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Abstract -- Cataglyphis floricolais an ant species from the Southern Iberian Peninsula; its 
most striking feature is that it collects petals as an important part of its diet. The caste 
system is based upon a monophasic polymorphism of workers, displayed over a short 
span of size variation. There is also a slight polymorphism between queen and workers. 
The number of acts identified in the workers' repertoire is 40, none of which is particu- 
larly unusual in other ant repertoires, except those related to petal transport and con- 
sumption. The queen's repertoire is similar to that of other ants of the higher subfamilies, 
with a high proportion of inactivity and a passive behaviour in social interactions. 

Introduction 

Cataglyphis floricola is an ant from the South- 
ern Iberian Peninsula. It differs considerably 
from other species of this basically zoonec- 
rophagous genus because it collects a high prop- 
ortion of plant material (mainly petals) and a 
much lower proportion of animal remains (Cer- 
dfi et al. 1992). Only recently been discovered 
and described (Tinaut 1993), details of the so- 
cial behaviour of this species are entirely un- 
known. Two particularly interesting aspects are 
its behavioural repertoire and its pattern of di- 
vision of labour between reproductive (queen) 
and non-reproductive (worker) female castes. 
Repertoiry analysis has helped tO quantify the 
ways in which tasks are apportioned among in- 
dividuals of different castes (Oster and Wilson 
1978, H611dobler and Wilson 1990). The adap- 
tive result of  the development of female poly- 
morphism in ant colonies is the division of 
labour within the colony according to physical 

castes (queen and workers). As a rule, queens 
have smaller repertoires than do workers (see 
reviews in Brandao 1983, Wheeler 1984, or Re- 
tana and Cerd~i 1991a). Their degree of in- 
tegration into social roles is considered a good 
indicator of the level of sociality of each spe- 
cies, and social evolution tends toward a greater 
separation of the queen caste, which is con- 
cerned with reproduction (but also with disper- 
sal and regulation of reproduction), from the 
worker caste, which deals with foraging and 
nursing (but also with nest building and de- 
fense). Nevertheless, this process does not 
occur in a homogeneous way in all the subfami- 
lies of ants (Wilson 1953). 

In recent years we have studied the social 
organization of different Cataglyphis species 
(Retana and Cerd~i 1990, 1991a, 1991b; Cerdfi 
and Retana 1992). Since it is necessary to have 
detailed studies of the social biology of con- 
generic species to develop phylogenetic studies 
of the social evolution of ant colonies, in this 
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paper we analyze the morphological differentia- 
tion between castes and the behavioural reper- 
toire of C. floricola workers and queens. 

Material and methods 

Four C. floricola nests were excavated in a 
coastal sclerophyllous scrubland on sandy soil, 
at Reserva Biol6gica de Dofiana National Park, 
Huelva, southwestern Spain). Ants were trans- 
ferred to the laboratory, and established in 
artificial nests, each one consisting of a Petri 
dish and a Plexiglas box connected by a plastic 
tube. The bottom of the boxes was covered by 
sand. Nests were kept at laboratory tempera- 
ture (25-30~ and fed with insect corpses, pet- 
als of Halimium halimifolium and sugary water. 
At the beginning of the study (July 1992) their 
composition was: 

-Nes t  1: one queen, 60 workers, 10 larvae, 
32 cocoons. 

-Nes t  2: one queen, 95 workers, 20 eggs, 10 
larvae. 

-Nes t  3:125 workers, 8 larvae, 10 cocoons. 
-Nes t  4 : 8 0  workers, 15 eggs, 10 larvae, 10 

cocoons. 
Due to the small number of individuals found 

in C. floricola nests, the entire populations of 
colonies could be monitored simultaneously by 
scan sampling (Wilson and Fagen 1974, Corbara 
et al. 1988, Retana and Cerdfi 1991a, Villet 
1991). Behavioural repertoires were constructed 
and frequencies of each behaviour accumulated 
by scanning the act performed by each worker 
of the nest on each of between eight and ten 
occasions per sampling day between 10 : 00 and 
21 : 00 hr. This was done over 5 - 6  consecutive 
days, so that some 45-50  acts per individual 
were recorded. Queens of nest 1 and 2 were su- 
plementarily scanned between each pair of 
whole nest samples in order to increase the in- 
tensity of observation and to have enough re- 
cordings to establish their behavioural reper- 
toire. Repertoires were analyzed for complete- 
ness according to the methods described by 
Fagen and Goldman (1977), fitting behavioural 
frequency data to a lognormal Poisson distribu- 
tion. 

In order to analyze the degree of caste poly- 
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Fig. 1 (A) Total body length (mm)/head width (ram) 
allometry of C. floricoIa workers (n = 129). Scale of both 
axes is logarithmic. Straight line represents the best 
allometric relationship, fitted to the data by the least 
squares method. (B) Head width (ram) distribution of C. 
floricola workers is drawn to show the monophasic size 
distribution of the species. 

morphism of C. floricola, maximum head width 
and total body length of a sample of workers 
(n=129) and queens (n=8) were measured in 
the laboratory under a stereomicroscope. The 
quotient between head width (or total body 
length) of queens and workers is considered a 
fairly good indicator of polymorphism (Fres- 
neau et al. 1982, Retana and Cerdfi 1990): low 
values (near to 1) indicate small polymorphic 
differences, while higher values reflect a more 
or less pronounced polymorphism. 

Results 

The size of C. floricola queens differed slight- 



ly from that of workers: mean head width 
(+s tandard  deviation) of queens was 1.30+ 
0.03ram (n=8) ,  and that of workers was 
1.25+_0.05 mm (n=129) (t-test queen versus 
workers: t=3.16,  df=135, P=0.002).  The quo- 
tient between head width of queens and work- 
ers was 1.04, a low value which reflected a low 
degree of caste polymorphism in this species. C. 
ftoricola showed a monophasic allometry (Fig. 
1), where feeble allometric variation was dis- 
played over a narrow size variation: head width 
of C. floricola workers ranged from 1.08-1.36 
mm, a difference of only 0.28 ram, and the log- 
log allometric line of head width and total body 
length was monophasic, with only one segment 
of different slope. 

Each of the four C. floricola nests were 
observed for approximately 12.5 hr. The worker 
repertoires are given in Table 1, where be- 
haviours are grouped in six broad categories 
according to functional similarity: individual 
activities (including inactivity), social interac- 
tions (such as grooming, trophallaxis and car- 
rying nestmates), brood care, feeding activities, 
nest maintenance and activities outside the nest 
(including foraging, excavating and different 

nonspecific activities in the arena and the entr- 
ance tube). 

Over the period of observation, a total of 29, 
27, 33 and 32 behaviours were observed for 
nests 1, 2, 3 and 4 respectively (Fig. 2), for a 
grand total of 40 discrete behaviour types for 
the worker caste of C. floricola. By fitting the 
frequency data to a lognormal Poisson distribu- 
tion, the estimated sizes of the behavioural re- 
pertoires were, respectively 29, 28, 34 and 33, 
with 95% confidence intervals of (27-  31), (23-  
33), (29-39)  and (29-37).  The fraction of the 
workers' catalogue in relation to the total reper- 
toire of the caste ( r ) was estimated to be grea- 
ter than 0.96, with a sample coverage ( 0 ) grea- 
ter than 0.999. The distributions shown in Fig. 
2 were not significantly different (Z2=8.69,  18 
df, P>0.96) ,  suggesting affinity among reper- 
toires. 

According to Table 1, a large proportion of 
workers of C. floricola spent their time inactive 
(59-84%) ,  while the second greatest fraction of 
workers ( 8 - 1 1 % )  was devoted to movement in- 
side the nest. A comparison of behavioural fre- 
quencies in Table 1 indicates that considerable 
variation exists among colonies. Certain be- 
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Fig. 2 Frequency distributions (number of acts observed per category) of the repertoires of four C. floricola 
nests. The X-axis gives the number of times a behaviour was observed at base 2 (category 0: behaviours 
observed once, category 1: behaviours observed twice, category 2: behaviours observed 3 or 4 times, and so 
on). Repertoire fraction ( r ), sample coverage ( 0 ), observed catalogue size and estimated repertoire size with 
a 95% confidence interval, are also indicated for each repertoire. 



Table 1. Relative frequencies of worker behaviours in four C. floricola nests. 

Behaviour Nest i Nest 2 Nest 3 Nest 4 

Individual activities O. 7042 O. 9347 O. 8055 O. 8169 
Inactivity 0.5933 0.8474 0.6887 0.6728 
Walking 0.0950 0.0821 0.1074 0.1158 
Self-grooming 0.0158 0.0053 0.0094 0.0283 

Social interactions 0.0292 0.0058 0.0256 0.0353 
AUogroom worker 0.0058 0,0011 0.0066 0.0128 
Be groomed 0.0058 0.0011 0.0066 0.0122 
Allogroom queen 0 0.0005 0 0 
Donating trophallaxis queen 0.0083 0.0016 0.0055 0.0047 
Receiving trophallaxis 0.0079 0.0016 0.0055 0.0047 
Donating trophallaxis 0.0008 0 0 0 
Carry worker 0 0 0.0005 0 
Be carried by worker 0 0 0.0005 0 
Antennation 0.0004 0 0.0004 0.0008 

Brood care 0.1317 0.0153 0.0235 0.0319 
Standing over brood pile 0.0842 0.0026 0.0066 0.0106 
Take egg 0 0.0021 0 0.0028 
Lick egg 0 0.0011 0 0 
Carry egg 0 0.0016 0 0 
Take larva 0.0050 0.0026 0.0009 0.0053 
Lick larva 0.0033 0.0011 0.0028 0.0011 
Carry larva 0.0075 0.0042 0.0050 0.0039 
Regurgitate with larva 0.0017 0 0.0007 0.0014 
Take cocoon 0.0083 0 0.0028 0.0019 
Lick cocoon 0.0033 0 0.0002 0.0008 
Carry cocoon 0.0183 0 0.0044 0.0036 
Assist eclosion of adult 0 0 0 0.0006 

Feeding activities 0.0592 0.0226 0.0423 0.0408 
Feed on petal 0.0167 0.0032 0.0124 0.0128 
Feed on prey 0.0342 0.0095 0.0165 0.0258 
Drink water 0.0017 0.0084 0.0091 0 
Eat dead nestmate 0 0 0.0014 0.0003 
Carry pery or petal 0.0067 0.0016 0.0028 0.0019 

Nest maintenance O. 0017 O. 0016 O, 0032 O. 0039 
Bite cotton 0 0 0.0005 0 
Handle nest material 0.0017 0.0013 0.0014 0.0025 
Carry dead ant 0 0.0003 0.0012 0.0006 
Lick nest wall 0 0 0 0.0008 

Activities outside the nest 0.0742 0.0200 0.0999 0.0711 
Nonspecific outside activities 0.0242 0.0071 0.0569 0.0219 
Feed on sugary water 0.0033 0.0016 0.0037 0.0039 
Foraging 0.0092 0.0042 0.0036 0.0014 
Take grain of sand 0.0017 0 0.0004 0.0003 
Carry grain of sand 0.0008 0.0003 0.0012 0.0081 
Excavation 0.0050 0.0005 0.0183 0.0253 
Remain in entrance tube 0.0300 0.0063 0.0158 0.0103 

Number of observations 2400 3800 5625 3600 



haviours were only observed in a nest: e.g., 
allogroom queen, licking egg and carrying egg 
in Nest 2; carrying worker and being carried by 
worker in Nest 3; or assisting eclosion of adult 
in Nest 4. Some of the differences observed be- 
tween catalogues could be related to differences 
between colony conditions, e.g. tending co- 
coons was impossible in colony 2 because it 
lacked cocoons; trophallaxis with queen was im- 
possible in the queenless colonies 3 and 4. Most 
acts in Table 1 are relatively common to many 
ant species. The only acts not seen in other ant 
repertoires are those related to transport and 
consumption of petals. In laboratory conditions 
we verified that workers actively collected pet- 
als and transported them from the arena to the 
nest. There, petals were actually consumed by 
adults, which spent long periods of time biting 
and licking them. Feeding on petals accounted 
for 1 -1 .5% of acts found in the C. floricola 
workers' repertoire (Table 1). 

Despite variation among colonies, a be- 
haviour common in one nest appeared to be 
common in all (e.g. walking, self-grooming, 
feeding on prey, and feeding on petal), whereas 
a rare behaviour for one nest was usually rare 
or absent in the others as well. The greatest dif- 
ferences between nests concerned the level of 
activity (Nest 1 being the most active and Nest 
2 the least active), and activities outside the 
nest (Nest 3 was the most active). Brood care 
also showed variation among the four nests. 
Although the sample was rather small, the 
levels of brood care could be related partly to 
the ratio of workers to larvae and cocoons: in 
Nest 2 there were 9.5 workers per larvae or co- 
coon and brood care represented 0.0153 of the 
repertoire; in nests 3, 4, and 1, values were 7 
and 0.0235, 4 and 0.0319, and 1.5 and 0.1317, 
respectively. 

The behavioural repertoire of the C. floricola 
queen was simpler than that of workers consi- 
dered together. It comprised seven acts, which 
had been identified by analyzing the behaviour 
of the queens of Nest 1 and Nest 2 (Table 2). 
Inactivity was the most important behaviour in 
the C. floricola queen's repertoire, accounting 
for more than 75% of all acts observed, while 
other individual activities (moving, self-groom- 
ing) were also found in her repertoire. The 
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Table 2. Relative frequencies of queen behaviours in 
two C. floricola nests. 

Behaviour Nest 1 Nest 2 

Individual activities 0.9556 0.9111 
Inactivity 0.8223 0.8000 
Walking 0.1222 0.0889 
Self-grooming 0.0111 0.0222 

Social interactions 0.0222 0.0778 
Be groomed 0.0222 0.0667 
Receiving trophallaxis 0 0.0111 

Brood care 0.0222 0.0111 
Standing over brood pile 0.0222 0 
Lick larva 0 0.0111 

Number of observations 90 90 

queen always had a passive behaviour in social 
interactions. Acts related to brood care were 
quite rare in the C. floricola queen's repertoire 
( 2 - 3 %  of all acts observed). 

Discussion 

The caste system of C. floricola is based upon 
the low polymorphism among workers and be- 
tween queen and workers. Workers show a fee- 
ble monophasic polymorphism displayed over a 
narrower range of sizes than other Cataglyphis 
species, such as C. fortis (Wehner 1987), C. 
cursor (Cagniant 1983, Retana and Cerdfi 
1990), or C. iberica (Cerdfi and Retana 1991). 
As an overall measurement of polymorphism, 
the coefficient of variation (Standard devia- 
tion/Mean) of C. floricola (4%) is considerably 
lower than those of C. cursor (13%) and C. 
iberica (11%). On the other hand C. floricola 
shows a very small polymorphism between 
queen and workers: the quotient between head 
width of queens and workers of C. floricola is 
very close to 1 (1.04), indicating a very low 
polymorphism between castes (Fresneau et al. 
1982). Other Cataglyphis species show higher 
values, e.g. 1.27 for C. cursor (Retana and Cer- 
dfi 1990) or 1.50 for C. iberica (Cerdg and Re- 
tana 1991), but still lower than those obtained 
for other evolved genera such as Lasius, 
Pheidoleor Solenopsis. 
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Although one may assume that the progres- 
sive evolutionary differentiation in behaviour 
between queen and workers is also correlated at 
the morphological level with greater differences 
between both castes (Fresneau et al. 1982, Jais- 
son et al. 1988), the low morphological dif- 
ferentiation between the castes of C. floricola 
has not behavioural correlate, because the 
queen's repertoire is similar to that of other 
ants of the higher subfamilies (Wilson and 
Fagen 1974, Wilson 1976, Cole 1980, Retana 
and Cerd~ 1991a), with a high proportion of in- 
activity and a passive role in social interactions. 
In primitive species, the queen is very similar in 
size to workers and still behaves in a primitive, 
omnipotent manner,  performing various tasks 
inside the nest, even in mature colonies (Tra- 
niello 1978, Brandao 1983, Fresneau 1984, Tra- 
niello and Jayasuriya 1985). The presence of 
the queen in the nest of another species of 
Cataglyphis, C. cursor, favours social cohesion, 
and modifies workers' behaviour by restricting 
some acts (for instance, egg-laying) and stimu- 
lating others (such as care of worker larvae or 
food collection) (Retana and Cerd~ 1990). The 
role of the queen in C. floricola colonies is not 
so evident from the results obtained in the pre- 
sent study, because the differences between 
queenright colonies are much greater than be- 
tween queenright nests and queenless nests, 
suggesting a lesser effect of the queen on the 
social organization of colonies. 

Although repertoire sizes are not strictly 
comparable between studies (Jaisson et al. 
1988, Retana and Cerd~ 1991a), they can pro- 
vide a rough guide for interspecific comparisons 
of behavioural complexity. As has been 
observed elsewhere (Retana and Cerd~ 1991a), 
the total number of acts is not at all indicative 
of the degree of social evolution of the species, 
because it strongly depends on the context in 
which the study has been carried out, and on 
the arbitrariness with which behavioural acts 
are defined by different authour. Taking this 
limitation into account, the number of acts 
identified in the repertoire of C. floricola work- 
ers (40) is lower than the number identified in 
C. cursor colonies (49, Retana and Cerd~i 
1991a), but it is in the upper range of repertoire 
sizes found in most ant species (Wilson and 

Fagen 1974, Cole 1980, Corn 1980, Brandao 
1978, 1983, Herbers and Cunningham 1983, 
Calabi et al. 1983, Wheeler 1984, Herbers et al. 
1985, Traniello and Jayasuriya 1985, Busher et 
al. 1985, Jaisson et al. 1992). 

Petal transport and petal consumption are the 
only acts observed in the repertoire of C. flor- 
icola workers that are not found in other ant re- 
pertoires. This was expected, because petals 
and whole flowers are very uncommon in the 
diet of most ants and even in that of the major- 
ity of insects (Slansky and Scriber 1985). Never- 
theless, as we have already pointed out, the 
most striking feature of C. floricola is that this 
species collects petals as an important part of its 
diet (Cer&l et al. 1992). Various authors have 
doubts concerning the importance of petals as a 
food resource, considering that collection of 
petals seems to be due merely to individual mis- 
takes of workers. Nevertheless, from our 
observations under laboratory conditions we 
can confirm that petals are actually consumed 
by workers, which transport petals from the 
arena and bite and lick them in the nest. 

When comparing the social structure of C. 
floricola colonies with those of other congeneric 
species, a first observation is that the propor- 
tion of workers found outside the nests ( 2 -  
10%) is lower than those found in C. cursor (6 
- 4 2 % ,  Retana and Cerd~ 1990) and C. iberica 
(16 -43%,  Cerdft and Retana 1992) colonies. 
Nevertheless, inactivity of C. floricola colonies 
(considerably greater than 50% of all the re- 
cordings of each nest, and up to 80% in Nest 2) 
is similar to that found in C. cursor (40 -70%,  
Retana and Cerd~i 1991a) or C. iberica (60%, 
Cerd~i and Retana 1992) colonies. The exist- 
ence of such a pool of inactive workers is most- 
ly found in evolved ants (Porter and Jorgensen 
1981, Herbers and Cunningham 1983, Herbers 
et al. 1985, Cole 1986), but also in some primi- 
tive species (e.g. Amblyopone pallipes, Lachaud 
et al. 1988, and even the living-fossil ant 
Nothomyrmecia macrops, Jaisson et al. 1992). 
In any case, these percentages of inactivity are 
sufficiently high to confirm the underempha- 
sized importance that most studies of ant reper- 
toires give to inactivity. These inactive workers 
have been considered a reservoir of workers for 
the colony (Porter and Jorgensen 1981). Retana 



and Cerdfi (1991b) have shown under labora- 
tory conditions that inactive workers of the con- 
gener C. cursor usually follow the classical age 
polyethism and become interior workers, 
although some of them also remain inactive 
throughout the cycle or change directly to fora- 
gers. Average values of brood care in the C. 
floricola workers' repertoire (1 .5-13% of all 
acts recorded) are somewhat lower than those 
found for C. cursor (over 10% of all acts in 
periods of greatest activity, Retana and Cerdfi 
1991a). These values probably reflect a differ- 
ence in worker/larvae+cocoons) ratio (see Re- 
sults). 

Summarizing, the results of the present study 
are not too different from those obtained by the 
same authors with C. cursor (Retana and Cerdfi 
1991a): the degree of inactivity of colonies, the 
types of acts identified and their relative im- 
portance in the repertoire are quite similar, and 
only the total number of acts is lower in C. flor- 
icola than in C. cursor, although this is prob- 
ably due to the higher number of observations, 
colonies and situations analyzed in the latter 
species. In these types of studies, interspecific 
differences may be masked by intraspecific ones 
(Herbers 1983), and this makes it difficult to 
identify patterns of social behaviour at the spe- 
cific level. As Traniello and Jayasuriya (1985) 
state, it is possible that myrmecologists have 
not found further information on the nature of 
sociability and the identification of primitive 
and evolved species, because the methods used 
in the actual studies of ants' social behaviour do 
not permit finer discrimination between the spe- 
cies. 
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