
2002. Williams
Male killer whales maintained their speeds and chose less direct (yet smooth) swimming paths, and females swam faster and increased the angle between successive dives. Connected whale behavior to vessel proximity.

2009. Williams
How important is the presence on vessels on SRKW behavior? Measured their behaviors from 2003-2005 when vessels are present and absent. The likelihood and rate of surface behavior varied with the number of vessels. 

Other variables: respiratory intervals, path deviation index, swimming speed.

Williams (2002) showed that “whales adopted less predictable paths in the presence of vessles than they were following before the boat arrived (200).

“As the number of boats increased, the inter-breath interval showed a significant tendency to decrease” (2002).  Also, “dive times tended to be shorter when few boats were present within 400m...and increased as number of boats increased” (202). 

The study on their paths indicated that “whales exhibited relatively smooth paths when few boats were observed close to the whale and most erratic paths when many boats were present” (204). 

2009. Tyack

We need to balance the observational experiments with planned research studies to compliment one another and reduce the effects on the mammals themselves. 

2009.Wieland.

“S” is the call type associated with 25 calls for the Southern Residents. 

Vocalizations vary in frequency, amplitude, duration, and call rate. 

“In some cases, either learned or more innate vocalizations are also altered to overcome the masking effects of background noise as has been shown for killer whales” belugas and great tits. (196)

This study looked at the alteration of call duration for individual pods by calculating the change in mean call duration for 19 call types over a 28 year period. Regardless of behavioral context. 

“There was a statistically significant change in mean duration between the 1978-1983 study and the 2005-2006 study for 16 of the 21 call types” (197)

14 of these showed a statistical increase in duration. A factor other than nondirectional culture drift is involved in teh observed change. “An explanation that cannot be ruled out is an increase in duration due to overcoming the masking effects of background noise” (198)

“Humpback whales increase the duration of their songs in the presence of low frequency active sonar playbacks” (198)

“Beluga whales have been shown to alter the sound frequency of their calls in response to engine noise interference” (199)

“Bottlenose dolphins whistle at a higher rate in the presence of vessel noise” (199)

A study by Foote (2004) concluded that “all three Southern Resident pods increase the duration of their most common call type (S1 for J-Pod, S16 for K-Pod, and S19 for L-Pod) in the presence of an increased number of boats” (199) He suggests a short-term compensation mechanism for call durations. The Wieland et al. study supports a long-term compensation mechanism (regardless of the particular number of boats present).

“The trend of increased mean call duration is occurring on a broader scale than previously appreciated, with a statistically significant increase in 14 of 21 call types compared here.” (199).

From 1978-1983, there was an average of five boats in the active commercial whale-watching fleet, compared to an average of 75 boats in 2005-2006” (199)

(200) “The increase of mean durations of discrete calls demonstrated here indicates that the Southern Residents are making a behavioral adjustment as a result of vessel noise”...”we must consider the very real possibility that engine noise is hindering their ability to communicate, and may well impact their efficiency at using acoustics to forage and navigate as well”

Griffin. 2006

To determine the effects of whale-watching noise on the echolocation range of the Southern Residents. 

National Marine Conservation Areas (NMCS) are intended to preserve the structure and function of the unique ecosystems (6). 

“Vessel traffic is known to increase the energy expenditure of killer whales” (7)

Whistles are between 6-12 kHz for close communication. Calls are used to maintain cohesion and integrity within a group. Discretely pulsed calls range from 300Hz to 6kHz (160dB). 

“Echolocation is the active detection and ranging of prey and marine environment” (8)

Echolocation clicks (center frequency) range from 45 to 80kHz (195 to 224dB) 

Large ships produce sound levels of 180dB (100Hz to 8kHz). Small boats 141-161dB (.86 to 8kHz). (9)

Particularly in urban zones, “masking effects would be most significant on killer whale hearing”

“Masking occurs with the greatest magnitude directly in front of the killer whales” “The volume of space actively searched by echolocation decreases with increases in noise levels” (9)

Active space: the area over which echolocation can function. “An increase in 12dB in received noise level from ambient decreases foraging distance approximately by half” (9)

Foraging tactics of resident killer whales on chinook salmon (Oncorhynchus tshawytschu) requires volumetric searches on a two and three dimensional foraging level, which are most affected by increased noise levels. (11)

20% less effective on echolocation ability of SRKW for volumetric foraging tactics with increased noise levels. (13).

Estimated reduction in foraging area searched due to increased noise levels is 15% to 20%. (13)

Holt. Noren. Veirs. Emmons, Veirs. 2008

Results show that killer whales increase their call amplitude by 1 dB for every 1 dB increase in background noise levels with the S1 call.  Likely integral to their survival and reproductive success. Goal: to investigate call smplitude compensation (the Lombard effect) with background noise levels and vessel noise. 

“We found a significant positive correlation between call source level and background noise level across all call types.” (3) Found no difference in call duration with changes in background noise levels. 

The results show that “as the background noise from vessel traffic increases, killer whales akjust their vocal behavior by increasing call amplitude” (4)

Nearby vessel counts were positively correlated with observed background noise levels. 

“Long-term exposure to prevalent anthropogenic noise may have deleterious effects on marine mammal populations, particularly those that frequent coastal regions where vessel traffic is concentrated.” (125)

Resident killer whales live in stable matrilineal groups, 

Forage cooperatively (Ford and Ellis, 2006) and 

produce a variety of calls described as discrete, variable, and aberrant. Helps maintain cohesion and coordination among group members (Ford, 1989).

Endangered (NMFS, 2005)

Average number of vessels surrounding the J, K, and L pods in the summer is approximately 20 (Koski et al, 2006), and can get to 50 on weekends and holidays. 

“The frequency range of noise emitted from close vessles overlaps with the frequency range of willer whale calls (Ford, 1987; Erbe, 2002). 

Source levels and duration vary by call type (Ford, 1987, Miller, 2006)

Schiefele et al (2005) observed a similar vocalization level change in St. Lawrence River beluga whales when the sound was increased by a passing vessel. 

Erbe. 2002

Goal: to predict zones of acoustic impact around whale-watching boats to help inform regulation.

Boat source levels ranged from 145 to 169dB and increased with speed. 

“The noise of fast boats was modeled to be audible to killer whales over 16km, to mask killer whale calls over 4km, to elitic a behavioral response over 200m, and to cause a temporary threshold shift (TTS) in hearing of 5 dBafter 30-50 min within 450 m.” (1).

“For boats cruising at slow speeds, the predicted ranges were 1 km for audibility and masking, 50 m for behavioral responses and 20 m for TTS.” (1).

Responses of whales include:

avoidance of boats (Blane and Jaakson 1994; Watkins 1986; Beach and Weinrich 1989)

attraction (Blane and Jaakson 1994; Gordon et al. 1992)

longer dives (Blane and Jaakson 1994)

interrution and termination of feeding and traveling behavior (Bland and Jaakson 1994)

Schevill (1968) “indicated that it is not the mere presence of the boat, but its noise evoking the reaction: (2)

April 1999: Committee on the Status of Endangered Wildlife in Canaca (COSEWIC) listed the resident community of killer whales in British Columbia as threatened. 

“The southern resident killer whale community lives in a busy, hence noisy, commercial shipping lane and in the last several decades has been exposed to high and increasing numbers of commercial and private whale-watching boats: (2).

Measured CTD casts (conductivity, salinity, temp, depth, pressure) every 2-3 hours for later sound propagation modeling.

Also noted GPS position, weather condition, ferries/tankers passing by to record potential noise affecters. (4)

Zone of audibility “predicts over what ranges and depths the noise is audible to a marine mammal species” (5)

Zone of masking “predicts over what ranges and depths the boat noise might obscure communication sounds of the target marine mammal species.” One or more sounds to be masked. 

Trained beluga whales (Erbe 2000) showed that “while gradually decreasing the level of a call, the call remained recognizable to the whale as long as the major frequency components remained audible, even though the spectral peaks were already masked.” (6)

“In the real world, masking depends on the directional hearing abilities of the listening animal” (6)

Masking is strongest when the noise and signal “come from the same direction”

Zone of responsiveness “predicts over what ranges animals are likely to react to the boat noise” 

Zone of hearing damage”predicts over what ranges and depths a temporary or permanent hearing loss can occur” (7)

“There are no data on killer whale critical bands (CB) in the literature” (8)

“There is no data on low-frequency hearing thresholds in killer whales” (8)

“In general, source levels increased with increasing speed in accordance with other studies” (Ross 1976) (9).

“Ambient background noise plays a role in the range over which a boat is audible before it blends in with the background noise.” Also  important for the zone of masking, which will be greatest at quietest background noise” (17).

“even the quietest noise masked a faint signal”  The extent of masking depends on the frequency and loudness of the call, directional hearing abilities of the animal (worst case was measured here) (17)

“According to this model, a behavioral reaction should be observed over 200 m from fast boats and 50 m from slow boats: (18)

“Whales employed difference avoidance strategies depending on their sex, the number of boats...and distance” (18). Explained by: boat habituation, decrease auditory sensitivity.(18).


