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In Cataglyphis iberica ant societies, social carrying of workers from one nest to 
another of the polycalic colony is a common phenomenon mostly performed by a group 
of workers, the transporters. They are old workers (with completely resorbed ovaries 
and low fat body content), included among the most active individuals of the colony, 
and specialized in adult transport. Behaviourally they occupy an intermediate position 
between interior and exterior workers, since they perform, together with adult 
transport, some activities characteristic of those two groups of workers. Notwith
standing, their characterization as an independent group varies greatly between 
periods and colonies. 
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INTRODUCTION 

Social carrying or adult transport consists of an ant , the transporter , grasping a 
nestmate, the transportée, and carrying it away. According to W I L S O N (1971), this 
type of behaviour was initially limited to emigrations to new nest sites, but it has 
evolved in the higher ants into an elaborate, stereotyped form of communication. 
Social carrying is a mechanism that can act, according to the different species and 
among other activities, in emigrations, in the establishment of new nests, in the 



360 X. Cercla and J. Retana 

dispersion of workers over the foraging area of the colonies, in the cohesion of 
societies, or as a mechanism of appeasement (see review in CERDA 1989). 

In polycalic species, adult transport sometimes occurs continuously from one site 
to another. In the course of his studies on Formica ruja, OKLAND (1934, in W I L S O N 
1971) was the first to realize that this phenomenon could be an important means of 
colony integration, and more recently it has been observed in other species of the 
same genus (KNEITZ 1964, I T O & IMAMURA 1974, HIGASHI 1978, ROSENGREN & 
PAMILO 1983) and other genera as Rhytidoponera (PAMILO et al. 1985) or Cataglyphis 
( W E H N E R & L U T Z 1969, D E H A R O & CERDA 1984, S C H M I D - H E M P E L & SCHMID-
H E M P E L 1984, LENOIR et al. 1987). 

Cataglyphis iberica is an endemic species of the Iberian Peninsula. In this species, 
adult transport is a usual phenomenon that is not correlated with any of the factors 
that CERDA (1989) analysed at daily (daily foraging activity, environmental factors) 
and seasonal levels (seasonal foraging activity, number of larvae, number of nests in 
the colony). In fact, some authors have suggested that the interchange of workers 
between nests of polycalic colonies could have an important random component that 
would make social carrying a stochastic process depending on the individual idiosyn-
cracy of transporters (SCHERBA 1964, MACKAY & MACKAY 1983). 

In order to understand the social carrying behaviour of C. iberica, it is first 
necessary to characterize the members of the colony that perform this task. The 
objectives of this paper are to study the features that make C. iberica workers become 
transporters and to evaluate whether transporters constitute a real temporal caste (in 
the sense of W I L S O N 1976) specialized in this task and characterized by a fixed age, 
size or both, or whether this task is performed randomly by all members of the 
colony. 

MATERIAL AND METHODS 

The species: Cataglyphis iberica 

Cataglyphis iberica is an endemic species of the Iberian Peninsula (TINAUT & PLAZA 1989), that 
usually nests in very dry locations, characteristically very sunny and with scant vegetation. Societies 
are monogynic and polycalic, with several nests (one of which has the single queen) connected by 
social carrying (DE HARO & CERDA 1984). The populations of the nests range between 150 to 1,200 
workers. C. iberica mainly feeds on insect corpses collected individually (CERDA 1988a) and its 
foraging activity is strictly diurnal with a peak at the hottest hours of the day (CERDA & RETANA 
1988). 

Rearing of the colonies in the laboratory 

C. iberica colonies were excavated near the campus of the Autonomous University of Barcelona 
(Bellaterra, Barcelona, NE Spain), and placed in artificial nests in the laboratory. Each nest was 
composed of a small plexiglass box, with a black cover in order to keep it in the dark, and installed 
in connection with a big plexiglass box (30 x 60 cm) exposed to the light and with a sand layer at 
the bottom. Nests were fed daily with insects {Tenebrio molitor larvae, Galleria mellonella larvae and 
Gryllus bimacuktus nymphs), a synthetic diet (BHATKAR & WMTCOMB 1970) and sugar water. 
Colonies were kept in the laboratory at 20-25 °C, and a lightrdarkness cycle of 12:12 hr. 

In order to reproduce natural conditions, C. iberica colonies were divided in the laboratory 
into several nests. To do so, assemblies of some artificial nests were obtained connecting them to a 
common arena. The initial composition of the societies used in the present study was: (i) in assembly 
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1, the colony had one queen and 1,142 workers distributed in two nests; (ii) in assembly 2, the 
colony had one queen and 1,764 workers distributed in three nests. 

Sampling methods and statistical analysis 

Workers were individually marked with numbered labels stuck on the abdomen, following the 
technique described by BARRF.AU (1986). Two hundred and thirteen ants were marked in assembly 
1, and 316 in assembly 2 (about 2 0 % of the population of both colonies, see Table 1). 

In order to quantify the frequency and directionality of social carrying, some workers of both 
assemblies that had been previously noted as transporters were followed for periods of 15 min. At 
the same time, instantaneous sampling of all marked individuals was also undertaken, noting in each 
case the behaviour and location of each worker. This was done 8-10 times per sampling day in each 
assemblage, and during 6-7 days per period, so that some fifty acts per individual were recorded. 
Each colony was monitored during two periods, in April and August, in order to analyze the 
variations produced at different times of the activity cycle of the colonies. Mean time spent per 
assemblage and period was approximately 20 hr. 

From these data, the individual repertoire of each worker of the colony was established by 
totalling the frequencies of each act for the whole period. Acts were grouped in larger categories and 
processed using Correspondence Analysis (BENZECRI 1973), a technique previously used in other ant 
studies (LENOIR & MARDON 1978, LENOIR 1979, FRESNEAU et al. 1982, FRESNEAU & D U P U Y 1988, 
CORBARA et al. 1989, RETANA & CERDA 1990). From the coordinates of the first axes of the 
Correspondence Analysis, individuals were sorted into behavioural classes with cluster hierarchical 
methods. Behavioural profiles of the groups obtained at the dendrogram are represented graphically 
following the method described by FRESNEAU (1984). For each class, relative probability of response 
(RPR) has been calculated. RPR was defined by WILSON (1976) as the probability that a worker in a 

Table 1. 
Composition and behavioural description of C. iberica colonies of assemblies 1 and 2 in two sampling 

periods, April and August. Abbreviations as in Figs 2 and 3. 

Assembly 
and period 

1-April 

1-August 

2-April 

2-August 

Initial 
composition 

1142 workers 
1 queen 

650 workers 
1 queen 

1764 workers 
1 queen 

1100 workers 
1 queen 

N marked 
workers 

213 

100 

316 

119 

% Social 
carrying 
in the 

repertoire 

0.4 

0.5 

0.2 

— 

Groups of 
workers obtain

ed with 
correspondence 

analysis 

INA 

INT 

TRA 

FOR 

INA 

INT 

TRA 

FOR 

INA 

FOR 

INA 

INT 

FOR 

(37%) 
(21%) 
(19%) 
(23%) 

(58%) 
(20%) 
(6%) 
(16%) 

(57%) 
(43%) 

(62%) 
(8%) 
(30%) 

Characteristic 
acts 

INA 

INA, MOV, SGR, AGN 

MOV , AGN, HNM, SCA, OUT 

IINM, FOR, OUT 

INA 

MOV, BCO, SGR, AGN 

MOV 

OUT, 

, SGR, IINM, SCA, OUT 

OUT, FOR, DTR 

INA 

OUT, FOR, IINM 

INA 

MOV, AGN, BCO 

FOR, I INM, MOV, SGR 

http://Barrf.au
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given group will attend to a particular task relative to the probability that a worker in some other 
designated group will attend to a similar task. Calculation of RPR is described exhaustively in 
WILSON (1976) or in RETANA & CERDA (1990). It ranges from one (for the group with the highest 
probability of response) to zero (for the group that does not perform the act at all). 

In order to estimate the degree of activity of each worker, the activity index (AI) has been 
calculated in the following manner: 

AI = (ACT/NA)*100 

where ACT is the total number of acts in which the ant is not inactive, and NA is the total number 
of acts recorded for that ant. 

Estimation of the size and age of workers 

Several additional C. iberica nests were excavated near the campus of the Autonomous 
University of Barcelona (Bellaterra). The contents of the chambers at each level were kept 
separately. Four levels were distinguished: level 0, ground surface (external workers); level 1, 
between 0 and 20 cm depth; level 2, between 20 and 30 cm depth; and level 3, below 30 cm depth. 
Pairs of workers involved in social carrying were also collected, distinguishing transporters and 
transportées. 

Head width was used as a measure of worker size. Ovarian development and fat body content 
were used as indicators of worker age, following different studies (BILLEN 1982, 1984; FRESNEAU 
1984; MINKENBERG & PETIT 1985) that indicate the close relationship that exists between these 
physiological parameters and the age of individuals. 

For fat body content, five categories were established, from smallest (0: fat body almost 
completely absent) to largest content (4: maximum development). 

For ovarian development, the following categories (described by BILLEN 1982) were used: El, 
E2, and E3, young ovaries; V represents maximal development; Rl and R2, ovaries in progressive 
stages of résorption; D, ovaries completely degenerated. 

RESULTS 

In the laboratory, experimental division of C. iberica colonies into several nests 
with a common arena had made it possible to observe the behaviour of workers in the 
nests and, at the same t ime, to simulate quite well the relationships between nests that 
occur in field conditions: nests maintained their own identity (they did not fuse), and 
worker interchanges between nests by social carrying were quite frequent. 

Focal sampling of workers that had been previously seen as transporters allowed 
us to determine the behavioural sequence of these individuals. According to the 
method described by MOGLICH (1978), behaviour and location of five C. iberica 
transporters during a 15-min period are shown in Fig. 1. In most cases, adult transport 
is unidirectional: the transporter grasps another worker in a nest and carries it away to 
another nest in the colony, returning unloaded to the original nest (e.g. from Fig. 1: 
worker 1 always transports nestmates from nest 1 to nest 2, the same for worker 3, 
who in one case starts a transport from nest 2, but returns to the same nest after 
reaching the arena). Only about 1 5 % of transporters have made transports to 
different nests in the same day: in assembly 1, 4 of 26 transporters in April and 2 of 
15 in August; in assembly 2, 3 of 17 transporters in April and none in August. 
Nevertheless, social carrying is carried out quite irregularly, since some workers are 
quite persistent (workers 1, 3 or 5 of Fig. 1), while for others it is only a sporadic 
activity (workers 2 and 4 of Fig. 1). 
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Fig. 1, — The behaviour and location of five C. iberica transporters (Wl to W5) of assembly 
1 followed by focal sampling during a 15-min period. Numbers indicate minutes. Abbrevia
tions of the places where the behaviour may be sampled are as follows: N l , nest I; N2, nest 
2; A, arena. Behaviours are as follows: dashed area, carries nestmate; dotted area, tries to 
initiate social carrying; dark area, carries queen; white area, other activities. 

In order to know if transporters represent a well-defined group in C. iberica 
colonies, the social structure of each society has been analyzed treating instantaneous 
sampling data with Correspondence Analysis (see Material and methods). 

As a representative illustration, results obtained in April of assembly 1 are 
described. Correspondence analysis gives us the first two axes which together explain 
48.7% of the total variance of the data (Fig. 2). The first axis explains 38.7% of the 
total variance, and contrasts outside activities with inactivity inside the nest. The 
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Fig. 2. — Representation of individuals (black dots) and behaviours of of assembly 1 (August) 
in the first two axes obtained in the correspondence analysis. Broken lines enclose the 
individuals of the four groups defined with automatic classification methods: 1, inactives; 2, 
interiors; 3, transporters; 4, foragers. Abbreviations of behaviours are as follows: INA, 
inactivity; MOV, moving; BCO, biting cotton; AGN, allogroom nestmate; DTR, donating 
trophallaxis; HNM, handle nest materials; SGR, self-grooming; SCA, social carrying; OUT, 
outside activities; FOR, foraging for food. 

second axis (10.0% of the variance) separates food collection outside the nest from 
social carrying and walking. 

In the same assembly and period, four different groups of workers are identified 
from the dendrogram, those represented with a broken line in Fig. 2. Behavioural 
profiles of these groups are shown in Fig. 3. 

(1) The first group is that of inactive workers, which represent 50% of the 
population of the nest; they are motionless and their repertoire is mainly character
ized by inactivity. 

(2) The second one is that of interior workers, which represent 20% of the 
population, and are specialized in several activities in the nest such as walking, self-
grooming, biting cotton or antennation. 

(3) The third one is that of transporters, which constitute 6% of the population 
of the nest; the characteristic act of these workers is social carrying, but they also 
perform other acts characteristic of interiors (walking, self-grooming) or foragers 
(unspecific activities outside the nest, maintenance of the nest). 
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Fig. 3. — The behavioural profiles of the four groups of workers from Fig. 
2: INA, inactives; INT, interiors; TRA, transporters; FOR, foragers. 
Width of each histogram is proportional to the size of the group. Broken 
lines indicate the average value for the whole nest. Characteristic behav
iours of each group are those whose histogram is greater than mean nest 
value. Abbreviations of behaviours as in Fig. 2. 

(4) The last one is that of foragers, which represent 16% of the population. The 
most important tasks performed by this group are non-specific activities outside the 
nest, food collection and trophallaxis inside the nest. 

Results for the two assemblies and periods are summarized in Table 1. Differ-
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ences between assemblies are considerable: in assembly 1, four groups of workers are 
separated in each period, one of them being that of transporters; nevertheless, in 
assembly 2, two classes of workers are identified in April (interior and exterior 
workers) and three in August (inactive, interior and exterior workers). Transporters 
are not separated in any of these two periods because adult transport is quite a rare 
behaviour in April (0.2% of the overall repertoire of the colony), and an almost non
existent one in August. 

To analyze if transporters really constitute a discrete temporal caste in the sense 
of WILSON (1976), the relative probability of response (RPR) to the different tasks by 
the four groups of workers obtained in both periods of assembly 1 has been calculat
ed. In Fig. 4, acts for which each of the groups, in both periods, has the highest RPR 
are represented in different graphs. Only some acts have similar RPR values for all or 
some groups (e.g. self-grooming), but the majority of tasks are performed principally 
by a specific group of workers. In the case of transporters (class 3), they have the 
maximum RPR for social carrying, and also high values for other behaviours charac
teristic of interiors (e.g. allogrooming, self-grooming or walking inside the nest) or 
foragers (e.g. maintenance of the nest, non-specific activities outside the nest or 
donating trophallaxis). 

Likewise, an activity index (AI) has been calculated for each worker of assembly 
1 in both periods. Three types of workers have been distinguished according to the 
following criterion: (i) inactive workers have an AI less than 20; (ii) active workers 
have an AI between 20 and 60; (iii) hyperactive workers have an AI higher than 60. 

In Table 2, the percentages of inactive, active and hyperactive workers in each 
behavioural group obtained with correspondence analysis are indicated. In both 
periods, the percentage of hyperactive workers is very similar, most of them being 
foragers. Of the transporters, one third in period A (the remainder are included as 
active ones), and all of them in period B are classified as hyperactive workers. 

Size and age of transporters have been studied indirectly, comparing data from 
workers performing adult transport (both transporters and transportées) with those of 
workers of different strata from excavated nests. 

Head width of workers collected at different strata does not show significant 
differences (chi-square test, P>0.10); nor do transporters and transportées have 
significant differences, which means that transporters are not characterized by a fixed 
size or range of sizes. 

Age of workers was evaluated from two physiological parameters: fat body 
content and ovarian development. The number of workers allocate to the different 
categories of both parameters found in each of the strata are shown in Fig. 5. The 
number of young workers (with immature ovaries and high fat body content) increases 
with depth, while that of old workers (with resorbed ovaries and low fat body 
content) diminishes with depth. Differences between the strata for both parameters 
are significant (chi-square test, P = 0.0001), confirming that young workers are 
located in the lowest chambers of the nests and that the oldest ones forage outside 
the nest. 

With regard to workers involved in social carrying, the values of ovarian 
development and fat body content of transporters and transportées are shown in Fig. 
6. Differences between those two groups are highly significant (chi-square test, 
P = 0.0001 for fat body content, and P=0 .01 for ovarian development). Values 
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Fig. 5. — The number of workers found in each of the strata of an 
excavated nest ( A, outside the nest; B, 0-20 cm depth; C, 20-30 cm 
depth; D, > 20 cm depth) which were allocated to the different 
categories of fat body content and ovarian development. Fat body 
categories vary from biggest (4) to smallest (0) content. For ovarian 
development, E l , E2 and E3 represent progressive stages of young 
ovaries, V represents maximal development, Rl and R2 represent 
progressive stages of résorption and D represents ovaries completely 
degenerated. 

obtained for transporters are not significantly different from those of external 
workers (chi-square test, P>0 .20 for fat body content, and P>0.10 for ovarian 
development), which places them again closer to external workers. Transportées are 
young workers with high fat body content and few degenerate ovarioles (D), but no 
new eclosed ones, because few of them have young ovaries (El , E2 or E3). 
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Table 2. 
Percentage of inactive, active and hyperactive workers (according to their activity index, see Methods) in 

each behavioural group obtained with correspondence analysis in assembly 1 (April and August). 

Behavioural group 

Inactives Interiors Transporters Foragers 
(N) 

April 

Category 

Inactives 
Actives 
Hyperactives 

92 
8 

— 

15 
80 
5 

— 
68 
32 

— 
4 

96 

(38) 
(33) 
(29) 

(N) (75) (39) (37) (45) (196) 

August 

Category 

Inactives 
Actives 
Hyperactives 

60 
40 65 

35 100 
6 

94 

(35) 
(37) 
(28) 

(N) (58) (20) (6) (16) (100) 
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Fig. 6. — The number of transporters (A) and transportées (B) allocated to the different categories of fat 
body content and ovarian development. Categories as in Fig. 5. 
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DISCUSSION 

Analysis of the social structure of C. iberica colonies leads us to distinguish three 
persistent groups of workers: inactives, interiors and foragers, and another one, 
transporters, that is not always separated in the dendrogram. This type of social 
organization is similar to that of another species of the same genus, C. cursor, where 
RETANA & CERDA (1990) identify three groups of workers: foragers, interiors and 
inactives, but not the aforementioned group of transporters because this species has 
monocalic colonies (CAGNIANT 1976) and social carrying between nests is quite rare 
(except in the period of foundation of new societies by colony fission, see LENOIR et 
al. 1988). These three groups of workers are also separated in C. iberica colonies 
installed in a single nest (CERDA 1988b) or when transport between nests is uncom
mon (as in assembly 2, see Table 2), but when social carrying is a frequent phe
nomenon, the group of transporters appears as a distinct one. 

The role of transporters in polycalic species is to interchange nestmates between 
the different nests of the colony. In an insect society, recognition of nestmates is 
necessary for maintenance of colony cohesion. In ants, this recognition is essentially 
chemical (WILSON 1971). According to CARLIN & HÔLLDOBLER (1983, 1986, 1987), 
colony odour is influenced by the presence of the queen, the individual odours of the 
workers and the nest odour, all of them combined into a collective social odour. In 
this sense, social carrying should be considered an important mechanism in C. iberica 
colonies, because it relates all workers to the queen and to each other, and maintains a 
single colony odour (CERDA 1989). 

Due to their behavioural features, transporters occupy an intermediate position 
between interiors and foragers, since they perform, together with social carrying, 
some activities characteristic of those two groups of workers. 

When we analyze the age of C. iberica transporters, a high similarity is found 
between them and foragers, because both groups are constituted by old workers with 
quite resorbed ovaries and low fat body content. With regard to this point, there is no 
unanimity in the literature: ROSENGREN (1971) says that transporters of Formica have 
an intermediate age between inside and outside workers, while FUKUMOTO & ABE 
(1983) and PAMILO et al. (1985) consider that Diacamma rugosum and Rhytidoponera 
sp. 12 respectively transporters are exterior workers with degenerated ovaries; 
WEHNER et al. (1972) consider that transporters of Cataglyphh bicolor are a temporal 
caste chronologically later than that of foragers; these results agree with independent
ly derived histological results in the same species, because inner organs (fat bodies, 
ovarioles and labial glands) decrease in size from foragers to transporters (WEHNER et 
al. 1983), which is then an older age group. 

In the case of C. iberica, and from our own observations, the problem is to 
establish whether it is possible to talk about a temporal caste of transporter workers. 
OSTER & WILSON (1978) state that not all tasks have the same importance for colony 
success, and that the failure in the performance of some vital tasks can greatly affect 
colony fitness. As we have said in the Introduction, social carrying accomplishes 
important functions in ant societies (see review in CERDA 1989), and must be 
performed in an effective way by workers in charge of it. If we accept that, as JEANNE 
(1986) says, workers that are specialized in a task or group of tasks gain experience 
that increases their efficiency, it would appear that it is important for colonies to have 
specialized members for social carrying. 
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Transporters of C. iberica are a group specialized in social carrying, because the 
relative probabilities of response of the other groups of workers (inactives, interiors 
and foragers) to that task are very low (Fig. 4), while the performance of transporters 
diminishes when they perform other tasks. 

From another point of view, CALABI & ROSENGAUS (1988) suggest that differ
ences between workers with respect to whether and at what age they perform 
particular behaviours are due to different sensitivities or thresholds among individuals 
to work needs in the colony: any colony would have a mix of workers of varying 
sensitivities; more sensitive individuals would be the first to respond to task needs 
and presumably would perform proportionately more tasks (they are the «elites» 
described by OSTER & WILSON (1978), while less sensitive ones make an effective 
reserve corps. 

In some cases it is not like this, as MEUDEC (1973) describes for Tapinoma 
erraticum: this species does not have a group of workers specialized in brood trans
port, because in the different tests, the number of workers involved in this transport 
exceeds 70% of the total population, in each case the most active workers being those 
that perform this task. Nevertheless, in other cases it is possible to find greater 
«sensitivity» (in the sense of CALABI & ROSENGAUS 1988). ABRAHAM (1980) considers 
that few workers organize emigrations of Myrmica rubra nests, and they discover the 
new site and transport brood and nestmates in great number and more regularly than 
the others. This group of transporters, and especially the most active ones among 
them, is quite stable, in such a way that a minority of workers carry out the majority 
of transports (ABRAHAM & PASTEELS 1980). In Formica fusca, this specialization is 
even more intense, since two or three workers perform almost all transports (MOGLICH 
& HOLLDOBLER 1975). In two other species, Formica sanguinea and Camponotus 
sericeus, MOGLICH & HOLLDOBLER (1974) find that there is a relatively small group of 
workers (11% in their F. sanguinea colonies and 6% in their C. sericeus colonies) 
which are active in 80% of all nest moving experiments, and some individuals of this 
group recruit up to 31 nestmates during a single nest emigration. They were able to 
prove the crucial role of this small group of specialists simply by removing them and 
observing that although some regulative replacements by other workers are possible, 
the time needed for moving is considerably increased. When they also removed this 
second mover group, the colony is almost unable to achieve an organized nest 
emigration. 

Results obtained in C. iberica colonies indicate that transporters can represent up 
to 19% of the total population of the nests (see Table 1), but in a normal situation of 
transport between nests, the number of workers dedicated to transport activity varies 
between one and six, with a maximum number of 10 during emigrations, usually 
caused by external perturbations (unpublished data). 

It remains to be discussed whether or not this group of workers may be assigned 
to the category of temporal caste. Temporal castes stand in contrast to physical castes 
which are much less easily shifted from one role to another. OSTER & WILSON (1978) 
consider that it is appropriate to refer to age groups as castes although the labour roles 
can be altered to the needs of the colony, since a temporal caste is to be defined not 
just in terms of its labour profile within a normally constituted colony but also in 
terms of its pattern of labour change when the age profile of the colony is altered. If 
we define a temporal caste as a group of individuals that perform certain tasks with a 
specific probability and that also have capacity of variation according to general 



372 X. Cerda and J. Retana 

conditions of the colony and individual idiosincracy of its components, then the group 
of C. iberica transporters can be considered a temporal caste (or role, according to the 
criterion proposed by P E E T E R S & CROZIER 1988), even though limits between castes 
or groups are merely probabilistic. 
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