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Abstract 

 A colony of social insects has many tasks to complete for the good of the 

colony. The tasks, such as brood care, feeding, foraging and building, could be split 

among its members (implying specialization). Alternatively, ants could just freely 

switch between tasks, either doing whatever needs to be done or whatever tasks 

they come into contact with. If individuals switch from one task to another, they 

may incur costs, including a time cost. So far, research has yet to quantify such task 

switching costs. To learn more about switching cost, specifically quantifying the cost 

in terms of time, videos of Temnothorax rugatulus were observed for specific tasks, 

such as brood care, feeding, foraging and building. The switching costs were 

measured in two ways depending on whether the non-switching time or switching 

time were being measured. For the non-switching time between bouts of the same 

task, the interval time started when the ant stopped touching the brood item and 

ended when the ant started touching the brood item.  For the switching time 

between two different tasks, time began when the ant stopped one task and ended 

when the ant began a second task. The interval time was calculated by recording the 

time, using the timeline on the video, that the ant stopped one task (or bout of one 

task) and moved on the next. The data collected from the videos were analyzed 

using a Welch Two-Sample T-test.  Through the study, it was discovered that there 

was, in fact, no significant delay when Temnothorax rugatulus switch from one task 

to another. 

 

Introduction 

Social insects perform many different tasks in order for the group to survive 

whether it be gathering food and building supplies, cleaning and grooming, brood 

care and brood protection, as well as defending the rest of the group. However, 

insects can’t be wasteful or inefficient, especially when it comes to energy 

consumption, in order to successfully survive and reproduce. Many social insects 

individually perform different tasks depending on ultimate reasons like increasing 
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efficiency, thus reducing energy costs or proximate reasons like when there is a 

change in environmental conditions (Hamann et al. 2013; Gordon 1989b; Gautrais et 

al. 2002; Robinson et al. 2009; Robinson et al. 2012; Hölldobler and Wilson 1990). 

However, it’s been noticed that many social  divide labor between them, i.e. 

individually specialize (Gordon 1996; Trumbo and Robinson 1997; Dornhaus and 

Walton unpublished). The idea that social insects avoid switching tasks could be due 

to the learning needed to familiarize the insect with a new task or skill and that 

learning a new skill could deteriorate proficiency in previously learned skills. In 

Ralph Cartar's research with bees, specifically Bombus flavifrons, B. melanopygus 

and B. occidentalis, he found that the bees demonstrated a decrease in nectar 

foraging abilities while increasing pollen foraging efficiency (Cartar 1992). 

Even with a supposed degradation of proficiency, many social insects such as 

the ant species Temnothorax rugatulus individually perform a variety of tasks and 

switch frequently This same idea holds true for other social insects like bumblebees 

as well (Cartar 1992). Therefore, what is learned from bees would be transferable to 

ants because both are social insects and have similar tasks to complete within the 

colony. While the idea of a switching cost is identified, as with research by Goldsby 

et al, Duarte et al, and Merkle and Middendorf, Chittka and Muller, there is very little 

research whether learning/improving due to specialization or saving of costs due to 

less switching are more important and impact colony efficiency  (Goldsby et al. 

2012; Duarte et al. 2011; Merkle and Middendorf 2004; Chittka and Muller 2009). 

Cost in this respect can be divided into two categories: energy and time. Required 

energy may be tracked by maintenance cost which is defined as the amount of 

metabolic energy used by an ant (Wilson 1980). Time cost could be quantified by 

noting the time the ant is wandering or inactive between each performed task. 

Goldsby et al performed a 250-resource requirement experiment and a 1000-

resource requirement experiment using the Avida digital-evolution platform to 

explore the tendencies for dividing labor among colonies as the switching costs 

increased. The Avida digital-evolution platform, where organisms are computer 



5 

 

programs that must survive in an environment defined by the researcher and go 

through natural selection, allowed the researchers to observe the evolution of 

division of labor within a colony. Without Avida, it would otherwise be difficult to 

observe in the field or lab setting due to the time needed to observe evolution within 

a species.  It was hypothesized that when the switching costs got too great (either 25 

CPU cycles for the medium-cost study or 50 CPU cycles for the higher-cost study), 

insects would divide labor in order to avoid the switching cost. In this study, a CPU 

cycle was the amount of time it took the insect to complete one instruction from the 

program. Results for the 250-requirement experiment agreed with  their 

hypothesis, but the researchers were surprised by the results of the 1000-

requirement experiment because both the higher-cost and no-cost treatments 

showed an almost equal division of labor (Goldsby et al. 2012). It appears that with 

Goldsby’s experiments, the colonies in the Avida population had little benefit with 

individual ants within a colony performing the same tasks and, instead, preferred to 

specialize tasks. 

Cartar’s research focused on task switching tendencies of bumblebees when 

the energy state of the hive altered with the manipulation of nectar availability. He 

found that workers switched the types of tasks that they were completing (whether 

it was pollen collection, nectar collection, foraging or tasks within the nest) based on 

the colony’s energy needs (Cartar 1992). This aligns well with Gordon’s 

observations of the harvester ant Pogonomyrmex barbatus in that colony necessity 

would determine whether ants would switch tasks to assist in more complex 

projects (Gordon 1989a). There may be other benefits to specialization besides 

reducing switching costs such as increased efficiency in individual ants (Dornhaus 

2008). 

While the phenomenon of switching tasks is recognized, in order to 

comprehend why some individual social insects in a colony choose to change tasks 

while others prefer to specialize and divide labor we need a better understanding of 
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the cost of switching tasks. Is a colony more efficient at completing the tasks the 

colony needs with specialization? Could group necessity generate enough stimuli, 

such as pheromones released by the larvae to alert other ants that they need care or 

nest temperature (Duarte et al. 2011), for individuals to switch tasks when they 

would normally specialize? Why did division of labor evolve? These and many more 

questions could be more easily answered with the knowledge of the cost of 

switching.  

We quantified the switching cost of the ant Temnothorax rugatulus as the 

difference between the switching time and the non-switching time. By observing the 

activities of individual ants within the colony and recording the interval times, we 

hope to learn more about why certain individuals will switch tasks more than 

others. By expanding our understanding of the concept of switching costs, and 

whether or not ants pay a switching cost, we will be able to answer this question as 

well as how it relates to the bigger question of why division of labor evolved. 

 

Methods 

 The goal of this study was to quantify switching costs in terms of time. To 

accomplish this, videos of two colonies of Temnothorax rugatulus were observed to 

measure the switching costs between a variety of tasks including brood care, 

foraging, feeding, building and grooming. Both colonies were collected at Mount 

Lemmon near Rose Canyon Lake (32.393131, -110.704536) in May 2012. The 

colony labeled M12_1 had 59 workers and 2 queens, while the colony labeled M12_6 

had 40 workers and 1 queen. The summer recordings consisted of 6 videos per day, 

each lasting 5 minutes that were taken every 4 hours, on 3 different days over a 2-

week timeframe. The colonies were kept in the lab as described in Dornhaus et. al 

(2009). Each colony was housed in their own clear, square plastic boxes (10 cm x 10 

cm) with the walls coated in Fluon to prevent the ants from escaping.  The colonies 

were given Drosophila flies as a food source and unlimited access to water as well as 
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small aquarium stones that that the ants could create their nests as described by 

Daniel Charbonneau in his research on lazy ants (Charbonneau et al. 2015). In the 

field, the ants typically create their nests in the crevices of rocks and would typically 

be made of dirt and sand. Each colony’s nest was made of a piece of cardboard that 

had been encased between 2 glass slides. Ants were uniquely painted using up to 

four different colors of Testors model paint with 1 spot on the head, 1 spot on 

thorax, and 2 spots on the gaster in order to properly identify them later on video 

and the tasks they performed.  

 A screenshot was taken at the beginning of every video. Using the screenshot 

and data table with the unique color combinations of the ants, the individually 

marked ants were located in each of the 5-minute videos. Once the ants were 

located, the videos were watched and the specific tasks performed were identified 

as well as the time the ants spent on the particular tasks. The interval time was 

calculated by recording the time, using the timeline on the video, that the ant 

stopped one task (or bout of one task) and moved on the next. The tasks focused on 

during this experiment were brood care, feeding and building. Building occurred 

when an ant was moving one of the stones. Foraging occurred when the ant was on 

the cotton drinking water or on the plastic lid getting honey water or Drosophila.  

Brood care occurred when the brood item was manipulated in some way such as 

touching the brood item with their antennae or feeding the brood item.  Feeding 

occurred when the ant stayed on top of the Drosophila. The other tasks observed 

such as grooming, wandering, etc. were included as part of the interval time because 

those tasks were not tasks that we were focusing on in this study. Two types of 

interval times were noted: switching time is the interval time when moving between 

bouts of different tasks (i.e. brood care to feeding) where non-switching time is the 

interval time when switching between bouts of the same task (i.e. brood care to 

brood care).  For the non-switching time between bouts of the same task, time 

started when the ant stopped touching the brood item and ended when the ant 

started touching the brood item.  For switching time, time began when the ant 
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stopped one task and ended when the ant began a second task. All the data were 

recorded into an Excel spreadsheet. Using the data, a program was created in R 

(version 3.1 GUI 1.61 Snow Leopard build) to create box plots of the data. The data 

were analyzed with an unpaired t-test to compare the switching times and non-

switching times. The interval time between the task of origin and the task the ant 

switched to were also analyzed using an unpaired t-test. These were analyzed to 

reject or not reject the alternative hypothesis. 

 My alternative hypothesis was that there would be a significant difference in 

the switching costs between switching and staying. The null hypothesis was that 

there would be no significant difference in the switching costs between switching 

and staying. If the switching costs were significantly different, this will mean that 

the alternative hypothesis was supported.  If the switching costs were not 

significantly different, the null hypothesis was supported.  

 

Results 

 Throughout the study, ants either stayed with the same task or switched 

from one task to a completely different task, incurring a switching cost. Many ants 

stayed with the task brood care and went from one bout of brood care to another, 

other ants stayed with a different task, like feeding, and went to another bout of 

feeding. Other ants switched from one task to a completely different task (Figure 1). 

The switching times and non-switching times were analyzed using a Welch Two 

Sample t-test (t=-1.2316, df=58.086, and p=0.2231).  
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Figure 1 

 The switching costs among all the task combinations, whether the ants went 

from bout to bout of the same task, e.g. brood care to brood care, or if the ants went 

from one task to a different task, e.g. brood care to feeding, were not significantly 

different. The alternative hypothesis, stating that there would be a difference in the 

switching costs between switching and staying, was not supported while the null 

hypothesis that there would be no difference in the switching costs could not be 

rejected by the t-test results. 
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Figure 2 

  To analyze the interval times for each of the tasks separately as the task of 

origin, we compared the task of origin with the task that the ant switched to and the 

switching time or non-switching time. Based off the t-test p-value results in Table 1, 

none of the switching costs were significant, again indicating that the null 

hypothesis could not be rejected. 

 

Table 1: Comparison of Welch Two Sample T-Test Results Comparing Common Task 

of Origin with the Ending Task 

 Brood 

Care 

Building Feeding Foraging Grooming 

Others 

Other 

Grooming 

T 1.5058 * -0.72723 -0.33895 -4.7264 -0.34319 

Df 40.237 * 24.985 2.9993 1.107 4.5344 

p-value 0.1399 * 0.4738 0.757 0.1148 0.7468 

*Not enough values to execute t-test 
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Discussion 

The collected data does not support the idea that Temnothorax rugatulus will 

take more time to switch from one task to another than switching from bouts of the 

same task. Since the results showed that the switching costs were not significantly 

different, the null hypothesis was supported. This also means that there would be no 

penalty for the ants to switch from one task to another and they would be able to 

switch tasks freely.  The ants should also not have any benefits from division of 

labor because division of labor implies specialization.  However, if the ants do show 

specialization anyway and since we know that the ants do not have individual 

improved efficiency, there are probably other benefits to specialization that we are 

not aware of yet. Another option could be that specialization results from some sort 

of constraint. 

This study begins to answer the question about switching which is: do ants 

pay a time cost when switching between tasks as well as what the switching cost 

might mean in terms of time. One study that could extend this study would be to see 

how the age of the ants affects the switching cost. Previous research has mentioned 

that the older ants will forage instead of the younger ants (Seid and Traniello 2006). 

The data collected shows that there was a large disparity in the switching cost time 

when switching to or from foraging.  The age of the colonies of ants used in this 

study was not known. So, the effect of the age of the ants could not be tested.  If the 

age of the ants were known, it may be possible to come up with a correlation 

between the age of the ant and the switching cost.   

 Another possible research opportunity would be to force the ants being 

studied to switch from one task to another.  Rather than observing the ants 

undisturbed, the researcher could force the ants to switch from one task to another 

by altering their environment. By forcing the ants to switch tasks a few things could 

be observed: more instances of task switching could be observed, specific tasks 

could be observed, ants could be forced to complete tasks that they would not 



12 

 

normally complete, and maybe tasks could be observed in a shorter time period 

than if the researcher were to wait for the ant to switch tasks. This way, the 

researcher could determine the switching cost when an ant is forced to switch 

assuming that both learning and switching tasks take up valuable time.  
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