree height. 

Diameter Breast Height (DBH). DBH (Table 11) was correlated (0.75) 

to tree height (Table 5), and there was a similar separation pattern among 

species. The Pewee selected foraging trees with the highest mean DBH 

(31.12 cm). The means for the Pewee, Crested and Least were significantly 

greater than for the other species, but they were not statistically dif-

ferent from each other. The Phoebe was not statistically different from 

the Acadian or Kingbird, and there was no difference between the Acadian 

and Kingbird. The Willow Flycatcher selected trees with the lowest mean DBH 

of any species (3.49) and in_ comparison to all other species was statis-

tically different (p < 0.05). 

Diameter Class 1 (number of trees 5-15 cm). This variable was in-

dicative of young forests or intense thickets of young growth. The Crested 

Flycatcher had the highest mean (15.83) which was significantly different 

(p < 0.05) from that of all species except the Acadian Flycatcher (Table 

12). All other differences among species were significant except between 

the Pewee and Least, Pewee and Phoebe, Least and Acadian, and the Least 

and Phoebe. The Kingbird had the lowest mean (2.00) for this variable. 



Table 10. Means, standard deviations for the variable tree height and statistical 
differences among seven species of flycatchers. 

Species N Mean + S .D. Cr Pe Le Ac Ph 

Crested 28 12.01 4.85 

Pewee 55 12.84 6.05 NS 

Least 37 11. 31 4.07 NS NS 

Acadian 44 12.35 5.24 NS NS NS 

Phoebe 50 6. 28 5.23 * * * * 
Kingbird 55 3. 95 5.51 * * * * * 
Willow 85 2.52 2.74 * * * * * 

*p < 0.05; Duncan's New Multiple Range Test 

Ki Wi 

w 
"-J 

NS 



Species 

Crested 

Pewee 

Least 

Acadian 

Phoebe 

Kingbird 

Willow 

Table 11. Means, standard deviations for the variable DBH and statistical 
differences among seven species of flycatchers. 

N Mean + S.D. Cr Pe Le Ac Ph -

28 27.50 17. 08 

55 31.12 29.55 NS 

37 25.54 17 .10 NS NS 

44 16.61 11.68 * * * 
so 14.35 17.19 * * * NS 

55 13.91 24.63 * * * NS NS 

85 3.49 5.56 * * * * * 

*p < 0.05; Duncan's New Multiple Range Test 

Ki Wi 

w 
(X) 

* 



Species 

Crested 

Pewee 

Least 

Acadian 

Phoebe 

Kingbird 

Willow 

Table 12. Means, standard deviations for the variable diameter class #1 (trees 
between 5-15 cm). and statistical differences among seven species of 
flycatchers. 

N Mean + S. D. Cr Pe Le Ac Ph 

28 20. 71 15.83 

55 13.03 9.43 * 
37 13. 30 14.13 * NS 

44 17.86 14. 29 NS * NS 

50 11.00 12. 80 . * NS NS * -

55 2.00 4.19 * * * * * 
85 5.23 7.67 * * * * * 

*p < 0.05; Duncan's New Multiple Range Test 

Ki Wi 

w 
\0 

* 
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Basal Area. High values of basal area were achieved either by very 

mature woods with large diameter sized trees or densely wooded areas 

(Table 13). The Acadian Flycatcher had the highest mean basal area 

(26.24 m2/ha) which was significantly greater (p < 0.05) than similar 

values for other species of flycatchers. All other differences among 

woodland species were significant except among the Crested, Least, and 

Pewee and between the Pewee and Phoebe. The Kingbird had the lowest mean 

(2.51 m2/ha) which was significantly different from all species except 

the Willow Flycatcher. 

Habitat Characterizations 

As mentioned, major differences in canopy cover effectively separated 

the two open habitat species, the Eastern Kingbird and the Willow Fly-

catcher, from the forest assemblages. Examination of the seven habitat 

variables and the principal component analyses of these variables allowed 

me to characterize the habitat of each species. 

No qualitative measurement of habitat parameters of the Eastern 

Kingbird have been made. General features of the habitat, particularly 

the habitat around the nest, were described by Bent (1942) and Davis 

(1955). General features of the foraging habitat were also briefly de-

scribed by Dyer (1974). In my study, Kingbirds were found in very open 

habitats with little canopy cover. The inconsistency of its intermediate 

rank on component I and presence in open areas is probably related to 

the occasional presence of trees in these open areas as indicated by the 

basal area value, and number of trees in diameter class 1 and 3. Trees 

selected by the Kingbird were small in size (3.95 m tall and 13.91 cm 



Species 

Crested 

Pewee 

Least 

Acadian 

Phoebe 

Kingbird 

Willow 

Table 13. Means, standard deviations for the variable basal area and statistical 
differences among seven species of flycatchers. 

N Mean + S .D. Cr Pe Le Ac Ph 

28 19.92 11. 45 

55 18. 66 10.68 NS 

37 15.89 6.63 NS NS 

44 26.24 10.68 * * * 
50 1'3. 62 11. 77 * * NS * -

55 2.51 4. 31 * * * * * 
85 2.19 3.43 * * * * * 

*p < 0.05; Duncan's New Multiple Range Test 

Ki Wi 

~ 
I-' 

NS 
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in diameter) relative to forest species, but were considerably larger on 

average than those selected by the Willow Flycatcher, which also inhabited 

open areas. Typical habitats for kingbirds in southwest Virginia were 

farmlands and orchards with few well spaced trees. The kingbird selects 

the least shrubby areas of the flycatchers as seen in values for shrub 

density and component III. Thickets, as described by trees of diameter 

class 1 and component IV, are also less preferred by kingbirds than by 

the Willow Flycatcher. 

The old Traill's Flycatcher (Empoidonax trailii trailii) was recently 

split into two species making published habitat descriptions difficult to 

compare to my study of the Willow Flycatcher. Habitat descriptions of 

this form vary from dry brushy habitats to brushy swamps (Campbell, 1936; 

Bent, 1942; Aldrich, 1953; Stein, 1963; Gorski, 1969). All authors agree 

on the intense brushiness of the habitat. Stein (1963) found that the 

brush consisted of Salix .§EE.·• Rosa~·· and Lonicera japonica. Most of 

the habitats in the present study were characterized by thickets of Rhubus 

~··but there was usually heavy growth of Lonicera ~··Robinia~·· and 

Alianthus ~· 

The shrubby quality of the Willow Flycatcher habitats in my study 

was characterized by the high value for mean shrub density and mean 

number of trees in diameter class 1. In both cases, the variance value 

for these means was greater than the means, which indicates clumping of 

shrubs and small trees. Trees selected by Willow Flycatchers were sig-

nificantly smaller in diameter, but not statistically different in height 

from those selected by the kingbird. This species inhabited the most 

open habitats of any flycatcher in the study. This openness is 
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characterized by the low canopy cover, lack of larger trees (diameter 

class 3), low basal area, and high shrub index. 

Of the woodland flycatchers, the Acadian Flycatcher inhabits the 

most intensely wooded areas. Hespenheide (197la) found the Acadian 

inhabiting heavily vegetated forests. Other descriptions of habitat 

include moist wooded ravines (Bent, 1942), low dense shrubs and herbs in 

wooded areas (Newman, 1958; Lederer, 1972), and dense understory (Newman, 

1958). Both Bond (1957) and James (1971) found the Acadian Flycatcher to 

have the highest ranking on a vegetation ordination. This indicates the 

bird's preference for closed, densely forested areas, In my study, this 

preference for dense forests is indicated by the high means for canopy 

cover, basal area, and number of trees in diameter class 3. These 

means were the highest values found for all flycatchers. Within these 

forested areas, the Acadian Flycatcher also selected dense areas of 

understory for foraging. This understory density was described by the 

high mean values for shrubs and number of trees in diameter class 1 

(young growth). The Acadian Flycatcher selected trees which were not as 

large in diameter as for most forest flycat~hers (Table 11), but were 

approximately the same height as those used by other non-forest fly-

catchers. 

The breeding habitat of the Least Flycatcher has been the most 

studied of any species of forest flycatcher. Breckenridge (1956) found 

the limiting factor for Least Flycatchers was the degree of openness 

just below the forest crown, with the more open forest having heavier 

use by this species. Other authors confirra that the lack of vegetation 

(ca. 3-15 m vertically) (Johnston, 1971) is a characteristic of this 
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species' habitat. Bent (1942), MacQueen (1950), and Bond (1957) found 

this species intermediate on a forest continuum for openness. Davis 

(1959) and Johnston (1971) reported large populations in the "park-like" 

modified forests of the Mt. Lake Biological Station in southwest Virginia, 

but none in the adjacent dense, unmodified forests. Contrary to these 

habitat descriptions, Hespenheide (197la) found much overlap in the 

habitat qualities of the Least Flycatcher and Acadian Flycatcher. He 

believed the reason for the difference between these two species as 

reported in other articles was due to the lack of comparative habitat 

studies. However, in my study, the foraging habitat of the Least Fly-

catcher was significantly different from that of the Acadian Flycatcher 

with regard to several parameters. The lower values for canopy cover and 

basal area were quite different than those of the Acadian Flycatcher. 

Both of these variables plus the slight difference in shrub density were 

reflective of the "openness" previously mentioned. While the means for 

tree height and number of trees in diameter class 1 were similar in the 

Least and Acadian, the Least preferred habitats with larger trees, as 

demonstrated by the larger means for DBH and number of trees in diameter 

class 3. 

There were many similarities between the foraging habitat of the 

Least Flycatcher and that of the other forest species. Habitats of the 

Crested Flycatcher and Pewee were similar to those of the Least with 

regard to mean canopy cover, basal area, shrub density, DBH and tree 

height. However, slight differences in the means of these variables for 

the Least Flycatcher and its intermediate scores for components I, II 

and III (Table 6) may indicate that this species inhabited less densely 
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forested areas (Johnston, 1971). The Least Flycatcher habitats are also 

similar to those of the Phoebe in basal area, shrub density, and number 

of trees in diameter classes 1 and 3. However, Least Flycatchers had 

significantly higher means for canopy cover and tree height when compared 

to habitats of the Phoebe. 

It was difficult to characterize the foraging habitat of the Eastern 

Phoebe using the seven habitat variables, because of its intermediate 

status. The mean canopy cover value (Table 10) was intermediate to and 

statistically different from that of all of the other flycatchers. Mean 

tree height and basal area were also intermediate between forest and 

nonforest species. Habitats of the Phoebe were not significantly dif-

ferent from those of forest species and the Kingbird with regard to shrub 

density, due to the intermediate value of this parameter (Table 9). Mean 

factor scores for component III, however, indicate less of a correlation 

with shrub density when compared to the other forest species (Table 6). 

There was considerable overlap of means of diameter classes 1 and 3 with 

those of other forest species. Mean DBH was similar to that of the 

Aca4ian Flycatcher, a woodland species, and the Kingbird, an open species. 

The intermediate values of many of the habitat variables reflect 

the Phoebe's use of both woodland and open areas. Most of the habitats 

(58%) for this species were in woodland, but the Phoebe was also observed 

in open situations. I feel that the intermediate status of the Phoebe 

as characterized by these variables is biologically sound relative to 

the more distinctive habitats of other flycatcher species. Habitat 

parameters have apparently never been measured for this species. It is 

reported to use man-made structures, particularly bridges, for nesting 
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(Bent, 1942; Hespenheide, 197la; Johnston, 1971; Lederer, 1972), but none 

of these authors speculated on optimum foraging habitat features (i.e., 

no mention of vegetational characteristics of habitats). 

The foraging habitat of the Crested Flycatcher was similar to that 

of the Least Flycatcher and Pewee with regard to the seven habitat 

variables. It selected forested areas with a relatively intact canopy 

cover (Table 10) and high mean basal area (19.92 m2/ha). Its habitats 

had tall trees with a fairly large mean DBH (27.5 cm) and a relatively 

high shrub density (Table 9). Even though there were no significant 

differences among the Crested, Least, and Pewee with regard to these 

parameters, the Crested Flycatcher had the highest mean for basal area 

and,shrub density. Crested habitats had a significantly higher mean for 

nlimbers of trees in diameter class 1 than did habitats of either the 

Least or the Pewee, and a significantly higher mean for numbers of trees 

in Dia-3 than that of the Pewee. These two differences suggest that this 

species inhabited more densely wooded areas than the Least and Pewee. 

Further characterizations of foraging habitats were difficult to make 

for the Great Crested Flycatcher. This species probably did not select 

its habitat using the same selection criteria as other forest flycatchers, 

since it primarily foraged in and above the canopy, and because it 

typically sele.cted nest sites in areas of tree cavity availability. 

Probably none of my habitat variables are capable of estimating the 

true foraging habitat niche.of this species since all of the vegetation 

characteristics were subcanopy parameters. This could account for the 

similarity in foraging habitat among this species, Least Flycatcher, 

and Pewee. 
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There are several published general descriptions of the habitat 

of the Crested Flycatcher (Bent, 1942; Johnston, 1971; Lederer, 1972), 

but no published complete habitat descriptions. Lederer described the 

breeding habitat as tall trees in patchy forests. James (1971) and 

Bond (1957) find the habitat preference of the Crested Flycatcher inter-

mediate to that of the Acadian and Pewee. Bond states that this species 

has little preference for more open or less open forests and is found in 

all forest types along his continuum. Again, this may be due to the 

inability to measure vegetational characteristics above the canopy.. 

The foraging habitat of the Eastern Wood Pewee was also similar to 

those of the Crested and Least Flycatchers, since there were few signi-

ficant. differences in the habitat variables. However, the higher means 

for tre~ height, DBH, and the factor score for component II (Table 6) 

suggest that this species selected larger trees (more mature woodlands?). 

Like those of the Crested Flycatcher, the foraging habitats of this 

species were difficult to characterize. Hespenheide (197la) asserted 

that habitats of the Pewee always have an incomplete canopy cover. He 

also stated that this species is an edge, and not a true forest species, 

but he failed to compare habitats of the Pewee with those of other forest 

species because these habitats were nonuniform. Pewees did select dis-

turbed areas with a more open canopy (Table 7) when compared to the 

Crested, Least, and Acadian, but there were no significant differences. 

The Pewee has been described as having few selection preferences with 

regard to vegetation continua (Bond, 1957; Lederer, 1972; Johnston, 

1971) which results in its presence in most all wooded areas studied. 
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Habitat Resource Overlap 

Ecological Similarity (Euclidean Distance). In order to estimate 

the overall ecological similarity in foraging habitat of the seven 

species of flycatchers, euclidean distances were calculated among all 

species centroids (Fig. 3). These values are a measure of the distance 

between any two centroids in n-dimensional hyperspace. Increasing values 

indicate increasing ecological dissimilarity. 

The low values among the Crested, Least, and Pewee centroids con-

firmed ecological similarity on the basis of the habitat parameters 

measured (Table 14). The greatest similarity existed between the Pewee 

and L~ast Flycatcher. All forest species (Crested, Pewee, Least, and 

Acadian) were distinct from the Kingbird, but there was a relatively high 

measure of similarity between the Phoebe and Kingbird. The Willow Fly-

catcher was unique in that it is ecologically distinct from all species, 

probably becuase of its affinity for dense shrubs (component III). 

In order to minimize ecological similarity (maximize euclidean dis-

tance), stepwise discriminant analysis (Klecka, 1975) was also used to 

identify the habitat variables which were the most important for quan-

tification of the physical foraging habitat and discrimination among the 

species involved. In this analysis, the most important (discriminating) 

variable is first introduced into the model, the second most discrim-

inating variable is then introduced, etc. The same seven variables 

chosen for PCA were verified by the stepwise discriminant analysis 

program as the most important seven variables for species discrimination. 

All variables produced an F value significant at p < 0.001 level 



Species 

Crested 

Pewee 

Least 

Acadian 

Phoebe 

Kingbird 

Willow 

Table 14. Similarity index (euclidean distance) among seven species of flycatchers 
in seven dimensional PCA hyperspace. 

N Cr Pe Le Ac Ph Ki 

28 

57 12 .• 15 

37 14.61 9.16 

44 24.98 22.87 25.90 

48 22.38 21.11 15.57 21. 28 

55 32.65 28.31 37.14 37.14 17.04 

85 40.60 45.73 41.41 36. 37 37.39 41. 56 

Wi 

+:'-
\.D 
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(necessary for entry into model) in an initial univariate analysis of 

variance for overall species differences. The criterion for determining 

the discriminating importance of a variable was Rae's V value. These 

values are a measure of the distance between all centroids in hyperspace. 

Thus the variable with the highest Rao V is the most discriminating 

variable among the groups, the second selected highest Rao V is the 

second most discriminating, etc. As mentioned, the relatively low 

correlation among the variables plus the entry criteria mentioned here 

provide for an adequately powerful set of habitat variables for dis-

crimination among the species. 

The seven most important individual habitat variables for discrim-

inating among the flycatcher species are listed in order of decreasing 

importance (Table 15), which corresponds to decreasing Wilkes' lambda 

values (amount of variance left in model) and increasing values for Rao's 

V (distance between centroids). F values for entry are also listed with 

the variables. The program selected canopy cover as the most important 

single variable for discrimination among species probably because of 

the separation between forest and open habitat species. Because these 

variables were also chosen as the seven most important discriminating 

variables, they were used for quantitative habitat comparisons among 

the species for niche breadth and niche overlap. 

Once the most important variables were selected, the next step 

involved direct discriminant function analysis, DFA, on the habitat data. 

DFA began with a test of the null hypothesis of homogeneity of within-

species variance covariance matrices. This is done by comparing the 

individual within-species matrices with the pooled covariance matrix 



Step 
Entered 

1 

2 

3 

4 

5 

6 

7 

51 

Table 15. Summary of the variables entered by the stepwise 
discriminant function program* and their respec-
tive F-values, Wilke' s lambda values, and Rao' s V 
values. 

Variable F Value Wilke's 
Entered to Enter Lambda Rao' s V /:}. Rao's 

Cancov 125.17 0. 316 751.1 751.1 

Dia-3 13.62 0.256 846.7 95.6 

Shrub 14.99 0.203 942.5 95.8 

Treht 6.30 0.183 1028.1 85.6 

Dia-1 4. 35 0 .170 1060. 4 32.5 

DBH 2. 03 0.164 1084.4 24.0 

BA 2.81 0.156 1101.9 17 .5 

*Klecka (1975) 

v 
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(Barr et al., 1976). These data did not meet the requirement for 

equality of sample variance-covariance matrices <x2 = 1833 with 168 df, 

p < 0.001). This dissimilarity was also confirmed by another analysis 

(Klecka, 1975), F = 10.73, df 168, p < 0.01, which indicates that the 

seven species of flycatchers differ significantly in size and shape of 

their multivariate representations of the foraging habitat portion of the 

niche. Green (1974) stated that rarely are sample variance-covariance 

matrices equal with ecological data. He stated further that the failure 

to prove equality is merely an expression of the different size and shape 

of the ecological niche among the species in question. Because the 

variance-covariance matrices were not equal, formal tests of the null 

hypothesis of equality of species centroids in multivariate space were 

therefore not strictly valid. The main problem resulting from this non-

equality is that individual observations of a species were more likely 

to be classified with the species group with greatest overall variance 

(Klecka, 1975). Some of these problems were lessened, however, by the 

use of within-species matrices for discriminant function analysis com-

parisons rather than the pooled covariance matrix (Green, 1974). For-

tunately, this option was available with the program used (Kleck.a, 1975). 

Despite the inequality of within-species matrices, the analysis was 

completed and the ecological significance of each function was judged 

using guidelines provided by Green (1974). Each function was evaluated 

as to whether it could be interpreted ecologically, and whether it pro-

vided obvious separation of two or more species consistent with the 

ecological interpretation of the discriminant function. As a result of 

selecting the variables with the greatest discriminating ability among 
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species, the DFA showed that the species do not share a common centroid 

(F = 18.18, df 36, p < 0.001). 

Examination of Table 16 shows that 78.13% of the total variance was 

accounted for by DF-1, 13.14% by DF-2 and 5.75% by DF-3, giving a total 

of 97.0% of the variance explained by the model. The standardized 

canonical discriminant function coefficients are indicative of the rela-

tive positive or negative contribution of each of the variables to the 

respective discriminant functions. Relationships between variables and 

discriminant functions were somewhat different from the relationships 

found between the variables and the components of PCA. In this analysis, 

canopy cover and tree height made the most important contribution to DF-1. 

DF-2 received heavy loadings from number of trees in diameter class 3, 

shrub density, and to a lesser extent, number of trees in diameter class 1. 

Number of trees in diameter class 3 and shrub density were also important 

contributions for DF-3 along with tree height and DBH. Neither basal 

area, DBH or number of trees in diameter class 1 had comparatively high 

loadings on any of the discriminant functions. 

Group centroids (species means on each discriminant function) were 

derived as a way of examining ecological similarity among the species 

in DFA hyperspace (Table 17). To further enhance interpretation of this 

analysis, each discriminant function can be represented graphically as an 

orthogonal (r = O) and standardized discriminant axis (µ = 0, cr2 = 1), 

as was done for PCA (Fig. 4) . 

The contribution of canopy cover and tree height to DF-1 and the 

scores of the individual species along DF-1 indicated that this function 

describes "forest maturity." Smaller values along this component 
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Table 16. Summary of discriminant function analysis of seven 
species of flycatchers for seven foraging habitat 
variables. 

Eigenvalue 

Chi square test for significance 
of discriminating function 

Degrees of freedom 

Percent of variance explained 

Cumulative percent of variance 
explained 

Standardized canonical discriminant 
function coefficients for habitat 
variables 

*p < 0.0001 

Cancov** 
Dia-3 
Shrub 
Treht 
Dia-1 
DBH 
BA 

**See Table 1 for mnemonic codes. 

DF-1 

2.48 

642.3* 

42 

78.13 

78.13 

-0. 77 
-0.14 

0.12 
-0.44 
-0.03 

0.20 
0.04 

• 

DF-2 

0.42 

210. 7* 

30 

13.14 

91. 27 

-0.30 
o. 80 
0.62 

-0.09 
0.37 

-0.27 
-0.06 

. 
DF-3 

0.19 

90.1* 

20 

5. 75 

97 .02 

-0.19 
0.83 

-0.66 
-0.46 

0.12 
0.28 

-0.34 
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Table 17. Centroids for seven species of flycatchers in 
three-dimensional hyperspace (species means for 
each discriminant function). 

Species DF-1 DF-2 DF-3 

Crested -1.27 0.01 -0.29 

Pewee -1.14 -0.85 -0.51 

Least -1. 27 -0.36 0.04 

Acadian -2. 35 1.06 0.29 

Phoebe 0.09 0.05 0.48 

Kingbird 1. 53 -0.64 0.59 

Willow 1. 91 0.56 -0.38 
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FIGURE 4 1.0 
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Figure 4. 

Centroids in three dimensional hyperspace of discriminant function 

analysis for seven species of flycatchers. Discriminant Function-1 

(DF-1) represents forest maturity with high values indicative of 

increasing forestness (greater canopy cover and taller trees) . DF-2 

is a measure of habitat density with high values representing increased 

shrubs and/or increase numbers of trees in diameter class #3. DF-2 is 

a similar measure incorporating the variable, number of trees in 

diameter class fJ3, shrub density and tree height. 
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indicate more mature, taller forests with closed canopies, while larger 

values indicate more open treeless areas. Similar results were found 

in the first discriminant function in studies by James (1971) and 

Whitmore (1975, 1977). Species rankings along DF-1 may be interpreted 

as representing a vegetational continuum. If so, species rankings would 

be Acadian, Crested, Least, Pewee, Phoebe, Kingbird and Willow from areas 

of dense forests to unforested open areas. Similar rankings for the 

Acadian, Crested, and Pewee were found along a forest continuum by Bond 

(1957) and a vegetational ordination by James (1971). 

Species positions along DF-2 may be regarded as the species' re-

sponse to vegetational structural density with reference to selection for 

increased numbers of large diameter trees (Dia 3) and/or shrub density. 

Low values for the woodland species reflected habitats with large diam-

eter trees and fewer shrubs. The Pewee and Least Flycatcher would be 

included on this end of DF-1. Higher values would reflect more trees of 

Dia 3 and more shrubs as with the Acadian. The Crested Flycatcher and 

Phoebe hold intermediate values along this axis. The separation of the 

Kingbird and Willow Flycatcher along this axis seems to be purely on the 

basis of shrub density, as previously described. 

Interpretation of DF-3 is more difficult, but it seems to be related 

to tree height, basal area and shrub density. Ordination of species along 

this axis is similar to that in DF-2 except for the juxtaposition of the 

Willow and Kingbird which probably relates to the dimensional configura-

tion of the shrub density component in hyperspace. 

In order to visualize the degree of overlap among species in dis-

criminant function hyperspace, discriminant scores for DF-1 and DF-2 were 
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plotted for each species observation (Fig. 5). Values for each species 

were then enclosed to represent the habitat component of the niche with 

respect to DF-1 and DF-2 for that species. The resulting diagram reveals 

considerable overlap among the species with respect to these functions. 

Another way discriminant analysis measures similarity is by taking 

all observations and classifying them in the most similar fashion 

(similarity is measured by proximity to each other in hyperspace) and 

then comparing this classification to the original species classifica-

tions (Table 18). The total percent of grouped species cases which were 

correctly classified was 53.4%. For some species, the percent of cor-

rectly classified cases was relatively high: Kingbird, 76.4%; Acadian, 

81.8%; and to a lesser degree, Willow, 64.7%. Other species displayed 

low percentages of correct classification including: Crested, 17.9%; 

Phoebe, 25 .. 0%; Least, 29.7%; and Pewee, 49.1%. 

The relatively low total value for correctly classified cases and 

the difficulties in classifying the Crested, Phoebe, Least, and Pewee 

were again indicative of the large amount of overlap existing among these 

forest species for the foraging habitat portion of the niche. 

Measurement of Resource Overlap 

The techniques using euclidean distances, plotting of DF-1 vs. DF-2, 

and percent correct classification of species represented the high degree 

of similarity and overlap of the foraging habitat of the niche. However, 

none of these methods provides a quantitative measure of resource overlap 

for foraging habitat among· the species. Green (1974) was cautious about 

measuring niche overlap with multivariate discriminant analysis results, 
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Figure 5. 

Species' foraging habitat use patterns in two dimensional hyperspace 

as determined by plotting discriminant function scores (DF) for 

Discriminant Function-! ( DF-1) versus DF-2. The first discriminant 

function from left to right shows decreasing forestness (increasing 

openness). The second component from low to high represents habitat 

density with high values indicative of dense shrubs and/or increased 

numbers of trees in diameter class 3#. Note the high degree of overlap 

among the species for this model. 



Actual 
Species N 

Crested 28 

Pewee 55 

Least 37 

Acadian 44 

Phoebe so 
Kingbird 55 

Willow 85 

Table 18. Comparison of actual group membership 
to DFA predicted group membership. 

Predicted GrouE MembershiE (%) 
Crested Pewee Least Acadian Phoebe Kingbird 

17.9 17.9 25.0 21.4 o.o 3.6 

3.5 49.1 19. 3 12.3 5.3 10.5 

0.0 29.7 29.7 10.8 21.6 5.4 

2.3 2.3 4.5 81.8 9.1 o.o 
4.2 16. 7 2.1 12.5 25.0 31. 3 

o.o 3.6 3.6 0.0 1.8 76.4 

1.2 0.0 1.2 0.0 1.2 31.8 

Willow Total % 

14.3 = 100 

o.o ::; 100 

2. 7 ::; 100 

0.0 = 100 

8.3 ::; 100 
"' 0 

14.5 = 100 

64.7 ::; 100 
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because of the frequent lack of homogeneity in variance matrices which 

would complicate the calculations. Harner and Whitmore (1977) recently 

reported on two methods of measuring multivariate niche overlap. The 

density overlap value measures the geometric area of overlap of two 

normal distributions along discriminant axes. This method is probably 

more prone to perturbations as a result of nonhomogeneity of variance-

covariance matrices (Green, 1974). The second method is a multivariate 

application of the MacArthur and Levins (1967) value, alpha. Alpha was 

simply described by Levins (1968) as the '.'joint or shared use of niche 

space." An operational definition of alpha is expressed in terms of the 

"ratio of the probabilities two individuals from different species 

simultaneously attempt to use the available resources relative to the 

probability that two individuals of the same species try to use these 

identical resources" (Harner and Whitmore, 1977). 

While Harner and Whitmore state that their method of calculating 

niche overlap is valid for any number of species in the same hyperspace, 

the maximum discrimination achieved between any two species (single axis) 

would be distorted when additional speci~s are analyzed simultaneously. 

For this reason each species was compared with every other species using 

a direct discriminant function analysis. Because of nonhomogeneity among 

species with regard to the within-species variance matrices, the within-

species matrices, rather than the pooled covariance matrix, were used 

for calculating the discriminant functions. Because there can only be 

n-1 discriminant functions, where n equals number of species, only one 

discriminant function could be calculated for niche overlap comparisons 

between any two species. 
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When species-pair comparisons by the Harner-Whitmore method are 

used to measure niche overlap, the multivariate problem is reduced to a 

univariate problem along a single discriminant function while preserving 

the multivariate information. Paired-species comparisons usually result 

in greater overlap values than when many species are compared simultan-

eoudly, but these values probably give a more ecologically conservative 

view of niche overlap. When making paired species comparisons, much of 

the complexity of calculating alpha is reduced. The formula for calcu-

lating alpha for paired species comparisons is: 

(µ2-µ1) (Harner and Whitmore, 1977) where: 

to the eigenvalue for the single discriminant function. 

Overlap in foraging habitat as calculated by this method is given 

in Table 19. As expected, this table verifies the high degree of foraging 

habitat overlap among the Crested, Pewee, and Least. A relatively high 

degree of overlap was also found between the Phoebe and Crested, Phoebe 

and Pewee, and Phoebe and Least. There was generally low overlap between 

the forest specie~ and Kingbird and Willow, with virtually no overlap 

between the Acadian and these two species. There was a high overlap 

value between the Phoebe and Kingbird and between the Kingbird and Willow. 

This last overlap value is probably due to the similarity in canopy cover 

for these two species, with no adjustment for vegetation density. 

These estimates of overlap were intuitively consistent with the 

previous PCA and habitat variable analysis, and they appear to reflect 

the ecological reality of the foraging habitat niche among these species. 

As previously mentioned, these estimates of habitat resource overlap were 

not directly interpretable as competition coefficients. Perhaps the 



Species 

Crested 

Pewee 

Least 

Acadian 

Phoebe 

Kingbird 

Willow 

*Overlap 
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Table 19. Overlap* in foraging habitat for seven species 
of flycatchers. 

Cr Pe Le Ac Ph Ki 

0. 9 33 

0. 9 37 0.959 

0. 808 0.684 0. 711 

0. 891 0.834 0.852 0.691 

0.446 0. 539 0.259 0.048 0. 852 

o. 498 0.332 0.553 0.015 0. 760 0.902 

expressed as alpha (Harner and Whitmore, 1977). 

Wi 
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high degree of overlap should not be surprising, since for many of the 

forest species, means for the habitat variables represented relative 

positions along vegetational continua, rather than sharply defined dif-

ferences. Bond (1957) and Beals (1960) and others have found similar 

problems in trying to categorize bird species along vegetational or-

dinations. 

Conclusion to Hypothesis I 

In conclusion, my initial hypothesis was correct in that there is 

a high degree of habitat overlap among the forest species. This is con-

trary to the previous published report of Hespenheide (197la). Not only 

does this high degree of overlap exist in the forest species,but also among 

the open habitat species. The high degree in overlap is confirmed by 

several lines of analysis. First, there were small Euclidean distances 

(high similarity) among the forest species and among the open habitat 

species. Secondly, the classification of observed cases into the new 

discriminant function categories showed a low degree of predictability 

for assigning species to the correct model species because of habitat 

similarity. Thirdly, the habitat overlap measure of Harner and Whitmore 

(1977) also revealed high overlap values for foraging habitat among 

species. 

It should be reemphasized that the separation or overlap observed 

between species is separation/overlap on the basis of the variables in-

included in the analysis. Separation between structural niches could 

actually be greater or less for any pair of species if other variables 
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not included in this study had been used. Furthermore, the few signi-

ficant separations do not imply causality for the same reasons (Green, 

1974). 

Habitat Variables Not Included in PCA or DFA 

Several habitat variables were not included in PCA or DFA analysis 

of habitat structures because they. failed to meet the acceptance criteria 

for these analyses (see Methods). One of these variables, tall tree 

(Appendix A), was not included here because it was highly correlated to 

canopy height. The other variables did not provide useful consistent 

separations among the species (Appendices B-L). 

Resource Partitioning by Within Habitat Partitioning 

In view of the high degree of foraging habitat overlap previously 

demonstrated, flycatchers in southwestern Virginia may have other methods 

of resource partitioning as stated in the second hypothesis. Again, this 

assumes that the differences observed in specific habitat use patterns 

are the result of interaction among the species for a common resource; 

in this case the available foraging habitat. Potential differences among 

species with regard to vertical habitat partitioning, foraging perch 

substrate diversity and perch site selection and differences in sortie 

characteristics were investigated. The results follow. 

Vertical Stratification 

Vertical habitat partitioning was measured in two different 

fashions. Perch height measurements were made on all foraging perches, 
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and canopy affinity (perch height/tree height) was calculated for all 

perches within trees. 

Comparison of the mean perch height revealed significant differences 

(p < 0.05) among all species except between Crested Flycatcher and Pewee, 

Least Flycatcher and Acadian Flycatcher, and Phoebe and Willow Flycatcher 

(Table 20). Differences in mean perch height between forest and open 

habitat species are not displayed since they are separated by habitat 

as previously described. There was no correlation between perch height 

2 2 and foliage density between 2-2.5 m (r = 0.17), 4-4.5 m (r = 0.22), 

and 6-6.5 m (r2 = 0.28). 

Similar vertical partitioning was demonstrated within forested areas 

by use of the canopy affinity value (Table 21). Again, the mean canopy 

affinity values for the Crestecl.fJ.ycatcher and Pewee were significantly 
- --·- _____________ .. ------------- --- ---· ·-· ·- -

higher J:han._ _ _E<?_r all other species, but were not significantly different ---------
from each other. Differences in canopy affinity were significant among 

all other species except among the Least, Acadian, and Phoebe which are 

all found relatively low in the trees. The Phoebe had the lowest canopy 

affinity (found closest to the ground) of all species when it foraged 

from trees. In the open habitats, comparison of the foraging perches in 

trees for Kingbirds and Willow Flycatchers revealed no significant 

differences in canopy affinity. However, when all perches are considered, 

the mean perch height for the Kingbird is significantly greater than 

that of the Willow Flycatcher (Table 20). 

Both of these measures indicate pronounced vertical stratification 

among the forest flycatchers and open habitat species, with notable 

exceptions. The Crested and Pewee consistently foraged in the upper 



Species 

Crested 

Pewee 

Least 

Acadian 

Phoebe 

Kingbird 

Willow 

Table20. Means and standard deviations for the variable perch height and 
statistical differences among seven species of flycatchers. 

Std. 
N Mean Dev. Cr Pe Le Ac Ph 

28 9.88 4.84 

55 8.56 4.69 NS 

37 5.97 3.37 * * 

44 6.08 3. 58 * * NS 

50 3.11 2.87 * * * * -

55 5.12 3. 74 -** - - - * 

85 2.69 2.19 - - - - NS 

*p < 0.05; Duncan's New Multiple Range Test 
**Dashes indicate that no statistical comparison was made due to habitat dissimilarity. 

Ki Wi 

0\ 
-....! 
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Species 

Crested 

Pewee 

Least 

Acadian 

Phoebe 

Kingbird 

Willow 

Table 21. Means and standard deviations for the variable Canaf (canopy affinity) 
and statistical differences among seven species of flycatchers. 

Std. 
N Mean Dev. Cr Pe Le Ac Ph Ki 

27 0.78 0.22 

52 0.66 0.20 NS 

36 0.50 0.25 * * 

42 0.52 0.22 * * NS 

30 0.43 0.27 * * NS NS -

22 0.82 0.25 - - - - * 

33 0. 71 +0.32 - - - - * NS 

*p < 0.05, Duncan's New Multiple Range Test 
**Dashes indicate that no statistical comparison was made due to habitat dissimilarity. 

Wi 

0\ 
00 
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strata of the forest and were similar with regard to perch height. The 

Least and Acadian Flycatchers had very similar perch heights and canopy 

affinities and foraged in the mid-strata of the forests. 

Vertical height distribution is one dimension of niche definition. 

MacArthur and MacArthur (1961) showed how bird species responded to 

foliage height diversity, as did Tramer (1969), Recher (1969), and others. 

Dickson and Noble (1978) discussed vertical stratification of a southern 

bird community and showed seasonal differences in stratification. Conner 

(1977) found similar trends in eastern North American woodpeckers. Others 

who have found vertical stratification of birds to be an important means 

of ecological separation include: Williamson (1971), Willson (1974), 

Cody (1974), and Anderson et al. (1978) for North American forest bird 

communities; Cody (1968) and Wiens (1969) in grassland communities; 

Karr (1971), Karr and Roth (1971), Pearson (1971) in tropical forest 

avifauna; Gibb (1954) and Moss (1978) in British woodlands. 

Within the Tyrannidae, Johnston (1971) reported a significant dif-

ference in the mean perch height between the Least Flycatcher (25 ft.) 

and Pewee (35 ft.) in southwest Virginia. He further stated that n.est 

height was relatively unimportant to the Phoebe even though he did not 

provide any data. Anderson et al. (1979) found vertical habitat par-

titioning between the Pewee and other forest insectivores including the 

Yellow-billed Cuckoo (Coccyzus americanus), Blue-gray Gnatcatcher 

(Polioptilia caerulea), and Red-eyed Vireo (Vireo olivacea). Verb.eek 

(1975) found a significant median perch height difference between .the 

Black Phoebe (Sayornis nigricans) and Western Flycatcher (Empidonax 

difficilis) and the Black Phoebe and Western Wood Pewee 
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(Contopus sordidulus). Other studies of flycatchers also show trends 

of feeding at different heights: Crowell (1968) with Elaenia montinica 

and .!· flavogaster; Johnson (1963) with Empidonax oberholseri and E. 

wrightii; Cody (1974) with the Western Wood Pewee and others; Lederer 

(1972) with five species of flycatchers including the Great Crested Fly-

catcher, Eastern Phoebe, Eastern Wood Pewee, Acadian Flycatcher and 

Alder Flycatcher (Empidonax alnorum). 

Foreman (1978) found a significant positive· relationship between 

perch height and foraging success for the Scissor-tailed Flycatcher 

(Muscivora forficata). Higher foraging success was achieved from higher 

foraging perches. A similar relationship may exist for the Eastern 

Kingbird,and perch height might be an important means of habitat 

resource partitioning between the Kingbird and Willow Flycatcher. 

In summary, the species included in my study do show a pronounced 

vertical stratification within woodland and open habitats. These data 

represent the first complete successful attempt to quantify vertical 

stratification in the eastern tyrannidae, despite the studies which 

have examined habitat selection of these species (Hespenheide, 1972; 

Johnston, 1971; Lederer, 1972). 

Substrate Diversity 

As another method in which species may demonstrate within habitat 

partitioning, I calculated indices of substrate diversity (Table 22) 

from the independent observations of foraging for each species using 

the Shannon information formula (Shannon, 1948): H' = -Epilog ei' 

where H' represents the substrate diversity for the species, p. is the 
l. 



71 

proportion of foraging observations made from the ith perch, and i = 

1, 2, .•. , s, wheres is the number of foraging substrates used. In 

calculating the substrate diversity index, all values within the seven 

partitions of the tree were lumped as one observation. 

For the sake of making comparisons between species with regard to 

"evenness" of tree use for foraging an additional index of tree use was 

calculated using the parameters of this formula (Table 23). However, for 

this index each of the seven tree partitions was treated as a separate 

observation. Only those percentages of foraging in trees were considered 

in calculating an index to reflect the completeness of tree use. All 

values for this index appear as the ratio J' = H'/H' (Pielou, 1966), max 

where H' is the maximum possible diversity (1.0) representing equal max 
utilization of all foraging stations. 

Within the forest flycatchers, the Crested Flycatcher had the third 

highest index of substrate diversity (Table 22). Approximately 90% of 

its foraging perches were located in trees, but this species also fre-

quented short shrub-like growth in recent clearcuts and utility lines 

(Fig. 6). Within trees, most of the foraging was done in the upper 

portions of trees (65%) and outer mid-section (15%). The low index of 

tree use (J') found in Table 23 demonstrates that this species has the 

least tendency for foraging in all portions of the tree when compared 

to other species. 

Like the Crested Flycatcher, the Pewee foraged most of the time 

from trees (91.1%), but also foraged from man-made structures such as 

fences and utility lines (Fig. 7). This species had a slightly higher 

substrate diversity index than the Crested Flycatcher. Unlike the 
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Table 22. Substrate diversity*and characteristics of 
foraging perches for seven species of fly-
catchers. 

Substrate Diversitx Foraging Perch Substrate 
N Index Living Dead Inanimate 

Crested 28 0. 381 52.2% 43.5% 4.3% 

Pewee 55 0.385 3.8 88.5 7.7 

Least 37 0.205 21.1 76.3 2.6 

Ac a di an 44 0.181 46.5 53. 5 0.0 

Phoebe 50 1.261 38.3 42.5 19. 2 

Kingbird 55 1.379 45.5 9.0 45.5 

Willow ·as 1.425 58.7 37.0 4.3 

*Values expressed as H' (Shannon, 1948). 



Species 

Crested 

Pewee 

Least 

Acadian 

Phoebe 

Kingbird 

Willow 

Table 23. Index of tree use = J' (evenness of tree use) by seven species of 
flycatchers and percent use of tree partitions for foraging. 

Number Percent of Total Foraging in Trees Partitions 
N Used J'* Core Periphery Upper Middle Lower 

36 4 0.58 0.0 90.0 65.0 15.0 10.0 

51 7 0.76 9.0 82.1 30.3 44.7 16.1 

36 7 o. 77 15.5 81. 9 15.3 48.8 33.3 

42 6 0. 76 34.2 61. 4 4.6 54.6 36.4 

30 5 0.61 6.4 57.4 6.4 19.2 38.2 

22 3 0.49 o.o 40.0 23.6 9.1 7.3 

26 6 o. 79 3.4 26.2 13.7 8.0 7.9 

*value expressed as J' (H'/H (Pielou, 1966)). max 

Total % 

90.0 

91.l 

97. 4 

95.6 

63.8 -....J 
t...V 

40.0 

29.6 
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Figures 6-9. Percentage of observations for each foraging perch substrate 

used by each of four species of woodland tyrannid flycatchers. Figures 

in the left portion of the tree indicate the percent of total foraging 

observations from trees. For sample sizes see also Table 2. (After 

Verbeek, 1975). 
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Crested Flycatcher, the Pewee foraged in all portions of the tree with 

most of the foraging confined to the upper and mid portions of the outer 

periphery. Because it used all parts of the tree, the Pewee had a higher 

index of tree use (0. 77, Table 23) than the Crested Flycatcher. 

Substrate characteristics and diversity were very similar for the 

Least Flycatcher and Acadian Flycatcher (Figs. 8 and 9). Both the Least 

and Acadian foraged primarily from trees (97.4% and 95.6%, respectively) 

with little or no use of man-made structures. The indices of substrate 

diversity were also relatively low for both species (Table 22). The 

Acadian Flycatcher had the lowest substrate diversity (0.181) of any 

species in the study. Both species also foraged primarily from the mid 

and lower outer periphery, but foraging for both species included all 

areas of the tree except for the Acadian Flycatcher which was never ob-

served in the apex. As might be expected, both species had similar 

indices of tree use, 0.77 for the Least Flycatcher and 0.76 for the 

Acadian Flycatcher. These two species were the most similar with regard 

to these parameters. 

The Eastern Phoebe had a high substrate diversity index (1.262) 

and foraged in both forest and open areas. Most foraging perches were 

in trees (63.8), but Phoebes regularly foraged from fences, buildings, 

shrubs, herbaceous plants, and the ground (Fig. 10). Most foraging in 

trees was done from the lower and middle periphery. When compared to the 

other forest flycatchers, the Phoebe had a lower index of tree use 

(Table 23) than the Least, Acadian, and Pewee, because it uses only a 

few partitions of the tree. 
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Figures 10-12. Percentage of observations for each foraging perch 

substrate used by each of 3 species of open habitat tyrannid flycatchers. 

Figures in the left portion of the tree indicate the percent of total 

foraging observations from trees. For sample sizes see also Table 2. 

(After Verbeek, 1975). 
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Another open habitat species, the Eastern Kingbird, also has a high 

substrate diversity index (1.379). This species foraged primarily from 

trees (40.0%), but also frequented utility lines (25.4%), fences (16.4%), 

and herbaceous plants (16.4%) (Fig. 11). Most of the foraging in trees 

was made from the apex (23.6%) and mid and lower periphery (17.4%). This 

species had the lowest index of tree use (0.49, Table 23) of the species 

in the study, as a result of limited use of all of the tree partitions. 

The Willow Flycatcher had the highest substrate diversity index 

(1.425) of the species studied. It foraged primarily from shrubs (35.2%), 

trees (29.6%), and annuals (20.5%), but also foraged from dead trees and 

utility wires (Fig. 12). 

In summary, increased substrate diversity is another important 

method which species may use to decrease resource overlap as demonstrated 

with flycatchers. The high indices of substrate diversity for the 

Phoebe, Kingbird, and Willow Flycatcher are probably an important means 

of "escape" from resource overlap for these species. The open habitat 

typically offers less vertical structure than woodland areas, and the 

potential horizontal overlap in habitat use is more likely among the 

species involved. By having high indices of substrate diversity, there 

is less likelihood that these species would compete for the same foraging 

perches. The lower substrate diversity of the forest species (Crested, 

Pewee, Least, and Acadian) may reflect a lack of different substrates 

in many cases, but these species probably rely more on vertical habitat 

partitioning to reduce resource overlap than do the open habitat species. 

The high substrate index value of the Phoebe would act to alleviate 

resource overlap with the forest species, particularly the Acadian 

\ 
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Flycatcher which is found in the same forest strata. In woodland 

situations, the use of man-made structures for foraging and nesting by 

the Phoebe is potentially an important means of ecological separation 

(Johnston, 1971). Other studies which have demonstrated the importance 

of substrate diversity in alleviating potential resource overlap with 

flycatchers include Verbeek (1975) and Via (1979); with woodpeckers by 

Conner (1977); and with bark gleaning species by Jackson (1979). 

Tree Use 

The index of tree use (Table 23) is another measure of the diversity 

of foraging within the different areas of the tree. This index is most 

useful when examining those species in which 90% or more of the foraging 

perches were found in trees. Comparison of the forest species shows 

that the Pewee, Least, and Acadian Flycatchers have similar indices of 

tree use since all portions of the tree were used. A higher proportion 

of the inner core was used by the Acadian (total= 35.7%) when compared 

to the Pewee (9.8%) and Least (16.7%). The Crested Flycatcher had the 

lowest utilization value of the forest flycatchers since most of the 

foraging perches were in the tops of trees. The Phoebe shows a moderate 

index since it uses only five portions of the tree with a strong pref-

erence for the lower outer periphery. The open habitat species of fly-

catchers are quite different in the use of trees. The index of tree use 

provides little information re~arding potential ecological partitioning 

since the Kingbird and Willow Flycatcher primarily foraged from other 

substrates. 
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Similar tree partitions have been used in the study of ecological 

differences in foraging in wood warblers and other insectivores by 

MacArthur (1958), Morse (1968), Verbeek (1975), and Whiting (1979). 

Morse not only found species preferences for different partitions of 

trees, but found partition preferences for males and females within 

several species. The preference for different areas of trees by male 

and female flycatchers of any species cannot be discounted, but it is 

virtually impossible to identify flycatchers by sex in the field. It is 

possible that some of the variation within a species in selection of par-

titions of the tree and foraging substrates may be due to differential 

preferences of the sexes. Root (1967) also discusses tree partition 

preferences in the foraging pattern of the Blue-gray Gnatcatcher and other 

insectivores in the flycatching guild. Verbeek (1975) found highly dif-

ferentiated patterns of tree partitioning in three species of western 

flycatchers (Western Wood Pewee, Black Phoebe, and Western Flycatcher). 

The use of all parts of the tree by syntopic flycatchers suggests 

the species have ecological plasticity in tree use. Those species with 

high indices of tree use (J' value) such as Least Flycatcher, Acadian 

Flycatcher, and Pewee apparently reduce resource overlap by foraging in 

different areas in the tree. The use of J' indices with regard to tree 

use was also found by Morse (1973) to be an important indicator of 

ecological separation between Yellow Warblers (Dendroica petechia) and 

American Redstarts (Setophaga ruticilla) in deciduous forest islands in 

Maine. 
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Perch Characteristics 

Various attributes of the foraging perches may serve to further demon-

strate potential differences in within habitat use among the species. Most 

forest flycatchers primarily foraged from dead perches (Table 24). Such 

perches are probably preferred because of the lack of foliage in the im-

mediate area of the perch. These opened areas in the forest structure 

permitted unhampered foraging flights. Similar findings were reported 

by other authors examining flycatchers (Lederer, 1972; Verbeek, 1975). 

One notable exception among the forest flycatchers is the Crested Fly-

catcher, which foraged from dead perches in only 43.5% of observations, 

but foraged primarily from living perches 52.2% of observations. Most of 

the foraging of this species is done at the upper limits of the forest 

canopy from the ends of living twigs. My interpretation is that there is 

little vegetation in this area to obstruct sorties, and so the Crested 

Flycatcher makes little distinction between living and dead twigs. 

In open areas f,lycatchers rely less on perches in dead vegetation 

because the habitat offers little vegetation to interfere with foraging 

flights. Kingbirds forage from living perches such as herbs and trees, 

and 45.5% of foraging observations were made from inanimate or man-made 

structures such as utility poles. These tall structures give them a full 

view of the foraging area which may be related to foraging success 

(Foreman, 1979). Willow Flycatchers primarily foraged from living perches 

such as shrubs and herbs. Phoebes foraged from perches in living and dead 

vegetation with approximately equal frequency. However, this species was 

also observed foraging from inanimate structures, particularly in forest 

situations. 
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Table · 24. Classifications of foraging perches selected 
by seven species of flycatchers. 

Species N Living Dead 

Crested 28 52.2 43. 5 

P~wee 55 3.8 88.5 

Least 37 21.1 76. 3 

Acadian 44 46.5 53.5 

Phoebe 50 38.3 42.5 

Kingbird 55 45.5 9.0 

Willow 85 58. 7 37.0 

Inanimate 

4.3 

7.7 

2.6 

0.0 

19.2 

45.5 

4.3 
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Within trees, most species preferred to forage from twigs (Table 25). 

Since most twigs are on terminal branches at the periphery of the tree, 

this correlated with the peripheral feeding preference for Least (Fig. 8), 

Phoebe (Fig. 10), and Kingbird (Fig. 11). The preference for larger 

tree substrates on the part of the Pewee, Least, and Acadian Flycatchers 

results from their higher amount of foraging within the inner core of 

trees where these larger substrates are found. The preference of limbs 

as foraging perches in the Crested Flycatcher was probably the result of 

the openness of the upper canopy which allowed for unhampered flights 

from these larger and typically more interior perches. 

Sortie Characteristics 

Aside from vertical stratification and substrate diversity, behavi-

oral differences in foraging may be another means species use to minimize 

interspecific habitat overlap. The foraging behavioral differences which 

were examined included the distance of the foraging flight, repeated use 

of the same perch, and the method of insect capture. 

Sortie Flight Distance 

Flight distances for each species showed unimodal distributions which 

were skewed towards the shorter distances (Table 26). For this reason, 

statistical comparisons among species were analyzed with the nonpara-

metric, median test (Siegel, 1956). The Pewee and the Phoebe 

had the longest median flight distances of the forest flycatchers. The 

median flight lengths for both species were significantly greater than 

the distances of the Least (p < 0.01 when compared to Pewee; p < 0.05 when 
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Table 25. Classification of foraging perches located 
within trees for seven species of flycatchers. 

Species N Twig Branch 

Crested 26 38.5% 53.8% 

Pewee 52 40.4 51.9 

Least 37 56.8 40.5 

Acadian 41 29. 3 68.3 

Phoebe 32 62.5 25.0 

Kingbird 21 76.2 9.5 

Willow 34 70. 6 23.5 

Limb 

·1.7% 

7.7 

2.7 

2.4 

12.5 

14.3 

59.0 
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Table 26. Characteristics of successful foraging flights of seven 
specj.es of tyrannid flycatchers. 

Sortie Flight Distance Returns· "Q-0 Perch Methods of CaEture 
Median 

N Distance (M) Return No Return Hawking Gleaning 

37 1. 82 28.6% 71.4% 65.7% 34.3% 

105 2.43 52.9 4 7 .1 90.2 9.8 

49 1. 22 46.9 53.1 85.7 14.3 

64 0.91 82.3 17.7 82.3 17.7 

65 2.43 34.4 65.6 40.6 59.4 

139 3.67 53.6 46.4 87.9 12.1 

113 1. 22 37.3 62.7 54.5 45.5 

00 
~ 
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compared to Phoebe) and the Acadian Flycatcher (p < 0.01 for both Pewee 

and Phoebe). The Kingbird had the longest median flight distance which 

was significantly longer than that of the Phoebe (p < 0.05) and Willow 

Flycatcher (p < 0.001). The Acadian Flycatcher had the shortest median 

flight distance, probably because of the density of vegetation which might 

hamper foraging. The longer flights of the Pewee and Crested Flycatcher 

are probably the result of foraging in the upper strata and above the 

canopy, respectively, where the flights are less hampered by vegetation. 

The length of the foraging flight has been investigated by other 

authors as a method which species may use to exploit the available food 

resource (Williamson, 1971; Leck, 1971; Lederer, 1972; Verbeek, 1975; 

Foreman, 1978). Williamson (1971) found a bimodal distribution of 

foraging flights (0-6" and 1-15') for the Acadian Flycatcher. She believes 

shorter flights are associated with gleaning behavior. Leck (1971) found 

a bimodal distribution of foraging flights for Eastern Kingbirds (shorter 

than 10 m and longer than 10 m). Foreman (1978) also classified foraging 

flights of the Scissor-tailed Flycatcher into two groups: 6 m or less 

and above 6 m. Both authors found longer flights were associated with 

the capture of larger insects which were visible at farther distances 

because of increased body size of the prey, while shorter flights were 

related to capture of smaller prey. Leck (1971) and Verbeek (1975) 

correlated the proportion of long foraging flights to the wider disper-

sion of large insects in the habitat or the decreased abundance of in-

sects. The longer foraging flights are believed to be more energetically 

efficient, as they usually result in capture of larger, more visible 

insects (Leck, 1971). Several authors have reported diurnal foraging 
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patterns for Eastern Kingbirds (Morehouse and Brewer, 1968; Leck, 1971; 

Dyer, 1974). Leck and Dyer believed the increased numbers of long 

foraging flights were related to insect activity patterns. Foreman 

(1978) found the proportion of long flights of the Scissor-tailed Fly-

catcher was correlated positively with temperature, and also observed 

increased insect activity at warmer temperatures. Two authors found that 

longer foraging flights were correlated with perch height, such that the 

higher the perch, the longer the foraging flight (Verbeek, 1975; Foreman, 

1978). The ecological complexity surrounding foraging flight distance is 

indicative of its potential resource partitioning ability, particularly 

in the open habitats of the Kingbird and Willow Flycatcher where foraging 

flights were less hampered by vegetation. 

In summary, the difference in sortie flight distance is potentially 

an important means of resource partitioning, particularly in the open 

habitats of the Kingbird and Willow Flycatcher where foraging is un-

hampered by vegetation. The flight distances of the forest species show 

few trends, but they are probably reflective·of vegetation density. 

Future studies should perhaps try and relate foraging flight differences 

to diurnal patterns of insect movements. 

Perch Fidelity 

The longer foraging flights may be related to fewer returns to 

the original foraging perch as demonstrated with the Crested Flycatcher 

(Table 26). Alternatively, the low return rate may be due to the abun-

dance of suitable perches in and above the canopy. Other species such 

as the Pewee, Least, and Kingbird showed an equal frequency of returns 
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vs. nonreturns. The somewhat higher non-return rate of the Phoebe and 

Willow Flycatcher may be related to the shorter flight distances and the 

availability and use of other perches. The high rate of return of the 

Acadian Flycatcher may be related to the density of the vegetation which 

would restrict long flights and the potential lack of suitable perches. 

Distance of the flight may affect the frequency of returns to the 

original perch, since after long foraging flights, Kingbirds and Scissor-

tailed Flycatchers showed decreased return rates (Leck, 1971; Foreman, 

1978). Foreman (1978) also found that return to the original perch was 

correlated with perch height and distinctiveness of the perch. Species 

may also fail to return to the perch for need of dispatching large items 

of prey at the nearest available perch (Verbeek, 1975) or because of 

availability of alternative foraging perches (Leck, 1971; Verbeek, 1975; 

Foreman, 1978). 

Methods of Insect Capture 

Within any one habitat, the method of insect capture may act to 

permit two insectivorous species to forage with minimal overlap. With 

regards to the flycatchers, this would be particularly true if one species 

was an aerial predator (capture of flying insects) and one was a gleaner 

(removal of insects from a substrate). 

In this study, most species foraged by "hawking" insects, with the 

Pewee, Kingbird, Least, and Acadian being the most consistent in this 

habit (Table 26). The Phoebe, Willow Flycatcher, and Crested Flycatcher 

also showed a high percentage of gleaning sorties. Phoebes have been 

observed gleaning from water surfaces (Lederer, 1972), but most of the 
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gleaning sorties in this study were made to foliage and to the ground. 

Lederer also reported similar foraging trends with regards to all fly-

catchers in my study, and he also noted an increased tendency for gleaning 

by the Empidonax flycatchers. Verbeek (1975) and Sherry (1979) also 

found a high percentage of gleaning in the Empidonax species. 

In summary, gleaning may be an important means of reducing resource 

overlap since it would allow simultaneous foraging of two or more fly-

catchers on different items of prey. In particular, gleaning may be one 

important method by which two species, the Phoebe and Willow Flycatcher, 

reduce resource overlap with the other syntopic species. 

Conclusion to Hypothesis II 

Despite the high degree of habitat overlap, the eastern flycatchers 

employ many means of within habitat partitioning which may act to reduce 

resource overlap. Therefore, the second hypothesis has been confirmed. 

Several lines of data have demonstrated the methods of within habitat 

partitioning employed by ~he Tyrannidae. First, these species show a 

marked vertical stratification, particularly in forest habitats. 

Secondly, the variety of perches (substrate diversity) used for foraging 

by any particular species may act to reduce interspecific competition 

for foraging perches. Thirdly, differences in the foraging flight 

length and methods of insect capture may permit syntopic species to 

simultaneous forage on different species of insects. Other methods such 

as evenness of tree use and species differences in tree perch use may 

further act to reduce resource overlap, but to a lesser degree than the 

first three methods discussed. 
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Syntopy and Changes in Foraging Ecology 

The high degree of foraging habitat overlap among the species not 

only permits the examination of within habitat resource partitioning, but 

also allows for analysis on the potential effect of one species on the 

various aspects of foraging ecology of another species. Therefore, the 

data base could be analyzed to look for differences in foraging habitat 

and resource breadth among species which show a high degree of habitat 

overlap. The model to be tested as proposed by Hespenheide (197la) and 

Cody (1974) states that a larger bodied form may act to alter the foraging 

patterns of a smaller bodied syntopic form. To test this model, it ~s 

first important to examine the resource breadths of the species included 

in my study. 

My study is unique in that no other authors have approached the topic 

of hyperspatial multivariate changes in niche breadth as a result of inter-

specific competition. However, the reported "niche shift" in habitat use 

or foraging behavior in the presence of a competitor (Schoener, 1974) is 

conceptually similar. 

Resource Breadth 

Cody (1974) stated that species which have a large niche breadth 

(ecological plasticity) would be those species most likely to demonstrate 

changes in foraging habitat and foraging tactics due to the presence of 

a superior competitive form. Indices of resource breadth were used 

to select species which had a large resource breadth. 

Estimates of resource breadth were made by summing the variance 

values. for all (seven) components in a PCA (Table 27). This method was 
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Table 27,. Foraging habitat resource breadth for 
seven species of flycatchers. 

Resource 
Species N Breadth 

Crested 28 19.01 

Pewee 55 25.25 

Least 37 12.54 

Acadian 44 12.14 

Phoebe 50 14.44 

Kingbird 55 14.49 

Willow 85 29.14 

*Expressed as total variance for seven principal components 
in hyperspace X lo-2. 



91 

used by Conner (1977) and is similar to the measure of niche size as 

reported by Green (1974). Deuser and Shugart (1979) measured resource 

breadth in a similar fashion by summing the distance between the mean 

and variance limit (1/2 variance) along each axis of a DFA. 

These results indicate that two species, the Willow Flycatcher and 

Pewee, have the largest values for resource breadth. The Least Flycatcher 

and Acadian Flycatcher had similarly low values of resource breadth. If 

these data are interpreted as measures of "ecological plasticity" as they 

have been in other studies (MacArthur and Levins, 1967; Green, 1974; 

Cody, 1974; Conner, 1977; Deuser and Shugart, 1979), then the high values 

for the Willow Flycatcher would indicate eurytypic foraging habitat, while 

the restricted values of the Acadian and Least Flycatchers would indicate 

a stenotypic foraging habitat. For the forest species the relatively 

high breadth values for both the Pewee and Crested may account for their 

wide range along the vegetational continua of Bond (1957) and James (1971) 

and their high degree of resource overlap with each other and other 

forest species (Table 19). The low values for the Least Flycatcher and 

Acadian Flycatcher may somewhat account for their restricted occurrence 

in response to elevation and forest modifications as previously discussed. 

The difference in resource breadth in foraging habitat between the large 

breadth of the Willow Flycatcher and the smaller breadth of the Eastern 

Kingbird may act to alleviate potential resource overlap in open situa-

tions where both species occur. 

In summary, the large resource breadth of the Willow Flycatcher 

and Eastern Wood Pewee were measures of the ecological plasticity of 

these two species. If so, the broad resource niches of these ecologically 
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variable species may explain the high degree of overlap among many species 

in my study. Another attribute potentially contributed to the community 

by these ecologically plastic species may be stability. Sherry (1979) 

suggested that perhaps coexistence of similar species is based on the 

variety of niche breadths of the resident species where species with 

large niche breadths tend to buff er the community against drastic changes 

in faunal diversity. 

Species Pair Comparisons 

I have previously determined that the two species best suited to 

test hypothesis III were the Willow Flycatcher and Eastern Wood Pewee 

because of their large values of resource breadth. The data were then 

examined to reveal those species of flycatchers which were most ecolog-

ically similar to the above two species. 

Throughout my study the greatest overall similarity of habitat struc-

ture, vertical distribution and foraging habits, existed between the 

Crested Flycatcher and Pewee and between the Willow Flycatcher and King-

bird. Both the Pewee and Willow Flycatcher showed a high degree of re-

source breadth (Table 27) with regard to habitat use,and the latter also 

showed a high foraging substrate diversity (Tabel 22). Both of these 

species pairs contain one large bodied form (Crested Flycatcher, King-

bird) and a small bodied form (Pewee, Willow). Hespenheide (197la,b) 

theorized that the presence of the Great Crested Flycatcher in a wooded 

area subsequently determined the resulting faunal diversity of smaller 

bodied flycatchers, since only two species were found in these areas, 

the Great Crested Flycatcher and a smaller bodied form. If Hespenheide's 
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hypothesis is correct, then the syntopic presence of a larger bodied 

flycatcher should have some measurable effect on the foraging parameters 

of the smaller species. 

The large sample sizes for both the Pewee and Willow Flycatcher per-

mitted comparisons of habitats in areas with and without their respective 

large bodied competitor in an effort to determine the effect of the 

larger bodied species on the smaller flycatchers. Presence of another 

species was defined as any bird within 100 m of the foraging perch being 

measured. 

Examination of Table 28 shows a large increase in niche breadth for 

both of the smaller bodied forms when the larger bodied forms were absent. 

There was no significant difference between the centroids of the Pewee 

with and without the presence of the Crested Flycatcher (Table 29). How-

ever, there was a significant difference between the centroids of the 

Willow habitats with and without Kingbirds on five of the seven dimensions 

(Table 30), resulting in two distinct centroids in PCA hyperspace (Fig. 

13). 

There was no significant difference between the means of the 

habitat variables for either of the small bodied forms when compared to 

areas with and without the larger competitor, with the exception of the 

mean for shrub density in Willow Flycatcher habitats with and without 

Kingbirds (Tables 31 and 32). Both of the smaller bodied forms demon-

strated a slight decrease in both perch height and canopy affinity in 

the presence of the larger bodied forms. Even though these differences 

are not significantly different, they suggest a tendency for habitat 

acconunodation in the smaller species. 



Species 

Pewee 

Willow 

Table 28. Variance estimates of foraging habitat breadth* for two small-
bodied forms with and without a larger-bodied syntopic form. 

With Crested Without Crested With Kingbird Without Kingbird -
N Breadth N Breadth . ·,' N Breadth N Breadth 

24 10.14 33 35.18 

- - - - 47 12.18 38 40. 77 

*Breadth expressed as total variance 
-2 

X 10 along seven dimensions of PCA hyperspace. 

\0 
~ 
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Table 29. Mean factor scores (centroid means) for 
Pewee habitats with and without the presence 
of Great Crested Flycatchers. 

Without Crested With Crested 
Std. Std. Statistical 

N Mean Dev. N Mean Dev. Difference 

33 0.43 2.87 24 -0. 71 1. 92 NS 

33 37.00 38.18 24 23.62 14.60 NS 

33 12.41 10.38 24 14.20 8.33 NS 

33 9.61 9.45 24 13.56 10.39 NS 

33 -28. 92 37.56 24 -16.90 14.39 NS 

33 2.47 10.19 24 3.49 10.15 NS 

33 9. 72 18.45 24 16. 89 17.61 NS 
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60 
Figure 13 

~ Pewee 

0 Willow 40 

20 

0 

Figure 13. 

Centroid differences in three diminsional PCA hyperspace for the Eastern 

Wood Pewee and the Willow Flycatcher with (w) and without(w/o) the 

syntopic presences of a larger-bodied potential competitior. The 

potential larger-bodied competitor for the pewee was the Great Crested 

Flycatcher while the Eastern Kingbird was the potential larger-bodied 

competitor for the Willow Flycatcher. See Figure 3 for explanation of 

axes. 
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Table 30. Mean factor scores (centroid means) for Willow 
Flycatchers with and without the presence of 
Eastern Kingbirds. 

Without Kingbird With Kingbird 
Std. Std. Statistical 

N Mean Dev. N Mean Dev. Significance 

33 3.46 3.16 47 1.50 1.80 * 

33 10.38 6.83 47 5.97 7.20 * 

33 68.20 61. 21 47 26.45 32.19 * 

33 5.24 9.74 47 4.81 6.93 NS 

33 -8.68 7.15 47 -4.06 6.11 * 

33 3.19 9. 49 47 -0.35 4. 77 * 
33 0.98 6.10 47 -0.59 3. 28 NS 

*p < 0.05; Duncan's Multiple Range Test 
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The lack of statistical significance between the means of the 

habitat variables (Tables 31 and 32) for the smaller species with and 

without syntopic competitors, raises the question "is the multivariate 

analysis of niche parameters an appropriate test in this case?" How-

ever, the significant difference found between centroids of the Willow 

Flycatcher (Fig. 13) probably resulted from the multivariate compounding 

of the numerous small differences between the means of the various habitat 

variables with and without Kingbirds (Green, 1971). Multivariate tests 

are often more sensitive to small differences in· raw data, particularly 

where there may be differing variance-covariance matrices, violations of 

statistical assumptions, and/or large numbers of variables (Green, 1978). 

Despite these difficulties, this method still provides an appropriate 

model for resource breadth because of the continua among the original 

variables involved (Green, 1974). 

Changes in substrate diversity may also contribute useful information 

to the understanding of the potential effects of a syntopic competitor on 

changes in foraging ecology. The substrate diversity of the Pewee is 

somewhat higher in areas without Crested Flycatchers (Table 32), but 

since only five of the 57 perches were not located in trees, substrate 

diversity was not a valid comparative parameter for these two species. 

The Willow Flycatcher had the highest overall substrate diversity of 

any species in the study, and in the presence of Kingbirds (Table 31) 

substrate diversity was higher than in habitats without Kingbirds. Thus, 

increased substrate diversity may have been one means by which the Willow 

Flycatcher reduced resource overlap in habitats shared by Kingbirds. 
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Table 31. Means and standard deviations of habitat variables 
for Willow Flycatcher habitats with and without 
the presence of Eastern Kingbirds and statistical 
significance between means. 

With Kingbird Without Kingbird 
Std. Std. Significant 

Variables N Mean Dev. N Mean Dev. Difference 

CanCov 47 0.55 1.67 38 0.55 1.50 NS 
Dia-3 47 0.04 o. 29 38 0.0 o.o NS 
Shrub 47 25.68 31.48 38 66.50 59.90 p < 0.10 
Dia-1 47 4. 79 6.46 38 5.81 9.00 NS 
Treht 47 2.26 2.99 38 2.84 2.41 NS 
BA 47 1.58 2.64 38 2.91 4.13 NS 

Taltre 47 4.32 2. 79 38 5.10 1. 78 NS 
NL-1 47 1.93 3.28 38 3.66 4.84 NS 
NL-4 47 2.38 4.92 38 2.42 3.42 NS 
NL-6 47 0.47 2.57 38 0.41 1.03 NS 

Perht 47 2.65 2.25 38 2.74 2.14 NS 
Canaf 47 0.24 0.38 38 0.32 0.42 NS 
Substrate 
Diversity 47 1. 284 38 0.961 
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Table 32. Means and standard deviations of habitat variables 
for Eastern Wood Pewee habitats with and without 
presence of Great Crested Flycatchers and statis-
tical differences between means. 

With Crested Without Crested 
Std. Std. Significant 

Variables N Mean Dev. N Mean Dev. Difference 

Cancov 24 14.50 5. 80 33 13.18 4.68 NS 
Dia-3 24 1.54 1.38 33 1.24 1.43 NS 
Shrub 24 11.54 8.20 33 8.91 10.08 NS 
Dia-1 24 15. 75 9.47 33 11.06 9.03 NS 
Treht 24 11.51 3.93 33 13.02 7.21 NS 
BA 24 20.19 10.07 33 17.57 11.13 NS 

Taltre 24 15. 85 3.09 33 18.09 4.12 NS 
NL-1 24 3.50 3.15 33 3.42 4.41 NS 
NL-2 24 8.79 4 •. 49 33 7.09 5.33 NS 
NL-3 24 7.21 5.80 33 7.42 5.57 NS 

Perht 24 7.01 3.47 33 9.58 5.19 NS 
Canaf 24 0.59 0.19 33 0.62 0.31 NS 
Substrate 
Diversity 24 0.00 33 0.547 
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The decrease in the niche breadth of the smaller forms where syn-

topic with a larger form implies that the presence of the larger bodied 

form restricted the foraging habitat of the smaller form. Even though 

few differences existed in means of the raw data for habitat variables of 

the smaller forms in and out of syntopy with larger forms, the differences 

expressed in the niche breadth measurements document habitat accommoda-

tion by the smaller forms. Other studies have reported the effect of a 

competitor on the foraging strategy of a subordinate species. Willis 

(1966) found a significantly higher (vertical) foraging height in the 

Plain Brown Woodcreeper (Dendrocincla fuliginosa) in the presence of the 

OcellatedAnt-thrush (Phaenostictus mcleannoni) in the forests of British 

Guiana. Cody (1974) reported that the foraging habitat and vertical 

foraging height of the Western Wood Pewee were different in the presence 

of competitors. Morse (1976) found that species habitat use patterns in 

several Dendroica warblers may depend on presence of other congeners in 

the same habitat. The presence of a competitor forced an expansion of 

habitat in foraging range for several species of lizards (Schoener, 1968, 

1974). Alternatively, the presence of a competitor may cause a contrac-

tion of habitat use by another species (MacArthur and Pianka, 1966). 

The presence or absence of syntopic Kingbirds in habitats of the 

Willow Flycatcher is particularly interesting in light of the recent 

(1947) arrival of the Willow Flycatcher to Virginia'a avifauna (Stevenson, 

1947). Current populations a~e listed as uncommon and local (Larner, 

1979) in southwest Virginia. The differences in resource breadth and 

foraging habitat observed in the Willow Flycatcher are noteworthy in 

light of this recent sympatry with Kingbirds in Virginia. The differences 
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observed in niche breadth in areas syntopic and nonsyntopic with Kingbirds 

may perhaps be a function of individual differences in habitat selection 

of the Willow Flycatcher. Colwell and Futumya (1971) proposed that the 

niche was better described as a "phene pool" since attempts at quanti-

fying the niche are reflective of the phenotypy of the individuals 

measured, and niche parameters would change with a different collection 

of individuals measured. For my study, this may explain the differences 

in habitat shrubiness for the Willow Flycatcher in habitats syntopic and 

nonsyntopic with Kingbirds since there may be phenotypes of Willow Fly-

catchers which select for more shrubby areas and penotypes which select 

for more open areas (Stein, 1963; Gorski, 1969). 

Conclusion to Hypothesis III 

My data tend to confirm the hypothesis that the presence of a com-

petitive form may alter the foraging habitat and behavior of a smaller 

species since there were measurable effects demonstrated by my study. 

Therefore, the model as presented by Hespenheide (197la) and Cody (1974) 

has been supported by my study. Evidence to support this habitat accomo-

dation is primarily the result of the contraction in resource breadth of 

the smaller species and the significant difference in centroid means for 

the Willow Flycatcher and other trends, as previously discussed. How-

ever, my study does not support the exclusion of smaller species in 

areas occupied by Crested Flycatchers, as reported by Hespenheide (197la). 



STJM}1.ARY Ai.~'D CONCLUSIONS 

My study of seven species of eastern tyrannid flycatchers found the 

following: 

1. Among forest species of flycatchers and open habitat species, 

there was a high degree of ecological similarity of the vege-

tational characteristics of the foraging habitats. As a 

result, overlap in foraging habitat of syntopic flycatchers 

was found to be much greater than previously reported by 

Hespenheide (197la). Much of this overlap may be attributed 

to the large niche breadth of some species, in particular 

the Willow Flycatcher and the Eastern Wood Pewee. 

2. The high overlap among species was potentially reduced by 

their using other means of resource partitioning within 

habitats~ In particular, vertical stratification effectively 

separated the forest species of flycatchers. But, the use of 

different substrates and different foraging tactics were also 

important means of partitioning the food resource. 

3. Reduction of resource breadth was found for the Willow Fly-

catcher and Eastern Wood Pewee when these species shared 

habitats with a larger flycatcher species (Eastern Kingbird 

and Great Crested Flycatcher, respectively). Furthermore, 

other statistical parameters of Willow Flycatcher habitats 

were markedly different in areas syntopic with Kingbirds. 

These data tend to confirm the hypothesis regarding syntopic 
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competition by a larger species as proposed by Hespenheide 

(1971a) and Cody (1974) for flycatcher species. In my study, 

there does seem to be habitat accommodation exhibited by the 

smaller species in the presence of a larger competitor. 
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Species 

Crested 

Pewee 

Least 

Acadian 

Phoebe 

Kingbird 

Willow 

Appendix A. Means, standard deviations for the variable tall tree and 
statistical differences among seven species of flycatchers. 

N Mean +S.D. Cr Pe Le Ac Ph -

28 14.34 4.62 

55 17.15 3.86 * 
37 14.74 2.31 NS * 
44 18.86 2.25 * * * 
50 11.43 4.09 * * * * -
55 5.32 5.14 * * * * * 
85 4.67 2.41 * * * * * 

*p < 0.05; Duncan's New Multiple Range Test 

Ki Wi 

I-' 
I-' w 

NS 
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Appendix B. Means and standard deviations for the number of leaves between 
2-2.5 meters vertical and statistical differences among seven 
species of flycatchers. 

N Mean + S.D. Cr Pe Le Ac Ph 

28 5.89 4.90 

55 3.44 3. 89 * 

37 2.08 2.92 * NS 

44 7.16 6.59 NS * * 
50 3.46 3.61 * NS NS * -

55 0.78 1. 74 * * NS * NS 

85 2.71 4.12 * * * * NS 

*p < 0.05; Duncan's New Multiple Range Test 

Ki Wi 

I-' 
I-' 
.p.. 

* 



Species 

Crested 

Pewee 

Least 

Acadian 

Phoebe 

Kingbird 

Willow 

Appendix C. Means and standard deviations for the number of leaves between 
4-4.5 meters vertical and statistical differences among seven 
species of flycatchers. 

N Mean + S.D. Cr Pe Le Ac Ph -

28 6.96 6.47 

55 7.76 5.03 NS 

37 6.81 4. 92 NS NS 

44 11.11 4.45 * * * 
50 5.44 3.06 NS * NS * -

55 1.91 3. 79 * * * * * 
85 2.40 4.29 * * * * * 

*p < 0.05; Duncan's New Multiple Range Test 

Ki Wi 

I-' 
I-' 
Vl 

NS 
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Appendix D. Means and standard deviations for the number of leaves between 
6-6.5 meters vertical and statistical differences among seven 
species of flycatchers. 

N Mean + S.D. Cr Pe Le Ac Ph 

28 7.89 6.83 

55 7 .05 5.61 NS 

37 9.30 4.79 NS NS 

44 10.84 7.49 * * NS 

50 5.26 4.61 NS NS * * -
55 2.80 6.60 * * * * * 
85 0.45 2.02 * * * * * 

*p < 0.05; Duncan's New Multiple Range Test 
t 

Ki Wi 

I-' 
I-' 

°' 
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Appendix E. Means and standard deviations for the variable ground cover 
and statistical differences among seven species of flycatchers. 

N Mean + S.D. Cr Pe Le Ac Ph 

28 19.9 1.8 

55 17.0 5.4 * 
37 20.7 0.8 NS * 
44 16.1 6.4 * NS * 
50 15.7 7.0 * NS * NS -
55 19.5 3.4 NS * NS NS NS 

85 19.9 3.9 NS * NS * * 

*p < 0.05; Duncan's New Multiple Range Test 

Ki Wi 

I-' 
I-' 
'--.I 

* 

-
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Appendix F. Means and standard deviations for the numbers of trees in 
diameter class 2 (15-25 cm) and the statistical differences 
among seven species of flycatchers. 

N Mean + S.D. Cr Pe Le Ac Ph 

28 6.54 5. 71 

55 5.57 4.76 NS 

37 5. 89 4.62 NS NS 

4l1 7.50 3.63 NS * NS 

50 4. 98 4.42 NS NS * * -

55 0. 25 0.67 * * * * * 
85 0.34 0.92 * * * * * 

*p < 0.05; Duncan's New Multiple Range Test 

Ki Wi 

. I-' 
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00 

NS 
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Appendix G. Means and standard deviations for the numbers of trees in 
diameter class 4 (35-45 cm) and the statistical differences 
among seven species of flycatchers. 

N Mean + S.D. Cr Pe Le Ac Ph -

28 1.00 1.15 

55 0.87 1.41 NS 

37 o. 78 0.95 NS NS 

44 1. 32 1. 38 NS * * 
50 0. 80 1.57 NS NS NS * -

55 0.87 0.36 * * * * * 
85 0.01 0.11 * * * * * 

*p < 0.05; Duncan's New Multiple Range Test 

Ki Wi 

I-' 
I-' 
\0 

NS 
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Appendix H. Means and standard deviations for the number of trees 
in diameter class 5 (45-55 cm) and the statistical 
differences among seven species of flycatchers. 

N Mean + S.D. Cr Pe Le Ac 

28 0.57 0. 74 

55 0. 39 1. 39 NS 

37 0.27 0.56 NS NS 

44 o. 29 0.51 NS NS NS 

50 o. 25 0.56 NS NS NS NS 

55 0.05 0. 23 * * NS NS 

85 0.0 0.0 * * NS * 

*p < 0.05; Duncan's New Multiple Range Test 

Ph Ki Wi 

I-' 
N - 0 

NS 

NS NS 
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Appendix I. Means and standard deviations for the number of trees in diameter 
class 6+ (>55 cm) and the statistical differences among seven 
species of flycatchers. 

N Mean _± S.D. Cr Pe Le Ac Ph 

28 0.14 0.07 

55 0.36 0.08 NS 

37 0.11 0.05 NS NS 

44 0.48 0.12 * NS * 
50 0.06 0.03 NS NS NS * 
55 0.10 0.04 NS NS NS * NS 

85 0.0 0.0 NS NS NS * NS 

*p < 0.05; Duncan's New Multiple Range Test 
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Appendix J. Means and standard deviations of the variable DH2o (distance in meters) 
to nearest open water and the statistical differences among seven species 
of flycatchers. 

N Mean + S.D. Cr Pe Le Ac Ph Ki -

28 100.3 128.3 

55 103.3 139.5 NS 

37 239. 5 279.8 * * 

44 45.6 43. 6 NS NS * 
50 69. 81 85.6 NS NS * NS -

Kingbird 55 131.6 164.0 NS NS * NS NS 

Willow 85 144.7 213.6 NS NS * * NS NS 

*p < 0.05; Duncan's New Multiple Range Test 

Wi 

I-' 
N 
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Appendix K. Means and standard deviations of the variable DBLD (distance 
in meters to the nearest building or bridge) and statistical 
differences among seven species of flycatchers. 

N Mean + S.D. Cr Pe Le Ac Ph 

28 200.1 230. 7 

55 238.8 325.9 NS 

37 160.7 307.5 NS NS 

44 311.6 311.6 NS NS NS -
50 110.3 119. 7 NS * * * 
55 137.7 138.9 NS * * * NS 

85 139.4 111.8 NS * * * NS 

*p < 0.05; Duncan's New Multiple Range Test 
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Appendix L. Means and standard deviations for the variable DCLR (distance in 
meters to the nearest clearing) and the statistical differences 
among seven species of flycatchers. 

N Mean + S. D. Cr Pe Le Ac Ph 

28 25.1 38.6 

55 33.4 40.9 NS . 
37 15.0 23.1 NS * 
44 36.5 45.0 NS NS * 
50 5. 39 8.81 * * NS * 
55 0.48 1. 37 * * * * NS 

85 3.03 11. 86 * * * * NS 

*p < 0.05; Duncan's New Multiple Range Test 

Ki Wi 

I-' 
N 
p. 

NS 
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FORAGING HABITAT NICHE COMPARISONS AND FORAGING BEHAVIOR OF 

SEVEN SPECIES OF FLYCATCHERS IN SOUTHWEST VIRGINIA 

by 

Jerry Waller Via 

(ABSTRACT) 

Foraging habitats and foraging behavior for seven species of Tyrannid 

flycatchers were measured to examine interspecific habitat resource par-

titioning, niche breadth and niche overlap. Four of the species inhab-

ited forested areas; Great Crested Flycatcher, Eastern Wood Pewee, Least 

Flycatcher and Acadian Flycatcher. Two species, the Eastern Kingbird 

and Willow Flycatcher, were found in open habitats and one species, the 

Eastern Phoebe, was found in both open and woodland habitats. 

Among forest species of flycatchers and open habitat species there 

was considerable similarity in vegetational characteristics of the 

foraging habitat. Contrary to previously published studies, these 

similarities contributed to a high degree of resource overlap among 

syntopic species of forest flycatchers. A similar degree of overlap 

was also observed among the open habitat species. Much of the resource 

overlap among species was attributable to the large resource (habitat) 

breadth of the Willow Flycatcher and Eastern Wood Pewee. 

Overlap in foraging habitat among the species was reduced by their 

using other means of resource partitioning within habitats. Most notably, 

vertical stratification effectively separated most forest species. The 

use of different foraging substrates and different foraging tactics 



(sortie flight distance and methods of insect capture) were also impor-

tant means of partitioning the food resource. 

Data were analyzed to test a previously published hypothesis which 

indicated that the foraging ecology of a smaller flycatcher species was 

affected by the presence of a larger syntopic competitor. To test this 

hypothesis, the Willow Flycatcher and Eastern Wood Pewee were selected 

because they had large resource breadths (ecologically plastic) and 

because sampling for both species included habitats which were syntopic 

and nonsyntopic with their respective competitors, the Eastern Kingbird 

and Great Crested Flycatcher. Both smaller species displayed a reduction 

in resource breadth in areas of syntopy. Therefore, these data tend to 

support the published hypothesis and indicate habitat accommodation on 

the part of the smaller species, in the presence of a larger competitor. 
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