
Biological Journal of the Linnean Socicly (1993), 49: 229-238. With 2 figures 

Comparison of acoustical signals in Maculinea 
butterfly caterpillars and their obligate host 
Myrmica ants 

P. J. DEVRIES* AND R. B. COCROFT 

Department of ,zbology, University of Texas, Austin, Texas 78712, U.S.A. 

AND 

J. THOMAS 

Institute of Terrestrial Ecology, Furzebrook Research Station, Wareham, 
Dorset BH20 5 A S  
Received 6 February 1992, accepted for publication I2 May I992 

An acoustical comparison between calls of parasitic butterfly caterpillars and their host ants is 
presented for the first time. Overall, caterpillar calls were found to be similar to ant calls, even 
though these organisms produce them by different means. However, a comparison of Maculinca 
caterpillars with those of M p i c a  ants produced no evidence suggesting fine level convergence of 
caterpillar calls upon those of their species specific host ants. Factors mediating the species specific 
nature of the Maculincn-Myrmica system are discussed, and it  is suggested that phylogenetic analysis 
is needed for future work. 
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INTRODUCTION 

Arthropods from a diversity of phylogenetic lineages form symbiotic 
associations with ants that may range from parasitism to mutualism. Some 
arthropod symbionts produce semiochemical secretions that aid in maintaining 
the symbioses (Holldobler, 1978; Vander Meer & Wojcik, 1982), while others 
produce food secretions to ants that are also considered important in 
maintaining these symbioses (Way, 1963; Maschwitz, Fiala & Dolling, 1987; 
Fiedler & Maschwitz, 1988, 1989; DeVries, 1988; DeVries & Baker, 1989). Ants 
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primarily communicate by using chemical and trophobiotic cues among 
themselves (reviewed in Holldobler & Wilson, 1990), but in addition, substrate- 
borne vibrations are also important in ant communications systems (Mark1 & 
Holldobler, 1978; Baroni-Urbani, Buser & Schillinger, 1988). Recent work on 
ant-associated butterfly caterpillars, suggests that substrate-borne calls may also 
be important in the evolution of butterfly-ant symbioses (DeVries, 1990, 1991a). 

Among butterflies, the habit of forming symbioses with ants is found only in 
the families Riodinidae and Lycaenidae. Typically these symbioses are based on 
the caterpillar’s provision of food secretions with specialized glands to ants in 
exchange for protection against enemies (Pierce et ‘al., 1987; DeVries, 1988, 
1991b; Thomas et al.,  1989). In  addition, these caterpillars may also possess other 
specialized behaviours and morphological features that play a role in 
maintaining symbiotic association with ants (Ross, 1966; DeVries, 1988, 1990; 
Fiedler & Maschwitz, 1988), and it is likely that these characters have all been 
selected for directly by ants (Cottrell, 1984; DeVries, 1988, 1991a, c). 

Most symbioses between butterfly caterpillars and ants are facultative with 
respect to the partners involved. For example, a recent survey indicated that a 
given species of caterpillar will typically be tended by a varying number of 
secretion-harvesting ant species, depending on the habitat and geographical 
locality (DeVries, 1991 b). Cases of obligate, species-specific symbioses between 
caterpillars and ants, however, have evolved, and the best known case involves 
the European lycaenid genus Maculinea whose caterpillars parasitize colonies of 
the ant genus Myrmica. 

After quickly developing through three instars on an initial foodplant, the 
final instar caterpillars of Maculinea fall to the ground where they are exposed to 
foraging Myrmica workers (Thomas, 1977, 1992; Elmes, Thomas & Wardlaw, 
1991). When a caterpillar is found by a Myrmica worker, there ensues an  
adoption process, and the adopted caterpillar is carried into the ant’s nest and 
placed in the brood chamber. Depending on the species, the Maculinea caterpillar 
then may live as an obligate carnivore on ant larvae, or is fed directly by the ants 
for the next 10 months (Thomas & Wardlaw, 1990; Thomas et al . ,  1991; Elmes et 
al.,  1991). Although in this system, any Myrmica ant species will take any species 
of Maculinea caterpillar into the nest, as a rule each species of caterpillar can 
survive only in the nest of a specific species of Myrmica (Thomas et al . ,  1989). 
Thus, there should be strong selection on Maculinea caterpillars to form 
symbioses with the appropriate species of Myrmica ant. 

The use of sound in ant communication systems may function to enhance 
alarm reaction, recruit workers, or enhance other means of communication and 
behaviours (Baroni-Urbani et al.,  1988; Holldobler & Wilson, 1990). As 
caterpillar calls are known only among butterfly species that form symbioses 
with ants, these calls are thought to function in the maintenance of ant 
symbionts (DeVries, 1990, 199 1 a).  From these observations arises the question of 
whether caterpillar calls can function to attract specific taxa of ants. 
Investigation of the obligate, species-specific nature of the Maculinea-Myrmica 
system provides the first opportunity to compare caterpillar and calls, and test 
whether there has been evolution within a genus of butterfly caterpillars to 
produce calls that mimic those of their specific host ants. 

This preliminary study examines the acoustical calls of the Maculinea-Myrmica 
system in four ways. First, to determine general call convergence, the call 
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characteristics of Maculinea and Myrmica, plus several distantly related 
caterpillars and ants are compared statistically with respect to pulse rate, pulse 
length, dominant frequency and bandwidth. Secondly, to examine if there has 
been convergence between the calls of Maculinea and Myrmica, the acoustical 
characteristics of four species of Maculinea caterpillar calls are compared with the 
calls of four species of their obligate host Myrmica ants. Third, we discuss the 
general function of caterpillar calls with respect to forming symbioses with ants, 
and specifically what mechanisms are likely to mediate the obligate, parasitic 
symbiosis that Maculinea caterpillars form with Myrmica ants. Finally, we suggest 
that understanding the evolution and function of calls in the Maculinea-Myrmica 
system depends upon developing a phylogeny for both butterflies and ants. 

MATERIALS AND METHODS 

Caterpillar and ant calls were detected and recorded with a Bennett-Clark 
( 1984) particle-velocity microphone using the methods described in DeVries 
(1991d)) and analysed subsequently with a Data 6000A Universal Wave Form 
analyser with a sampling rate of 10 kHz. The caterpillars and ants used in this 
study were obtained from stocks maintained at the Institute for Terrestrial 
Ecology (England) , or from field-collected material originating from Westerwald 
(Germany), Barcelona (Spain), California (U.S.A.) and Barro Colorado Island 
(Panama). 

The pulse rate, dominant frequency, pulse length and bandwidth at 10 dB 
below peak were measured for each call of five Maculinea and four Myrmica 
species. Additionally, call characteristics of Lysandra hispana and Plebulina 
emigdonis caterpillars and the ant Atta cephalotes were measured for comparative 
purposes. Descriptive statistics were done by taking ten measurements for each 
variable from a single individual per species, and then computing the means and 
standard deviations (Table 1) .  Pooled calls of all caterpillar and ant species were 
compared with a Mann-Whitney U-test for each variable measured. 

The similarity between Maculinea caterpillar and Myrmica ant calls was 
estimated in two ways. First, in order to reduce the number of variables, the calls 

TABLE 1 .  Measurements of call characteristics for seven caterpillar species and five ant species. 
Abbreviations: pr = mean pulse rate, df = mean dominant frequency, pl = mean pulse length, 
bw = mean bandwidth. (SD) = standard deviation for call characteristics, and reported to the 

right 

Taxon pr ( f S D )  df ( f S D )  pl ( f S D )  bw (fSD) 

Maculinea rebeli 
Maculinea arion 
Maculinea alcon 
Maculinea teleius 
Maculinea nausiihous 
Lysandra hispana 
Plebulina cmigdonis 
Myrmica sabuleti 
Myrmica ruginodis 
M m i c a  rubra 
Myrmica scabrinodis 
Atta cephalotes 

3.45 2.47 
4.65 1.39 

10.94 1.40 
8.47 0.49 

13.58 1.41 
15.55 3.14 
9.92 2.83 

21.86 2.80 
29.77 4.37 
22.17 6.69 
42.55 2.89 

6.50 0.38 

460.0 
350.8 
336.4 

1501.9 
1461.3 
118.2 
546.8 
954.9 
53 I .2 
883.4 
572.8 

1249.6 

162.37 
83.60 
15.86 

119.74 
36.77 
17.35 
13.00 

541.60 
203.43 
369.13 

19.17 
398.50 

76.0 7.50 593.6 
63.9 6.14 425.0 
20.0 2.36 600.6 
29.0 3.50 722.1 
23.8 2.04 1734.5 
68.3 14.16 467.3 
18. I 1.80 164.1 
36.8 6.09 1303.9 
18.7 4.79 936.1 
32.1 8.58 1147.6 
18.0 1.16 1025.5 
79.3 15.01 113.8 

77.12 
151.70 
212.17 
169.71 
42 I .20 
126.64 
69.42 

291.78 
323.34 
440.47 
275.41 
380.55 
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of four caterpillar species and their four obligate host ants were compared using 
principal component analyses. The two components which explained most of the 
variance were then plotted to determine whether a species was most similar to its 
obligate host for those variables. Secondly, using the raw data the calls were 
compared by tabulating how many times each variable measured for a given 
caterpillar species was more similar to a wrong host ant than to the correct one. 

RESULTS 

We found that, overall, caterpillar and ant calls have both similarities and 
differences with respect to the variables measured (Fig. 1, Table 1) .  The mean 
pulse rates for caterpillar calls ranged from 3.45 to 15.55 pulses s - '  and ant calls 
ranged from 6.5 to 42.55 pulses s- ' ,  Mean dominant frequencies for caterpillar 
calls ranged from 118.2 to 1501.9 Hz, and ant calls from 531.2 to 1249.6 Hz. 
Mean pulse length ranged from 1.8 ms to 76.0 in caterpillar calls, and 18.0 to 
79.3 ms in ant calls. Mean bandwidth ranged from 164.1 to 1734.5 Hz in 
caterpillar calls, and 113.8 to 1303.9 Hz in ant calls. 

Our measurements indicated that caterpillar call characteristics may mimic 
the general calls of ants with respect to certain variables. Pooled comparisons 
showed that ant calls had a significantly higher pulse rate and greater 
bandwidth than did the caterpillar calls (Fig. 1, Table 2). However, the pulse 
length and dominant frequencies did not differ significantly between caterpillars 
and ants (Fig. 1, Table 2). No ant larva or pupa of any species produced a call. 

The principal components analysis of four Muculineu-Mynnicu species pairs 
produced no compelling evidence suggesting fine-level convergence of particular 
caterpillar calls upon those of their specific host ant species. Call convergence 
was suggested in only one of the four host-parasite pairs; in the other three cases, 
the parasitic caterpillars plot more closely to 1-3 incorrect ant species than to an 
appropriate host (Fig. 2). In this set of data principal component I was 
explained primarily by variation in pulse length, pulse rate and bandwidth, and 
principal component I1 was explained primarily by variation in dominant 
frequency (Table 3). The first two principal components explained 76.9% of the 
variance in the original data; two additional components explained only a small 
portion of variance and were not included. However, while caterpillar and ant 
calls were not convergent at the level of species pairs, this analysis showed that 
Muculineu caterpillar and Myrmica ant calls are, in general, broadly similar with 

TABLE 2. A pooled comparison of all caterpillar and ant calls with 
respect to four variables. All degrees of freedom = 1 

~ ~ 

Variable Croup Rank sum U P 

Pulse length Caterpillar (40) 

Dom. frequency Caterpillar (40) 

Pulse rate Caterpillar (40) 

Bandwidth Caterpillar (38) 

Ant (40) 

Ant (40) 

Ant (40) 

Ant (40) 

1787.0 
1453.0 967.0 0.108 
1632.0 
1608.0 812.0 0.908 
833.5 

2406.5 14.0 < 0.001 
1165.5 
1915.5 425.0 < 0.005 
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Figure 1 .  Waveforms of substrate borne lycaenid butterfly caterpillar and myrmicine ant calls. 
Notice the general similarity of the form of most caterpillar and ant calls. Abbreviations: M = 
Maculinea, L = Lysandra, P = Plebulina, My = Myrmica, Atta = Atta ccphalotes. Note-sonograms of 
Myrmica rubra calls have been published by Le Roux (1977) under the name M .  lacvinodis. 

respect to the variables we measured, and thus making it likely that caterpillar 
calls can be detected by ants. 

A tabular comparison of single variables also expresses a lack of fine-level 
similarity between calls of caterpillars and their appropriate host ant species 
(Table 4). For each variable, the proportion of times that a caterpillar species is 
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Figure 2. Principal component plot of the calls of four caterpillar species and their obligate host ant 
species. If Maculinca calls have converged upon those of their correct host M’icu ant species they 
should cluster together. Note that while the distribution of caterpillar and ant calls overlap on both 
axes, there is a disparity with respect to correct host-parasite associations. Upper and lower cast 
forms of the same letters represent correct species pairs. Abbreviations: a = Maculinca arion, A = 
M F i c a  sabukti, b = Maculinca alcon, B = M m i c a  ruginodis, c = Maculinca tcleius, C = Myrmica 
scabrinodis, d = Maculinca nausithous, D = M’ica rubra. 

TABLE 3. Principal-component loadings for the four call 
variables of obligate Maculinca and M y m i c a  species pairs 

Principal component 

Variable I I1 

Pulse length 
Pulse rate 
Dominant frequency 
Bandwidth 

-0.822 0.226 
0.741 -0.525 
0.300 0.860 
0.703 0.450 

Proportion of variance explained 45.2 31.7 
Cumulative variance explained 45.2 76.9 

TABLE 4. Comparison of caterpillar and ant calls based 
on single variables. Each value represents the number of 
times the call of a given caterpillar was more similar to 
the wrong host ant than to the correct one. A score of 0 
indicates a caterpillar call was most similar to the correct 
host. The correct caterpillar-ant association is: 
arion-sabukti, alcon-ruginodis, nausithous-rubra and 

tclciw-sca brinodis 

Variable alcon anon naw’lhous l~lt ius 

Pulse length 0 0 2 3 
Pulse rate 2 0 1 3 
Dom. frequency 0 3 I 2 
Bandwidth 2 1 3 0 
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most similar to its appropriate host ant is about that expected by chance in a set 
of four species pairs (correct caterpillar-ant association is arion-sabuleti, 
alcon-ruginodis, nausithous-rubra and teleius-scabrinodis) . The expected proportion 
is 4 in 4, whereas the observed proportions were 2 in 4 for pulse length, and 1 in 
4 for pulse rate, dominant frequency and bandwidth. 

DISCUSSION 

Acoustical and vibrational signals can be fundamental to species recognition 
in insect communication systems (Markl, 1983; Gogala, 1985; Dambach, 1989). 
For example, both air and substrate borne call components are integral to 
courtship and mate recognition in some tropical katydid species (Morris, 1980; 
Belwood, 1990). Vibrational signals are used typically in ant communication 
systems upon finding food, and when an individual ant is stressed-as when 
under attack or buried in the soil (Markl & Holldobler, 1978; Baroni-Urbani et 
al.,  1988; Holldobler & Wilson, 1990). Here the ant calls function to recruit 
nestmates to food resources, help defend the colony, or to unearth a trapped 
worker. Eliciting any of these responses might benefit a caterpillar that gains 
symbiotic protection from ants by maintaining them nearby (DeVries, 1990, 
199 1 a, b) . 

The behavioural interactions between Maculinea caterpillars and Myrmica ants 
are complex, both before adoption into the ant colony and during the ensuing 10 
months underground. As obligate parasites of one species or genus of ant, one 
might expect the calls produced by caterpillars to resemble closely the calls of 
their host ant species. The pulse lengths and dominant frequencies of caterpillar 
and ant calls (Fig. 1, Tables 1,  2) suggest that Maculinea calls have converged in 
a general manner on those produced by members of the genus Myrmica. 
However, our analysis showed little or no fine-level convergence between 
caterpillar calls and those of their obligate host ant species (Figs 1, 2, 
Tables 1 4 ) .  Had the calls of a particular parasitic Maculinea species converged 
on those of it specific Myrmica host, it should have plotted more closely to its host 
species than to other ant species in whose nest the caterpillars will not survive 
(i.e, Fig. 2), or shown greater similarity of characteristics than simple chance 
alone (Table 4). Thus, even with strong selection on Maculinea caterpillars to 
parasitize a specific host ant species (e.g. Thomas et al., 1989; Elmes et al.,  1991), 
there was no compelling evidence detectable in this study to suggest that 
caterpillar calls are critical to attracting the correct host ant. However, as ant 
recording was done by restraining individual ants, we do not know whether an 
unstressed ant would produce call characteristics more similar to those of 
caterpillars, 

This preliminary study provides a first step toward understanding the role 
Maculinea caterpillar calls play in their symbioses with Myrmica ants. We have 
established that, even though they produce calls by different means, caterpillar 
calls are surprisingly similar to the stridulations of adult ants (Fig. 1, Tables 1, 
2). Thus, this is the first occasion in which Maculinea calls are shown to mimic 
those produced by adult Myrmica ants. Ant vibrational signals ranging from a 
few hundred Hz to a few kHz can elicit behavioural changes in coworkers 
(Markl, 1970; Fuchs, 1976a, b; Markl & Holldobler, 1978). As these 
frequenceies are encompassed by the calls of Maculinea and other 
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myrmecophilous caterpillars (Table 1 ; DeVries, 199 1 a) ,  caterpillar calls may 
elicit responses in ants similar to the attraction shown toward vibrational signals 
produced by nestmates. The exact function of Maculinea calls in mediating their 
symbioses with ants remains unknown, but Maculinea calls probably function in a 
manner suggested for other butterfly-ant systems (DeVries, 1988, 1990, 1991 a) ;  
to enhance symbiotic association without influencing the species-specific nature 
of the interaction. 

Once an ant has found a caterpillar, several observations suggests that 
chemical, rather than acoustical signals will prove fundamental to mediating the 
species-specific duping of Myrmica ants by Maculinea caterpillars. First, the 
chemical recognition signals among Myrmica species consist of essentially the 
same chemical components, but vary in concentration between species 
(Cammearts el al., 1978; Winterbottom, 1980). This similarity helps explain why 
foraging workers will retrieve the larvae of any Myrmica species encountered if 
they are placed above ground (G. W. Elmes, personal communication). 
Secondly, individual Myrmica workers treat both their own larvae, and the 
caterpillars of Muculinea in a similar fashion when removed from the nest under 
laboratory conditions-they are dragged back to the brood chamber and 
deposited among developing ant larvae. Ants treat caterpillars as if they were 
larvae from an ant nest, even though a caterpillar may have ten times the mass 
of the ant. The analyses of call characteristics, together with the observations 
above strengthen the idea that each species of Muculinea caterpillar survives only 
in the nest of a single Myrmica species because of particular chemical cues used by 
ants to recognize and adopt their sisters, larvae, and possibly queens 
(Holldobler, 1978; Thomas et ul., 1989; Elmes et al., 1991). 

The Maculinea-Myrmica system has provided a useful model for understanding 
the ecology and evolution of specificity in caterpillar-ant symbioses (e.g. Thomas 
et al., 1989; Elmes el al., 1991). Here we used this system to consider ideas about 
the evolution and function of calls in caterpillar-ant symbioses. Our preliminary 
results provide little indication for convergence of parasitic caterpillar calls upon 
those of obligate ant hosts. Perhaps a study with a larger sample and more 
detailed analyses would show otherwise. However, we feel that our 
understanding of call evolution in Maculinea caterpillars is impeded by a lack of 
phylogenetic information. There are six species in the genus Muculinea (Thomas, 
1992), and 40-50 species in the genus Myrmica (Bolton & Collingwood, 1975), 
neither group with well-defined relationships. When resolved phylogenetic 
hypotheses and sister group relationships of both Muculinea and of Myrmica 
become available, the questions presented here can be addressed directly. For 
example, a phylogeny based on morphological or biochemical charcters will 
make it possible to track the evolution of caterpillar call characteristics on the 
one hand, and those of ants on the other. This information can, in turn, then be 
used realistically to search for parallel transformation in Maculineu and Myrmica 
with respect to their calls by plotting call characteristics on cladograms. Given 
the intimate relationship of Maculinea and Myrmica, we would not be surprised to 
find that Myrmica calls resemble those of Maculinea more closely than those of the 
sister group of Maculinea, whatever that group may prove to be. Finally, a 
phylogeny will also provide a framework for investigation of the evolution of 
semiochemical cues in this host-parasite system. Thus, our opinion is that the 
resolution of these types of questions must await future phylogenetic information. 
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