
  Brill is collaborating with JSTOR to digitize, preserve and extend access to Behaviour.

http://www.jstor.org

Brill

Nest-Mate Recognition and the Effect of Distance from the Nest on the Aggressive Behaviour 
of Camponotus chilensis (Hymenoptera: Formicidae) 
Author(s): Nelson Velásquez, María Gómez, Jorge González and Rodrigo A. Vásquez 
Source:   Behaviour, Vol. 143, No. 7 (Jul., 2006), pp. 811-824
Published by:  Brill
Stable URL:  http://www.jstor.org/stable/4536379
Accessed: 22-10-2015 14:36 UTC

 REFERENCES
Linked references are available on JSTOR for this article: 

 http://www.jstor.org/stable/4536379?seq=1&cid=pdf-reference#references_tab_contents

You may need to log in to JSTOR to access the linked references.

Your use of the JSTOR archive indicates your acceptance of the Terms & Conditions of Use, available at http://www.jstor.org/page/
 info/about/policies/terms.jsp

JSTOR is a not-for-profit service that helps scholars, researchers, and students discover, use, and build upon a wide range of content 
in a trusted digital archive. We use information technology and tools to increase productivity and facilitate new forms of scholarship. 
For more information about JSTOR, please contact support@jstor.org.

This content downloaded from 157.182.150.22 on Thu, 22 Oct 2015 14:36:33 UTC
All use subject to JSTOR Terms and Conditions

http://www.jstor.org
http://www.jstor.org/action/showPublisher?publisherCode=bap
http://www.jstor.org/stable/4536379
http://www.jstor.org/stable/4536379?seq=1&cid=pdf-reference#references_tab_contents
http://www.jstor.org/page/info/about/policies/terms.jsp
http://www.jstor.org/page/info/about/policies/terms.jsp
http://www.jstor.org/page/info/about/policies/terms.jsp


Nest-mate recognition and the effect of distance from 
the nest on the aggressive behaviour of Camponotus 

chilensis (Hymenoptera: Formicidae) 

Nelson Velasquezl), Maria Gomez, Jorge Gonzalez 
& Rodrigo A. Vasquez 

(Institute of Ecology and Biodiversity, Departamento de Ciencias Ecologicas, Facultad de 
Ciencias, Universidad de Chile, Casilla 653, Santiago, Chile) 

(Accepted: 24 April 2006) 

Summary 

Nest-mate recognition and territorial behaviour in ants are widely studied phenomena. How- 
ever, few studies have analysed, under field conditions, how nest-mate recognition varies 
with distance from the resident's colony. In a natural population of Camponotus chilensis 
in central Chile, we studied nest-mate recognition and spatial variation in aggressive behav- 
iour. C. chilensis individuals were able to discriminate nest-mates from intruders, showing no 
aggression toward nest companions, while aggressiveness toward allo-colonial con-specifics 
decreased significantly with distance. Further, the overall number of interactions and the ag- 
gressiveness of the resident ants were significantly greater at 25 cm from their colony than at 
further distances. Given that antennation behaviour is regularly present at all distances from 
the nest, it seems to entail information acquisition. Biting and intruder-dragging, the most 
conspicuous aggressive displays, were mainly observed at distances close to the resident 
colony. Other behaviours such as threatening with open mandibles, ventral bending of the 
gaster, and backward-movement, were observed at all distances, and they seem to represent 
the first signs of intruder rejection. 

Keywords: ant recognition, Camponotus chilensis, territoriality. 

Introduction 

Nest-mate recognition is a widely studied phenomenon in Hymenoptera 
species (i.e., Gamboa et al., 1986, for social wasps; Page et al., 1991, for 
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honeybees; Jaisson, 1991, for ants and social wasps). In ants specifically, is 
well recognized the capability to discriminate between individuals that be- 
long to their colony from those that do not (Holldobler & Wilson, 1990; Jais- 
son, 1991; Bourke & Franks, 1995; Stuart & Herbers, 2000; Hermandez et al., 
2002). Furthermore, this capability seems to be influenced by both kinship 
and coexistence relationships (e.g., habituation and dear-enemy phenomena) 
between individuals of different colonies. Pirk et al. (2001) found that, in 
Formica pratensis, aggression is positively correlated with both genetic dis- 
tances between allo-colonial individuals and geographic distances between 
their nests. In addition, in some ant species, interactions between neighbour- 
ing nests show less aggressiveness than interactions with more distant nests 
(i.e., dear-enemy phenomenon; see Heinze et al., 1996; Langen et al., 2000). 

Aggression level does not only depend on relative distance between nests, 
but also on the absolute distance of the tested ant from its home colony. Gen- 
erally, the level of aggressiveness performed by the resident ant is greater 
than that performed by the intruder (Mayade et al., 1993; Mercier et al., 
1997; Cammaerts & Cammaerts, 1998), suggesting that the context where 
encounters occur play a fundamental role (see Sakata & Katayama, 2001; 
Buczkowski & Silverman, 2005 for context-dependent nest-mate discrimi- 
nation). Several laboratory studies have found that ant's aggressiveness di- 
minishes with the distance from the colony entrance. For example, Mayade 
et al. (1993) could distinguish two kinds of spatial areas outside the nest of 
Cataglyphis cursor. They identified an area located nearby the colony's en- 
trance, where resident ants are considerably more aggressive than intruders, 
and a second area, located at further distance from the nest, where resident 
ants show lower aggressiveness than at the nest entrance. Accordingly, the 
observed level of aggressiveness agrees with different marking modes found 
in the environment surrounding the colony, such as the territorial and home- 
range marking modes proposed by Holldobler & Wilson (1990). 

Notwithstanding the insight obtained from this kind of laboratory stud- 
ies, few studies have analysed how aggressiveness varies with distance from 
the nest under natural field conditions. Because field conditions impose sev- 
eral uncontrolled sources of variation, it is relevant to assess if behavioural 
patterns observed under controlled laboratory conditions also occur under 
natural field conditions. In this vein, in a recent field study on the desert ant 
Cataglyphis fortis, Knaden & Wehner (2003) studied the influence of the 
ant's distance from the nest on the ant's level of aggressiveness, in dyadic 
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Table 2. Analysis of covariance for (A) Frequency of behaviour (on trans- 
formed data), (B) Overall number of interactions, and (C) Aggressiveness 

index. 

Variables Effect df Sum of Mean F p-level 
squares square 

A. Frequency of Observed 5 8.79 1.76 17.60 <0.001 
behaviour Behaviour (OB) 

Distance 2 3.37 1.68 16.81 <0.001 
Colony pair (Covariate) 1 0.30 0.30 3.01 0.08 
Distance x OB 10 2.27 0.23 2.27 0.01 
Distance x colony pair 2 0.48 0.24 2.37 0.09 
OB x colony pair 5 4.68 0.94 9.35 <0.001 
Distance x OB x 10 0.37 0.04 0.37 0.96 
colony pair 
Error 504 50.47 0.1 

B. Overall number Distance 2 1713.73 856.87 3.29 0.042 
of interactions Colony pair (Covariate) 1 1519.61 1519.61 5.84 0.018 

Distance x pair 2 276.81 138.41 0.53 0.590 
Error 84 21860.12 260.24 

C. Aggressiveness Distance 2 2.54 1.27 7.61 0.001 
index Colony pair (Covariate) 1 0.62 0.62 3.70 0.058 

Distance x pair 2 0.27 0.13 0.80 0.453 
Error 84 13.99 0.17 

Antennation was the most frequent behaviour in all distances (Tukey's test: 
p < 0.05) (see Table 1 and Table 2). 

On the other hand, the distance from the resident colony had a signifi- 
cant effect on the overall number of interactions (see Table 2). The overall 
number of interactions decreased with the distance from the resident colony, 
being significantly different between 25 and 50 cm (Tukey's test: p < 0.01), 
and between 25 and 100 cm (Tukey's test: p << 0.01; see Figure 1). How- 
ever, between 50 and 100 cm the differences were not significant (Tukey's 
test: p = 0.290). Furthermore, we found that the distance from the resi- 
dent colony had a significant effect on the AI (see Table 2). Similarly, the 
AI decreased with the distance from the resident colony. Al differed signif- 
icantly between 25 and 50 cm (Tukey's test: p << 0.01), and between 25 
and 100 cm (Tukey's test: p << 0.01; see Figure 1), while between 50 and 
100 cm no difference was detected (Tukey's test: p = 0.441). The colony 
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chilensis nest-mates allow more efficient collective food exploitation. These 
two independent results suggest that antennation in C. chilensis leads to in- 
formation acquisition (see also Holldobler & Wilson, 1990). We also found 
that both biting and intruder-dragging occur with greater frequency at shorter 
distances from the nest. In fact, intruder-dragging behaviour was only ob- 
served at 25 cm from the nest entrance, suggesting that this behaviour is part 
of a more aggressive display and that under natural conditions it is present 
only in the nearby surrounding area of the resident colony. Other behaviours 
such as threatening with open mandibles, ventral bending of the gaster and 
sudden backward-movement were observed at all distances. These behav- 
iours represent lower levels of aggressiveness and they seem to be involved 
in the first front of rejection displays (e.g., Lahav et al., 1999). 

In this study we also found that the level of aggressiveness of worker ants 
of C. chilensis varies with the distance from the colony. The ants showed 
the highest levels of aggression when confronting intruders at 25 cm from 
the nest entry, decreasing its level of aggressiveness as the distance at which 
dyadic encounters occur is further away from the colony entrance. This pat- 
tern of differential aggressiveness has been described in laboratory exper- 
iments with the ants Cataglyphis cursor (Mayade et al., 1993), showing 
higher levels of aggressiveness in experimental arenas with substances ex- 
tracted from the neighbouring area of the colony entrance, and lower aggres- 
siveness in arenas with substances extracted from further away areas. This 
phenomenon in which the resident individual's aggressiveness decreases 
with distance from its nest seems to be a general pattern observed in other 
animals, for example, in some vertebrates (i.e., Bolyard & Rowland, 2000 
for fishes; Raetti, 2000 for birds). 

Furthermore, our field study of C. chilensis dyadic encounters, although 
carried out at only three different distances from the colony entrance, sug- 
gests that aggressive behaviour does not decrease uniformly with distance 
from the nest. The overall number of interactions followed a similar pattern. 
These patterns might be the result, at least partially, of the heterogeneous 
distribution of chemical signals in the surrounding areas of a colony, and 
support the different marking modes found in the area surrounding the nest, 
as proposed by H6lldobler & Wilson (1990). 

Few previous studies have analysed how aggressiveness varies with dis- 
tance from the nest under field conditions. Knaden & Wehner (2003) found 
that the desert ant Cataglyphisfortis is more aggressive when captured close 
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to the nest. These authors recently showed that the state of the ant's path 
integrator, a navigational toolkit that tells the ant how far it is away from 
home (Wehner & Srinivasan, 2003), is sufficient to control the level of ag- 
gression, independently of the actual presence of the nest, its odour cues, 
and landmark surroundings (Knaden & Wehner, 2004). Since chemical com- 
munication and the use of odorant signals are widespread in ants (Howard 
& Blomquist, 1982; Holldobler & Wilson, 1990), we believe that path inte- 
gration might not be the main source of information for territorial behaviour 
in C. chilensis. Thus, nest-mate recognition and territoriality in C. chilensis 
seems to rely more heavily, but probably not exclusively, on the ecological 
context where ants are located (rather than in the inner state of the animal), 
where signals are assessed from direct behavioural contacts and/or from cues 
or landmarks located in the landscape. 

Nest-mate recognition implies the existence of a recognition mechanism. 
Chemical signals comprising lipids deposited on the cuticle are involved in 
the underlying mechanism of nest-mate recognition (Howard & Blomquist, 
1982; Holldobler & Wilson, 1990; Wagner et al., 2000). Ant colonies seem 
to have characteristic chemical signal(s) that ants are capable of recognis- 
ing and using as a cue to elicit aggressive behavioural display when they 
face hetero-specifics and/or allo-colonial con-specifics (Carlin & H6lldobler, 
1986, 1987; Carlin et al., 1987; Mercier et al., 1997; Lahav et al., 1999). 

The present field study agrees with laboratory studies that have analysed 
how aggressiveness varies with distance from the nest entrance, which had 
found that the type and/or concentration of chemical signals deposited in 
the surface influence territorial behaviour. Studies in C. cursor show that the 
concentration of territorial marks is greater near the colony entrance than in 
foraging areas (Mayade et al., 1993). Thus, the lower aggressiveness pre- 
sented by workers of C. chilensis at distances further than 25 cm from the 
colony entrance could obey to the lower concentration of territorial marks, 
and to the increment of home-range marks, which when are perceived by the 
ants would determine priorities in the activities to be executed. On the other 
hand, another possible explanation for the decrease in territorial behaviour 
with distance from the nest could lie on memory capabilities of ants. Recent 
findings show striking capabilities of odometric memory in Cataglyphis ants, 
which do not rely on pheromone trails to assess distance to the nest (Cheng et 
al., 2006). Thus, its is possible that the workers of C. chilensis assess the dis- 
tance or time elapsed as they leave from the nest and become less aggressive 
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as this number increases. Future studies should focus on identifying terri- 
tory limits, the precise mechanism implicated, and the influence of different 
ecological conditions involved in territorial and home-range behaviour. 
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