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rate in either direction.' Yet, upon replotting the same 
data in terms of period, they conclude that, ' . . .  the 
gradient drops off very steeply at the shorter-period end 
of the scale (to the right) and much more gradually at  the 
longer period end of the scale (to the left)'. Conflicting 
statements such as these make it apparent that  care must 
be exerted to assure that the replotted data correctly 
reflect the actual behaviour of the animals. 

Several points must be made to better understand how 
one can arrive at such opposite conclusions. For the 
purpose of comparing the original rate data with the 
same data plotted in terms of period (bottom of Gaioni 
& Evans'  Fig. 1), the abscissa had to be expanded greatly 
without comparable expansion of the ordinate. Expansion 
of a graph's axis can sometimes lead to misinterpretations 
of the data (Ituff 1954). For comparative purposes, we 
include the original figure that appeared in Miller 
(1983b), from which the top of their Fig. 1 had been re- 
drawn. The expanded abscissa on the redrawn Fig. 1 
greatly attenuates the increasing gradient at the slow 
repetition rates and the decreasing gradient at the fast 
rates. When these data are replotted in terms of period 
(bottom of their Fig. 1), the decreasing gradient is re- 
introduced in a highly exaggerated fashion while the in- 
creasing gradient is virtually eliminated. The reason for 
this is that the points composing the decreasing gradient 
are highly compressed, while those composing the in- 
creasing gradient have been greatly expanded. As Gaioni 
& Evans note, this is due to the unequal intervals intro- 
duced by converting rate to period. What is important 
to remember is that the actual data have not changed; 
rather, one of the gradients is rendered more dramatic 
because of the compression of intervals at shorter periods 
(or faster repetition rates). 

I f  one examines the repetition rates slower than 1.0 
and faster than 1.6 notes/s (i.e. the optimal rates affecting 
behavioural inhibition) rather than the rates above and 
below the optimal range (i.e. 0.8-2.0 notes/s), it is appar- 
ent that gradients formed by these slower and faster 
rates are about equal in slope. One cannot properly com- 
pare all of the rates above the optimal range with those 
below the range because the number of rates tested by 
Miller (1983b) are not equivalent. Miller examined five 
rates above 2.0 notes/s but only three rates below 0.8 
notes/s. However, when one examines a comparable 
number of rates at equal intervals from the optimal rates 
of 1.0 and 1.6 notes/s, the slopes of the gradients are 
about the same. (In fact, the ascending gradient is slightly 
steeper than the descending gradient, which is opposite to 
Galoni & Evans'  observation.) Since the level of inhibi- 
tion is decreased in about equal amounts as the rates are 
decreased and increased from the optimal rates, a graph 
that exaggerates one gradient over the other, in a sense, 
misrepresents the actual behaviour of the animals. 

While the first author appreciates the attempt by 
Gaioni & Evans to further strengthen his claim that the 
reduction of inhibition occurs fairly abruptly above the 
optimal range, it should be noted that this has already 
been demonstrated by him in an earlier article (Miller 
1983a). We agree with Galoni & Evans that period is a 
useful measure of temporally patterned stimuli, especially 
when it is readily apparent that such stimuli are not 
separated into discrete bouts. This was noted by Scoville 
& Gottlieb (1980). Because in some cases, such as ours, 
stimuli are segregated into discrete bouts and because the 
presentation of data in terms of period can be misleading, 
we feel that, at least for our purposes, repetition rate is a 
better measure. 
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1. Percentages of domestic mallard ducklings 
showing inhibition (Full Freeze and Partial Freeze) and 
excitation (Full Approach and No Effect) at each of 15 
repetition rates of the mallard maternal alarm call 
(n=30  ducklings per repetition rate). Copyright 1983 by 
John Wiley & Sons, Inc. 
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Brood-colony Recognition in Cataglyphis cursor Worker 
Ants (Hymenoptera: Formicidae) 

In insect sociobiology, one of the central questions is the 
mechanism of kin recognition (Wilson 1975 ; HSlldobler 
& Michener 1980). Recognition of nest-mates has been 
demonstrated only in the primitively social sweat bee 
Lasioglossum zephyrum where individuals recognize the 
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degree of relatedness of relatives (Greenberg 1979). Some 
recent papers on bees and wasps also indicate discrimina- 
tion between related individuals (Breed 1981; Getz & 
Smith 1983; Pfenning et al. 1983). 

In the ants, colony recognition is frequent, at  least in 
territorial species. This seems to be good evidence for 
worker/worker kin recognition as demonstrated in 
Pseudomyrmex by Mintzer (1982). So worker/kin recog- 
nition may be general in social insects, but we do not 
have any idea about  worker/brood recognition. I studied 
this problem in a highly social insect, the ant Cataglyphis 
cursor. This species, always monogynous (Cagniant 1976), 
is very interesting because it is possible to observe 
numerous worker and brood exchanges between ad- 
jacent colonies in the field (De Haro 1981; Pondicq, 
personal communication). This gives colony recognition 
biological significance. 

Experiments were conducted with two colonies, 
collected in the same area, each consisting of a queen, 
about  150 workers, and numerous larvae. Newborn ants 
were marked on the day of their eclosion with a label 
applied to the abdomen. Each colony received two groups 
of young ants: one control group reintroduced to their 
native colony (total 18 ants) and one experimental group 
of ants introduced to a foreign colony (total 26 ants). 
Each worker was followed during 3 weeks, with several 
daily observation periods of 5 rain each, during which all 
activities were recorded and timed. Behaviour was 
classified into five groups: Inactivity (isolated, in group of 
workers, or in groups of workers with brood); Walking in 

the Nest; Adult Interactions (interactions between adopted 
workers were rare and were excluded); Individual 
Grooming; and Brood Nursing. Data  are given as per- 
centages. For each group the median was calculated and 
the Mann-Whitney U-test was used for analysis. 

Results are given in Table I. I t  can be seen that  young 
ants up to 5 days old are Inactive most of the time 
(62.3-I-14.2=75.5 for controls). Major differences appear 
during the first 5 days in their relations with the brood: 
the control ants remain Inactive on the brood, attending 
them some of the time, but the adopted workers do not 
do this (median percentage time Inactive on brood = 14.2 
for controls and 0 for adopted ants). This is confirmed 
by the fact that  15/18 (83%) control ants exhibit this 
behaviour (Inactive on brood) in comparison with 9/26 
(35 %) adopted ants. Adopted workers spend less time 
caring for the brood of their host colony. Later there are 
also differences between the two groups, especially 
during the 10-14 day period, for Inactivity in group of 
workers and Walking in the Nest. Behavioural patterns 
are sometimes reversed in ants of various ages: for 
example Inactivity in group is more important at 10-14 
days for adopted ants (51.3% versus 27%) but less 
important  at 15-21 days (42 % versus 67 %). 

The following conclusions can be made. Firstly, newly- 
emerged workers integrate into a foreign colony without 
difficulty, as described previously by early authors 
working on other species (Forel 1874; Fielde 1903); 
secondly, the ontogeny of this process is not the same as 
in the controls; and thirdly, adopted workers are less 

Table I. Change in Time Budget for the PHneipal Activities of Ants in Relation to their Age 

Age (days) 

Behaviour 2-5 6-9 10-14 15-21 

Inactivity 
In group 

On brood 

Walking in the Nest 

Adult  Interaction 

Ad 64.2 55.25 51.3 42 
P=0.05  P=0.01 

C 62.3 51.6 27 67 

Ad 0 18.9 1.4 0 
P=0.002 

C 14.2 12.1 0 6 

Ad 8.3 6.7 7.8 12.9 
P=0.03 

C 5.0 8.1 20 10.5 

Ad 3.3 2.2 0.4 

C 1.7 1.05 1 

Brood Nursing Ad 

C 

2.85 
P=0 .04  

0.85 

0 1.25 0.95 0.4 
P = 0 . 0 2  

1.11 2.01 1.80 0.7 

3.33 3.05 4.4 
2.36 3.87 2.7 

Individual Grooming Ad 2.77 
C 2.33 

Figures given in the table are median % of time. 
A d = a d o p t e d ;  C=controls .  
When not  indicated, differences are not  significant; Mann-Whitney U-test. 
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attracted by host larvae during the first days. We can 
hypothesize that  adopted workers recognize these larvae 
as non-sisters. Brood species recognition has been 
suggested in Myrmica: Elmes & Wardlaw (1983) ex- 
changed brood amongst different species and found that  
'larvae tend to survive best when reared by their own 
workers, and in some cases were not adopted by foreign 
workers', yet surviving larvae had normal growth rates. 

One alternative explanation is the possible effects of 
alien workers on brood care: if young alien workers are 
being recognized it might inhibit brood rearing behaviour; 
the inhibition must be of short duration, and disappear 
after 6 days (see Table I: after 6 days the introduced 
workers behave like the controls). Experiments where 
broods are exchanged could be useful in testing this 
possibility. 

In spite of these reservations, our data are the first in 
support of brood kin recognition in ants. It will be 
interesting to compare the results of exchanges between 
colonies collected from distant regions as greater conflict 
may be induced between more distant nests of ants. We 
plan to use enzymatic eleetrophoresis as an indication of 
genetic distance to estimate the relatedness between 
colonies from the same area and from distant areas. In 
order to explain the mechanisms of this discrimination 
we may have to invoke both endogenous and exogenous 
factors (Jutsum et al. 1979). Learning during the first 
days of adult life is also possible (Jaisson 1975, 1980; 
Buckle & Greenberg 1981) and the phenomenon of 
larval conditioning also needs to be investigated in the 
future. 

I thank L. Greenberg and A. Sorensen for assistance in 
English translation, and B. Pearson for very helpful 
comments. This research was carried out in the ERA 885, 
University of Paris Nord (Head of Department Professor 
P. Jaisson). 
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