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Intro

The southern resident killer whales that inhabit the Salish Sea during the summer months are currently being considered for classification as an endangered species due to their (generally, but not constantly) declining population. The proximity of their habitat to several major cities on the west coast of the US and Canada makes them vulnerable to a host of hazards. Major risk factors include: the decline of salmon, particularly Chinook salmon, their primary food source during the summer months; toxicity through polluted food sources; and the acoustic and physical constraints of increased boat traffic in the waters where they live. Their precarious situation necessitates a better understanding of how they use their environment. 
The two populations of resident orcas of the northwest Pacific coast are the most studied groups of the species worldwide, yet there is still much left unknown about them.  We know very little about where they go and what they eat during their winter months away from the San Juan Islands and also very little about what they do at night.  Impending management issues warrant a comprehensive study of nocturnal range and activity to provide a complete picture of diurnal habitat usage. 
While nocturnal vocal activity has been observed in both Southern and Northern resident killer whale populations (Bain, Balcomb, pers. comm.), no study
 has thoroughly investigated diurnal patterns in vocal activity for southern residents. The lack of background information inspired me to first address some basic questions. How often do killer whales vocalize at night? Is there a pattern in how often acoustic behavior is detected throughout a 24-hour period? Can association with acoustic behavior reliably describe physical behavior?  (How much quieter are orcas during resting behavior than during other behaviors?)
It was difficult to gather observations at night in the complex waters around the San Juan Archipelago, but I did manage to observe the orcas at many hours of the day.   Over a four week period (26 September through 22 October, 2005) aboard a 42 foot sailing catamaran in the Salish Sea , I recorded underwater sounds near the orcas as early as XX a.m. and as late as YY p.m..  Recordings were made even later at night, but without strong evidence that the orcas were nearby.

Methods

I studied the diurnal pattern of SRKW activity using a single stationary hydrophone, a single towed hydrophone, and a two-hydrophone stationary localizing array. My research consisted of two distinct parts. First, I observed the amount of daytime surface activity and vocal activity at different times of day throughout the four-week study period. Second, I studied the above and below water acoustic behavior of several small groups of L and J pods at night on three separate occasions taking place on October 11, 21, and 22, 2005.
Talk a bit more about instrumentation (hydrophones, depths, cables/ropes/weights, recording devices, gains, precisions, sensivities – maybe related to the tough question of whether a recording is quiet because the whales are quiet or because the whales are too far away, resulting in their sounds being attenuated below the sensitivity of the hydrophone before reaching us).

Night Observation

My plan was to follow the same group of whales continuously for several days to give the best depiction of day/night patterns. We conducted one practice follow into the late evening and attempted (two?) night follows. 
The criteria for (even beginning) a good night follow include good visibility,  nearly-full moonlight, mild weather with light to no wind, smooth enough water texture to see dangerous debris, and consistent contact with a group of whales before sunset. Once the night became too dark to visually track the orcas, we positioned spotters on the two bows of the boat to watch for debris in the water while moving and to listen for blows when stopped. Because light winds required us to use our engine, we stopped frequently to listen for blows get a compass bearing to the whales using a hand bearing compass and flashlight.  (Under stronger wind conditions, the noise of whitecaps and wind in the rig may also require stopping to listen…)  We then proceeded forward along that bearing for ten to twenty minutes before again stopping to listen. 
Our position at each stop was determined by a hand-held Garmin GPS unit and plotted on a nautical chart along with the magnetic bearing to the blows. To allow us to keep moving, we lowered the single hydrophone setup approximately twenty (feet?) into the water every second or third stop and made short three to five minute recordings. While recording, the bow spotters relayed their observations of the bearing to blows, the synchronicity of blows, the perceived spread of individuals, and the number of percussive behaviors heard to me in the cockpit. This procedure was followed until blows could no longer be heard and no vocalizations were audible through the hydrophone.  
Once contact was lost, we proceeded on the expected path of the whales based on the general direction of travel discerned from our plotting efforts
 and stopped once
 more to listen for blows and calls underwater. In previous tests we were able to hear calls up to nine nautical miles away, representing our outer range for acoustic detection, however possible masking due to large ship traffic in some areas likely decreased our effective listening range.
 

Day Observation

Acoustic recordings and observations collected periodically during other projects are my primary source of day observation data. I worked closely with five other classmates and two instructors to design and deploy the three types of hydrophone setups described in the material section abov
e and these setups were used throughout the four week study period to collect recordings useful to a variety of projects. I included surface behavior observations that fell into percussive behaviors, breath synchrony, spread, and directionality. Percussive behaviors include breaches, tail lobs, and pectoral fin slaps. Breath synchrony describes how closely in time individuals rose to breathe. Spread describes how closely associated or dispersed the group of whales is. 

Data Analysis

I analyzed sound files using Audacity 1.2.3, a free audio editing program provided by SoundForge.net. I listened to the recordings and measured the amount of time when vocalizations took place rounded to the nearest second. The spectrogram view helped me to accurately mark the start and end of calls and quiet periods (against the time of the recording?). The total time of an observation began at the first call on the recording and lasted through the last call. This method corrected for the likelihood that the whales might have been out of acoustic range at the beginning or end of an observation. The start time, duration when vocal, and total time were then entered into an Excel spreadsheet along with the date and observation number when the recording took place and the recording file number. Surface observations were entered on the same Excel spreadsheet with each range of behaviors receiving a numeric value relating to the level of activity I assigned it
. Percussive behaviors were recorded as the number of events that took place at any time
.
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