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Bird populations obtain their requisites from 
the resources available to them in a number 
of different ways. Species within the same 
community may use different configurations 
of the habitat, or the same configurations in a 
different manner or in different proportions. 
This tends to minimize or eliminate interspe- 
cific competition. Habitat utilization by various 
species of nesting birds is often a main portioIz 
of autecological studies (Stenger and Falls 
1959), or of studies dealing with the interac- 
tions of a few species from a given avian com- 
munity. 

Recent studies by Morse (1967) and Mac- 
Arthur (1958) have shown that volume of 
foliage may be an important factor in limiting 
the density of some species of birds. However, 
few attempts have been made to quantify the 
foliage portion of a plant community by spe- 
cies of trees and the height distribution of this 
foliage on the trees. This information can be 
of value when correlated with total nesting- 
bird use. MacArthur (1958) also showed how 
five species of warblers which overlap in their 
use of foliage may exploit this feature of the 
habitat in different ways. 

Emlen (1967) has proposed a method for 
obtaining the canopy cover value of a plant 
community by recording the presence or ab- 
sence of foliage above the observer at predeter- 
mined points. This method is of value for 
comparative purposes, but neither gives the ab- 
solute volume of foliage nor shows its height 
distribution above the ground in a plant com- 
munity. Both aspects of volume of foliage are 
important in bird utilization. 

The objective of this study is to depict the 
height distribution and volume of foliage in 
two different plant communities and to show 
how the total avifauna utilizes this dimension 
of their habitat during the breeding season. 
When possible, foliage use by individual bird 
species is discussed to show their contribution 
to the overall pattern of use. Data on utiliza- 
tion are expressed in terms of volume of foliage 
rather than area. 

‘Present address: Department of Biological Sciences, Nmth- 
em Arizona University, Flagstaff, Arizona 86001. 

METHODS 

While conducting breeding-bird counts in various 
plant communities of the Chiricahua Mountains of 
southeastern Arizona ( Balda 1967), two areas were 
selected for study of foliage use by the nesting birds. 
In the oak-juniper woodland (36-acre plot) and pon- 
derosa pine forest (38-acre plot) trees and saplings 
were measured for volume of foliage in conjunction 
with a sampling plan to obtain relative density, relative 
frequency, relative dominance, and number of individ- 
ual trees per acre. I used the plotless point-quarter 
method of Cottam and Curtis (1956) to sample trees 
with a DBH of three inches or more in both plots. In 
each study area a series of points was established and 
at each point the surrounding area was divided into 
four quarters. In each quarter the name of the tree 
closest to the point and its distance from the point were 
recorded. The DBH was also measured on these four 
trees per point. Quantitative analysis of these data 
was made using the standard formulas (Phillips 1959; 
footnotes, table 1). In addition, the following data 
were recorded for the four trees sampled at each point: 
total tree height (from ground to highest point), 
height from ground to lowest branches, and crown 
diameter. The shape of the crown for each tree was 
recorded as being either perfectly conical or perfectly 
cylindrical. An Abney level was used for height mea- 
surements. A total of 30 points ( 120 trees) in the oak- 
juniper woodland plot, and 25 points (100 trees) in 
the ponderosa pine forest plot was sampled. 

Saplings were counted within circular plots of 0.01 
acre (radius of 3.6 m) and measured for volume as de- 
scribed above for the trees. 

The tree and sapling data were expressed in terms of 
total volume of foliage per species of tree and distribu- 
tion by height from the ground. These values were 
then converted to a per acre total for each species of 
tree for a composite picture of the entire community. 

In addition to recording the location of individual 
singing males by the spot-map method (Kendeigh 
1944), the species of tree in which each bird was ob- 
served and its height from the ground were recorded. 
When possible, information was gathered as to be- 
havior of each species. At least 12 complete daylight 
counts were made on each area. Counts were made 
during May, June, and July 1965. 

I analyzed the interaction of available foliage and 
observed bird-use in the following two ways. In 
the first analysis, which yielded the use index value, 
the per cent of total volume of foliage contributed by 
each species of tree (including saplings) was calculated 
from tables 2 and 4. Using this figure. an exoected 
number of bird observationsper species ‘of tree,-based 
on percentage of the total foliage, was calculated. For 
example, if one species of tree contributed 84 per cent 
of the total volume of foliage in the plant community, 
then the expected number of bird observations would 
be 84 per cent of the total observations recorded. This 
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FIGURE 1. Oak-juniper woodland study area showing Quercus sp., Pinus ZeibphylZu, and Juniperus deppeanu. 

expected number of bird observations was then com- 
pared with the actual number of bird observations in 
each species of tree using the standard chi-square pro- 
cedure and dividing the total obtained by the number 
of categories used (different species of trees) minus 
one (degree of freedom). While the procedure de- 
scribed is identical to that used in determining chi- 
square, the observations were not independent (H. W. 
Norton, pers. comm.) and the total thus obtained 
could not be treated for statistical significance. Rather, 
the values, after modification as shown below, were 
utilized as the use-index. 

There is an inverse linear relationship between the 
total chi-square figure and the number of observa- 
tions if the same proportion of the observations occurs 
in each category. Thus, the larger the number of ob- 
servations, the lower the chi-square value. Since differ- 
ent numbers of observations were obtained per bird 
species, it was necessary to adjust the numher of ob- 
servations per species to correspond to the lowest 
number gathered for any one species. This was done 
by assigning each observation a number and then 
randomly removing a number of observations. For ex- 
Ltmple, 45 observations were made on Grace’s Warbler 
and 125 on the Black-throated Gray Warbler. Thus, 80 
observations had to be randomly removed from the 
latter species. The figure obtained from these calcula- 
tions 
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will be referred to hereafter as the use-index value. The 
lower the use-index value, the better the goodness-of- 
fit between expected bird use of available foliage 
and observed use of the foliage. 

In the second analysis the total volume of foliage for 
each species of tree was subdivided by height classes 
of 5-ft intervals from 0 to 30 ft and lo-ft intervals 
above 30 ft. The volume of foliage for each species of 
tree as it was distributed by height was then combined 
to give a composite picture of the foliage distribution 
for the entire plant community. The change in scale 
above 30 ft allowed for the decreased accuracy in de- 
termining the height of birds at these elevations. An 
expected number of bird observations was calculated 
in the manner described above. The per cent of total 
bird observations at each height class was then plotted 
against the per cent of total volume of foliage at each 
height class, and a use-index value calculated. 

RESULTS AND DISCUSSION 

OAK-JUNIPER WOODLAND 

This study area was located within a large 
tract of relatively homogeneous vegetation that 
extended along the south side of Cave Creek 
about 0.10 miles south of the Southwestern Re- 
search Station. 

The elevation of this area ranged from 5470 
ft at its northern edge up to about 5560 ft at 
the southern limits. A large rocky outcropping 
in approximately the center of the plot had an 
elevation of 5580 ft. The southern two-thirds 
of the area is on a north-facing slope of about 
6”. No grazing or fires have disturbed the area 
in the past 10 years (fig. 1). 

Juniperus deppeanu was the most abundant 
of the eight species of trees present. Its impor- 
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TABLE 1. Composition of trees in the oak-juniper woodland community. 

Relative Relative 
Species density* dominame~ 

Junipers &ppeanu 38.3 60.1 (60.1)” 
Pinus leiophylla 21.7. 17.9 (18.2) 
@emus emoqi 20.8 10.7 ( 10.9) 
Quercus a&o&a 17.4 11.0 (10.4) 
Pinus cembroides 1.8 0.3 ( 0.4) 

Total 100.0 100.0 

8 Number of individuals of the species 
Number of individuals of all species 

x 100. 

b Total basal area of the species 
Total basal area of all species 

x 100. 

c Number of points of occurrence of the species 
Number of points of occurrence of all species 

x 100. 

Relative 
frequencyc 

33.3 
19.4 
23.6 
20.9 

2.8 

100.0 

d Sum of relative densitv. relative dominance. and relative frequency. 
e Calculated from foliag~‘vchme data (table ‘2). 

tance value (sum of relative density, relative 
dominance, and relative frequency figures) 
was more than twice that of any other species 
of tree sampled (table 1). The total density of 
all trees was 120 trees per acre, with each tree 
occupying a mean area of 361 ft”. The mean 
distance between trees was 19 ft, and the total 
basal area was 64 ft2 per acre. The relative 
dominance figures obtained from the volumes 
of foliage (table 2) are strikingly similar to the 
relative dominance figures obtained from the 
DBH figures. The mean height of the canopy 
was 23 ft; the tallest tree measured was a SO-ft 
Pinus ZeiophyUa, one of the tallest trees located 
on the area. Rare trees observed in the study 
area but not recorded in the sample include: 
Juniperus monosperma, Pinus engelmunnii, 
and Jugkms maior. 

Juniperms deppeana was the major species 
contributing to the shrub and sapling strata 
with a density of 256 individuals per acre. 
Other species of trees contributed the follow- 
ing sapling densities: Pinus leiophylla, 60; 
Pinus cembroides, 48; Quercus emoyi, 24; and 
Quercus arizonica, 14. There were 898 shrubs 

and saplings per acre. A few dead trees, pri- 
marily tall pines 60-70 ft in height, were scat- 
tered through the area. 

The two species of oaks found in the study 
area were combined for this analysis as they 
were of similar life-form and profile and prob- 
ably offered the same requisites. Other tree 
species used were Pinus leiophylla and Junip- 
erus deppeana. 

This community supported 36 species of 
birds with a total nesting density of 267 pairs 
per 100 acres. The most common breeding 
birds and their respective densities were: 
Chipping Sparrow (Spizella passe&a), 30; 
Black-throated Gray Warbler ( Dendroica ni- 
grescens ) , 24; Black-chinned Hummingbird 
( Archilochus a.kxandti) , 21; Bridled Titmouse 
( Parms wotlweberi), 18; Ash-throated Fly- 
catcher (Myiarchus cinerascens), 12; Rufous- 
crowned Sparrow ( Aimophila ruficeps), 11; 
Plain Titmouse (Purus inornatus), 10; Com- 
mon Bushtit (Psaltriparus minimus), 10; Be- 
wicks Wren ( Thyomanes bewiclcii), 9; Red- 
shafted Flicker ( CoZaptes cafer), 8; Acorn 
Woodpecker (Melanerpes formicivorus), 8; 

TABLE 2. Foliage volume ( fts) of trees and saplings in the oak-juniper woodland community. 

Species 

JU&%?luc Pinu.9 
deppeana leiophylla 

TE%?S Saplings Trees Saplings 

Pint48 
Quercus sp. cembroides 

Total 
TM3S Saplings Trees Saplings (per acre) 

O-4 4,952 3,330 
69 31,012 1,810 1,142 

10-14 28,911 7,188 
15-19 21,484 11,629 
20-24 16,197 8,861 
25-29 5,852 5,576 
30-39 3 3,455 
40-49 694 
50-59 255 
60-69 36 

636 260 
494 9,412 

19 12,939 
9,219 
5,304 
1,087 

211 

56 352 252 9,838 
330 328 214 44,742 
168 72 6 49,303 

10 42,342 
30,362 
12,515 
3,669 

694 
255 

36 

Total 108,411 5,140 38,836 1,149 38,432 554 762 472 193,756 



402 RUSSELL P. BALDA 

BIRD USE OF COMBINED TREE SPECIES 
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FIGURE 2. Total bird use of tree foliage in the oak-juniper woodland. The shaded bar is the expected bird 
use in each species of tree based on available foliage volume. The open bar is the actual number of ob- 
servations. The solid line is the per cent of foliage volume present in each height class. The broken line is the 
per cent of total observations of birds in each height class. 
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Robin ( Turdus migratorius), 7; Eastern Blue- 
bird (S&U sialis), 7; and White-breasted 
Nuthatch ( Sitta carolineti), 7. These 14 
species contributed 68 per cent of the total 
breeding pairs present. 

A total of 906 height observations was re- 
corded for all birds except hummingbirds, the 
turkey, and nocturnal species. Of these ob- 
servations 97 per cent were made between 
0500 and 10:OO. Of the total observations, 83 
(9.2 per cent) were of various species on the 
ground, and the same number were made of 
species on dead trees. Mexican Jays (Aphelo- 
coma ultramarina) (6 pairs per 100 acres) and 
Chipping Sparrows spent 39 and 34 per cent, 
respectively, of their time on the ground. 
Neither the above observations nor observa- 

tions made of species at the nest could be used 
in the analytical scheme devised for these data. 

When the expected number of bird observa- 
tions, calculated from the volume of foliage of 
each species of tree (or genus in the case of 
oak), is compared with the actual number of 
observations for the entire bird community in a 
particular species of tree, it is evident that 
Pinus leiophylla and Quercus sp. were used 
much more than would be predicted on the 
basis of availability, whereas Juniperus dep- 
peana was used much less than its volume 
would seem to indicate (fig. 2). 

Volumes were calculated from measure- 
ments taken from the tree profile or silhouette 
rather than actual density of the foliage. The 
foliage is much denser in juniper than in either 
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pine or oak, and thus there is actually a greater 
difference between bird use and available foli- 
age than shown above. 

During the nesting season, most bird spe- 
cies feed insects to their young. Only 24.7 per 
cent of all feeding observations were made of 
birds in juniper while 40.3 per cent and 35 per 
cent were made of birds in oaks and the pine, 
respectively ( cf. dominance figures, table I ) . 
Insect populations may be lower in juniper 
than in other species of trees present, offering 
less food per unit volume of foliage for the 
birds. Southwo’od (1961) has shown that of 
all tree genera in Great Britain, Juniperus has 
the fewest species of insects, whereas Quercus 
has the largest. While a wider range of differ- 
ent insects may live in oak, this does not pre- 
clude the possibility of a few insect species 
with large populations in juniper. Juniper ber- 
ries, eaten by some species, did not ripen until 
near the end of the breeding season. Both spe- 
cies of oaks shed their leaves, flowered, and 
produced new leaves during the nesting sea- 
son. During the course of study, I observed 
that the oak flowers and young leaves attracted 
a large number of insects, which were heavily 
preyed on by numerous species of birds. At the 
time of flowering, the oaks do not have a dense 
canopy, and thus insects may simply be more 
conspicuous to the birds. Marshall ( 1957) and 
Humphrey (1962) state that juniper is pres- 
ently spreading into new areas and increasing 
in areas where it was once sparse because of 
over-grazing, erosion, fire protection, climatic 
change, or a combination of these factors. If 
juniper was once unimportant as a member of 
this plant community, as Marshall ( 1957) be- 
lieves, then the birds may have had little ex- 
posure to it in the past. Now that juniper has 
become so prevalent, the birds may not yet 
have learned to use it as efficiently as the more 
open foliage of the oaks and pines. 

Some species of birds utilize juniper to a 
greater extent than others (figs. 3, 4). The 
Black-throated Gray Warbler spent 34 per cent 
of its time in juniper and three of five nests 
were located there. The Chipping Sparrow 
and Bridled Titmouse spent 16 per cent of their 
time in juniper, while the Common Bushtit was 
observed there 29 per cent of the time. The 
Chipping Sparrow and Black-chinned Hum- 
mingbird also commonly nested in juniper, 
Four of seven nests of the former species were 
in juniper while the latter had three of five 
nests there. Thus, the three most abundant 
species in the plant community (Chipping 
Sparrow, Black-throated Gray Warbler, and 
Black-chinned Hummingbird) are able to uti- 

lize successfully the high foliage density pro- 
vided by juniper for nest-sites. This ability to 
use juniper may be an important reason for 
their relative success in this area. This may 
not have been true before the spread of juni- 
per. In contrast, two species with low den- 
sities, Grace’s Warblers ( Dmdmica grackw ) , 
three pairs per 100 acres, and Pygmy Nut- 
hatches ( Sitta, pygmaea), two pairs per 100 
acres, spent 98 per cent and 78 per cent of 
their time, respectively, in the low density 
Pinus leiophyk. 

For the five species that were observed on 45 
or more occasions, use-index values were cal- 
culated. The higher the use-index, the greater 
the discrepancy between availability of all 
types of trees and the actual use of these trees. 
The use-index values are as follows: Black- 
throated Gray Warbler, 9.4; Chipping Spar- 
row, 15.5; Bridled Titmouse, 16.2; Common 
Bushtit, 17.4; and Grace’s Warbler, 54.6. The 
correlation ( Spearman Rank coefficient ) be- 
tween species abundance on the study area 
and total foliage use is significant at the five 
per cent level. However, the most abundant 
bird, the Chipping Sparrow, may have attained 
its high population because its ability to utilize 
the ground for obtaining its requirements is 
greater than in the other species present. The 
fit for the Chipping Sparrow would have been 
better if a method had been used to include 
nest observations since this species had 60 per 
cent of the located nests in juniper. 

The above analysis deals with total bird use 
per total volume of foliage for the different 
species of trees present on the study area, but 
disregards the height distribution of these bird 
observations and foliage. The vertical distribu- 
tion of birds within the community obviously is 
also’ important in terms of plant community use 
and the species interactions which determine 
how the community is to be subdivided. Fig- 
ures 2, 3, and 4 show a close fit for bird use 
and available foliage per height class, and also 
considerable overlap between bird species. 
Figure 2 shows the total use of all birds for 
all trees combined. There is an apparent over- 
use of the foliage between 30 and 60 ft in both 
pine and juniper. The bird-use line for juniper 
extends higher than the volume of foliage line 
in figure 2 because a few junipers on the area 
were taller than any recorded in the tree sam- 
pling. Since most observations were made dur- 
ing early morning hours, this slight concentra- 
tion in the upper areas may be due to two 
factors. First, the majority of singing is done 
during the early morning hours, and most spe- 
cies sing from the uppermost vegetation in 
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FIGURE 3. Use of the available foliage volume of all tree species combined by four common bird species in 
the oak-juniper study plot. The open bottom of the broken line signifies the species was observed on the 
ground. The bar graph represents expected and observed use of the three tree species. 

their territories (Martin 1960). Second, as the 
sun rises, it illuminates and warms the upper 
portions of the trees first; consequently, insects 
at these levels may become active before those 
at lower levels, thus attracting foraging birds 
to these heights for a brief period in the morn- 
ing. When observations were divided into 
singing and feeding, this same pattern of over- 
use persisted for both activities. 

Total bird use in the oaks and juniper showed 
a height distribution expected if volume of foli- 
age as measured in this study is an important 
factor in the height distribution of birds. The 
fit for pine, however, was not as good. The 
higher portions were overused, whereas a 
large volume of little use existed between 15 
and 30 ft. The overuse of the upper heights 
may be explained as above, since the pines 
stood somewhat higher than the oaks and 
juniper. 

The Black-throated Gray Warbler was com- 
monly found at heights of 15 to 20 ft in oak and 

juniper and from 10 to 15 ft in the pine (fig. 
4). Grace’s Warbler was found almost exclu- 
sively in pines at heights above 15 ft (fig. 3). 
Thus, these two warblers divide the pines in 
such a way that there is little chance for inter- 
action. No conflicts were observed between 
these species. The Bridled Titmouse was com- 
monly found between 10 and 20 ft, ranging up 
to 35 ft, while the Common Bushtit spent the 
majority of its time at the same height but 
ranged up to 40 ft (fig. 3). On three occasions 
Bridled Titmice chased Common Bushtits from 
trees. 

For the five species of birds observed more 
than 45 times, the use-index value for foliage 
height are as follows: Black-throated Gray 
Warbler, 0.9; Bridled Titmouse, 1.1; Common 
Bushtit, 2.4; Chipping Sparrow, 4.5; and 
Grace’s Warbler, 20.4. The Chipping Sparrow 
has a lower rank in this analysis than in the last 
because of its habit of spending so much of its 
time low in the foliage. The other four species 
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FIGURE 4. Black-throated Gray Warbler use of the available foliage volume in each height class and by tree 
species (bar graph). 

attain the same rank order in this analysis as 
they did for total volume of foliage use per tree 
species. 

These two measures of foliage use (volume 
of foliage by height class, and volume of foli- 
age for each species of tree) are related and a 
poor fit in oae would seem to indicate a poor 
fit in the other. Thus, if a bird is highly selec- 
tive as to the species of tree it utilizes, as is the 
case for Grace’s Warbler, the foliage distribu- 
tion of that tree will then be a determining fac- 
tor as to the heights at which the bird is found 
throughout the community. 

The total use-index value for all birds is 
165.0 when bird use is compared with total vol- 
ume of foliage per species of tree and 123.4 
when bird use is compared with the total vol- 
ume of foliage by height class. Thus, the selec- 
tion or avoidance which is apparent for use of 
a particular tree species is greater than the 

selectiveness for particular heights in the tree 
itself. Requirements provided by the sparsely- 
used juniper are probably found throughout 
the entire foliage of the tree. Escape cover 
would be a likely requisite provided by juniper 
uniformly throughout its foliage. 

PONDEROSA PINE FOREST 

This study plot was located within one of the 
only accessible areas of mature ponderosa pine 
in the mountain where the terrain was rela- 
tively flat. The plot was established at the in- 
tersection of the road to Barfoot Park and the 
Cave Creek Canyon road to Rustler’s Park. 
Elevation ranged from a low of 8100 ft on the 
northeast edge to 8500 ft along the northwest 
side. The southeast one-third of the area sloped 
3” downward to the south. A steep east-facing 
incline of about 40” was encountered from 
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FIGURE 5. Ponderosa pine forest study area showing Pinus pot&rosa and Pseudotsuga menziesii. 

near the center of the plot to the west bound- 
ary (fig. 5). 

Of the seven species of trees present Pinus 
ponderosu was the major dominant, followed 
by Pinus strobiformb and Pseudotsuga menzie- 
sii (table 3). Rare tree species present but not 
included in the sample included Quercus gam- 
be& and Quercu.s rugosu. There were about 
100 trees per acre; each individual tree oc- 
cupied a mean area of 436 ft2, with a mean dis- 
tance between trees of 21 ft. The canopy vol- 
ume of foliage totaled 211,325 ft3 per acre 
(table 4). The total basal area for all tree 
species was 89 ft2 per acre. The mean height 
of the canopy was 37 ft; the tallest tree sam- 
pled was a 92-ft ponderosa pine, but a few 
Douglas fir were over 100 ft tall. The pon- 
derosa pine were segregated into two groups: 

old trees between 60 and 90 ft tall, and young 
second-growth trees between 10 and 40 ft tall. 
Most Pinus strobiformis were under 40 ft. 

Pinus pond&rosa, with a density of 188 indi- 
viduals per acre, was the most abundant con- 
stituent of the shrub and sapling understory, 
with the other tree species contributing the 
following numbers of saplings per acre: Pinus 
strobiformis, 40; Pseudutsuga menziesii, 46; 
Quercus hypdeucoides, 28; and Juniperus dep- 
pearul, 4. 

The vegetation had a park-like appearance, 
with the canopy open and the larger ponderosa 
pines spread well apart. The smaller second- 
growth pines were located in scattered dense 
clumps throughout the study.area. Few young 
trees had become established on the steeper 

TABLE 3. Composition of trees in the ponderosa pine forest community. 

Species 
Relative R&tk 
density’ dominance* 

R&t& 
frequency’ 

Pinus ponderosa 81.8 89.4 (84.2)b 61.9 233.1 
Pinus strobifotmis 6.3 4.2 ( 5.3) 15.9 26.4 
Pseudotsuga menziesii 6.8 4.2 ( 7.6) 12.7 23.7 
Quemus hypoleucoides 3.8 1.2 ( 0.8) 6.3 11.3 
Juniperus deppeana 1.3 1.0 ( 2.1) 3.2 5.5 

Total 100.0 100.0 100.0 300.0 

*As in table 1. 
b Calculated from foliage volume data (table 4 ). 
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TABLE 4. Foliage volume (fta) of trees and saplings in the ponderosa pine forest community. 

PiM4.S Pinus 
t;jk$ ponderma 

Pseudotsuga 
menziesii strobifownis 

QUWCUS 
htipoleucoides 

JUnipWUS 
deppeana 

(fi) 
Total 

Trees Saplings Trees Saplings TR%S Saplings Trees Saplings TW3 Saplings (per acre) 

kz 5::: 536 1,687 322 335 6,443 

10-14 71848 

:%z 

‘658 
3,887 

692 663 
2,263 

418 700. 
1,190 2212 

825 
18,650 

4,192 246 1,977 12 219 237 1,650 17,039 

15-19 9,345 27 2,961 84 952 1,650 15,019 

20-24 19,403 1,864 9 212 347 21,835 
25-29 20,594 1,150 26 21,770 

30-39 33,589 1,070 1,909 36,568 

4049 38,997 316 2,,265 41,578 

50-59 28,493 26 28,519 
60-69 9,669 
70-79 3,737 

9,669 

80-89 497 
3,737 

497 
90-99 1 1 

Total 178,167 4,054 16,002 1,694 11,291 1,130 1,731 2,784 4,472 221,325 

slopes where very tall ponderosa pines domi- 
nated. 

This plant community supported 31 species 
of breeding birds with a total nesting density 
of 336 nesting pairs per 100 acres. The number 
of breeding species and the size of their popu- 
lations are much higher than those reported by 
Snyder (1950) from a ponderosa pine forest 
in the Colorado Rocky Mountains. The most 
common breeding species, with their densities, 
were: Pygmy Nuthatch, 43; Mexican Junco 
(Junco phueonotus), 40; Olive Warbler (Peu- 
cedramus taemiutus), 23; Grace’s Warbler, 20; 
Western Bluebird (Sit& mexicana), 20; Robin, 
17; Brown Creeper ( Certhiu famiZi.uris), 
16; Broad-tailed Hummingbird (Selasphoms 
platycerms), 15; Solitary Vireo (Vireo solitar- 
ius), 14; Red-shafted Flicker, 13; White- 
breasted Nuthatch, 10; House Wren (Trog- 
lodytes aedon) , 10; Audubon’s Warbler 
( Dandrti auduboni), 10; and Steller’s Jay 
(Cyanocitta stelbri), 10. These 14 species 
contributed 78 per cent of the total nesting 
pairs present. 

A total of 1430 observations was made of in- 
dividual birds using various dimensions of this 
plant community. Of these, 71 per cent were 
made between 05:06 and 10:OO. Twelve per 
cent of these observations were made of birds 
on the ground. The Robin was found on the 
ground 48 per cent of the time, while the Mexi- 
can Junco and Red-shafted Flicker used the 
ground 46 and 38 per cent of the time, respec- 
tively. No sampling was done of the dead trees 
and stumps present in this area, but birds ob- 
served using them were recorded. Seven per 
cent of the total number of observations were 
of birds utilizing these dead trees and stumps. 
The Western Wood Pewee (Con&pus sordidu- 
lus), 3 pairs per 106 acres, and Coues’ Fly- 

catcher ( Contopus pertinux), 8 pairs per 160 
acres, sang and fed from dead trees 33 and 19 
per cent of the time, respectively. The House 
Wren spent 67 per cent of its time feeding and 
singing from fallen logs. Seven observations 
were made in miscellaneous saplings which 
were too rare to be present in the vegeta- 
tion data. The above observations, comprising 
19 per cent of the total number of observa- 
tions, were not included in the analysis of bird 
use and available foliage volume. 

When the expected number of bird observa- 
tions calculated from the foliage volume of 
each species of tree is compared with the ac- 
tual number of observations for the entire bird 
community there is an exceptionally good fit. 
Figure 6 shows this fit for total bird use 
for the combined tree species and separ- 
ately for Pinus pomzlerosa and Pseudotsuga 
men&&i in which 95 per cent of the 
usable observations were made. Only 37 ob- 
servations were made in Pinus strobiforti, 
while the expected number was 64. The use- 
index value calculated from these data is a low 
6.7 for the total bird community. Feeding ob- 
servations in the four most abundant tree spe- 
cies yield per cent values similar to those of 
total use. Of all feeding behavior, 90 per cent 
was observed in Pinus ponderosa, six per cent 
in Pseudotsuga menziesii, three per cent in 
Pinus strobiformk, and one per cent in 
Quercw hypoleumides (see dominance values, 
table 3). Non-feeding activities within a tree 
species yields similar percentages: Pinus pow 
derma, 891; Pseudotsuga: menxiesii, 6; Pinus 
strobifownis, 4; and Quercus hypoleucoides, 1. 

The use-index value for birds in the total 
foliage of the various trees present was calcu- 
lated for the six species of birds which were 
observed at least 70 times. These values are as 
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FIGURE 8. The total bird use of tree foliage in the ponderosa pine forest. The shaded bar is the expected 
bird use in each species of tree based on available foliage volume of that tree species. The open bar is the actual 
number of observations. The solid line is the per cent of total foliage volume in each height class. The broken 
line is the per cent of total observations of birds in each height class. The middle and right figure show total 
bird use and available foliage volume in the two most abundant tree species. 

follows: Pygmy Nuthatch, 1.0; Mexican Junco, 
1.1; Olive Warbler, 1.3; Grace’s Warbler, 1.4; 
Western Bluebird, 4.3; and Solitary Vireo, 4.4. 
The correlation (Spearman Rank coefficient) 
between species abundance and total foliage 
use is significant at the one per cent level. 

The greatest amount of foliage for all trees 
and saplings combined was found between 40 
and 49 ft, where 41,578 ft3 of foliage per acre 
was present (fig. 6; table 4). Since there were 
two definite height classes of trees in the study 
area (tall old trees and smaller second growth 
trees), the plotted foliage profiles are some- 
what irregular. The taller, older trees with a 
large diameter at the lower edge of the canopy 
contributed most of the foliage volume above 
30 ft. The lower edge of the canopy of these 
trees lies between between 30 and 40 ft from 
the ground. However, 50 per cent of the trees 
measured were less than 35 ft tall. Most of the 
Douglas fir in this study area were less than 50 
ft tall, although a few larger firs were present 
in the plot but were not sampled. 

As can be seen from figure 6, there is a slight 
concentration of bird activity in the foliage at 
the lower heights, less use than expected 
in the median heights, and some overuse 
at the top of the forest canopy. A very ap- 
parent restriction of use exists between 25 and 
30 ft. This is the height at which the second- 
growth trees peak and is just below the height 
at which the canopy of many of the older trees 
begins. The foliage volume diagrams (figs. 6, 
7, 8) do not show a restriction at this height 

because there were a few trees of intermediate 
height with a wide crown diameter. 

The use of ponderosa pine by all species of 
birds is very similar to that shown for the en- 
tire community (fig. 6) because this pine pre- 
dominates, contributing 82 per cent of the tree 
and sapling foliage and 89 per cent of the bird 
observations. 

The fit of total bird use of Douglas fir foli- 
age by height class is not close, as there is a 
large section of low foliage which is underused 
while the upper heights show a heavy concen- 
tration of bird activity. Thus, the few very tall 
Douglas firs in the area, which do not appear 
in the vegetation sample, were used greatly out 
of proportion to their availability. When bird 
observations at the various height classes in 
this tree species are classified as feeding or 
non-feeding, 26 per cent of all feeding observa- 
tions occur above 60 ft and 21 per cent of all 
non-feeding activities occur there. Thus, both 
feeding and other activities are performed at 
this height more often than expected on the 
basis of available volume of foliage. This may 
be due to the heavy concentration of cones and 
very dense foliage near the very tips of these 
trees. Many of the smaller firs had few or no 
cones. 

Figures 7 and 8 show bird use of the foliage 
present by height class for six species of birds 
that appear in the sample at least 70 times. The 
Solitary Vireo has the best fit, with a use-index 
value of 0.8, even though it was not observed 
above 70 ft. It was observed more often on the 
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FIGURE 7. The use of available foliage volume of all tree species combined by three common birds in the 
ponderosa pine study plot. The bar graph represents expected and observed use of the four tree species. 

branches and twigs than in the actual green 
foliage. The Western Bluebird had a use-index 
value of 1.6. This species was often observed 
in the lower branches of the large pondero,sa 
pines, from which it flew out to catch flying 
insects; as a result of this foraging habit, there 
was a concentration of use between 30 and 40 
ft. The Pygmy Nuthatch, which had a use- 
index value of 2.7, spent more time in the foli- 
age and cones than on the branches and twigs. 
The Olive Warbler spent nearly equal time at 
all height classes, ranging up to 80 ft, and had a 
use-index value of 3.9. This species spent about 
equal time in the foliage and on the branches 
and twigs. The Mexican Junco had a use-index 

value of 9.1 and ranged from the ground to 70 
ft, although it spent the majority of its time 
belo’w 40 ft. Singing males in the tips of pines 
and firs accounted for 81 per cent of the higher 
observations. The poorest fit of the six species 
was found for Grace’s Warbler, which had a 
use-index value of 12.3. This species spent the 
majority of its time high in the foliage of pines 
and firs. 

The use-index for the total bird community 
for the total foliage volume arranged by height 
classes was 20.3. Thus there is a somewhat 
better fit for total tree species use (6.7) than 
for use of foliage per height class, or just the 
opposite of what was observed in the oak 

FIGURE 8. The use of available foliage volume of all tree species combined by three common birds in the 
ponderosa pine study plot. The bar graph represents expected and observed use of the four tree species. 
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juniper woodland plot. Since all tree species 
except the oak are coniferous, there may be 
little selection among them. 

The reason for the slightly poorer fit for 
foliage volume when subdivided into height 
classes may be the differential insect abun- 
dance and activity during different times of 
day. It was also observed that during rainy and 
windy weather, common in July and August, 
the birds often descended to lower heights, in- 
creasing the use of the denser, smaller, second- 
growth trees. Also, when young of most 
species left the nest, they descended to heights 
below those normally inhabited by the adults 
and the latter in turn moved downward. It is 
common knowledge that area1 territories often 
break down once the young leave the nest, and 
this suggests that the height boundaries may 
break down as well. This shift may also reflect 
higher insect abundance in the shrub and her- 
baceous layers because of increased soil mois- 
ture and plant growth during the rainy season. 
Root (1967) demonstrated a similar shift in 
foraging height of the Blue-gray Gnatcatcher 
(Pobptilu cmrmba) while feeding young, but 
this downward shift did not correspond to the 
onset of inclement weather. 

The foliage volume measurements are based 
solely on tree shape profile and not the true 
inner density of the foliage. This would not be 
critical if the foliage were evenly distributed 
throughout the tree and if the foliage distribu- 
tion were the same for all species and for all 
trees of the same species, regardless of size 
class. The foliage of the young, second-growth 
trees was much denser than that of the taller, 
older trees. In tall trees, the central area 
around the trunk consists almost entirely of 
branches, twigs, and dead needles, whereas 
the green foliage is limited to the outer edges. 
Also, as the top of a cone-shaped tree is ap- 
proached, the inner, more barren, portion of 
the tree decreases more rapidly as foliage 
moves inward, so that near the tip there is uni- 
form fo’liage throughout the profile. This dis- 
crepancy between actual foliage and profile 
volume of the foliage may be another reason 
for the higher bird use in the upper and lower 
areas and the underuse of the middle areas of 
the trees. The birds are probably, therefore, 
using the foliage in even closer agreement to 
its availability than the figures show. 

In the oak-juniper woodland study area, bird 
use of the total volume of foliage per species of 
tree and use of the foliage by height class are 
not independent. A close fit of bird use with 
total foliage for a species of tree dictates a 
close fit for bird use of foliage as it is distrib- 

uted by height class. This relationship does 
not occur in this community because of the 
above mentioned discrepancy between true 
foliage volume and foliage volume measured 
by profile. The Solitary Vireo has the best fit 
for use of foliage volume by height class, but 
the worst fit for total use of available foliage 
per tree species. This species spent the major- 
ity of its time on branches and twigs, while 
Grace’s Warbler, which had the worst fit for 
volume of foliage by height class, spent the 
majority of its time in the actual foliage. Thus, 
foliage-inhabiting birds, such as Grace’s War- 
bler and Pygmy Nuthatch, show a definite 
overuse of tree heights where the density of 
foliage is highest. 

CONCLUSIONS 

An avian community existing in a particular 
plant community utilizes the habitat so that 
each species obtains its requirements in an ef- 
ficient manner. The morphological, physiolog- 
ical, and behavioral adjustments necessary 
to avoid or minimize competition within a 
community probably play a major role in 
determining how the requisites are to be 
obtained. Some species show a very close 
adherence to a specific resource present in 
the habitat, while others are able to use the 
overall habitat indiscriminately (MacArthur 
and Levins 1964). It is important to know how 
much of a resource is present in a given com- 
munity, its horizontal and vertical distribution, 
and how it is used. MacArthur et al. (1962) 
have demonstrated how important the spatial 
mosaic or “patchiness” of the vegetation is in 
determining the presence and abundance of 
bird species. Data presented earlier depict two 
ways in which avian exploitation of the availa- 
ble vegetation takes place. First, a bird species 
may be restricted to a species or life-form of 
tree. The Pygmy Nuthatch, which appears 
partial to conifers, is such a species. Second, a 
bird species may utilize a particular height in 
the canopy and make use of all trees with foli- 
age at that height. The Chipping Sparrow ap- 
pears to do this. Grace’s Warbler appears 
partial to both aspects, being somewhat re- 
stricted to upper reaches of pines. The foliage 
volume figures’for pines strongly suggest that 
foliage volume may be an imporant factor in 
limiting the densities of the Pygmy Nuthatch 
and Grace’s Warbler, even though the former 
species is a cavity nester. 

There is a great deal of overlap in heights at 
which bird species exist. Presence of two or 
more species at a particular height does not 
necessarily mean competition is occurring, 
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since each species may be selecting a different 
kind or size of food and may obtain it in a dif- 
ferent manner. A species may also select a dif- 
ferent vegetational configuration for a song- 
post or nest site (MacArthur 1958). The vertical 
distributions of the Bridled Titmouse and the 
Common Bushtit are very similar, but the lat- 
ter species spends a greater share of its time 
feeding out at the tips of branches and twigs, 
nicking small insects off the foliage, while the 
Bridled Titmouse spends more time foraging 
in crevices on trunks and branches. 

Avian use of oak, juniper, and Douglas fir il- 
lustrates some striking differences, which may 
reflect the role of these trees in providing basic 
requirements for the avian community. The 
very heavily used oak shows an exceptionally 
good fit for bird use according to the height 
distribution of the foliage. This is also true for 
the sparselv used juniper. Thus, the entire tree 
is exploited in both cases, even though there is 
a large discrepancy in bird use of the two trees 
comnared with their availability. In contrast, 
the bird community used Douglas fir in pro- 
nortion to its overall availability in the com- 
munity, but the upper portions show a heavy 
concentration of bird activity in comparison to 
foliage available at these heights. This sug- 
gests a concentration of some requirement at 
these heights. 

These three patterns of tree use bv the bird 
community may provide an index of the rela- 
tive desirability of a given species of tree, 
which may be reflected in the overall density 
of the breeding birds. On the basis of these 
three patterns of use, oak would be the most 
desirable tree, while juniper would be the least 
desirable. 

The bird aggregation of the ponderosa pine 
forest shows some major differences in foliage 
use when compared with the bird aggregation 
of the oak-juniper woodland. The use-index 
value for the oak-juniper woodland community 
is 123.4 for foliage use by height class and 
165.0 for use of the total foliage of all species 
of trees. The ponderosa pine forest avifauna 
has the following values: total foliage use of all 
species of trees, 6.7 and foliage use by height 
class, 20.3. Since the lower the use-index value 
the better the fit of bird use with available 
foliage, the ponderosa pine avifauna appears 
to utilize all tree species and all tree heights 
more in proportion to their availability than 
does the avifauna of the oak-juniper woodland 
community. This appears to indicate a greater 
efficiency on the part of the ponderosa pine 
avifauna. There was also a slightly higher use 
of the ground (three per cent) in the pon- 

derosa pine forest, which may account for a 
small portion of the higher population densi- 
ties. 

The difference between the two areas in use 
of the total foliage of a tree without regard to 
its distribution has been ascribed to the low 
bird use of juniper. This may explain why in 
the oak-juniper woodland, the use of foliage by 
height class gives a better fit than bird use of 
the total foliage. Just the opposite appears 
true for the ponderosa pine avifauna. There is 
a better fit of bird use in total foliage of each 
tree than in foliage distributed by height 
classes. This reversal seems to reflect the high 
concentration of activities in the tips of Doug- 
las fir and the difference between measured 
and actual foliage volume, a discrepancy not 
observed for the oaks or junipers. Also, the 
birds of the ponderosa pine forest showed a 
definite movement into the lower strata during 
inclement weather, and such weather was 
much more common in the pine forest than in 
the oak-juniper woodland. 

The greater efficiency of the ponderosa pine 
forest avifauna is also indicated by the total 
number of nesting pairs on both areas. The 
ponderosa pine forest supports about 69, or 21 
per cent, more breeding pairs than the oak- 
juniper woodland. This pine forest also con- 
tained 27,569 ft3 per acre, or 12 per cent, more 
foliage than the oak-juniper woodland. 

If the foliage were equally divided among 
all nesting pairs, the mean volume of foliage 
per bird territory would be 72.567 ft3 in the 
oak-juniper woodland and 65,871 ft3 in the 
ponderosa pine forest. Thus, the 12 per cent 
more foliage available within the territories of 
the former bird community may be accounted 
for by the low use of juniper. 

The lower nesting bird populations in the 
oak-juniper woodland may not be a result 
solely of available habitat, but may also be 
partly determined by the unique plant species 
composition of this area. As Marshall (1957) 
points out, this area contains a heterogeneous 
mixture of plant life forms, but only a small 
percentage of the nesting species requires this 
combination to exist. Those that do use the ex- 
isting plant complex have relatively high popu- 
lations. Some bird species are partial to pines, 
others to oaks, and few if any to juniper. Thus 
there are few jack-of-all-trades species present 
in the oak-juniper woodland. 

MacArthur and MacArthur (1961) have 
demonstrated that foliage height diversity may 
be an important factor in determining bird 
species diversity. The methods used in this 
study provide foliage information by height 
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classes. Using the percentage of foliage pres- 
ent in each height class, it is possible to calcu- 
late a diversity index (H’) as did the above 
authors. This value is 2.25 for the ponderosa 
pine forest and 1.73 for the oak-juniper wood- 
land. This diversity index (H’) for the oak- 
juniper birds is 3.29 and for the ponderosa pine 
birds, 3.10. The lack of correlation between 
bird species diversity and foliage height diver- 
sity may well reflect the differential use of 
some portions of the foliage as demonstrated 
herein, 
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