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Dialect Change in Resident Killer Whales: Implications for Vocal Learning and Cultural Transmission

· This paper looks at the possibility that horizontal transmission of modifications between 2 groups may be taking place as opposed to just vertical transmission
· Analyzed 2 call types (N4 and N9) used by 2 matrilineal social groups over 12-13 years (A12 and A30 matrilines)

· Ford documented that groups of related matrilines called pods have unique vocal repertoires and documented various levels of discrete call types between pods
· Shared calls often show subtle variation between different matrilines within the same pod

· Ford found that at the level of the vocal repertoire dialects are quite stable since he detected no differences in call types used by different groups over 30 years

· This study will be the first to look at the structure of discrete calls with time

· Structural variation suggests that structure of discrete call types changes over time

      OBJECTIVE 1


Determine the rate of structural change of call types (If samples are further apart in time they should be less acoustically similar)

      OBJECTIVE 2

Test for the divergence of call structure in the 2 groups (determine the rate of vocal divergence between the groups by comparing calls and measuring acoustic similarity at various times)

      OBJECTIVE 3


Determine which structural parameters are important in neural network discrimination

· Directional change in structure may suggest maturational change in call type whereas Non-directional change could result in cultural drift in the structure of calls if calls are learned
· If calls are learned and passed between the 2 groups, structural parameters should show parallel trends in the calls of the 2 groups
METHODS
· 1984-1998

· Analysis restricted to recording sessions where only one matriline was within recording range

· They discussed researching with in B.C. W.W. guidelines… good
· Neural Network Analysis: a method of pattern recognition that allows the classification on unknown patterns based on information from a known training set

· An index of similarity

· An index value of 0 would indicate that the neural network detected consistent structural differences between the call samples compared

· A value of 0.5 indicates no consistent variation and discrimination was no better than random

Test for Call Modification:

· To test whether calls had been modified over the 12-13 year test period, used a linear regression model to determine rate of call modification = rate of decrease of time of acoustic index
· A one tailed t-test was used to determine whether the acoustic similarity index showed a significant decrease with time
· They explained why they used a one tail t-test: Because similarity indices were around 0.5 i.e. discrimination is no better than chance
Test for Call Divergence:

· To determine if the similarity of calls of the 2 matrilines changed over time – they trained neural networks to discriminate between calls
· They tested if rate of divergence was significantly lower than the rate of call modification in the 2 groups (used a one tailed t-test)
Analysis of Call Structure:

· They analyzed the structure of calls to determine if call modification had been occurring; 4 parameters of the call were looked at:
1) Pulse repetition rate at t = 85 % of call length (plateau pulse repetition rate)
2) Duration of call (call length)
3) Highest pulse repetition rate in the call (maximum pulse repetition rate)
4) The relative position of this maximum in the call (position of maximum)
Fig. 1

· Used a sign test to test for differences between consecutive years to test for monotonic change in the structural parameters
· They test for parallel changes in the calls in the 2 groups
RESULTS
Test for Call Modification

N4 Call Type

A12- Acoustic similarity index = 0.23-0.55

A30- Acoustic similarity index = 0.21-0.52

· Variation between samples became more consistent with increasing time between them –so- both matrilines modified the structure of their N4 call type over a period of 12-13 years

N9 Call Type

A12- Acoustic similarity index = 0.25-0.54

A30- Acoustic similarity index = 0.23-0.53

· Unlike N4, similarity ratings for N9 did not change with increasing time between samples –so- N9’s structure did not change detectably over time

Test for Call Divergence

N4 Call Type

Figure 2c suggests that the similarity of the N4 calls of the A12 and A30 matrilines did not change substantially over time

In fact, regression showed a positive slope, meaning they got similar (if anything) <- this is not significant

N9 Call Type

Discrimination errors 0.21-0.46 mean = 0.38

Differences in the rate of call modification in the 2 groups and the rate of vocal divergence between them were not significant

Analysis of Call Structure


(the 4 parameters)

N4 pronounced changes from one year to another; no correlation was significant
DISCUSSION
The acoustic similarity of samples of N4 calls decreased consistently in both A12 and A30 matrilines with time

This shows that discrete calls of resident killer whales are not static behavioral traits, but are indeed subject to change over time
Change occurs not only on the level of call repertoire, but also in the structure of individual call types
N9 calls showed no variation for either group- this indicates that the rate of call modification is not the same for all discrete call types
