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1. Functional reference in primate alarm calling systems

Functionally referential alarm calling systems have been documented in a number of primate species. Vervet monkeys, Diana monkeys, Campbell’s monkeys and ringtailed lemurs all produce at least two acoustically distinct alarm call types in response to different types of predators, usually ground and aerial predators (Seyfarth et al., 1980; Zuberbühler, 2000, 2001; Pereira & Macedonia, 1990). Redfronted lemurs and white sifakas also have a specific alarm call for raptors but produce a more general call associated with high arousal in the face of ground predators and to other forms of disturbance (Fichtel & Kappeler, 2002). Functionally referential systems exhibit a high degree of production specificity, discrete structure and context independence and have the potential to designate external objects or events. A functionally referential alarm calling system provides conspecific listeners with sufficient information about the eliciting stimulus to enable them to respond to alarm calls as though they had direct evidence of the presence of the predator and do not require additional contextual information for selection of the appropriate anti-predator response. 

2. Alarm calling in male putty-nosed monkeys

We investigated the alarm calling system of wild putty-nosed monkeys in Gashaka Gumti National Park, Nigeria. We used playback methods to simulate the presence of two of their natural predators, crowned eagles and leopards. Male putty-nosed monkeys have two loud call types, ‘pyows’ and ‘hacks’. Hacks were strongly associated with playbacks of eagle shrieks while pyows were commonly associated with playbacks of leopard growls. However, both call types occurred within alarm calling series to both predators. In addition, hacks were given to a wide range of disturbing stimuli including falling trees, unfamiliar loud noises, baboon fights and harmless birds. Pyows were given in an even wider range of contexts and appear to have multiple functions including intergroup communication. Unlike alarm calling in other guenon species, the calls of male putty-nosed monkeys are not functionally referential and are, at best, only probabilistically associated with predators of different categories.

3. Alarm call sequences

When we examined the call series in detail, we found a number of regularities in calling patterns. The two call types formed part of three basic sequences: (a) hack sequences, consisting only of hacks, (b) pyow sequences, consisting only of pyows and (c) pyow-hack (P-H) sequences, consisting of between one and four pyows followed by between one and four hacks. These three basic sequences could be combined to form more complex call series. Transitional series consisted of a hack sequence followed by a pyow sequence while hack, pyow or transitional series could be interrupted by a P-H sequence at different locations. The insertion of P-H sequences appeared to follow certain rules. P-H sequences were inserted after around five hacks in an otherwise pure series of hacks, at the transition point in a transitional series, at the beginning of an otherwise pure series of pyows or they were given alone. In addition, the stereotypical ordering of the calls and temporal markers made them particularly conspicuous within call series. Furthermore, we have demonstrated, both experimentally and observationally, that P-H sequences function to instigate group movement in predatory and nonpredatory contexts. Whereas ‘meaning’ clearly does not reside in individual calls in this species, the P-H sequence offers the possibility that functional reference can evolve at higher levels of signal organisation. 
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