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ABSTRACT

The Southwest Fisheries Science Center has been conducting shipboard visual line-transect cetacean
surveys for over 30 years, and combined visual and acoustic surveys for seven years. Full incorporation of
passive acoustics as a tool for population assessment requires an understanding of the acoustic behavior of
cetaceans as well as the limitations of the methods used in these surveys. Our research summarizes data
colJected during seven years of combined visual and acoustic surveys throughout the central and eastern
North Pacific Ocean, ranging from the Aleutian Island chain in the north, toPeru in the south. Phonations
from 2,034 dolphin schools were examined to better understand the acoustic behavior of cetaceans. Equally
important are the cetacean schools that were seen but not heard, and this analysis includes an examination
of these groups by species, group size, geographic location, and time of day. The results of this analysis
allow us to take the first steps to incorporate passive acoustics into line-transect cetacean surveys.

RESUME

Le Southwest Fisheries Science Center a etudie les cetaces a bord de navires en utilisant des transects

lineaires pour des donnees visuelles depuis plus de 30 ans, et une combinaison des methodes visueJles et
acoustiques depuis seulement sept ans. L'incorporation complete de l'acoustique passif comme outil
d'evaluation de la population exige une bonne comprehension du comportement vocal des cetaces, ainsi que
de connaitre les Jimites des methodes utilisees dans ces etudes. La presente recherche resume les donnees
provenant de sept annees d'6tudes visuelles et acoustiques tout au long de la partie centrale et orientale du
Pacifique Nord, depuis les iles septentrionales d' Aleutian, jusqu'au Perou, au sud. Les vocalisations des
dauphins, a partir de 2034 groupes suivis, ont ete examinees afin de mieux comprendre Ie comportement
vocal des cetaces. Les groupes de cetaces qui ont ete 'IUS mais non entendus, sont egalement import ants ;
cette analyse examine ces groupes par espece, taille du groupe, position geographique et heure du jour. Les
resultats nous permettent de prendre en compte les premieres mesures pour incorporer l'acoustique passif
dans un transect lineaire dans l' etude des cetaces.

1. INTRODUCTION

Population studies of cetaceans in offshore waters have
typically relied on shipboard visual observations, which are
limited to daylight hours and must be suspended when poor
weather conditions prohibit reasonable visual detection of
animals. In recent years, passive acoustic detection of
cetacean phonations using towed hydrophone arrays has
been used to complement visual shipboard surveys (Thomas
et al. 1986, Gordon et al. 2000, Oswald et al. 2007a).
Acoustic detection of cetacean phonations is not limited by
time of day, nor is it affected by most weather conditions.
The primary limitation of acoustic methods is that the
animals must be producing sounds within the frequency
range of the equipment.

Dolphin phonations have been grouped into three
categories: whistles, burst pulses, and echolocation clicks.
Whistles are tonal, frequency-modulated signals used for
communication (Janik and Slater 1998, Herzing 2000,
Lammers et at. 2003). Most dolphin species produce
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whistles, which typically have fundamental frequencies
between 2 and 30 kHz (Lammers et at. 2003, Oswald et al.
2004). Burst pulses are broadband click trains that have
very short inter-pulse intervals. These sounds are also
thought to be used for communication, although they may
also be for echolocation (Herzing 2000). Echolocation
clicks are short, broadband, pulsed sounds used for
navigation and object detection. Echolocation clicks have

peak frequencies ranging from tens of kilohert:;: to well over
100 kHz (Au 1980, Au 1993). Basic descriptions of
acoustic repertoire exist for many species; however, little is
known of the acoustic behavior of most species in their
natural habitat.

The Southwest Fisheries Science Center (SWFSC) has
been conducting visual observations of cetaceans during
shipboard line-transect surveys for over thirty years. In
2000-2006, a towed hydrophone array was added to
examine the potential for the use of passive acoustics during
these surveys. In this paper we present a preliminary
examination of the acoustic behavior of dolphins in the
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