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We investigated the effect that different categories of brood had on the produc- 
tion of periodic activity within artificial aggregates of the ant, Leptothorax 
allardycei. Colonies of this species exhibit periodic patterns of movement activity 
with a period of approximately 20-30 min. Artificial aggregates of this species 
show that periodic activity appears gradually as the number of workers in the 
aggregate increases to 15 workers. In addition, it has been noted that the 
presence of brood with the workers makes the periodic activity more pro- 
nounced. In this paper we investigate the effect that four categories of brood 
had on the periodic activity of worker ants. Eggs, small larvae, large larvae, 
and pupae were tested with four different-sized aggregates of workers. We 
hypothesized that brood care is responsible for the increase in periodic activity 
and therefore that larvae (which require more tending) would be more effective 
at increasing periodic activity than eggs or pupae. Contrary to our expectations, 
eggs and both size categories of larvae were equally effective in enhancing 
periodicity in our experimental aggregates. Pupae, in contrast, were completely 
ineffective at enhancing periodic activity. We discuss some possible reasons for 
the differential effects of eggs, larvae, and pupae on the behavior of worker 
ants. 
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I N T R O D U C T I O N  

One of the central questions in social behavior concerns the mechanisms by 
which the actions of  individuals within a social group produce a complex social 
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variable we used was the log-transformed fraction o f  variability in the largest 
fourier component. 

Because the results of  previous work (Cole and Cheshire, 1996) showed 
that brood affected the amount o f  periodicity in an aggregate, we hypothesized 
that the effects o f  the brood on worker periodicity may result from brood care. 
We expected that the activity o f  an aggregate should reflect varying amounts of  
care that each type of  brood required and that this might be reflected in the 
degree of  periodicity. We planned three a priori  contrasts: larvae would have a 
greater effect than eggs or pupae and large larvae would have a greater effect 

than small larvae. 

R E S U L T S  

Both the size of  an aggregate, as a covariate, and the type o f  brood, as a 
classification variable, had significant effects on the production o f  periodic activ- 
ity (Table I). Across all brood types the activity became more periodic with 
increasing aggregate size (Fig. 1). Within an aggregate size the type of  brood 
influenced the extent o f  periodicity. Aggregates with eggs or larvae were more 
periodic than aggregates with pupae. In Fig. 2 we show the mean effect o f  brood 
type after aggregate size has been removed. 

We tested our three a priori  contrasts: larvae > eggs (F = 1.76, df  = 
1,75, P > 0.18), larvae > pupae (F = 11.68, df  = 1,75, P < 0.001), large 
larvae > small larvae (F = 0.007, df  = 1,75, P > 0.90). In contrast to our 
expectations, only pupae differed significantly in the amount of  periodicity; 
aggregates with pupae reduced the magnitude o f  the largest Fourier component 
by over 40% compared to aggregates with eggs or larvae. 

There was no interaction effect between the type o f  brood and the size of  
the aggregate. Although aggregates with pupae were far less periodic than aggre- 
gates containing other types o f  brood, there was still a significant effect o f  
aggregate size on the magnitude o f  the largest Fourier component for pupae 
(r 2 = 0.26, N = 21, P < 0.02). 

Table I. Analysis of Variance of the Type of Brood and the Size of the Aggregate on the 
Amount of Periodicity in the Aggregate 

Sum of 
Source squares df Mean square F 

Brood type 1.965 3 0.655 6.01 0.13010 
Size 1.658 1 1.658 15.21 0.0002 
Type * Size 0.260 3 0.087 0.80 0.50 
Error 8.176 75 0.109 
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Fig. 1. Box plots showing the relation between the degree of 
periodicity in an activity record (fraction of  the variation in 
the largest Fourier component) and the size of  the aggregate. 
The central line is the median; the outer limits of  the boxes 
represent the interquartile, or hinge, limits. The lines repre- 
sent the median + 2.5 hinge limits and the asterisks represent 
single values outside a range of + 4 hinge limits. 

DISCUSSION 

The results obtained in this study corroborate the earlier results of Cole 
and Cheshire (1996), who found that the presence of brood caused periodic 
activity in aggregates to emerge gradually with increasing aggregate size. 
Although the effects of different types of brood on the magnitude of periodic 
activity differ substantially, the interaction term between the type of brood and 
the size of the aggregate is not significant. The effect of brood observed by Cole 
and Cheshire, who used mixtures of brood of different ages, is almost certainly 
due to the effects of the eggs and larvae. The mixed brood treatment is indis- 
tinguishable from that obtained with eggs or large larvae; the small larvae are 
marginally significantly more periodic than mixed brood. However, the effect 
that pupae have is not different from that observed when brood are absent. 

These results suggest a distributed control mechanism (Gordon et al . ,  1992). 
Although the larvae and eggs influence the amount of periodicity, aggregates of 
seven workers are not as periodic as aggregates of 15 workers. Increased peri- 
odicity emerges from the interactions of  larger numbers of  workers. If larvae 
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Fig. 2. The relation between the degree of periodicity in an 
activity record and the type of brood that are placed with the 
aggregate. We have plotted the least-square means + 2 SE. 

were a central pacemaker, they should drive periodic activity at least as effec- 
tively in a group of 7 workers as in a group of 15. 

We did not alter the ratio of the number of brood to workers in this exper- 
iment. We manipulated only the number of workers, which alters the brood-to- 
worker ratio. If this ratio influences the level of periodicity, then decreasing the 
brood-to-worker ratio increases periodicity among aggregates of the workers. 
The results of this study are unaffected, however, since (1) different types of 
brood influence periodicity in different ways, and (2) the effect changes gradually 
with gradual changes in the brood-to-worker ratio. The brood-to-worker ratio 
reaches a minimum in aggregates of 15 workers (1:1.33). In natural colonies 
of L. allardycei the brood-to-worker ratio is very nearly 1 : 1 for the brood apart 
from the eggs (Cole, personal observation). The number of eggs varies consid- 
erably among colonies. 

Eggs and larvae obviously modulate the activity of workers, but they are 
not responsible for the production of periodicity per se. Why do eggs and larvae 
cause periodicity to develop differently from when brood and absent or pupae 
are present? If the amount of brood care is important in modulating the inter- 
actions among workers, larvae should have the largest effect. Although larvae 
require more tending than do pupae, it is not clear that eggs require more care 
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than pupae. However, this prediction was not upheld by the data. We do not 
know how both the eggs and the larvae are able to have such an effect. 

Franks and Sendova-Franks (1992) and Stickland and Franks (1994) have 
examined patterns of activity within nests of  other species of Leptothorax ants, 
with results that are particularly relevant. Franks and Sendova-Franks show that 
the brood are distributed across the nest in a manner that corresponds to the 
metabolic rate and thus the amount of  labor that is required to tend a piece of 
brood. In other words, large larvae are more widely spaced than small larvae. 
Ants moving among the brood encounter the brood at roughly the rates that are 
required for efficient care. Stickland and Franks find that larger brood are located 
in areas within the nest that have higher levels of activity. The combination of 
the two phenomena provides a simple mechanism for the allocation of brood 
care effort. In L. allardycei the effect of small larvae and eggs is indistinguish- 
able from that of large larvae on the generation of activity cycles. The allocation 
of effort is evidently a different problem from the generation of cyclic activity 
and it is not clear whether activity cycles are related to colony efficiency. 

Although the mechanism by which the eggs and larvae influence the work- 
ers is not known, we can make some general predictions about this phenomenon. 
Mobile Cellular Automata models for the production of periodic activity in ant 
colonies have been developed by So16 et al. (1992), Miramontes et al. (1993), 
and Cole and Cheshire (1996). The models predict that the critical parameter 
for the production of periodicity is the effect that active ants have on one another. 
If  an interaction between two active ants causes them to remain in the active 
state longer than without an interaction, that is sufficient to generate periodicity. 
In the terms of the model, we predict that the magnitude of the interaction term 
between two active ants is larger in the presence of the eggs and larvae than in 
the presence of the pupae or the absence of brood. That is, the effect of an 
interaction between two active ants is greater in the presence of larvae and eggs 
than in the presence of pupae. It is also possible that the presence of brood alters 
the frequency of interactions between workers. If  the frequency of interactions 
between workers is altered in the presence of particular types of  brood, there 
must be either fewer interactions among the workers when only the pupae are 
present or more interactions when other brood are present. We have no evidence 
that the presence of the pupae depresses the level of interaction among the 
workers. An increase in the rate of  interaction among workers seems plausible 
for the larvae and was the basis of one of the a priori predictions. If  the larvae 
are frequently tended, then workers who are doing the tending are frequently in 
the vicinity of the larvae. However, this explanation does not seem as plausible 
for the eggs. Eggs appear to require little care; in fact they can be hatched 
without care from the workers (Cole, personal observation). But the behavior 
of workers is different in the presence of eggs; aggressive interactions are more 
likely to be escalated in the presence of the eggs (Cole, 1988b). Aggressive 
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interactions are next  most  l ikely to be  escalated in the presence  o f  the pupae,  

reducing the plausibili ty o f  this explanat ion.  M o v e m e n t  patterns, especial ly  those 

o f  h igh-ranking workers ,  are al tered in the presence  o f  the eggs  and the patterns 

o f  space use wi thin  nests are direct ly  related to the posi t ion o f  the eggs  (Cole ,  

1988a). Since  space use and m o v e m e n t  patterns are al tered in the presence  o f  

the eggs  in such a way  as to keep  workers  in c loser  contac t  with the eggs ,  then 

it may result  in an increase in the f requency  o f  contact  o f  workers  when  the 

eggs  are present.  

A C K N O W L E D G M E N T S  

W e  wish to thank Diane  Wie rnasz  for  reading the manuscr ip t  and provid ing  

numerous  helpful  c o m m e n t s ,  as wel l  two  a n o n y m o u s  rev iewers  for  suggest ions .  

This  work  was supported by N S F - B N S  Grant  9120965.  

R E F E R E N C E S  

Cole, B. J. (1986). The social behavior of Leptothorax allardycei (Hymenoptera, Formicidae): time 
budgets and the evolution of worker reproduction. Behav. Ecol. Sociobiol. 18: 165-173. 

Cole, B. J. (1988a). Individual differences among Leptothorax workers: Movement and space use. 
In Jeanne, R. L. (ed.), Inter-individual Differences in Social Insect Behavior, pp. 113-145. 

Cole, B. J. (1988b). Escalation of aggression in Leptothorax ants. Insectes Soc. 35(2): 198-205. 
Cole, B. J. (1991a). Short-term activity cycles in ants: Generation of periodicity by worker inter- 

action. Am. Nat. 137: 244-259. 
Cole, B. J. (1991b). Is animal behaviour chaotic? Evidence from the activity of ants. Proc. Roy. 

Soc. London B 244: 253-259. 
Cole, B. J., and Cheshire, D. (1996). Mobile cellular automata models of ant activity: Movement 

activity of Leptothorax allardycei. Am. Nat. (in press). 
Elgar, M. A. (1989). Predator vigilance and group size in mammals and birds: A critical review 

of the empirical evidence. Biol. Rev. Cambr. Philos. Soc. 64: 13-33. 
Franks, N. R., and Sendova-Franks A. B. (1992). Brood sorting in ants: Distributing the workload 

over the work surface. Behav. Ecol. Sociobiol. 30: 109-123. 
Franks, N., Bryant, S., Griffiths, R., and Hemerik, L. (1990). Synchronization of the behaviour 

within nests of the ant Leptothorax acervorum (Fabricius). I. Discovering the phenomenon and 
its relation to the level of starvation. Bull. Math. Biol. 52: 597-612. 

Franks, N. R., Wilby, A., Silverman, B. W., and Toffs, C. (1992). Self-organizing nest construc- 
tion in ants: Sophisticated building by blind bulldozing. Anim. Behav. 44: 357-375. 

Gordon, D. M., Goodwin, B. C., and Trainor, L. E. (1992). A parallel distributed model of the 
behaviour of ant colonies. J. Theor. Biol. 156: 293-307. 

Hatcher, M. J., Tofts, C., and Franks, N. R. (1992). Mutual exclusion as a mechanism for infor- 
mation exchange within ant nests. Naturwissenschafien 79: 32-34. 

Hemerik, L., Britton, N. F., and Franks, N. R. (1990). Synchronization of the behaviour within 
nests of the ant Leptothorax acervorum (Fabricius). If. Modelling the phenomenon and pre- 
dictions from the model. Bull. Math. Biol. 52: 613-628. 

Keller, L., and Nonacs, P. (1993). The role of queen pheromones in social insects: Queen control 
or queen signal? Anim. Behav. 45: 787-794. 

Miramontes, O., Sol~, R., and Goodwin, B. C. (1993). Collective behaviour on random-activated 
mobile cellular automata. Physica D 63: 145-160. 

Okubo, A. (1986). Dynamical aspects of animal grouping: swarms, schools, flocks and herds. Adv. 
Biophys. 22: 1-94. 



Effect of Brood on Activity in Ants 547 

Press, W. H., Flannery, B. P., Teukolsky, S. A., and Vetterling, W. T. (1991). NuraericalRecipes 
in C, Cambridge University Press, New York. 

Quenette, P. Y. (1990). Functions of vigilance behaviour in mammals: A review. Acta Ecol. 11: 
1-18. 

Quenette, P. Y., and Gerard, J. F. (1992). From individual to collective vigilance in wild boar 
(Sus scrofa). Can. J. Zool. 70: 1632-1635. 

Reeve, H. K. (1992). Queen activation of lazy workers in colonies of the eusocial'naked mole-rat. 
Nature 358: 147-149. 

Stickland, T., and Franks, N. R. (1994). Computer image analysis provides new observations of 
ant behaviour patterns. Proc. Roy. Soc. London B 257: 279-286. 

Tofts, C., Hatcher, M., and Franks, N. R. (1992). The autosynchronization of the ant Leptothorax 
acervorum (Fabricius): Theory, testability and experiment. J. Theor. Biol. 157: 71-82. 

Sol~, R., Miramontes, O., and Ooodwin, B. C. (1992). Collective oscillations and chaos in the 
dynamics of ant societies. J. Theor. Biol. 159: 469. 

Winston, M. L., and Slessor, K. N. (1992). The essence of royalty: Honey bee queen pheromone. 
Am. Sci. 80: 374-385. 


