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Introduction 

For several decades, investigators have been describing the division of 

labour in primitively eusocial wasps, although less attention has been 

paid to this question in wasps than in bees and ants. In species which 

practise polygynous nest foundation, such as Polistes dominulus Christ 

(PARDI, 1942), division of labour occurs right from the beginning of the 

life of a colony among the associated queens. In other species, it can be 

observed at least as soon as the first workers emerge, at the beginning of 

the supra-individual phase (as defined by YOSHIKAWA, 1963), both 

between the queen and the workers and among the workers themselves. 

PARDI (1942, 1946, 1948) has shown that in P. dominulus, social rela- 

tions are based on a dominance scale which includes the whole colony. 
This scale, which is reflected in the social relationships among 
individuals, also involves changes in the polygynous queens' laying pat- 
terns (PARDI, 1946; PARDI & CAVALCANTI, 1951; GERVET, 1964), the 

inhibition of laying by workers (DELEURANCE, 1946), and even changes 
in the types of tasks carried out by the various workers (PARDI, cit.). 
Similar data to those on P. dominutus have been published in connection 

with various other Polistinae such as P. fuscatus (WEST-EsERHARD, 1961) 
and P. metricus (DEW & MICHENER, 1981; DEW, 1983). 

The most recent studies on the organization of Vespides colonies have 

mainly involved two basic approaches. Generally speaking, the studies of 

1) We thank Bernard THON for his valuable help in statistical analysis and Dr Jessica 
BLANC for translating the manuscript into English. This study was supported by a doc- 
toral grant from the French Ministry of Scientific Research. 



224 

the first type have focused on establishing the fitness of each colony 
member's particular type of activity. Since this line of research was 

initiated by HAMILTON (1964), a strictly defined basis has been set for 

assessing the genetic advantages acquired through each individual's con- 

tribution to colony life. It is thus theoretically possible to judge the extent 

to which each individual's behaviour maximizes its fitness, taking into 

consideration the constraints imposed by the social environment. Several 

forms of differentiation have been investigated in this context 

(STRASSMANN et al., 1984; NOONAN, 1981). 
The social hierarchy determines not only individuals' reproductive 

roles but also the type of work they have to accomplish. High-ranking 
individuals, for instance, will tend to specialize in tasks which do not 

require them to leave the nest (PARDI, op. cit. ). STRASSMANN et al., (op. cit. ) 
have attributed this particularity to the fact that foraging wasps run a 

greater risk of encountering predators than those which remain at the 

nest. 

The second approach, which is complementary to these individual 

fitness studies, and has no immediate evolutionary goals, focuses more 

on the actual social mechanisms with a view to differentiating between 

the behaviours of the various colony members. On the lines developed 

by SCHNEIRLA (1952), who investigated the social mechanisms at work in 

Eciton ant colonies, authors such as GADAGKAR &JOSHI (1984), CORBARA, 
LACHAUD & FRESNEAU (1989) have attempted to examine these 

mechanisms more closely in order to establish what roles are played by 

specific groups of individuals. This research should yield insights into the 

interactions which determine the characteristics of a given social system. 
The background to the present study is the second type of approach, 

which we have just described. In the first stage of this study, an account 

of which will be given below, we attempted to describe as exactly as possi- 
ble the wide range of behavioural patterns observed under our 

experimental conditions. In the second stage (THERAULAZ, PRATTE & 

GERVET, 1989, 1990), we performed several experimental manipulations 

designed to change the organization of the colony, and examined the con- 

sequences. 
In fact, the adjustment of behaviour in an insect society may involve 

various causal factors, such as idiosyncratic differences between 

individuals, social relationships and the state of the brood and of the 

resources available (food or building materials). Some of these are likely 
a prior to affect all the members of the society equally; others lead to a 

differentiation of behaviour and therefore determine the division of 

labour, as occurs classically in many animal societies. 
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Since our aim is to eventually analyse the various influences shaping 
the activity of all the members of a society, we do not wish at this stage 
to discriminate too strictly among various processes; and consequently, 
we do not propose to dwell on the division of labour, which would involve 

stressing the differentiating processes at work among individuals. We 

shall use the term task assignment to mean the general mecanism that 

determines which forms of behaviour emerge in a society, rather than 

those which lead to forming specific categories of individuals. Various 

categories of behaviour will be described during the study but only some 

of these correspond to an actual division of labour. 

In fact, this decision also affected our method of analysis; in particular 
we did not with to establish categories of individuals a priori on the basis 

of only a few predefined features. On the contrary, we tried to describe 

as fully as possible, the behavioural traits of individuals, which might 
lead subsequently to allotting the most similar ones to the same class. 

Our method consisted of recording day by day the value of each 

behavioural item performed by each wasp. The set of these values-in 

one wasp on one day-constitutes its behavioural profile. Defining these 

profiles is a prerequisite for any evaluation of the general determinism 

underlying task assignment. We thus hope to be able to describe more 

accurately the behavioural states of all the members of a society, rather 

than just focusing on the most obvious behavioural traits in the life of the 

colony. 
The multivariate analysis methods used here have been employed 

previously in studies on other vespidae species such as Ropalidia 

cyathiformis (GADAGKAR & JOSHI, op. cit. ), as well as in a study on 

polyethism in Neoponera apicalis ponerine ants (FRESNEAU & Dupuy, 1988). 
The main feature of the present study was the fact that here a larger 
number of items than in previous studies was analysed simultaneously. 
It was thus possible to describe configurations of items as constituting 
behavioural profiles, and to determine how they are organized within the 

societies investigated. In this way it is hoped to elucidate the various 

behavioural states in greater detail without concentrating exclusively on 

the main types of functions constituting the life of a wasp colony. 

Material and methods 

A. General framework. 
The colonies studied were in the stage just after the first emergence (superindividual stage 
according to YOSHIKAWA's nomenclature). The first descendants to emerge, as in the 
classical model, were workers, which progressively replaced the foundress in 
accomplishing social tasks. 
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In fact, the production of descendants can vary considerably from one colony to 
another: some colonies with a small brood even produce almost from the start some 
descendants which do not participate in the social work, so that their weak activity adds 
to the consequences of the foundress' weak fecundity. On the other hand, high foundress 
production simultaneously leads to the production of well fed, mostly active descendants 
and a plentiful, highly stimulating brood. The characteristics of the wasps and those of 
the situation are further factors leading to considerable differences between colonies. 

To reduce these differences and to homogenize the sample of colonies used, we intro- 
duced an expedient, so to limit the accumulation of these effects; a rota was adopted, 
according to which every wasp, as soon as it emerged, was marked and placed in a dif- 
ferent colony from the one in which it had lived as a larva. There it would encounter a 
brood and a foundress which were not its kins, but the other wasps in the society 
originated from the same colony as this wasp and were therefore its sisters. 

Although this method made it possible to reduce the differences between societies and 
thus to constitute a fairly homogenous sample, it has a disadvantage which might make 
some types of study impossible: it changes the usual kinship ties within a colony (all the 
colonies in the sample nevertheless underwent the same changes). A priori, one might 
expect the change of colony to reduce the chances of a newly emerged wasp being 
integrated. Our results show however that proper integration could still occur, only it was 
liable to be slightly belated. It is thus altogether possible to study how the activities in 
all these societies become organized. 

B. Material. 

Queens were collected during hibernation in the Marseilles area and kept in a room at 
a constant temperature of 1OaC. On 15th January, they were placed in groups of ten in 
7-litre cages and provided with prey and building material. As soon as the first nest was 
founded, any supernumerary individuals were removed, so that only one monogynous 
colony could develop in every cage. Electric lighting was switched on every day for 10 
hours (from 7.00 to 17.00 h), but since the room was not blacked out, it was still liable 
to continue receiving natural daylight after lights-off. 

1. Systematic transfer of wasps on emergence. 

Shortly before emergence, the nests were re-arranged in groups of 4 nests of a similar 
size. Table 1 gives a list of the nests, the observation period, and the length of the obser- 
vation periods in hours per colony. At emergence, each wasp was removed from its nest 
and marked individually. 

The nests in each group were labelled A to D, and each newly-emerged wasp was 
placed after being marked in the next nest in alphabetical order, those from D nests being 
place in A nests. 

In order to reduce the rate of colony growth, moreover, every third wasp was 
withdrawn on emergence and placed in a larger cage kept at a slightly lower temperature, 
where it was provided with food. Only 2/3 of the emerged individuals were selected for 
the study. 

The life-times of all the descendants were recorded, but these data were not used here. 

2. Specific effects of the change of colony. 
Two additional trials were run to test the effects of the change of colony. In 2 colonies 
(52 and 53), every second wasp was placed on emergence in an alien colony, and the 
other wasps were marked and returned to their original colony. This gave rise to two 
situations: 

- one out of every two wasps rejoined its original colony, where the queen was its 
own mother; 



227 

TABLE 1. Observation dates and times and numbers of nests and 

individuals used in the experiments 

- and one out of every two was confronted with a colony where the queen was not 
closely related to the worker in question. 

Note that in both of these two particular situations, the population encountered by 
each wasp originated from 2 separate nests, whereas in all the other experiments, the 
other offspring encountered when a wasp changed nests were nevertheless its sisters. 

C. Observational sampling methods. 

Each colony was observed starting on the day of the first emergence; we call observation 
session the two-hour period during which one colony was observed using the procedure 
described below. 

The data were collected by means of a micro-computer equipped with a display screen, 
the keyboard of which was adapted to suit our purposes. A set of previously coded 
activities were recorded and dated as and when they were observed. With this device, 
it was possible to observe 18 individuals performing 25 items. The data were stored on 
floppy disks and processed at the Computer Center in Montpellier (CNUSC). 

A recording grid was designed to account as accurately as possible for the main 
behaviours occurring in the colony under investigation, and to describe the behavioural 
attitude of each individual during the observation period. 

This grid was used with either of two lists of items, depending on the mode of observa- 
tion, namely: duration-based and frequency-based observation. A few types of behaviour 
were included in both of the modes. 

1. Duration-based observation. 

Every 2 minutes, the type of activity in which each wasp was engaged was noted. By pool- 
ing 30 consecutive periods, it was possible to assess the approximate time-acticity budget 
of each wasp during one hour. 

2. Frequency-based observation. 

Here we noted any behavioural interactions occurring between pairs of individuals, as 
well as short items which seemed to be relevant because of the number of times these 
items occurred. 
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D. Data analysis. 

1. Behavioural repertoire. 
This repertoire was found to consist of 27 items, 14 on the basis of their duration and 
13 on the basis of their frequency. A list of definitions and the abbreviations used is given 
below for each of these 2 observation modes. 

a. Duration-based items. 

On the nest. 

ALN: feeding the brood, prey kneading, whether or not followed by an exchange, food 
distribution to the larvae. BAN: building activities, working a pellet of pulp. LEN: lick- 
ing the nest, especially the pedicell or the top of the comb. OD: idling behind the nest. 
OG: idling on the top or sides of the comb. IPL: entering cells and palpating their con- 
tents. MCN: walking on the nest. NEN: grooming. 

Outside the nest. 

ALE: collecting prey, kneading prey, moving about outside the nest with a piece of prey 
in the mouth. BAE: building activities, collecting pulp, kneading a pellet of pulp. SUC: 
collecting sugar. OIE: idling away from the nest, usually with the antennae directed 
downwards towards the ground. MCE: walking and flying outside the nest. NEE: 
grooming outside the nest. 

At some stages in the processing it was decided to adopt some composite variables con- 
sisting of several items. Four such composite items were therefore defined. 
TND: total time spent on nest. TND = ALN + BAN + MCN + NEN + IPL + OD + OG 
EXT: item consisting of activities taking place away from the nest which did not fit any 
clearly definable function. EXT = OIE + NEE + MCE 
MOG: item consisting of activities taking place on the comb which did not fit any clearly 
definable function. MOG + MCN + OG 
NPL: items in which fairly intense activities were focused on the cells. NPL = NEN 
+ IPL. 

b. Frequency-based items. 

Behaviours involving pairs of individuals. 

DOM: dominates one of its mates (in contacts of the type described by PARDI, 1946). 
SUB: is subordinate to one of its mates. DEC: acts as donor in an exchange of prey or 
pulp. REC: receives a pellet of prey or pulp from a fellow-worker. DTR: acts as donor 
in a trophallactic exchange (exchange of liquid). RTR: acts as receiver in trophallactic 
exchange. 

Individual behaviours. 

CHA: foraging for prey (when this led to a catch). SOL: distribution of a piece of solid 
prey to the larvae. PC: collecting building material. CCP: building activity, depositing 
pulp on a cell or a pedicell. H20: collecting water. PON: egg-laying. AQ: arrival at or 
departure from nest. The overall count gives the frequency of comings and goings 
between the nest and its surroundings. 

Each observation session included one hour of duration-based observation and one hour 
of frequency-based observation: the order in which the two types were run varied from 
one session to another. Each wasp was rated at each session on each of the behavioural 
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items listed (27 in general). The possible duration-based item ratings were the even 
values ranging from 0 to 30; whereas the frequency ratings could consist in theory of any 
whole number. The whole set of ratings on all the items constitutes, by definition, the 
behavioural profile of each wasp. 

To reduce the variability associated with random sampling (without introducing a 
slant linked to a possible development in the state of the wasp), we established the mean 
profiles for equal periods of five consecutive days. Because of observation constraints, 
these mean values were not calculated on the basis of a constant number of sessions: they 
ranged from 2 to 4, and 3 was the most frequent number. We chose to neglect this dif- 
ference, giving however the same weight to all these means. We call individual/period value 
the mean value ofthe behavioural profile, established for each five-day period. This value 
is the most accurate index available to rate the behavioural state of each wasp. 

After designing the methods, we then studied two samples of four colonies; one of them 
failed to develop at an early stage and was removed from the sample. We added the two 
colonies used to test the special effect of the change of colony. 

The sample analysed here therefore included 9 colonies, on which individual 
behavioural profiles were drawn up on the basis of 933 individual/period values (Table 
1). ). 

2. Principal component analysis. 
With Principal Component Analysis (PCA), the data are represented in the form of a 
cloud of dots which are projected into two separate spaces: a behavioural item space and 
an individual point space. Details of this technique are given in BENZECRI (1973), for 
example. Each space is organized into a series of orthogonal factorial axes which are 
determined from the correlations among the data, so as to bring out the maximum 
variance occurring in each case. In the individual space, each axis gives the value 
obtained for a linear combination of the original items. 

3. Hierarchical cluster analysis. 
The reciprocal neighbour method (M. JAMBU, 1978, ADDAD program base), which can 
be used to obtain groups or clusters, was applied to the table of factors resulting from 
the above Principal Component Analysis. This method was applied to the behavioural 
categories in order to isolate groups of behavioural items. The cluster criterion used in 
this algorithm was the second order centred moment of a partition. 

4. Dynamic clouds. 

The input table included all the co-ordinates yielded by the 27-variable PCA on the first 
10 axes of the individual/period data (75% of the total variance). The classical hierar- 
chical methods of classification used elsewhere to describe similar data GADAGKAR & Josai 
(op. cit.) on Ropalidia cyathiformis, and more recently FRESNEAU (op. cit.) on Neoponera 
apicalis are difficult to handle with such a large body of data. We chose a partitioning 
technique involving the use of an algorithm of the dynamic cloud type, as described in 
detail by DIDAY (1971, 1979, 1982). With this technique along with the "strong forms" 
method, which has also been described by DIDAY, it is possible to detect "really signifi- 
cant" classes among a vast body of data. 

The individual/period data were divided into k classes characterized by a "nucleus" 
(k was given a priori). These classes contained some of the individual/period data selected 
at random from among the initial population. The solution obtained could vary, how- 
ever, depending on the partition and the nuclei chosen as the basis of the algorithm. After 
obtaining several different solutions depending on the random choice of partitions and 
nuclei, the "strong form" search procedure can be used to isolate stable classes, i.e. sets 
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of individuals which remain in the same group whatever the initial parametric values 
selected. 

All the statistical analyses were carried out with the help of the ADDAD program base. 

Results 

The results were subjected to a factorial analysis (Principal Component 
Analysis) and processed in two stages: 

In the first stage, we considered the relationships between the values 
of all the behavioural items displayed by each wasp during one same five- 

day period. 
The whole set of the individual/period values was analysed in order to 

pick out the most significant associations or oppositions of items occurr- 

ing within the population of individual/period values taken as a whole. 
This stage in the procedure amounted to observing the configurations 
occurring in the PCA variable space. 

In the second stage, the value obtained on each item was considered 
for each individual/period separately. The behavioural profile of each 
individual during a five-day period was defined as the set of values 
obtained on each item of the chart. 

The various profiles were then rearranged in affinity groups using the 

dynamic clouds algorithm. The main task was to first characterize as 

accurately as possible the various profiles liable to occur. It was then 

attempted to tentatively describe the factors which may have shaped 
these behavioural profiles and their variations. This stage amounts to 

observing the configurations occurring in the PCA individual space. 

1. The set of behavioural items. 

1.1. Principal component analysis. 

Taking 27 items simultaneously made it possible to have an exact overall 

picture of the wasps' behaviour which included some items serving no 
obvious functional purpose. It turned out however that items of this 

period, which were treated like the others but are apparently not part of 
the same behaviour-differentiating process, may constitute a separate 
source of variation which is liable to mask the effects of the latter process. 
Applying this to the computation consisted of reducing the contribution 
of the initial factorial axes and distributing the variance more uniformly 
among the ensuing axes. 

Figs la and lb give the results of a PCA carried out on the 27 items 
described above. The corresponding numerical values are given in Table 
2. 
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Fig. 1. Principal Component Analysis (PCA). a) Plane of axes 1 and 2 in the behavioural 
item space. b) Plane of axes 1 and 3 in the behavioural item space. The PCA was carried 
out on 933 mean profiles recorded during consecutive 5-day periods in all the individuals 

belonging to the 9 colonies studied. 

The decisive factor which stood out most clearly was an intensity fac- 

tor. Axis 1 clearly opposes idling out of the nest (OIE) to a set of ten items 
all involving considerable social activity which were negatively correlated 

with OIE. 

This suggests that the most significant difference between profiles can 

be described in terms of the wasps' degree of active participation in the 

social life of the colony: here item OIE represented the greatest degree 
of non-integration. 

Axes 2 and 3, which both give fairly similar values, have to do with 

prey catching and building activities, respectively. The link between item 
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TABLE 2. Factorial co-ordinates (CRD) and contribution (COR) to the 

first three axes of the PCA of all the behavioural items considered. Eigen 
value, percentage of variance, and combined percentage on the 3 PCA 

axes 

DEC and prey catching means that the wasps exchanged prey rather 

than pulp pellets. 
Two different types of PCA were carried out in order to investigate this 

more closely: 
1. A PCA involving a different choice of items. The number of items 

was reduced by eliminating some items or by rearranging items which 

were correlated with the first factorial axis. By reducing the weight of this 
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axis, it was attempted to show up some complementary differentiating 
factors. Three groups of items were chosen in turn: 

a. A choice of 24 items. Three "duration-based" item rear- 

rangements were made: 

Items NEN and IPL were combined, giving item NPL. 

Items OIE, NEE and MCE were combined, giving item EXT. 

Items MCN and OG were combined, giving item MOG. 

Conversely, item TND (total time spent on the nest) was taken to 

include all the duration-based activities taking place on the nest. This 

choice gives considerable weight to space-occupation. 
b. A choice of 22 items. Here items EXT and TND were omitted 

since they are space-occupation items and we wanted on the contrary to 

bring out any differences among the profiles which might relate to 

qualitatively different activities. 

c. A choice of 13 frequency-based items. Removing the duration- 

based items brought social contacts to the fore without completely 

eliminating the work aspect. 
2. A PCA based on a different choice of individuals. Here we took 

only the individuals which had not changed nests (i.e. born in the nest) 
which were used for the control experiments described above. A separate 

study showed that these individuals integrated more successfully into a 

mixed colony than those which were transferred to another nest at birth. 

It therefore seemed worth investigating whether the change of nest which 

was part of our experimental procedure might not overweight the 

significance of the first factorial axis by making integration into the host 

nest a more crucial factor. 

Table 3 summarizes the results of these PCAs, giving the items which 

were the most closely correlated to the initial factorial axes and the 

percentage of the variance for which each axis accounted. This table calls 

for the following comments: in all the cases investigated, the significance 
of the first factorial axis was the same, i. e. it was an intensity factor 

reflecting the degree of active integration into a new colony. When the 

choice of items was appropriate, it sets in opposition rest and low levels 

of actively outside the nest versus all those items involving relatively high 

activity levels, whatever the main function to which these behaviours 

may have subscribed. The significance was the same whether the wasps 

stayed on their nest (last column in Table 3) or changed nests (columns 
1 to 3). 

- When the intensity factor was removed from the picture, building 
and prey-foraging were then found to be fairly independent activities: 



234 



235 

they could either be accounted for on different factorial axes or, when 

they featured on the same axis, they were not clearly correlated with each 

other. 

- Among the prey foraging activities, a tendency was observed for 

activities on the nest to be differentiated from activities outside the nest. 

Items SOL and ALN were the most strongly correlated to the first 

axis, which accounted for at least 50% of their total variance within the 

population. Participation in feeding the larvae with solid food was the 

most widespread form of integration into the life of a new colony, since 

it was observed at some point or another in all the wasps which showed 

active behaviour on a nest. 

On the other hand, prey foraging (CHA and ALE) was found to be 

a more specialized activity: some wasps foraged and shared their loads 

(DEC) with those which stayed on the nest: both types participated in 

feeding the larvae (SOL, ALN). 
Building activities were not shared out. Collecting building materials 

and building were correlated to the same axis. 

The only other configuration of items occurring in Table 3 was that 

consisting of REC, PON, and RTR. Here we have a profile in which the 

animals layed eggs and received food from foragers; the food consisted 

of pieces of prey (REC) and trophallactic substances (RTR). 
Isolated items such as SUC and OD, which occurred infrequently in 

this population could not be accounted for with this type of PCA alone. 

We therefore used another method with which it was assumed to be 

possible to relate them to the other items. 

1.2. Hierarchical cluster analysis. 

Two items were taken to be nearby if they occurred systematically in the 

same daily behavioural profiles and had very similar values. It was pro- 

posed to examine systematically all the degrees of proximity between all 

the items. 

Here we used an ascending hierarchy method of classification based on 

the reciprocal neighbour principle. Only 22 items were adopted here 

(Table 3, column 2) in order to avoid closing up the spaces by emphasiz- 

ing the opposition between on-the-nest and off-the-nest activities too 

heavily. This prevents the classification from being overweighted by the 

activity of wasps which were hardly ever present at the nest (see Fig. 2). 
Under these conditions, the greatest divergence was found to be 

between OD and all the other items combined. This finding bears little 
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Fig. 2. Hierarchical cluster analysis (reciprocal neighbours method) of the set of 24 
behavioural items. 

relation to the items reflecting various activity levels in the behavioural 

profiles. 
The second bifurcation made a clear-cut distinction between 2 items 

involving a fairly high level of activity on the comb (MOG, NPL), which 
had no obvious function, as opposed to all the other activities; whereas 
the farthest branches along the tree correspond to separate functional 

groups. Two of these could be easily identified, namely building (BAN, 
BAE, CCP, and PC) and larva-feeding activities (CHA, DEC, SOL, 

ALN). It should simply be noted that the distinction between prey- 
searching and feeding at the nest which emerged from the PCA actually 
carried little weight as far as overall proximity was concerned. Another 

group resulting from the PCA, which included DOM, RTR, REC and 

PON, seems to be associated with dominance expression. The last group 
(DTR, H20, LEN) was less easy to define. The item SUC was relatively 
isolated. 

This part of the studies shows that there exists some link between the 
various behavioural items performed by an individual on a single day. 
In some cases, the items were strongly focused on a particular type of 

activity. 
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We have thus pointed out the main tendencies which were liable to 
account for the differences observed among the profiles. It now remains 
to examine how certain configurations of behavioural profiles come into 

being. In the framework of PCA, this amounts to now considering, after 
the item space, how the data are organized within the individual 
behavioural profile space. 

2. The set of individuals. 

The dynamic clouds algorithm, applied along with the strong form 
search method to the co-ordinates on the first 10 axes of the 27-variable 
PCA of the 933 individual/period data, yielded 6 strong forms or stable 

classes of individuals showing similar behavioural profiles. These forms 
were obtained by partitioning the basic data into 4 classes by performing 
4 successive partitioning operations: each of the 4 initial nuclei chosen at 
random contained 5 components. These are represented on the plane of 
axes 1 and 2 of the PCA by their ellipsoid of inertia (cf. Fig. 3). 

Fig. 3. Strong form ellipsoids of inertia resulting from the dynamic clouds classification 
algorithm projected onto the plane of axes 1 and 2 of individual space PCA. 

2.1. Mean bebavioural profiles of strong forms. 

With a view to elucidating the biological significance of the strong forms, 
we characterized each one by the mean value of all 27 items recorded 
with all the individuals it contained (Table 4). Fig. 4a gives the mean 
time budgets obtained with each of the forms. The mean durations are 

given in minutes and hundredths of minutes per hour of observation. 
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Fig. 4. Biological profile and dissimilarity between strong forms. a) Time-activity budget 
calculated for each strong form from the means obtained for each of the duration-based 

items. b) Hierarchical cluster analysis of strong forms. 

On the other hand, the degree of similarity between the forms obtained 

was expressed by means of a hierarchical classification based on the 

reciprocal neighbours method (Fig. 4b). 
In Figs 3 and 4, forms 1, 2 and 3 can be seen to be strongly opposed 

to forms 5, 4 and 6. Table 4 shows in addition which differences among 
items were the most significant. 

1. The first set of forms contains mainly low-activity profiles, both 

away from the nest in the case of form 1 (OIE = 37.48 + -12.86 min/h, 
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and EXT = 50.77 min/h) and on the nest, but mostly on the back of the 
comb as in the case of form 3 (OD = 33.81 + -11.09 min/h). Form 2 

occupied an intermediate position, with items OD and OIE together 
amounting to 44.88 min/h on average. The other items occurred very 
rarely here. Not surprisingly, in form 3, some slight activity was 
observed on the top of the comb (IPL + MCN = 8.29 min/h). 

Within the first set, form 1 can be distinguished, characterizing mainly 
individuals which were not integrated into the colony: here the mean 
total time spent on the nest was in fact less than 6 min/h. Forms 2 and 
3 characterized individuals which were largely inactive, and either fairly 
well integrated as in the case of form 2 (TND = 38.71 + -12.09 min/h) or 

completely integrated as in the case of form 3 (TND = 53.54 + -7.61 

min/h). 
2. The second set of profiles (forms 6, 4 and 5) corresponded to phases 

of activity which were more directly related to the life of the colony. All 
these phases included a large proportion of periods of general activity at 
the surface of the comb (IPL + MCN = 16.86, 17.01 and 13.10 min/h in 
the case of forms 4, 5 and 6, respectively), but few OD and OIE. The 
individuals in form 6 devoted 2/5 of their activity to prey foraging (ALE) 
and larva feeding tasks (ALN); form 5 was the only one to contain any 
building activity worth mentioning (BAE + BAN = 7.22 min/h). 

Form 4 contained individuals which stayed on the nest and showed a 

fairly high level of activity (MCN = 6.79 min/h), and made contacts with 
the larvae (IPL = 10.07 + - 6.65 min/h) but rarely engaged in foraging 
activities. Forms 6 and 5 (prey and paper collecting) contained more 
arrivals and departures at and from the nest than the other forms 

(AQ=9.46 /h), and form 4 contained the least departures (AQ=4.42 
+ - 4.96 /h). These data do not show much difference between forms 6, 

5 and 4 as far as the workers' participation in egg-laying and trophallactic 

exchanges was concerned (all that can be said is that item DEC was more 

frequent in form 6, which was characterized by foraging). Dominance 
behaviours were more numerous in the forms in which the wasps spent 
most time at the nest. 

The individuals in forms 6, 4 and 5 on the whole were those which 

most often showed dominant rather than subordinate behaviour and 

most frequently initiated trophallactic exchanges in general, contrary to 
what was found to be the case in forms 3, 2 and 1. 

The various behavioural profiles momentarily adopted by members of 
a society differed in several respects, which suggests the existence of 

several modes of integration into social life, to which no single interpreta- 
tion can be attached. 
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Some behavioural items show the existence of oppositions as regards 
the level of integration into the colony life: several individuals completely 
left the society into which they had been introduced; while others can be 

said to be representative of the states of several individuals. Others again 
showed specialization in particular tasks, in keeping with the classical 

division of labour concept. 
Without seeking yet to analyze particular effects on social life, we are 

now able to list some of the factors which affected the behavioural pro- 
files. A further experimental study dealing with the mechanisms involved 

is now in progress (forthcoming paper). 

2.2. Time-related changes in individual behaviouiral profiles,: shifts from one form 
to another. 

In the course of observation period, as the individual behavioural profiles 

developed they were observed to shift from one to another of the strong 
forms. In the present stage of this study, we examined only first order 

transitions. Fig. 5 gives the conditional probability of belonging to each 

of the various forms during the period t + 1, depending on the form to 

which a given individual profile belongs during the period t. 

The graph (Fig. 5) of form transition is given for the sample of the 9 

colonies studied during the observation period. 
Form 4 can be said to be the meeting-point between 2 sets of forms, 

the one consisting of forms 6 and 5 and the other of forms 3, 2 and 1. 

All transitions from either of these sets to the other took place via form 4. 

The behavioural profile in question (form 4) involved a high degree of 

integration into the nest (TND = 47 min/h) (cf. TABLE 4), a high level of 

general activity on the nest (walking, grooming, cell inspection), and a 

tendency to remain on the comb (high OG, low OD). On the other hand, 
there was a low participation in caring for the larvae (ALN = 2.66 min/h; 
ALE = 1.38 min/h), and building activity was practically null 

(BAN = 0.32 min/h, BAE = 0.12 min/h). On closer inspection, the 

individual/period data on form 4 showed that this form comprised 2 types 
of individuals. 

1. The behavioural profile corresponding to form 4 constitutes an 

intermediate stage between forms 6 and 5, which reflect high levels of 

foraging, feeding and nest-building in imagos which have recently 

emerged and become integrated into the colony (total feeding 
time = 24.41 min/h and 6.85 min/h; total building time = 1.38 min/h and 

7.22 min/h in groups 6 and 5, respectively). 
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Fig. 5. Graph of strong form transition for the whole population of 9 wasp colonies 
studied. The size of the circles representing each form is proportional to the number of 
individual/period data it contains. The probability of moving from one form to another 
is given by the proportional thickness of the arrows. The various grids give the probabili- 
ty of keeping the same biological profile (characterized by a given form) from one period 

to another. 
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2. This is also a form to which the foundresses tended when they had 
been relayed by the workers: 52.87 % of the foundress queens showed 
this profile during the observation period, and 73% of the 

individual/period data corresponding to this form were foundresses. 

During the first 5 days after emergence, individuals who were effec- 

tively integrated (this excludes form 1), i. e. 50 % of all cases under our 

experimental conditions, fitted one of the 3 behavioural profiles corre- 

sponding to forms 2, 3 and 4. These individuals were mostly inactive on 

the back of the nest (OD = 30.20 min/h - Form 2 and OD = 33.81 min/h 
- Form 3), made few social contacts and generally played a subordinate 
role. 

A few rare individuals however (11.4%), usually the first-born, 

already showed a high level of general activity (form 4) at this age. 
On the other hand, when wasps were not integrated into the colony at 

an early stage, the female imagos corresponding to form 1 were unlikely 
to show any further nest integration behaviour. 

The form 1 behavioural profile was in fact very stable, since 82 9lo of 
the wasps initially associated with this form were still associated with it 

during the subsequent period. 

2.3. Differential development of behaviouiral profiles depending on the rank of 

emergence. 

The influence of rank of emergence on the behavioural profile adopted 
was investigated in the sample as a whole. Here we noted the number 
of occurrences of the behavioural profiles which were relevant to the form 
to which an individual of a specific rank belonged. 

In order to focus particularly on the general processes underlying 

integration into the life of a colony, we took on the one hand forms 6, 
5 and 4, which contained profiles consistent with active integration into 
the life of a colony, and on the other hand, forms 1, 2 and 3, in which 
little or no such integration was possible. 

Fig. 6 (a and b) gives the proportion of behavioural profiles belonging 
to each of these 2 sets of forms displayed by the individuals in terms of 

their social rank during successive 5-day periods. 
The rank of emergence can be seen to have played a decisive role: the 

proportion of individual profiles belonging to forms 6, 5 and 4 decreased 

gradually along the rank axis (Fig. 6a). 
Only the queens and the first two offspring made any noteworthy con- 

tribution to forms 6 and 5. Form 4, where the figures were slightly 
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higher, decreased more slowly, but from the fourth descendant onwards 
accounted for only 10 to 15% of the items. 

In fact the significant contribution of forms 4, 5 and 6 to the foun- 

dresses' behavioural profiles, was linked to the latter's high level of 

activity before being replaced, in carrying out social tasks, by the first off- 

spring to emerge. 
Conversely, the youngest wasps' profiles were characterized by a low 

degree of nest integration (forms 2, 1 and 3 - Fig. 6b): this is all the more 

striking since they had been placed at that stage on a nest where the 

majority of the workers were from their own brood (only born earlier), 
whereas the first-born female was placed on a nest inhabited only by a 

queen with which, under our experimental conditions, it was 

theoretically not related. 

Fig. 6. Differential behavioural profile in terms of the order of emergence (Q= queen). 
a) Forms characterizing individuals which were actively integrated into the life of a col- 
ony. b) Forms characterizing individuals which were either inactive or not integrated into 
a colony. For each set of forms, the figure shows the proportion of individuals of a given 

rank which showed one of the profiles characteristic of the forms in question. 
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The following two conclusions were drawn from the above findings: 
1. The larger the number of new-born individuals already present on 

a nest, the more difficult it was for further individuals to become 

integrated, under our experimental conditions. 

2. The first-born individuals quickly became responsible for foraging 
activities, which is a definite sign of integration. The queen's profile was 

then of the form 4 type. The lower-ranking followers spent most of their 

time idling on the back of the nest (form 3), with an occasional polyvalent 

waking phase which corresponded to form 4. 

Discussion 

The results reported here throw some light on the main ways in which 

differentiation takes place among individuals in a Polistes colony under 

laboratory conditions. It was not attempted here to define any hard and 

fast behavioural typology. 
Our results obviously reflect the experimental procedure to some 

extent, but this would have been so whatever procedure we adopted. The 

analysis nevertheless reveals the main lines along which differentiation 

took place in these colonies and the main factors at work. 
In fact the significant contribution of forms 4, 5 and 6 to the foun- 

dresses' behavioural profiles was linked to the latter's high level of 

activity before being replaced, in carrying out social tasks, by the first off- 

spring to emerge. Some profiles indicated a complete disinterest in the 

nest (form 1), while others corresponded to varying degrees of participa- 
tion in the social life of the colony (forms 6, 5 and 4). This was in fact 

the most decisive parameter to emerge from our experiments. Any factor 

which influences integration into the colony can affect the contribution 

of the first factorial axis to the total variance. 

Experimental details apart, these results are in line with several com- 

ments made by GADAGKAR & JOSHI (1983, 1984), whose methods of 

analysis were most similar to those we used here. Although these authors' 

choice of behavioural items was different from ours, it is worth noting 
that in their field study on Ropalidia cyathiformis, the strongest opposition 

they observed (first factorial axis) was also mainly between wasps which 

spent their time away from the nest and those which stayed at the nest. 

Individuals which became integrated into the colony showed various 

behavioural profiles including configurations of items which reflected 

transient behavioural tendencies. 
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After analysing the links between items to determine the overall 

tendencies, we examined the most characteristic profiles by processing 
the data with a dynamic clouds classification algorithm. We thus 
obtained a restricted number of strong forms associated with the 
individual space, which can be reduced to 4 main profiles: 

- a profile characterized by sitting at the back of the comb (form 3); 
- a profile where the general level of activity on the comb of the nest 

was high without any marked engagement in foraging activities (form 4); 
- one profile involving searching for prey and one involving building 

activity (forms 6 and 5, respectively): this distinction was more clear-cut 
than that between activity on and off the nest in each of these two search- 
oriented activities. In fact, the wasps do not seem to have really 
specialized in either of these types of search more than the other, apart 
from the tendency towards building activity reflected in form 5. The fact 
that a tendency towards this type of behaviour occurred at a given period 
did not prevent the same animal from adopting more prey-oriented 
search activities to fit the needs of the colony. 

In P. metricus, DEW & MICHENER (1981) have also reported that the 
distribution of searching tasks among the brood did not vary with time. 
The only tendency of this kind observed was the fact that paper collecting 
was carried out only by the oldest workers. 

Generally speaking, it can be said that no time-related changes in the 
distribution of labour seem to occur in Polistes wasps, contrary to what 
has been observed in the Vespinae (SPRADBERRY, 1973). 

In the present study two main independent factors were found to 

govern individual behavioural profiles: 
a. The first was the order of emergence, which in fact, fairly directly 

determined the social rank. Only the first-born individuals became 

actively integrated into the colony and showed a consistently high level 
of activity, beginning often a few days after they emerged. Those which 
were born subsequently and became subordinate were either not pro- 
perly integrated, or abandoned the nest altogether. This phenomenon 
has already been reported by PARDI (1951), who has observed that the 

subsequently born workers are less active than their elders. Similar 
results have been reported on P. fadwigae (YOSHIKAWA, 1963) and P. 
metricus (DEW & MICHENER, op. cit. ). 

This suggests that the social hierarchy can contribute to the organiza- 
tion of the colony through a process whereby the more belatedly emerged 
individuals (which are also lower ranking ones) take a smaller part in 

social activity, or are even expelled from the comb. DEW & MICHENER 
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(op. cit. ) have observed that in monogynous colonies of P. metricus raised 

under laboratory conditions, the oldest descendant usually becomes the 

main forager shortly after emergence, and that this activity reduces the 

foraging activity of younger workers. Under natural conditions, several 

factors may of course counteract this tendency, such as a scarcity of prey 
in particular. 

b. The second main factor we observed was the age-factor, which can 

be investigated by noting the successive shifts among strong forms made 

by each individual. 

For a short time after their emergence, the new-born wasps had an 

inactive behavioural profile (form 3), but soon began to develop in vari- 

ous ways, depending on their social environment (Fig. 5). 
Some showed increased general activity levels on top of the nest (form 

4), left the comb and sometimes participated in food collecting tasks 

(forms 6 and 5). 
Here form 4 was found to play a central role in the development of 

behaviour: it is a transitional biological profile towards forms 6 and 5. 

This plurality of possible developments with age was correlated with the 

social situation that was the lot of each wasp when it emerged. The first 

to emerge thus easily became integrated into the life of the colony; the 

later-emerged ones, under the conditions used here, encountered a 

highly-populated comb and a well-fed brood: they frequently left the col- 

ony. On the other hand, the presence of a plentiful brood is a factor 

which is known to facilitate social integration. Lastly, although a newly 

emerged wasp is initially subordinate to the previously emerged ones, 

any subsequent hierarchical change can, in principle, trigger a change in 

the behavioural profiles, the manner of which will be studied in a subse- 

quent paper (THERAULAZ et al., 1990). 
Other individuals, sometimes after spending a short period sitting on 

the back of the nest (form 2), left the colony for good. In these 

experiments, form 2 was thus found to occupy a transitional position 
before the nest was abandoned. 

The great stability of form 1 shows that during our experiments, 
individuals which abandoned the nest never returned, even though the 

smallness of the cages meant that they could not go very far. 

Parallel to the distribution of labour among the offspring, the queen's s 

profile also fitted form 4: this form therefore had composite contents, 
since it included all the individuals which showed active behaviour at the 

top of the comb, and which were thus in contact with the larvae. 

The above findings suggest two lines of study for future research: 
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- Further analysis of the social processes underlying diversification, 

involving experimental changes in colony composition such as removal 
of the a-individual (THERAULAZ et al., 1989, 1990) or the foragers (in 

prep.). 
- A more general study on the effects of ecological features which are 

liable to vary considerably, such as the abundance of egg production 

(which regulates the size of a colony, as may do the abundance of the lar- 

vae), losses to predators necessitating the replacement of foragers as sug- 

gested by STRASSMANN (1984), and even the temperature. 

Summary 

Differentiation among individuals was studied in 9 colonies of Polistes dominulus wasps, 
in which the behaviour of each individual wasp was recorded. Multivariate methods of 
analysis were used to establish the relationships existing between the various behavioural 
items chosen to describe individual behaviour, and the most characteristic profiles were 
determined by means of the dynamic clouds classification algorithm. Four main profiles 
were detected: sitting at the back of the nest, active general behaviour on the comb, 
foraging for prey, and building activity. Two factors seemed to have determined the 
development of the individual behavioural profiles: the order of emergence determined 
the active integration of individuals into the colony; and the age-factor determined which 
behavioural profiles would be successively adopted by each wasp. A profile characterized 
by a high level of general activity on the comb was found to occupy a central position 
in the development of individual behaviour towards engagement in foraging activities. 
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Résumé 

On a étudié la différenciation des individus à travers l'étude de 9 colonies de Polistes domi- 
nulus, dans lesquelles le comportement de chaque membre de la société était individuelle- 
ment enregistré. Des méthodes d'analyse multivariées ont permis d'établir les relations 
existant entre les divers items comportementaux employés pour décrire les individus, et 
un algorithme de classification (nuées dynamiques) a permis d'isoler les profils comporte- 
mentaux les plus caractéristiques. Quatre profils principaux ont été distingués: inactivité 
au dos du nid, activité générale importante au gâteau du nid, récolte de proies et activité 
batisseuse. Deux processus semblent conditionner l'évolution du profil comportemental 
des individus: le rang de naissance conditionne l'intégration active à la colonie; l'age 


