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ABSTRACT 

Field work to determine possible causes of variation in avian 

social behavior in a nonbreeding community of k2 species was undertaken 

during two winter seasons in oak-juniper woodland of the Santa Rita 

mountains of southern Arizona. Transect observations are used to 

calculate monthly densities, frequency of social foraging, and size and 

composition of social groups for all species. Additional data taken to 

quantify the foraging logistics of 22 species includes foraging 

substrate, time spent at a foraging station, and distance travelled 

between foraging stations. These data are used to generate indices of 

logistic similarity and interspecific association for species pairs in 

order to test the hypothesis that species which are similar in their 

foraging logistics are more likely to associate than those which are 

not. Causes of solitary behavior and variation in intraspecific social 

behavior are also examined. 

Exclusively solitary foraging behavior is strongly associated 

with species that use sparse, unpredictable prey too small to share. 

These species, referred to as "extensive foragers," appear to be 

constrained from both intraspecific and interspecific association by 

being logistic mismatches with all but their closest competitors, with 

which the potential For interference competition is high. Evidence is 

presented to refute the hypothesis that solitary behavior is due to low 

vulnerability to predators. 

vi i i 



i x  

Species which are intraspecifically solitary tend to use evenly 

distributed resources, and gregarious species use patchy and abundant 

resources. Exceptions are most frequent among permanent residents, 

which may continue to maintain social and spacing systems used in the 

breeding season. Among gregarious species, permanent residents are 

more likely to maintain stable group sizes than winter residents. 

A correlation exists between similarity of foraging logistics 

and likelihood of interspecific association, but it is subject to 

considerable variance. Causes of this variance include the tendency 

of transient migrants not to associate with other species, and the 

tendency of certain species to form temporary associations, regardless 

of logistic similarities. Why some species form temporary 

("opportunistic") associations while others do not remains unclear. 



INTRODUCTION 

Many advantages of avian social foraging have been proposed 

and defended in the literature, including two of broad applicability, 

namely detection and escape from predators and increased foraging 

efficiency (see Rand 195^, Moriarty 1976, Morse 1977 for reviews). It 

is not the objective of this research to test these advantages, nor to 

propose alternatives. Rather, I begin by accepting the premise that 

social foraging has these potential advantages and proceed to ask why 

all birds do not participate in foraging flocks. 

The general answer to this question must be that birds do not 

forage socially either because they are exempt from the selective 

pressures favoring social foraging or that social foraging imposes 

selective disadvantages outweighing the potential benefits. This 

applies to both intraspecific and interspecific social foraging, for 

which selective pressures may differ. First, we consider the con

ditions under which birds are exempt from the two major selective 

advantages proposed for social foraging. 

1. Solitary individuals can harvest food as efficiently as 

flocking individuals. One way that flocking may increase feeding 

efficiency is by providing the individual with more time to search for 

food by allowing members to divide the time spent on the alert for 

predators (Murton and Isaacson 1962, Lazarus 1972, Pulliam 1973, 

Powell 197*0 • Individuals may also feed more efficiently in flocks by 
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being led to better food sources (Murton 1971; Krebs, MacRoberts, and 

Cullen 1972; Krebs 1973; Thompson, Vertinsky, and Krebs 197*0, by 

avoiding places already depleted by others (Short 1961, Morse 1970, 

Cody 1971), or by reducing the variance in the rate of food intake 

(Pulliam and Mlllikan, in press). However, if food is abundant, or 

otherwise distributed so that the solitary individual is not at a disad 

vantage, flocking is not necessary to increase feeding efficiency. 

2. There is no predator on adult feeding birds. Flocks may 

protect the individual from predation by increased alertness or by 

providing other individuals among which to hide (Miller 1922, Allee 

1938, Hamilton 1971, Vine 1971, Page and Whitacre 1975). This advan

tage will not apply if there is no predator or if predators have been 

historically absent from the community. 

If these conditions do not apply, the following four disadvan

tages of social foraging may still outweigh the potential benefits. 

1. Prey capture depends on a solitary hunting strategy. If 

prey are wary so that foraging in company with other individuals alarms 

prey and causes a reduced capture rate, flocking is disadvantageous 

(Goss-Custard 1970). 

2. Prey dispersion causes reduced foraging efficiency among 

competing flock members. If prey are dispersed so that inevitable 

competitive interference between flock members reduces capture rate, 

or if flock members expend excessive energy to search an area large 

enough to contain sufficient prey for all members, flocking is 
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disadvantageous. This disadvantage applies only to flock members 

searching for the same prey. 

3. Species-specific foraging behavior is incompatible with 

that of other species. If a species' foraging method is unlike that of 

other species in the community, and adjustment of its foraging method 

to associate with other species causes a critical loss of foraging 

efficiency, interspecific flocking is disadvantageous. This factor does 

not preclude intraspecific flocking. 

*». Territorial behavior is advantageous. If holding a 

territory guarantees access to mates or resources, abandonment of 

territorial defense for the sake of flock participation may be dis

advantageous. 

The applicability of these conditions to individual species 

should account for the social feeding behavior of all species in an 

avian community. I gathered data to test the particular hypothesis 

that the incompatibility of species-specific foraging methods prevents 

the association of species in interspecific flocks. Since the logistic 

requirement for the association of species is their ability to co-occur 

in space and time, the foraging methods I quantified for each species 

determine its use of space and time. In particular, these are: the 

part of the habitat searched for food, the time spent at one foraging 

station before moving to the next, and the distance moved between 

foraging stations. My prediction is that species which are similar in 

all of these parameters should be more likely to associate in inter

specific flocks than species which are not. Quantitative data required 



to test this hypothesis were gathered during the nonbreeding season so 

as to avoid the confounding effects of breeding behavior on social 

foraging behavior. 

The potential role of foraging logistics in determining a 

species' membership in mixed flocks was first suggested by Willis 

(1972), who gave examples of species which appeared to be limited by 

their rate of movement or their habitat preference from participating 

in flocks. Buskirk (1976) developed a general model for the prediction 

of social behavior in an avian community which includes foraging 

logistics as a factor determining interspecific association. Like 

Willis, Buskirk also considers habitat preference and rate of movement 

to determine a species' foraging logistics, but neither author presents 

any quantitative analysis of foraging logistics or its effect on 

interspecific association. Although avian foraging logistics have been 

quantified by other investigators (e.g., Cody 197^, Smith 197*0, their 

purpose was not to determine potential flocking associates and their 

data are not appropriate for this purpose. The present study, then, 

represents the first attempt to quantify and compare the similarity of 

foraging logistics between species in an avian community and its 

effect on interspecific association. 

In the course of this study, I also gathered both quantitative 

and qualitative information pertinent to two other questions bearing 

on the social behavior of birds: what selective pressures determine 

solitary behavior, and what selective pressures determine intraspecific 

group size? These questions will be treated in the Results and 



Discussion prior to examining the relationship between forag 

logistics and interspecific association. 



METHODS 

The Field Site, Time of Study, and Avifauna 

The bird community I studied is found in oak-juniper grassland 

at an elevation of ca. ̂ 300-4700 ft (1300-1420 m) on the east slope of 

the Santa Rita mountains, about 30 miles southeast of Tucson, Arizona. 

I picked a study area of approximately 2.5 square km in the upper 

drainage of Barrel Canyon Wash, in a region known as Rosemont (Fig. 1). 

The general climate of the area is characterized by two rainy seasons, 

as is typical of southern Arizona. Annual precipitation amounts to 

16-18 inches, with slightly more than half falling from July through 

September, and most of the remainder from December through March. 

Median high temperatures for the months included in this study range 

from 86° F in September to 58° F in January, and median lows range from 

57° F in September to 30° F in January (Sellers 1977). The considerable 

dissection of the area by washes and low ridges causes a broken, wash

board topography, with oaks (Quercus emoryi, Q. arizonica) and junipers 

(Juniperus monosperma) along the wash bottoms and on north-facing 

slopes. Grasses (Andropogon, Aristida, Bouteloua spp.) occur throughout, 

and dominate on open south-facing slopes (Figs. 2, 3, 4). The area is 

lightly grazed (about 10 head per square mile), and cattle tanks are 

the principal source of free water. A more detailed description of 

both the abiotic and biotic elements of the region by investigators at 
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Tucson 

Rosemont 

Sonoita 

ogales 

Figure 1. Locality map of Rosemont study area.—Area of Arizona covered 
by locality map shown in inset. 



Riparian vegetation along Barrel Canyon wash.--View looks upstream to the south; trees 

are Emory oak (Quereus emoryi) and velvet mesquite (Prosopis juliflora). Height of 

tallest oaks about 10 m. 
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Figure 3. Open grassland and junipers (Juniperus monosperma) on ridges.-

View is to west, with Santa Rita mountains in background. 

Height of junipers about 3 m. 
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/a 4 

Figure if. Aerial view of central section of study area.--Note the open 
canopy, which facilitated observations. Numbered arrows show 

location of Figures 2 and 3. Scale 1:3500; north is towards 
top of figure. 
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the University of Arizona may be found in "An Environmental Inventory 

of the Rosemont Area in Southern Arizona" (Davis and Callahan 1977). 

I completed the field work for this study during the winter 

months of 1975-76 and 1976-77. Each winter field season was eight 

months long, from September through April. Field work occupied a total 

of 127 days during this period. 

I censused bird species by the line transect method of Emlen 

(1971), using four transect routes ranging from 2 to 3 km in length. 

Altogether, a total of 261.5 km of transect were censused during the 

16 months of the study. The results of these censuses are presented in 

Appendix I. Bird names used in Appendix I and throughout the remainder 

of the text are currently recognized AOU English names; Latin nomen

clature is also given in Appendix I. 

Of the 89 species listed in Appendix I, only 42 were present on 

the study area with sufficient regularity or in sufficient abundance to 

be considered characteristic of the winter bird community (Table 1, 

page 22); these include permanent residents, winter residents, and 

common migrants. The k7 additional species eliminated from considera

tion include summer residents (6 spp.), nocturnal species outside the 

scope of this study (3 spp.), uncommon migrants (16 spp.), and stray 

transients on the fringes of their range (22 spp.). Finally, while all 

k2 characteristic species are treated to some degree by this study, my 

data is sufficient to analyze the foraging logistics of only 22 species. 
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Quantification of Social Behavior 

Data Gathering and Analysis 

Data concerning the social behavior of the bird community was 

gathered either during transect walks or while observing selected birds 

at length. I walked the transects at a steady pace, recording for each 

foraging bird whether it was alone or in a flock, and the size and 

species composition of each flock. When not walking transects, I 

followed birds for extended periods to record their foraging logistics 

(page 15). During these periods I also recorded the size and com

position of each flock, using a change in the number of species 

participating to define a new flock when flocks were under continuous 

observation. In all cases, the operational definition of flock 

participation by any bird depended on the criterion of a positive 

response to at least one other bird, following Morse (1970). 

These observations were used to yield the following data for 

each species: 1. Percent of individuals foraging alone, with con-

specifics only, or with other species, based on transect observations 

(Table 1, page 22). In cases where there were few transect observa

tions, as for example the less common migrants, I included off-transect 

observations to increase the sample size. 2. Mean intraspecific group 

size, based on combined transect and off-transect observations (Table k, 

page 3^). Three values are calculated: one for individuals foraging 

alone or in the company only with conspecifics, one for individuals 

foraging only with other species, and one for all observations combined. 

3. The number of times a species associated with each of the other 
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species in the community, based on all observations of mixed flocks 

(Append ix II). 

Index of Interspecific Association 

To quantify the dependence of foraging association between 

species on the similarity of their foraging logistics, it is necessary 

to define an index measuring the strength of association between 

species. Of the many possible ways to calculate an index of inter

specific association, the one I use meets the following criteria: 

1. Two species are considered to associate whenever they occur 

in the same flock, and all associations have equal weight, regardless 

of the number of individuals involved. The association of species is 

significant because it represents an association of foraging methods, 

which is independent of the number of individuals involved. The 

number of individuals of each species associating in a flock may be a 

function of their local abundance, rather than the similarity of their 

foraging methods. 

2. The strength of association between two species is propor

tional to the amount of time they forage in each other's company. The 

index of association must therefore be based on the proportion of total 

foraging time two species spend together, not just the proportion of 

mixed flocks in which they are both present. 

3. The index increases linearly from zero for two species which 

never associate, to one for two species which associate constantly. 

k. The index is symmetrical, so that a single value expresses 

the strength of association between two species. This and the previous 



criterion are used to simplify linear correlation tests with the index 

of logistic similarity (page 19), which has the same properties. 

Gi'ven these criteria, I constructed an index of interspecific 

association (1^) for two species as follows: 

I = S S 
A AT 

The index is the product of two independent variables: S^, the percent 

of all mixed flocks including either species which include both species, 

and Sy, the mean percent of transect observations in mixed flocks for 

the two species. For two species a and b, is defined as: 

SA = 2Fab/(Fa + Fb}' Where 

Fg = total number of mixed flocks with species a 

= total number of mixed flocks with species b 

F ^ = total number of mixed flocks with both species a and b 

S^ is therefore the percent of flock observations of two species which 

includes both species, and because each mixed flock observation 

represents a sample of time spent in mixed flocks, is also a measure 

of the percent of time spent by two species in mixed flocks during 

which they associate. The second component, S^., is defined as: 

Sj = £(T + Tb), where 

T = percent transect observations in mixed flocks for species a 

T^ = percent transect observations in mixed flocks for species b 

Because each individual of a species observed during transect walks is 

a sample of foraging time for that species, Sy is a measure of the mean 

percent of time spent in mixed flocks by both species. 
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An example using data from the Common Flicker and Gila 

Woodpecker will illustrate the calculation of 1^. From Appendix II, 

Common Flicker occurred in 69 mixed flocks and Gila Woodpecker in 15, 

of which 9 included both species. is therefore 2 x 9/(69 + 15), or 

.1915. From Table 1 (page 22), 7%% of the Common Flickers and 19% of 

the Gila Woodpeckers observed on transect were in mixed flocks. is 

therefore £(.78 + -19), or .4850. 1^ for Common Flicker and Gila 

Woodpecker is thus (.1915)(.4850) = .1039 (Appendix V). 

Quantification of Foraging Logistics 

Data Gathering and Analysis 

The three parameters I chose to determine the foraging logistics 

of a species are foraging substrate, time spent at a foraging station, 

and distance travelled between foraging stations. In each case, a 

scale of measurement is required which is neither too fine nor too 

coarse to obscure logistic similarities and differences between the 

diverse members of the community. For substrate, the principal division 

is between arboreal and terrestrial foraging; no strictly aerial 

foragers were present. In the case of arboreal foraging, I distin

guished only the three most common trees (Quercus emoryi, Q. arizonica, 

Juniperus monosperma, representing 90% of tree cover) and used the 

category "other" for all other arboreal substrates. Among the three 

tree types, I further recognized three size categories: small (less 

than 2 m height for oaks or less than 3 m combined height and diameter 

for juniper), medium (to 6 m height for oaks or 3-10 m combined height 
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and diameter for juniper), and large (more than 6 m height for oaks or 

more than 10 m combined height and diameter for juniper). I categorized 

terrestrial foraging according to how far from cover the birds foraged, 

following evidence that distance from cover is an important component 

of habitat use by grassland birds (Pulliam and Mills 1977). Distance 

from cover was recorded to the nearest meter, and compiled in 10 

discrete categories (0 to 8 m in 1 m intervals , and 9 m or more. I 

recorded foraging substrate only when birds were clearly foraging, 

except that birds flushed from the ground were assumed to be foraging 

at the flush site when their activity was obscured from me by ground 

cover. For each species' substrate data, I computed percent of total 

observations in the arboreal and terrestrial divisions; for each 

division I computed percent of observations in each of the 10 categories 

(Appendix III). 

I considered arboreally feeding birds to change foraging 

stations whenever they flew from tree to tree, so long as the tree 

crowns were not continuous. Terrestrial birds changed foraging stations 

by moving to a different area to forage without continuing to forage 

while moving. When following intraspecific flocks in which individual 

birds were not consistently distinguishable, I used the approximate 

center of the flock to mark progress between foraging stations. I 

recorded the time spent at each foraging station in seconds, up to a 

maximum of 45  min, and compiled the data for each species in 10  

intervals (1 -50 ,  51-100 ,  101-150 ,  151-200 ,  201-250 ,  251-300 ,  301-600 ,  

6 0 1 - 9 0 0 ,  9 0 1 - 1 8 0 0 ,  1 8 0 1 - 2 7 0 0 ,  a n d  m o r e  t h a n  2 7 0 0  s e e s ;  A p p e n d i x  I I I ) .  



Distance between foraging stations was paced or estimated to the nearest 

m up to 30 m, to the nearest 5 m from 30-60 m, and to the nearest 10 m 

beyond 60 m, and compiled in 10 intervals (1-5, 6-10, 11-15, 16-20, 

21-30, 31-A0, ̂ 1-60, 61-80, 8l-lA0, lAl-200, and more than 200 m; 

Appendix 111). Smaller compilation intervals for both time and distance 

data at the low end of the scale improve discrimination between species 

because the bulk of observations for the community are grouped there. 

A considerable amount of foraging substrate data and a little 

of the distance data could be taken during transect walks, but most of 

the foraging logistics data was gathered by stalking and pursuing 

foraging birds, and I experienced many delays and difficulties when 

taking data in this way. Such birds as Common Flickers or American 

Robins, which fly considerable distances between foraging stations, 

often left me behind and unable even to estimate distance flown between 

foraging stations. Ground feeding birds frequently spent a long time 

at a single foraging station, then flew long distances, making it 

difficult to time a complete stay at a foraging station. Rufous-

crowned Sparrows were so secretive and well-hidden while feeding that 

I could not obtain an adequate sample size for the species, even though 

it is a common permanent resident. In order to increase sample sizes 

and to include the maximum number of species, I compiled foraging 

logistics data for each species from all observations, regardless of 

whether the bird was foraging alone or in flocks with its own or other 

species. Previous work shows variations in foraging behavior depending 

on whether the bird is associating with varying numbers of its own 



species (Silliman, Mills, and Alden 1977), or with other species 

(Pearson .1971, Chipley 1976, Moriarty 1977), but I treat these 

variations as part of the bird's entire range of logistic behavior. 

Similarity of Species 

After the foraging data for each species was tabulated as 

percent of observations in each interval for substrate, time, and 

distance parameters respectively, the next step was to calculate values 

measuring the degree of similarity of each species pair in each of the 

three logistic parameters (Appendix IV). The general expression I used 

to calculate similarity is: 

C - 1 " i!j lpa! " pbil' 

= E min(p . - p. .), where 
j rai Kbi ' 

p . = percent use of interval i by spp. a, and 
3 f 

p^. = percent use of interval i by spp. b 

(Hurlbert 1978); C is simply the sum of the lesser of the two percent 

use values over all intervals, giving the area of intersection of the 

two species' utilization curves. Although this expression is taken 

from the literature concerned with overlap in competitive resource use 

(e.g., Schoener 1968), its function here is only to express a degree 

of logistic similarity, eliminating certain interpretive problems 

(Hurlbert 1978). 

Time and distance similarity values (Cy and Cp, respectively) 

were calculated directly from the above expression, but substrate 

similarity (Cg) required a modified calculation, since substrate use 
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is composed of two mutually exclusive divisions, arboreal and 

terrestrial substrate. Species which forage both arboreally and 

terrestrially must be compared in the amount of their foraging in these 

two divisions, as well as in their use of intervals within the divisions. 

That is, two species with identical percent utilization for foraging 

intervals within the arboreal and terrestrial divisions are not 

completely similar unless they also forage with equal frequency in both 

substrate divisions. To measure similarity within the arboreal and 

terrestrial divisions, I used the measure C already given, but these 

values were weighted respectively by the lowest of the two species' 

foraging frequencies in the two divisions, as follows: 

C S  =  m i n < f t a ' f t b ) ( C t )  +  m f n ( f a a ' f a b ) ( C a ) '  w h e r e  

min(fta>ftb^ = l°west frequency of terrestrial foraging between 
spp. a and b, 

min(f ,f , ) = lowest frequency of arboreal foraging between 
33 3D J .  

spp. a and b, 

= similarity of spp. a and b in terrestrial substrate use, and 

C = similarity of spp. a and b in arboreal substrate use 
3 

This measure gives a value of 1 for substrate similarity only when both 

species are identical in both aspects of their substrate use. 

The Index of Logistic Similarity 

The final step in the process of quantifying foraging logistics 

was to reduce the similarity measures calculated for each of the three 

logistic parameters to one index of logistic similarity for each species 

pair. The method I use here is to take the product of the three 
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similarity measures to give the index of logistic similarity (l^) as 

fo11ows: 

lL = (Cs)(CT)(CD), where 

Cg, C.p Cp = similarity values for substrate, time, and distance 
previously defined 

1^ (Appendix V) is the equivalent of "product a" as a measure of overlap 

from competition theory (Cody 197*0. This measurement of similarity is 

more accurate than the arithmetic mean ("summation a") when the para

meters being combined are independent or not strongly interdependent 

(May 1975), which I believe to be true of the logistic parameters used 

here. Dependence or independence of the parameters cannot be demon

strated by testing for correlation of the overlap values between species 

as Jones (1977) and Hespenheid (1975) have attempted to do. Rather, the 

independence of parameters May (1975) refers to is their independence as 

demonstrated within each species individually, so that I would need to 

show that time, distance, and substrate are independent of each other 

for each species. Since my data are not adequate for this, I assume 

that independence is more likely than dependence among the parameters 

I measured. 



RESULTS AND DISCUSSION 

Characteristics of Solitary Foragers 

Prey Characteristics and Solitary Behavior of Extensive Foragers 

Of the k2 species characteristic of the Rosemont winter bird 

community, seven species never foraged in either intraspecific or inter

specific flocks: Sharp-shinned Hawk, Cooper's Hawk, Red-tailed Hawk, 

American Kestrel, Ash-throated Flycatcher, Western Flycatcher, and 

Loggerhead Shrike (Table 1). A11 of these species are "extensive" 

foragers (see Willis 1972, p. 1A2) in that they locate and attack their 

prey from a distance; the hawks and kestrel may choose to scan for prey 

from perches or while flying, the flycatchers and shrike use perches 

as lookout posts. 

The prey of these species, which ranges from large insects to 

vertebrates, shares certain characteristics which make flocking an 

inefficient means of exploitation. First, their prey is usually 

sparsely distributed and evasive, so as to be available only occasion

ally and temporarily within the predator's range of capture, and it is 

too small to share. Under these circumstances, and given the relatively 

large capture range of extensive foragers, there is a high potential 

for interference competition between competitors foraging close 

together. Flocking with conspecifics or other close competitors is 

therefore likely to be disadvantageous for these species. Second, their 

prey is irregularly or unpredictably distributed, requiring these 

21 
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Table 1. Social dispersion of 42 typical species of the Rosemont winter 
bi rd communi ty. 

% Foraging Individuals 

Species Soli tary 
1ntra-

specific1 
1 nter-

specific2 N3 

Sharp-shinned Hawk 100 0 0 12 
Cooper's Hawk 100 0 0 13 
Red-tailed Hawk 100 0 0 23 
American Kestrel 100 0 0 14 
Montezuma Quail 0 100 0 92 
Mourning Dove 19 78 3 83 
Common Flicker 22 0 78 37 
Gila Woodpecker 71 0 19 17 
Yellow-bellied Sapsucker 98 0 2 49 
Ladder-backed Woodpecker 70 10 20 20 

Ash-throated Flycatcher 100 0 0 12 
Gray Flycatcher 78 0 22 9 
Western Flycatcher 100 0 0 17 
Scrub Jay 43 48 9 21* 

Mexican Jay 3 43 54 191 
White-necked Raven 25 75 0 16 

Bridled Ti tmouse 4 38 58 24 
Busht i t 1 54 45 251 
White-breasted Nuthatch 31 0 69 16 

Bewick's Wren 4o 11 49 35 
American Robin 2 47 51 119 
Western Bluebird 0 24 76 55 
Mountain Bluebird 0 41 59 382* 
Townsend's Solitaire 88 6 6 52 
Ruby-crowned Kinglet 76 3 21 122 

Pha i nopepla 62 33 5 21 

Loggerhead Shrike 100 0 0 7 
Soli tary Vi reo 18 18 64 11* 
Yellow-rumped Warbler 60 0 40 10* 

Black-throated Gray Warbler 33 17 50 12 

Townsend's Warbler 10 0 90 10* 

MacGi11ivray's Warbler 50 0 50 8* 

Wi1 son's Warbler 64 0 36 14* 

Western Tanager 90 0 10 10* 

House Finch 0 0 100 89 

Rufous-sided Towhee 4o 13 47 15* 

Brown Towhee 8 66 26 130 

Lark Sparrow 3 67 30 33* 
Rufous-crowned Sparrow 25 49 26 72 
Dark-eyed Junco 1 15 85 605 

Gray-headed Junco 1 22 77 257 
Chipping Sparrow 1 24 76 4816 

1ln company with conspecifics only. 2ln company with other species. 
3Transect observations only, except * = all observations. 
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species to adopt searching methods uniquely suited to the availability 

of their prey. Prey which appears at unpredictable intervals, such as 

the flying insects taken by flycatchers, is exploited by waiting at a 

vantage point for prey to appear and moving to a new vantage point only 

when capture rate falls too low. Flycatchers do not move continuously 

through the vegetation in search of prey as do many insectivores; 

continuous movement does not increase the probability that a flycatcher 

will encounter prey and is energetically more costly than waiting. 

Hawks can enlarge their search area at low cost by soaring, but their 

rate of search is still dictated by the distribution and irregular 

availability of their prey, which is similar only to that of other 

hawks. Apparently, then, the solitary behavior of extensive foragers 

may be attributed to their use of searching strategies which are 

incompatible with all but their closest competitors, with which they 

do not forage due to the high potential for interference competition. 

Low Vulnerability to Predators and Solitary Behavior 

Buskirk (1976) proposed low vulnerability to predation as the 

principal characteristic of solitary foragers in the non-breeding 

neotropical community he studied at Monteverde, Costa Rica. Classifying 

species which forage a third or less of the time in flocks as solitary, 

he finds 82% of the solitary foragers to fall into three groups: 

hummingbirds, terrestrial foragers, and "sentinel" foragers, the latter 

term indicating birds which spend a large proportion of time scanning 

for prey from a vantage point (Buskirk, op. cit., p. 295)- These 

groups possess certain traits which may reduce their vulnerability to 



attack from predators, including undesireabi1ity as prey (hummingbirds), 

inaccessibility and crypticity (terrestrial foragers), and vigilance 

(sentinel foragers). If, Buskirk argues, flocking is an adaptation to 

reduce the risk of attack by predators, then birds which are not 

susceptible gain no advantage by foraging in flocks. The seven species 

of exclusively solitary foragers at Rosemont are all sentinel foragers, 

raising the possibility that their solitary behavior may be related to 

their low vulnerability to predators, rather than to the distribution 

and behavior of their prey. On the other hand, many of the solitary 

neotropical species characterized by Buskirk as low in vulnerability to 

predators also take prey similar to that taken by the solitary extensive 

foragers at Rosemont. 

Comparison of the Influence of Prey Characteristics and Vulnerability 
to Predators on Solitary Behavior 

Relationships between prey characteristics, vulnerability to 

predators, and social dispersion in both the Rosemont and Monteverde 

avifaunas are given in Table 2. For the sake of brevity, the term 

"extensive forager" is used here to indicate any species with prey 

characteristics similar to those described for hawks and flycatchers 

(page 21), regardless of whether the prey is located and attacked from 

a distance. That is, any species is considered to be an extensive 

forager if its prey is generally sparse in distribution, irregularly 

available, and too small to share. These are the prey characteristics 

which apparently make both intraspecific and interspecific flocking 

disadvantageous to extensive foragers. Using these characteristics of 
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Table 2. Social dispersion in relation to foraging behavior and 
vulnerability to predators among species of the Rosemont and 

Monteverde avifaunas. 

Rosemont Monteverde 

Sol - Greg Sol - Greg-
i tary arious Total i tary arIOUS Total 

Foraging Extensive 8 0 8 14 1 15 
Behavior 

Other 6 28 34 25 57 82 

Total 14 28 42 39 58 97 

Vulner- Low 10 8 18 32 4 36 
abi1i ty 

High 4 20 24 7 54 61 

Total 14 28 42 39 58 97 



prey as criteria, I find 15 extensive foragers in the Monteverde 

avifauna, including 5 raptors, 7 aerial hawking flycatchers, 1 motmot, 

and 2 traplining hummingbirds. The traplining hummingbirds qualify as 

extensive foragers because their nectar sources are irregularly 

distributed and too small to share, causing the same problems of 

competitive interference with similar species and logistic incompatibil

ity with other species as previously described for other extensive 

foragers. The Gray Flycatcher is added to the list of 7 extensive 

foragers at Rosemont (page 21), bringing the total to 8 species. 

Using Buskirk's criteria for traits affecting vulnerability to 

predators, I find 18 species of low vulnerability at Rosemont, in

cluding 11 sentinel foragers (all hawks and flycatchers, White-necked 

Raven, Townsend's Solitaire, Phainopepla, and Loggerhead Shrike) and 7 

cryptic or inaccessible species (Montezuma Quail, Yellow-bellied 

Sapsucker, Scrub Jay, Bewick's Wren, Rufous-sided Towhee, Brown Towhee, 

and Rufous-crowned Sparrow). Again following Buskirk's criteria, 1A 

Rosemont species are designated as solitary because they forage a third 

or less of the time in flocks (Table 1). 

Table 2 shows that a higher proportion of solitary foragers at 

both Rosemont and Monteverde are of low vulnerability (71% and 82%, 

respectively), than are extensive foragers (57% and 36%, respectively). 

However, 100% of the extensive foragers at Rosemont and all but one of 

the extensive foragers at Monteverde are solitary. The single exception 

to the rule that extensive foragers are solitary is the Tufted 

Flycatcher (Mitrephanes phaeocercus), a species which Buskirk found 



more than a third of the time in pairs, though not in mixed flocks. It 

is perhaps only marginally accurate to call it both a gregarious and 

extensive forager, since Slud (1964) states that "it is generally found 

singly, sometimes in twos" and notes that it sallies for short 

distances, a trait which reduces the potential for interference 

competition. On the other hand, only 5(>% of the low vulnerability 

species are solitary at Rosemont, and 89% at Monteverde. Thus, although 

solitary foragers at both Rosemont and Monteverde are more likely to be 

species with traits suggesting low vulnerability to predators than 

extensive foragers, extensive foragers at both sites are almost 

exclusively solitary, while species of low vulnerability are more 

likely to be gregarious. These trends indicate that the prey character

istics of extensive foragers may be a direct, though not exclusive, 

cause of solitary behavior. 

Evidence that Solitary Behavior is Not Related to Low Vulnerability to 

Predators 

There are two lines of evidence from the natural history of 

birds which indicate that low vulnerability to predation is not a 

likely cause of solitary behavior. First, it is likely that few species 

of birds are truly unthreatened by predators. For example, Buskirk 

(1976) emphasizes traits of hummingbirds such as rapid flight, feeding 

on the wing, constant vigilance when perched, and low food value due to 

small size as indicative of their undesireabi1ity and low vulnerability 

to predators, yet Stiles (1978) has documented systematic predation on 

hummingbirds by Tiny Hawks (Accipiter superci1iosus) in Costa Rica. 



Although Tiny Hawks are not present at Buskirk's Monteverde study site, 

the significant point is that hummingbirds in the area studied by 

Stiles maintained their typical solitary territorial habits despite 

predation by Tiny Hawks. In North America, Sharp-shinned and Cooper's 

Hawks are known to take vigilant sentinel foragers such as flycatchers 

and Screech Owls as well as such cryptic terrestrial foragers as quail, 

wrens, towhees, and sparrows (Bent 1937). 

Second, changes in a species' social foraging behavior are 

typically related to changes in the abundance and distribution of its 

resources, rather than changes in traits affecting its vulnerability 

to predators. For example, the Great Tit (Parus major) holds winter 

territories when food is abundant and associates in flocks when food is 

scarce (Hinde 1952), and Pied Wagtails (Motaci1 la alba) vary locally 

from solitary behavior where food is predictable to flocks where food 

is temporarily abundant (Davies 1976). I have noted normally solitary 

Western Kingbirds (Tyrannus vertical is) congregating to feed on locally 

abundant insects, and generally solitary tropical flycatchers may join 

mixed flocks to take advantage of insects regularly flushed by flock 

members (Rand 195*0. Finally, temporary disassociation from mixed 

flocks by various species has been related to increased food abundance 

or decreased environmental stress (Morse 1967; Balda, Bateman, and 

Foster 1972; Kilham 1975). In none of these cases do the birds change 

the behavioral and physical traits that Buskirk suggests influence 

vulnerability to predators. 



29 

These two lines of evidence indicate that most birds are 

potential benefactors of the protection from predators afforded by 

flocks, but this advantage is realized only when the abundance and 

distribution of their resources allows or requires them to abandon 

solitary behavior. In this view, solitary behavior is determined by the 

characteristics of a species' prey, rather than by traits influencing 

its vulnerability to predators. 

Alternate Interpretations of the Correlation between Low Vulnerability 

and Solitary Behavior 

If it is true that low vulnerability to predators does not cause 

solitary behavior, why is solitary behavior strongly associated with 

certain traits suggestive of low vulnerability to predation (Table 2)? 

At least part of the answer is that birds with traits suggesting low 

vulnerability to predators also have prey with characteristics that make 

social exploitation inefficient. For example, many flycatchers are 

vigilant ("sentinel") foragers, but their prey behavior and distribution 

require a large individual search area ("extensive foraging") which 

creates a high potential for interference competition during social 

foraging (page 21). Table 3 indicates the strong correlation between 

sentinel and extensive foraging among solitary species at both Rosemont 

and Monteverde. The remaining solitary species with traits suggestive 

of low vulnerabi1ity fall into three categories: territorial nectari-

vores, terrestrial foragers, and sentinel omnivores (Table 3). 

The territorial nectarivores (hummingbirds) at Monteverde are 

probably solitary because they are constrained from association with 
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Table 3. Correlation between solitary and extensive foraging among 
species of high and low vulnerability, Rosemont and Monteverde 
avifaunas. 

Vulner-
ability Foraging Habit 

Rosemont 

Soli tary 
and 

Extensive 
Total 

Soli tary 

Monteverde 

Soli tary 
and 

Extensive 
Total 

Soli tary 

High Arboreal 
i nsectivores 

Arboreal 
omnivores 

Arboreal 
frugivores 

Total 

Low Trap lining 
nectarivores 

Territorial 
nectari vores 

Active 
terrestrial 

Sentinel 
predators 

Sentinel 
insectivores 

Sentinel 
omnivores 

Total 

0 

0 

0 

0 

0 

0 

5 

3 

0 

3 

1 

0 

0 

0 

0 

5 

3 

2 

0 

0 

0 

2 

0 

0 

5 

6 

1 

3 

2 

2 

2 

1 1  

5 

6 

k 

1 0  14 32 

Grand Totals 39 



species other than nectarivores by the uniquely distributed and clumped 

nature of their resources, and they are territorial towards other 

nectarivores because their resources are particularly vulnerable to 

competitive depletion and easily defendable. Thus the advantages of 

territorial defense may preclude intraspecific flocking even though it 

is logistically feasible. Likewise, territorial defense of a reliable 

fruit supply may explain the solitary behavior of the fruit-eating 

sentinel omnivores at both Rosemont (Townsend's Solitaire, Phainopepla) 

and Monteverde (2 trogons, 1 Attila). Similar arguments for the 

importance of resources and foraging strategies as a cause of solitary 

foraging among hummingbirds and sentinel foragers are given by Buskirk 

(1976). 

The predominance of solitary foraging among terrestrial forest 

birds, also noted by Crook (1965), is cited by Buskirk (1976, p. 303) 

as a case in which resource distribution is not a likely cause of 

solitary behavior. Buskirk cites the typically gregarious behavior of 

terrestrial open-country birds as evidence that solitary behavior is 

not simply a consequence of terrestrial foraging habits, but is linked 

with the protection from predators provided by forest cover. Yet it is 

likely that resources used by sylvan ground foragers are less abundant 

than those used by open-country ground foragers because productivity is 

lower on the forest floor than on open ground. A low abundance of 

resources may inhibit gregarious behavior by increasing the potential 

for interference competition as discussed above for extensive foragers, 

or by requiring birds in intraspecific flocks to search too large an 



area in order to satisfy the demands of the flock, as discussed in the 

Introduction. Furthermore, the variety of ways terrestrial foragers 

can use to exploit resources is limited in comparison to arboreal 

foreagers because the dispersion of terrestrial resources is limited to 

two dimensions in contrast to the complex three-dimensional structure of 

trees. This is illustrated by the low proportion of species which are 

terrestrial (13% of the Monteverde avifauna), as well as the general 

observation that bird species diversity is higher in forests than open 

country. Species exploiting the forest floor therefore have a smaller 

variety of potential interspecific associates and fewer ways to 

associate without interference competition. Open-country ground 

foragers must face the same limitations, but the disadvantages of 

interference competition may be reduced there by higher resource density 

than on the forest floor. The low resource abundance and structural 

simplicity of the forest floor may therefore render both intraspecific 

and interspecific flocking unprofitable. 

Variations in Intraspecific Group Size 

The birds of the Rosemont winter community exhibit considerable 

variation in intraspecific group size, defined as the number of 

individuals of a species which associate while foraging. Variations in 

intraspecific gorup size occur within a species as well as among 

different species, and both of these kinds of variation are examined 

in this section of Results and Discussion. In particular, variations 

in intraspecific group size are found to correlate with the interrelated 



factors of diet, resource distribution, and foraging strategy, and with 

the period of residency on the study site. 

Correlation with Diet 

The species of the Rosemont community may be divided into two 

groups according to the number of conspecifics with which they associate 

those which generally remain solitary or associate with just one other 

individual, and those which tend to associate with one or more individ

uals. Table k defines these two groups on the basis of the mean intra-

specific group size calculated from all observations of foraging birds, 

regardless of association with individuals of other species. Thus, a 

single bird was counted as such whether alone or in the company of 

individuals of other species. Further classification of the birds by 

the general type of resources taken (Table A) reveals that solitary 

species are predominantly users of animal food (21 of 27 spp.), while 

gregarious species generally use vegetable food (11 of 15 spp.). This 

relationship is significant by analysis with a 2 x 2 contingency table 

(X = 10.46, p<.00l). Solitary species taking animal food include the 

extensive foragers discussed in the previous section and most 

insectivores, while gregarious species taking vegetable food include 

most of the granivores and the predominantly frugivorous omnivores. 

Correlation with Food Dispersion and Foraging Strategy 

Previous surveys of the relationship between feeding habits and 

intraspecific social dispersion have linked gregarious behavior with 

clumped, locally abundant food (Crook 1965, Buskirk 1976, Wiens 1976). 
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Table k. Mean intraspecific group size and resource characteristics, 
Rosemont avifauna. 

X Intraspecific Group Size1 Resource 

Intra Inter 0 _ 
Characteristics 

Species specif Ic2 specific3 Combined s /X1* N Dispers ion5 Diet1 

1. IntraspecifIcally solitary species 

Permanent residents 
Red-tailed Hawk 1.00 - 1.00 0 12 D A 
Gila Woodpecker 1.00 1.31** 1.12 .10 33 D M(A) 
Ladder-backed Woodpecker 1.08 1.20 1.12 .10 . 41 D A 
Scrub Jay 1.32 2.00** 1.38 .22 19 C M 
Bewick's Wren 1.24 1.25 1.24 .15 82 D A 
Rufous-crowned Sparrow 1.54 1.95 1.65 .68 78 C V 

Winter residents 
Sharp-shinned Hawk 1.00 - 1.00 0 12 0 A 
Cooper's Hawk 1.00 - 1.00 0 13 D A 
American Kestrel 1.00 - 1.00 0 14 D A 
Common Flicker 1.00 1.72** 1.59 .43 69 D M (A) 
Yellow-bellied Sapsucker 1.00 1.18** 1.03 .16 75 D V 
White-breasted Nuthatch 1 .00 1.00 1.00 0 16 D A 
Townsend's Solitaire 1.03 1.00 1.03 .05 72 D V 
Ruby-crowned Kinglet 1.03 1.25** 1.10 .17 186 D A 
Phainopepla 1.25 1.00 1.23 .23 22 D V 
Loggerhead Shrike 1 .00 - !. 00 0 11 D A 
Yellow-rumped Warbler 1.00 1.00 1 .00 0 10 D A 
Rufous-sided Towhee 1.14 1.17 1.15 .12 13 C V 

Transient migrants 
Ash-throated Flycatcher 1.00 - 1.00 - 12 D A 
Gray Flycatcher 1.00 2.00** 1.13 . 11 8 D A 
Western Flycatcher 1.00 - 1.00 0 17 D A 
Soli tary Vi reo 1.33 1.40 1.37 .20 8 0 A 
Black-throated Gray Warbler 1.35 1.09 1.25 .22 28 0 A 
Townsend's Warbler 1.00 1.13 1.12 .10 9 D A 
MacGl11ivray's Warbler 1.00 1.67 1.29 .45 7 D A 
Wilson's Warbler 1.13 1.00 1.08 .07 13 D A 
Western Tanager 1.00 1.00 1.00 0 10 D A 

II. Intraspecifically gregarious species 

Permanent residents 
Montezuma Quail 7.67 - 7.67 1.57 12 C V 
Mourning Dove 2.05 2.50 2.08 1.94 69 C V 
Mexican Jay 3.7 4 5.91** 4.86 1.21 87 C M 
White-necked Raven 2.00 - 2.00 1.10 22 C M 
Bridled Ti tmouse 2.81 2.27 2.49 .70 63 D A 
Bushti t 9.47 11.00 10.24 5.22 77 0 A 
Brown Towhee 2.00 2.18 2.06 .56 117 C V 

Winter residents 
American Robin 7.00 20.14 12.75 16.22 16 C M(V) 
Western Bluebird 4.67 7.24 6.25 3.60 32 C M(V) 
Mountain Bluebird 54.00 60.57 56.29 102.86 10 c  M(V) 
House Finch - 18.25 18.25 26.93 12 c  V 
Lark Sparrow 5.75 1.67 3.30 5.52 10 c  V 
Dark-eyed Junco 5.43 10.09* 8.84 8.19 104 c  V 
Gray-headed Junco 6.06 10.89 9.62 36.89 61 c  V 
Chipping Sparrow 20.11 52.81** 37-89 89.44 217 c  V 

'Based on number of observations (n) of groups and single individuals. 
individuals foraging alone or in company with conspecifics. 
3Individuals or groups foraging in company with other species; values significantly different 
from intraspecific value indicated by *(p<.05) or **(p<.0l). 

"•From combined data. 
5Oclumped, D»dispersed. 
6A=animal, V-vegetable, M=mixed; dominant component of mixed diets in parentheses. 



It is thought that such resources are not economically defendable 

(Brown 1964, Buskirk 1976) or that gregarious foraging improves 

efficiency in locating patches of food (Crook 1965). An example is 

the gregarious behavior of tropical frugivores, whose food occurs in 

temporary and superabundant clumps; Buskirk (1976) found gregarious 

behavior without exception among frugivores and predominantly 

frugivorous omnivores in the tropical avifauna he studied. Intra-

specific social behavior in the Rosemont winter avifauna tends to 

support this relationship between clumped, abundant food and gregarious 

behavior. 

Among the five predominantly frugivorous species at Rosemont, 

the bluebirds and robin are gregarious, while Townsend's Solitaire and 

Phainopepla are solitary and territorial (Table 5)- The fruit taken by 

these species consists nearly entirely of mistletoe (Phoradendron) and 

juniper (Juniperus monosperma) berries, both common on the Rosemont 

study area. These fruits are relatively abundant, but they are not 

temporary, since they persist throughout the winter, and they are not 

concentrated in isolated patches. Indeed, the persistence and 

relatively even distribution of these fruits have been proposed as 

characteristics of resource distribution which enable territorial 

defense by Townsend's Solitaires (Lederer 1977, Salomonson and Balda 

1977) and Phainopeplas (Walsberg 1977). This raises the question of 

why bluebirds and robins do not adopt similar territorial behavior. 

The answer may lie in the differences in diet breadth and resource 

distribution found in these species. 



Table 5• Relationship between intraspecific social behavior 
aging substrate for five predominantly frugivorous 
Rosemont. 

and for-
species at 

Species 

1ntraspecific Group Size1 

X s2/X 

Fract ion 
Arboreal 
Foraging2 

American Robin 12.75 16.22 .hi  

Western Bluebird 6.25 3.60 .20 

Mountain Bluebird 56.29 102.86 .75 

Townsend's Solitaire 1.03 0.05 1.00 

Phainopepla 1.23 0.23 1.00 

^ased on all observations; see Table k. 
2From Appendix III. 



Townsend's Solitaire is a specialist on juniper berries 

(Lederer 1977, Salomonson and Balda 1977), and the Phainopepla is a 

specialist on mistletoe berries (Walsberg 1977)- Robins and bluebirds, 

on the other hand, take both kinds of berries at Rosemont, and also 

forage for invertebrate prey on the ground (Table 5). These various 

resources are not coincidental in their distribution; mistletoe is more 

frequent on oaks than junipers, and open ground has no berries at all. 

The resources taken by robins and bluebirds are therefore patchy in 

comparison with those taken by Townsend's Solitaires and Phainopeplas. 

Furthermore, resources are generally abundant within these patches. 

This applies both to juniper and mistletoe berries, and to the 

terrestrial invertebrate prey; robins and bluebirds often take grass

hoppers at Rosemont, a relatively abundant resource. The intraspecific 

social dispersion of frugivores at Rosemont is therefore consistent with 

the hypothesis that gregarious species use patchy and abundant resources, 

whereas solitary species use more evenly distributed resources. 

The gregarious behavior of the winter resident granivores, 

including the House Finch, Lark Sparrow, Dark-eyed and Gray-headed 

Juncos, and Chipping Sparrow, may likewise be correlated with their 

use of resources which are patchy and abundant. Pulliam (1980) finds 

a wide variety of seeds in the diet of Chipping Sparrows wintering in 

the grasslands of southern Arizona. Seeds are a relatively abundant 

resource, so that like the robin and bluebirds, the Chipping Sparrow 

takes a variety of relatively abundant resources. The various grass 

seeds used by Chipping Sparrows are also patchy, patches of grasses 



being caused by local variations in soils, slope exposure, water 

availability, shade, grazing pressure, or other factors. Similar 

conditions of resource distribution probably apply to the other winter 

resident granivores at Rosemont. Other gregarious species with patchy 

and abundant resources include the Mexican Jay, which takes acorns and 

grasshoppers, the White-necked Raven, which takes berries and carrion, 

and the Montezuma Quail, which feeds on tubers and seeds. 

Species taking animal prey at Rosemont are predominantly 

solitary (21 of 23 species; Table b), and also have resource distribu

tions distinctly different from the gregarious granivores and frugivores. 

Eight of the species taking animal prey include the hawks, flycatchers, 

arid shrike, which have sparse, evasive, and unpredictable prey too 

small to share and probably do not forage with conspecifics due to the 

high potential for interference competition (page 21). The remaining 

species are insectivores which search intensively for adult insects, 

eggs, and larvae concealed in the vegetation of trees and shrubs. 

Their method of foraging involves relatively continuous movement from 

foraging station to foraging station, indicating the use of relatively 

evenly distributed resources. The continuous method of searching for 

prey used by insectivores is reflected by their low mean time spent at 

a foraging station (X of Xs for 12 species = 192 sec; Appendix III), as 

opposed to the much longer time spent by granivores (X of Xs for 5 

species = 1012 sec; Appendix III). Species taking vegetable food 

whose resources can be classified as evenly distributed include the 
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two specialist frugivores previously discussed (Townsend's Solitaire 

and Phainopepla) and the Yellow-bellied Sapsucker, which feeds on sap. 

If the social dispersion of Rosemont birds is compared with 

resource dispersion, with resources classified as "dispersed" if they 

are evenly distributed and "clumped" if they are patchy and abundant, 

following the above discussion, 2k of 27 solitary species use dispersed 

2 
resources and 13 of 15 gregarious species use clumped resources (X = 

23.3*1, p<.001; Table k). Intraspecif ic social dispersion therefore 

appears to be more strongly correlated with resource dispersion than 

diet. 

Some of the correlation between social behavior and resource 

dispersion in the Rosemont community can probably be attributed to the 

relationship between resource dispersion and economics of territorial 

defense mentioned at the beginning of this section. That is, gregarious 

species have patchy and abundant resources which are difficult to 

defend, while solitary species use more evenly distributed resources 

which are easier to defend. This explanation may well acount for the 

observed winter territoriality of such users of dispersed resources as 

Townsend's Solitaire, Phainopepla, Yellow-bellied Sapsucker, Ladderback 

and Gila Woodpeckers, Bewick's Wren, and Ruby-crowned Kinglet. But 

migrant insecticores such as the warblers, vireo and tanager, although 

users of dispersed resources, are not on the site long enough to 

establish territories, and may be solitary simply because they occur 

in low numbers (page 56). Again, the gregarious behavior of winter 

resident granivores such as the juncos and Chipping Sparrow or mixed-diet 



frugivores such as the robin and bluebirds may well be due to the 

difficulty of effectively defending the patchy and abundant resources 

they use. However, gregarious permanent residents, such as the 

Montezuma Quail, Mexican Jay, and Brown Towhee, apparently do establish 

territories based on family groups, though they also use patchy and 

abundant resources. Social foraging in family groups is also typical 

of the permanent residents Bridled Titmouse and Bushtit, the only 

species with dispersed resources that are gregarious. Residency status 

therefore appears to have a modifying influence on patterns of social 

dispersion related to resource distribution at Rosemont. 

Correlation with Residency 

Among the gregarious species, there are considerable differ

ences in the amount of variance found in group sizes, as measured by 

the variance to mean ratio (Table k). With one exception (Bushtit), 

all gregarious permanent residents have variance/mean ratios of 1.9^ 

_  " 2  
or less (X of X/s for all gregarious permanent residents = 1.76, 

n=7) , indicating relatively constant numbers of associating individuals. 

In contrast, all gregarious winter residents have variance/mean ratios 

_ 2 
of 3-60 or more (X of X/s for all gregarious winter residents = "ik .SS,  

n=8), indicating greater variation in group sizes. 

This difference in constancy of group size between gregarious 

permanent and winter residents reflects fundamental differences in 

their social and spatial systems. The gregarious permanent residents 

at Rosemont are all species which typically form family groups of 

adults and immatures and remain on or close to territories occupied in 



the previous breeding season (e.g., Miller 1921, Brown 1963, Glase 

1973). The composition and spacing of these groups is therefore 

relatively constant. Bushtits exhibit greater variance in group size 

than other permanent residents due to the breakup of family groups as 

early as January or February (Fig. 5, page ̂ 3) prior to establishing 

breeding territories (Miller 1921). The use of spacing systems based 

on breeding territories may explain why Bushtits and Bridled Titmice 

are the only gregarious insectivores at Rosemont. The gregarious winter 

residents, on the other hand, have no family organization or prior 

territory. Their social groups constantly shift in composition and show 

no particular tendency to maintain any regular spacing system. 

All solitary species at Rosemont, whether permanent residents 

or winter residents, show little variance in group size (Table k). The 

general pattern in the Rosemont avifauna is, therefore, that all 

permanent residents use spacing systems that maintain relatively 

constant group size, whereas among winter residents, only the solitary 

species do so. This suggests that the establishment of spacing systems 

for gregarious species may only be possible for permanent residents, 

because they can establish a home range suitable for a group of constant 

size. Permanent residency, as opposed to resource dispersion, may also 

be an important determinant of solitary versus social behavior. Four 

of the five exceptions to the relationship between food dispersion and 

social behavior (Table b\ page 33) are permanent residents. These 

include the Bushtit and Bridled Titmouse, which are gregarious but use 

dispersed food, and the Scrub Jay and Rufous-crowned Sparrow, which 



are solitary but use clumped food. Thus, although food resources are 

a strong determinant of social behavior in winter residents, the 

advantages of foraging in family groups or maintaining territories on 

a permanent basis may outweigh the influence of food dispersion on the 

social behavior of permanent residents. 

Correlation with Seasonal Temperature Changes 

The previous examination of variation in intraspecific group 

size among gregarious species at Rosemont indicated that more variation 

occurs in group size of winter residents than permanent residents, as 

measured by the variance/mean ratio of group size calculated from all 

observations for each species. Histograms of monthly means of intra-

specific group size for three common gregarious permanent residents 

(Fig. 5), and three common gregarious winter residents (Fig. 6), 

demonstrate a further difference between these two groups. Group size 

in the three winter residents, all granivores, consistently tends to 

peak in the mid to late winter months, but does not in the permanent 

residents. This suggests that intraspecific group size in winter 

residents may vary in response to seasonal temperature changes. 

Indeed, mean flock size of a winter resident granivore (Yellow-eyed 

Junco) was shown to vary inversely with temperature by Caraco (1979b). 

This relationship results from reduced time and energy allocated to 

aggression as lower temperatures increase energy demand (Pulliam et al. 

1974; Caraco 1979a, 1979b). Increased flock sizes among winter resident 

granivores at Rosemont are therefore interesting because they may 

support the generality of the relationships described by Caraco 
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Figure 5. Monthly variation of mean intraspecific group size for three common permanent residents.— 
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(op. cit.). However, the juncos studied by Caraco are from a local 

resident population and maintain relatively stable numbers through the 

winter, whereas the densities of winter resident granivores at Rosemont 

fluctuate considerably from month to month as birds arrive in the fall 

and depart in the spring (Appendix l). Variations in group sizes of 

Rosemont winter residents may therefore be a function of changes in 

local density rather than temperature. 

Since the census methods I used only allow calculation of 

density on a monthly basis, the influence of temperature and density 

on group size of winter resident granivores at Rosemont was tested by 

multiple regression analysis using monthly densities (Appendix l) and 

monthly means of daily mean temperatures recorded on the site as the 

two independent variables, and monthly mean group sizes as the 

independent variable. Since Caraco (1979b) found log of group size to 

give the best correlation with temperature, I also used log of group 

size as the dependent variable in separate analyses. Results of these 

multiple regressions (Table 6) show that the only significant relation

ship is the inverse correlation of flock size and temperature in 

Chipping Sparrows. The addition of density did not significantly 

improve this correlation, nor did the use of log of group size. In the 

other two cases (Dark-eyed Junco and Gray-headed Junco), correlations 

are stronger with density than temperature, though these are not 

significant. For comparison, I performed similar multiple regression 

analyses for the three permanent residents (Table 6). As in the cases 
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Table 6. Multiple linear regression analysis of intraspecific group 
size on temperature (T) and density (D), using monthly means. 

Second row of values for each species is based on log of 
group size. 

r(lst)2 r(2nd)3 

Winter residents 

•5478(T) 
.6140(T) 

.5701(T) 

.6181(T) 

.6360(D) 

•6592(D) 

.4567(1) 

.4066(T) 

•4574(T) 
.4645(T) 

.40l6(T) 

.3888(T) 

*n determined by number of months the species is present at densities 
greater than 2 individuals/square km (Appendix I). 

2r value and variable entered on first step. 
3r value after addition of second variable. 

*p<.05. 

Dark-eyed Junco (n^O)1 

Gray-headed Junco (n=9) 

Chipping Sparrow (n=12) 

Permanent residents 

Mexican Jay (n=12) 

Bridled Titmouse (n=7) 

Bushtit (n=12) 

•5388(D) 
•5658(D) 

•5259(D) 
•4967(D) 

•6337(T)* 
•6543(T)A 

,4461(D) 

•3937(D) 

.4316(D) 
•4571(D) 

.3814(D) 

•3573(D) 
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of the two junco species, correlations are stronger with density than 

temperature, though not as strong, and again not significant. 

These results, though crude because they treat monthly 

variation, do indicate two factors influencing intraspecific group size 

in gregarious species at Rosemont. First, variation in intraspecific 

group size is more strongly influenced by changes in temperature and 

density for winter residents than permanent residents. This lends 

support to the point made previously that permanent residents maintain 

stable spacing systems based on family groups occupying permanent 

territories, while winter residents do not maintain stable spacing 

systems. Second, the significant relationship between monthly mean 

group size and temperature in Chipping Sparrows lends some support to 

the generality of a similar relationship reported in Yellow-eyed Juncos 

by Caraco (1979b). However, variation in monthly mean group size in 

both species of juncos at Rosemont is more strongly related to 

variation in the local density of these species than to temperature. 

Ultimately, variation in local density of these species must be a 

response to changes in conditions throughout their general ranges, such 

as climatic conditions or availability of food. In at least some 

cases, then, local variation in intraspecific group size may be a 

function of general rather than local environmental conditions. 

Increased Intraspecific Group Size in Interspecific Flocks 

One final and unexpected trend in variation in intraspecific 

group size should be mentioned here. Table 1 shows 31 species at 

Rosemont which participated in both intraspecific and interspecific 



groups, together with the mean number of individuals recorded in all 

observations of these groups. Twenty-one of these 31 species show 

larger mean numbers of individuals in interspecific groups. Eight of 

these differences are significant by t-tests. Of the 10 cases where the 

mean number of individuals found in interspecific groups is not greater 

than the mean number in intraspecific groups, three are identical and 

none of the other seven are significant by t-tests. In the case of 

solitary species, these results may be due to relaxed aggressive 

exclusion of conspecifics participating in interspecific flocks. In 

the case of gregarious species, these results may indicate an advantage 

to participation in interspecific flocks, perhaps because interspecific 

flocks include more individuals due to the participation of other 

species. Potential advantages of flocks with larger numbers of 

individuals have been discussed in the Introduction. 

Relationships between Foraging Logistics 
and Interspecific Flocking Behavior 

My data are adequate to construct matrices of similarity in 

foraging logistics (l^) and strength of interspecific association (l^) 

for 22 species of the Rosemont winter bird community (Appendix IV). 

Methods for calculating these parameters have been given previously 

(pages 13 and 19). The purpose of this section of results is to 

present a quantitative analysis of the hypothesis that species form 

interspecific associations as a function of the similarity of their 

foraging logistics. 
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Correlation of 1^ and 1^ for All Species Combined 

Of the 231 possible associations between species determined by 

the matrix of 22 species, 11 could not have occurred because the species 

concerned (migrants and winter residents) were not present on the study 

site at the same time (Appendices I and V). The remainder of this 

analysis therefore considers only 220 possible combinations of species. 

In almost half (108) of the cases, no association between the 

species was ever seen. According to the hypothesis under consideration, 

these failures to associate should be due to highly incompatible 

foraging styles. Examination of the frequency distributions of 

logistic similarity (l^) for species which never associate (Fig. 7) 

and those which do (Fig. 8), however, reveals little difference in the 

distribution of foraging similarity values found in the two groups. 

The difference between the means of 1^ for these two groups is not 

significant (t=.25, d.f.=ll8). On the basis of this evidence alone, 

the general relationship between foraging similarity and interspecific 

association among the 22 species cannot be a strong one. 

It is nonetheless true that there is a tendency for species to 

associate in interspecific flocks more frequently with species that 

forage in a similar way. Linear regression of 1^ on 1^ for all 220 

possible species combinations gives a significantly positive slope 

(b=.21, t=7.42, p<.001, d.f.=2l8) and significant coefficient of 

correlation (r=.36, p<.0l). Clearly, given the lack of any relation

ship between flocking and foraging similarity in the 108 cases of no 

association, there must be a positive correlation of 1^ and 1^ for 
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Figure 7- Frequency distribution of 1^ for species pairs which do not 
associate; n=108.—Abscissa values are upper limits of in
tervals. 
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Figure 8. Frequency distribution of 1^ for associating species pairs; 

n=112.—Abscissa values are upper limits of intervals. 



those species which do associate. This is shown by the linear regres

sion of 1^ on 1^ for the 112 cases where l^>0 (Fig. 9)> which gives a 

positive slope (b=.38, t=3.86, p<.001, d.f.=110) and a higher correla

tion coefficient (r=-55, p<-01). 

Correlation of 1^ and 1^ for Individual Species 

The data analyzed thus far shows no strong or consistent 

relationship between interspecific flocking and foraging similarity 

when all possible species pairs are considered together. When each 

species is considered separately, a wide range of correlation between 

1^ and 1^ is found (Table 7)• Ten of the 22 species show a significant 

positive correlation of 1^ to 1^, with slopes ranging from .10 to .93. 

The remaining 12 species exhibit an assortment of correlation 

coefficients ranging from .14 to .41, and in most cases (8) slopes 

which are not significantly different from zero. Of the four 

significant slopes found in this latter group, two are negative. 

This analysis of correlation and regression of 1^ on 1^ broken 

down by individual species helps to clarify the cause of the weak 

correlation observed when all species are analyzed together. The large 

variance in the relationship between 1^ and 1^ for all possible species 

pairs is partly caused by the mixture of some species for which there 

is a significant positive correlation with others for which there is 

not. Even if the analysis were confined to combining species with 

significant positive correlations, variation in the regression co

efficients of these relationships would still create considerable 

variance. 
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Figure 9. Scattergram and regression line for l.>0 versus I.; n=112.-
Values not shown: (.51 , .59), (.53, .*»9), (.27, .51). 
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Table 7. Linear regression analysis of 1^ on I, by species and species 
groups.—Regression values are given first for each of 22 
species compared with all others (n=2l for each species), 
then for groups of species combined. 

Interspecific 
Total Association 

Species Slope r Associates1 Frequency {%)z 

Group 1: 
Common Flicker .67** . 69** 10 78 
Mexican Jay .77** .77** 14 54 
Bridled Titmouse .  2  ] **  .56** 11 58 
Bushti t .33** . 77** 10 58 
Bewick's Wren .12 .2k  12 49 
American Robin .17 .22  10 51 
Western Bluebird .27*  . k l  11 76 
Mountain Bluebird .78** .63** 7 59 
Dark-eyed Junco .93** . 82** 15 85 
Gray-headed Junco .77** .84** 15 77 
Chipping Sparrow .55** .50* 18 76 

Group II: Transient migrants. 
Black-throated Gray Warbler .10* .40 8 50 
MacGi11ivray's Warbler .06 .32 3 50 
Wi lson's Warbler .10* .45* 5 36 
Western Tanager3 -.003 .28 2 10 

Group III: Species foraging i n interspecific flocks less than I/j 
time. 

Gila Woodpecker -.12 • 36 10 19 
Yellow-bellied Sapsucker -.05 • 33 10 2 
Ladder-backed Woodpecker -.03 .14 13 20 
Scrub Jay -.03** .36 2 9 
Townsend's Solitaire -.17* .41 10 6 
Ruby-crowned Kinglet .06 .22 15 21 
Brown Towhee . 62** 13 26 

All species combined (n=220) .21** . 36** 

All species except Group II 
(n=l53) .37** .50** 

All species except Group III 
(n=82) .2,6** .58** 

Group 1 only (n=55) . 62** . 66** 

of 

1Total species (of these 22) known to associate at least once with this 
species. 

zSee Table 1. 
3Western Tanager is also a member of Group III. 

*p<.05 
**p<.01 



Possible Causes of the Weak Correlation of 1^ and 1^ 

Although the weak correlation between 1^ and 1^ for all species 

taken together can be interpreted as the result of combining the 

distinctly different relationships between 1^ and 1^ found in individual 

species, the failure of many species to show any significant positive 

correlation remains unaccounted for by the hypothesis under considera

tion. At this point, it is worth considering whether this result 

indicates a real lack of correlation between the tendency of birds to 

join interspecific flocks and the similarity of their foraging 

logistics, or whether the lack of correlation is simply a function of 

the analytical methods I have used. Given the foraging parameters I 

measured, I cannot find any evidence that the tendency to form inter

specific flocks is better predicted by analytical methods other than 

the linear regression of 1^ on 1^ just described. In particular, 

logarithmic data transformation does not improve the correlation of 1^ 

and 1^, nor does the use of substrate, time, or distance similarity 

functions individually or in pairwise combinations, nor does the 

combination of these three parameters additively instead of multi-

plicatively. Therefore, I conclude that the lack of strong correlation 

between 1^ and 1^ is real and due to biological reasons, and not 

analytical procedures. Deviations from the expected positive correla

tion between 1^ and 1^ are of two kinds: species which fail to 

associate despite similar foraging logistics and species which do 

associate despite dissimilar foraging logistics. In the remainder of 

this section of Results, I wi11 show that these deviations are to a 



large degree accounted for by the failure of transient migrants to 

associate with winter and permanent residents, and the tendency of 

some species to form short-term or opportunistic associations. 

Weak Associations of Transient Migrants 

Four species of transient migrants (Black-throated Gray Warbler, 

MacGi11ivray1s Warbler, Wilson's Warbler, and Western Tanager) are 

included in the analysis of foraging similarity and flocking behavior. 

These species are present only briefly during the September to April 

winter season studied, having left the study area by early October, and 

returning no earlier than late April. Their presence during this brief 

period is not continuous; they are typically present and then absent 

for periods of several days, presumably reflecting short stays on the 

study area by individuals which then move on to be replaced by others. 

Their distribution on the study area is also spotty; transient migrants 

generally were encountered only in certain areas, often near water or 

in pockets of dense vegetation. This brief, spatially and temporally 

discontinuous presence of migrants on the study area probably accounts 

for their failure to form associations with other species. Of 67 

possible associations with other species, migrants fail to associate 

in 52 (78%) of the cases. When the migrants are removed from the 

analysis, the remaining winter and permanent residents show a higher 

correlation coefficient and slope for the linear regression of 1^ on 1^ 

than for all species considered together (Table 7). 



Opportunistic Flocking 

Opportunistic flocking refers to a temporary association 

between two or more species and may occur for two reasons. Either the 

species involved are sufficiently dissimilar in their foraging 

logistics that their association cannot continue, or the species form 

interspecific associations by coincidental encounters and do not 

actively seek to continue the association. Such associations are not 

likely to conform to the predicted dependence of interspecific associa

tion on foraging logistic similarity because they are too brief to be 

disadvantageous to participants which are logistically dissimilar. 

Nonetheless, if they occur with sufficient regularity, either of the 

two kinds of opportunistic association can amount to a significant 

number of observed interspecific associations. The following analysis 

shows the kind of effects both types of opportunistic association have 

on the relationship between 1^ and 1^. 

Opportunistic association between species with dissimilar 

foraging logistics is exemplified by species which associate despite a 

complete lack of overlap in at least one component of their foraging 

logistics (1^=0). Of 32 cases of association between species with zero 

overlap in their foraging logistics, 31 of these are due to zero overlap 

in substrate use alone; these 31 cases are all associations between 

strictly arboreal and strictly terrestrial foragers. There are 13 

species of strictly arboreal foragers and k species of strictly 

terrestrial foragers (Brown Towhee, Dark-eyed Junco, Gray-headed Junco, 

and Chipping Sparrow) included in the 22 species under consideration. 



There are 10 cases of strictly arboreal foragers associating with 

Chipping Sparrows, 8 with Grey-headed Junco, 7 with Dark-eyed Junco, and 

6 with Brown Towhee. These associations are necessarily limited to 

occasions when the terrestrial foragers are close to trees and must end 

when they move into open grasslands. Field observations suggested to 

me that these associations were the result of arboreal species actively 

seeking to forage close to terrestrial species, rather than vice-versa. 

For example, on 10 March 1976, I followed a Bridled Titmouse as it 

foraged through the trees along a wash bottom at a steady pace 

equivalent to my own walking speed. Upon encountering a mixed flock of 

juncos foraging in the grass at the edge of the wash, the titmouse 

ceased its progress down the wash and began foraging intensively in a 

group of trees closest to the juncos. For the next 15 minutes the 

titmouse remained in association with the juncos, frequently retracing 

or doubling back on its route from tree to tree, so as to stay near the 

relatively stationary juncos. As the juncos began to move to a new 

foraging area farther from the trees, the titmouse left them and again 

began moving down the wash until it encountered a large flock of 

Chipping Sparrows and other birds, whereupon it again slowed down to 

forage in their company. 

The attractiveness of terrestrial foragers to arboreal foragers 

is probably related to the intraspecifically gregarious habits of the 

former. Large intraspecific flocks are more likely to have inter

specific associates than small ones (Table 1), and the number of arboreal 

species observed to associate with a terrestrial species is directly 



related to the average intraspecific group size of the terrestrial 

species (38 for Chipping Sparrow, 10 for Grey-headed Junco, 9 for 

Dark-eyed Junco, and 2 for Brown Towhee; see Table 4). The opportun

istic joining of arboreal foragers with flocks of terrestrial foragers 

contributes to the variance in the relationship between 1^ and 1^ 

because, very simply, there is no overlap in their use of substrate and 

thus no logistic similarity between them. 

The second type of opportunistic association is caused by 

species which form associations by coincidental meetings with other 

species and which do not seek to actively continue the association more 

than temporarily. Such species are likely to spend a relatively small 

porportion of time in interspecific flocks, due to the entirely 

temporary nature of their associations. I chose those species which 

were observed a third or less of the time in interspecific flocks to 

represent this kind of opportunistic behavior; a total of 8 of the 22 

species are included (Table 7). Among these 8 species, most showed 

correlation coefficients of less than .37 and slopes between .06 and 

-.17 for the linear regression of 1^ on 1^ with other species. The 

only exception is the Brown Towhee (b=.25, r=.62), also the species 

with the highest proportion of interspecific foraging observations 

(Table 7)• When all associations with the 8 species of infrequent 

interspecific flockers are removed from the analysis, the remaining 

associations between species which flock interspecifical ly more than a 

third of the time show a much higher correlation coefficient (.58) than 

for all species combined (.36; see Table 7)• These results demonstrate 



the poor relationship between interspecific association and foraging 

logistic similarity for species which flock with others infrequently, 

the cause of which is probably the temporary nature of their associa

tions. 

Opportunistic flocking is probably a widespread phenomenon, 

although it is difficult to document from the literature on mixed bird 

flocks. Various authors have noted the temporary or accidental nature 

of association of some species with mixed flocks (e.g., Winterbottom 

19^9, Short 1961, Moynihan 1962). Balda et al. (1972) describe the 

temporary association of Stellar's Jays (Cyanocitta stelleri) and juncos 

(Junco spp.) with Pifion Jays (Gymnorhinus cyanocephalus). Perhaps the 

most striking case is that described by Lack and Lack (1972) for 

Jamaican birds. The Lacks found no continuing associations between 

species on Jamaica, but rather what they termed "collections" of species 

which appeared to drift together and then drift apart again. This 

appears to be the extreme case of the influence of opportunistic 

association in a bird community. 

Given the widespread occurrence of opportunistic association 

between species in bird communities, and the distinct absence of in

fluence of foraging logistic similarity in the determination of these 

associations as documented by the results presented here, the next 

major question should be to determine why some species tend to form 

interspecific associations only on an opportunistic basis. A related 

question is the determination of factors increasing the probability of 

opportunistic association. 



CONCLUDING DISCUSSION 

A wide range of variation is found in the social foraging 

behavior of the species of the Rosemont winter bird community, ranging 

from entirely solitary foraging to combined intraspecific and inter

specific gragariousness. Similar social variability exists in most, if 

not all, bird communities. The causes of this variation are investi

gated here by attempting to answer three questions. First, what are 

the conditions favoring gregarious behavior of any kind? Second, what 

conditions determine the variations within and among species in intra

specif ic social behavior? Third, what conditions favor interspecific 

gregarious behavior? A basic premise of my approach is that the 

principal advantages proposed for social foraging, especially protection 

from predators and increased foraging efficiency, are not adequate to 

explain the variability in social behavior because they are at least 

potentially applicable to all species. Understanding the causes of 

variation in social foraging behavior therefore also depends upon 

understanding how the disadvantages of social foraging can modify its 

selective advantages. Based on my observations of the nonbreeding bird 

community at Rosemont, I conclude that the characteristics of a species' 

prey most commonly influence its social behavior, but it is also 

strongly influenced by the period of residency in the community (Fig. 10). 

Results and analysis presented on pages 21-23 indicate that 

species with sparse, unpredictable prey too small to share, referred to 
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to as "extensive foragers," forage in ways that are incompatible with 

social foraging. Hawks and flycatchers are typical examples of species 

with this kind of prey. The size and availability of their prey makes 

association with competitors disadvantageous due to the high potential 

cost of interference competition, while the hunting methods they use 

require them to move independently from species other than their close 

competitors. I conclude that such species are obligate solitary 

foragers, while species with more common, evenly distributed and 

regularly accessible prey may forage socially, although they are not 

obligated to do so. 

This point of view contrasts with that of Buskirk (1976), who 

maintains that low vulnerability to predation is the critical factor 

favoring solitary behavior. However, while the available evidence 

supports the premise that protection from predation is an advantage of 

social behavior, it does not indicate that solitary behavior is caused 

by lack of vulnerability to predators. The specific points raised in 

defense of this statement are these: extensive foragers are more 

likely to be solitary than species defined as having low vulnerability 

to predators; few if any species are free from predator pressure; and 

species known to switch from solitary to social foraging do so when 

their prey distribution changes, rather than when their susceptibility 

to predators changes. 

The selective pressure for solitary behavior caused by prey 

characteristics is in any case likely to be more potent than that caused 

by low vulnerability to predators. Assuming that selection for solitary 



behavior is caused only by low vulnerability to predators, with no 

direct loss of feeding efficiency caused by social foraging, the 

selective disadvantage of social foraging is some cost other than loss 

of feeding efficiency. This cost, which may be the energy required to 

associate in a flock, is likely to be small. On the other hand, if prey 

distribution or behavior causes lower feeding efficiency during social 

foraging, the selective disadvantage includes the relatively high cost 

of lost foraging efficiency, as well as any intrinsic costs. Therefore, 

if a species is both relatively invulnerable to predation and also 

suffers loss of feeding efficiency in flocks, selection for solitary 

behavior is more strongly due to lost feeding efficiency related to 

prey characteristics. 

Two kinds of variation in intraspecific foraging behavior are 

examined on pages 32-48: solitary versus social species, and species 

which maintain relatively constant group size versus those which do 

not. A strong correlation exists between prey dispersion and intra

specif ic social dispersion, in which solitary species use evenly 

distributed ("dispersed") prey and social species use patchy and 

abundant ("clumped") prey. Four of the five exceptions to this 

relationship are permanent residents. Among gregarious species, 

residency status correlates with the stability of intraspecific group 

size; permanent residents maintain constant group size, while winter 

residents have variable group sizes. 

The stability of group size among permanent residents is 

probably due either to the advantages of associating only in family 



groups or of remaining on established home ranges. The selective 

pressures accounting for the correlation between resource dispersion 

and social behavior, however, are more elusive. It has been argued 

elsewhere (see pages 33~35 for references) that the cost of defending 

a territory is less for species with dispersed resources than for 

species with clumped resources. Although this explanation could account 

for some of the correlation between resource dispersion and social 

behavior in the Rosemont avifauna, particularly among winter residents, 

exceptions are numerous. For example, about a third of the solitary 

species using dispersed resources at Rosemont are transient migrants 

which do not establish territories. Among the permanent residents, at 

least 3 of the gregarious species using clumped resources do establish 

territories based on family groups, 2 of the solitary territorial 

species used clumped resources, and 2 of the gregarious territorial 

species use dispersed resources. These exceptions seem to indicate 

that selective advantages associated with site tenacity or maintenance 

of family groups among permanent residents are stronger determinants of 

social behavior than resource dispersion. 

Most of the field work and data collected during my research 

was directed to testing the hypothesis that species which are similar 

in their foraging movements and substrate use ("foraging logistics") 

are more likely to form interspecific associations than those which are 

less similar (pages 48—60). Although my data indicate a general 

positive correlation between similarity of foraging behavior and 

likelihood of association, there is a tremendous amount of variance in 



this relationship. The variance is associated with a variety of 

factors, including the tendency of transient migrants to form few 

interspecific associations, the temporary associations formed between 

species with very different foraging behavior, and the temporary 

association with flocks by species which generally do not join inter

specific flocks. I refer to these latter two forms of interspecific 

association as "opportunistic" because of their temporary nature. Why 

some species tend to form opportunistic interspecific associations while 

others do not is a question which remains unanswered by this research. 
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Monthly densities (birds/square km) of all species encountered 
on the Rosemont study area during two winter seasons.—For each species, 
the top line gives figures for the 1975-76 season, the bottom line for 
the 1976-77 season. P indicates birds present at less than 2 individ

uals/square km. No census was taken in December 1976; only one census 
was taken in November 1975 and November 1976. See page 11 for census 
method details. 

Species Sep Oct Nov Dec Jan Feb Mar Api 

Turkey Vulture P _ _ _ _ P 
(Cathartes aura) P - - - - - P -

Sharp-shinned Hawk - P P P P P - -

(Accipiter striatus) P - P - - - -

Cooper's Hawk P P P P P P P -

(Accipiter cooperii) - P - - - - - P 

Red-tailed Hawk - P - P P P P -

(Buteo jamaicensis) P - P - P - - -

Marsh Hawk - - - P - - - -

(Circus cyaneus) - P - - - - - -

American Kestrel P P P - - P - -

(Falco sparverius) P P - - - - - -

Montezuma Quail P 25 - 86 - P 55 -

(Cyrtonyx montezumae) - - P - - - - -

Kill deer - P 
(Charadrius vociferus) P - P - - - - -

Common Snipe - - - P - - - -

(Capella gal 1inago) - - - - - - - -

Band-tailed Pigeon - - - - - - - P 
(Columba fasciata) - - - - - - - -

White-winged Dove - - - - - - -

(Zenaida asiatica) P - - - - - - P 
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Species Sep Oct Nov Dec Jan Feb Mar Apr 

Mourning Dove P 17 - 9 - - P 
(Zenaida macroura) k k  7 - - 69 27 8 

Roadrunner - - - _ _ 

(Geococcyx californianus) P - - - - - -

Screech Owl _ P P - - _ 

(Otus asio) - - - - - - -

Great Horned Owl - P P P P P P 

(Bubo virginianus) P - - - - P P 

Elf Owl P P - - -

(Micrathene whitneyi) P P - - - - -

White-throated Swift P - - - - - -

(Aeronautes saxatalis) - - - - - - -

Selasphorus spp. P 
P 

- - : - : -

Common Flicker _ P P 9 5 5 5 
(Colaptes auratus) P 15 P k  10 18 

Gila Woodpecker P 3 P 10 k  6 P 
(Melanerpes uropygialis) P 5 P - 2  P 3 

Acorn Woodpecker - - - - - - -

(Melanerpes formicivorus) P - - - - - — 

Yellow-bellied Sapsucker - 18 - 26 27 29 22 
(Sphyrapicus varius) k  3 P - 33 9 8 

Ladder-backed Woodpecker P 3 P P h  3 if 

(Picoides scalaris) 6 7 P - P P k  

Arizona Woodpecker - P - P - - -

(Picoides arizonae) P - - - - - -

Cassin's Kingbird P P - - - -

(Tyrannus vociferans) P P - - - - -

8 
15 
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Species Sep Oct Nov Dec Jan Feb Mar Apr 

Ash-throated Flycatcher P P _ _ 

(Myiarchus cinerascens) P - - - - - - P 

Black Phoebe - P - - - . - -

(Sayornis nigricans) - - - — - - - -

Say's Phoebe P - - - _ P -

(Sayornis saya) P P - - P p - -

Gray Flycatcher P - - - - - - P 

(Empidonax wrightii) P - — - - - • P 

Western Flycatcher P P - - - - - 10 

(Empidonax difficilis) 13 P - - - - - -

Western Wood Pewee P - - - - _ - _ 

(Contopus sordidulus) - - - - - - - -

Rough-winged Swallow - - - - - - - -

(Stelgidopteryx ruficollis) - P — — — — — 

Barn Swallow - - - - - - - P 
(Hirundo rustica) - - - - - - - -

Scrub Jay P 3 - 3 11 p 5 20 

(Aphelocoma coerulescens) k  10 - - 7 7 3 k  

Mexican Jay P 25 - 26 52 27 30 19 
(Aphelocoma ultramarina) 27 83 P - ^3 26 13 21 

Common Raven - - - P - - - -

(Corvus corax) - - - - - - - — 

White-necked Raven p P P P P P P 

(Corvus cryptoleucus) - P - - P P P -

Bridled Titmouse p 9 P 10 7 16 18 10 

(Parus wollweberi) p 10 P - P - P -

Verdin - P - P P P P -

(Auriparus flaviceps) - - - - - - - -
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Species Sep Oct Nov Dec Jan Feb Mar Apr 

Busht i t P 17 P 25 18 8 33 h o  
(Psaltriparus minimus) 84 47 P - 8 67 16 3  

White-breasted Nuthatch P P - P - 3 P -

(Sitta carolinensis) - - - - - - - -

Bewick's Wren P 23 P 5 7 2 12 19 
(Thryomanes bewickii) 32 30 P - 19 16 16 17 

Cactus Wren P - - - - P P P 
(Campylorhynchus brunneicapi1lus) P - - - - P P P 

Rock Wren - P - - P - - -

(Salpinctes obsoletus) - - - - - - - -

Mockingbi rd - P - - - - - -

(Mimus polyglottos) - - - - - - - -

Crissal Thrasher - P P P P - -

(Toxostoma dorsale) - P - - - - - -

Sage Thrasher - - - - - P - -

(Oreoscoptes montanus) - - P - P P P -

American Robin - - - 16 P - - -

(Turdus migratorius) - - P - A3 k z  63 8 

Hermit Thrush P - _ P - P 

(Catharus guttatus) - - - - - - - -

Eastern Bluebird - - - - P P 

(Sialia sialis) - - - - - - - -

Western Bluebi rd - P - 18 13 1 1 6 P 

(Sialia mexicana) - 13 P - 3 A3 - -

Mounta i n B1uebird - - - _ - - -

(Sialia currucoides) - - P - - P P -

Townsend's Solitaire - P 16 9 9 A 2 

(Myadestes townsendi) - 10 P - 11 13 17 7 
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Species Sep Oct Nov Dec Jan Feb Mar Apr 

B1ue-grey Gnatcatcher - - - - - - - -

(Polioptila caerulea) P P - - - - - -

Ruby-crowned Kinglet - 13 P 28 32 15 23 50 
(Regulus calendula) - 25 P - 13 19 17 26 

Water Pipit - _ «. -

(Anthus spinoletta) - - - - P - - -

Cedar Waxwing . - _ - -

(Bombycilla cedorum) - - - - - - P -

Phainopepla P P P 7 2 P - -

(Phainopepla nitens) - 3 P - 7 k  - -

Loggerhead Shrike - P P - - P - -

(Lanius ludovicianus) P - P - - - P P 

Hutton's Vireo - P - - - - P -

(Vireo huttoni) - P - - - - - -

Soli tary Vi reo P - - - - - - -

(Vi reo soli tarius) 7 - - - - - - -

Warbling Vi reo P - - - - -

(Vireo gi1vus) - - - - - - - -

Nashvi1le Warbler _ - - - - - - -

(Vermivora ruficapilla) P - - - - - - -

Lucy's Warbler - - - - - - - P 

(Vermivora luciae) — — — 

Yellow-rumped Warbler - P - P - - P -

(Dendroica coronata) - - - - P P - P 

Black-throated Gray Warbler P - - - - -

(Dendroica nigrescens) 36 P - - - - - P 

Townsend's Warbler - - - -

(Dendroica townsendi) P - - - - - - -
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Species Sep Oct Nov Dec Jan Feb Mar Apr 

MacGi11ivray's Warbler --------
(Oporornis tolmi ei) P-------

Wilson's Warbler 
(Wilsonia pusi1 la) 16-

Painted Redstart 

(Myioborus pictus) --------

Scott's Oriole P-------
(Icterus pari sorum) P-------

Western Meadowlark --------
(Sturnella neglecta) - P - - - - P -

Western Tanager P-------
(P i ranga ludoviciana) PP------

Cardinal P - - - P - P P 
(Cardinali s cardinal is) --P-PPPP 

Black-headed Grosbeak --------
(Pheucti cus melanocephalus) 

B1ue Grosbeak P-------
(Gui raca caerulea) P-------

House Finch P 5 - 69 - 38 36 5 
(Carpodacus mexicanus) 7 68 P - 60 57 13 29 

Lesser Goldfinch _ p _ _ _ _ _ _  
(Cardueli s psaltria) --------

Green-tailed Towhee P------P 
(Pipilo chlorurus) P-------

Rufous-sided Towhee -PP 773^" 
(Pi pilo erythropthalmus) --------

Brown Towhee P 23 P 38 29 16 28 6 

(Pipilo fuscus) 8 15 P - 53 19 32 13 



APPENDIX I—Cont inued  

73  

Species Sep Oct Nov Dec Jan Feb Mar Apr 

Lark Sparrow P 
(Chondestes grammicus) P 

Rufous-crowned Sparrow P 
(Aimophila ruficeps) 9 

Black-throated Sparrow P 
(Amphispiza bi1ineata) P 

Dark-eyed Junco 
(junco hyemalis) 

Gray-headed Junco 
(Junco caniceps) 

Chipping Sparrow P 
(Spizella passerina) 258 

White-crowned Sparrow 
(Zonotrichia leucophrys) 

Chestnut-collared Longspur 
(Cal carius ornatus) 

- - - P P P -

10 P 24 36 5 47 23 
50 P - 20 47 15 17 

- _ ~ - - P -

- - - p P P P 

P _ 148 64 121 90 38 
25 P - 53 152 77 34 

P - 183 50 25 30 15 
90 P - 50 P 14 14 

828 P 1077 621 659 479 570 
1065 P - 313 561 586 93 

P 

P 
P 
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Interspecific associations among 22 species at Rosemont.— 
N=tota1 number of interspecific flocks in which each species partici

pated; "associations" gives a code number identifying another species 
before colon, then number of flocks in which that species participated. 

Species N Associations 

1. Common Flicker 69 2:9, 3:8, 4:6, 5:1, 6:66, 10:2, 
12:2, 13:1, 14:1, 19:2. 

2. Gila Woodpecker 15 1:9, 3:5, 4:1, 6:13, 10:1, 14:2, 
1 9 : 2 ,  2 0 : 1  ,  2 1 : 1 ,  2 2 : 1 .  

3. Yellow-bellied Sapsucker 11 1:8, 2:5, 4:2, 6:10, 10:1, 11:1, 

13:3, 14:1, 21:2, 22:2. 

4. Ladder-backed Woodpecker 15 1:6, 2:1, 3:2, 6:8, 7:3, 8:1, 

9:3, 11:1, 14:5, 19:2, 20:4, 
21:2, 22:5. 

5. Scrub Jay 2 1:1,6:1. 

6. Mexican Jay 79 1:66, 2:13, 3:10, 4:8, 5:1, 9:1, 

10:4, 12:1, 13:4, 14:4, 19:3, 
20:3, 21:3, 22:5. 

7. Bridled Titmouse 42 4:3, 8:17, 9:10, 14:20, 15=5, 

1 6 : 1 ,  1 7 : 2 ,  1 9 : 1 ,  2 0 : 6 ,  2 1 : 3 ,  
22:4. 

8. Bushtit 47 4:1, 7:17, 9:12, 11:1, 13:1, 
14:26, 15:7, 20:2, 21:1, 22:3-

9. Bewick's Wren 38 4:3, 6:1, 7:10, 8:12, 11:4, 
14:13, 15:5, 17:2, 19:3, 20:14, 
21:7, 22:18. 

10. American Robin 11 1:2, 2:1, 3:1, 6:4, 12:3, 13:6, 
14:1, 20:5, 21:3, 22:3 
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Species N Associations 

Western Bluebird 31 

Mountain Bluebird 7 

Townsend's Solitaire 12 

Ruby-crowned Kinglet 57 

Black-throated Gray Warbler 12 

MacGi11ivray1s Warbler 4 

Wi1 son1s Warbler 9 

Western Tanager 1 

Brown Towhee 53 

Dark-eyed Junco 93 

Gray-headed Junco 56 

Chipping Sparrow 145 

3:1, 4:1, 8:1, 9:4, 12:3, 13:2, 
14:1 , 19:3, 20:5, 21 :2, 22:29. 

1:2, 6:1, 10:3, 11:3, 13:2, 
20 :1 ,  22 :3 .  

1:1, 3:2, 6:4, 8:1, 10:6, 11:2, 

12:2, 20:1, 21:4, 22:4. 

1:1, 2:2, 3:1, 4:5, 6:4, 7:20, 
8 : 2 6 ,  9 : 1 3 ,  1 0 : 1 ,  1 1 : 1 ,  1 6 : 1 ,  

19:5, 20:13, 21:10, 22:16. 

7:5, 8:7, 9:5, 17=3, 19:1, 20:1, 
2 1 : 1 ,  2 2 : 2  

7:1, 14:1, 17:2. 

7 : 2 ,  9 : 2 ,  1 5 : 3 ,  1 6 : 2 ,  2 2 : 1 .  

19:1, 22:1. 

1:2, 2:2, 4:2, 6:3, 7:1, 9:3, 
11:3, 14:5, 15:1, 18:1, 20:7, 
21:4, 22:22. 

2:1, 4:4, 6:3, 7:6, 8:2, 9:14, 
10:5, 11:5, 12:1, 13:1, 14:13, 
15:1, 19:7, 21:36, 22:76. 

2:1, 3:2, 4:2, 6:3, 7:3, 8:1, 
9:7, 10:3, 11:2, 13:4, 14:10, 
15:1, 19:4, 20:36, 22:38. 

2:1, 3:2, 4:5, 6:5, 7:4, 8:3, 
9:18, 10:3, 11:29, 12:3, 13:4, 
14:16, 15:2, 17:1, 18:1, 19:22, 
20:76 ,  21 :38 .  
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Foraging logistics data.—Part 1, Substrate. Substrate use is 
shown as percent of foraging observations in each of 10 substrate cate
gories, rounded to the nearest full percent. Substrate categories are 
dsitinct for arboreal (A) and terrestrial (T) foraging; arboreal cate-
fories are 0TH=other than oak or juniper, W0=white oak, Quercus 
arizonica, E0=emory oak, Q. emoryi, J=juniper, Juniperus monosperma, 

S,M,L=small, medium, large. See pages 15-16 for description of size 
categories. Terrestrial categories are meters from cover, rounded to 
nearest meter. Percentages sum to 100 for arboreal and terrestrial 
categories separately if a species used both, CAT column indicates 
whether observations are arboreal or terrestrial and final column gives 
percent of total observations which are arboreal and terrestrial. 

(T) 0 , 2 3 4 5 6 7 8 >9 

Species (A) OTH swo MW0 LW0 SE0 HE0 LEO SJ MJ LJ H CAT I 

Montezuma Quail 17 17 33 17 •  a .  17 6 T 100 
Hourning Dove 28 23 9 17 9 2 5 2 2 2 65 T 100 
Condon Flicker 33 — 17 — -- 17 17 — 17 — 6 A 12 

19 21 19 12 9 7 7 2 2 2 43 T 88 
Gila Woodpecker 28 — 6 9 -- 3 34 — 9 9 32 A 100 
Yellow-bellied Sapsucker 5 — 14 19 — 9 51 — 1 2 81 A 100 
Ladder-backed Woodpecker 20 7 13 13 2 20 22 — 2 2 46 A too 
Scrub Jay — — 8 15 — 8 23 — 15 31 13 A 59 

33 22 44 — — — — -- — -- 9 T 41 
Mexican Jay 4 — 4 43 -- 9 30 -- -- 9 23 A 18 

15 15 20 17 16 8 3 2 2 1 104 T 82 
Bridled Titmouse 2 2 16 13 — 14 38 2 12 1 204 A 100 
Bushti t 10 1 8 1 1 9 11 6 39 13 296 A too 
Wblte-breasted Nuthatch 11 11 11 11 16 21 21 -- -- -- 19 A 100 
Bewick's Wren 22 -- 3 1 3 10 12 6 30 14 114 A 80 

86 3 7 3 — -- -- — — — 29 T 20 
American Robin 60 40 10 A 43 

46 23 15 15 -- -- -- -- .. 13 T 57 
Western Bluebird 9 — 9 -- 9 — — 36 36 11 A 201 

6 6 13 13 9 9 4 5 5 30 66 T 80 
Mountain Bluebird — -- — — — — -- — 50 50 6 A 75 

100 -- -- -- — — 2 T 25 
Townsend's Solitaire 18 — 5 5 — 7 24 3 20 18 88 A 100 
Ruby-crowned Kinglet 6 2 8 7 2 16 27 4 20 8 324 A 100 
Phainopepla 11 — 26 11 — 16 37 — — -- 19 A 100 
SolItary Vireo 11 — 22 33 — 11 11 — — 11 9 A 100 
Yellow-rumped Warbler -~ — 20 80 5 A 100 
Black-throated Gray Warbler 6 2 9 7 2 10 48 7 5 3 87 A 100 
Townsend'i Warbler 50 — -- ... — — 8 — 17 25 12 A 100 
MacGilfivray's Warbler 44 — — — — 12 32 8 4 — 25 A 100 
•Wilson's Warbler 9 2 6 4 2 28 36 -- 6 6 53 A 100 
Western Tanager 3 — 6 6 6 34 28 9 6 -- 32 A 100 
House Pinch 15 23 31 23 8 — -- — — 13 T too 
Rufous-sided Towhee 42 33 17 8 -- -- — — — — 12 T 100 
Brown Towhee 49 25 8 7 5 2 2 -- 1 2 130 T 100 
Lark Sparrow 22 22 22 22 — — -- -- -- 12 9 T 100 
Rufous-crowned Sparrow 47 19 1) 11 3 1 2 83 T 100 
Dark-eyed Junco 27 26 16 12 6 8 2 1 1 2 171 T 100 
Gray-headed Junco 28 28 15 10 5 8 3 1 1 2 109 T 100 
Chipping Sparrow 16 21 18 15 10 7 3 2 2 5 563 T 100 

lThls figure Is based on a total of 16 arboreal foraging observations; only II were desig
nated to particular substrate categories. 
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Part 2, Time. Time spent at a foraging station is shown as 
percent of observations in each of 10 discrete time intervals (in 
seconds), rounded to the nearest whole percent. See page 16 for 
methods used to determine time spent at a foraging station. 

1- 51- 101- 151- 201- 251- 301- 601- 901- 1801- > 
Species 50 100 150 200 250 300 600 900 1800 2700 2700 N X S 

Common Flicker 14 1A 32 18 1A 9 22 727.27 568.12 
Gila Woodpecker 11 22 11 — 33 11 11 9 206.11 150.64 
Yellow-be11i ed 
Sapsucker 17 8 17 8 — 25 8 8 — 8 12 619.33 995.38 
Ladder-backed 
Woodpecker 17 17 25 8 — — 33 12 215.83 189.48 
Scrub Jay 20 AO — — — — — — AO — — 5 A50.00 551.54 
Mexican Jay -- — 5 12 12 7 29 12 15 7 — Al 66A.39 584.63 
Bridled Titmouse 35 26 14 5 5 5 8 1 1 AO 110.97 107-99 
Bushti t 28 26 20 A 11 A 7 90 12A.00 103.39 
Bewick's Wren 17 32 25 6 2 A 11 A -- — — 53 184-96 207.06 
Amer i can Rob i n — — 17 — — — 17 17 17 17 17 6 1369.17 1257.35 
Western Bluebird 5 5 1A 5 — 10 10 19 19 ! 0 5 21 897.1A 974.92 
Mountain Bluebird — — — — — — 25 — 25 25 25 A 1822.50 1175.09 
Townsend1s 
Soli tai re 15 18 13 5 5 8 25 3 10 — — AO 320.00 380.25 
Ruby-crowned 
Kinglet 41 28 18 2 5 1 5 83 95-57 95.80 

Phainopepla — 33 17 17 17 — 17 6 196.67 153.74 
Black-throated 
Gray Warbler 14 34 28 10 7 — 7 29 127-2A 96.42 
Townsend1s 
Warbler — 67 — 33 3 110.00 69.46 
MacGi11ivray's 
Warbler 31 23 15 8 8 — 8 8 13 16A.62 217.22 

Wi 1 son1s Warbler 35 29 12 — 12 — 12 17 133-82 145.54 
Western Tanager 43 23 17 -- 7 7 3 30 103.00 118.03 
Brown Towhee — — 20 — — 20 20 30 10 — — 10 590.00 494.89 
Rufous-crowned 
Sparrow — 20 — — 20 20 AO — — — — 5 301.00 164.10 
Dark-eyed Junco — 8 — — — — 8 15 15 A6 8 13 1638.A6 873.83 
Gray-headed Junco — 7 7 — — — 21 21 1A 29 — 1A 1066.57 791.87 
Chipping Sparrow — 3 9 3 3 3 9 12 2A 27 6 33 1461.82 1324.28 
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Part 3, Distance. Distance travelled between foraging stations 
is shown as percent of observations in each of 10 discrete distance 
intervals (in meters), rounded to the nearest whole percent. See page 
17 for methods used to determine distance travelled between foraging 
stations. 

6 11 16 21 31 41 61 81 141 > 
Species 1-5 -10 -15 -20 -30 -40 -60 -80 -140 -200 200 N X S 

Common Flicker 6 3 6 11 9 6 17 23 11 9 35 108.04 150.30 
Gila Woodpecker 11 11 22 22 11 — -- 11 — — 11 9 51.48 95.32 
Yellow-bel1ied 
Sapsucker 60 13 7 7 -- 7 « 7 15 13.60 20.82 
Ladder-backed 
Woodpecker 14 14 14 14 14 14 — 7 7 -- -- 14 27.00 26.74 
Scrub Jay 25 13 13 25 13 — 13 — — — — 8 18.75 15.65 
Mexican Jay -- 5 8 8 24 5 5 16 24 3 3 38 61.08 50.97 
Bridled Titmouse 33 22 18 11 12 2 2 1 — — — 130 11.97 10.76 
Bushti t 27 27 25 7 10 1 2 134 11.08 9.14 
Bewick's Wren 33 39 21 5 2 — — — — — — 57 8.12 5.41 
American Robin — — — — -- 18 9 18 18 18 18 11 131.36 90.50 
Western Bluebird — — 3 7 7 7 10 17 10 21 17 29 148.38 149.53 
Mountain Bluebird 25 — 25 ~ -- 25 25 4 526.25 982.53 
Townsend's 
Soli taire 9 12 3 9 21 6 15 6 9 9 — 33 47-54 48.89 
Ruby-crowned 
Ki nglet 54 23 14 4 2 3 93 7.45 6.33 

Phainopepla — -- -- 100 1 - 18.00 — 

Black-throated 
Gray Warbler 64 24 4 4 2 45 5.16 4.99 
Townsend1s 
Warbler 33 33 11 11 — 11 9 11.33 10.42 
MacGi11ivray1s 
Warbler 50 29 7 14 14 6.50 5.72 

Wi Ison's Warbler 87 13 23 2.46 2.62 
Western Tanager 80 13 7 30 3.62 3.10 
Brown Towhee 11 33 11 — 22 11 11 9 20.67 18.79 
Rufous-crowned 
Sparrow — 50 — 50 2 11.00 7.07 
Dark-eyed Junco — 17 17 17 33 — 17 6 25.83 17.05 
Gray-headed Junco — 14 14 14 57 — — — — — — 7 20.14 8.88 
Chipping Sparrow 3 3 3 11 14 11 14 17 17 17 8 ™ "" 63.80 49.10 



APPENDIX IV 

Matrix of foraging logistics overlap values among 22 species at 
Rosemont.—Number before colon identifies species being overlapped, 

subsequent values are time overlap (Cy), distance overlap (Cq), and 
substrate overlap (C<.) . See pages 18-19 for calculation methods. 

1. Common Flicker 2. Gila Woodpecker (cont'd.) 

2 .25 .46 .08 15 .24 .32 .64 
3 .49 .29 .06 16 .32 .43 .67 
4 .40 .49 .08 17 .24 .22 .68 
5 .14 .32 .30 18 .10 .29 .52 
6 .86 .80 .74 19 .48 .44 0 
7 .19 • 31 .07 20 .46 .56 0 
8 .22 .28 .07 21 .62 .50 0 
9 .23 . 16 .13 22 .50 .42 0 
10 • 57 • 70 .33 
11 .56 .76 .56 3- Yellow-bellied Sapsucker 
12 .48 .36 .04 

Sapsucker 

13 .48 .62 .08 4 .75 .55 .65 
14 .12 .18 .08 5 .33 • 52 • 34 
15 .24 .15 .06 6 .54 .31 .12 
16 .32 .15 .08 7 .53 .63 .78 
17 .24 .06 .07 8 .53 .55 .37 
18 .10 .09 .06 9 • 63 • 58 .26 
19 .48 .35 .57 10 .58 .14 .01 
20 .46 • 32 .76 11 .60 .24 .05 
21 .62 .26 .73 12 .41 0 .02 
22 • 50 .80 .81 13 .77 .43 .49 

14 .49 .81 .59 
Gila Woodpecker 15 .54 .81 .81 

16 .64 .77 .47 
3 .41 .43 .60 17 .49 .73 .63 
4 .50 .68 .64 18 .45 .80 .53 
5 .33 .68 .35 19 .53 .38 0 
6 .35 .46 .11 20 .40 .27 0 
7 .62 • 63 .64 21 • 51 .27 0 
8 .66 .61 .49 22 .46 • 30 0 
9 .61 .50 .59 
10 .22 .22 .08 4. Ladder-backed Woodpecker 
11 .41 .39 .07 
12 .11 .22 .14 5 .37 .67 .32 
13 .48 .49 .73 6 .42 • 54 .10 
14 .12 .42 . 66 7 .61 .68 .69 
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APPENDIX IV—Continued 

Ladder-backed Woodpecker 6 .  Mexican Jay (cont'd.) 
(cont'd.) 

(cont'd.) 

1 1  . 6 1  . 5 9  •  5 5  
8  . 5 5  . 6 0  . 4 5  1 2  . 4 7  . 3 5  . 0 6  
9  . 7 6  . 4 9  . 4 2  1 3  . 6 0  . 6 5  . 0 9  

1 0  . 3 4  . 2 8  . 0 2  1 4  . 1 8  . 2 2  . 1 1  
1 1  . 3 9  . 3 8  .  0 6  1 5  . 2 9  . 1 5  . 1 0  
1 2  . 2 5  .  1 4  . 0 3  1 6  . 3 7  . 2 0  . 0 8  
1 3  . 4 3  .  6 6  . 6 1  1 7  . 2 9  . 0 5  . 1 0  
1 4  . 4 8  . 5 1  . 6 7  1 8  . 2 2  . 1 2  . 0 9  
1 5  . 4 8  . 3 8  . 6 2  1 9  . 5 4  . 4 5  . 4 5  
1 6  . 4 3  . 4 9  . 5 6  2 0  . 4 2  . 5 0  . 6 3  
1 7  . 4 9  . 2 7  . 6 9  2 1  . 5 9  . 4 5  . 6 1  
1 8  . 4 3  . 3 4  . 6 1  2 2  . 5 7  •  7 4  •  7 2  
1 9  . 1 0  . 6 1  0  
2 0  . 2 3  •  5 6  0  7 .  Bridled Titmouse 
2 1  . 2 1  . 5 6  0  
2 2  . 2 7  . 5 9  0  8  . 8 8  . 8 7  . 4 7  

9  . 7 7  . 8 0  . 3 4  
Scrub Jay 1 0  . 2 3  . 0 5  . 0 6  

1 1  . 4 3  . 2 2  . 0 7  
6  . 1 5  . 3 9  . 3 1  1 2  . 0 8  . 1 4  . 1 0  
7  . 4 6  . 7 6  . 3 8  1 3  •  7 0  •  5 0  . 5 8  
8  . 4 6  •  7 1  . 3 3  1 4  . 8 8  . 7 7  . 7 5  
9  . 4 9  . 5 8  . 4 0  1 5  •  7 1  . 6 5  . 7 6  

1 0  . 1 7  . 0 9  . 4 8  1 6  . 8 7  . 7 3  . 5 2  
1 1  . 2 9  . 2 7  . 2 3  1 7  . 8 6  . 4 6  •  7 1  
1 2  . 2 5  . 2 6  . 2 7  1 8  . 8 5  . 5 3  . 6 2  
1 3  . 4 3  . 5 9  . 4 3  1 9  . 2 8  . 6 0  0  
1 4  . 4 8  . 5 7  . 4 1  2 0  . 1 7  •  5 9  0  
1 5  . 4 8  . 4 8  . 3 2  2 1  . 2 3  . 5 1  0  
1 6  . 4 3  . 5 9  . 2 1  2 2  . 3 0  . 3 7  0  
1 7  . 4 9  . 3 8  . 3 1  

. 3 7  

1 8  . 4 3  . 4 5  . 2 9  8 .  Bushti t 
1 9  . 1 0  . 5 9  . 2 6  
2 0  . 2 3  . 6 9  . 2 7  9  . 8 0  . 8 2  . 6 7  
2 1  . 2 1  . 5 3  . 2 7  1 0  . 2 4  . 0 3  . 2 2  
2 2  . 2 7  . 4 6  . 2 3  1 1  . 3 9  . 2 0  . 1 5  

1 2  . 0 7  . 1 2  . 3 9  
Mexican Jay 1 3  . 6 6  . 4 4  •  7 0  

. 3 8  
1 4  . 8 5  •  7 1  . 6 9  

7  . 2 9  . 3 8  . 1 1  1 5  . 7 8  . 6 1  . 5 1  
8  . 3 1  . 3 3  . 0 7  1 6  . 8 5  . 6 8  . 4 0  
9  . 3 2  . 2 0  . 1 2  1 7  . 8 4  . 4 0  •  5 0  

1 0  . 5 6  . 5 0  . 3 6  1 8  . 8 2  . 4 7  . 4 3  
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Bushtit (cont'd. ) 11. Western Bluebird (cont'd.) 

19 .31 .62 0 17 .32 0 .07 
20 .15 .53 0 18 • 34 .03 .05 
21 .21 .45 0 19 .63 .27 • 31 
22 .28 .29 0 20 .58 .27 .46 

21 .65 .17 .44 
Bewick's Wren 22 .73 .69 .53 

10 .32 0 .19 12. Mountain Bluebird 

11 .47 . 10 .17 
12 .11 .02 .33 13 .35 .45 .29 

13 • 71 .31 .62 14 .05 .02 .21 

14 .73 .76 .53 15 .07 .02 .06 

15 .86 .67 .38 16 .08 0 .03 
16 .75 .74 .43 17 .12 0 .09 

17 .71 .46 .39 18 .03 0 .05 
18 .66 .53 .35 19 .30 • 33 .04 

19 .39 .57 .12 20 .56 .42 .05 
20 .20 .41 .08 21 .60 .25 .04 

21 .29 .35 .08 22 .64 • 36 .08 

22 • 33 . 16 .06 

13. Townsend's Solitaire 
American Robin 

14 .59 .33 .78 
11 .73 .78 .36 15 .62 .30 • 58 
12 .68 .45 .39 16 .67 .33 .56 

13 .43 .39 .16 17 .62 .21 .61 

14 .22 .03 .12 18 .61 .24 .53 
15 .24 0 .03 19 • 54 .62 0 

16 .31 0 .02 20 .29 .60 0 

17 .24 0 .05 21 .48 .45 0 

18 .20 0 .03 22 .43 .75 0 

19 .61 .20 .48 

20 .63 .09 .44 14. Ruby-crowned Kinglet 

21 .72 0 .43 

22 .70 .62 .38 15 .72 .87 .74 
16 .81 .84 .53 

Western Bluebird 17 .85 .67 .75 
18 .90 .74 • 70 

12 .34 .55 .14 19 .24 • 50 0 

13 .59 .57 .12 20 .13 .37 0 

14 .35 . 12 .10 21 .19 .34 0 

15 .70 .09 .06 22 .23 .17 0 

16 .45 . 10 .04 
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Black-throated Gray Warbler 18. Western Tanager 

16 .74 .82 .59 19 .27 .31 0 
17 .69 .77 •  I k  20 .11 .20 0 
18 .64 .81 .67 21 .17 .20 0 
19 .27 .k1 0 22 .21 .09 0 
20 .15 .27 0 
21 .21 . 2 k  0 19. Brown Towhee 
22 .27 .15 0 

20 • 33 .61 .78 
MacGi11i vray1s Warbler 21 • 58 .47 .79 

22 .43 .42 .64 

17 .82 .63 .57 
18 .79 .70 .55 20. Dark-eyed Junco 

19 .31 .47 0 
20 .24 .38 0 21 • 73 • 75 .97 
21 .30 .35 0 22 .71 .45 .84 
22 • 34 .20 0 

21. Gray-headed Junco 
Wil son's Warbler 

22 .72 • 31 .81 
18 .80 .93 .77 
19 .24 :2k 0 22. (Chipping Sparrow) 
20 .16 .13 0 

21 .26 .13 0 
22 . 2 k  .06 0 



APPENDIX V 

Matrix of logistic similarity (l^) and strength of association 

(lamong 22 species at Rosemont. — For each species, first column 
gives number code for other species compared, second column gives 1^, 
and third column gives 1^. All values given as 100 x actual value. 
* indicates associations that could not occur due to lack of temporal 

overlap. 

1. Common Flicker 2. Gila Woodpecker (cont'd.) 

2 0.92 10.39 13 22.89 0.00 

3 0.85 8.00 14 15.25 1.11 
4 1.57 7.00 15 11.88 0.00 
5 1.3^ 1.22 16 17.29 0.00 
6 50.91 58.87 17 10.02 0.00 

7 0.41 0.00 18 9.20 0.00 
8 0.43 0.00 19 0.00 1.32 
9 0.48 0.00 20 0.00 0.96 
10 13.57 3.23 21 0.00 1.35 
11 23.83 0.00 22 0.00 0.59 
12 0.71 3.61 
13 2 . 3 8  1.04 3. Yellow-bel1i ed Sapsucker 
14 0.17 0.79 

Sapsucker 

15 0.22 0.00 4 26.81 1.69 
16 0.38 0.00 5 5.83 0.00 
17 0.10 0.00 6 2.01 1.33 
18 0.05 0.00 7 26.04 0.00 
19 9-58 1. 7 2  8 11.96 0.00 
20 11.19 0.00 9 9-50 0.00 
21 11.77 0.00 10 0.08 2.49 
22 32.40 0.00 11 0.72 1.86 

12 0.00 0.00 
Gila Woodpecker 13 16.22 1.04 

14 23.42 0.34 
3 10.58 4.04 15 35.43 0.00 
4 21.76 1. 3 0  16 35.48 0.00 

5 7.85 0.00 17 22.54 0.00 
6 1.77 10. 10 18 19-08 0.00 

7 25-00 0.00 19 0.00 0.00 
8 19.73 0.00 20 0.00 0.00 

9 17.80 0.00 21 0.00 2 . 3 6  
10 0.39 2 . 6 9  22 0.00 1.00 
11 1.12 0.00 

12 0.34 0.00 
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4. Ladder-backed Woodpecker 6. Mexican Jay (cont'd.) 

5 7.29 0.00 9 0.77 0. 
6 2.27 2.36 10 10.08 4. 

7 28.62 4.11 11 19.79 0. 
8 14.85 1.05 12 0.99 1. 
9 16.76 3.91 13 3.51 2. 
10 0.19 0.00 14 0.44 2. 
11 0.89 2.09 15 0.44 0. 
12 0.11 0.00 16 0.59 0. 
13 30.20 0.00 17 0.15 0. 
14 20.16 2.85 18 0.24 0. 
15 16.73 0.00 19 10.94 1. 
16 17.84 0.00 20 13.23 2. 
17 10.81 0.00 21 16.19 2. 
18 11.20 0.00 22 30.37 2. 
19 0.00 1.35 
20 0.00 3.89 7. Bridled Titmouse 
21 0.00 2.73 
22 0.00 3.00 8 35.98 19-

9 20.94 13. 
Scrub Jay 10 6.90 0. 

11 0.66 0. 
6 1.81 0.80 12 0.11 0. 

7 13.28 0.00 13 20.30 0. 
8 10.78 0.00 14 50.82 15. 
9 11.37 0.00 15 35.07 10. 
10 0.73 0.00 16 33.03 2. 
11 1.80 0.00 17 28.09 3. 
12 1.76 0.00 18 27.93 0. 
13 10.91 0.00 19 0.00 0. 
14 11.22 0.00 20 0.00 6. 
15 7.37 0.00 21 0.00 4. 
16 5.33 0.00 22 0.00 2. 
17 5-77 0.00 

18 5.61 0.00 8. Bushtit 
19 1.53 0.00 

20 4.28 0.00 9 43.95 13. 
21 3.01 0.00 10 0.16 0. 
22 2.86 0.00 11 0.70 1. 

12 0.33 0. 
Mexican Jay 13 20.30 0. 

14 41.64 16. 
7: 1.21 0.00 15 24.27 11. 
8 0.72 0.00 16 23.12 0. 

88 
67 
00 
31 
64 
21 
00 
00 
00 
00 
58 
42 

91 
90 

67 
38 
00 
00 
00 
00 
96 
00 
35 
69 
00 
88 
36 
1 2  

87 

27 
00 
55 
00 
86 
50 

27 
00 
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Bushtit (cont'd.) 11. Western Bluebird (cont'd.) 

17 16.80 0.00 15 0.38 0.00 
18 16.57 0.00 16 0.18 0.00 

19 0.00 0.00 17 0.00 0.00 
20 0.00 1.86 18 0.05 0.00 
21 0.00 1.18 19 5.27 3.64 
22 0.00 1.89 20 7.20 6.49 

21 4.86 3.52 
Bewick's Wren 22 26.70 25.05 

10 0.00 0.00 12. Mountain Bluebird 
11 0.80 7.25 
12 7.26 0.00 13 4.57 6.84 

13 13.65 0.00 14 0.02 0.00 
14 29.40 9.58 15 0.01 0.00* 

15 21.90 9.90 16 0.00 0.00* 
16 21.93 0.00 17 0.00 0.00* 

17 20.25 3.62 18 0.00 0.00* 
18 12.24 0.00 19 0.40 0.00 

19 2.67 2.47 20 1.18 1.44 
20 0.66 14.32 21 0.60 0.00 
21 0.81 9.38 22 12.21 2.66 
22 0.32 12.30 

13. Townsend's Solitaire 
American Robin 

14 15.19 0.00 
11 20.50 0.00 15 10.79 0.00 
12 11.93 18.33 16 12.38 0.00 

13 2.68 14.87 17 7.94 0.00 
14 0.08 1.06 18 7.74 0.00 
15 0.00 0.00 19 0.00 0.00 
16 0.00 0.00* 20 0.00 0.87 
17 0.00 0.00* 21 0.00 4.88 
18 0.00 0.00* 22 0.00 2.09 
19 5.86 0.00 

20 2.49 6.54 14. Ruby-crowned Kinglet 
21 0.00 5.73 
22 16.49 2.44 15 46.35 0.00 

16 36.06 1.16 
Western Bluebird 17 42.71 0.00 

18 46.62 0.00 

12 2.62 10.66 19 0.00 2.14 

13 4.04 3.81 20 0.00 9.19 

14 0.42 1.10 21 0.00 8.67 
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Ruby-crowned Kinglet (cont'd.) 18. Western Tanager 

22 0.00 7.68 19 0.00 0.67 
20 0.00 0.00 

Black-throated Gray Warbler 21 0.00 0.00 
22 0.00 0.59 

16 35.80 0.00 

17 39-32 12.29 19. Brown Towhee 
18 34.73 0.00 

19 0.00 1.17 20 19.03 5.32 
20 0.00 1 .29 21 21.54 3-78 
21 0.00 1.87 22 11.59 11.33 
22 0.00 1.61 

20. Dark-eyed Junco 
MacGi11ivray1s Warbler 

21 53.04 49-01 
17 29.45 13.23 22 26.84 51.41 
18 30.42 0.00 

19 0.00 0.00 21. Gray-headed Junco 
20 0.00 0.00* 

21 0.00 0.00* 22 18.08 28.93 
22 0.00 0.00 

22. (Chipping Sparrow) 
Wi 1 son1s Warbler 

18 57.29 0.00 

19 0.00 0.00 
20 0.00 0.00* 

21 0.00 0.00* 
22 0.00 0.73 
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