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  In spite of its importance for the understanding of the evolution of sound communication, information concerning the vocal world of
crocodilians is limited. Experimental works have brought evidence of the biological roles of juvenile sound signals, with "hatching calls"
eliciting care by the mother and synchronizing clutch hatching, "contact calls" gathering groups of juveniles, and "distress calls" inducing
maternal protection. Recently, we investigated the question of species-specific information coding within juvenile calls. The analysis of signal
acoustic structure shows inter-specific differences between calls. However, using playback experiments, we bring the evidence that these
differences are not relevant to animals, either juveniles or adults. By using calls modified in the temporal and the frequency domains, we isolate
the acoustic cues necessary to elicit a behavioral response from receivers, underlying the importance of the frequency modulation slope.
Considering previous results underlying the absence of information about individual identity in juvenile calls, we make the hypothesis that these
signals basically support a "crocodilian" identity.
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INTRODUCTION 

The vocalizations of crocodilians play a major role in interactions between juveniles and adults (Vergne et 
al. 2009). Juvenile crocodilians utter a variety of communication sounds that are classified into the following main 
categories: (1) “hatching calls”, which solicit the parents at hatching and act as synchrony signals among siblings; 
(2) “contact calls”, which maintain cohesion among juveniles; (3) “distress calls”, which induce parental protection 
(Britton 2001, Garrick et al. 1982, Herzog & Burghardt 1977, Hunt & Watanabe 1982; see Vergne et al. 2009 for a 
review). 

Recent experimental studies have focused on the acoustic structure and the biological roles of these juvenile 
signals (Britton 2001, Vergne and Mathevon 2008, Vergne et al. 2007, 2011, 2012). In the present paper, we 
investigate the question of information coding in contact calls. Specifically, we examine the question of species 
identity. As contact calls are used by the group of juveniles to gather, they are mostly directed towards other 
conspecifics (Vergne et al. 2011). It is likely that these calls bear some specific cues allowing juveniles to identify 
the caller species. Indeed and although few crocodile species are truly sympatric, species-specific cues could avoid 
inter-specific attraction. Moreover, variations due to genetic drift can arise. From a phylogenetical point of view, 
Crocodilians are split into two main families: Crocodilidae (e.g. Nile crocodile Crocodylus niloticus) and 
Alligatoridae (e.g. American Alligator Alligator mississipiensis, Black caiman Melanosuchus niger). It is thus likely 
that juvenile calls show a closer acoustic structure within each crocodilian family. 

Using signal analysis and playback experiments with natural and synthetized signals, we checked the 
existence of species-specific cues within juvenile calls of crocodilians, and investigated the acoustic parameters of 
juvenile contact calls that elicit a behavioral response from receivers. Here we report that these calls have an 
interspecific value, showing the existence of a shared coding rule across Crocodilidae and Alligatoridae species. 
 

MATERIALS AND METHODS 

Sound Recording and Analysis 

We recorded contact calls from young juveniles of three different species (Nile Crocodile, Spectacled Caiman 
Caiman crocodilus, and Black Caiman) and analyzed their acoustic structure in both frequency and temporal 
domains by measuring seven acoustic parameters (Figure 1; for details of the analysis, see Vergne et al. 2009, 
Vergne et al. 2012). We then performed a multivariate analysis (principal component analysis followed by cross-
validated discriminant function analysis) to assess the potentiality for a species-specific signature in the calls. 
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FIGURE 1. CONTACT CALL FROM A JUVENILE NILE CROCODILE. (a) spectrogram, (b) frequency spectrum, (c) 
oscillogram. The measured acoustic parameters were the call duration (DT), the maximal frequency value (F0max), the ending 
frequency value (Fend), the slope of the first temporal quartile of the call (Slope 1), the slope of the last three quartiles of the call 
(Slope 2), the spectrum bandpass (Bandpass) and the frequency at the maximum amplitude (PicF). 

 

Playback Experiments 

Using an experimental set up in our laboratory, we challenged juvenile Nile crocodiles (aged 1 month, N = 16) with 
the following experimental signals (see below: Figure 2): 

- contact calls of juvenile Nile crocodiles (control sound), 
- contact calls of juvenile spectacled caimans and black caimans, 
- white noise (same mean duration and same mean frequency bandwidth as control sound), 
- Nile call without amplitude modulation (“noAM” call in Figure 2), 
- Nile call without frequency modulation (the amplitude modulation and the distribution of energy among the 

frequency spectrum were as in control sound;  “FM1” call in Figure 2), 
- Nile call without harmonic structure (only the first harmonic of the control sound was preserved;  “FM1” 

call in Figure 2), 
- Temporally reversed natural sound  (“Srev” call in Figure 2), 
- Temporally reversed version of the Nile call without harmonic structure (“1Hrev” call in Figure 2), 
- Nile call with a frequency modulation slope reduced by one-third compared to the natural slope  

(“SLOPE1” call in Figure 2), 
- Nile call with a frequency modulation slope reduced by a half  (“SLOPE2” call in Figure 2), 
- Nile call without any frequency modulation or harmonics series (“FM2” call in Figure 2). 

To limit habituation, each individual received a maximum of half of the playback tests. 
Each test was done at dark, with the tested animal placed alone in a tank (120*180*50 cm, water temperature = 
30°C, 12h day/12h night). 
 

RESULTS AND DISCUSSION 

Although they share the same general structure (complex sounds with descending frequency modulation), 
calls of the recorded species can be easily distinguished on the basis on their acoustic features: 96% of the Nile 
contact calls, 88% of the Black caiman contact calls and 80% of the Spectacled caimans calls were correctly 
classified by a cross-validated discriminant function analysis. 
However, juvenile Nile crocodiles were attracted to the loudspeaker whatever the species of the played-back calls (4 
individuals attracted towards the loudspeaker out of 5 animals tested in response to black caiman calls, 4 individuals 
out of 5 in response to spectacled caiman calls, 4 individuals out of 5 in response to Nile crocodile calls). 
Conversely, response to white noise was mostly inexistent. This result underlines that calls of other species bring 
sufficient information to elicit a behavioral response from juvenile Nile crocodiles. 
As shown by Figure 2, playback experiments using synthetic signals clearly demonstrate that the shape of the 
frequency modulation is a key parameter eliciting a behavioral reaction from juvenile crocodiles. When the original 
modulation was affected, either suppressed or modified, the signals hardly induce a response. Conversely, a call 
with an altered frequency spectrum (no harmonics) but that kept the original frequency modulation shape was as 
efficient as the control sound (Figure 2). 
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FIGURE 2. BEHAVIORAL RESPONSES OF JUVENILE NILE CROCODILES TO EXPERIMENTAL SOUNDS. 
Tested animals respond equally well to contact calls of the three species, by approaching the loudspeaker. They were also highly 
tolerant to modifications of the acoustic structure of the calls. Specifically, they ignore modifications of the distribution of energy 
among the frequency spectrum. Conversely, they seem highly sensitive to the slope of the frequency modulation.  

 
 
With this experiment, we demonstrate that juvenile calls of crocodilians share the same information code. It 

is likely that evolutionary constraints, e.g. those coming from species sympatry, were not sufficient to drive a 
divergent evolution between calls of different species. However, our experiments have been made in an artificial set-
up, where the motivation of tested animals could be different than in the wild. It thus remains to perform playback 
experiments in natural conditions as it is possible that juvenile crocodilians could be more reluctant to react to other 
species calls in the wild, especially in sympatric conditions. 
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