Vocalizations of Kamchatka killer whales: structure and dialects.
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Killer whales (Orcinus orca) are highly socialized animals, which has led to the development of a complicated system of acoustic signals which are more effective than visual signals at long-range underwater communication. Orcas produce a great variety of sounds including echolocation clicks, whistles and pulsed signals. Clicks are short impulses usually emitted in series and used for echolocation. Whistles are sounds based on a tonal format without pulsed structure; they appear in spectrographic analysis as a narrowband tone with or without harmonics. Pulsed signals have a highly expressed harmonic structure with a fundamental frequency equivalent to the pulse repetition rate, and a dominant frequency to the initial oscillation frequency. There are also some intermediate sounds without a highly expressed pulsed structure but with a clear harmonic constitution. Many of them contain more energy in the higher harmonics rather than in the fundamental frequency, as in the pulsed tones. O. orca sounds often have abrupt frequency shifts, many of them also include a whistle component, which allows them to vary the structure of acoustic signals in different

ways.

The long-term invesigations of O. orca acoustic behaviour in different parts of the world (Canada, Alaska, Norway) provide evidence for the existence of a system of vocal dialects unique for each population. The purpose of our research is to study the structure of the acoustic repertoire of the Kamchatka O. orca population(s) and to compare it/them with the repertoires of orcas from other parts of the world. In this work the classification of O. orca acoustic signals is based on recordings in the Avacha Gulf (southeast Kamchatka, Russian Far East) in 1999, 2000 and 2001. For the individual recognition of recorded animals the photo-identification method was used. Spectrographic analysis was made using digital sonograph Avisoft-Sonograph Pro v. 2.7. Initial sound classification was based on the acoustical properties of signals and the structural features of sonograms. The following parameters were measured from the sonogram: total sound duration; initial, middle and final frequency; minimum and maximum frequency. The discriminant analysis was made using the program Statistica 5.0. Then the results of sound classification were compared with information obtained by photoidentification of each group that we met. 

We have found that the acoustic repertoire of Kamchatka O. orca is organized according to a hierarchical principle: the majority of sounds can be classified into discrete categories with greater or lesser variability in sound structure, allowing us to discern from one up to five subtypes. Besides that, other calls are used, including "aberrant" calls which represent strongly modified discrete signals, and "variable" calls which are not repetitive and do not fit in with one of the discrete types.

Most of the discrete types of sounds appeared to be shared by the majority of groups, and each group can use one as well as several subtypes. At the same time some types have appeared to be unique for particular orca groups; this allows us to predict the existence of a system of vocal dialects for the Kamchatka O. orca population(s). We are gradually obtaining data for the detailed description of the acoustic repertoire for each group in spite of the difficulty of making recordings for each of the many groups covering all behavioural contexts.

