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Abstract
Reproductive division of labor is a defining feature of all eusocial organisms. In the eusocial insects, non-reproductive labor 
is often also divided into safe tasks within the nest, such as nursing, and risky extranidal tasks, such as scouting and foraging. 
Within-nest (intranidal) tasks are usually performed by younger workers while older workers forage outside. This temporal 
specialization can be delayed, accelerated or even reversed if the need arises. Here, we studied reversion in the clonal ant 
Platythyrea punctata. Rather than focusing on traditional markers of temporal polyethism, such as nursing vs. foraging, 
we examined neglected behaviors, such as waste management and defecation, as well as the proportion of ants outside the 
nest and the onset of egg laying. We formed single-age groups of young intranidal, old intranidal and forager workers, and 
found strong differences in behavior between these groups. Intranidal workers rapidly created well-formed waste dumps 
(middens) and defecated within the nest, initiated egg laying sooner, and remained mostly inside the nest. Forager workers 
showed the reverse pattern. However, the behavior of the groups gradually converged, and after 8 weeks midden formation 
was similar and the proportion of ants outside the nest was identical across all groups. This study demonstrates reversible 
temporal polyethism in defecation and waste management, which correlates well with more traditionally studied age-related 
traits. Different traits seem to revert at different rates. Waste management behavior may provide an easy and low-impact way 
of examining behavioral reversions and allows insights into aspects of colony life not usually examined.

Keywords Ponerinae · Age-based polyethism · Behavioral reversion · Division of labor · Waste management · Sanitary 
behavior

Introduction

Eusocial insects are characterized by division of labor, with 
one or a few individuals specializing in reproduction, and the 
majority of the colony members—the workers—handling all 
other tasks, such as foraging, nest maintenance, and brood 
care (Wilson 1971; Hölldobler and Wilson 2009; Friedman 
and Gordon 2016). Amongst social insect workers, division 
of non-reproductive labor is also the rule. In some species, 
it may be accompanied by variation in worker morphology 
(Oster and Wilson 1978), but in others behavioral speciali-
zation is observed among morphologically similar workers. 

Division of non-reproductive labor is commonly correlated 
with age: young workers carry out safe tasks inside the nest 
(intranidal tasks, e.g., brood care) while older individuals 
perform riskier tasks outside (e.g., foraging; Wilson 1971; 
Oster and Wilson 1978; Robinson 1992; Mersch et  al. 
2013; Friedman and Gordon 2016). The shift from inside 
to outside tasks is associated with profound changes in gene 
expression, hormone titers, ovary and glandular develop-
ment, and fat content (Smith et al. 2008; Dolezal et al. 2012; 
Dolezal et al. 2013; Mikheyev and Linksvayer 2015; Nor-
man and Hughes 2016).

Transition from earlier to later behavioral stages was ini-
tially considered to involve an abrupt change in task rep-
ertoire and to be irreversible (Wilson 1976; Seeley 1982). 
However, more recent studies have shown that task reper-
toires often increase, rather than change, and that physi-
ological, behavioral, and genomic changes are to some 
extent reversible (Robinson 1992; Seid and Traniello 2006; 
Muscedere et al. 2009; Wnuk et al. 2011; Bernadou et al. 
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2015; Symonowicz et al. 2015). For example, in species with 
a relatively strict age-based division of labor, foragers, which 
were once nurses, can respond to the modification of their 
social context (e.g., nurse removal) by reverting to inside 
tasks. These reverted foragers re-establish nurse-specific 
DNA methylation patterns and hormone levels, activate their 
ovaries, and also delay senescence (Robinson et al. 1992; 
Amdam et al. 2005; Wnuk et al. 2011; Herb et al. 2012; 
Kuszewska and Woyciechowski 2013).

Behavioral reversion in social insects has been mostly 
studied in honeybees (e.g., Robinson et al. 1992; Amdam 
et  al. 2005; Münch et  al. 2008; Kuszewska and Woy-
ciechowski 2013) and wood ants (Wnuk et  al. 2011; 
Korczyńska et al. 2014; Symonowicz et al. 2015) and tra-
ditionally focused on changes in brood care and foraging 
behavior (e.g., Robinson 1992; Amdam et al. 2005; Kusze-
wska and Woyciechowski 2013). Other aspects of colony 
life, such as waste management, hygienic behavior, and spa-
tial distribution, may also vary between behavioral castes. 
For example, nurses, which spend their time in the nest car-
ing for brood, may also perform other intranidal tasks, such 
as waste management. Such changes may be both important 
and easily quantifiable.

The clonal ant Platythyrea punctata (Smith, F., 1858) is a 
suitable model for studying division of labor while avoiding 
confounding factors. Colonies of this ant typically do not 
contain a morphological queen. All workers are in princi-
ple capable of producing female offspring from unfertilized 
eggs (thelytokous parthenogenesis). Because reproduction 
is monopolized by one, occasionally a few socially domi-
nant workers, many colonies consist of genetically identi-
cal individuals (Heinze and Hölldobler 1995; Brunner et al. 
2009). Division of non-reproductive labor among geneti-
cally, ontogenetically and morphologically identical workers 
appears to be influenced by age, i.e., while young workers 
tend the brood and carry out intranidal tasks, older individu-
als forage for food (Hartmann and Heinze 2003; Bernadou 
et al. 2015). These differences in behavior are also reflected 
in differences in residual lifespan, fat content, fecundity, and 
the propensity to engage in dominance interactions. Intra-
nidal workers are fatter, more fecund, live longer, and tend 
to be more aggressive than foragers (Bernadou et al. 2015).

We previously showed that temporal division of labor 
in Platythyrea punctata appears to be more flexible than 
in other thelytokous ants: foragers can revert to egg lay-
ing (Bernadou et  al. 2015). Interestingly, the transition 
from foraging to nursing also appears to retard the process 
of senescence, as in reverted nurses in honeybees (Münch 
et al. 2008; Münch and Amdam 2010; Bernadou et al. 2015). 
In our earlier study, we did not test whether this reversal also 
involves other aspects of ant behavior. We, therefore, set up 
experimental colonies to investigate temporal polyethism in 
waste management and defecation behavior. In addition, we 

recorded several more traditionally studied aspects of divi-
sion of labor, such as egg laying and the location of workers. 
We monitored how behaviors change over time in single-age 
cohorts of workers and tested the hypothesis that foragers 
revert to an intranidal behavioral pattern after manipulation 
of the social context (e.g., removal of intranidal workers).

Methods

Study organisms and rearing conditions

Colonies of Platythyrea punctata were collected in 2012 at 
El Verde Field Station, El Yunque National Forest, Puerto 
Rico. Colonies were transferred to the laboratory and since 
then were kept in plastic boxes (20 cm × 20 cm × 9 cm) with 
a plaster floor under standard conditions (23–26 °C with 
a 12 h/12 h light:dark cycle). Several connected chambers 
dug in the plaster and covered by a glass plate and red plas-
tic film served as nesting site. The colonies were provided 
with diluted honey and small cockroaches and/or fruit flies 
three times per week. Humidity was controlled by regularly 
moistening the plaster during the feeding sessions. Colonies 
were provided with water ad libitum through a plastic tube 
plugged by cotton wool.

Worker group determination

We used worker behavior and cuticular color as crude indi-
cators of age and formed groups consisting of young intra-
nidal, old intranidal, and forager workers (Bernadou et al. 
2015). Following Penick et al. (2011), we defined individu-
als found in the foraging area outside the nest and behaving 
aggressively when provoked with forceps as foragers. Once 
ten foragers had been selected, all remaining workers in the 
foraging area were removed and kept separately. One hour 
later, workers that had newly arrived in the foraging area 
were also put aside. Intranidal workers were then selected 
from the workers that still remained in the nest chambers 
(Penick et al. 2011). As the color of the cuticula changes 
from yellowish to black within 3–4 weeks, we could dis-
tinguish young (< 4 weeks old) intranidal workers with a 
brown cuticula and old (> 4 weeks old) intranidal workers 
with a black cuticula. In Platythyrea punctata, old individu-
als are more likely to be foragers; however, old intranidal 
workers might occasionally be older than foragers. Very 
young workers with a yellowish cuticle and reduced activ-
ity were excluded from this study. Once the workers used 
in the experiments were selected, all other workers that had 
been separated from their colonies were reintroduced in their 
nests. For all the following experiments, individuals were 
not marked.
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Experiments

Experiment 1: midden formation and temporal variation 
in the proportion of intranidal workers of fixed‑age cohorts

In this experiment, we tested whether the three worker 
groups differed in waste management and how the propor-
tion of workers found inside and outside the nest changed 
over time. We set up experimental colonies consisting of 
ten young intranidal workers, ten old intranidal workers, or 
ten foragers. Each group was transferred without brood into 
a 20 cm × 10 cm × 6 cm plastic box with a plaster floor and 
nest chambers as above. All experimental colonies were kept 
under standard conditions (see above). The nest-foraging 
area was cleaned and food debris was removed regularly. We 
monitored the experimental colonies every day to record the 
presence or absence of eggs, the number of dead ants, and 
the number of workers inside and outside the nest. Once per 
week, the red plastic film was removed from each nest, and 
the entire foraging box was photographed using a digital 
camera (Canon PowerShot SX170 IS). After 8 weeks, the 
experiment was ended, and the final state of the nest was 
photographed. For each picture, midden (waste dump) for-
mation was scored as follows: no midden (score = 0), dark 
patches (a darker area of the nest covered by ant defecation, 
score = 1) and a full midden (a darker area, with small solid 
waste particles in it, e.g. fruit flies pieces, score = 2—see 
Fig. 2 for illustrations). All midden score classifications 
were performed by the same person (T.C.). The entire set of 
photographs is available on Dryad (http://www.datadryad.
org). Thus, for each week, we recorded the following vari-
ables: eggs (presence or absence), percentage of workers 
inside the nest (as proportion of workers alive) and mid-
den score. Twelve mother colonies were used and 36 groups 
were set up in total (i.e., 12 young intranidal groups, 12 old 
intranidal and 12 foragers). Data on various different aspects 
of the ants’ biology, such as mortality, egg laying rates, and 
onset of egg laying were also collected are presented else-
where (Bernadou et al. 2015).

Experiment 2: age‑dependent defecation behavior

In light of the results from experiment 1, which showed that 
intranidal workers remained mostly in the nest and formed 
middens, we asked whether there is also an age-based dif-
ference in defecation behavior. Here we investigated where 
young intranidal workers and foragers defecate. This part 
of the project was inspired by the previous observation that 
Lasius niger ants defecate in specific areas inside their nests 
(Czaczkes et al. 2015). Our experiment had two interrelated 
aims: first, to ascertain whether workers of this species have 
similar “indoor toilets”, and second, to determine whether 
the localization of their defecation site differs between 

different age groups, for example, whether young intra-
nidal workers leave the nest to defecate. We set up, from the 
same stock colony, experimental groups consisting of 10 
young intranidal workers or 10 foragers, to represent the two 
extremes of the age-based polyethism spectrum. Each group 
of workers was transferred without brood into a new nest 
(20 cm × 0 cm × 6 cm plastic box) consisting of three con-
nected chambers in the plaster (chamber size: 1.5 × 2.0 cm) 
covered by a glass plate and red plastic film. All experimen-
tal colonies were kept under standard conditions (see above). 
We tracked defecation behavior by adapting the methods of 
Czaczkes et al. (2015): after 24 h of starvation, the colonies 
were provided with a carbohydrate source. The carbohydrate 
source was a 15% (w/v) honey solution, with 4 g of com-
mercially available food coloring mixture (red: Allura red 
AC, E129, 12.5% pure color, 2% aluminum. Blue: Brilliant 
blue FCF, E133, 9.26% pure color, 3.6% aluminum, carrying 
agent sulfate / chloride, RBV Birkmann GmbH & Co) per 
liter of solution. The colored carbohydrate source (3 ml) was 
provided in a disposable weighing tray and replaced daily. 
The color of the honey solutions (red or blue) was balanced 
between young intranidal workers and foragers. After 48 h, 
the ten intranidal workers and ten foragers from the same 
stock colony were regrouped and transferred into a new 
nest box (20 cm × 10 cm × 6 cm plastic box) with a square 
nest chamber (2.5 × 2.5 cm) covered by a glass plate and red 
plastic film. Uncolored diluted honey and fruit flies were 
provided to each colony. The workers were allowed to feed 
and to defecate for 48 h in their new nest or the surround-
ing arena. After the experiment, ants were reintroduced into 
their colony of origin and the numbers of colored spots (blue 
or red) present inside and outside the nest were counted. 
Twelve stock colonies were used.

Data analysis

We tested whether the relative timing (in weeks) of midden 
formation and onset of egg laying differed between the three 
groups using a Kruskal–Wallis rank-sum test. To produce a 
measure of the relative timing of egg onset and midden for-
mation, we subtracted the week of midden formation from 
the week of egg onset. Thus, when egg laying onset was 
before midden formation, this score is negative. In one of the 
forager groups, a midden was formed but no eggs were laid 
throughout the course of the experiment, and in three forager 
groups eggs were laid but no midden was formed. We, thus, 
analyzed the dataset twice, with and without including these 
data. When these data were included, we scored the group 
as if it had begun the missing behavior the week following 
the experiment end. For example, if egg deposition began at 
week 7 of 8 but no midden was formed by week 8, we scored 
the colony as − 2; as if a midden was formed on week 9.

http://www.datadryad.org
http://www.datadryad.org
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To analyze midden formation and waste management by 
the different groups of workers, we used a generalized linear 
mixed model with a binomial distribution error (Zuur et al. 
2009). The model was fitted using a Laplace approximation 
(glmer function of the lme4 R package; Bates et al. 2015). 
The response variable was the probability of a midden being 
present in the nest. The three initial categories (0, 1 and 2) 
were reduced to two categories, with the dark patch score 
(= 1) was either set to 0 or 2. This was done to allow the use 
of binomial tests. To check how this choice affected the final 
results, we analyzed the dataset twice, once with 1 reclassi-
fied as 0, and once with 1 reclassified as 2. The percentage of 
workers inside the nest was analyzed by a linear mixed-effect 
model (lmer function of the lme4 R package; Bates et al. 
2015). To improve the normality of residuals, the percentage 
of workers inside the nest was ×10 transformed. We ran the 
GLMM (with the two datasets) and the LMM with workers 
(three levels: young intranidal, old intranidal and forager), 
weeks (repeated factors, 1–8) and eggs (two levels: presence, 
absence) as fixed effect factors, as well as an interaction term 
between the factors workers and weeks. The factor “colony” 
nested within “week” was entered in the models as a random 
effect. The P values from the models were obtained by the 
function Anova from the “car” package (Fox and Weisberg 
2011).

We compared the number of colored defecation spots 
inside the nest and outside the nest for young intranidal 
and forager worker groups using a paired-sample Wilcoxon 
signed rank test.

All analyses were performed and graphs generated with 
the software R 3.2.1 (R Development Core Team 2015). All 
data in the text are given as median and range.

Results

Experiment 1: midden formation and temporal 
variation in the proportion of intranidal workers 
of fixed‑age cohorts

To analyze the effects of worker group on midden forma-
tion midden scores 0 (no midden) and 1 (only dark patches) 
were grouped together. Midden score was influenced by 
both worker group (GLMM, Χ2 = 49.85, P < 0.001) and 
time since the colony fragment was established (GLMM, 
Χ2 = 21.21, P <0.001, see Fig. 1). The presence of eggs 
showed a non-significant trend towards predicting mid-
den score (GLMM, Χ2 = 3.54, P = 0.06). The interaction 
between group and week was not significant (GLMM, 
Χ2 = 0.62, P = 0.73). Grouping midden scores 1 (dark 
patches) and 2 (full middens) yielded similar results 
(worker group effect, GLMM, Χ2 = 13.29, P < 0.01; week 
effect, GLMM, Χ2 = 8.25, P < 0.01, see Fig. 1).

The proportion of ants inside the nest was significantly 
influenced by group (LMM, Χ2 = 82.64, P < 0.001), week 
(LMM, Χ2 =5.98, P = 0.014), and their interaction (LMM, 
Χ2 = 34.94, P < 0.001, see Fig. 2). The presence of eggs 
was also a significant predictor of the proportion of ants 
inside the nest (LMM, Χ2 = 12.57, P < 0.001).

The three groups differed in their relative timing of 
midden formation and onset of egg laying (Kruskal–Wal-
lis rank-sum test, X2 = 8.08, df = 2, P = 0.02, see Fig. 3). 
Excluding the forager groups that either did not lay 
eggs or did not form a midden yielded similar results 
(Kruskal–Wallis rank-sum test, X2 = 7.86, df = 2, P = 0.02). 

Fig. 1  Midden development for groups of young intranidal workers, 
old intranidal workers and foragers of the ant Platythyrea punctata 
over 8 weeks. Twelve colonies were used for each group of workers 
tested. Midden formation was scored as: none (in white), dark patches 
(in grey: a darker area of the nest covered by ant defecation) and mid-
den (in black: a darker area, with small solid waste particles in it, e.g. 

fruit flies pieces). The midden score was influenced by both worker 
group (GLMM, Χ2 = 49.85, P < 0.001) and with the time since the 
colony fragment was established (GLMM, Χ2 = 21.21, P < 0.001). 
Results given are for analyses in which no midden and only dark 
patches are grouped together (see main text for details)
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In most colonies formed of young intranidal workers, the 
first eggs were observed after a fully developed midden 
had been formed. In colonies composed of foragers, the 
first eggs were observed before a midden had begun to 
form. Colonies consisting of old intranidal workers were 
intermediate between these two patterns (Fig. 3).

Experiment 2: temporal caste‑dependent 
defecation behavior

Foragers (F) defecated more often outside the nest than 
inside (outside x̃ = 25.5, 0–47, inside x̃ = 0, 0–4, N = 12, 
Wilcoxon signed rank test, V = 62, P = 0.01). There was 
a non-significant trend for YI workers to defecate within 
the nest (inside x̃ = 2.5, 0–7, outside x̃ = 1.5, 0–20, N = 12, 
Wilcoxon signed rank test, V = 21.5, P = 0.33). Intra-nest 
defecation appeared to be concentrated in particular areas, 
as reported in other ants (Czaczkes et al. 2015). This often 
made it impossible to differentiate individual fecal dots. We 
conservatively considered any distinct color patch, regard-
less of its size, as one fecal dot.

Discussion

Most studies on the reversal of age-dependent division of 
labor in social insects have focused on physiological changes 
and the reversal from foraging to nursing (Robinson et al. 
1992; Münch et al. 2008; Kuszewska and Woyciechowski 
2013). In this study, we chose to focus on neglected aspects 
of the behavioral repertoire of workers: waste management 
and defecation behavior. Our results show that workers of 
the ant Platythyrea punctata formed indoor “toilets” and 
waste dumps (middens) as reported for other ant species 
(Czaczkes et al. 2015). Defecation and waste-management 
behavior appears to be age-dependent, with defecation by 

Fig. 2  Proportion of ants inside the nest for groups of young intra-
nidal workers, old intranidal workers and foragers of the ant Plat-
ythyrea punctata over 8 weeks. Twelve colonies were used for each 
group of workers tested. The proportion of ants inside the nest was 
significantly influenced by group (LMM, P < 0.001), week (LMM, 
Χ2 = 5.98, P = 0.014), and their interaction (LMM, Χ2 = 34.94, 
P < 0.001). The presence of eggs (not indicated) was also a significant 
predictor of the proportion of ants inside the nest (LMM, Χ2 = 12.57, 
P < 0.001)

Fig. 3  Difference (in weeks) between the appearance of a first egg 
and of a fully developed midden in groups of young intranidal work-
ers (YI), old intranidal workers (OI) and foragers (F) of the ant Plat-

ythyrea punctata (Kruskal–Wallis rank-sum test, X2 = 8.08, df = 2, 
P = 0.02). Photographs illustrate the three categories of midden level: 
no midden, dark patch, and full midden
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young intranidal individuals being clustered in specific areas 
inside the nest, and middens being formed rapidly. How-
ever, older workers begin to reverse their midden formation 
and defecation behavior after being isolated from younger 
nestmates.

Young intranidal workers were found more often in the 
nest, defecated mostly in the nest, and rapidly formed well-
defined middens. By contrast, foragers were initially more 
often found outside the nest, defecated mostly outside the 
nest, and did not form middens. However, within 1 month 
after being isolated in single-age cohorts, foragers spent 
more time in the nest, began to establish middens, and also 
exhibited other behaviors typical for young intranidal work-
ers (Bernadou et al. 2015). An increase in the proportion of 
workers in the nest cannot explain this change in midden for-
mation, because due to the higher mortality of older workers 
their absolute numbers were far below those in colonies of 
intranidal workers (Bernadou et al. 2015).

After 8 weeks of separation into different age cohorts, 
the proportion of intranidal workers was identical in all 
three cohorts. Middens in forager groups contained fecal 
matter but also small solid waste particles (cf. full mid-
den, Fig. 2). The altered waste-management behavior of 
old intranidal workers and foragers might directly reflect a 
behavioral reversal, similar to that in the context of nurs-
ing and egg laying. Such reversal matches several hypoth-
eses on age-independent task allocation (e.g., “foraging 
for work,” Tofts and Franks 1992; Franks and Tofts 1994; 
social inhibition, Beshers and Fewell 2001; Beshers et al. 
2001; “push–pull”, Johnson, 2010), i.e., workers react to 
social interactions and their own spatial location by engag-
ing in tasks that need to be done. In addition, the changes 
might also be an indirect consequence of reversal to intra-
nidal tasks and egg laying and thus an increasing valuation 
of the nest and its safety. The “division of labor by divi-
sion of risk” hypothesis (Woyciechowski and Kozłowski 
1998) suggests that residual life expectancy better predicts 
division of labor than chronological age and explains why 
younger workers are more likely to remain in the nest 
while older workers usually perform the more risky tasks 
outside the nest (Woyciechowski and Kozłowski 1998; 
Tofilski 2009; Kuszewska and Woyciechowski 2013). The 
changed behavioral profiles observed in this study, includ-
ing midden formation, correlate well with the increased 
residual life span and fecundity of reverted foragers (Ber-
nadou et al. 2015). It is tempting to speculate that the 
removal of younger workers allowed foragers to lay eggs, 
which again slowed down or even reversed senescence. 
The increase of their residual life expectancy might have 
caused them to avoid risky extranidal activities and spend 
most of their time in the nest. It is noteworthy in this con-
text that waste-management behavior appeared to change 
after physiological changes: in contrast to young ants, 

older ants began laying eggs before well-defined middens 
were formed. However, it is also important that these tasks 
are very different, which affects their temporal develop-
ment: egg laying is an individual behavior while refuse 
pile formation is a collective behavior that depends on the 
number of individuals engaged in it, as ants must coor-
dinate where waste is dumped to form a distinct midden 
(e.g., Hart and Ratnieks 2002).

Reversion appears to occur at different rates in differ-
ent species and for different reverted traits within species. 
Honeybees, for example, undergo relatively rapid physi-
ological reversion, activate their ovaries and enlarge their 
hypopharyngeal glands within 5–8 days of isolation in 
forager-only colonies (Kuszewska and Woyciechowski 
2013). Foragers of P. punctata foragers began to lay eggs 
only after 15–30 days of separation from younger workers 
(Bernadou et al. 2015). Formica polyctena foragers seem 
to be able to revert to nursing almost immediately if no 
nurses are present, but their avoidance of illumination and 
the levels of biogenic amines change more slowly, if at 
all (Wnuk et al. 2011; Symonowicz et al. 2015). It seems 
likely that the speed of reversion depends on the urgency 
of the task, with brood care adaptations (both behavioral 
and morphological, e.g., Amdam et al. 2005) having the 
highest priority.

Finally, this study adds midden formation to the suite of 
behavioral changes that accompany temporal polyethism in 
ants and that can be flexibly reversed or accelerated if neces-
sary. The formation of middens is easily observed and scored 
with minimal disturbance to the ants and thus presents itself 
as a useful additional ethological marker for behavioral 
reversal which can be observed at almost no additional cost. 
We thus encourage future studies to also consider waste 
management behavior when carrying out similar studies. By 
studying midden formation, for example, we demonstrated 
that, as in other ants (Czaczkes et al. 2015), P. punctata nest 
workers rarely leave the nest to defecate. The presence of a 
brownish-black sticky substance in the middens, very similar 
to the content of the ant “toilets” reported in Czaczkes et al. 
(2015), strongly indicates that P. punctata defecate mostly 
in their middens. This suggests that the produced waste is 
not highly dangerous. By contrast, foragers do not return to 
the nest to defecate, suggesting that, while not very danger-
ous, the feces is also not particularly valuable as a resource.

In summary, we have demonstrated reversible temporal 
polyethism in terms of the understudied behaviors of defeca-
tion and waste management, which correlate well with more 
traditionally studied behaviors, such as worker location and 
egg laying. Different traits seem to revert at different rates. 
Lastly, waste management behavior may provide an easy 
and low-impact way of examining behavioral reversions, 
and allows insights into aspects of colony life not usually 
examined.
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