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SRKW are 85 individuals that actively use sound for echolocation and vocal communication, while also utilizing passive listening for prey. 

Acoustic concepts:

Sound is essentially generated when a vibrating object sets molecules in a medium adjacent to that object into motion. Amplitude or “loudness” is directly related to the amount of pressure generated by the vibrating object. Acoustic pressure is measured as the root-mean-aquare pressure average over the duration of the sound. 

Noise = the general definition of unwanted sound. (1)

SRKW

Largest cetacean in the dolphin family Delphinidae
Resident, transient, offshores = 3 types in northeastern Pacific Ocean

Residents tend to be more vocal, particularly when foraging and socializing than transients or offshores. 

(look for info on) Northern, Southern, Southern Alaska, and Western Alaska Residents. 

Sexual maturity at 15 years, producing 5.5 on average surviving offspring. 

NOAA developed National Marine Fisheries Services (NMFS) to designate critical habitat. (4) 

Production and Function

Clicks-echolocation signals produce individually or in click trains

Whistles- tonal, nonpulsed signals lasting 0.06-18 seconds and lower frequency. Used in close range social activities, not often during traveling or foraging

 Pulsed calls - most common sound, discrete, variable, aberrant. 600-2000ms long, harmonically rich, mostly foraging and traveling, helps to maintain social cohesion when other senses fail. (6)

Sound

Abiotic related to wind, waves, rain, seismic activity, underwater slides, currents

Biotic sounds: air guns, sonars, oil-drilling, construction, vessel traffic, by-products of human activities.

Speed of sound varies based on temp, salinity, pressure (depth). (8)

Sound is “reflected at the sea surface and from the bottom, creating instances of constructive or destructive interference” (8) Shallow water acoustics are complex. 

Ambient Noise
Vessels make propeller cavitation, propeller “singing” and auxiliary machinery.

The amount of noise a vessel makes is related to size, speed, and operation mode. 

Veirs and Veirs (2005) hourly, daily, monthly between April 2004 to Nov 2005.  Large vessels show a general noise increase of SPL 20-25 dB, while smaller motor boats average increase SPL by 15-20 dB. (9)

“In general, inflatables with larger engines had higher source levels, ones with stern drives were considerably quieter than those with outboards, and inflatables were slightly louder than motorboats with inboards or stern drives.” (12) Large ships are for longer periods of time, all day long, every season. 

“most measurements of ambient sounds levels in SRKW habitat are strongly influenced by vessel traffic that can reach broadband received levels of up to 130 dB and source levels that average approximately 160dB” (17)

Factors of type, location speed, and orientation also need to be taken into account with this data (16).

Then, categories of sediment type (smoother sand/mud sediment, rough sand/mud sediment, rough rock/sand sediment) and levels of wind speed/surface roughness. 

The study found that bottom and sea surface conditions contribute little to propagation effects. (16).

Received level: amount of noise at the hydrophone. 

Source Level: within 1 meter (how do you find the 1m within the source on a huge ship?) Need to compare source levels. 

Whale Watching

“noise generated by whale watching vessels as well as other vessel types is dependent on a combination of size, engine type, and operating speed.”

Anthropogenic Sound Sources

Pile driving and dredging: size/type of pile driving equipment, intensity of driving, duty cycle, and local environments. (air bubble curtains: effected by water currents, bathymetry, tide levels)(14-15)

The Vessel Traffic Operations Support System illustrated that 24% were bulk carriers, 15% tugs, 13% container ships, 10% ferries, 9% fishing vessels, and a variety of other vessels (of vessels larger than 20 m) (15).

Threshold

“various vessels, including those used for whale watching activities as well as larger ships, can raise noise levels significantly above ambient levels even at frequencies up to 75kHz” (17).

“sensitivity typically decreases nonlinearly for signals shorter than the time constant” tonal stimuli in mammals varies between 30 and 800 ms. (18)

Threshold of bottlenose dolphin (Tursiops truncatus) 220 ms at 4kHz to 30ms at 45kHz and beluga whale (Delphinapterus leucas) for 60Hz single tone pulse for 20ms.(19)

Captive killer whales have been tested. “One subadult male was tested in the earlier study and an audiogram was obtained for 8-second pure tones ranging in frequency between 500Hz and 31kHz.” The upper limit of hearing was 32kHz, thresholds below 10 kHz were probably noise limited due to hearing loss in the individual tested. (19)

2 females were later tested and had limits of 120kHz. (20)

Auditory Masking
“In most cases, background noise must sufficiently overlap in frequency, level, duration, and direction of the target signal for these auditory effects to be fully realized” (22)

The critical ratio (CR) is the difference between the background noise decibel level and the amount that the signal must exceed the ambient noise to be audible. CR=15dB means that the signal must be 15dB above the spectrum level of the noise in order for it to be detected. These tend to increase with increased frequency. (22)

Killer whales: CR of 20dB at 10kHz and 40dB at 80kHz (23)

If the frequency is the same, it will probably impact the auditory level. If not, it will need to be very loud. This frequency is called “Critical Bandwidth”  the masking noise has to be in the same frequency range of what is being masked. 
Hearing Loss
Temporary hearing loss and temporary threshold shift (TTS) involves “recovery of baseline hearing over a period of time and occurs from physiological fatigue of the hair cells of the inner ear” (25). Can be impacted by amplitude, duration, temporal pattern, frequency, and energy content. 

“Permanent hearing loss or permanent threshold shift (PTS) does not show recovery over time” damage or death of the inner ear hair cells. 

“It is unclear what effect the masking noise had on the threshold shifts from impulsive sound exposure because these experiments were not repeated in quieter conditions” (27)

Behavioral changes with Unwanted Sound

Behavioral responses are highly variable, depending on factors such as sound source, transmission, ambient background noise, the individual, group, population, species level, age sex, dependent offspring presence, hearing sensitivity, activity patterns, motivation, previous experiences. (29)

Some responses to look for: short term changes in swimming direction, diving, vocal behavior.

long term: avoiding an area historically used for various reasons. 

Unclear whether the physical presence of the device (like a vessel) or the sound are the cause of the behavioral change. 

“Whales also traveled in less direct paths and had longer average durations between breaths when vessels were present compared to when they were absent within 1000m” (29).

“there are fewer opportunities to observe Southern Resident behavior when no boats or a few boats are near them” (30). 

Vocal Response to Background Noise

Human innate response to talk louder with increased background noise is the Lombard effect or response. 

Calls are louder, longer, more frequent or at different frequencies “in the presence of masking noise” (31).

“When animals exhibit such vocal compensation behaviors, it can be interpreted that auditory masking is a potential challenge, particularly when ambient sound levels reach” further than compensation allows. (31) 

“For small populations that are constrained by other factors that affect survival, such as food availability, recovery from sound exposure disturbances that affects foraging success, for example, might not be as easy” (45)

The west side of San Juan Island is central for feeding and is not absent of human-produced noise. 120dB approximately 50% of the summer days in the area due to vessel traffic (46). This is not specific to the hearing sensitivity range of killer whales. (on a quiet day, the baseline background noise might be 100dB)

Could break this data into the dB within certain frequencies. (46).

Females share prey items and communicate while foraging with calls- which could be masked. (46)

“The existing data suggests that maintaining slow cruise speeds within 400m of the whales and shutting vessel engines down completely when within 100 m of a whale is sufficient to reduce the effects of masking of echolocation signals used for foraging.” However, this highly depends on the variables of the vessel! (49)

