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ABSTRACT 

In this thesis I discuss (1) the importance of status-age 

variations in the foraging behavior of individuals within a 

flock and (2) cultural transmission of foraging information 

among Gray-breasted Jays (Aphelocoma ultramarinal, a 

cooperative breeder. Results of the experiments suggest that 

(1) subordinates are less successful in certain foraging 

situations than dominants,(2) the foraging preferences of 

young birds are not as defined as those of adults, (3) 

subadults obtain foraging information from adult flock 

members, and (4) older subordinates may not change their 

established preferences as easily as dominants (or younger 

birds) even when a cost to that preference is introduced. 

I suggest that, at least in this cooperative breeder, the 

flock provides a valuable source of environmental 

information. 
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CHAPTER 1 

FORAGING EFFICIENCY AND CULTURAL TRANSMISSION OF INFORMATION 

BETWEEN GRAY-BREASTED JAY FLOCK MEMBERS: USE OF ARTIFICIAL 

FEEDING LOCATIONS 

1.1. INTRODUCTION 

One goal of most research designs is to hold constant as 

many potentially confounding variables as possible, in order 

to monitor the effects of a factor or factors on a certain 

behavior. In this symposium, the focus is, in particular, on 

methods for studying foraging behavior. 

Recently a large number of studies have turned their focus 

on the sources of individual variation in behavior, including 

foraging behavior (Sibly and Smith 1985). In the past, so 

much theory and research was aimed at detecting patterns 

(i.e. similarities in response) with the ultimate goal of 

predicting behavior that individual deviations from a 

perceived norm probably produced more statistical nightmares 

than interest. There seems to be a growing realization that 

this variation is not necessarily the enemy, but may be 

important in uncovering the mechanisms leading to phenomena 

of larger scale such as cooperative breeding. 

In addition to the unhindered observations required to 
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understand a study organism, experimental field manipulations 

of certain behavioral parameters have provided a means of 

studying individuals under comparable conditions. I studied 

individual variation in foraging success and patterns related 

to differences in the age or dominance status of members of a 

flock. In this paper I have three main objectives: I will 

discuss (1) the consideration of sources for individual 

behavioral variation in designing sampling strategies for 

foraging studies, (2) advantages and disadvantages of using 

artificial feeding designs as a means of constructing 

reproducible feeding conditions with which to compare 

individuals in the wild on the basis of particular variables 

(in this case age and rank), and (3) cautionary notes on the 

interpretation of these data. 

1.2. STUDY SITES 

Gray-breasted Jays are cooperative breeders that live in 

groups of 5 to 20 individuals (Gross 1949, Brown 1987) . Birds 

up to three years old can be distinguished by pale patches in 

their bills. At three, most birds have completely black bills 

(Pitelka 1961, Brown 1963). 

I conducted experiments on a flock of banded jays in Upper 

Bear Canyon Recreation Area in the Santa Catalina Mountains 

near Tucson, AZ, and three flocks of banded birds in the 



11 

Chiricahua Mountains in southeastern AZ between January of 

1984 and April 1985 (Brown 1965). 

The territories inhabited by the jays in the Santa Catalina 

Mountains are in a valley in which the south-facing slopes 

are covered by a mixture of manzanita (Arctostaphylos 

punaens), alligator juniper (Juniperus deppeana) and oaks 

(Ouercvs emorvi. £>. arizonica. £). oblonaifolia. £>. 

hvpoleucoides ) while Ponderosa and Chihuahuan pines (Pinus 

pondernsa and £.. leiohpyl 1 a. respectively) and oaks (Q. 

emoryi. Q. hypoleucoides^ dominate the north-facing slopes. 

Most territories include both slopes resulting in a 

'slicing' of the valley, perpendicular to the main drainage. 

In a paper on corvids and territory productivity, Shank 

(1986) found that the habitat of plural breeders, including 

the Gray-breasted Jay, ranked lower in productivity than that 

of either non-cooperative breeders or single-nest cooperative 

breeders. In his work on the Gray-breasted Jay, Edwards 

(1986) found that the oaks, a prime resource for the jays, 

fruited sporadically. He also noted the presence of 

apparently 'empty' territories but it is difficult to 

ascertain the reasons that habitat remains unused. 

I trapped most of the Bear Canyon jays in 1982 using 

mist nests and a 0.6 X 0.45 m hardware cloth funnel traps 

baited with peanuts and set up near a water source. The 
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birds were aged by bill color (Pitelka 1961) and individually 

marked with unique combinations of three plastic color bands 

and a U. S. Fish and Wildlife Service aluminum band. 

The Gray-breasted Jay flocks at the Southwestern Research 

Station were color-banded by Jerram and Esther Brown and the 

Santa Catalina flocks were color-banded by John B. Dunning 

and myself. The experiment in the Chiricahua Mountains 

involved three of the banded flocks in that location: (1) 5 

subordinates and 3 dominants from the UpCanyon flock residing 

just north of the station; (2) 5 subordinates and 5 dominants 

from the Hillside flock, living about 0.8 km south of the 

station; and (3) 4 subordinates and 2 dominants from the 

Station flock which occupied a territory that the included 

Southwestern Research Station grounds. 

Parts of this study performed in Bear Canyon in the 

Catalina Mountains, involved one flock with three dominants 

and seven subordinates. Of the subordinates in this flock, 

three were subadults (less than 3 years old) and four were 

adults (3 years old and older). 

1.3. METHODS 

DOMINANCE TRIALS 

Dominance status was determined by calculating the 

individual binomial probabilities of 'winning' an aggressive 
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dyadic encounter with a particular flock member at a 

localized food source. An individual was categorized as the 

winner of a bout when it (1) continued eating while a new 

arrival (the loser) at the food source, waited, (2) displaced 

an individual already at the food source by displaying, 

pecking or merely by approaching the feeding area, or (3) 

chased the loser from the feeding area. Many of these 

stereotyped behaviors are described by Ligon (unpublished 

data) and Brown (1963). The technique and most of the 

criteria are discussed by Barkan et al. (1986) . The most 

dominant bird in a flock is the- individual with a significant 

binomial probability of winning an encounter with all other 

birds in the flock; the second most dominant individual has a 

significant probability of winning a bout with every flock 

member except the most dominant (Barkan et al. 1986); third 

most dominant should defeat all but the two most dominant, 

and so on. I designated at least the top third of the 

individuals of a flock as dominants or until the binomial 

probability of winning dropped below 0.025. 

In several cases, I observed five or fewer encounters 

between particular individuals. In these cases I looked for 

evidence of avoidance behaviors by looking at (1) whether one 

of the individuals had been observed waiting in the trees 

adjacent to the feeding area and (2) which individuals were 
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noticed at the food source at that time. In cases in which an 

individual waited for a specific bird to leave in more than 

two instances, those individuals waiting in the tree were 

counted as losers. 

FEEDER EXPERIMENT 

The objectives of this experiment were (1) to test the 

ability of subordinates and dominants to solve a novel 

foraging problem, and (2) to compare the success of 

individuals when alone to their success after observing 

another flock member at the feeder. 

In order to test for effects of learning on success in 

using the feeders, the trials were divided into early and 

late periods with approximately the same numbers of total 

observations in each. 

The Santa Catalina experiments were carried out in nine 

trials of about 3 hours each over a period of 13 days between 

9 October and 22 October 1984. 

The Station flock was the subject of ten trials of up to 

2.5 hours each from the 28 January - 23 February 1985. 

Trials ended when the flock left the area. I also performed 

15 similar trials with the other two Chiricahua flocks. The 

trials were rotated between the periods of 0630-0900, and 

0930-1200, and 1300-1530 and tested for time of day (which 

had no significant effect). 
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I constructed two plexiglass feeders with dimensions 0.5 m 

X 0.5 mX 1.5m, and a 12 cm X 10 cm door (Fig. 1). Two 

feeders were operated simultaneously to minimize disturbance 

of feeding individuals by other birds or squirrels. Peanuts 

and sunflower seeds, used as bait, were visible through the 

plexiglass sides of the feeder. In each feeder, rocks or 

cardboard slats were used to keep the peanuts near the door 

where the birds could reach them. The opening to the feeder 

was covered with a blue cloth flap, which was attached at the 

top of the opening so that the birds could lift it with their 

bills or feet and enter the feeder. This feeder was designed 

to be opened with a sweeping bill movement that the jays use 

in natural foraging. 

I recorded approaches to the feeders, proximity of other 

individuals, and whether or not the individual was successful 

in securing food. A successful attempt is defined as a feeder 

approach during which food was removed from the feeder. 

Percent success for each individual was calculated by 

dividing the number of successful feeder approaches made by a 

flock member by the total number of attempts made by that 

individual in that period. As arcsine transformation are 

useful in normalizing percentages, I performed these 

transformations before executing an ANOVA. 
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DOUGHBALL COLOR CHOICE: COLOR PREFERENCES 

The objectives of this experiment were (1) to test color 

preferences of young (< 3 years) versus older individuals (3 

years and older), and (2) to test for cultural transmission 

of feeding information. I define cultural transmission as the 

spread of information without direct experience with a 

phenomenon through observation of others that have had 

experience with it (Cavalli-Sforza and Feldman 1981; Fisher 

and Hinde 1949; Hinde and Fisher 1951, 1972; Giraldeau 1984; 

Giraldeau and Lefebvre 1987; Klopfer 1958, 1961). 

I chose to study individual color preferences used in 

selection of doughballs as an example of a foraging decision 

rule. I conducted the first doughball color choice 

experiments from 25 March to 4 April, 1984. In this test I 

offered peanut butter doughballs of three different colors 

(natural brown, red and green) but equivalent nutrient 

content to a flock of banded Gray-breasted Jays at Bear 

Canyon Recreation Area in the Santa Catalina Mountains. 

Each 1.5 cm. diameter ball was made of a mixture of peanut 

butter, flour, egg and, standard red or green vegetable food 

coloring in the red and green balls, respectively. I placed 

60 doughballs, 20 of each color, on a neutral background on 

top of a table within the flock's home territory. I mixed 

doughballs of each color evenly within the initial group of 

sixty so that access was not biased to any particular color 

of doughball. After approximately half of a particular color 



Figure 1. Diagram of Feeder Apparatus 
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had been removed, I replenished the doughballs of all colors 

until again there were twenty of each color. 

I identified feeding jays by their color-band combinations, 

and recorded the order of the birds' appearances, color of 

bait removed color of bait actively rejected, and the 

identities of other birds present. I used arcsine 

transformations of all percentages to normalize the 

distribution (Sokal and Rohlf 1981). Arcsine-transformed 

percentages of colors chosen by each individual within a 

age/dominance class (dominants, older subordinates and 

younger subordinates), were compared with those in the other 

classes using MANOVA (SAS User's Guide: Statistics. Version 5 

Edition. SAS Institute Inc., Cary NC). As in the feeder 

section, I compared an overall average of color choice with 

those choices made alone vs after observing another 

individual, and then percentages subdivided by age/rank class 

in order to detect sources of variation. 

1 . 4 .  R E S U L T S  

EFFECT OF STATUS ON FORAGING SUCCESS 

Using SAS I performed a analysis of variance (ANOVA) (Sokal 

and Rohlf 1981) comparing percent feeder success of different 

dominance classes (Table 1). The 'straw man' to which I 

compared subdivided values in this test, is an average 
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success rate of all individuals equalling 60.9%. 

Partitioning by dominance status, I found that the 

dominants were significantly more successful than the 

subordinates (Table 1; Fig. 2) . In these trials, there were 

no significant changes in success rates that could be 

attributed to having observed another bird (Table 1, Fig. 2). 

I also noted certain birds stealing food from other flock 

members or from their caches. Table 2 indicates that in all 

age-status categories the color selections of doughballs 

changed after digitoxin was introduced. 

EFFECTS OF AGE ON COLOR CHOICE 

In the overall average, brown was the preferred color 

(Figure 3), but less so when subdivided by whether the bird 

fed alone or after having observed another. The percentages 

of colors chosen by each individual within a age/dominance 

class (dominants, older subordinates and younger 

subordinates), were compared with those in the other classes 

using MANOVA (Table 3). When I further partitioned the 

percentages by age/status classes, I found that the older 

birds exhibited a clear preference for the brown doughballs 

when alone at the feeding site, but the younger individuals 

exhibited no significant color preference. Their color 

preferences when alone were significantly different than 

those of the older birds (Table 3, Fig. 3). Secondly, the 

choices of other birds appeared to have an effect on the 

color selection of the subadult subordinate birds. When I 
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Table 1. 2-Way ANOVA Summary Table: effect of status on mean 

percent feeder success between status classes (dominant and 

subordinates) feeding alone vs. having observed the feeder 

approach of another individual (group effect variable) 

Source df F p-value 

Group effect3 2, 48 1.044 p > 0.25 

Statusb 24, 48 8.978 p < 0.0001 

a Group effect refers to comparisons of individual % 

feeder success when birds were feeding (1) alone, (2) after 

observing a dominant, and (3) after observing a subordinate 

bird. 

b Two status classes are dominants (n=10 individuals) and 

subordinates (n=14 individuals). 



21 

TABLE 2. MANOVA comparing proportion of brown doughballs 

selected in the Pre-Digitoxin and Digitoxin experiments, 

when individuals were alone by three status-age groups. 

Status-Age Group df F p-value 

Subordinate Young Birds (n=3) 

Subordinate Older Birds (n=4) 

Dominant Birds (n=3) 

1.4 

1.5 

1,4 

17.86 

26.45 

8.14 

p < 0.025 

p < 0.025 

p < 0.050 



22 

Figure 2. Mean percent feeder success for subordinates 

(n = 18) and dominants (n = 13) comparing doughball 

selections made alone with those made after observing another 

subordinate or dominant individual. Length of vertical bars 

represents mean percent success at the feeder for each status 

group. Each individual included made at least 10 feeder 

attempts. The horizontal line identifies the average percent 

success of all individuals. 

100 

Average 60.9 % 

§ Alone 
• w/subs 
• w/doms 

0 • 
Dominants Subords 

Status 
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TABLE 3. ANOVA comparisons of the probability of selecting 

brown doughballs (N = 10 individuals) 

Experiments df F P-value 

Doughballs without Digitoxin: Young vs. Older Birdsa 

When individual was alone 1/9 6.7 P<0.03 

After observing another 

individual 1/9 2.7 P>0.14 

Doughballs with Digitoxin: Older subordinates vs 

Dominants and Younger Subordinates13 

When individual was alone 1/9 56.85 P < 0.0025 

After observing another 

individual 1/9 0.81 P>0.25 

a Young birds=under 2 years old, Older Birds=3 years and 

older 
b Choices of dominants and younger subordinates were not 

significantly different (p < 0.18) and were grouped for 

analysis, compared the color selections that younger 

individuals made immediately after observing another bird's 

color choice with those made while the young birds were 

alone, I found that their color selections changed 

significantly (tpaired=-15.03, df=2, P<0.005). 

After observing another flock member, the young birds chose 

at least 20% more brown doughballs than when alone. There 

was no significant difference in the selections of the older 

birds clearly associated with social influences 

(tpaired=3•328, df=6 ,P > 0.1). 



Figure 3. Mean Percent Color Selection by 1) Level 1: 

Average Selections include values for whole sample 

population, 2) Level 2: alone versus having observed the 

color selection of another bird, 3) Level 3: comparisons 

by age-status groups. 
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1 . 5 .  D I S C U S S I O N  

INDIVIDUAL VARIATION IN FORAGING BEHAVIOR 

Opinions concerning the value of studying individual 

variations in behavior are changing. In the foraging 

literature, this trend has manifested itself in many areas, 

for example, in studies of the economics of territoriality 

(e.g., Davies and Houston 1981) and risk-sensitive foraging 

behavior (e.g., Caraco 1981, 1983). 

Apropos to this paper, age-related differences in foraging 

efficiency have been noted in several species, particularly 

those, such as the oystercatcher (Goss-Custard and Durrell 

1987), with complex foraging techniques or strategies (Orians 

1969, Blus and Keahey 1978, Lawton and Guindon 1981, Grieg et 

al. 1983). 

To demonstrate the information hidden by averaging 

patterns of behavior without consideration of factors such as 

age, sex or dominance status, I set up a 'straw man'. I 

compared an overall average of feeder success and color 

choice with variations attributable to subdivision by 

dominance status and/or age.subordinates and dominants 

(Fig.2). As acquisition of breeding status also seems to be 

associated with high dominance rank (Schjelderup-Ebbe 1935, 

Guhl 1941, Collias 1943, Dixon 1965, Southwick and Siddiqui. 
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1967), foraging differences attributable to rank may be 

worthy of consideration, especially in the light of 

cooperative breeding studies (Barkan et al. 1986) . 

In the doughball tests, several pieces of information were 

recovered by splitting the birds by age-status class, even 

with the accompanying reduction in sample size. The average 

color choices indicate that, of the three colors offered, 

these Gray-breasted Jays prefer brown doughballs - not a 

startling outcome. 

In order to detect the influences of other birds' 

selections on individual color, I separated the choices made 

by birds alone at the feeding site from those made directly 

after having observed another bird's choice of doughball. The 

average percentage of brown taken was 26% lower in selections 

made alone but it is not until the birds were separated into 

age-classes that the source of variability was evident. 

Suggesting the ontogeny of a visual foraging rule, young 

individuals had no significant color preferences while adults 

over three years of age had a strong penchant for brown 

doughballs. The young birds changed their preferences 

significantly towards those of the dominants after watching 

other birds. 
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USE OF ARTIFICIAL FEEDING CONSTRUCTS IN THE FIELD 

It has been possible to study a number of solitary 

foragers in the laboratory (Greenburg 1984, 1985, 1987, Krebs 

et al. 1981) and even some flocks of birds with only 

rudimentary social affiliations (Giraldeau and Lefebvre 

1987). However, for social animals exhibiting dominance 

hierarchies and, even more, the long-term relationships 

developed in a group of cooperative breeders, much of their 

foraging behavior may be affected by the proximity of flock 

members. 

Thus, unless a whole group can be brought into captivity 

(sometimes possible for small species) we may have little 

confidence that the behaviors observed in captivity approach 

natural responses. In addition, although laboratory or 

captive situations may be free of certain complicating 

variables, the captive environment itself introduces new 

problems in interpreting the behavioral results of 

confinement and an unnatural setting. 

Feeding stations in the wild serve to concentrate 

activities of focal animals, facilitating otherwise difficult 

observation, especially when studying birds with large home 

ranges (Slaby and Slaby 1977). Both the feeder and doughball 

tests allowed me to observe each animal under similar 
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conditions and, thus, to compare responses with those of 

other individuals of differing age or rank. In the doughball 

experiment, holding the feeding situation constant, color 

choices made by an individual could be compared varying only 

whether selection were made alone or after observing another 

bird's selection. Because they permit certain factors to be 

held constant and others to be varied in a controlled manner, 

even in the field, experimental manipulations are useful in 

teasing out information from observations of birds under 

natural conditions. 

CAUTIONARY NOTES ON THE USE OF ARTIFICIAL DESIGNS 

One cannot be certain about whether the response elicited 

in an artificial foraging situation is analogous to the 

natural behavior in question. In the doughball study, I used 

color choice as a representative foraging pattern in visually 

oriented predator. It was apparent from other studies that in 

many birds, food color preferences are learned. 

Do most birds respond similarly when exposed to novel 

situations such as those of the experimental set-up? In my 

study individual Gray-breasted Jays did not. Some stood back 

observing the activities of others for quite a long time 

before approaching the feeding area. Usually the dominants 



29 

advanced with little hesitation while subordinates hesitated. 

Were the methods used effective in testing questions about 

normal foraging behavior? It is difficult to test whether an 

artificial apparatus such as the plexiglass feeder is 

analogous to a natural foraging situation. In the feeder 

experiments, it was clear that dominants performed 

significantly better than subordinates in this particular new 

feeding situation. It was also suggestive that even when 

subordinates were successful, were often unable to repeat 

their successful behavior upon subsequent approaches, whereas 

the dominants were consistently successful once they mastered 

the technique. 

In the doughball tests, individuals were presented with 

similar feeding situations: an aggregation of three colors of 

equally nutritious doughballs. The patterns of selection were 

clear, even with the small sample sizes. The preferences of 

the older birds were well-defined while the young birds were 

undecided. Also the choices made by the younger birds after 

watching another bird's selection, differed so much from 

those choices made alone that it is hard to suggest alternate 

hypotheses to copying, especially considering the nutritional 

equivalence of the doughballs. In another portion of the 

doughball test, not discussed in this paper, older 
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subordinates resisted change in color choice, even in the 

face of a high cost (introduction of an emetic into the brown 

doughballs) . This supports the results of the feeder 

experiment: that subordinates may not respond as quickly as 

dominants in similar foraging contexts. Other factors such as 

time of day (reflecting level of satiation), background 

levels of food, weather, or the presence of predators can 

affect feeding activity in the field. 

It is important to consider as many of these variables as 

possible when designing an experiment, by, for instance, 

performing trials consistently in the early morning. In 

certain cases, it is entirely appropriate to use population 

or sample averages but awareness of the sources of variation 

may prove extremely useful in predicting in individual 

foraging behavior. 

Artificial feeding constructs provide opportunities for 

manipulation of specific parameters such as the food 

characteristics. Functioning as analogues of natural 

situations, a man-made apparatus set up in the natural 

habitat of a species, allows more convenient opportunities 

for monitoring (1) responses of different individuals alone 

and in groups and (2) changes in those responses over time. 

Clearly caution is necessary when extrapolating from 
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responses to artificial constructs to responses to natural 

phenomena because artificial designs only mimic natural 

situations, rather than duplicate them. However, man-made 

designs provide opportunities for manipulation of variables 

that would be difficult to control (or even detect) in a 

natural situation. 
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CHAPTER 2 

FLOCKS AS INFORMATION SOURCES: THE CASE OF GRAY-BREASTED JAYS 

(APHELOCOMA ULTRAMARINA), A COOPERATIVE BREEDER 

2.1. INTRODUCTION 

Because of its energetic economy, observational transfer 

of information is being increasingly recognized as one reason 

for flocking and group foraging (Ward and Zahavi 1973; 

Barnard and Sibly 1981; Giraldeau 1984). In this paper I will 

compare the foraging behavior of cooperatively breeding 

Gray-breasted Jays (Aphelonoma ultramarina), diverging in age 

and social status, and present evidence for transmission of 

foraging information that resulted in changes in feeding 

behavior. 

In cooperative breeding systems, the reproductive stakes 

of flocking appear, at first, particularly high. In these 

groups, certain sexually mature individuals remain with a 

flock as helpers at the nests of other flock members, often 

postponing breeding themselves. The balance of costs and 

benefits of this evolutionary 'decision' on the part of the 

'helpers' are now under careful consideration (e. g. Rowley 
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1965; Brown 1974, 1978, 1987; Emlen 1982a,b). The increase in 

information transfer has been discussed as a potentially 

important factor in seducing helpers to a cooperative 

lifestyle (Brown 1987, pp 65-66). Data supporting the 

presence of information exchange in these groups, however, is 

in short supply. 

Some interesting papers offer data consistent with the 

hypothesis that certain aggregations of animals use a central 

meeting place, such as roost or nesting colony, as 

'information centers' (Fisher 1954; Ward and Zahavi 1973; 

Krebs 1974; Waltz 1982, 1987; Clark and Mangel 1984). These 

centers, in theory, facilitate acquisition of foraging 

information, and allow the burden of food sampling to be 

distributed among members of a group. 

Among the Gray-breasted Jays, there is no obvious focal 

place within a territory, for. the procuring of foraging 

information, however, Gray-breasted jay flocks themselves may 

serve an important function as an information source for 

their members. There are indications that food is 

unpredictable and periodically limited in the region 

inhabited by this species (Shank 1986; Stacey and Bock 1978; 

Brown 1987, pp.273-4; Koenig and Pitelka 1981; Koenig and 

Mumme 1987, pp.36). Under these conditions foraging 
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efficiency may be at a premium, and information itself may be 

considered a resource. This will be discussed further. 

I focused on three questions involving foraging efficiency 

in this study. First, do young individuals exhibit the same 

feeding patterns older birds? In many species, especially 

those required to learn varied or complicated foraging 

techniques, it has been found that subadults are less 

skillful foragers than more experienced individuals (Carrick 

1963, 1972; Recher and Recher 1969; Buckley and Buckley 1974; 

Morrison et al. 1978; Grieg et al. 1983; Burger and Gochfeld 

1985; MacLean 1986), and that the period of parental care is 

often longer in these species (Higuchi and Momose 1981; Blus 

and Keahey 1978; Goss-Custard and Durrell 1987). 

Secondly I asked, does the foraging behavior of 

subordinates and dominants differ? This is relevant in 

understanding the costs and benefits that result in reduced 

dispersal in these jays. In some species, dominants have been 

found to be more successful foragers than subordinates 

(Lawton and Guindon 1981; Reese and Kadlec 1985; Giraldeau 

and Lefebvre 1986). Although for subordinate individuals 

there are large costs to group-living, such as consistent 

losses to dominants in competition over food, mates and other 

resources (Barkan et al. 1986; Robinson 1986), there is 
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evidence that even for subordinates, the prospects of 

survival within a flock are better than they would be alone 

(Fretwell 1969; Pulliam 1973; Pulliam and Caraco 1984; 

Kenward 1978; Rohwer and Ewald 1981; Clark and Mangel 1984). 

Some benefits may be accrued from opportunities to improve 

foraging efficiency and gain even limited access to food 

found by the group. 

Third, I was particularly interested in evidence that 

foraging information was transferred among individuals in a 

flock. Studies of unrelated individuals in colonies suggest 

that one reason for tolerating the many costs of group living 

is the potential for acquisition of information (Fisher and 

Hinde 194 9; Brown 1987, pp 65-70, 278). 

2.2. METHODS 

I conducted doughball color choice experiments between 

25 March to 19 April, 1984, with a total of 17 experiment 

days. In this test I offered doughballs of three different 

colors to the Bear Canyon flock in order to determine color 

preferences (Fig. 4). I used peanut butter doughballs so 

that a known quantity of an emetic could be administered in a 

single unit. Each ball was 1.5 cm in diameter and dyed using 

red and green vegetable food coloring. 
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In order to determine initial color preferences, I offered 

sixty doughballs of the three different colors 

simultaneously, at a picnic table within the flock's home 

territory. Twenty of each color were laid out on a gray 

cotton cloth on top of a picnic table. So as not to bias 

selection by differing access to a certain color of 

doughball, I mixed doughballs of all three colors evenly 

within the initial group of sixty. After approximately half 

of a particular color had been removed, I replenished the 

doughballs of all colors until again there were twenty of 

each color. 

When the bait had been set out, I recorded the band 

combinations of feeding individuals, in order of their 

appearance, color of bait removed or actively rejected, and 

the identities of other birds present. Notes were also 

taken on the activities of birds on the table. In some cases 

I observed obvious attempts at copying of certain behaviors. 

I compared decisions made when a bird was alone with those 

made after a selection by another bird present at the same 

time. To determine initial color preferences, I analyzed 

color choices made when individuals were alone at the food 

source. 

In a second doughball experiment, I recorded each 
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individual's reaction to bait containing an emetic. A 

cardiac glycoside, digitoxin, was injected into each 

doughball. Amounts of the cardiac glycoside were suggested by 

Rothkopf (1976), who determined the emetic dosages relative 

to body mass for blue jays. My dosages were determined using 

a conservative estimate of mean body mass, obtained from 

banding records. The body masses of the birds did not differ 

enough to alter the dosage and I injected a minimum emetic 

dosage for a 100 gram individual (0.100 mg digitoxin/100 gms 

bird), as determined by Rothkopf (1976), into each doughball. 

All birds weighed over this amount (Dunning 1984) . Some 

doughballs were picked up but not removed or eaten. I noted 

whether this action was accompanied by bill-shaking or other 

movements. The status and age (determined by bill color) of 

the individual selecting directly before another was also 

recorded. For all MANOVA and t-tests using percentages, 

arcsine transformation of percentages were utilized to 

approximate a normal distribution. 

2.3. RESULTS 

DOUGHBALL COLOR CHOICE 1. INITIAL COLOR PREFERENCES 

The initial color selections of young birds were 

significantly more variable those of the older birds, 
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Figure 4: Design of the doughball color choice experiments: 

(1) color choice experiments with plain doughball (see text), 

(2) color choice experiments using doughballs injected with 

0.1 mg digitoxin). White circles represent plain brown 

doughballs; dark circles represent green doughballs and 

striped circles, red doughballs. The checked circles 

represent digitoxin doughballs. 

©  A  °  •  
0 ®o • 0#0 J3! 

• O Q • 
o • oV8 o #0 

• ® %  .  ® ° o #  

0 - • 8 8 ® 
8 

EXPERIKXHT 1 

DOUGHBALL COLORS 

o BROWN 

• GREEN 

© RED 

© 

•  o®* o ©  

#V° o o 

txrmiMniT 

DOUGHBALL COLORS 

A BROWN w/ 
digitoxin 

• GREEN 

© RED 



39 

including the older subordinate birds (Bartlett's X2=4.617, 

df=l, p ̂  0.03). Average percentages of each color chosen 

by adults (N=7) when alone differed significantly from those 

of the young (Table 3; Fig. 5a). There was no consistent 

preference for one color among the the young birds whereas 

all adults preferred brown (Table 1). 

DOUGHBALL COLOR CHOICE 2. RESPONSE TO DIGITOXIN 

After the introduction of digitoxin into the brown 

doughballs, percentages of brown doughballs taken by all 

birds was reduced significantly (Paired t-test, t=6.732, 

df=9, P < 0.0005) (Fig.5a-d), but the older subordinates did 

not completely reject them. Analyzing the older subordinate 

birds as a group, I found that their early choice of brown 

doughballs (mean: 81.9% brown) did differ significantly from 

their post-digitoxin percentage choice of brown (late mean: 

48.9 % brown). All birds changed their original color 

preferences at the time of cardenolide introduction (Paired 

t-test, t=52.025, df=2 P < 0.05). Even the young birds, some 

of whom preferred doughball color other than brown initially, 

avoided their original color of choice (Paired t-test, 

t=3.972, df=2, p < 0.05) as well as the brown doughballs. 



Figure 5a-d. Color choice of individuals of different 

status-age groups in the doughball experiment, when (a) 

feeding alone in the the non-digitoxin period, (b) 

feeding after observing others in the non-digitoxin 

period, (c) feeding alone in the digitoxin period, and 

(d) feeding after observing others in the digitoxin. 

Length of vertical bars represents mean percent success 

at the feeder for each status group. Black bars 

represent brown doughballs. Bars with diagonal stripes 

represent green doughballs and small checks indicate red 

doughballs. Sample sizes are 3 individuals for young 

subordinates, 4 for older subordinates and 3 for older 

dominants, a minimum of 10 selections per individual. 
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DOUGHBALL COLOR CHOICE 3. CULTURAL TRANSMISSION OF INFORMATION 

I compared the number of color selections made by 

individuals of different social status and age, in the 

presence of others and alone (Table 3; Figs. 5a,b) before the 

introduction of digitoxin into the doughballs. Neither 

dominants nor older subordinates changed their selection in 

the presence of others, while young subordinates did (Figs. 

5a,b). 

Color preferences of the three older subordinate birds 

before the introduction of digitoxin were not significantly 

different (Paired t-test, t=1.882, df=3, p > 0.05) from the 

dominants. However after digitoxin was introduced, the 

selection made by older subordinates when alone varied 

significantly from the other birds. Except when following 

other birds, the older subordinates did not give up the brown 

doughballs when the emetic was added (Fig 5c,d). In the 

post-digitoxin period I found a significant difference (Table 

3) between choices made alone and when following another 

individual. 

The young subordinates exhibited significant differences 

between their solo and group choices (Figures 5a,b) in the 
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early period (Paired t-test, t=-3.511, df=2, P < 0.05) . 

There was a directionality in the flow of information. 

The younger subordinate individuals changed their color 

selections significantly (Paired t-test, t=-3.511, df=2, 

0.025 < P < 0.05), matching those of the adults (Unpaired t-

test comparing dominants' selections to young birds', t=-

0.013, df=4, P > 0.4) (Figs.5a,b), but the reverse was not 

true. There were no significant differences between the 

choices of dominants in the presence of subordinates and 

those made when alone (Paired t-test, t=-0.236, P > 0.4). The 

older subordinates did not alter their behavior after 

observing other birds before the digitoxin doughballs were 

introduced (Paired t-test, t=-0.33, df=4, 0.1 < P < 0.375). 

Afterwards, however, when in the company of others, their 

choices reflected those of other birds at the feeders and 

differed significantly from selections made alone. Older 

subordinates feeding alone continued to choose the brown 

doughballs even after the introduction of the digitoxin (Fig. 

5d) . 

SUMMARY of RESULTS: 

Two patterns are apparent from these data: 

1) In all cases the subordinates behaved significantly 
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different from the dominants. In the color choice experiments 

the initial color preferences of subordinates less than three 

years old deviated significantly (as a group) from those of 

the older birds. After digitoxin was introduced into 

doughballs of the preferred color (brown), the older 

subordinates exhibited significant differences in color 

choice than the dominants and younger subordinates. During 

the feeder experiments the subordinates consistently 

performed less successfully than the dominants. 

2) In the color choice experiments, the subordinates, 

particularly young birds, change their initial color 

selections after observing the choices of others. The 

dominants do not seem to alter their behavior except when 

exposed to the digitoxin doughballs. In the feeder 

experiments the dominant's efficiency actually goes down 

slightly in the presence of subordinates probably due to 

interference from the latter. This suggests a flow of 

information from older dominants to younger subordinates. 

2.4. DISCUSSION 

Traditionally the information center hypothesis has been 

used to provide a reason that birds or other animals of 

unknown genetic relationship choose to live in large 
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aggregations (Hoogland and Sherman 1976; Snapp 1976; Erwin 

1977,1978; Waltz 1982). In species, such as osprey (Greene 

1986) or swallows (Myers and Waller 1977), whose clumped 

prey occurs 'randomly' throughout the habitat, the 

information delivered often involves location of a feeding 

site. The lead individual may not 'intend' to direct others 

to food, and,by enhancing the survival of other genotypes, 

may even be negatively affected. In most of these colonies, 

any adult may provide information about food patches 

encountered so that the relationship between colony members 

is one of reciprocation. With each member searching 

separately, a colony of individuals has a higher probability 

of encountering the rich food patches (Waltz 1982) . 

In producer-scrounger systems such as those discussed by 

Barnard (1984), information transfer differs from that in 

colonies. Particular individuals consistently find the food 

('producers') while others consistently follow ('scroungers') 

(Rohwer and Ewald 1981; Barnard 1984). These systems have 

been studied in juncos (Baker et al 1981), Harris' sparrows 

(Rohwer and Ewald 1981), pigeons (Giraldeau and Lefebvre 

1984) and other flocking birds (Davies 1976; Krebs 1973). In 

certain cases, it is mainly the dominants that serve as the 

producers with the subordinates parasitising them with 
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regards to food. In pigeons, Giraldeau and Lefebvre (1986) 

noted that producer and scrounger roles reversed in certain 

circumstances, evidence for the existence of a 'skill pool'. 

In a skill pool, certain individuals, specializing in a 

foraging technique, would become producers when that skill 

was needed and other birds would follow. In this way each 

individual would share its own specialty with its flock. This 

requires some familiarity with flock members. Again this is 

not a deliberate transfer of information. 

The basis of the environmental constraints model for the 

evolution of cooperative breeding systems, discussed by Emlen 

(1982a), are ecological constraints on survival and 

independent breeding imposed by limited food, nest sites or 

other resources. Territories appearing large in a given year, 

may reflect perceived need, insuring survival of a flock in a 

poor year (MacLean and Seastedt, 1979). If appropriate 

habitat with territories large enough to support a nesting 

pair and their young become saturated, the number of breeders 

may be restricted. Habitat saturation, a special case of 

environment constraints, has been implicated in the 

maintenance of certain cooperative breeding systems (Emlen 

and Vehrencamp 1983). 

In Gray-breasted Jays, however no shortage of territories 
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has been detected (Edwards 1986). Shank (1986) noted, 

however, that territories in these plural breeders were less 

productive than those of single-nest cooperative breeders. 

Under these conditions,individuals that lack good foraging 

skills, may benefit from group enhancement of foraging 

efficiency (Clark and Mangel 1984) . 

In this study I have found evidence that (1) 

subordinates were less successful at solving a foraging 

problem than were dominants, (2)that, as indicated by their 

color choices, the sub-adults may have less defined decision 

rules than adults, and (3) foraging information was 

transferred among flock members, particularly from adults to 

subadults. After observing dominants the young birds selected 

doughball colors similar to those of the dominant birds, 

while the dominants did not change their preferences from 

color selected when alone. 

In these Gray-breasted Jay flocks, as in producer-

scrounger systems, certain adult individuals consistently 

serve as leaders. However, most information transferred in 

both the colonial and producer-scrounger systems involved 

food detection, whereas I have evidence from this study that 

other types of information are also exchanged among Gray-

breasted Jays including (1) identification of palatable 
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foods, and (2) new foraging and food-handling methods 

(McKean, personal obs.). 

Studies of the Gray-breasted Jay suggest that certain 

birds are identified as 'role models' and that the models 

were, to some degree, willing participants unlike the 

'producers' in many other system. Brown and Brown (1984) 

discuss parental facilitation of breeding, noting that adult 

Gray-breasted Jays tolerate the presence of aggressive young 

birds at a food source, sometimes allowing them to remove 

food from in front of the older birds. These older birds are 

not necessarily parents, however, though they may be close 

relatives (Brown 1972, 1987; Barkan et al. 1986). 

In other species observational acquisition of foraging 

information has been studied, particularly the transfer from 

parents to young (Klopfer 1961; Galef 1976,1977; Losey et al. 

1986) . In the adult Gray-breasted Jays, the consistent 

initial choice of brown doughballs suggests the presence of a 

common foraging 'rule', not yet assimilated by younger flock 

members. Despite lack of nutritional differences between the 

foods, the sub-adults changed their initial color preferences 

after observing the choices of older birds. 

The young birds of certain species such as robins 

(Gochfeld and Burger 1984), pelicans (Orians 1969; Blus et 
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al. 1978), cormorants (Morrison et al. 1978) and gulls (Greig 

et al. 1983; MacLean 1986; Porter and Sealy 1982) have been 

• found to be inept foragers. Their foraging techniques may be 

clumsy or their choice of foods inappropriate or poor. When 

foraging techniques are complex such as that of 

oystercatchers (Goss-Custard and Durrell 1987), juveniles may 

require a particularly long period of parental care. 

A young jay must learn not only where to forage, but also 

how to recognize and handle a wide array of available foods. 

During breeding season foraging efficiency should be 

particularly necessary. Females must collect enough nutrients 

to lay eggs (Murton and Westwood 1977) and males must feed 

both females and newly hatched young as well as themselves 

(Brown 1972). In a flock, there are more opportunities for 

direct acquisition of food through stealing directly from 

other birds or their caches. 

In his studies of warblers exposed to novel situations, 

Greenburg (1985, 1987) has found low levels of neophobia in 

young birds, particularly among individuals of a generalist 

species. In the Gray-breasted jays that I observed, I noted 

that young birds and subordinates rarely ventured into new 

situations, such as my experimental designs, but consistently 

followed adults. This has been found in other species 



49 

(Coppinger 1969,1970). In social groups, the presence of 

experienced individuals may allow young birds to be generally 

neophobic and still increase their foraging and other 

behavioral repertoires under safe circumstances. Apostatic 

selection may be affected by response to novelty (Allen and 

Clarke 1968; Coppinger 1969, 1970) . In considering 

theoretical foraging problems such as optimal and risk-

sensitive foraging, sociality may increase the information 

available to an individual (affecting e.g. assumptions of 

perfect knowledge). This information may also decrease 

variance in foraging success of younger individuals and less 

experienced subordinates. 

We have not discussed the evolutionary weight of _ 

relatedness among flock members. In cooperative breeding 

systems there is a higher degree of relatedness among flock 

members than in most aggregations of birds, making sharing of 

information indirectly advantageous to the leader itself. 

Genetic relatedness among colonial individuals has been 

little studied. However it has been suggested that bee-eaters 

(Emlen 1981), osprey (Greene 1986) and swallow colonies 

(Myers and Waller 1977) may be more closely related than we 

suspect (Greene 1986) . 

In his arguments regarding the evolution of cooperative 
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breeding systems, Brown considered three questions: (1) Why 

the low dispersal rates (from the natal flock)? (2) Why delay 

breeding? (3) Why help at the nest of other flock members 

(Brown 1987)? In the light of the first question I consider 

not only the disadvantages of dispersal but also the 

advantages of remaining with a group, particularly your natal 

group. Foraging efficiency may be of critical importance to 

the Gray-breasted Jay, especially in years of poor food 

production (for example, the oak mast). Providing safety for 

its members, a flock may provide an 'information center' 

facilitating the acquisition of foraging and predator 

avoidance information (Wittenberger 1981). Not only is 

information about location of foods available but also types 

of foods and generalizable methods for discovery and handling 

of foods. The advantages of flocking are increased if there 

is a possibility of breeding or parental facilitation within 

that flock. 
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APPENDIX 1 

DOMINANCE HIERARCHIES - BINOMIAL PROBABILITIES OF THE 

OUTCOMES DYADIC INTERACTIONS - DECEMBER 1983 

WTMMF.RS 

S*nta Catalina riock 

XQ/00 XSZ2S SUXH iCY/Yb X vb/vr xw/mm xg/gr 

*b.'hh 
LOSERS 

XR/RR X 

xc/cc 0.05* 

(14/20) 

X 

XG/G3 0.10 

(9/14) 

0.001* 

(10/12) 

X 
* 

XY/YY 0.001* 

(17/21) 

0.001* 

(19/24) 

0.04* 

(8/11) 

X 

>:•/.'yc 0 . 01* 

(28/42) 

0.005* 

(16/19) 

0.05* 

(6/7) 

0.05* 

(7/9) 

X 

X 0.1 

(6/8) 

• • 

(3/3) 

0.005* 

(13/14) 

0.05* 

(6/7) 

0.02* 

(11/15) 

X 

xb/yr 0.003* 0.05* 0.1 0.01* 0.05* 0.07 X 

(8/8) (6/7) (4/5) (11/15) (5/6) (12/19) 

XW/KW 0.05* 0.01* * * 0.035* 0.044* 0.03* 0.12 X 

(6/7) (9/10) (1/2) (5/5) (8/10) (7/8) (5/6) 

XG/GR 0.001* 0.002* *« 0.05* 0.001* 0.05* • • 0.031* X 

(13/14) (25/33) (2/2) (11/14) (31/42) (6/9) (2/3) (5/5) 

xb/bb 0.016* 0.004* 0.06* 0.005* 0.02* 0.002* *** 0.11 0.04* 

(6/6) (8/8) (4/4) (12/14) (8/9) (12/15) (1/2) (6/8) (5/6) 

• significant at < 0.05. 

** significant using avoidance data because there was insufficient intecaction data. 

*** no data available for this combination 

The first number in parentheses is the number of "wins' with that pair of individuals 

the second number is the total number of interactions between this pair. 
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Hillside Flock 

mSF.RS xn-ran nvn hh-iri-

WTHHERS 

h*-rn RRB MOV 

xo-cm X 

cm-xo 0.0001* X 

(39/42) 

x.*n-oo 0.027* 0.156 X 

(19/24) (5/7) 

RYB 0.03* ** 0.02* X 

(5/5) (2/3) (15/20) 

fcb-xr 0.003* 0.01* 0.02* 0.09* X 

(8/8) (12/14) (8/9) (5/6) 

bx-ro 0.05 0.004* 0.018* 0.005* 0.122 X 

(6/6) (12/14) (8/9) (15/19) (3/3) 

RRB 0.05* ** 0.03* * •  0.03* 0.012* X 

(9/13) (1/2) (7/8) (3/5) (7/8) (6/6) 

MOX 0.032* 0.025* **• 0.04* 0.03* **» *** x 

(11/14) (11/13) (1/3) (8/10) (5/5) (2/4) (2/3) 

COY *» 0.125 0.05* 0.002* *** 0.063 ** •*» 
(2/4) (7/11) (8/10) (9/10) (2/3) (11/19) (4/5) (3/4) 

OOY YXM 
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APPENDIX 1 (CONTINUED) 

UpCanyon Flock 

IQSERS ana Ufltt <*»-»a YBX rr-r« BMX XBX 
RMB X 

MOM 0.000* X 

(14/14) 

ob-xo 0.0001* 

(29/37) 

0.016* 

(11/12) 

X 

YEX 

(4/5) 

0.001* 

(16/19) 

0.05* 

(6/7) 

X 

rr-rx 0.005* 0.002* 0.001* 0.10 X 

(13/14) (16/19) (9/10) (6/8) 

MRR 0.02* 0.05* 0.044* 0.055* 0.15 0.01* 

(7/8) (0/10) (16/24) (6/7) (5/7) (10/13) 

* sig.-.if icant at < 0.05. 

** significant using avoidance data because there was insufficient interaction 

data. 

*•* no data available for this combination 

The first number in parentheses is the number of 'wins' with that pair of 

individuals; 

the second number is the total number of interactions between this pair. 
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APPENDIX 1 (CONTINUED) 

Station Flock 

S2E BMR _sn_ 

WTNHBRS 

ht_ _B22_ 

0.01* 

111/14) 

0.04* 

(16/24) 

0.001* 

(9/10) 

0.05* 

(10/13) (3/4) 

0.13 

(3/3) 

0.012* 

(9/11) 

0 . 0 0 1 *  

(9/10) 

0 . 2 2  

(5/8) 

0.025* 

(5/5) 

0 . 1 1  

(6/8) 

0.063 

(8/11) (3/5) 

0 . 1 1  

( 6 / 8 )  

0.05* 

(6/7) 

* significant at < 0.05. 

*• significant using avoidance data becaus* there was insufficient interaction 

data. 

*** no data available for this combination 

The first number in parentheses is the number of 'wins' with that pair of 

individuals; 

zhe second number is the total number of interactions between this pair. 
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