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Abstract As conditions change, social insect colonies 
adjust the numbers of workers engaged in various tasks, 
such as foraging and nest work. This process of task 
allocation operates without central control; individuals 
respond to simple, local cues. This study investigates one 
such cue, the pattern of an ant's interactions with other 
workers. We examined how an ant's tendency to per- 
form midden work, carrying objects to and sorting the 
refuse pile of the colony, is related to the recent history 
of the ant's brief antennal contacts, in laboratory colo- 
nies of the red harvester ant, Pogonomyrmex barbatus. 
The probability that an ant performed midden work was 
related to its recent interactions in two ways. First, the 
time an ant spent performing midden work was posi- 
tively correlated with the number of midden workers 
that ant had met while it was away from the midden. 
Second, ants engaged in a task other than midden work 
were more likely to begin to do midden work when their 
rate of encounter per minute with midden workers was 
high. Cues based on interaction rate may enable ants to 
respond to changes in worker numbers even though ants 
cannot count or assess total numbers engaged in a task. 

Key words Task allocation Interaction rates Ants 
Social insects Pogonomyrmex barbatus 

Introduction 

Social facilitation of behavior occurs when an animal is 
more likely to behave in a certain way in the presence of 

other animals engaged in that behavior (Thorpe 1963). 
Social facilitation occurs in many taxa and affects many 
kinds of behavior, including foraging behavior in red- 
winged blackbirds (Mason and Reidinger 1981), habitat 
selection in anole lizards (Stamps 1991) and egg-laying 
behavior in fruit flies (Prokopy and Duan 1998). Social 
insects provide well-known examples of social facilita- 
tion (Wilson 1974), but in many cases, we do not know 
how workers perceive the behavior of others. 

Interaction rates may contribute to social facilitation, 
by providing a cue to the numbers of animals currently 
engaged in some behavior. For many animals, signal 
rate is informative. In some cases, individuals vary the 
rate at which they produce a signal (e.g., Blumstein and 
Armitage 1997; Boinski and Campbell 1996; Jang and 
Greenfield 1996). In the present study, we consider the 
case when signal rate depends on some feature of a 
group, such as group size or density. For example, in a 
group of freely moving individuals, encounter rate will 
increase as a function of group size (Waser 1984). 

Social facilitation and its opposite, socially induced 
inhibition of behavior, are crucial to task allocation in 
social insects. As conditions change, social insect colo- 
nies adjust the numbers of workers engaged in various 
tasks, such as foraging and nest work. Task allocation 
operates without central control; individuals respond to 
simple, local cues. One example of how social facilitation 
affects task allocation is the trail pheromone of some ant 
species; the more foragers there are returning to the nest 
from a food source, depositing pheromone on the 
ground, the more ants leave the nest to forage (Wilson 
1962). Allocation of workers to foraging and to nest 
construction is relatively well understood for some social 
insect taxa (e.g., Seeley 1989 for nectar foraging in honey 
bees; Jeanne 1996 for nest construction in Polybia 
wasps). However, there are large gaps in our under- 
standing of task allocation. First, most work so far is on 
foraging, and many other tasks have not been studied. 
Second, most studies of task allocation are on transi- 
tions between inactivity and a single task, such as for- 
aging, rather than transitions between different tasks; 
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though we know that workers switch from one task to 
another, we know little about when or why. Third, we 
often cannot specify which cues influence individual task 
decisions. 

Here we investigate whether harvester ants use en- 
counter rates as a cue in transitions between tasks. We 
consider one type of interaction among workers: brief 
antennal contacts. Ants engaged in tasks outside the nest 
meet as they go in and out of the nest entrance. When 
two ants meet, one ant often touches, with its antennae, 
the antennae or body of the other. Antennae are the 
organs of chemical perception, and when one ant 
touches another it can determine, for example, whether 
the other ant is a nestmate. Patterns of brief antennal 
contact occur in many social insect species (Cole 1991; 
Franks et al. 1990) and influence individual behavior in 
some (Gordon et al. 1993; Reeve and Gamboa 1987; 
Reznikova and Ryabko 1994). 

We asked whether the probability that a harvester ant 
(Pogonomyrmex barbatus) performs a task is related to 
the recent history of its contacts with other ants. A social 
insect worker's task performance is influenced by its age, 
its hormonal state, and by genetic factors (Robinson and 
Page 1989). The task decisions of social insect workers 
are also based on cues from the environment or from the 
extent to which a task has been accomplished; examples 
are the amount of food or nest material available, which 
may elicit foraging or nest construction (Jeanne 1996). 
In addition, information from other workers affects an 
individual's task decisions; one example is the honeybee 
waggle dance. There is considerable indirect evidence 
that rates of interaction among workers have a role in 
task allocation: the number of individuals present, which 
partly determines interaction rate, influences a worker's 
task performance (Gordon 1986, 1987; Huang and 
Robinson 1992; Jeanne 1996; Kolmes and Winston 
1988; Reeve and Gamboa 1987; Wilson 1984; Winston 
and Fergusson 1985). 

Previous work on harvester ants showed that if the 
numbers engaged in one task (e.g., nest maintenance) 
change, numbers engaged in another task (e.g., foraging) 
will change as well (Gordon 1986,1987). This would occur 
if an ant responds to its rate of interactions with nestmates 
engaged in a different task. Another finding that suggests 
that interaction patterns may be important is that the 
dynamics of task allocation depend on colony age and size 
(Gordon 1987, 1989); older, larger colonies (5 years or 
more) differ from younger, smaller ones (2 years). Since 
workers live only a year (Gordon and Holldobler 1987), 
and all ants are the offspring of a single founding queen 
who lives 15-20 years (Gordon 1991), the difference be- 
tween old and young colonies in task allocation seems to 
arise from the difference in colony size. Encounter rate 
may vary with colony size or the local density of ants 
(Gordon et al. 1993). If ants use cues based on encounter 
patterns in making task decisions, this could explain why 
task allocation depends on colony size. 

This study was performed with laboratory colonies 
that devoted much of their effort to one task, midden 

work. In the field, harvester ant colonies maintain a 
refuse pile, or midden, on their nest mounds. Middens of 
P. barbatus colonies consist of dead ants (which are 
quickly removed by scavenger species), husks of the 
seeds the ants eat, and bits of rock and soil. Middens, or 
some chemical signal in midden material, may function 
in colony defense (Gordon 1984). 

We observed the activities and encounters of undis- 
turbed ants in laboratory colonies. We then examined in 
three ways how encounters affected the probability that 
an ant performed midden work. The first two ap- 
proaches define encounter rate as the proportion of all 
of an ant's encounters that are with midden workers. We 
asked (1) whether there is a correlation between the 
number of encounters an ant had with midden workers 
while it was away from the midden, and the time it spent 
performing midden work, and (2) whether an ant that 
stopped another activity to begin midden work had a 
higher proportion of encounters with midden workers 
than when it stopped midden work to begin another 
activity. The third approach was to test whether ants 
assess the rate of encounter with midden workers per 
unit time; such a rate would be correlated with the 
proportion of all encounters that are with midden 
workers. We asked (3) whether ants that switched to 
midden work from another activity had a higher rate of 
encounter (in encounters per minute) with midden 
workers than ants that did not switch. 

Methods 

General methods 

Observations were made with four colonies, called Ingrid, Lilith, 
Hermione and Trillian, each collected from southeastern Arizona 
6-30 months before it was used in this study. Each colony con- 
tained a queen. We do not know the ages of the colonies when 
collected. Once established in the laboratory, Ingrid, Lilith and 
Hermione each contained 500-1000 ants, which is probably the size 
of a large 1-year-old colony in the field. In the laboratory, Trillian 
contained about 1500 ants, which is about the size of a 2-year-old 
colony in the field (Gordon 1992). 

Each colony was housed in a row of plastic, plaster-filled nest 
boxes, covered with red Mylar to block the light, and connected to 
each other by transparent Tygon tubing. One of the nest boxes was 
connected by tubing to a single box, here called the "outer cham- 
ber," which was connected to a foraging arena. For one colony, 
Ingrid, the outer chamber was connected by tubing to a large 
(22 x 30 cm) plastic box in which food (artificial diet modified from 
Keller et al. 1989) was placed in a petri dish on alternate days. For 
the other three colonies, the nest boxes and outer chamber were on 
a table, connected by tubing to a two-tiered foraging arena on 
another table (Fig. 1). Food was placed in a watch glass on the 
upper tier of the arena on alternate days. Ants used a ramp to get 
from the lower to upper tier of the arena. Lights were on a 12L- 1 2D 
schedule. There were additional full-spectrum lights on for 4 h 
during the light period, placed over the foraging box of Ingrid, and 
over both tiers of the foraging arena of the other three colonies. All 
observations were conducted during the light period, and most 
during the time the full-spectrum lights were on. 

Ants travelled between the outer chamber and the foraging 
arena, but rarely between the outer chamber and the nest boxes 
except to move food into the nest (A. Fullerton, unpublished data). 
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Arena 

~ Outer chamber 

Fig. 1 Arena and nest boxes of laboratory colonies 

In ants of the genus Pogonomyrmex, exterior workers, probably the 
oldest workers in the colony, rarely go down into the lower 
chambers of the nest (MacKay 1983). It appears that in the labo- 
ratory, use of the outer chamber was similar to that of the upper 
chambers of nests in the field. 

Ants were marked with paint from Uni-Paint markers (Mi- 
tsubishi Pencil Co. for Eberhard Farber). Previous work indicates 
that paint-marking does not influence the subsequent behavior of 
marked ants or the behavior of ants that interact with marked ants 
(Brown and Gordon 1997; Gordon 1989). 

We recorded whether the focal ant entered any of the following 
locations: nest boxes; outer chamber and the tube connecting outer 
chamber to arena; arena, which included the lower tier of the arena 
except for the midden, the ramp to the upper tier of the arena, and 
the upper tier of the arena except for the food and midden; and the 
food dish. The other location was the midden, one or two piles of 
discarded food and dead ants, usually in the lower tier of the arena 
in the corners furthest from the entrance. The midden tends to be a 
discrete pile with a distinct edge generated by the piling activity of 
midden workers, so it is not difficult to decide if an ant is on or off 
the midden. 

Three activites were observed. The first, foraging, consisted of 
carrying food or inspecting it with the antennae. The second, 
midden work, consisted of carrying or inspecting a refuse item such 
as a dead ant, either on the midden or anywhere in the arena, or 
standing on the midden pile. Midden workers often spent some 
time merely standing on the midden pile in between bouts of 
moving midden objects from one place to another. Any ant on the 
midden was considered to be a midden worker. The third activity, 
walk/stand/groom, consisted of any of the following, in which the 
ant could not be seen to perform any particular task: walking 
without carrying anything; standing somewhere away from any 
food or midden material; or self-grooming, usually wiping the 
antennae with the forelegs. 

An encounter was considered to occur when the antennae of a 
focal ant touched any part of the body of another ant; almost 
always the focal ant touched the antennae of the other. Though 
chemicals on the body surface probably differ from one body part 
to another, we do not know enough about this to distinguish dif- 
ferent types of antennal contact. 

Time engaged in midden work and encounters off the midden 
with midden workers 

Observations were made with three colonies, Lilith, Hermione, and 
Trillian. Observations of Lilith were made from April to December 
1995. The behavior of the colony changed during this time. From 
April to August 1995, there was considerable brood production in 
Lilith and a great deal of foraging activity. From September to 
December 1995, brood production in Lilith almost ceased, many 
ants died, there was more activity on the midden, and foraging 
activity decreased. This may correspond to a seasonal cycle of 
brood production in the field (MacKay 1981). Observations of 
Hermione were made from January to March 1996. Observations 
of Trillian were made from March to June 1997. Data were ana- 
lyzed in four sets: April to August 1995 (Lilith I; 93 ants observed), 
September 1995 to January 1996 (Lilith II; 41 ants observed), 

January to March 1996 (Hermione; 62 ants observed), March to 
June 1997 (Trillian I, 16 ants observed). In total, 212 ants from 
three colonies were observed for about 2850 min. 

About 10-15 ants were marked identically each week; the marks 
lasted about a week. At least 24 h elapsed between paint-marking 
and any observation. Ants marked for observation were collected 
while performing each of several activities. The purpose of marking 
was to make ants easier to follow visually during a single obser- 
vation, not to track the behavior of specified individuals over 
successive observations. The same ant may have been observed 
more than once. However, the chances are small that we would 
choose the same one of 10 ants for observation on successive days, 
and even smaller that we would choose for marking on successive 
weeks the same 10 ants out of a colony of 500-1000, so it is unlikely 
that we observed the same ant week after week in any of the four 
separate studies of three different colonies. 

For each observation, a marked focal ant was chosen haphaz- 
ardly from among the marked ants that happened to be in the outer 
chamber or bottom of the arena. In Lilith I, all focal ants were in 
the outer chamber at the beginning of the observation; in Lilith II, 
Hermione, and Trillian I, 60%, 50%, and 20%, respectively, of 
focal ants were chosen when in the outer chamber, and the re- 
maining focal ants were in the arena at the beginning of the ob- 
servation. The length of time the focal ant was observed changed 
over the course of the study. In the first data set (Lilith I), the ant 
was observed for 5 min or until lost from sight by the observer if it 
did not leave the outer chamber, and for 20 min or until lost from 
sight if it entered the foraging arena. In the other three data sets 
(Lilith II, Hermione, and Trillian I), all ants were observed for 
20 min or until lost from sight. 

We recorded each change of activity or location by the focal ant 
and the time it occurred, each encounter with another ant and the 
time it occurred, and the activity of the ant encountered. Obser- 
vations were made by two people: one person observed the ants and 
the other typed the data into a computer, using a program that 
recorded the time of each data entry. 

We examined whether the probability an ant performs midden 
work is related to the number of encounters it has with midden 
workers while it is away from the midden. As a measure of the 
probability a focal ant performs midden work, we used the pro- 
portion of each ant's time, out of the total time that ant was ob- 
served, that it spent engaged in midden work. We then found the 
proportion of all encounters the focal ant had off the midden (i.e., 
excluding all encounters on the midden) that were with midden 
workers, who were likewise not on the midden but were carrying a 
dead ant or other refuse item in their mandibles. We tested for a 
correlation between the proportion of time an ant spent engaged in 
midden work, and the proportion of all its encounters off the 
midden that were with midden workers. Spearman's rank correla- 
tion tests were performed separately for each of the four data sets, 
with ns corresponding to numbers of ants observed. 

Encounters with midden workers before beginning 
and before stopping midden work 

We next tested whether an ant had more encounters with midden 
workers when it began or when it stopped midden work. If the 
probability an ant performs midden work were related simply to 
the number of encounters it has with midden workers, then ants 
that switched to midden work might have more such encounters 
than ants that stopped performing midden work. However, ants 
performing midden work are more likely to have encounters with 
midden workers than ants engaged in other activities. A midden 
worker was defined either as an ant on the midden or an ant away 
from the midden carrying refuse. An ant that was performing 
midden work and then stopped usually had many oppportunities 
for encounters with midden workers; if it was on the midden, it 
could meet only other ants on the midden, who were by definition 
midden workers. An ant that was performing another activity and 
then began midden work was an ant away from the midden with 
few opportunities for encounters with midden workers. 
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The test was performed separately with three of the data sets, 
Lilith II, Hermione, and Trillian I, described in the previous sec- 
tion. In the other data set, Lilith I, so few ants had performed 
midden work (see Fig. 2) that this test would not be meaningful. 

The data on each focal ant were divided into segments, each 
consisting of a portion of an observation during which the focal ant 
performed one activity. The number of segments per observation is 
one plus the number of transitions between activities: if an ant 
performed only one activity throughout an observation, that ob- 
servation provided one segment; if an ant changed activities once, 
that observation provided two segments, and so on. This analysis 
compared, for the same ant, its encounters before it began and 
before it stopped midden work, so the analysis used data only for 
those ants that changed activities enough to have at least three 
segments or at least two transitions in and out of midden work. We 
classified segments as being either of midden work or of another 
activity (foraging or walk/stand/groom). For each segment, we 
found the proportion of all encounters that were with midden 
workers. (In a segment in which the focal ant had no encounters, 
the proportion of encounters that were with midden workers could 
not be calculated, so such segments were eliminated from the data). 
For each ant, we calculated the average proportion of encounters 
with midden workers over all of its segments of midden work, and 
the average proportion over all of its segments of other activities. 
Using a paired t-test, we compared for each ant the average pro- 
portion of its encounters that were with midden workers in the two 
types of segments, midden work and other. We thus tested whether 
an ant had a higher proportion of encounters with midden workers 
before it stopped or before it switched to midden work. 

Encounter rate and probability of beginning midden work 

We next tested whether ants in another activity besides midden 
work (foraging or walk/stand/groom) that later switched to midden 
work had a higher rate of encounter with midden workers than ants 
that did not switch to midden work. 

First, using the data described above, from Lilith II, Hermione, 
and Trillian I, we found all observations of ants which, while en- 
gaged in some other activity besides midden work, encountered a 
midden worker. If an ant met these criteria more than once during 
an observation, we chose only the first instance from the observa- 
tion of that ant. For each ant, we found the total number of con- 
tacts with midden workers and the time elapsed until either it began 
to do midden work or the observation ended. We then found for 
each ant the rate, in encounters/min, of encounters with midden 
workers, and compared this rate in ants that began to perform 
midden work and ants that did not, using a Mann-Whitney U-test 
performed separately for each data set. This comparison was not 
made for Lilith I because few ants performed midden work or 
encountered midden workers (Fig. 2). 

Second, using a slightly different procedure for data collection, 
observations were made with Ingrid and again with Trillian (data 
set called Trillian II in the following). For Ingrid, 31 ants were 
observed on 15 days in May 1996; for Trillian, 38 ants were ob- 
served on 10 days in May 1997. Each focal ant observed in Trillian 
was marked immediately after observation, which made it possible 
to ensure that no ant was observed more than once. Ants from 
Ingrid were not marked and may have been observed more than 
once; however, the results indicate that variation among ants in 

Fig. 2a-d Proportion of time E a Lilith I C Trillian I 
spent performing midden work, o 
as a function of the proportion of 3 * 1.00 
an ant's encounters, while it was * * 
away from the midden, with D 0 
midden workers. Each point E 0.75 
represents data from one ant. a C E 0 

0 CD Lilith I (n = 93; most of the data V 0.50 c 
a) 0.0 

points overlap in a cluster near E * 0.5 
the origin). b Lilith II (n =40). c 0 
Trillian I (n= 16). d Hermione c 0.25 
(n=62) .0 0.25 

o C 

a. 
.2 

c 0.00 * 0.o _ _ _ _ _ _ 

0.00 0.25 0.50 0.75 1.00 2 0.00 ? , 
0L 

Proportion of encounters off the midden 0.00 0.25 0.50 0.75 1.00 
that were with midden workers Proportion of encounters off the midden 

that were with midden workers 

b d 

Lilith II 
0 1.00 Hermione 
30 1.00 

a) c 
* 0.75 0.75 

'0 
E 0.50 V 0.50 

E ~ ~~~0 0 
'50 
a '5 
. ?0.25 - * * 0.25 
0 0 0 
0. 0 

Q- 0 00. 
0.00 es . * 0 0 0, e1 , - 0.00 :* , .' 

0.00 0.25 0.50 0.75 1.00 0.00 0.25 0.50 0.75 1.00 
Proportion of encounters off the midden Proportion of encounters off the midden 
that were with midden workers that were with midden workers 



374 

15- 

10- 
Cl) 

0 
5- 

T ' T 

0 - 

._ E - _ 
c- 

Colony 

Fig. 3 Rates of encounter with midden workers for ants that 
subsequently began to do midden work (filled bars) and ants that 
did not do midden work (open bars). Error bars show SE of the mean 

Ingrid was similar to that of Trillian II, in which each ant was 
observed only once (Fig. 3). A total of 69 ants from two colonies 
were observed for about 750 min. 

In Ingrid and Trillian II, focal ants were chosen as follows. We 
observed a haphazardly chosen midden worker that was carrying 
refuse off the midden, until it encountered an ant that was not 
engaged in midden work. The latter ant became the focal ant. The 
focal ant was observed for 15 min or until it began to perform 
midden work, was lost, or left the foraging arena to return to the 
nest. During the observation we recorded, using a tape recorder, 
the activity of the focal ant, the occurrence of an encounter, the 
activity of the ant encountered, and the location of the encounter. 
In these data, activities were defined as above. Locations were the 
midden, the food dish, or elsewhere in the foraging arena besides 
the midden or food dish. 

These data were analyzed as described above. For each ant, we 
found the total number of contacts with midden workers and the 
time elapsed until either it began to do midden work or the ob- 
servation ended. We then found for each ant, the rate, in encoun- 
ters/min, of encounters with midden workers, and compared this 
rate in ants that began to perform midden work and ants that did 
not, using a Mann-Whitney U-test performed separately for each 
data set. 

Results 

Table 1 shows encounter rates and activity counts for 
the first four data sets, Lilith I, Lilith II, Hermione, and 
Trillian I. 

Time engaged in midden work and encounters 
off the midden with midden workers 

The more midden workers an ant encountered while it 
was away from the midden, the more of its time was 
spent engaged in midden work (Fig. 2). In all four data 
sets, the proportion of time ants spent performing 
midden work was significantly correlated with the pro- 
portion of encounters off the midden with midden 
workers (Lilith I: rho = 0.38, Z= 3.64, P= 0.0003, n =93; 
Lilith II: rho=0.56, Z=3.49, P=0.0005, n=40; Her- 

mione: rho = 0.67, Z =5.21, P= 0.0001, n = 62; Trillian I: 
rho=0.81, Z=3.12, P=0.002, n=16; Spearman's rank 
correlation test, rho and Z corrected for ties). 

Encounters with midden workers before beginning 
and before stopping midden work 

The proportion of an ant's encounters that were with 
midden workers was similar, whether it performed 
midden work and then began another activity, or the 
reverse. There was no significant difference in average 
proportions of encounters with midden workers in the 
two types of segments, midden work to another activity 
or another activity to midden work, in two of three data 
sets: Lilith II (t=-1.139, n.s., n= 19, paired t-test; mean 
difference -0.071, 95% confidence intervals -0.202, 
0.061) and Hermione (t=-1.036, n.s., n=26, paired t- 
test; mean difference -0.088, 95% confidence intervals 
-0.266, 0.09). In the remaining data set, Trillian I, ants 
had a significantly higher proportion of encounters with 
midden workers while performing midden work before 
beginning another activity than they did when per- 
forming another activity before beginning midden work 
(t=-2.699, one-tailed P=0.01, n= 13, paired t-test; 
mean difference -0.223, 95% confidence intervals 
-0.405, -0.041). Proportions of encounters that were 
with midden workers ranged from 0 to 0.97. Ants on the 
midden could meet only midden workers, since all ants 
on the midden were considered to be midden workers. 

Encounter rate and probability of performing 
midden work 

Ants engaged in tasks other than midden work who 
switched to perform midden work had met midden 
workers at a higher rate than ants who did not switch. 
Figure 3 shows the results on encounter rates for all five 
data sets in which this comparison was made. In Lilith 
II, only one ant that met a midden worker did not 
eventually begin to do midden work, so the statistical 
test could not be performed. The result was clear: all the 
ants that began midden work met midden workers at a 
higher rate than the one that did not begin midden work. 
In Hermione, the encounter rates for the 9 ants that 
began to do midden work were all higher than the rates 
for the 2 that did not do midden work (U= 18, one- 
tailed P = 0.02, Mann-Whitney U-test). In Trillian I, 
rates for the 16 ants that began to do midden work were 
significantly higher than those for the 6 ants that did not 
(Z= 2.54, one-tailed P <0.005, Mann-Whitney U-test). 
In the data in which focal ants were chosen upon en- 
counter with a midden worker, the results were the same: 
ants who began to do midden work after performing 
another activity had met midden workers at a higher 
rate than ants which did not do midden work (Ingrid, 
Z =2.68, one-tailed P =0.004, 21 began to do midden 
work, 10 did not; Trillian II, Z= 2.39, one-tailed 
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Table 1 Comparison of four data sets. A segment is a portion of an observation during which the focal ant performed one activity. For 
counts of encounters per segment, foraging and walk/stand/groom were counted as a single segment when they occurred consecutively 

Lilith I Lilith II Hermione Trillian I 

Number of ants observed 93 48 62 16 
Segments per ant 
Range 1-3 1-45 1-32 52 
Mean (SD) 1.1 (0.4) 6.1 (8.9) 4.7 (6.5) 15.3 (16.8) 
Segments of each activity 
Foraging 22 3 34 11 
Midden work 6 453 350 331 
Walk/stand/groom 155 208 239 132 
Encounters per ant 
Range 0-157 0-49 0-87 0-148 
Mean (SD) 35.2 (28.8) 16.0 (12.9) 21.6 (16.9) 80.4 (36.5) 
Encounters per segment 
Range 0-157 0-43 0-87 0-107 
Mean (SD) 32.1 (27.7) 2.4 (5.7) 4.6 (9.5) 5.3 (11.4) 

P=O.Ol, 26 began to do midden work, 12 did not; 
Mann-Whitney U-test). 

Discussion 

The probability an ant will begin to do midden work is 
associated with its recent interaction history. The more 
midden workers an ant meets while it is away from the 
midden, the more likely it is to perform midden work. 
This positive correlation was significant in four data sets 
from three colonies (Fig. 2). In one of these data sets, 
Lilith I, the correlation persisted with low values of both 
variables; when contact with midden workers was rare, 
ants did little midden work. 

How an ant reacts to interaction with midden 
workers is related to its rate of interaction, in encounters 
per minute. Ants engaged in some other task were more 
likely to begin to do midden work when their rate of 
encounter with midden workers was high (Fig. 3). Ants 
may assess encounter rate using the interval between 
encounters. The interval that elapses between interac- 
tions influences activity in honeybee foragers (Seeley and 
Tovey 1994) and nest builders of Polybia wasps (Jeanne 
1986, 1996). 

To distinguish the task of the ants it meets, an ant 
may use the odor of objects carried by another ant, such 
as dead ants or refuse. In addition, harvester ants of 
different task groups differ in cuticular hydrocarbons 
(Wagner et al. 1998). Task-specific cuticular hydrocar- 
bon profiles have also been reported in other ant species 
(Bonavita-Cougordan et al. 1993) and termites (Howard 
et al. 1982). Cuticular hydrocarbons are the source of 
colony-specific odors used by social insects in kin rec- 
ognition (Arnold et al. 1996). An ant can detect in the 
course of a brief antennal contact whether another ant is 
a nestmate, presumably by its cuticular hydrocarbon 
profile. Perhaps an ant can also detect the task of an- 
other ant during brief antennal contact. 

Our results do not show how many of an ant's recent 
encounters contribute to its task decisions. In many 
theoretical models of task allocation, individuals begin 
to perform a task at a threshold value of a variable 
which is reset to zero after every response (e.g., Gordon 
et al. 1992; reviewed in Beshers and Robinson, in press). 
IT the present case, such a rule would be that when an 
ant accumulates x encounters in a given time interval it 
begins to do midden work, and once it begins doing 
midden work the number of encounters is set to zero and 
a new time interval begins. Our results here are not 
consistent with a model likQ this, because ants that 
?topped performing midden work often had as many 
encounters with midden workers as ants that left an- 
other activity to take up midden work. If such a model is 
correct, ants must employ different threshold rules in 
different situations, so that the threshold encounter rate 
required to take up midden work differs from the 
threshold required to leave it. Another possibility is that 
such models are incorrect, and an ant's task decision 
depends on information accumulated over more than 
one activity. For example, encounter rate might influ- 
ence the probability of performing midden work over 
many transitions in and out of midden work. This is 
consistent with our results. 

Whatever the correct model for individual task deci- 
sions, it seems unlikely that ants behave in a completely 
deterministic way or that their responses are calibrated 
to a narrow range of stimuli. Such behavior would be 
appropriate for animals that reliably make precise as- 
sessments and inhabit a predictable environment, and 
neither seem to be the case for ants. For example, a task 
decision that depends in a fully deterministic way on a 
threshold of four encounters would require ants to count 
reliably to four and would be most useful if ants reliably 
experience exactly four encounters in particular situa- 
tions; both seem unlikely. Theoretical work shows that 
the rules that individuals use in task decisions may be 
stochastic or imprecise, yet still lead to predictable dy- 
namics at the level of the colony (e.g., Deneubourg et al. 
1986; reviewed in Gordon 1996). 
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We found that ants away from the midden, not en- 
gaged in midden work, began to perform midden work 
when they met many other ants carrying refuse. Ants 
away from the midden were not constrained to go to the 
midden. However, ants which were somehow predis- 
posed for midden work and were moving toward the 
midden, which we would classify as walking, would 
probably encounter midden workers as they approached 
the midden. There are two reasons why this effect 
probably does not contribute greatly to our results. 
First, large numbers of ants were observed walking 
around, relative to numbers on the midden, and ants 
walking around were dispersed throughout the arena. 
Thus it is unlikely that most ants walking around were 
already headed for the midden. Second, the focal ants we 
observed off the midden encountered midden workers all 
over the arena, and the number and locations of midden 
piles changed many times during the course of the study. 
Thus most contacts between focal ants and midden 
workers off the midden did not occur near the midden. 

If encounters with midden workers tend to elicit more 
midden work, why do all workers not end up doing 
midden work? The positive feedback from other workers 
may be countered by a tendency to stop performing a 
task when the environment does not provide opportu- 
nities to perform it (as in the model of Pacala et al. 1996). 
Environmental cues provide negative feedback for other 
tasks of harvester ants. The rate at which successful 
foragers return to the nest is probably linked to food 
availability. When this rate declines, foragers are more 
likely to remain inactive inside the nest (Gordon 1991). 

Similarly, negative feedback from the environment 
may curtail midden work. The amount of midden work 
performed is probably linked to the amount of midden 
material present. In the field, dead ants are often taken 
far from the nest where they are removed by other, 
scavenging species (personal observations), and the 
majority of time spent in midden work is in the collec- 
tion, sorting, and rearrangement of pebbles and seed 
husks. Midden workers in P. barbatus, as in P. badius 
(Gordon 1984), may help prevent intrusion on the nest 
mound by other ant species by transferring some scent 
mark to midden material. Perhaps when the midden is 
not sufficiently permeated with this scent-marking 
chemical, a few ants may respond to a lack of midden 
scent, and begin midden work, and their encounters with 
other ants will elicit more midden work. Then, midden 
workers might become more likely to return to the nest 
when they do not encounter midden material that re- 
quires scent-marking. In laboratory colonies, midden 
work is mostly the futile attempt of the colony to dispose 
of dead ants. We found that midden workers stop per- 
forming midden work despite encounters with other 
midden workers; the proportion of recent encounters 
with midden workers for ants beginning or stopping 
midden work was equally high. We do not know what 
environmental cues provide negative feedback; some 
possibilities are insufficient midden material to occupy 
ants, or competing cues that elicit other tasks. In Lilith I, 

when numbers of dead ants were relatively low, few ants 
performed midden work (Table 1). 

The task an individual worker performs is the out- 
come of many influences (Gordon 1996). A worker's 
activity at any instant depends on its physiological state; 
both genetic variation and hormonal state lead individ- 
uals to differ in the propensity to perform tasks (Rob- 
inson and Page 1989). A worker's activity further 
depends on the current status of the environment rele- 
vant to the task it is performing; for example, a forager's 
activity is affected by the availability of food (Seeley 
1989). This study shows correlations between an ant's 
task and its short-term accumulation of brief encounters 
with its nestmates. Manipulative experiments are needed 
to establish a causal link between encounters and task 
decisions; we are currently performing such experiments 
using extracts of task-specific cuticular hydrocarbons 
(Wagner et al. 1998). 

An ant's brief encounters with others could provide a 
cue to the numbers of ants currently engaged in a task. 
Cues based on interaction rate may enable ants to re- 
spond to changes in worker numbers even though ants 
cannot count or assess total numbers engaged in a task. 
As conditions change, social insect colonies adjust the 
numbers of workers engaged in various tasks. This task 
allocation operates without central control; individuals 
respond to simple, local cues. Encounter rate can 
translate overall changes in group size into a simpler, 
local index. Each ant's assessment of its recent interac- 
tion history may contribute to the complex process of 
task allocation in the colony. 
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