
  Introduction 

 Ants, like many other eusocial insects—for example, honeybees, bumblebees, and 
termites—dominate their environment and adapt their behavior to it. Hölldobler 
and Wilson (2009) suggest that ants make up around 10% of extant insects world-
wide and that ant colonies have been dominant elements of land habitats for at 
least 100 million years. The main reason for their ecological success is their sophis-
ticated social organization, which is based on cooperation between members of 
two basic castes, namely a small reproductive caste and a much larger worker caste. 
The core of this social organization is reciprocal cooperative communication. 
A number of studies of social insects’ behavior in different cooperative situations 
has shed light on the cognitive abilities required to accomplish these different 
tasks. However, prosocial behavior is often overlooked. 

 Prosocial behavior is defi ned as all social actions that benefi t other members 
of the social group (Decety and Svetlova 2012) and has been investigated mainly 
in humans and other primates. Prosocial behavior includes altruistic behavior, 
which imposes the additional criterion that the behavior benefi ts the recipient 
but at a cost to the donor 1 . Altruistic behavior, at the fi rst glance, would seem 
to defy Darwinian natural selection because it does not appear to benefi t indi-
vidual gene propagation. However, this evolutionary paradox is easily explained 
in terms of three principal theories: (1) The  kin selection theory  of Hamilton (1964) 
posits that the donors of altruistic acts obtain an indirect benefi t whenever their 
behavior benefi ts close relatives, which of course are likely to share the donors’ 
genes. Kin selection requires individuals to be able to recognize kin and non-kin. 
(2) Trivers’ (1971)  theory of reciprocal altruism  posits that non-related individuals 
obtain a delayed benefi t from performing altruistic acts if the social structure 
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requires reciprocity. Reciprocal altruism requires individuals not only to recog-
nize individuals but also to possess some form of scorekeeping memory mecha-
nism that reduces the likelihood of cheating. Finally, (3) Zahavi’s (1995)  prestige 
hypothesis  suggests that helping behavior is an honest signal, albeit a costly signal, 
of social prestige, a signal that is easily perceived by group members and that 
improves mating access or dominance status. Although Zahavi presented his pres-
tige hypothesis as an alternative to kin selection, Lotem, Wagner and Balshine-
Earn (1999) suggest that both theories may work together, with helping behavior 
evolving signals of individual quality. In short, then—and whether altruism 
derives from kin selection, reciprocal altruism or the search for prestige—it is an 
adaptive form of behavior and, thus, like other behavioral adaptations, is favored 
by natural selection. 

 Prosocial behavior exists in various forms and many taxa, from bacteria to 
primates. Recently, “altruistic-like” behavior has been demonstrated in bacteria. 
Many examples of antibiotic resistance, for example nosocomial (i.e., hospital-
acquired) infections, have been known for many years but their mechanisms 
are not fully understood. However, in colibacillos infections with  Escherichia coli , 
recent research has demonstrated that this resistance to antibiotics comes from a 
few (1%) very resistant bacteria that protect others by producing a molecule that 
makes them insensitive to the antibiotic. Because these super-resistant bacteria 
reproduce less quickly than others, their reaction to antibiotics constitutes a form 
of altruistic behavior that benefi ts individuals of the same clone at their own 
expense (Lee et al., 2010). Yeasts, too, also exhibit what might be called coopera-
tion. For example, in  Saccharomyces cerevisiae  yeast, cells express a gene called FLO1 
that triggers fl occulation, a form of protection against stressors such as antibiotics 
or alcohol. These genes aggregate preferentially independently of the rest of the 
genome (Smukalla et al., 2008). 

 Eusocial ants, for example, demonstrate many different types of cooperation, 
including parental helping, reciprocal help, and a division of labor in which dif-
ferent groups of individuals specialize in particular tasks necessary to the colony 
as a whole. Prosocial behavior in ants also includes rescue behavior, an extreme 
form of altruistic behavior in which not only do ants place themselves in a risky 
situation to help a victim in a distress, but the rescuer is not rewarded and receives 
no benefi t, except of course, the benefi t that accrues from kin selection and recip-
rocal altruism (Nowbahari and Hollis, 2010). Yet another example of prosocial 
behavior in ants is aggressive colony defense, in which an ant places itself in a risky 
situation to protect its colony against intruders. These two latter forms of altruistic 
behavior, rescue and colony defense, display the remarkable cognitive capacities 
of ants—the capacity to distinguish nestmates from foreigners, the capacity to 
learn to recognize individual foragers, and the capacity to adapt their behavior 
accordingly. 

 In this chapter we focus on this ability of ants to adapt their behavior to 
these two very different social interactions. That is, in one of these types of social 
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interactions, ants encounter potential intruders, and in the other they encounter 
distressed nestmates. Thus, in each encounter, an ant is in a specifi c situation that 
might be viewed as a decision point resulting in a series of behavioral patterns 
that demonstrate their sophisticated capacity for social recognition. The com-
plexity and precision of these behavioral sequences are context-dependent and 
demonstrate the tendency of ants to accomplish a precise goal: either to scare 
off and eliminate the intruder or to release the nestmate from entrapment. We 
will show that these prosocial aptitudes are based on social cognition, which not 
only depends on phylogenetic membership but also changes during individual 
development (ontogenesis). We also present results demonstrating that chemical 
compounds are involved in these two situations, which act as signals to elicit the 
appropriate behavior.  

  Prosociality and Social Recognition 

 Social recognition is the basis of all social behavior and, from an evolutionary 
perspective, has fi tness consequences for both the individual that performs the 
behavior and the recipient. The ability to discriminate between nestmates and 
foreigners has been observed in a large number of social hymenopteran species 
and particularly in ants (Breed and Bennette, 1987; Vander Meer and Morel, 1998; 
Lenoir et al., 1999; Breed et al., 2004). The underlying mechanisms of this dis-
criminative ability to discriminate have been the object of much study. More than 
90% of the signals used in these types of social communication by ants are chemi-
cal (e.g., Hölldobler and Wilson, 2009; d’Ettorre and Lenoir, 2010; Van Zweden 
and d’Ettorre 2010; Sturgis and Gordon, 2012). However, other signals, such as 
visual signals, sound and touch, also are used by many species in communication, 
but ordinarily just to amplify the effects of pheromones. Some signals are com-
plex, combining smell, taste, vibration (sound) and touch. Notable examples are 
the waggle dance of honeybees, the recruitment trails of fi re ants, and multimodal 
communication in weaver ants. To this list we can easily add colony defense and 
rescue behaviors in ants. 

 In the last four decades many studies have addressed the nature and location 
of production of the communication signals perceived by ants and other social 
insects (e.g., Bagnères and Morgan, 1991; Soroker et al., 1994; Sherman et al., 
1997; Starks, 2004; Bos et al., 2010; Bos and d’Ettorre, 2012). Today, researchers 
acknowledge that ants and other social insects rely on chemical signals, particularly 
cuticular hydrocarbons (CHCs), which are a blend of long chain hydrocarbons 
present on the cuticle of each individual; because these CHCs are transferred from 
one or more of the several glands located in various parts of the ant’s body, they 
constitute a signature mixture (Wyatt, 2010). Thus, ants are able to discriminate 
nestmates from non-nestmates using olfactory cues or contact chemoreception. 
Nestmates differ from non-nestmates by chemical cues produced by the individu-
als, which have a genetic basis, or in cues that are acquired from the environment, 
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especially from their food (e.g., Crozier, 1987; Crosland, 1989a,b; Sorvari et al., 
2008). This signature mixture serves as a template for comparing the encountered 
label with the internal representation of colony odor and hence determination 
of colonial membership; worker ants learn to recognize these cues early in adult 
life (Lenoir et al., 1999). Below we show how recognition of this colony label, in 
combination with additional chemical cues, or pheromones, that may be released 
from the same glands responsible for ants’ CHCs, can evoke a variety of differ-
ent responses, including aggressive colony defense, alarm or assembly response, 
recruitment, and rescue behavior.  

  Prosociality, Aggressive Behavior and Closure of Societies 

 Ants, like many social insects, normally attack conspecifi c intruders vigorously, 
even when intruders belong to the same species, which implies an accurate system 
of recognition. Colony existence often depends on the capacity of the colony 
to defend the nest, territory, and food sources against intruders (Stuart, 1988); 
indeed, colony defense maintains colony insularity against competitors and has 
played an important role in the evolution of eusociality (Wilson and Hölldobler, 
2005). As Hermann and Blum (1981) reported, ants use a wide range of defensive 
mechanisms, including collective strategies and individual patterns of behavior. 
These behavior patterns, collectively called agonistic behavior ( sensu  De Vroey 
and Pasteels, 1978), appear to be distinctly aggressive (e.g., biting and stinging) and 
nonaggressive (e.g., escape and defensive immobility). 

 The animal behavior literature is full of examples of agonistic behavior in 
social interactions, especially predation and competition. Although at fi rst glance 
agonistic behavior may not appear to be prosocial behavior, as a means of colony 
defense, it not only is a form of social cooperation, but also might be considered 
an especially extreme form of altruistic behavior because the defending indi-
vidual places itself at great risk of injury while gaining no immediate benefi t for 
itself. Nonetheless, because ant colonies typically consist of related individuals, 
defenders’ receive an ultimate benefi t via kin selection. Nestmate recognition 
acts as a proxy for kin recognition (Lenoir et al., 1999), allowing for social cohe-
sion and protection of colony resources from competitors and parasites. 

  An example of the precision of non-nestmate recognition is shown in  Fig-
ure 1.1 , which shows the results of an experiment examining the diversity of 
aggressive reactions of resident ants toward a variety of intruder ants obtained 
from different colonies. The experiment was conducted with  Cataglyphis cursor , a 
Mediterranean desert ant, whose colony size varies between 50 and 1600 indi-
viduals, The colony represents a  monogynous  society, meaning that it contains a 
single queen; moreover,  C. cursor  colonies are  parthenogenetic , meaning that some 
individuals are asexually reproduced. Thus, not only are all individuals related to 
one another via a single mother, the queen, but also some individuals—those 
produced via asexual reproduction—are genetically identical. These monogynous 
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and parthenogenetic characteristics of the colony would be expected to play a 
critical role in nestmate vs. non-nestmate recognition. 

 Each  C. cursor  colony was tested with four different kinds of stranger colonies: 
(a) the colony’s close neighbors from the same habitat; (b) colonies from a different 
habitat less than 20 Km away; (c) colonies from an area more than 70 Km away; 
or (d) colonies collected in an area more than 70 Km away and separated by a 
natural barrier, namely the Rhone River. Because it cannot be crossed by ants, the 
Rhone essentially splits the ant population, producing two separate populations. 

 For each test an individually marked stranger ant was introduced in the for-
aging area of the resident colony. Then, during a 15-min observation period, 
all interactions with this stranger, in the foraging area or inside the nest, were 
recorded. Lastly, 72 hours later the colony was inspected to determine whether 
the stranger ant was adopted or rejected. 

 The results show a clear link between levels of aggression, recognition and 
geographical distance from the test colony and the possibility of adoption. Aggres-
sive behavior was more intense when it was directed toward ants that came from 
geographically distant colonies and less intense when it was directed toward 
intruders from colonies of the same habitat ( Figure 1.1 ). Concerning the adop-
tion or rejection of foreign ants, when intruders originated from colonies within 
the same habitat, approximately 64% of ants were adopted. This result was not 
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    FIGURE 1.1    Mean number (± SE) of aggressive and “amicable” acts exhibited during 
a 15-min observation period by  Cataglyphis cursor  ants toward either a 
nestmate control (TEM) or a stranger ant from different habitats. HAB: 
Same habitat; < 20 Km: within 20 Km; > 70 Km: Habitat greater than 
70 Km; POP: Habitat on opposite side of Rhone River. 
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surprising because the colony reproduces by  fi ssion , meaning that a new colony is 
formed by a group of emigrant workers from the original colony together with 
another emigrant that has the potential to become their new queen (Lenoir et al., 
1990); thus, colonies within the same habitat are likely to be relatives. When, 
however, intruders were from colonies in a different habitat, the adoption rate 
was signifi cantly less, namely 42% (<20 Km) and 38% (>70 Km), respectively. 
Finally, in the case of very distant colonies separated from one another by the 
Rhone River, considered as two populations, intruders were vigorously attacked 
and killed (Nowbahari and Lenoir, 1984). 

  A detailed analysis of the different aggressive or defensive agonistic reactions 
elicited by intruders either inside the nest or in the foraging area clearly shows 
that the social environment has an important infl uence on the ability of ants to 
discriminate between nestmate and stranger cues ( Figure 1.2 ). Inside the nest, 
the presence of so many nestmates leads to an increase in recognized odors and, 
thus, strangers are subject to less aggressive reactions particularly when they come 
from neighboring colonies in the same habitat. A comparison of CHCs obtained 
from ants found in different locations and quantifi ed using gas chromatography 
verifi ed that the ant populations are genetically different on each side of the 
Rhone River; indeed, at least two subspecies have been identifi ed ( Figure 1.2 ). 
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    FIGURE 1.2    Mean number (± SE) of aggressive acts exhibited during a 15-min obser-
vation period by  Cataglyphis ants  toward either a nestmate control (TEM) 
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or inside the nest (AGI). HAB: Same habitat; < 20 Km: within 20 Km; 
> 70 Km: Habitat greater than 70 Km; POP: Habitat on opposite side of 
Rhone River. 
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Finally, further CHC analysis also shows that colony recognition, as indicated by 
aggressive behavior and adoption of a foreign ant, is highly correlated with CHC 
composition (Nowbahari et al., 1990).  

  Aggressive Behavior: Factors Infl uencing Inter-Individual 
Variation in Behavior 

 Many studies have shown especially striking variation between individuals’ activ-
ity levels in both ant colonies and in bee hives (De Vroey and Pasteels, 1978; Breed, 
1998; Hölldobler and Wilson, 2009). Some individuals are described as “hyperac-
tive” while others are considered “lazy.” For example, when the colony is moving, 
most of the transport is undertaken by only a few hyperactive ants in  Tapinoma sp
(Meudec 1979). In  Temnothorax rugatulus , an ant species found in higher elevation 
coniferous forests, many individuals are remarkably lazy, remaining completely 
inactive during periods of especially high activity levels, which occur typically in 
late morning and again in late afternoon (Charbonneau et al., 2015). 

C. cursor  ant societies, which accept foreign individuals, exhibit much indi-
vidual variation in activity levels, including worker aggression. Several factors 
infl uence this variation in workers, including their age; their particular behavioral 
function—their  division of labor  or  caste —in the colony, for example whether they 
are nurses or foragers; and their  size polymorphism , namely the degree to which 
different castes of workers exhibit different sizes and body types or  morphs . 

 In experiments in which foreign ants from different colonies of  C. cursor  were 
introduced, ants exhibited pronounced individual behavioral differences, espe-
cially in the expression of aggression. Size played a critical role: Based on measure-
ments of 253 stranger workers, consisting of small, medium and large ants, 60% of 
small individuals were adopted compared to only 44% of large ants; roughly half 
of medium-sized intruders were adopted (Nowbahari, unpublished data). 

 The degree of aggressive behavior toward intruders also depends on their 
polyethism or the division of labor. In insect societies, the infl uence of age on 
division of labor is well known.  C. cursor  exhibits  temporal polyethism  in which 
foragers—typically the oldest members of the colony—are responsible for forag-
ing, whereas nurses specialize in brood care, and inactives, the youngest workers, 
remain near the brood but almost never tend to react toward strangers (Retana 
and Cerdá, 1990). The analysis of resident ants’ reactions towards the introduc-
tion of individual foreign ants showed that foreign nurses were exposed to less 
aggressive behavior and were signifi cantly more likely to be adopted than foreign 
foragers (Nowbahari, 1988). 

 To verify the existence of a functional group or sub-caste in colonial recogni-
tion, each of two groups of fi ve ants, either nurses or foragers, were collected from 
colonies of different populations and were placed together in a circular box 6 cm 
in diameter. Three variants of the experiment were carried out: foragers were 
placed with foragers; nurses were placed with nurses; foragers were mixed with 

15031-0207-1pass-r03.indd   9 01-07-2016   09:52:11



10 Elise Nowbahari et al.

nurses. In each case, all aggressive behavior was recorded after the fi rst 30 min, 
then 24h, 48h, and 72h later. The results showed that the foragers were very 
aggressive toward strangers that came from distant colonies. When two groups of 
fi ve foragers were placed together, typically 70% were killed. When, however, a 
group of foragers was placed with a group of nurses, or when nurses were placed 
with nurses, aggressive behavior was signifi cantly more limited than the forager-
forager interactions. In sum, these results confi rm a relation between temporal 
polyethism and degree of aggressiveness (Nowbahari, 1988).  

  Ontogenesis of Aggressive Behavior in Ants,  C. cursor : 
A Representation of Nestmate Identity 

 In social insects,  callows , recently hatched worker ants, are generally adopted 
by foreign colonies, even by those colonies that are totally closed to adult ants, 
for example, the  C. cursor  colonies located on either side of the Rhone River 
used in experiments described above. This acceptance of callows is the result of 
negligible levels of recognition signals, what Lenoir et al. (1999) call “chemical 
insignifi cance.” 

 A series of experiments (Nowbahari & Lenoir, 1989) determined the age at 
which workers are recognized as foreigners by another colony. Newly hatched 
ants (0–8 hours old) and young ants of different ages (1–4 days old) were intro-
duced into a distant colony. The transfer was performed on eight colonies located 
on two sides of the Rhone River. Finally, when a callow was adopted and inte-
grated in the colony, they later were reintroduced into their original colony. In 
parallel with observations of ants’ reactions to introduced foreigners, the CHC 
profi le of the adopted callows was compared to the CHC produced by adult 
resident and foreign colonies. 

  The results show progressive and signifi cant changes in the reactions of resi-
dent ants, depending on the age of the young workers and the consequent modi-
fi cations to their odor profi le over the fi rst four days of their life ( Figure 1.3 ). This 
period may represent a sensitive period for the establishment of the individual’s 
odor and is a very important period for the individual’s life (Nowbahari and 
Lenoir, 1988). These results are some of the fi rst data obtained in ants identifying 
this sensitive period of development of individual odor, a sort of identity cue. In 
addition, and contrary to results with adult ants, newly hatched ants are frequently 
but not invariably adopted in a foreign colony. Perhaps even more surprising, 
the CHC of adopted callows is intermediate between the CHC profi les of the 
mother colony and the adoptive colony (Nowbahari et al., 1990). These adopted 
callows were able to live in either their original or their adopted colony, even 
though the adults of these colonies do not tolerate one another. 

 These results are similar to several studies of slave maker species. For example, 
in  Formica gagates  or in  Formica cunicularia , slave ants are stolen as cocoons and 
emerge in the host colony where they behave toward their hosts as colony 
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members (Lenoir et al., 2001). Similarly, in another slave maker species,  Polyergus 
rufescens , slave-maker queens are tolerated by adult host workers, probably because 
they do not bear a specifi c CHC but instead attempt to mask themselves with 
substances from their hosts (d’Ettorre and Heinze, 2001).  

  Pro-sociality and Rescue Behavior: An Extreme 
Form of Altruistic Behavior 

 Rescue behavior, yet another extreme form of altruistic behavior because the 
rescuer risks injury or death, is a fascinating example of animals’ cognitive capac-
ity to detect and respond to another individual’s distress—some might say to 
empathize  with another individual—and as such, is often understood as a uniquely 
human response. Nonetheless, some of the earliest, often cited, examples of rescue 
behavior in the scientifi c literature are observational reports of dolphins assisting 
injured pod members by lifting them to the surface to breathe (Siebenaler and 
Caldwell, 1956). Similarly, dolphins also have been observed attempting to rescue 
companions by pulling on fi shermen’s nets in which the victims were trapped, or 
by biting the lines of harpoons (Caldwell and Caldwell, 1956). Another example 
of mammalian rescue behavior is the report of a male capuchin monkey helping 
a mother-infant pair escape a group of foreign attackers (Vogel and Fuentes-
Jiménez, 2006). Finally, Bartal et al. (2011) reported that rats were able to learn to 
open a door to free a trapped cagemate in distress. On the basis of these experi-
ments, Bartal et al. (2011) suggest that rats not only display prosocial behavior to 
eliminate distress in another, even without concrete reward, and argue that the 
rescuer’s behavior is an empathically motivated behavior. This interpretation has 
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been refuted by Siberberg et al. (2014), who demonstrate that the same behavior 
can be explained by rats’ pursuit of social contact, and a recent work (Sato et al., 
2015) has challenged this simple interpretation, arguing for “empathy-like” feel-
ings in rats. 

 Whether one accepts the empathy interpretation of rats’ behavior or not, res-
cue behavior in ants presents an interesting scientifi c challenge. The question is 
now on the possibility of empathy in insects. Recent research showed that  Dros-
ophila  exhibits component behaviors of the fear response, suggesting the presence 
of emotion primitive behaviors. Hungry  Drosophila  fl ies were placed in a chamber 
with food and an automated fan blade was used to create a temporary shadow 
over the chamber. In response, the fl ies were distracted from eating and deserted 
the food source, even after the fi nal shadow passed, demonstrating the emotion 
primitives of context generalization and persistence. As the shadow appeared with 
increasing frequency, the fl ies ran away more quickly, suggesting that their fear 
response is scalable, as well. It is not just a robotic refl ex; there is some sort of 
internal state that develops (Gibson et al. 2015). 

 Anecdotes of rescue behavior in ants were reported as early as 1874 (Belt, 
1874). Later, researchers described ants’ ability to pull on the limbs of, and dig 
the sand away from, entrapped victims (Lafl eur, 1940; Wilson, 1958; Markl, 1965; 
Blum and Warter, 1966; Spangler, 1968; Hangartner, 1969). More recently, a team 
of Polish researchers (Czechowski et al., 2002) described the ability of  Formica
ants to rescue a nestmate trapped in the pit of an antlion, a common predator of 
ants, by digging the sand and pulling the nestmate’s limbs. Although none of these 
previous studies explored rescue behavior experimentally, more recent work, both 
in the laboratory and in the fi eld, has begun to establish an ecological profi le of 
rescue behavior in ants (Nowbahari et al., 2009; Hollis and Nowbahari, 2013; 
Taylor et al., 2013).  

  Precision Rescue Behavior in Ants,  Cataglyphis cursor : 
A Laboratory Experiment 

 In one experiment (Nowbahari et al., 2009), a natural distress situation was simu-
lated by binding a  C. cursor  worker to a small piece of fi lter paper with nylon 
thread and placing it in a small arena with a group of potential rescuers near the 
rescuers’ nest entrance. Victims were either (1) a nestmate (homocolonial test); 
(2) a conspecifi c (heterocolonial test); (3) a stranger ant from a different ant spe-
cies (heterospecifi c test); (4) a common prey item; or one of two controls, namely 
(5) a nestmate anesthetized by chilling or (6) an empty snare apparatus.  

  The results of this experiment revealed that only active nestmates (homo-
colonial test) evoked any form of rescue behavior. Rescue behavior never was 
observed in any of the remaining tests, i.e., heterocolonial ants, heterospecifi c ants, 
prey stimuli, ensnared motionless (anesthetized) nestmates, or the empty snare 
apparatus ( Figures 1.4  and  1.5 ). These results are the fi rst experimental evidence 
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of rescue behavior in ants, demonstrating that  C. cursor  ants are able to recognize a 
nestmate in distress and to direct their responses to free only entrapped nestmate 
victims. That is, when  C. cursor  ants were presented with an experimentally bound 
nestmate victim, rescuers not only engaged in sand digging and limb pulling, 
both of which are forms of rescue behavior previously described in ants (e.g., 
Lafl eur, 1940; Wilson, 1958; Markl, 1965; Spangler, 1968; Hangartner, 1969), but 
also when digging and pulling did not result in the victim’s release, ant rescuers 
next transported particles of sand away from the victim’s body, and, most impor-
tantly, bit specifi cally at the nylon snare that entrapped the nestmate. Somehow, 
ant rescuers were able to detect what, exactly, held victims in place: they exposed 
the nylon thread, and then immediately bit and tugged at the snare directly. As 
proposed by Nowbahari and Hollis (2010),  C. cursor  ant rescuers are capable of 
engaging in a precisely directed form of prosocial behavior that is different from 
cooperation, helping or other simple forms of altruistic behavior. That is, rescue 
necessarily consists of four components: (1) The victim is in a distress situation 
or in danger; (2) the behavior of the rescuer is suited to the circumstances of the 
victim’s distress; (3) the rescuer places itself at risk by engaging in rescue behavior; 
and, fi nally, (4) the act of rescuing is not inherently rewarding or benefi cial to the 
rescuer, beyond, of course, the ultimate benefi t to the rescuer’s  inclusive fi tness .  
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    FIGURE 1.4    Mean duration (± SE) of four rescue behavior patterns (sand digging, 
limb pulling, snare biting and sand transport) performed by groups of fi ve 
 Cataglyphis cursor  ants in response to a test stimulus, which was either a 
nestmate (homocolonial), a member of another colony of  C. cursor  (heter-
ocolonial), a member of another ant species (heterospecifi c); a prey item; 
or a control test stimulus, either an ensnared but anesthetized nestmate or 
an empty fi lter-paper-and-snare apparatus.

Note: Adapted with permission from Nowbahari et al. (2009). 
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  A Comparative Analysis of Rescue Behavior 

 To determine how common is the phenomenon of precisely directed rescue 
behavior in ants, and to test whether rescue occurs only between close rela-
tives, the laboratory experiment described in the previous section was adapted for 
the fi eld and used to examine additional Mediterranean ant species (Hollis and 
Nowbahari, 2013) and two North American species (Taylor et al., 2013). 

  The results of these experiments revealed that two species,  Cataglyphis fl ori-
cola , a close relative of  C. cursor , and  Lasius grandis , another sand-dwelling species, 
both exhibited extremely high levels of rescue behavior, not only performing 
exactly the same four behavior patterns as did  C. cursor  in the previous laboratory 
experiment, but also restricting their aid to homocolonial nestmates ( Figure 1.6 ). 
These two species not only inhabit a similar habitat as  C. cursor , namely fi ne, eas-
ily disturbed sandy soils—soils also occupied by a common predator, pit-trapping 
larval antlions—but also they forage individually. In contrast, two other species, 
both belonging to the genus,  Messor , rarely exhibited any form of rescue behav-
ior. These  Messor  species live in habitats very different than  Catglyphis  or  Lasius  

    FIGURE 1.5    Photograph illustrating precision rescue behavior in  Cataglyphis cursor  ants. 
A forager rescuer (center) is shown biting the nylon thread snare that 
holds the forager victim (right) to the paper fi lter. The rescuer already 
has transported suffi cient sand away from the victim, exposing the white 
fi lter paper as well as the nylon thread snare holding its nestmate in place. 

  Note:  Individuals were marked for identifi cation purposes. Photograph by Paul Devienne. Adapted 
from Nowbahari et al., 2012. 
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ant species, where the soil is very compact, and not at all easily collapsible and 
nowhere near the pits of predatory antlions. In addition, these two species for-
age collectively and form long, marked trails to food (López et al., 1993; Höll-
dobler and Wilson, 2009). Thus, the opportunity to become trapped and in need 
of rescue, either in its nest or en route to food, would be virtually nonexistent. 
Although  M. marocanus  did exhibit some digging behavior, this activity was far 
from rescue: When ants uncovered the victim attached to the fi lter paper by dig-
ging, they pulled it away from the nest to where they store other detritus, and 
then they ignored the victim for the rest of the test. 

 Concerning  Aphaenogaster senilis  ants, their behavior was puzzling. This ant 
exhibited each of the four rescue behavior patterns on a few occasions; but rescue 
was rare or nonexistent in most of test trials. The behavior of these ants may sug-
gest that rescue behavior developed in a very distant ancestor of extant species but 
has been maintained only in some species for which rescue could play a critical 
role in its fi tness. This hypothesis awaits further testing in  basal  species, namely 
those close to the root of the phylogenetic tree. Nonetheless, some initial data 
indicate that, as hypothesized, even ants belonging to basal species are able to rec-
ognize their nestmates and are capable of performing rudimentary forms of each 
of the behavior patterns observed in rescue behavior. However, only those species 
that live in the same sandy habitat where there is some risk of entrapment by 
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Note: Adapted with permission from Hollis and Nowbahari (2013). 
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collapsing sand and predatory antlions accomplish the highly complex, precisely 
directed rescue behavior. 

  Finally, research with two North American ant species, namely  Tetramorium sp. 
E  and  Prenolepis impairis , confi rmed the important roles of habitat and related-
ness in rescue behavior (Taylor et al., 2013).  T. sp. E  forage individually and, very 
much unlike  P. impairis , their nests are located close to antlion pits. As  Figure 1.7  
illustrates,  T. sp. E , but not  P. impairis , engaged in rescue behavior. Unlike the results 
with  Cataglyphis  and  Lasius  ant species, however,  T. sp. E  also rescued heteroco-
lonial ants, that is, ants belonging to a different colony. Although this behavior 
may at fi rst appear like a failure of nestmate recognition,  T. sp. E  are thought to 
be unicolonial (Steiner et al., 2003), forming especially large societies that can 
include hundreds of nests between which workers and queens can move freely 
without aggression (Helanterä et al., 2009). Thus, the rescue of heterocolonial 
victims actually involved relatives. 

 The rescue tactics of  Tetramorium  are especially interesting in that these ants 
adapted their rescue behavior to the object that entrapped the victim: When 
offered the opportunity to rescue a nestmate from an actual antlion pit,  Tetramo-
rium  rescuers pulled on the limbs of nestmates held by a live predatory antlion 
and transported sand away from nestmates that had been pulled under the sand 
by the antlion (Figure 1.7). In addition, when the victim was bound to a piece of 
fi lter paper by a snare, the rescuer bit the snare but when, instead, the victim had 
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been captured by an antlion, the rescuer bit the antlion, attempted to dismember 
it by pulling on its mandibles and used its stinger to deliver formic acid (Taylor 
et al., 2013). 

 In sum, studies of rescue behavior in multiple species of ants suggest that eco-
logical factors may play a pivotal role in determining which species engage in 
rescue behavior and which do not. This form of prosocial behavior, in which 
individuals respond to another individual in distress, may be far more widespread 
and shared among animal species than one might expect. Indeed, unless one can 
accept that ants, too, are capable of recognizing distress in another individual and 
seeking the means to alleviate that distress—what some have called “empathy-like 
behavior” (Sato et al., 2015)—ant rescue provides scientists with several explana-
tory challenges: What are the necessary and suffi cient conditions for “recogniz-
ing” distress in another? What kinds of proximate mechanisms—and how many 
different mechanisms—operating in very different animals, from ants to primates, 
might enable them to detect distress and respond appropriately? And, fi nally, how 
might we distinguish between mechanisms that appear to produce the same pre-
cisely directed, goal-motivated behavior (Vasconcelos et al., 2012)?  

  Age-Related Changes in Rescue Behavior 
and Social Recognition 

 Division of labor, an adaptation in which individuals engage in distinct functions 
such as brood-care, defense or foraging, largely contributes to the ecological suc-
cess of insect society (Hölldobler and Wilson, 1990; Beshers and Fewell, 2001). 
Morphological, genotypic, or age variation (temporal polyethism) are different 
forms of division of labor. According to Retana and Cerdá (1991), mentioned 
above, division of labor in  C. cursor  ants is based on  temporal  or  age polyethism  where 
workers labor in the nest when they are young and forage or defend the nest out-
side when they are older. Therefore, during each behavioral phase, a worker may 
belong to a particular age caste for a sustained period of time. Younger workers, 
called inactives, initially do not participate in colony tasks but, then perform tasks 
inside the colony as nurses and then, when they become older, they labor outside 
the nest by foraging or nest colony defense (Robinson, 1992). 

 Throughout all the experiments examining rescue behavior, either in the labo-
ratory or in the fi eld, it was clear that not all adult workers are capable of admin-
istering help and not all endangered ants are capable of eliciting help. Subsequent 
research with  C. cursor  has revealed that rescue behavior is controlled by a division 
of labor widespread in social insects. 

  In those experiments, groups of fi ve potential rescuers of the same caste obtained 
from the same colony—either fi ve foragers, fi ve nurses, or fi ve inactives—and 
each were paired with an experimentally ensnared ant victim—either an inac-
tive, a nurse, or a forager. The results, which are presented in  Figure 1.8 , reveal 
that caste membership determines not only the ability to provide aid, but also to 
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receive it. Specifi cally, foragers were able both to administer and to obtain the 
most help whereas inactives, the youngest individuals, were incapable of provid-
ing help to victims, as well as eliciting help from potential rescuers, regardless 
of their caste. Nurses generally performed intermediate levels of aide, refl ecting 
their intermediate age status. These data thus reveal a novel behavioral specializa-
tion based on age-polyethism in eusocial insects, namely rescue behavior. Indeed, 
the occurrence and intensity of this behavior in each caste refl ects exactly the 
same temporal polyethism pattern already observed for executing other tasks per-
formed by colony members (Retana and Cerdá, 1990). 

 Insights from developmental biology may be useful in understanding the par-
ticipation of different caste members in rescue behavior. In ants, as other social 
insects, the division of labor, and especially temporal polyethism in which work-
ers’ activities change systematically during their development, illustrates physi-
ological maturation of the brain, as has been demonstrated in another  Cataglyphis
species,  C. albican  (Seid and Wehner, 2009), as well as glandular development 
(Robinson, 1992). For example, in  Myrmica rubra  worker ants, secretions produced 
by Dufour and poison glands, which are used to signal alarm (Cammaerts-Tricot 
in 1974), increase with age. Recently, in a study of  C. cursor  pheromones, we 
found some evidence that these same two glands are involved in rescue behavior 
(unpublished data). Thus, we suggest that, because  C. cursor  foragers are the oldest 
workers, they almost certainly possess a more developed nervous system and have 
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more well-developed glands than either nurses or inactives, which enable forag-
ers not only to recognize the call-for-help signal of nestmate victims but also to 
emit a more intense alarm signal of their own when they require help. In turn, 
nurses would be expected to give and receive help more than the less-developed 
inactives. 

 These caste specifi c differences in rescue behavior represent a highly adaptive 
specialization for rescue that is fi nely tuned to a caste member’s probability of 
becoming, or encountering, a victim in need of rescue: Like foragers in all insect 
societies,  C. cursor  foragers are the only colony members to travel far away from 
the nest. Thus, they are the only individuals that risk becoming trapped as they 
search for and retrieve food, whereas nest-bound inactives would be unable to 
provide aid to distant foragers. Finally, nurses, specialized for brood care, likely 
possess some of the same behavioral patterns shown by effi cient forager rescuers.  

  Conclusions 

 Social cognition is the key mechanism of social organization and cohesion in 
social insects. In ants, as other eusocial insects, all colony members are relatives 
(Lenoir et al., 1999) and they have evolved a highly developed recognition sys-
tem enabling them to collaborate and to behave altruistically toward nestmates, 
but to react aggressively toward intruders. Ants’ communication system is based 
on chemical cues, including the ability to discriminate relatives from strangers 
and to adjust a reaction to a particular situation, namely to perform an aggres-
sive response when defending the colony, or to perform rescue behavior when 
encountering a nestmate in distress. 

 Aggressive defense, the outcome of recognizing a foreigner, has been observed 
and described in nearly all invertebrate groups. In many cases, the presence or 
absence of aggression, as well as the intensity of its expression, is known to vary 
with time and environmental conditions. Such variation in invertebrates sug-
gests the operation of the individual’s capacity to discriminate between chemi-
cal signals. Studies in several social insect species suggest that this capacity could 
also change according to the individual’s maturation, that is, during its devel-
opment or ontogenesis, as well as geographic distance between colony origin, 
caste and morphologic size, all of which is refl ected in ants’ CHCs (Nowbahari 
et al., 1990). 

 Experiments with newly hatched individuals, callows, permit a better under-
standing of the acquisition of individual cues and the importance of sensitive 
period in  C. cursor  ants (Nowbahari and Lenoir, 1988). Although callows lack 
recognition chemical cues on their body surface (Lenoir et al., 1999), they are 
recognized as nestmates, simply because they are present in nest. Because they lack 
CHCs, they can be transferred from one nest to other without being attacked. 
Nonetheless, the experiments with callows demonstrate the existence of a sensi-
tive period in which they acquire a chemical cue identity refl ecting their social 
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environment. That is, when callows were introduced to a foreign colony during 
the four fi rst days after their emergence, the reaction of resident ants exhibited a 
progressive increase in aggression, consistent with the age of the callows. Finally, 
even when callows were adopted in the foreign colony, they were still tolerated 
by their original colony when reintroduced. Taken together, these results show the 
complexity and precision of ants’ recognition system. 

 Despite the complexity of this ability to recognize strangers and react aggres-
sively to them, rescue behavior would appear even more complex: In rescue 
behavior experiments, ants’ precisely directed behavior—in particular their ability 
to identify what, exactly, holds the victim in place and to adjust their behavior 
to that object in particular—reveals surprising cognitive capacities. What kinds of 
mechanisms would enable ants—and, indeed, ants from very different taxa—to 
recognize the difference between a nylon thread and a live predatory antlion, 
enabling them to sting the antlion but not the thread? Interestingly, during the 
fi eld research with different species of Mediterranean ants, when repeated bites 
at the thread did not release the victim, rescuers sometimes fl ipped the exposed 
fi lter paper over and bit at the knot that held the thread in place (Hollis and 
Nowbahari, 2013; personal observations). Although the initial response to the 
SOS signal, which elicits frantic behavior in rescuers as they attempt to hone in 
on the direction of the victim, as well as limb pulling and digging behavior, could 
be released directly by a chemical call for help and thus result from a relatively 
simple mechanism, it’s diffi cult to see how this same simple releasing mechanism 
could guide rescuers to the object that binds their nestmates and enables them to 
target and adjust their behavior to that object. 

 These studies also make clear that ants do not react as simple automatons. 
Their behavior is the result of a prepared program (genetic predisposition) as well 
as their social experience. One concept that might help us to understand some of 
these mechanisms is the  response threshold  (Page and Erber, 2002). In short, indi-
vidual neurons respond to different stimuli and the resulting reactions are based 
on stimulus threshold. When a stimulus is below the critical threshold, no reaction 
is elicited but, if above, it provokes a reply. At the neuronal level, when a stimulus 
suffi ciently depolarizes the membrane, an action potential is generated and the 
action potential propagates at full intensity. This theory is an attempt to explain 
the division of labor in insect social colony, through differences in the task-related 
response threshold of individuals. Division of labor within a honeybee colony 
is supposedly based on a response threshold for specifi c stimuli. Stimuli below a 
particular threshold result in no response for specifi c task, while stimuli above a 
threshold can elicit a reaction to it (Robinson, 1992; Page and Erber 2002; Besh-
ers and Fewell, 2001). As Scheiner and Erber (2009) have described, all these 
myriad behavioral interactions are controlled by the relatively small nervous sys-
tem of each individual. At fi rst sight, it seems very diffi cult to analyze the neu-
ronal mechanism underlying the complex organization of social behavior and the 
diversities of individual behavior, but the mechanism underlying social behavior 
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can be directly tested by behavioral and neuronal sciences (Stark et al., 1998; 
Scheiner, 2004; Ozaki et al., 2005; Giurfa, 2007; Yamagata et al., 2007). 

 In sum, social life has forced ants to anticipate the behavior of conspecifi cs and 
cooperate or manipulate them. This anticipation requires complex communica-
tion mechanisms, favored by natural selection and thus closely related to the envi-
ronment in which ants evolve, the particular problems they encounter, and the 
solutions that they bring to them. The study of these communication systems will 
help us to better understand not only ants’ evolution, but also the means by which 
many species, from ants to primates, are able to engage in prosocial behavior.  
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   Note 
   1  Our use of the terms “altruism” and “prosocial” are likely very different from their use in 

anthropological and social psychological writing. Here, we use it in the biological sense 
as defi ned by Hamilton (1964), Trivers (1971) and Zahavi (1995).   

  References 

 Bagnères, A.-G., and Morgan, E. D. (1991). The postpharyngeal glands and the cuticle of 
Formicidae contain the same characteristic hydrocarbons . Experientia ,  47 , 106–111 . 

 Bartal, I. B.-A., Decety, J., and Mason, P. (2011). Empathy and pro-social behavior in rats. 
 Science, 334 , 1427–1430 . 

 Belt, T. (1874).  The naturalist in Nicaragua . London: Murray. 
 Beshers, S. N., and Fewell, J. H. (2001). Models of division of labor in social insects.  Annual 

Review of Entomology, 46 , 413–440 . 
 Blum, M. S., and Warter, S. L. (1966). Chemical releasers of social behavior. VII. The isola-

tion of 2-heptanone from  Conomyrma pyramica  (Hymenoptera: Formicidae: Dolicho-
derinae) and its modus operandi as a releaser of alarm and digging behavior.  Annals of 
the Entomological Society of America, 59 , 774–779 . 

 Bos, N., and d’Ettorre, P. (2012). Recognition of social identity in ants.  Frontiers in Psychol-
ogy ,  3 , 83–88 . 

 Bos, N., Guerrieri, F. J., and d’Ettorre, P. (2010). Signifi cance of chemical recognition cues 
is context dependent in ants.  Animal Behaviour ,  80 , 839–844 . 

 Breed, M. D. (1998) Chemical cues in kin recognition: Criteria for identifi cation, experi-
mental approaches, and the honey bee as an example. In:  Pheromone Communication in 
Social Insects. Ants, Wasps, Bees and Termites  (pp. 57–77). Eds., R. K. Vander Meer, M. D. 
Breed, K. Espelie, and M. L. Winston. Boulder, CO: Westview Press . 

15031-0207-1pass-r03.indd   21 01-07-2016   09:52:13



22 Elise Nowbahari et al.

 Breed, M. D., and Bennett, B. (1987). Kin recognition in highly eusocial insects. In:  Kin 
recognition in animals  (pp. 243–285). Eds., D. J. C. Fletcher, and C. D. Michener. New 
York: John Wiley and Sons . 

 Breed, M. D., Guzmán-Novoa, E. and Hunt, G. J. (2004). Defensive behavior of honey bees: 
Organization, genetics, and comparisons with other bees.  Annual Review of Entomology, 
49 , 271–298 . 

 Caldwell, M. C., and Caldwell, D. K. (1966). Epimeletic (caregiving) behavior in Cetacea. 
In:  Whales, dolphins, and porpoises  (pp. 755–789). Ed., K. Norris. Berkeley, CA: University 
of California Press . 

 Cammaerts-Tricot, M.-C. (1974). Production and perception of attractive pheromones by 
differently aged workers of  Myrmica rubra  (Hymenoptera-Formicidae).  Insect Sociaux, 
21 , 235–248 . 

 Charbonneau, D., Hillis, N., and Dornhaus, A. (2015). ‘Lazy’ in nature: Ant colony time 
budgets show high ‘inactivity’ in the fi eld as well as in the lab.  Insectes Sociaux, 62 , 31–35. 
doi: 10.1007/s00040–014–0370– 6 

 Crosland, M. W. J. (1989a). Kin recognition in the ant  Rhytidoponera confusa . I. Environmen-
tal odour.  Animal Behaviour, 37 , 912–919 . 

 Crosland, M. W. J. (1989b). Kin recognition in the ant  Rhytidoponera confusa . II. Gestalt 
odour.  Animal Behaviour, 37 , 920–926 . 

 Crozier, R. H. (1987). Genetic aspects of kin recognition: Concepts, models and synthesis. 
In:  Kin Recognition in Animals  (pp. 55–73). Eds., D. J. C Fletcher, and C. D. Michener. 
New York: John Wiley & Sons . 

 Czechowski, W., Godzinska, E. J., and Kozlowski, M. W. (2002). Rescue behaviour shown 
by workers of  Formica sanguinea  Latr.,  F. fusca  and  F. cinerea  Mayr (Hymenoptera: For-
micidae) in response to their nestmates caught by an ant lion larva.  Annales Zoologici, 
52 , 423–431 . 

 Decety, J., and Svetlova, M. (2012). Putting together phylogenetic and ontogenetic perspec-
tives on empathy.  Developmental Cognitive Neurosciences, 2 , 1–24 . 

 d’Ettorre, P., and Heinze, J. (2001). Sociobiology of slave-making ants.  Acta Ethology, 3 , 
67–82 . 

 d’Ettorre, P., and Lenoir, A. (2010). Nestmate recognition in ants. In:  Ant Ecology  (pp. 194–
209). Eds., L. Lach, C. Parr, and K. Abbott. Oxford, UK: Oxford University Press . 

 De Vroey, C. and Pasteels, J. M. (1978). Agonistic behaviour of  Myrmica rubra  L.  Insectes 
Sociaux, 25 , 247–265 . 

 Gibson, W. T., Gonzalez, C. R. Fernandez, C. Ramasamy, L., Tabachnik, T., R. R. Du, Felsen, 
P. D., Maire, M. R., Anderson P. P., and Anderson, D. J. (2015). Behavioral responses to 
a repetitive visual threat stimulus express a persistent state of defensive arousal in  Dros-
ophila .  Current Biology. 25 , 1401–1415. doi: 10.1016/j.cub.2015.03.05 8 

 Giurfa, M. (2007). Behavioral and neural analysis of associative learning in the honeybee: 
A taste from the magic well.  Journal of Comparative Physiology A, 193 , 801–824 . 

 Hamilton, W. D. (1964). The genetical evolution of social behavior. I–II.  Journal of  Theoretical 
Biology, 7 , 1–52 . 

 Hangartner, W. (1969). Carbon dioxide, a releaser for digging behavior in  Solenopsis geminate  
(Hymenoptera: Formicidae).  Psyche, 76 , 58–67 . 

 Helanterä, H., Strassmann, J. E., Carrillo, J., and Queller, D. C. (2009). Unicolonial ants: 
Where do they come from, what are they and where are they going?  Trends in Ecology 
and Evolution, 24 , 341–349. 

 Hermann, H. R., and Blum, M. S. (1981). Defensive mechanisms in the social Hymenop-
tera. In:  Social insects, Vol. II  (pp.77–197). Ed., H. R. Hermann. New York: Academic 
Press . 

15031-0207-1pass-r03.indd   22 01-07-2016   09:52:14



Prosocial Behavior 23

 Hölldobler, B., and Wilson, E. O. (1990).  The ants . Cambridge, MA: Harvard University 
Press . 

 Hölldobler, B., and Wilson, E. O. (2009).  The Superorganism: The Beauty, Elegance, and Strange-
ness of Insect Societies . New York: W. W. Norton & Co . 

 Hollis, K. L., and Nowbahari, E. (2013). A comparative analysis of precision rescue behav-
iour in sand-dwelling ants.  Animal Behaviour, 85 , 537–544 . 

 Lafl eur, L. J. (1940). Helpfulness in ants.  Journal of Comparative Psychology, 30 , 23–29 . 
 Lee, H. H., Molla, M. N., Cantor, C. R., and Collins J. J. (2010). Bacterial charity work leads 

to population-wide resistance.  Nature. 467 , 82–85. doi: 10.1038/nature09354 
 Lenoir, A., d’Ettorre, P., Errard C., and Hefetz A. (2001). Chemical ecology and social para-

sitism in ants.  Annual Review of Entomology, 46 , 573–599 . 
 Lenoir, A., Fresneau, D., Errard, C., and Hefetz, A. (1999). The individuality and the colo-

nial identity in ants: The emergence of the social representation concept. In:  Information 
Processing in Social Insects  (pp. 219–237). Ed., C. Detrain, J. L. Deneubourg, and J. Pasteels. 
Basel, Germany: Birkhäuser Verlag . 

 Lenoir, A., Nowbahari, E., Querard, L., Pondicq, N., and Delalande, C. (1990). Habitat 
exploitation and intercolonial relationships in the ant  Cataglyphis cursor  (Hymenoptera; 
Formicidae).  Acta Oecologia, 11 , 3–8. 

 López, F., Acosta, F. J., and Serrano, J. M. (1993). Responses of the trunk routes of a harvester 
ant to plant density.  Oecologia, 93 , 109–113 . 

 Lotem, A, Wagner, R. H., and Balshine-Earneaf, S. (1999). The overlooked signaling com-
ponent of nonsignaling behavior.  Behavioral Ecology, 10 , 209–212 . 

 Markl, H. (1965). Stridulation in leaf-cutting ants.  Science, 149 , 1392–1393 . 
 Meudec, M. (1979). Le comportement d’émigration chez la fourmi  Tapinoma erraticum

un exemple de régulation sociale.  Bulltin Biologique de la France et de la Belgique, 113 , 
321–374 . 

 Nowbahari, E. (1988). Doctoral Thesis, University of Tours . Etude expérimentale de la 
structure sociale chez la fourmi  Cataglyphis cursor : fermeture de la société et variations 
géographiques. Thèse de Doctorat en Sciences de la Vie (PhD), Université de Tours, 
France, 247p. 

 Nowbahari, E., and Hollis, K. L. (2010). Rescue behavior: Distinguishing between rescue, 
cooperation, and other forms of altruistic behavior.  Communicative and Integrative Biology, 
3 , 77–79 . 

 Nowbahari, E., Hollis, K. L., and Durand, J.-L. (2012). Division of labor regulates preci-
sion rescue behavior in sand dwelling  Cataglyphis cursor  ants: To give is to receive.  PLoS 
ONE ,  7 (11), e48516 . 

 Nowbahari, E., and Lenoir, A. (1984). La fermeture des sociétés de la fourmis  Cataglyphis cursor : 
relation avec la distance géographique. In:  Processus d’acquisition précoce. Les communications
(pp. 457–461). Eds., A. de Haro et X. Espadaler. Publicaciones de la Universidad Autónoma 
de Barcelona et Société Française pour l’Étude du Comportement Animal. (SFECA) . 

 Nowbahari, E., and Lenoir, A. (1988) Age related changes in aggression in  Cataglyphis 
cursor  (Hymenoptera, Formicidae): infl uence on intercolonial relationships.  Behavioural 
Processes, 18 , 173–181 . 

 Nowbahari E., Lenoir, A., Clement, J.-L., Lange, C., Bagneres, A. G., and Joulie, C. (1990). 
Individual and experimental variations of cuticular hydrocarbons of the ant  Cataglyphis 
cursor  (Hymenoptera; Formicidae): Their use in nest and subspecies recognition.  Bio-
chemical Systematics and Ecology, 18 , 63–73 . 

 Nowbahari, E., Scohier, A., Durand, J.-L., and Hollis, K. L. (2009). Ants,  Cataglyphis cursor , 
use precisely directed rescue behavior to free entrapped relatives.  PLoS ONE, 4 , e6573. 
doi:10.1371/journal.pone.0006573  

15031-0207-1pass-r03.indd   23 01-07-2016   09:52:14



24 Elise Nowbahari et al.

 Ozaki, M., Wada-Katsumata, A., Fujikawa, K., Iwasaki, M., Yokohari, F., Satoji, Y., Nisimura, 
T., and Yamaoka, R. (2005). Ant nestmate and non-nestmate discrimination by a chem-
osensory sensillum.  Science, 309 , 311–314 . 

 Page, R. E., and Erber, J. (2002). Levels of behavioral organization and the evolution of 
division of labor.  Naturwissenschaften, 89 , 91–10 6. 

 Retana, J., and Cerdá, X. (1990). Social organization of  Cataglyphis cursor  ant colonies 
(Hymenoptera: Formicidea): Inter- and intraspecifi c comparisons.  Ethology, 84 , 105–122 . 

 Retana, J., and Cerdá, X. (1991). Behavioral repertoire of the ant  Cataglyphis cursor  (Hyme-
noptera: Formicidea): Is it possible to elaborate a standard specifi c one?  Journal of Insect 
Behavior, 4 , 139–155 . 

 Robinson, G. E. (1992). Regulation of division of labor in insect societies.  Annual Review 
of Entomology, 37 , 637–665 . 

 Sato, N., Tan, L., Tate, K., and Okada, M. (2015). Rats demonstrate helping behav-
ior toward a soaked conspecifi c.  Animal Cognition, 18 (5), 1039–1047. doi: 10.1007/
s10071–015–0872–2  

 Scheiner, R. (2004). Responsiveness to sucrose and habituation of the proboscis extension 
response in honey bees.  Journal of Comparative Physiology A, 190 , 727–733 . 

 Scheiner, R., and Erber, J. (2009). Sensory thresholds, learning and the division of foraging 
labor in the honey bee. In:  Organization of insect societies: From genomes to socio-complexity  
(pp. 335–356). Eds., J. Gadau and J. H. Fewell. Cambridge, MA: Harvard University 
Press . 

 Seid, M. A., and Wehner, R. (2009). Delayed axonal pruning in the ant brain: A study of 
developmental trajectories . Developmental Neurobiology, 69 , 350–364 . 

 Sherman, P. W., Reeve, H. K., and Pfennig, D. W. (1997). Recognition systems. In:  Behav-
ioural Ecology , 4th Ed. (pp. 69–96), Eds., J. R. Krebs and N. B. Davies. Oxford, UK: 
Oxford University Press . 

 Silberberg, A., Allouch, C., Sandfort, S., Kearns, D., Karpel, H., and Slotnick, B. (2014). 
Desire for social contact, not empathy, may explain “rescue” behavior in rats.  Animal 
Cognition, 17 , 609–618 . 

 Siebenaler, J. B., and Caldwell, D. K. (1956). Cooperation among adult dolphins.  Journal of 
Mammalogy, 37 , 126–128 . 

 Smukalla, S., Caldara, M., Pochet, N., Beauvais, A., Guadagnini, S., Yan, C. Vinces, M. D., 
Jansen, A., Prevost, M. C., Latgé, J. P., Fink, G. R., and Verstrepen, K. J. (2008). FLO1 is 
a variable green beard gene that drives biofi lm-like cooperation in budding yeast . Cell, 
135 , 726–737 . 

 Soroker, V., Vienne, C., Hefetz, A., and Nowbahari, E. (1994) The postpharyngeal gland as a 
“gestalt” organ for nestmate recognition in the ant  Cataglyphis niger. Naturswissenschaften , 
 81 , 510–513 . 

 Sorvari, J., Theodora, P., Turillazzi, S., Hakkarainen, H., and Sundström, L. (2008). Food 
resources, chemical signaling, and nestmate recognition in the ant  Formica aquilonia . 
 Behavioral Ecology, 19 , 441–447 . 

 Spangler, H. G. (1968). Stimuli releasing digging behavior in the western harvester ant 
(Hymenoptera: Formicidae).  Journal of the Kansas Entomological Society, 41 , 318–323 . 

 Starks, P. T. (2004). Recognition systems: From components to conservation.  Annales Zoo-
logici Fennici, 41 , 689–690 . 

 Starks, P. T., Fischer, D. J., Watson, R. E., Melikian, G. L., and Nath, S. D. (1998). Context 
dependent nestmate discrimination in the paper wasp,  Polistes dominulus : A critical test 
of the optimal acceptance threshold model.  Animal Behaviour, 56 , 449–458 . 

15031-0207-1pass-r03.indd   24 01-07-2016   09:52:14



Prosocial Behavior 25

 Steiner, F. M., Schlick-Steiner, B. C., and Buschinger, A. (2003). First record of unicolonial 
polygyny in  Tetramorium  cf. caespitum (Hymenoptera, Formicidae).  Insectes Sociaux, 50 , 
98–99 . 

 Stuart, R. J. (1988). Development and evolution in the nestmate recognition systems of 
social insects. In:  Evolution of social behavior and integrative levels  (pp. 177–195). Eds., G. 
Greenberg, and E. Tobach. Hillsdale, NJ: Lawrence Erlbaum . 

 Sturgis, S., and Gordon, D. M. (2012). Nestmate recognition in ants (Hymenoptera: Formi-
cidae).  Myrmecological News, 16 , 101–110 . 

 Taylor, K., Visvader, A., Nowbahari, E., and Hollis, K. L. (2013). Precision rescue behavior 
in North American ants.  Evolutionary Psychology, 11 , 665–677 . 

 Trivers, R. L. (1971). The evolution of reciprocal altruism.  Quarterly Review of Biology, 46 , 
35–57 .Vander Meer, R. K., and Morel, L. (1998). Nestmate recognition in ants. In: 
 Pheromone Communication in Social Insects: Ants, Wasps, Bees and Termites  (pp.79–103). Eds., 
R. K. Vander Meer, M. D. Breed, K. E. Espelie, and M. L. Winston. Boulder, CO: West-
view Press . 

 van Zweden, J. S., and d’Ettorre, P. (2010). Nestmate recognition in social insects and the 
role of hydrocarbons. In:  Insect Hydrocarbons  (pp. 222–243). Eds., G. J. Blomquist, and 
A.-G. Bagnères, Cambridge, UK: Cambridge University Press. 

 Vasconcelos, M., Hollis, K. L., Nowbahari, E., and Kacelnik, A. (2012). Pro-sociality with-
out empathy.  Biology Letters, 8 , 910–912. doi: 10.1098/rsbl.2012.0554  

 Vogel, E. R., and Fuentes-Jiménez, A. (2006). Rescue behavior in white-faced capuchin 
monkeys during an intergroup attack: Support for the infanticide avoidance hypothesis. 
 Journal of Primatology, 68 , 1012–1016 . 

 Wilson, E. O. (1958). A chemical releaser of alarm and digging behavior in the ant  Pogono-
myrmex badius  (Latreille).  Psyche, 65 , 41–51 . 

 Wilson, E. O., and Hölldobler, B. (2005). Eusociality: Origin and consequences.  Proceedings 
of the National Academy of Sciences of the United States of America, 102 , 13367–13371 . 

 Wyatt, T. D. (2010). Pheromones and signature mixtures: defi ning species wide signals and 
variable cues for identity in both invertebrates and vertebrates.  Journal of Comparative 
Physiology A: Neuroethology, Sensory, Neural, and Behavioral Physiology, 196 , 685–700 . 

 Yamagata, N., Nishino, H., and Mizunami, M. (2007). Neural pathways for the processing 
of alarm pheromone in the ant brain.  Journal of Comparative Neurology, 505 , 424–442. 
doi:10.1002/cne.2150 0 

 Zahavi, A. (1995). Altruism as a handicap: The limitation of kin selection and reciprocity. 
 Journal Avian Biology, 26 , 1–3 .    

15031-0207-1pass-r03.indd   25 01-07-2016   09:52:14


