Variability in acoustic signals of Kamchatkan killer whales  (Orcinus orca): behavioral context and vocal dialects
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The killer whale (Orcinus orca), as well as most  Delphinidae species, has a large vocal repertoire. Sounds of killer whales fall into three main classes: clicks, whistles and pulsed calls (Ford 1989). Clicks are used mostly for determination of distance to the objects by echolocation, whistles – for close-range communication (Thomsen et al. 2002), and pulsed calls – for close- and long-range communication (Ford 1991). The majority of killer whale pulsed signals fall into discrete structural categories. Long-term investigations of killer whale acoustic behavior in different parts of the world, such as Canada (Ford 1984, 1991), Alaska (Yurk et al. 2002), and Norway (Moore et al. 1988), showed that each pod has its own unique repertoire of discrete calls, a vocal dialect which passes from mother to offspring by vocal learning. Thus, variability in acoustic signals of killer whales depends on two factors: behavioral context and group affiliation. Ford (1991) showed that the percentage of different types of signals varies depending on the behavioral context, but he didn’t find the exact connection between particular signals and the specific type of activity. Weiss and Ladich (2003) demonstrated the dependence of the killer whale’s vocal activity on the number of groups present and the acoustic characteristics of the area, and also on the direction of movement – to the core area or away from it. At the same time, variations in usage of discrete calls can depend not on behavioral context, but on the vocal dialect of the group (Ford 1989). The objective of this study was to uncover and describe quantitatively behavioral and group-specific variability in the acoustic signals of Kamchatkan killer whales.

The acoustic materials and data being used for this study were collected around Starichkov Island in the Central Avacha Gulf of Kamchatka Peninsula in 1999-2003.
Underwater sound recording was conducted from an inflatable boat using a Sony TCD-D100 DAT recorder with a mono-hydrophone (Offshore Acoustics, Canada) with a frequency range from 10Hz to 40kHz. Recordings were made with a sampling frequency 44,1. Spectrographic analysis was carried out by means of digital sonograph Avisoft-Sonograph Pro. The photographic identification method (Bigg et al. 1983) was used for individual killer whales and temporal group identification.
It is impossible to define the direction of underwater sound while recording with an omni-directional hydrophone, so we couldn’t identify the source of each call and assign it to a particular animal. To define the behavioral context we determined the type of activity for the whole group. We defined the following types of activities: traveling (all animals moving in the same direction in a tight or dispersed group), foraging (chaotic diving in the same place or “carousel” hunting), socializing (breaching, tail-slaps, floating on the side and on the back), resting (floating on the surface or slow moving, rarely diving). Sounds were classified according to the following categories: echolocation clicks, whistles, discrete calls, variable calls, aberrant discrete calls. We also identified underwater tail-slaps, presumably used during foraging (Domenici et al. 2000). Discrete calls were divided into types and subtypes according to the existing classification (Filatova et al. in press).

For the seven groups which were recorded separately and could be distinguished, we identified the individual group repertoires. The similarity of call repertoires between pods was measured by calculating an index of the degree of call sharing. The index values were then used to calculate a dendrogram of the hierarchical structure of acoustic similarity.

For the analysis of the dependence of the acoustic signals on the behavioral context, recordings were divided into 10-sec periods. In each period we fixed the number of sounds of each type (number of echolocation clicks was estimated on a scale from 0 to 3), and also activity type and structure of the group.

We found a strong correlation between acoustic signals and the activity state. The greatest number of echolocation clicks occurs during foraging, and the least – during resting. Discrete calls were found only during foraging and traveling (except the type K1, which was also used during socializing). During foraging, discrete calls were used twice as frequently as during traveling, which is presumably caused by the necessity of coordinating group activity during chasing fish. We didn’t find an exact connection between particular discrete call types and the type of activity, but some types tended to be used mainly during a certain activity state.For example, sound type K3 and K20 were found mainly during foraging, and types K4 and K13 – during traveling. At the same time, group affiliation of the animals exactly defines the repertoire of discrete calls used by them. Socializing greatly increases the amount of variable and aberrant calls. But the amount of whistles was nearly the same during foraging, traveling and socializing. In this connection we can suppose that whistles are used for coordination of activity and communication at close range, and variable and aberrant calls – for the expression of emotional state during socializing. Underwater tail-slaps occur mostly during foraging, which fits with the hypothesis of their usage for stunning fish. 

Some categories of acoustic signals show a dependence on the group structure. The number of echolocation, whistles and discrete call types K1 and K4 increases when the group is divided into many small subgroups (from one to four animals). When groups consist of one or several big subgroups, the total vocal activity is lower. The only discrete call type, which is found in this situation more frequently, is K3, typically used during all-group coherent foraging.

Thus, dependence of a killer whale’s acoustic signals on the behavioral context occurs mainly at the level of sound categories (such as clicks, whistles and discrete calls) and only in part – at the level of discrete call types. The usage of different discrete call types, however, is unambiguously defined by the group affiliation of animals.
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