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Introduction

A matraline is a group of closely related whales linked by maternal decent.  A 

typical matraline consists of an older female matriarch and her offspring.  The daughters 

may have their own young.  A pod is a group of related matraines that likely share a 

common ancestor in the recent past.  Thus, matralines in one pod are more related than 

matralines in other pods.  A clan is a set of matralines that associate and have similar 

dialects.  Communities of killer whales are made up of pods that regularly associate with 

one another.  

Stable kin groups, pods, have a unique vocal repertoire of 7 to 17 discrete call 

types (Ford 1991).  Within pods, matrilineal groups have their own versions of these 

shared call types.  Individual killer whales could have unique voices due to their variation 

of sound producing structures.  Resident killer whales of British Columbia and Alaska 

form acoustical clans.  All pods in a clan share calls (Ford 1991). Resident killer whales 

produce repetitious calls called group dialects (Ford 1991).  Repertoires consist of a 

small number of discrete calls (average 10) and are shared by each related individual 

within a pod (Berta and Sumich 1999).  Social bond strength is directly correlated with 

degree of relatedness and is strongest between mother and calf (Matkin et al. 1999a).  

These calls do not change for several decades (Berta and Sumich 1999).  

Each pod in an acoustical clan has evolved from a common ancestor (Ford 1991).  

Innovations of new calls and loss of old calls accumulated over time (Ford 1991).  This is 



in part due to vocal learning and slight changes accumulate over time.  Strager (1995) has 

found similar use of dialects in Norwegian killer whales.  Resident killer whales produce 

repetitious calls that represent group specific dialects (Ford 1991).  Repertoires consist 

of 7 to 17 discrete calls and are shared by individuals within a pod and do not change 

for several decades (Ford 1991).  The pod-specific repertoire serves as vocal indicators 

of pod affiliation and makes vocal communication within the pod more efficient.  Vocal 

traditions have evolved over generation with related pods descending from a common 

ancestral group though growth and division of the group along matrilineal lines.  

Paralleling these group divergences were divergences of the group’s vocal tradition as 

innovations of new calls and loss of call accumulated over time (Strager 1995).

The Delphinidae family is widely distributed in all the world’s oceans (Berta and 

Sumich 1999).  PWS resident killer whales associate with specific individuals (Matkin et 

al. 1999a).  Resident killer whales of British Columbia and Alaska form acoustical clans.  

Other resident killer whales in the world seem to coordinate in the same types of groups.  

Prince William Sound is a relatively small area, 200-Km at its widest, whereas 

resident killer whales are known to have 750 Km ranges (Bigg et al. 1990).  There are 

two transient, meat eating, populations and a resident, fish eating, population of killer 

whales in Prince William Sound (Saulitis et al. 2000).  Residents use Prince William 

Sound most frequently in July, August, and September (Saulitis et al. 2000).  Like 

British Columbia resident killer whales resident killer whales in Prince William Sound 

travel in pods of 7 to 36 individuals.  Pod specific dialects are present in PWS resident 

killer whales (Matkin et al. 1999a).  In 1997, the estimate for resident killer whales 

using Prince William Sound was 446 (Saulitis et al. 2000).  Letherwood et al. (*1990) 



identified 232 resident killer whales in Prince William Sound including 52 males, 22 

females, 9 calves (born 1986-1987), and 149 juveniles.  Combined mortality rate of the 

three resident pods (AB, AE, and AI) was similar to British Columbia and Washington 

resident killer whales (1.7%).  The AB pod declined from 35 to 23 whales (28 deaths, 

16 births) during Matkins et al. (1999a) study.  However, the AB pod mortality rate 

was significantly higher (7.4%) because of their interference with the long-line fishery.  

Six of the moralities occurred during 1985 and 1986 when there was a conflict with the 

sablefish, Anaplopoma fimbria, fishery (Matkin et al. 1994).  Fourteen of the moralities 

occurred in the year and a half following the 1989 Exxon Valdez oil spill (Matkin et al. 

1994).  A total of 7 deaths in the AB pod, 2 in the AE pod, and one in AI pod brought the 

total population to 221 whales at the end of 1987.  

The AB pod is one of the largest pods in Prince William Sound.  In 1984, 35 

members were known in the AB pod.  There was a decline in the number of individuals 

in the AB pod from 36 to 22 individuals following the Exxon Valdez oil spill (Matkin et 

al. 1999a).  

The AB pod experienced a large loss of its reproductive females after the Exxon 

Valdez oil spill (Matkin et al. 1994).  Some matrilines are nearly extinct as a result of 

these deaths.  Two large matrilines were lost and many of the moralities were juveniles 

(13) and reproductive females (four) and have severely reduced the reproductive potential 

of the pod (Matkin et al. 1999a).  

The detailed separation of social structure in resident killer whales provides 

the unique opportunity for monitoring and modeling their populations.  Lack of male 

dispersal is unique among social mammals (Matkin et al. 1999a).  Different killer whale 



communities use different vocal signals Ford (1984, 1989, and 1991).  A discrete call is a 

call type category.  Ford (1989) identified discrete calls of killer whales as pulsed signals.  

A single call is not continuous but pulsed sounds.  The frequency contour of the call over 

time is displayed on a spectrogram.  The spectrogram shows changes in the rate of the 

pulsed frequency repetition, called the pulse-rate contour.  This repetition rate reflects the 

side band interval (SBI) between the pulses of the call.

Discrete calls and their structural features of resident killer whales can exist for over 

twenty-five years (Ford 1991).  Modified call types diverge more within matrilineal 

groups than between groups (Deeke et al. 2000).  Maturational changes or vertical 

transmission can cause call modification from mother to offspring, cultural drift, and 

horizontal transmission of modifications, between groups, if dialects are a learned trait.  

Cultural drift occurs when calves make mistakes and these changes can accumulate 

over time.  Bowels et al. (?) showed a killer whale calf selectively learned its mother’s 

calls from other killer whale repertoires used in the pool.  The purpose of this study is to 

identify any statistical significant difference in the Alaskan AB resident killer whale pods 

repertoire after the Exxon Valdez oil spill.  I predict a loss in the number of call types, 

relative to before the even, because of a significant loss in pod members from 36 to 22 

individuals.  Loss of pod members means less variation in call usage and abbreviant calls.  

The number of calls used could have declined because of less call use.  If this hypothesis 

is correct, there will be more calls used before the event relative to after the oil spill.  

This study will test if the number of AB pod calls changed after the Exxon Valdez oil 

spill.  I predict that there will be a loss of call due to the significant reduction in number 

of  pod members.  Statistics will test the hypothesis the number of calls is independent of 



year.  Any significant change in the AB pod’s call repertoire could provide evidence that 

environmental change could effect social communication in resident killer whales.  

Methods

Sound waves, alternately compress water and diffuse in the direction from sound 

propagation.  Chief characteristics of a wave are speed of propagation, frequency, 

wavelength, and amplitude.  Speed of propagation is the distance covered by the wave in 

unit time.  Frequency is the number of complete disturbances per unit time.  Wavelength 

is the distance between successive points of in a wave.  Amplitude is half the peak-to-

peak value.  The process of digitization of acoustic samples, to create spectrograms, is 

accomplished by measuring certain amplitudes at regular intervals.  Therefore, not all 

amplitudes emitted by the whales will be turned into a visual information.  Sampling 

size and sample rate are parameters controlling acoustic precision.  Sample size (y-

axis) and sample-rate (x-axis) are the data points used to convert the time domain of a 

waveform sound into a frequency domain.  These data points may not lie exactly on the 

sound wave emitted by the whale.  Precision is increased for sampling rate, for some 

recordings, by using digital audiotape (DAT) which records at high sampling rates (48 

kHz).  Therefore, more data points will lie exactly on the sound wave emitted by the 

whales.  Error due to conversions and sound absorption will be assumed to be equal for 

all sampled years.  I will assume random sampling techniques were used when acquiring 

the sound recordings, normal distributions, and homogeneity among samples.  Pulse-rate 

contours will be digitized onto CDs from DAT and tapes.  Using fast fourior transform 

(FFT) at a filter bandwidth of 88Hz and an FFT size and frame length of 1024 points will 



increase resolution for generated spectrograms.  Overlap between frames will be 87.5% 

and a Hamming window function will be used to normalize for frequency smearing 

of adjacent sounds.  These parameters give a frequency resolution of 21.53 Hz and a 

temporal resolution of 5.81 ms.

The calls will be analyzed blindly; meaning the year each sound recording 

comes from will be unknown to myself.  A total of four sampled recordings, one from 

each year, will be analyzed.  Each recording will come from a different year, two from 

directly before the spill and two from after the event.  The discrete calls will be identified 

by auditory, perceptual, and quantitatively.  Calls from each yearly sample will be 

listened to and notation will be taken to identify discrete calls.  Similar calls will be 

analyzed visually from a spectrogram to quantify acoustic similarity. Maximum 

frequency and side band intervals will be measured and compared using an analysis of 

variance test (ANOVA).  This statistic will test for acoustic similarity between maximum 

call frequency and pulse rate to identify call types.  Frequency distribution of call types 

per year will be placed into a contingency table and a chi-squared statistic will test the 

hypothesis that the number of calls used per year is independent of sample.  A difference 

between number of discrete calls will identify significant change in the AB pod’s 

repertoire.

Summary

Many marine mammal species have been and continue to be affected by human 

activities.  Overpopulation has resulted in the extinction if the Steller’s sea cow, Atlantic 

gray whale, and the Caribbean monk seal (Berta and Sumich 1999).  Environmental 



contaminants may effect killer whale dialects.  Marine mammal conservation requires 

better information on the population status and their ecological role and the effects of 

human-induced activities.  The Alaskan killer whale AB pod lost 25 to 47 members 

because of the Exxon Valdez oil spill.  

A significant loss in members may have effected their vocal repertoire.  Statistics 

will test number of call types used before and after the spill to detect any significant 

change in call repertoire.  This research could provide the opportunity to study 

mechanisms of behavioural changes in vocal variations of social animals.

Discussion

There are 3 subpods that make up the AB pod, including subpods AB17, AN10, 

and AB25.  These subpods rarely travel separately but travel as cohesive units within the 

pod (Matkin et al. 1999a).  Since 1994 the AB25 subpod has spilt off and travels mainly 

with AJ pod.  AB10 subpod was linked with the AI pod.  AI pod was probably in its final 

stages from splitting from the 35 member AB pod in 1984 (Matkin et al. 1999a).  AI pod 

traveled more independently from the AB pod in latter years of the Matkin et al. (1999a) 

study.  Pod-specific dialects of the AI and AB pods are very similar (Matkin et al. 

1999a).  The male dominance in AI pod (4 of its 7 members) may have contributed to the 

pod’s independence.  This is evident in the AB10 subpod that often travels independently 

with its 3 out of 4 male members.
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