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Abstract: 

 In this experiment, I used 8 different sized colonies of Camponotus festinatus to test 

whether there is a correlation between colony size and the strength of division of labor within the 

colony. I predicted that large colonies would have a higher degree of division of labor than 

smaller colonies. This study is important in order to better understand social insects and the way 

that they can change the organization of how tasks are allocated depending on the number of 

individuals within the colony. I performed three DOL indices: the first DOL index included all 

tasks, the second DOL index included all the active tasks with one group of the inactive tasks, 

and the third DOL index included only the active tasks. These DOL indices were not statistically 

significant. I also tested to see whether colony size affected the task composition within the nest. 

These results were not statistically significant. In addition, I tested whether major task repertoires 

were statistically different from the task repertoires of minors. These results showed that the 

differences were not significant. 

 

 

 

 

 

 

 

 

 

 



Introduction 

 One important facet that distinguishes social insects from other insects is division of 

labor. This concept predicts that in a social colony, some workers will perform some tasks and 

other workers will perform other tasks. In essence, the concept of division of labor predicts that 

each worker will specialize in a task or set of tasks, thus, increasing the colony’s productivity 

and efficiency (Thomas & Elgar 2002). The Reliability Theory predicts that workers in small 

colonies will perform a larger array of tasks or a more precise execution of tasks than workers in 

large colonies (Burkhardt 1998). In an experiment on Pheidole dentata, Burkhardt fragmented a 

large colony into smaller units of different sizes. This experiment was designed to test whether 

the behavior of individual ants is altered when placed in different sized colonies and if these 

changes in behavior are a function of colony size (Burkhardt 1998). Burkhardt found that the 

scouts could perceive the size of their colony and that the scout made decisions about how long 

to stay at a food source, how long to take returning to the nest, and how strongly to recruit other 

workers based on the size of the colony (Burkhardt 1998). Larger colonies have higher metabolic 

needs due to more individuals, thus, the scouts in larger colonies tend to forage more efficiently 

because they spend less time away from the nest than smaller colonies and the time that was 

spent away from the nest was primarily spent at the food source (Burkhardt 1998). Scouts from 

larger colonies returned quicker to the nest and recruitment was stronger (Burkhardt 1998). The 

strength of recruitment was measured by the proportion of ants that followed the scout and began 

to forage. This study shows that ants can perceive the size of the colony and are able to adjust 

their behavior accordingly. The study further delineates that colony size does indeed dictate the 

way in which individuals perform tasks and divide labor within the colony. The methods that 

Burkhardt used were designed to avoid age and genetic bias (Burkhardt 1998). It is important to 



avoid these types of bias because as Robinson and Page (1988) have shown genetics plays a role 

in how and to what degree colonies execute division of labor (Burkhardt 1998). Furthermore, 

temporal polyethism, which is an age-based division of labor, predicts that ants tend to perform 

certain tasks when in different age classes and will typically not switch to tasks out of their 

domain (Burkhardt 1998).  

There has also been much research in the realm of inter-specific comparisons of division 

of labor. It has been found that species that have large colonies tend to have greater spatial 

organization and caste polymorphism and more efficient methods of task partitioning than 

species that have small colonies (Thomas & Elgar 2002). It has also been observed that worker 

polymorphism occurs more frequently in large colonies. This fits the prediction that large 

colonies have more task specialization because different sized ants may be better at different 

tasks (Thomas & Elgar 2002). Thomas and Elgar (2002) found in their study on the ant 

Rytidoponera metallica that individuals in smaller colonies had higher task diversity than did 

large colonies. Furthermore, small colonies tended to spend more time caring for brood and large 

colonies tended to spend more time foraging (Thomas & Elgar 2002).  It has also been proposed 

that temporal polyethism is a driving force of task differentiation. Temporal polyethism occurs 

when the task of an ant changes over time as it ages (Thomas & Elgar 2002). Younger workers 

tend to specialize on tasks within the nest, such as brood care, and older workers tend to 

specialize on tasks outside the nest, such as foraging. Interestingly it was found in Thomas and 

Elgar’s study (2002) that age polyethism is found more in large colonies than small. This shows 

that ants in larger colonies use different mechanisms to organize and specialize in tasks than do 

small colonies. In another study, Seid found that in Pheidole dentata minor workers performed 

virtually all tasks while major workers specialized in defense and food storage (2006). 



Another approach to understanding division of labor and the effect of colony size is by 

understanding mechanisms that cause task selection. Blanchard et. al. studied the ant 

Leptothorax albipennis to investigate whether nutrient status correlated with a particular set of 

tasks that an ant performs (2000). They found that at the end of the winter there was little 

variation in the amount of lipids stored in each ant. However, at the start of spring there was a 

shift within the colony with some ants having very little lipid storage and some ants having a lot 

of lipid storage (2000). The ants with very little lipid storage were lean foragers and the ants with 

a lot of lipid storage were fat nurses (2000). Blanchard et. al. found that foraging likelihood was 

negatively correlated with lipid storage (2000). They also found a correlation between lipid 

content and spatial position within the nest (2000). Lean ants were situated on the periphery of 

the nest and tended to be more active within the nest (2000). Howard and Tschinkel (1980) 

found that it is perhaps the foragers own hunger that incites foraging rather than the demand of 

the colony. Perhaps this shift is much stronger in larger colonies than small colonies and impacts 

the way that each size divides labor.  

Cassil and Tschinkel also investigated the effects of crop fullness, size, and age on task 

selection in Solenopsis invicta (1999). They found that workers with empty crops were more 

likely to forage and workers with full crops were more likely to recruit, store, and donate food 

inside the nest (1999). Size also influenced crop fullness and behavior (1999). Small workers 

tended to empty their crops quickly whereas large workers stored their food for long periods of 

time (1999). Medium workers had an intermediate response and alternated between filling their 

crops and donating food (1999). This shows that size polymorphism creates task repertoires that 

each size is specialized to perform (1999). Interestingly, medium workers tended to be more 

generalists (1999). The composition of small, medium, and large workers within different sized 



colonies may vary and may influence the overall division of labor within colonies of different 

sizes.  

Another mechanism that influences division of labor is temporal polyethism. This 

supposes that as an ant ages its task repertoire changes so that young workers will perform safer, 

in-nest tasks while older workers will perform more dangerous, out-of-nest tasks (Tripet & 

Nonacs 2004). In a study on the mechanisms behind temporal polyethism, Tripet and Nonacs 

(2004) investigated two hypotheses: the age-based hypothesis and the foraging for work 

hypothesis. The age based hypothesis says that the process of aging predisposes ants to perform a 

type of task through internal chemical cues and this is why an ant switch tasks over the course of 

its life. The foraging for work hypothesis predicts that an ant that switches from in-nest tasks to 

foraging does so because too many ants are performing in-nest tasks (2004). They found support 

for both the age-based and foraging for work hypothesis; however, they found stronger overall 

support for the age-based cause of temporal polyethism (2004). Furthermore, the age based 

hypothesis complied more with large colonies and the foraging for work hypothesis complied 

more with small colonies of Rhytidoponera metallica ants (2004). This implies that large 

colonies tend to be more organized having a set path of tasks for each ant to perform while in 

small colonies ants have more versatility and can change tasks according to the needs of the 

colony. This further seems to suggest that ants within larger colonies are more specialized while 

ants in smaller colonies are generalists 

In a similar study, Mailleux et. al. investigated how colony size and age influenced 

foraging patterns (2003). They found that scout recruitment cooperation increased with colony 

size (2003). They also found that colony size rather than age influences the activity distribution 

of the colony (2003). Ants in small colonies tend to stay closer to the nest when foraging as the 



effect of the ant being lost to predation would be much more detrimental than in large colonies 

with many more workers (2003). Malleux et. al. found that colony size effects communication 

and foraging behavior (2003).  

 In this study I am investigating how colony size affects the behavior of 

individuals within the colony. Will individuals in different sized colonies allocate tasks 

differently? Will individuals in small ant colonies be generalists? Will individuals in larger ant 

colonies be specialists? Furthermore, I am intrigued by major ants and their purpose within a 

colony. How does their size polymorphism affect their task specializations? How will their task 

performance differ from the task performance of minors? 

 For this study I used eight colonies of Camponotus festinatus of varying sizes in order to 

investigate whether there is a correlation between colony size and task allocation. Each colony 

was deemed as being either small or large. In order to quantify the degree of task specialization I 

used a division of labor index test. This division of labor index quantifies the degree of division 

of labor in a colony, where one equals the highest amount or complete division of labor and zero 

is no division of labor. This index further breaks division of labor into two categories: the degree 

to which the ant predicts the tasks and the degree to which the task predicts the individual ants 

performing the task (Gorelick et al. 2004).  

Methods: 

 In this study, 8 colonies of Camponotus festinates were used. Each colony was deemed as 

either small or large depending on the number of individuals. Small colonies had between 10 and 

30 individuals and large colonies had a between 60 and 100 individuals. All colonies were raised 

from founding queens found in their respective places In this study the experiment was 

performed in two trials. Each trial used 4 colonies and data was collected for 20 days. The data 



was not collected over 20 consecutive days and on each day of data collection, data for each ant 

was only collected once. In the first trial, data was collected for 20 days during the period of 

10/4/07 and 11/30/07. The four colonies that were used during trial 1 were the following: Large 

A, Small A, Small B, and Small C. Large A colony was two years old and found in Tucson, 

Arizona. During the duration of the trial, it consisted of approximately 60 individuals. Small A 

was a few months old and found in Reid Park, Tucson, Arizona. This colony had about 20 

individuals during the data collection period. Small B was a few months old and found at the 

Desert Station in the Tucson mountains in Arizona. During the experiment it contained between 

20 and 30 individuals. Small C was one and a half years old and found on 4th St. in Tucson, 

Arizona. Its population declined over the course of the experiment but had an average of about 

30 individuals. The second trial was run from 2/18/08 to 4/11/08. The four colonies during this 

trial were: Large B, Large C, Small D, and Small E. Large B was two and a half years old and 

found at 8th St. and St. Rita Rd. in Tucson, Arizona. It had approximately 90-100 ants in the 

colony. Large C was also about two and a half years old and found on 4th St. in Tucson, Arizona. 

It also had approximately 90-100 individuals in the colony. Small D was about a year and a half 

old and found in Tucson, Arizona. It contained about 10-15 individuals. Small E was also about 

a year and half old and found in Tucson, Arizona. It contained about 20 individuals during the 

duration of the trial. Paint was used to differentiate each ant. Various combinations of white, 

green, yellow, blue, orange, and red paint were used on the head, thorax and gaster. The paint 

came off the ants in the first trial colonies and in colony Large C of the second trial. For these 

colonies less data was collected per ant, due to loss of paint. In both trials the colony was put in 

an apparatus that consisted of a small container connected to a larger foraging arena by a clear 

tube. In the first trial the colonies lived in the clear tube and in the second trial the colonies lived 



in the small container that consisted of a nest made of plaster and covered with a glass slide. Due 

to the structure of the nest in the first trial it was difficult to remove ants in order to paint them. 

This may slightly bias the data as the ants that I could not remove to paint were mostly the ones 

that remained in the nest and performed a majority of the brood care. This would underestimate 

the brood care performance of ants in the following colonies: Large A, Large C, Small A, Small 

B, and Small C. 

At the start of each data collection session each colony was fed one cockroach that was 

cut into two pieces and given a small eppendorf tube of 10% honey water solution. During each 

data collection session I recorded the task of each ant once. The first task that was performed for 

5 consecutive seconds was the task that was recorded for each ant. The following are the types of 

tasks performed: sitting, walking (in nest), walking (out of nest), foraging for protein, foraging 

for sugar, self-grooming, brood care, ant interactions (grooming and trophollaxis), undertaking, 

drinking, and handling trash. Foraging is defined as occurring when the ant is in the foraging 

arena and is actively ingesting the cockroach or honey solution. Undertaking is defined as the ant 

carrying or handling a dead ant or putting it into the trash pile. Handling trash is observed when 

an ant is carrying a piece of trash. There are three brood care sub-tasks that were all classified as 

brood care: trophallaxis or feeding the larvae, cleaning the larvae, and checking the larvae by 

lifting or handling it. Walking is distinguished as “in” or “out.” This is done because an ant is 

walking out of the nest it is more likely to be performing foraging while walking in the nest is 

not. Sitting is a task defined by a motionless, non-moving ant. Self-grooming occurs when an ant 

uses its antennae across its legs to clean itself. Ant interactions occur in two forms, grooming and 

trophollaxis. 



The Division of Labor index was calculated using an excel program created by Gorelick 

(2004). I calculated the DOL index for each colony 3 times. Only ants that had 3 or more data 

points were used in the study. The first index included all the tasks recorded: sitting, walking in 

the nest, walking out of the nest, foraging for protein, foraging for sugar, brood care, self 

grooming, ant interactions, undertaking, handling trash, and drinking. The inactive tasks such as 

sitting, walking in the nest, and self grooming are not tasks that increase the productivity of the 

colony and are not real tasks. In the second index I grouped all three of the inactive tasks 

together into one “inactive” group and included all the foraging tasks and walking out of the nest 

as one “foraging” group. The rest of the active tasks were included too. In the third index I 

completely eliminated the inactive group and only included the active groups: foraging, brood 

care, ant interactions, undertaking, trash handling, and drinking. A regression line statistical test 

of the colony size vs. DOL was used to calculate the p-value and R-Sq(Adj).  

The task composition of each colony included all ants (even ones with just one or two 

data points). The percentage of each task performed for the colony was calculated and the data 

was recorded in the graph of colony size vs. task. The regression was calculated for each task 

and the p-value and R-Sq(Adj) were recorded. This was designed to investigate whether there are 

fundamental differences in the way in which colonies of different sizes allocate time and energy; 

for instance, whether colonies of different sizes tend to perform more active or inactive tasks. 

Active tasks are defined as the following types of tasks: walking out of the nest, foraging for 

protein, foraging for sugar, brood care, ant interactions, drinking, handling trash, and 

undertaking. Inactive tasks are defined as the following types of tasks: sitting, walking in the 

nest, and self grooming. 



The majors vs. minors task composition was calculated using 15 majors and 239 minors 

from 7 different colonies: Large A, Large B, Large C, Small A, Small C, and Small D. Colony 

Small B did not have a major. The percent that each task that was performed was calculated for 

the majors and minors. This data was represented by a pie chart. A chi-square test was performed 

to see if the differences observed were significant. For the statistical test the percentages that 

appear in the pie chart are not used, instead the total number of times that each task was observed 

was used. 

Results: 

 The division of labor index was calculated 3 times for each colony. The first represents 

the DOL with all tasks included; the second represents the DOL with all “inactive tasks” grouped 

together and all the active tasks; the third represents the DOL with only the active tasks. For both 

the second and third tests the active tasks were: foraging, brood care, ant interactions, drinking, 

trash, and undertaking. The task “foraging” consisted of three different foraging tasks: walking 

out of the nest, foraging for protein and foraging for sugar. The following are tables with the 

DOL from each of the 3 tests. The DOL of the 3 indices were not statistically significant. The 

following are the results for the three tests: the DOL that included all tasks had a p-value of 

0.644, a R-Sq(Adj) value of 0.0%, and a sample size of 8; the DOL that included one inactive 

task group and all active tasks had a p-value of 0.334, a R-Sq(Adj) value of 1.4%, and a sample 

size of 8; the DOL that included active tasks only had a p-value of 0.174, a R-Sq(Adj) value of 

16.5%, and a sample size of 8. The chart shows that the DOL indices each yield quite different 

results. The most striking difference is seen in colony Small D. In the small colonies, the division 

of labor is exaggerated when only active tasks are taken into account. Individuals in smaller 

colonies are very inactive and spend a majority of their time performing tasks such as sitting or 



walking in the nest. When the “inactive” tasks are removed and the DOL is calculated from the 

active tasks, it appears that small colonies have a high division of labor. The two tests that seem 

to yield the most accurate results are the DOL test using all the tasks and the one that uses active 

groups and includes one inactive group. The results for each colony are quite similar for the two 

indices. 

Colony  Colony Size  DOL (including all tasks) 
DOL (including one inactive 
group) 

DOL (including active 
tasks only) 

Large A  60  0.1761 0.1651  0.2129
Large B  95  0.2098 0.2665  0.3942
Large C  95  0.1446 0.1876  0.0966
Small A  20  0.096 0.0916  0.2655
Small B  25  0.137 0.1096  0.323
Small C  30  0.1954 0.182  0.3098
Small D  13  0.1178 0.0989  0.5078

Small E  20  0.2561 0.3093  0.4383
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Fig. 1 The chart compares the colony sizes with the three DOL indices calculated for each of the eight colonies. 

Fig. 2. The graph represents the 
regression of colony size vs. DOL 
(including all tasks). The p-value was 
0.644 and the R-Sq(Adj) value was 0.0%. 
The sample size was 8. Fig. 3. The graph 
represents the regression of colony size 
vs. DOL (including one inactive group 
and all the active tasks). The p-value was 
0.334 and the R-Sq(Adj) 1.4%. The 
sample size was 8. Fig. 4. The graph 
represented the regression of colony size 
vs. DOL (active tasks only). The p-value 
was 0.174 and R-Sq(Adj) was 16.5%. 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

I also analyzed the task composition within each colony. The regression for the colony 

size vs. task was calculated for each task. The following are the results (the sample size of each 

test was 8): the sitting task had a p-value of 0.510 and a R-Sq(Adj) value of 0.0%; the walking 

(in) task had a p-value of 0.277 and a R-Sq(Adj) value of 5.8%; the walking (out) task had a p-

value of 0.145 and a R-Sq(Adj) value of 20.6%; the protein foraging task had a p-value of 0.264 

and a R-Sq(Adj) value of 6.8%; the sugar foraging task had a p-value of 0.088 and a R-Sq(Adj) 

value of 31.0%; the brood care task had a p-value of 0.527 and a R-Sq(Adj) value of 0.0%; the 

self grooming task had a p-value of 0.784 and a R-Sq(Adj) value of 0.0%; the ant interaction task 

had a p-value of 0.330 and a R-Sq(Adj) value of 1.8%; the undertaking task had a p-value of 
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0.099 and a R-Sq(Adj) value of 28.7%; the drinking task had a p-value of 0.149 and a R-Sq(Adj) 

value of 20.0%; and the trash handling task had a p-value of 0.304 and a R-Sq(Adj) value of 

3.6%. Although the regression analysis of the tasks showed that colony size and task 

performance were not statistically significant, I observed some trends from the bar graph of the 

task composition of each colony in fig. 5. The task composition analysis showed that smaller 

colonies tend to perform more in nest tasks and tend to be less active, where as large colonies 

tend to perform more out of nest tasks than small colonies and are much more active. However, 

the active task that is performed most by small colonies is brood care. Compared to the other 

colonies sitting was performed in the highest percentage by the colony Small D and second 

highest by the colony Small E. Walking in the nest was performed in the highest percentage by 

Small B and Small A. Self-grooming was performed mostly by four colonies: Small C, Small A, 

Small B, and Large A. Colony Large A performed the highest percentage of the two tasks 

compared to the other seven colonies: walking out of the nest and foraging for protein. Both 

Colonies Large A and Large C performed the most sugar foraging and ant interaction tasks.  
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Furthermore, I analyzed the task composition difference between minors and majors. The 

data for the minors is only taken from colonies that had majors also. The only colony that did not 

have a major was colony Small B. The data for the majors came from 15 majors from 7 colonies. 

The data for minors came from the same 7 colonies. The majors only perform 4 types of tasks: 

sitting, walking in the nest, self-grooming, and ant interactions. The minors perform 9 types of 

tasks: sitting, walking in the nest, walking out of the nest, foraging for protein, foraging for 

sugar, brood care, self-grooming, ant interactions, and undertaking. The majors spent 87% of 

their time sitting while the minors only spent 64.3% of their time sitting. The second most 

performed task performed by majors was ant interaction. Interestingly, this was performed 8.7% 

of the time for majors and 8.4% of the time for minors. The minors also performed more self 
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Fig. 6-Fig.16. These graphs represent the 
correlation for colony size vs. task. The 
following 10 tasks were used: sitting, 
walking (in), walking (out), protein 
foraging, sugar foraging, brood care, self 
grooming, ant interactions, undertaking, 
drinking, and handling trash. The results 
for all 10 tasks were not significant. The 
sample size for each test was 8. 



grooming and walking in the nest than the majors even though the majors only performed four 

tasks. The Chi-Sq value for this test was 75.059 and there were 10 degrees of freedom. The p-

value was not calculated for this test due to an error that occurred because three cells had 

expected counts of less than one. 
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Fig. 17. This pie chart represents the task composition of 15 majors in the following 
7 colonies: Large A, Large B, Large C, Small A, Small C, Small D, Small E. Fig. 18. 
This pie chart represents the task composition of 239 minors from the following 7 
colonies: Large A, Large B, Large C, Small A, Small C, Small D, Small E. Colony 
Small B was left out of the statistical test because it did not have a major. The Chi-Sq 
value was 75.059 and there were 10 degrees of freedom. 



Discussion 

 This study sought to test the Reliability Theory which predicts that individuals in small 

colonies will be more generalized in task performance and perform a wider array of tasks and 

that individuals in large colonies will be more specialized and exhibit greater division of labor 

within the colony (Burkhardt 1998). The three DOL indices that were tested were not statistically 

significant. This indicates that there is no difference in division of labor between large and small 

colonies. Interestingly, the highest division of labor value for each of the three indices is from a 

small colony. In the DOL with all the tasks and the DOL with one inactive group colony, Small 

E had the highest division of labor. In the DOL with only the active tasks, colony Small D had 

the highest division of labor. This contradicts predictions that larger colonies will have greater 

specialization among individuals and that division of labor will be higher. For instance, Thomas 

and Elgar (2002) found in their study on the ant Rytidoponera metallica that individuals in 

smaller colonies tend to have a greater task diversity than did large colonies. This suggests that 

ants in smaller colonies are generalists while ants in larger colonies are specialists. The results of 

my experiment may suggest that Camponotus festinatus ants may act differently than other 

eusocial insects. There may be less organization within the colony than in the colonies of other 

species. A larger sample size and a wider distribution of colony sizes may also be necessary in 

order to elucidate a significant correlation with colony size and division of labor. 

The task composition analysis compares the performance of different tasks among colonies. 

Thomas and Elgar’s (2002) study predicted that small colonies will spend more time on brood 

care and large colonies will spend more time on foraging. Although the statistical results of the 

colony size vs. task regression were not significant, the task composition graph in Fig. 5 

supported Thomas and Elgar’s findings. Smaller colonies tended to perform tasks in the nest and 



many of these tasks were inactive, such as sitting and walking in the nest. Smaller colonies do 

tend to spend more time on brood than large colonies. Furthermore, larger colonies tend to 

perform more tasks outside of the nest, such as walking outside of the nest and foraging for sugar 

and protein. 

Seid found that in the ant Pheidole dentata, minor workers performed virtually all tasks 

while major workers specialized in defense and food storage (2006). In this study I investigated 

the purpose of majors through a task composition comparison with minors in the same colonies. 

This suggested that majors do have a specific purpose in the colony as they only performed four 

types of tasks while minors performed 10 types of tasks. While the tasks observed may not 

necessarily indicate specifically the purpose of the majors, it does show the types of tasks that 

majors are not specialized to perform since they have a very narrow task repertoire. They only 

perform four tasks: sitting, walking in the nest, self-grooming and ant interaction. I never 

purposely provoked an “attack” situation to test whether majors are used for defense; however, 

from personal observation when I disrupted the nest in order to repaint ants, the majors acted 

very aggressively, the least aggressive ants are the younger ones who take care of the brood. In 

addition, the theory of majors as food storage specialist appears very plausible as the task 

performed by majors second most was ant interactions.  

Overall the experiment can be improved by have a larger sampling size and having colonies 

of a greater range of sizes. For instances, small colonies had between 10-30 ants and large 

colonies had between 60-90 ants but I did not have any colonies that fell in between these ranges. 

Furthermore, at the start of the study every ant was painted, but by the end in some colonies the 

percent of ants still painted may have been as low as 30%. It would give a better representation 

of the colony if a higher percentage of ants in each colony were painted during the duration of 



the study. It would also improve the study if the paint stayed on the ants for the full 20 days of 

data collection. Further investigation into the mechanisms that may influence division of labor, 

such as lipid production may be particularly illuminative. Although the results did not support 

my hypothesis there may have been a correlation between the behaviors of each ant and the lipid 

concentration. A future study in the future may investigate, first, whether there is a correlation 

between lipid content and behavior in Camponotus festinatus, second, what genetic and chemical 

cues within the nest control the lipid concentration per ant, and third, how these regulation 

mechanisms differ in colonies of different sizes. 
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