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Introduction 

 

In October 2018, I was asked by the Province of British Columbia to conduct a literature review 

and prepare a high-level summary of the impacts of underwater noise on southern resident killer 

whales (SRKWs). In order to do so, I reviewed peer-reviewed scientific literature, with a focus 

on the most recently published material. I also focused as much as possible on the literature that 

related directly to SRKWs in the Salish Sea and surrounding waters. Other sources have been 

included to set the salient points into context. 

 

Executive Summary 

 

Killer whales rely on sound for all aspects of their life history and have shown sensitivity to 

acoustic disturbance, especially broadband noise, which creates acoustic additions that range 

from low to high frequencies. In foraging areas of the SRKWs in the Salish Sea, anthropogenic 

noise inputs are primarily from vessel passage, with the waterways consistently used by large 

vessels such as commercial fishing vessels, tug boats, tankers, ferries, and cargo ships. Cargo 

vessels contribute the most to the ambient noise levels. Contributions are made in the same 

frequency range as that used by SRKWs, which can mask important conspecific communications 

(between individual killer whales) and echolocation signals. This reduces the efficiency of 

feeding and food sharing within the group. Vocal modifications have been noted as a means to 

overcome the noise. Calls are made louder and longer, at the energetic expense of the signaller. 

The noise additions accumulate to become a ‘chronic pollutant’, which then decreases the quality 

of SRKW habitat. Avoidance behaviours equate to a loss of habitat. In the presence of a noise 

source, SRKWs cease foraging or resting behaviours and transition to travel behaviours, which 

both diminishes feeding opportunities and expends energy. Prey may also respond to altered 

soundscapes showing similar avoidance responses, which would likely exacerbate energy 

expenditure by SRKWs in the acquisition of food.  
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 Mitigation measures such as vessel speed limits, re-routing shipping lanes, and 

incentivizing retrofitting or regular maintenance of vessels to make their operations quieter have 

all been suggested. Vessel slow-down seems to be the option that would make the largest impact 

with the easiest and quickest implementation. A trial by the Vancouver Fraser Port Authority in 

the summer of 2017, limiting vessels to 11 knots, showed positive preliminary results with a 

61% voluntary compliance rate. Speed limitation would also likely reduce the risk of vessel 

strikes and exhaust pollutants. 

 

SRKW acoustics use  

 

 Killer whales (Orcinus orca) rely on acoustics to communicate, navigate, and find food. 

SRKW ecotype vocalizations range from low- to mid-frequency whistles and stereotypic calls, to 

high-frequency echolocation clicks. The acoustic energy in calls can be focused in frequencies as 

low as 100-6,000 Hz, but extending as high as 30,000 Hz as harmonics (Ford 1987). The lower-

frequency components in calls have higher directionality for conspecific communication (Miller 

2002). Higher frequency echolocation signals allow whales to detect prey at ranges in excess of 

100 meters (Au et al. 2004). The calling rate is typically high, with call type use varied to suit a 

range of behavioural contexts (Hoelzel & Osborne 1986, Deeke et al. 2005). Each of the three 

pods (J-, K-, and L-pod) that comprise the SRKW group have a distinct calling repertoire (Ford 

1991, Foote et al. 2008), used for group cohesion and cooperative behaviours, including feeding, 

social interaction, and courtship (Ford 1989, Barrett-Lennard et al. 1996). Behavioural 

audiograms show that the hearing sensitivity of killer whales extends from 600 Hz to 114 kHz, 

extending further into the lower-frequencies than any other odontocete (toothed whale) species 

(Branstetter et al. 2017). This highlights the acoustic sensitivity of this species, and the potential 

for acoustic disturbance over a wide frequency range (Ferrara et al. 2017). 

 

The soundscape of SRKW critical habitat 

 

 Underwater noise levels in the northeast Pacific have risen as a result of increased 

shipping, particularly in the last 50 years with economic growth and increased reliance on 

oceanic transport (Andrew et al. 2002, Jasny 2005, NRC 2005, McDonald et al. 2006, Chapman 
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& Price 2011, Frisk 2012, Merchant et al. 2014). An increase in ambient noise of 3 decibels (dB) 

per decade since the mid-1960s has been noted, which is directly attributed to shipping noise 

(Heise & Alidina 2012). This has transformed ocean soundscapes both in the open ocean and 

closer to shore (Richardson et al. 1995, Hildebrand 2009). Much of the range of SRKWs, 

including core summer habitat in the Salish Sea in the inland waters of Washington State and 

British Columbia (NOAA 2006, Hauser et al. 2007), is impacted by acoustic inputs from 

anthropogenic activity. Designated critical habitat encompasses shipping lanes serving the ports 

of Vancouver and Seattle, which are heavily used by commercial vessels. Fishing vessels, tug 

boats and tankers are the most numerous in this area, with cargo ships contributing the most to 

the ambient noise levels (80%, Basset et al. 2012, Macgillivray et al. 2016). Indeed, 91% of 

vessel passages through the Salish Sea were attributed to large, Automatic Identification System 

(AIS) tracked vessels. In addition, the area is also heavily used by recreational vessels, and hosts 

a thriving whale watching industry (Williams et al. 2015).  

 Noise emissions from vessels vary depending on ship size, class, engine type, hull design, 

propeller configurations, operating conditions, and speed of travel (Badino et al. 2012, McKenna 

et al. 2013, Lidtke et al. 2016, Veirs et al. 2016). Vessels add noise in frequencies ranging from 

10 Hz or lower, to over 60,000 Hz, often with acoustic energy focused below 5,000 Hz 

(Richardson et al. 1995, Simard et al. 2016). Broadband tonal noise is produced by propeller 

cavitation and is the dominant source of noise emission. Cavitation noise results from the 

production and collapse of underwater bubbles in water which form in cavities of low pressure 

created by propeller rotation (Ross 1976). Other sources such as hull vibration, mechanical noise, 

or on-board machinery have a lower impact (Lidtke et al. 2016).  

 Veirs and Veirs (2006), estimated shipping traffic of the Port of Vancouver to average 20 

large (>65 feet, 19.8 m) vessels per day, or approximately one per hour (Erbe et al. 2012), 

through Haro Strait. More than half of these vessels (53%) were bulk carriers or container ships. 

Each vessel passage raised noise levels above background levels by 20 dB re 1 µPa in the 

frequency range 100-150,000 Hz for the transit period of approximately 20 minutes (Veirs & 

Veirs 2006, Williams et al. 2015). Vessel noise matches the frequency range of the whistles, 

clicks, and pulsed signals produced by killer whales (100-30,000 Hz, Ford 1987), which could 

lead to obscured echolocation signals or calls between individuals. In a later study of noise 

emitted by vessels passing through this area, Veirs et al. (2016) showed that maximum levels are 
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emitted by container ships, at a maximum of 195 dB re 1 µPa, followed by bulk carriers (191 dB 

re 1 µPa) and cargo ships (186 dB re 1 µPa). Similar acoustic additions were found for cargo 

ships and tug boats from recordings made at Lime Kiln Point, Haro Strait (Hemmera, SMRU, 

JASCO 2014). Both studies were consistent with measures recorded in other regions (McKenna 

et al. 2013). Vessels free from propeller cavitation, for example those using jet propulsion, are 

quieter than other similarly-sized vessels travelling at similar speeds, but still increased received 

noise levels to 160 dB re 1 µPa (Rudd et al. 2015). These types of vessels are not noted to have a 

significant presence in the area of interest. 

 Ship size and speed are significant determinants of the noise produced by the ship (Holt 

et al. 2017). Larger vessels generate more noise at low frequencies (<1,000Hz) because of the 

size of their engines and propellers and deep draft (Richardson et al. 1995). Veirs et al. (2016) 

reported background noise levels in the lowest frequencies (<100 Hz) to be elevated more than 

30 dB re 1 µPa, and in the high frequencies (> 20,000 Hz) increased between 5-10 dB re 1 µPa 

during close range passage of large vessels. They also found a linear relationship between noise 

source level and vessel speed, whereby increases were at the rate of 2dB per m/s, or 1 dB per 

knot, with an average transit speed of vessels through Haro Strait at 7.3 ± 2.0 m/s, or 14.1 ± 3.9 

knots. 

 Noise maps based on AIS-tracked vessels, predominantly large commercial and 

passenger-carrying vessels (Erbe et al. 2012, 2014), help to identify regions affected by the 

greatest acoustic additions, which can highlight the areas of greatest concern for SRKWs. 

However, these noise maps or spatiotemporal models of noise inputs to the Salish Sea using AIS 

data would not account for the many vessels that are not required to have AIS, which also make 

substantial acoustic additions (Cominelli et al. 2018). These models often underestimate the 

effect of integrating multiple sources of noise, because they exclude smaller and recreational 

vessels. In addition to the pervasive noise of commercial shipping, whale watching vessels are 

also consistently present over the summer months (Koski et al. 2006, Holt et al. 2009). Coastal 

development, such as pile driving and dredging, also adds noise over a wide range of 

frequencies, particularly below 1,000 Hz (Reine et al. 2014).  

 Ferry routes contribute the greatest inputs into the cumulative noise maps of the Salish 

Sea, with additional seasonal routes added during the summer when SRKWs use the area for 

foraging. Commercial vessel traffic is also a high contributor (O’Neill et al. 2017). Seasonal 
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comparison showed that exposure of SRKWs to commercial vessels declines over the summer, 

while contributions from smaller recreational and whale watching vessels increase, yet the larger 

vessel classes are still the main contributor of anthropogenic noise (O’Neill et al. 2017). The 

seasonal noise exposure differences are driven by water propagation conditions, and are not a 

significant change in shipping regimes over the year. Inter-annual differences are also small, 

attributed to an already elevated ambient noise condition (O’Neill et al. 2017). Diurnal 

differences in ambient noise are associated with day-night patterns of ferries and pleasure boats. 

Contributions from depth sounders and fish finders from these boats, in higher frequencies, are 

also diel (day-night) patterned (Hemmera, SMRU, JASCO 2014). Commercial vessels are 

always present, with AIS data and a hydrophone stationed at Roberts Bank suggesting a passage 

rate of 15 vessels an hour within a 10 km range (Hemmera, SMRU, JASCO 2014). Indeed, 

Williams et al. (2009) suggested that SRKW individuals were almost always within 1 km of at 

least one vessel during daylight hours of the summer months in Haro Strait. Noise levels increase 

following a logarithmic relationship to the number of vessels present (2.5 x log10, Holt et al. 

2017). 

 Although vessels are transitory, the acoustic disturbance from ferries, tug boats, and 

commercial ships, as well as whale watching, fishing or other recreational vessels, creates an 

altered soundscape, with significant additions to all frequency bands (Veirs et al. 2016, Lacy et 

al. 2017). Chronic disturbance from vessel noise affects the acoustic quality of important whale 

habitat (Tyack 2008, Williams et al. 2018) and has been identified as one of the main stressors 

preventing recovery of the SRKW population. The areas used by SRKWs around Haro Strait 

have the highest ambient noise levels of sites sampled along the British Columbia coast 

(Williams et al. 2014). Veirs et al. (2016) reported that broadband (11.5-40,000 Hz) noise is 

received on an average level of 5-30 dB re 1 µPa above ambient noise from vessels transiting 

Haro Strait in the frequency ranges used by SRKWs. SRKWs that forage within 10-300 meters 

from the shore at Lime Kiln Point are approximately 2 km away from the center of the nearest 

shipping lane (Viers et al. 2016).  
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SRKW response to increased ambient noise 

 

SRKWs rely on sound as their primary sensory mode. Therefore, large scale changes in 

their soundscape are a concern. Anthropogenic sound is perceived as a threat that affects vocal 

and swimming behaviours, decision-making processes, and habitat use (Tyack 2008). Responses 

by cetaceans to increased ambient noise from anthropogenic inputs often differ from responses to 

natural abiotic noise (wind, wave, precipitation) (e.g. Dunlop 2016). Especially in the summer 

when the weather is mild, natural sources have a negligible impact on the ambient noise levels, 

compared to vessel noise, in the areas used by SRKWs (Hemmera, SMRU, JASCO 2014).  

Masking is a failure to recognize the occurrence of a stimulus as a result of obstruction by 

another stimulus. An effective means to estimate masking is to measure the change in an 

animal’s ‘communication space’. This is the space centered around the individual in which it can 

send and receive acoustic information about its environment and communicate effectively with 

conspecifics (Clark et al. 2009, Hatch et al. 2012, Burnham 2018). Williams et al. (2014) suggest 

that the median noise levels recorded in Haro Strait reduce the ability of SRKWs to 

communicate with conspecifics at a range exceeding 8 km by 62%, with this rising to 97% at 

periods of heavy vessel traffic. A simpler calculation is that of the ‘listening space’, which is less 

individually focused. It represents the area over which an animal can detect biologically-

important acoustic signals (Barber et al. 2010, Pine et al. 2018). A reduction in listening space 

would mean a reduced ability to detect approaching threats, to locate prey, or to find a mate.  

 Veirs et al. (2016) argue that noise from shipping affects conspecific communication, 

through the lower frequency components of the vessel noise. However, the scale of the increase 

in noise levels in the high-frequency bands also hinders vocalizing and echolocation. The 

absorption rate of a signal, or dissipation of a noise, centered around 20,000 Hz, where SRKW 

communications are focused, is 3 dB per kilometer (Francois & Garrison 1982), with SRKWs 

estimated to be only a few kilometers at most from shipping traffic. This could cause interference 

with echolocation signals and affect the efficiency of prey location for whales within a range of 

several kilometers around the source. This could lead to lower survival rates and reproductive 

success. Foraging efficiency and prey detection are decreased by an estimated 38-100% by the 

close proximity of a vessel (Au et al. 2004, Holt et al. 2009). As well, coordinated foraging 

efforts or prey sharing with conspecifics (Ford & Ellis 2006) may be affected by the masking. 
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The ubiquitous presence of vessels could, therefore, have a wide scale effect on the population 

(Harwood et al. 2016). 

 Vocal modification has been noted in increased ambient noise by SRKWs (Foote et al. 

2004, Holt et al. 2009, 2011, Weiland et al. 2010). Holt et al. (2009) showed an increase in call 

amplitude by 1 dB for every 1 dB increase in background noise levels. Call parameters are also 

modified, including increased call length (Foote et al. 2004, Weiland et al. 2010) in the presence 

of vessel noise. There is an energetic cost associated with adapting calling to compensate for 

noise, either by calling louder, more repetitively, or using non-optimal frequencies (Oberweger 

& Goller 1991, Bradbury & Vehrencamp 1998). Communicative function may be completely 

impeded at certain noise levels. There has, for example, been no evidence thus far that killer 

whales are able to adjust echolocation patterns to compensate for masking signals (Williams et 

al. 2014).  

 Increased noise levels may result in changes in surfacing intervals, altered swimming 

direction, and speed, often showing avoidance by killer whales of the noise source, sometimes to 

the detriment of behaviours such as foraging. Killer whales swim faster with less direction, and 

change dive depth with higher noise (Williams et al. 2002, 2009, Bain et al. 2006, Lusseau et al. 

2009, Noren et al. 2009, Silve et al. 2012, Gomez et al. 2016). Behavioural ‘dose-response’ 

studies indicate that resident killer whales show a subtle response to broadband noise received at 

levels of 130 dB re 1 µPa, with more severe responses beyond 150 dB re 1 µPa (Williams et al. 

2014). This adds to the subtle responses noted by Williams et al. (2002) to small vessels, where 

received levels of 109-116 dB re 1 µPa were recorded.  

The cessation of foraging is a response to vessel noise (Williams et al. 2006, Giles & 

Cendak 2010, Senigaglia et al. 2016), with female SRKWs demonstrating greater sensitivity than 

their male counterparts (Williams et al. 2014). A reduced foraging rate, up to 25%, for an already 

food-limited group (William et al. 2006) is worrisome, but a higher cost of feeding imposed by 

increased noise for females, already taxed by travel, gestation, and lactation, is a concern for 

population success (Williams et al. 2011). Interference with prey sharing (Ford & Ellis 2006) and 

nursing (Kriete 2007) has also been observed as a result of vessel presence.  

Other alterations of activity budgets have also been suggested. Resting behavior is less 

evident during daylight with the increased presence of vessels (Ayres et al. 2012). Indeed, travel 

behaviours were most frequently noted during vessel presence (Lusseau et al. 2009), which both 



 8 

increases energy expenditure and decreases time spent on resource acquisition. Many studies 

examining the behavioural response by whales to acoustics only describe short-term changes in 

overt surfacing activities, but for the SRKW population a short-term, short-distance displacement 

has the potential for long-term, population-wide implications. Lost foraging opportunities can 

reduce fecundity and reproductive success, for example (Weilgart 2007). The Potential 

Consequences of Acoustic Disturbance (PCAD) model represents the possible cascading effects 

from individual disturbance or injury to population level (NRC 2005). However, the full 

implication of increased noise has yet to be ascertained. A lack of response can be mistaken for a 

behavioural threshold not being met or an animal habituating to the disturbance (New et al. 

2015), when in fact hearing capacity may be decreased due to consistent disturbance (Simmonds 

et al. 2004). In this case, behavioural responses may not be the best assessment of a response to a 

change in soundscape and may underestimate the nuanced responses of killer whales. 

 Behavioural responses are usually only described in the short-term, with the severity of 

response often used incorrectly to infer a longer-term or population wide impact (Tougaard et al. 

2015). Loss of habitat through acoustic disturbance may be seen in avoidance responses. 

However, to be thorough, the study of behavioural responses should also consider the potential 

for reduced prey availability, fewer conspecific interactions, including prey sharing and mating, 

as well as the potential increase of other stressors such as chemical pollution and disease 

susceptibility.  

 Auditory injury, changes in threshold shifts, and hearing loss depend on the spectral 

characteristics of the noise, including its amplitude, rise time, and duration, with individual 

sensitivity defined by the individual’s age, gender, health, and prior experience to the noise 

(Wartzok & Ketten 1999, Firestone & Jarvis 2007). Studies of induced stress response, measured 

by the presence of stress hormone in fecal samples, has shown that the cumulative effects of 

vessel traffic and the consistent presence of vessels has a greater influence than the number of 

vessels alone (Ayres et al. 2012). 

 

Changes in preyscape induced by changes in soundscape 

 

 A reduction in foraging success, resulting from changed feeding behaviours in response 

to increased noise, was described above for SRKWs. However, their primary prey source, 



 9 

chinook salmon (Oncorhynchus tshawytscha), as well as other fish prey, have also shown 

sensitivity to elevated noise conditions. Some fish have been shown to suffer injury or death 

when close to sound sources, especially pulsed noise sources (Keevin & Hempen 1997, 

Halvorsen et al. 2012). Stress and avoidance have been noted in response to vessel sound in 

chinook salmon, which in turn may lead to further reduced foraging efficiency for SRKWs. 

Pulsed sounds, such as those associated with coastal construction and exploration, can result in 

an energetic cost to chinook salmon, with sub-lethal or lethal injuries through barotraumas 

(Halvorsen et al. 2012). 

 

Rate of exposure and level of risk posed by increased ocean noise to SRKWs 

  

 The three pods of the SRKW ecotype have different patterns of habitat use in the Salish 

Sea. Although all are present during the summer, J-pod is seen more frequently in the winter. 

Whereas the anthropogenic inputs from recreational vessels are reduced over the winter, the 

sound exposure from commercial shipping is greater. This is a result of altered sound speed and 

propagation profiles in lower water temperatures, rather than a significant change in the density 

of vessel traffic (O’Neill et al. 2017). During the summer, the core feeding areas of J- and K-pod 

overlap with international shipping lanes, with L-pod preferentially foraging in areas with fewer 

large vessels (Cominelli et al. 2018). This suggests that, of the three pods, J-pod and K-pod 

would feel the effects of noise as a chronic disturbance more through the summer, with J-pod 

also subject to this stressor during the winter months. 

 Recently, generalized thresholds for marine mammals, derived from dose-response 

observations, have been established (NOAA 2015). The perceived loudness of a sound is a 

frequently employed metric for noise, with additions to a soundscape described in decibels (dB 

re 1 µPa) relative to ambient noise. However, perceived loudness is also tied to the signal 

duration and frequency content. A better predictor of behavioural response is derived when 

taking those into account. The noise threshold is attractive for noise management initiatives 

because of its simplicity, but it may not capture the full complexities of the response (Tougaard 

& Beedholm 2018). A recurring suggestion is that the context of the animal, the social, 

behavioral, and physiological setting, should also be taken into account instead of blanket 

application of received exposure levels (Gomez et al. 2016). Variables inherent to the sound 
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sources such as movement, location and proximity, depth in the water column and complexity 

and substrate of the ocean floor of the propagating area, and signal to noise ratio should be 

considered. Characteristics of the individual receiver such as species, sex, age, reproductive 

state, hearing thresholds, prior experience, and conditioning will also likely affect the strength of 

its response to each noise signal (Richardson et al. 1995, Wartzok et al. 2003, Nowacek et al. 

2007, Southall et al. 2007, Weilgart 2007, Ellison et al. 2012). Noise emission thresholds are 

usually only applied to singular sources and not to the cumulative impacts of several 

disturbances.  

 

Suggested mitigation for SRKW critical habitat   

 

 Increased noise impacts SRKWs directly through potential injury and indirectly by 

altering behaviour, reducing foraging efficiency and increasing energy expenditure, and 

redistributing prey. A recent population viability analysis suggested that constant vessel noise 

reduces foraging efficiency by approximately 20% in SRKWs. With this and other 

anthropogenic threats removed, the same analysis suggests that the population could grow, but 

not with current noise levels (Lacy et al. 2017). 

 The implementation of an increased minimum distance allowed between vessels and 

SRKWs (approach distance), first in the US and now in Canadian waters, did not show the 

projected reduction of noise exposure expected (from 6 dB to 3 dB assuming spherical spreading 

a source distance of 200m instead of 100m, Holt et al. 2017). This is, however, a simplification 

of the animal-vessel relationship. Further measures have been proposed, such as speed 

restriction, and limiting the number of vessels in an area, though these are more difficult to 

regulate (NOAA 2009, 2011). Houghton et al. (2015) found that the number of whale watching 

vessels accounted for 15% of the variation in noise addition to the soundscape, whereas vessel 

speed explained 42% of the variation.  

 In situations where re-routing of shipping is difficult or not possible, such as for the 

narrow seaways and islands of the Salish Sea, one mitigation option is for vessels to slow down. 

The reduced noise emissions resulting from slower transit speeds vary depending on ambient 

conditions and vessel types, but slower speeds generally lessen the impacts of vessel noise, 

resulting in smaller reductions in listening space (Pine et al. 2018).  
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Care must be taken when applying this kind of mitigation. Vessels not operating at 

optimum speed, or in ‘off-design’ conditions (McWhinnie et al. 2017), may produce more 

cavitation noise, or increase transit time and adversely affect whales. In general, noise reduction 

has been found when vessel speeds decrease, with the greatest relief from the effect of masking 

felt in the noisiest conditions (Ferrara et al. 2017, Pine et al. 2018, Putland et al. 2018). A trial 

program initiated by the Vancouver Fraser Port Authority to manage the impacts of shipping to 

SRKWs in their feeding areas provided a stipend to mariners who voluntarily complied with an 

11 knot speed limit (Enhancing Cetacean Habitat and Observation (ECHO) program). The 

program had a 61% compliance rate in the first year. This speed reduction resulted in a 5.9 dB re 

1 µPa reduction for bulk and cargo ships, whose speed was reduced by an average of 2.1 knots, 

and an 11.5 dB re 1 µPa reduction for container ships that reduced their speed by up to 7.7 knots 

from normal transiting rate (Vancouver Fraser Port Authority, 2018). To exact an average of a 3 

dB noise reduction, Veirs et al. (2018) suggest that an 11.8 knot speed limit should be enforced 

against all vessels transiting Haro Strait, which would affect 83% of the vessels in the region. 

However, vessels such as tug boats that have a large input into the acoustic landscape would not 

be affected by this suggested speed restriction, as they typically travel at speeds below 11.5 

knots, yet can have a traffic volume of up to four times that of large commercial ships at times 

(MacGillivray et al. 2016). 

  In addition to speed limitation, the removal of the ships adding the greatest noise to the 

ambient noise level (15% of the global fleet, Veirs et al. 2018), retrofitting noisy ships, and 

encouraging a high standard of vessel maintenance have been suggested for the portion of the 

shipping fleet transiting through SRKW habitat (Williams et al. 2018). Relocation of shipping 

lanes, the use of convoys (staged vessel movements), and vessel number or transit time 

restrictions have been suggested as possible future measures, with the greatest relief for SRKWs 

likely coming from a combination of these measures (DFO 2017). Comparisons of these options 

show speed limitation to be the most likely to result in the timeliest reduction of noise in the 

Salish Sea. The implementation of speed restrictions as an operational change is more feasible on 

a short time scale than vessel replacements, retrofits or large-scale maintenance. Almost all 

(90%) of the vessel classes using the area would see noise reductions as a result of speed 

limitation (Veirs et al. 2018), with most vessels reducing their broadband noise by approximately 

1 dB re 1 µPa for every 1 knot speed was reduced (Veirs et al. 2016).    
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 Reduction of vessel speeds may also have the added benefit of reducing the risk of vessel 

strikes (Evans 1996, Laist et al. 2001, Vanderlaan et al. 2009). The ‘lateral displacement’ of 

shipping routes suggested by the Department of Fisheries and Oceans Canada (DFO 2017) may 

not equate to a large change in propagated vessel noise, but prevents direct transit through 

critical SRKW feeding habitat. Reduced vessel numbers and approach distance may also reduce 

contributions from toxin sources such as unburnt fuel and exhaust fumes (Romano et al. 2004, 

Lundin et al. 2018). The effect of noise pollution, particularly from vessels, is one of many 

anthropogenic impacts affecting the endangered SRKW ecotype and potentially affecting 

population success. It is unclear how the cumulative impacts of stressors interact with each other, 

but what is clear is that noise disturbance, as one of these stressors, lends itself to mitigation 

much more readily than factors relating to prey availability or contamination. 

 
  



 13 

Literature Cited 

 

Andrew, R.K., Howe B.M., Mercer, J.A. 2002. Ocean ambient sound: Comparing the 1960s with 

the 1990s for a receiver off the California coast. Acoust. Res. Lett. Onl. 3: 65-70. 

Au, W.W.L., Ford, J.F.B., Horne, J.K., Newman Allman, K.A. 2004. Echolocation signals of 

free-ranging killer whales (Orcinus orca) and modeling of foraging for chinook salmon 

(Oncorhynchus tshawytscha). J. Acoust. Soc. Am. 115: 901. 

Ayres K.L., Booth, R.K.,Hempelmann, J.A., Koski, K.L., Emmons, C.K., Baird, R.W., Balcomb-

Bartok, K., Hanson, M.B., Ford, M.J., Wasser, S.K. 2012. Distinguishing the Impacts of 

Inadequate Prey and Vessel Traffic on an Endangered Killer Whale (Orcinus orca) 

Population. PLoS ONE. 7(6): e36842. 

Badino, A., Borelli, D., Gaggero, T., Rizzuto, E., Schenone, C. 2012. Noise emitted from ships: 

Impact inside and outside the vessels. Proced. Soc. Behav. Sci. 48:868 – 879. 

Bain, D.E., Williams, R., Smith, J.C., Lusseau, D. 2006. Effects of vessels on behavior of 

Southern Resident killer whales (Orcinus spp.) 2003–2005. NMFS Contract 

AB133F05SE3965. (Available from D. E. Bain, Friday Harbor Laboratories, Univ. 

Washington, 620 University Road, Friday Harbor, WA 98250.).  

Barber, J.R., Crooks, K.R., Fristrup, K.M. 2010. The costs of chronic noise exposure for 

terrestrial organisms. Trends Ecol. Evol. 25: 180-189. 

Barret-Lennard, L.G., Ford, J.K.B., Heise, K.A. 1996. The mixed blessing of echolocation: 

Differences in sonar use by fish-eating and mammal-eating killer whales. Anim. Behav. 

51: 553–565. 

Bassett, C., Polagye, B., Holt, M., Thomson, J. 2012. A vessel noise budget for Admiralty Inlet, 

Puget Sound, Washington (USA). J. Acoust. Soc. Am. 132(6): 3706-3719.  

Bradbury, J.W., & Vehrencamp, S.L. 1998. Principles of animal communication. Sinauer 

Associates, Sunderland, MA.  

Branstetter, B.K., St. Leger, J., Acton, D., Stewart, J., Houser, D., Finneran, J.J., Jenkins, K. 

2017. Killer whale (Orcinus orca) behavioral audiograms. J. Acoust. Soc. Am. 141: 

2387. 

Burnham, R.E. 2018. Whale Geography: Acoustics, biogeography, and whales. Prog. Phys. 

Geog. 41(5) 676-685.  



 14 

Chapman, N.R., & Price, A. 2011. Low frequency deep ocean ambient noise trend in the 

Northeast Pacific Ocean.  J. Acoust. Soc. Am. 129: 5. 

Clark, C.W., Ellison, W.T., Southall, B.L., Hatch, L., Van Parijs, S.M., Frankel, A., Ponirakis, D. 

2009. Acoustic masking in marine ecosystems: Intuitions, analysis, and implication. Mar. 

Ecol. Prog. Ser. 395: 201-222.  

Cominelli, S Devillers, R. Yurk, H., MacGillivray, A., McWhinnie, L., Canessa, R. 2018 Noise 

exposure from commercial shipping for the southern resident killer whale population. Mar. 

Pol. Bul. 136: 177-200. 

Deecke, V.B., Ford, J.K.B., Slater, P.J.B. 2005: The vocal behaviour of mammal-eating killer 

whales: com- municating with costly calls. Anim. Behav. 69, 395– 405.  

Department of Fisheries and Oceans Canada, DFO. 2017. Evaluation of the scientific evidence to 

inform the probability of effectiveness of mitigation measures in reducing shipping-related 

noise levels by southern resident killer whales DFO Can. Sci. Advis. Sec. Sci. Advis. Rep. 

2017/041. 

Dunlop, R.A. 2016. The effect of vessel noise on humpback whale, Megaptera novaeangliae, 

communication behaviour Anim. Biol. 111: 13-21. 

Vancouver Fraser Port Authority. 2018. ECHO Program, Voluntary vessel slowdown trial 

summary findings. Available from: https://www.flipsnack.com/portvancouver/echo-haro-

strait-slowdown-trial-summary/full-view.html. 

Ellison, W.T., Southall, B.L. Clark, C.W., Frakel, A.S. 2012. A New Context-Based Approach to 

Assess Marine Mammal Behavioral Responses to Anthropogenic Sounds. Cons. Bio. 

26(1): 21-28. 

Erbe, C., MacGillivray, A., Williams, R. 2012. Mapping cumulative noise from shipping to 

inform marine spatial planning. J. Acoust. Soc. Am. 132(5): EL423-EL428.  

Erbe, C. Williams, R., Sandilands, D., Ashe, E. 2014. Identifying modeled ship noise hotspots 

for marine mammals of Canada's Pacific region. PLoS ONE. 9(3): e89820.  

Evans, P.G.H. 1996. Human disturbance of cetaceans. Pp. 374-394. In: The Exploitation of 

Mammals – principals and problems underlying their sustainable use. N. Dunstone & V. 

Taylor (Eds.). Cambridge University Press.  



 15 

Ferrara G.A., Mongillo, T.M., Barre, L.M. 2017. Reducing disturbance from vessels to southern 

resident killer whales: Assessing the effectiveness of the 2011 federal regulations in 

advancing recovery goals NOAA Tech. Memo. NMFS-OPR-58.  

Firestone, J., & Jarvis, C. 2007. Response and responsibility: regulating noise pollution in the 

marine environment. J. Int. Wildlife Law Policy 10, 109–152.  

Foote, A.D., Osborne, R.W. Hoezel, A.R. 2004. Whale-call response to masking boat noise. 

Nature. 428: 910.  

Foote, A.D., Osborne, R.W., Hoezel, A.R. 2008 Temporal and contextual patterns of killer whale 

(Orcinus orca) call type production. Ethology. 114: 599-606 

Ford, J.K.B. 1987: A catalogue of underwater calls produced by killer whales (Orcinus orca) in 

British Columbia. Can. Data Rep. Fish. Aquat. Sci. 633, pp. 165. 

Ford, J.K.B. 1989. Acoustic behavior of resident killer whales (Orcinus orca) off Vancouver 

Island, British Columbia. Can. J. Zool. 67:727–745. 

Ford, J.K.B. 1991. Vocal traditions among resident killer whales (Orcinus orca) in coastal waters 

of British Columbia. Can. J. Zool. 69:1454–1483.  

Francois R.E., Garrison G.R. 1982. Sound absorption based on ocean measurements. Part I: Pure 

water and magnesium sulfate contributions, J. Acoust. Soc. Am. 72: 896–907. 

Frisk, G.V. 2012. Noiseonomics: The relationship between ambient noise levels in the sea and 

global economic trends. Nature Sci. Rep. 2:437. 

Giles, D.A., & Cendak, R. 2010. An assessment of vessel effects on the cohesion state of 

Southern Resident killer whale groups, and measuring vessel compliance with boating 

guidelines. NOAA/NMFS Contract Report 2010: AB133F-07-SE-3026, 56 p.  

Gomez, C., Lawson, J.W., Wright, A.J., Buren, A.D., Tolllit, D., Lesage, V. 2016. A systematic 

review on the behavioural responses of wild marine mammals to noise: the disparity 

between science and policy Can. J. Zool. 94: 801-819. 

Halvorsen, M.B., Casper, B.M., Woodley, C.M., Carlson, T.J. Popper, A.N. 2012. Threshold for 

onset of injury in Chinook salmon from exposure to impulsive pile driving sounds. 

PLoSOne. 7:e38968.  

Hauser, D.D.W., Logsdon, M.G., Holmes, E.E., Van Blaricom, G.R., Osborne, R.W. 2007. 

Summer distribution patterns of southern resident killer whales Orcinus orca: core areas 

and spatial segregation of social groups. Mar. Ecol. Prog. Ser. 351: 301–310. 



 16 

Hatch, L.T., Clark, C.W., Van Parijs, S.M., Frankel, A.S., Ponirakis, D.W. 2012. Quantifying 

loss of acoustic communication space for right whales in and around a U.S. National 

Marine Sanctuary. Conserv. Biol. 26:983 – 994.  

Heise, K., & Alidina, H.M. 2012. Summary Report: Ocean Noise in Canada’s Pacific Workshop, 

January 31-Februry 1 2012, Vancouver, Canada. WWF-Canada. 

Hemmera Envirochem Inc., SMRU Canada Ltd., and JASCO Applied Sciences (Canada) Ltd. 

2014. Roberts Bank Terminal 2 Technical Data Report: Underwater Noise Ship Sound 

Signature Analysis Study DRAFT. Report Number File: 302-042-02. Prepared for Port 

Metro Vancouver (accessed Dec 2015). 153 pp. 

http://www.robertsbankterminal2.com/wp-content/uploads/RBT2- Ship-Sound-

Signature-Analysis-Study-TDR.pdf.  

Hildebrand, J.A. 2009. Anthropogenic and natural sources of ambient noise in the ocean. Mar. 

Ecol. Prog. Ser. 395: 5–20. 

Hoelzel, A.R., Osborne, R.W. 1986: Killer whale call characteristics: implications for 

cooperative foraging strategies. pp. 373–403. In: Behavioral Biology of Killer Whales 

Kirkevold, B., Lockard, J. S., (Eds). Alan R. Liss, New York.  

Holt, M.M., Noren, D.P., Veirs, V., Emmons, C.K., Veirs, S. 2009. Speaking up: Killer whales 

(Orcinus orca) increase their call amplitude in response to vessel noise. J. Acoust. Soc. 

Am. 125:EL27 – EL32.  

Holt, M., Noren, D., Emmons, C. 2011. Effects of noise levels and call types on the source levels 

of killer whale calls. J. Acoust. Soc. Am. 130(5): 3100–3106.  

Holt, M., Hanson, B,M., Giles, D.A, Emmons, C.K., Hogan, J.T. 2017. Noise levels received by 

endangered killer whales Orcinus orca before and after implementation of vessel 

regulations. Endang. Species. Res. 34: 15-26. 

Houghton, J., Holt, M.M., Giles, D.A., Hanson, M.B., Emmons, C.K., Hogan, J.T., Branch, T.A., 

VanBlaricom, G.R. 2015.The relationship between vessel traffic and noise levels 

received by killer whales (Orcinus orca) PLoS ONE 10(12):e0140119. 

Jasny, M. 2005. Sounding the Depths. II: The rising toll of sonar, shipping and industrial ocean 

noise on marine life. Washington, DC: Natural Resource Defence Council. 

Keevin, T.M., Hempen, G.L., 1997. The environmental effects of underwater explosives with 

methods to mitigate impacts. U.S. Army Corps of Engineers, St.-Louis District. 15 p.  



 17 

Koski, K., Osborne, R., Tallmon, R. 2006. Soundwatch public outreach/boater education project 

2004–2005 final program report. NMFS Contract No. AB133F-04-SE-0835 (Report No. 

NFFP 5000-4- 00026), p. 1-25  

Kriete, B. 2007. Orcas in Puget Sound. Puget Sound Near- shore Partnership Report No. 2007-

01. Published by Seattle District, U.S. Army Corps of Engineers, Seattle, Washington. 

Lacy, R.C., Williams, R, Ashe, E., Balcomb III, K.C., Brent, L.J.N. Clark, C.W., Croft, D.P., 

Giles, D.A., McDuffy, M., Paquet, P.C. 2017 Evaluating anthropogenic threats to 

endangered killer whale to inform effective recovery plans. Nature Sci. Rep. 7:14119. 

Laist, D.W., Knowlton, A.R., Mead, J.G., Collet, A.S, Podesta, M. 2001. Collisions between 

ships and whales. Mar. Mamm. Sci. 17(1): 35-75. 

Lidtke A.K., Humphrey, V.F., Turnock, S.R. 2016. Feasibility study into a computational 

approach for propeller noise and cavitation modelling. Ocean. Eng. 120: 152-159. 

Lundin, J.I., Ylitalo, G.M., Giles, D.A., Seely, E.A., Anulacion, B.F, Boyd, D.T., Hempelmann, 

J.A., Parsons, K.M., Booth, R.K., Wasser, S.K. 2018 Pre-oil spill baseline profiling for 

contaminants in southern resident killer whale fecal samples indicates possible exposure 

to vessel exhaust Mar. Pol. Bul. 136: 448-453. 

Lusseau, D., Bain, D.E., Williams, R., Smith, J.C. 2009. Vessel traffic disrupts the foraging 

behavior of southern resident killer whales Orcinus orca. Endang. Species. Res. 5:211-

221 

MacGillivray, A., Wood, M., Li, Z., Allen, A., Hannay, D. 2016. Regional Ocean Noise 

Contributors Analysis: Enhancing Cetacean Habitat and Observation Program. Document 

01195, Version 3.0. Technical report by JASCO Applied Sciences for Vancouver Fraser 

Port Authority. 

Matthews, M.-N.R., Schlesinger, A., Hannay, D. 2016. Cumulative and Chronic Effects in the 

Beaufort and Chukchi Seas: Estimating Reduction of Listening Area and Communication 

Space Due to Seismic and Exploratory Drilling Activities in Support of the NMFS PEIS. 

JASCO Doc. #01072. Tech. Rep. by JASCO Appl. Sci. AECOM. JASCO Document 

#01072. Technical Report by JASCO Applied Sciences for AECOM. 

McDonald, M.A., Hildebrand, J.A. Wiggins, S.M. 2006. Increases in deep ocean ambient noise 

in the Northeast Pacific west of San Nicolas Island, California. J. Acoust. Soc. Am. 

120:711 – 718. 



 18 

McKenna, M.F., Wiggins, S.M.,. Hildebrand, J.A. 2013. Relationship between container ship 

underwater noise levels and ship design, operational and oceanographic conditions. Sci. 

Rep. 3. doi:10.1038/srep01760.  

McWhinnie, L, Smallshaw, L., Serra-Sogas, N., O’Hara, P., Canessa, R. 2017. The grand 

challenges in researching marine noise pollution from vessels: A horizon scan for 2017 

Front. Mar. Sci. 4:31 

Merchant, N.D., Pirotta, E., Barton, T.R., Thompson, P.M. 2014. Monitoring ship noise to assess 

the impact of coastal developments on marine mammals. Mar. Pollut. Bull. 78: 85–95.  

Miller, P.J.O. 2002. Mixed-directionality of killer whale stereotyped calls: A direction of 

movement cue? Behav. Ecol. Sociobiol. 52: 262–270. 

National Oceanic and Atmospheric Administration, NOAA. 2006. Endangered and Threatened 

Species; Designation of Critical Habitat for Southern Resident Killer Whale, 71 FR 

69070. 

National Oceanic and Atmospheric Administration, NOAA. 2009. Protective regulations for 

killer whales in the northwest region under the Endangered Species Act and Marine 

Mammal Protection Act. Fed Regist 74: 37674–37686. 

National Oceanic and Atmospheric Administration, NOAA. 2011. Protective regulations for 

killer whales in the northwest region under the Endangered Species Act and Marine 

Mammal Protection Act. Fed Regist 76: 20870–20890. 

National Resource Council, NRC. 2005. Marine mammal populations and ocean noise: 

determining when noise causes biologically significant effects. The National Academies 

Press, Washington, DC.  

New, L.F., Hall, A.J., Harcourt, R., Kaufman, G, Parsons, E.C.M., Pearson, H.C., Cosentino, 

A.M., Schick, R.S. 2015. The modelling and assessment of whale-watching impacts 

Ocean Coast. Manage. 115: 10-16. 

Noren, D.P., Johnson, A.H., Rehder, D., Larson, A. 2009. Close approaches by vessels elicit 

surface active behaviors by southern resident killer whales. Endang. Species. Res. 8:179–

192.  

Nowacek, D.P., Thorne, L. H., Johnston, D.W., Tyack, P.L. 2007. Responses of cetaceans to 

anthropogenic noise. Mammal Rev. 37:81 – 115.  



 19 

Oberweger, K., Goller, F. 2001. The metabolic cost of birdsong production. J. Exp. Biol. 204: 

3379–3388.  

O’Neill, C., Wladichuk, J., Li, Z., Allen, A.S., Yurk, H., Hannay, D. 2017. Cumulative Noise 

Modelling in the Salish Sea. Document 01369, Version 1.0. Technical report by JASCO 

Applied Sciences for Noise Exposure to the Marine Environment from Ships (NEMES), 

University of Victoria.  

Pine, M.K., Hannay, D.E., Insley, S.J., Halliday, W.D., Juanes, F. 2018. Assessing vessel 

slowdown for reducing auditory masking for marine mammals and fish of the western 

Canadian Arctic Mar. Pollut. Bull. 135:290-302. 

Putland, R.L., Merchant, N.D., Farcas, A., Radford, C.A. 2018 - Vessel noise cuts down 

communication space for vocalization for fish and marine mammals Glob. Chang. Biol. 

24: 1708-1721. 

Reine, K.J., Clarke, D.G., Dickerson, C. 2014. Characterization of underwater sounds produced 

by hydraulic and mechanical dredging operations. J. Acoust. Soc. Am. 135(6): 3280–

3294.  

Richardson, W.J., Greene, C.R., Malme, C.I., Thomson, D.H. 1995. Marine Mammals and 

Noise. Academic Press, San Diego.  

Romano, T.A., Keogh, M.J., Kelly, C., Feng, P., Berk, L., Schlundt, C. E., Carder, D. A., 

Finneran, J. J. 2004. Anthropogenic sound and marine mammal health: Measures of the 

nervous and immune systems before and after intense sound exposure. Can. J. Fish. 

Aquat. Sci. 61: 1124–1134. 

Ross, D. 1976. Mechanics of underwater noise. Pergamon Press, New York.  

Samarra, F.I., & Miller P.J. 2013 Identifying variation in baseline behaviour of killer whales 

(Orcinus orca) to contextualize their response to anthropogenic noise Book chapter: The 

Effects of Noise on Aquatic Life II. 

Samarra, F.I., Tavares, S.B., Beesau, J., Deecke, V.B, Fennell, A., Miller, P.J.O., Petursson, H., 

Sigurjonsson, J., Vikingsson, G.A. 2017. Movement and site fidelity of killer whales 

(Orcinus orca) relative to seasonal and long-term shifts in herring (Clupea harengus) 

distribution. Mar. Biol. 164:159. 

Senigaglia V., Christiansen, F., Bejder, L., Gendron, D., Lundquist, D., Noren, D.P., Schaffar, 

A., Smith, J.C., Williams, R., Martinez, E., Stokin, K., Lusseau, D. 2016. Meta-analyses 

https://link.springer.com/book/10.1007/978-1-4939-2981-8
https://link.springer.com/book/10.1007/978-1-4939-2981-8


 20 

of whale-watching impact studies: comparisons of cetacean responses to disturbance 

Mar. Ecol. Prog. Ser. 542:251-263. 

Sivle, L.D., Kvadsheim, P.H., Cure, C., Isojunno, S., Wensveen, P.J., Lam, P-F. A., Visser, F., 

Kleivane, L., Tyack, P.L., Harris, C.M., Miller, P.J.O. 2015. Severity of expert-identified 

behavioural response of hump- back whale, minke whale, and northern bottlenose whale 

to naval sonar. Aquat. Mamm. 41(4): 469–502.  

Simmonds, M.P., Dolman, S., and Weilgart, L. (Eds.) Oceans of Noise, 2nd edition. Whale and 

Dolphin Conservation Society Science Report. Retrieved from www.wdcs. 

org/submissions_bin/OceansofNoise.pdf. 

Southall, B.L., Bowles, A.E., Ellison, W.T., Finneran, J.J., Gentry, R.L., Greene,Jr., C.R., 

Kastak, D., Ketten, D.K., Miller, J.H., Nachtigall, P.E., Richardson, W.J., Thomas, J.A. 

Tyack, P.L. 2007. Marine mammal noise exposure criteria: Initial scientific 

recommendations. Aquat. Mamm. 33:412 – 522. 

Tougaard, J., Beedholm, K. 2018. Practical implementation of auditory time and frequency 

weighting in marine bioacoustics. Appl. Acoust. 145: 137-143. 

Tougaard, J., Wright, A.J., Madsen, P.T. 2015. Cetacean noise criteria revisited in the light of 

proposed exposure limits for harbour porpoises Mar. Pol. Bull. 90: 196-208. 

Tyack, P.L. 2008. Implications for marine mammals of large-scale changes in the marine 

acoustic environment. J. Mammol. 89: 549–558.  

Vanderlaan, A.S., Corbett, J.J.. Green, S.L., Callahan, J.A., Wang, C., Kenney, R.D., Taggart, 

C.T., Firestone, J. 2009. Probability and mitigation of vessel encounters with North 

Atlantic right whales. Endang. Species Res. 6: 273 – 285.  

Veirs, S., Veirs, V. 2006. Vessel noise measurements under- water in the Haro Strait, WA. J. 

Acoust. Soc. Am. 120: 3382.  

Veirs, S. Veirs, V., Wood, J.D. 2016 Ship noise extends to frequencies used for echolocation by 

endangered killer whales PeerJ 4:e1657. 

Veirs, S. Veirs, V., William, R., Jasny, M., Wood, J.D. 2018. A key to quieter seas: half of ship 

noise comes from 15% of the fleet. PeerJ – preprint. 

Wartzok D., & Ketten, D.R. 1999. Marine mammal sensory systems. In: Reynolds J.E.I, 

Rommel S. (Eds) Biology of marine mammals. Smithsonian Institution Press, 

Washington DC, p 117–175.  



 21 

Wartzok, D., Popper, A.N.J. Gordon, J. Merrill, J. 2003. Factors affecting the responses of 

marine mammals to acoustic disturbance. Mar. Technol. Soc. J. 37:6–15  

Weilgart, L.S. 2007. The impacts of anthropogenic ocean noise on cetaceans and implications for 

management. Can. J. Zool. 85: 1091–1116. 

Wieland, M., Jones, A., Renn, S.C.P. 2010. Changing durations of southern resident killer whale 

(Orcinus orca) discrete calls between two periods spanning 28 years. Mar. Mamm. Sci. 

26: 195–201.  

Williams, R., Trites, A., Bain, D.E. 2002. Behavioural responses of killer whales (Orcinus orca) 

to whale-watching boats: opportunistic observations and experimental approaches. J. 

Zool. 256: 255–270. 

Williams, R., Lusseau, D., Hammond, P.S. 2006 Estimating relative energetic costs of human 

disturbance to killer whales (Orcinus orca). Biol Conserv 133: 301–311. 

Williams, R., Bain, D.E., Smith, J.C., Lusseau, D. 2009. Effects of vessels on behavior patterns 

of individual southern resident killer whales Orcinus orca. Endang Species Res. 6: 199–

209. 

Williams, R., Krkosek, M., Ashe, E., Branch, T.A., Clark, S., Hammond, P., Hoyt, E., Noren, D., 

Rosen, D., Winship, A. 2011. Competing Conservation Objectives for Predators and 

Prey: Estimating Killer Whale Prey Requirements for Chinook Salmon. PLoS ONE. 

6(11): e26738.  

Williams, R., Erbe, C., Ashe, E., Beerman, A., Smith, J. 2014. Severity of killer whale 

behavioural responses to ship noise: a dose-response study. Mar. Pollut. Bull. 79, 254–

260. 

Williams, R., Wright, A.J., Ashe, E., Blight, L.K., Bruintjes, R., Canessa, R., Clark, C.W., 

Cullis-Suzuki, S., Dakin, D.T., Erbe, C., Hammond, P.S., Merchant, N.D., O’Hara, P.D., 

Purser, J., Radford, A.N., Simpson, S.D., Thomas, L., Wale, M.A. 2015. Impacts of 

anthropogenic noise on marine life: Publication patterns, new discoveries, and future 

directions in research and management. Ocean. Coast. Mange. 115: 17-24. 

Williams R., Veirs, S, Veirs, V., Ashe, E. Mastick, N. 2018 Approaches to reduce noise from 

ships operating in important killer whale habitats Mar. Pollut. Bull. Preprint. 



 22 

 

Reference Table for Literature Cited in Review of Noise Impacts on Southern Resident Killer Whales (SRKWs) - 2015 and 
post-2015 Publications 
 
Reference Methods Key Findings 
*Cominelli et al. 2018 
Noise exposure from commercial 
shipping for the southern resident 
killer whale population 
Mar. Pol. Bul. 136: 177-200 

Kernel density estimation of data from 
Soundwatch Boaters Education Program 
(SBEP, May- September, 2011-2014) to 
derive core SRKW area combined with 
cumulative noise model generated using 
AIS data on commercial vessels from 
January and July 2015. 

From SBEP sightings data: J-pod – 28%; L-pod – 15%; K-pod – 4%, and 
hybrid groups (JK, JL, KL, JKL) – 53%. In the period considered, >13,300 
negative interactions between vessels and killer whales were found 
(vessels not following Whale Wise rules). 
Core regions: south-west coast of San Juan, and north Stuart Island-south 
Pender Island for J-pod; east Saturna Islands for K-pod, and east Tumbo 
and Saturna Islands for K-pod. 
High noise exposure from ferries, tug boats and recreational vessels was 
found. 
Vessel presence, especially by pleasure crafts, fishing vessels, and whale 
watching vessels, was likely underestimated. 
 

*DFO 2017 
Evaluation of the scientific 
evidence to inform the probability 
of effectiveness of mitigation 
measures in reducing shipping-
related noise levels by southern 
resident killer whales 
DFO Can. Sci. Advis. Sec. Sci. 
Advis. Rep. 2017/041 
 

Review of initiatives that might reduce 
the effects of marine vessels on the 
SRKW population. Work by DFO 
scientists and others is used to provide 
advice on the effectiveness of each 
initiative. 

A small proportion of vessels produces a disproportionately large amount 
of the total noise. Vessel noise is a combination of source level, time in 
area, and propagating characteristics. The mitigation measures suggested 
include modifying the source (design/retrofit) or operation of the ship in 
space and time (speed, location of shipping lane, convoy).  
Operational changes show potential for improving acoustic environments 
but may also redistribute noise into other habitats and/or increase duration. 
A combination of measures may be the most effective. 
 

Dunlop et al. 2016 
The effect of vessel noise on 
humpback whale, Megaptera 
novaeangliae, communication 
behaviour 
Anim. Biol. 111: 13-21 

Comparison of vocal and non-vocal 
communicative behaviours of humpback 
whales in the presence of vessel noise and 
wind and wave noise. 
 

Changes in communication repertoire, vocal source levels, and frequency 
and duration of common vocal sounds were found. Coping strategies used 
in response to increased natural noise may not translate well to increases in 
anthropogenic noise. Non-vocal behaviours are correlated with wind 
speed.  
This study is used as an example of how cetaceans respond differently to 
natural and anthropogenic noise sources. 
 



 23 

ECHO Program, Vancouver 
Fraser Port Authority 
Voluntary vessel slowdown trial 
summary findings 
 

Report of findings. Available from: 
https://www.flipsnack.com/ 
portvancouver/echo-haro-strait-
slowdown-trial-summary/full-view.html 
 
 

The trial was conducted from August 7 to October 6, 2017, over 
approximately 16 nm through Haro Strait. Vessels were asked to slow to 
11 knots. 
Of the 951 reported piloted commercial vessel transits through Haro Strait, 
577 transits (61%) participated; 44% of vessels travelled <12 kts and 55% 
<13 kts. Slowing vessels significantly reduced source noise levels, with a 
median reduction of 1.2 dB in ambient noise relative to a baseline period, 
equating to an 11.5% reduced behavioural response from killer whales 
when modeled on average traffic days and 10.3% on high traffic days. 
 

*Ferrara et al. 2017 
Reducing disturbance from 
vessels to southern resident 
killer whales: Assessing the 
effectiveness of the 2011 federal 
regulations in advancing 
recovery goals 
NOAA Tech. Memo. NMFS-
OPR-58 

Assessment of effectiveness of 2011 
vessel regulations using measures in: 
education and outreach efforts, 
enforcement, vessel compliance, 
biological effectiveness, and economic 
impacts. Comparison between the 5 years 
before (2006-2010) to 5 years following 
(2011-2015). Available from: 
https://www.fisheries.noaa.gov/ 
resources/key-reports. 
 

Measures are predominantly non-mandatory. However, compliance 
increased from 2012 onwards and would likely increase further if there 
was an on-the-water enforcement presence. Some evidence was found that 
the distance between vessels and whales has increased. However, sound 
levels have not shown a decline, but are highly variable. Much of the 
variability is attributable to vessel speed. 

Gomez et al. 2016 
A systematic review on the 
behavioural responses of wild 
marine mammals to noise: the 
disparity between science and 
policy 
Can. J. Zool. 94: 801-819 

Review of literature on behavioural 
responses of wild marine mammals to 
noise from 1971 to June 2015. 
Information on behavioural response, 
sound source, and context of exposure 
was compiled and scores for severity of 
behavioural response were assigned using 
Southall et al. 2007 for each case. 
 

Of the 792 publications identified, 219 met the criteria for inclusion.  
Monitoring and regulation of acoustic effects on cetacean behaviour 
currently relies on generic sound level thresholds applied broadly across 
species, whereas it might best be explained by the interactions between 
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on a hydrofoil to be applied to a 
complete propeller. 

Accurate predictions of cavitation extent can be made for a propeller at a 
typical loading condition using the methods in this paper. It is also, 
therefore, capable of predicting the low-frequency component of the 
cavitation noise, though more refinement is needed. 

*Lundin et al. 2018 
Pre-oil spill baseline profiling 
for contaminants in southern 
resident killer whale fecal 
samples indicates possible 
exposure to vessel exhaust 
Mar. Pol. Bul. 136: 448-453 

263 SRKW fecal samples were collected 
from May to October each year from  
2010 to 2013 within 30 miles of 
Mosquito Bay, San Juan Island. Animal 
identification (genetic and lineage) was 
made through photo-ID. Samples were 
analysed for Polycyclic Aromatic 
Hydrocarbons (PAHs) and POPs. 

For most samples, negligible exposure to PAHs was found. This test was 
used to ascertain if the whales had been subject to contamination from a 
recent spill. The authors suggest the results act as a pre-spill baseline. For 
4 samples in 2010, PAH levels showed an exposure to crude or refined oil. 
For 1 sample, exposure was likely due to leaked oil or gas on the water’s 
surface. For the 3 other samples, exposure is thought to be the result of 
boat exhaust. A decrease in exposure is suggested, since increased vessel 
distances from whales were imposed in 2011. However, field 
contamination of samples cannot be ruled out completely. 
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MacGillivray et al. 2017 
An analysis of regional ocean 
noise contributors  
JASCO Applied Sciences report 

Results of a regional ocean noise model 
based on AIS vessel tracking data 
forming a cumulative noise map. 
Monthly average sound levels were 
calculated for vessel categories and 
geographic sub-regions in the range of 
10-64,000 Hz. Categories were: container 
ships, ferries, fishing vessels, 
government, navy and research vessels, 
merchant vessels, passenger vessel, 
recreational vessel, oil tankers, tug boats, 
and whale watching vessel. Sub-regions 
were Strait of Georgia, Gulf and San Juan 
Islands, eastern and western Juan de Fuca 
Strait.  
 

Vessels are an overwhelming source of underwater noise (99%) in the 
Salish Sea. Commercial shipping is dominant. Cumulative vessel noise 
maps were created using average noise levels and combined with AIS-
marine traffic and Soundwatch whale watching traffic datasets. Ferry 
routes and international shipping lanes have higher sound levels. Tugs also 
make a large contribution distributed through all sub-regions. Seasonal 
differences (January and July) are attributed to differing sound propagation 
pathways rather than changes in vessel density. Recreational and fishing 
vessels are under-represented in the model, which would need an 
independent absolute count per month per category. It is unlikely that the 
contribution would exceed that of the larger commercial vessels. This data 
was used as a baseline for the ECHO program. 

McWhinnie et al. 2017 
The grand challenges in 
researching marine noise 
pollution from vessels: A 
horizon scan for 2017 
Front. Mar. Sci. 4:31 
 
 

Horizon scanning exercise via an iterative 
Delphi style process undertaken by 40 
individuals including researchers, policy 
makers, NGOs, and end-users. A 
literature review was used to give context 
to the issues raised through the Delphi 
process. 

The ten questions identified by the Delphi process are largely in line with 
those identified in the literature. Differences were found between the 
participant responses when questioned about the most pressing issues in 
this area of research and the focus of the work undertaken in this area, 
identified through a literature review. Participants perceived low 
knowledge for behavioural response of animals to noise. The authors 
suggest that research to characterize vessel noise as an addition to marine 
ambient noise would be a viable starting point that would add to existing 
knowledge. The need for more large scale and long term studies of 
anthropogenic noise and whale exposure to these noise sources is also 
highlighted. 
 

New et al. 2015 
The modelling and assessment 
of whale-watching impacts 
Ocean Coast. Manage. 115: 10-
16 

Review of current knowledge of the 
viability of long term whale-watching, 
logistical limitations and potential 
opportunities. 

The severity of impacts of commercial whale watching on populations 
remains uncertain. An integrated, coordinated approach will be needed to 
further understand the effects of whale watching on cetaceans. On a larger 
scale, acoustic activity in the oceans continues to grow, yet the 
contribution of whale watching to noise and collision risk may be low 
compared to shipping and seismic surveys. 
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*O’Neill et al. 2017 
Cumulative Noise Modelling in 
the Salish Sea 
JASCO Applied Sciences 

Results of a regional ocean noise model 
based on AIS vessel tracking data 
forming a cumulative noise map. Average 
sound levels were compared by vessel 
categories and season (January and July 
2015, January 2016). 

Commercial shipping is the dominant noise source in the Salish Sea 
region. Ferry routes and international shipping lanes have higher sound 
levels. Contributions by ferries were highest in the summer. Tugs also 
make a large contribution and are distributed through all sub-regions. 
Seasonal comparison in commercial vessel noise, comparing winter 
(January) and summer (July), showed a smaller contribution to ambient 
noise in the summer months. This difference was, however, attributed to 
differing sound propagation pathways rather than changes in vessel 
density. The number of smaller vessels, particularly whale watching and 
recreational fishing vessels, increases during the summer. The smaller, 
recreational vessels are underrepresented in the model. 
 

Pine et al. 2018 
Assessing vessel slowdown for 
reducing auditory masking for 
marine mammals and fish of the 
western Canadian Arctic 
Mar. Pollut. Bull. 135:290-302 

Vessel noise signatures were obtained 
from the ECHO program, conducted by 
the Vancouver Fraser Port Authority. 
These were applied to the study region by 
obtaining AIS information and simulation 
of sound propagation. A reduction of 
speed by 10 knots was tested. Species-
specific listening spaces were calculated 
from the noise levels and the propagation 
properties of the study area. 
 

Effects of vessel noise, and relief felt from decreased speed, varied by 
location, species, vessel type and speed, and ambient noise conditions. 
Acoustic masking effects were found several kilometers from source 
vessels; therefore, noise additions made by vessels have the capacity to 
shorten the ‘listening space’ of whales, the distance over which they are 
able to gain acoustic information from their surroundings. A maximum 
masking relief of 33% was calculated during noisy conditions with close 
vessel passage when speed was reduced. Reducing speed may be the best 
option to reduce noise disturbance, especially when re-routing is not 
possible. 

Putland et al. 2017 
Vessel noise cuts down 
communication space for 
vocalization for fish and marine 
mammals 
Glob. Chang. Biol. 24: 1708-
1721 
 

Long term acoustic modelling and AIS 
vessel-tracking data were used to 
determine the effect of noise on the 
communication space of the Bryde’s 
whale and bigeye tuna fish species. 
 

Vessel noise was found to have an impact, with the greatest effect on 
acoustic communications when the species is most vocal. Variation in 
communication space is greater than that caused by changes in background 
noise alone. The communication space was reduced less for both species 
when vessel speed was restricted to 10 knots. 

Senigaglia et al. 2016 
Meta-analyses of whale-
watching impact studies: 
comparisons of cetacean 
responses to disturbance 

Meta-analysis which featured control (no 
boats) and treatment (presence of boats) 
conditions, collected from land or a 
research vessel as long as the presence of 
the vessel was acknowledged and 

The study analyzed 15 studies and found an array of responses to whale 
watching boats, with some similarities between studies. Changes in 
activity budget and path sinuosity were the most consistent metrics that 
capture the heterogeneity of response to disturbance. Changes in other 
movement metrics and respiration were the most homogeneous. The use of 
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MEPS. 542:251-263 analysed. It studied changes in activity 
budget, respiration rate, and movement 
metrics of cetaceans when subject to 
vessel presence. 
 

a code of conduct for boats did not affect cetacean responses. 

Tougaard & Beedholm 
2018  
Practical implementation of 
auditory time and frequency 
weighting in marine 
bioacoustics 
Appl. Acoust. 145: 137-143 

Technical note describing a practical 
implementation of tools to estimate the 
loudness of a noise signal, using 
appropriate frequency weighting and 
temporal weighting of the signal. The 
authors considered broadband noise, 
explosions, echolocation clicks, airgun 
pulses and outboard engines as noise 
sources. 
 

The authors hope that the methods described will be applied to the results 
of future experiments, where reaction thresholds are derived from 
observation and measures of the sound to which a whale or marine 
mammal is exposed. 

Tougaard et al. 2015 
Cetacean noise criteria revisited 
in the light of proposed 
exposure limits for harbour 
porpoises 
Mar. Pol. Bull. 90: 196-208 

Review of recent evidence of the impact 
of noise on marine life with a focus on  
cetaceans that use high-frequency 
acoustics. Harbour porpoise are used as a 
case study. 

A review of 11 studies showed that the 2 most important factors 
determining response to noise in porpoise are stimulus duration or 
repetition rate, and level of noise above the hearing/ sensation level. A 
decreasing threshold of reaction was found in response to increasing peak 
frequency of the signal. Behavioural responses occurred above the level of 
exposure required to generate temporary or permanent threshold shifts in 
hearing.  
 

*Veirs et al. 2016 
Ship noise extends to 
frequencies used for 
echolocation by endangered 
killer whales 
PeerJ 4:e1657 

The study used calibrated hydrophone 
recordings and AIS vessel tracking data 
to estimate underwater sound pressure 
levels for ships transiting Haro Strait 
from March 2011-October 2013. 
 

Approximately 20 large vessel transits per day through Haro Strait. Vessel 
transits elevate noise levels relative to ambient noise (~ 20 dB re 1uPa) in 
both low and high frequencies, in bands used by SRKWs for 
communication. Linear relationships were found between source level of 
noise and vessel speed (1 dB/1 kt increase). Bulk carriers and container 
ships comprise over half of the shipping traffic. 
 

*Veirs et al. 2018 
A key to quieter seas: half of 
ship noise comes from 15% of 
the fleet 
PeerJ - preprint 

Analysis of 2800 source levels of 1,582 
unique ships as they transited northbound 
in Haro Strait, Salish Sea, classifying 
each vessel into one of 12 classes. 
Suggested management options: removal 
of gross polluters, reduction of gross 

Container ships would be most affected by these suggestions. The 
reduction of speed of all vessels to 11.8 kts would achieve an average 
ambient reduction of 3 dB and would affect all vessels except tug boats 
that usually transit 11.5 kts or slower. Decreased speed reduces masking 
potential but increased disturbance time. 
The authors discuss examples of tax incentives and subsidies to retrofit 
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polluters to threshold (halved), reduction 
of speed of gross polluters, and reduction 
of speed of all vessels (11.8 knots).  
 

noisy ships and noise emission standards from the US east coast as 
possible future mitigation actions to be applied to the study area. The 
ECHO program offered a $500 stipend for berthing costs for compliance 
with a 11kt speed limit. 
 

*Williams et al. 2015 
Impacts of anthropogenic noise 
on marine life: Publication 
patterns, new discoveries, and 
future directions in research and 
management 
Ocean Coast. Mange. 115:17-24 

Literature review with case studies, 
including a case study of the Strait of 
Georgia. 
Data from VENUS observatory 
hydrophones and AIS-ship tracking data 
were considered in measuring the 
acoustic contributions by vessels, 
considering the spatiotemporal presence 
of vessels. 

Strait of Georgia case study findings: There is a need to assess current 
noise levels and contribution by anthropogenic sources to devise effective 
mitigation actions. The contribution by vessels to ambient noise is 10-15 
dB, with 91% of vessels AIS-tracked. Spatiotemporal patterns of vessels 
need more consideration, especially for smaller vessels. A database of 
vessels and their movement is being compiled from multiple sources.  
The authors suggest that harm to cetaceans can be mitigated by setting 
allowable harm limits, or designating ‘Quiet Marine Protected Areas’ for 
priority areas. 
 

*Williams et al. 2018 
Approaches to reduce noise 
from ships operating in 
important killer whale habitats 
Mar. Pollut. Bull. Preprint 

Review of how mitigation measures 
and/or regulatory action may be able to 
achieve reductions in ship noise. Haro 
Strait data were used for the focus of 
quantitative data analysis to explore the 
implementation of speed limits and 
convoys, and their timing and 
distribution, retrofitting, removal of 
nosiest ships, and relocating shipping 
lanes. A literature review of these 
strategies follows. 
 

A reduction of speed by 1 kt could reduce vessel noise by 1 dB, with a 
restriction to 11.8 kts deemed feasible. There is little scope to change 
vessel routes. Adaptive management on short time scales is not feasible, 
but regulations should be more precautionary during the summer. Retrofits 
and new builds would be an economic decision. For best results, a long-
term multi-pronged approach would be needed to achieve a 3 dB reduction 
in ambient noise levels, which was a target set at the International 
Workshop on Shipping Noise and Marine Mammals held in Okeanos in 
2008. 
Much more research on the biological impacts of noise on SRKW is 
needed.  
 

* - studies that pertain directly to SRKWs 
 
 



Dr Rianna Burnham 
 
204-701 Esquimalt Road 
Victoria, BC 
Canada, V9A 3L5 
rburnham31@gmail.com 
    
Education 
2015-2018 University of Victoria Ph.D Department of Geography 
  Listening to whales: acoustics to ecology 
 
2010-2012 University of Victoria M.Sc. Department of Geography:  

Feeding ecology of Gray whales, Defining the 'Prey-Scape' in 
Clayoquot Sound on a variety of temporal and spatial scales. 

 
2005-2009   University of Bath B.Sc. (Hons) Natural Science 
   Honours Thesis: The environmental influence of scuba diving 
Qualifications 
June 2016   Registered Professional Designation (RPBio) gained 
August 2014   Aircraft Ditching, Underwater Egress and Sea Survival 

Course 
June 2014  ENFORM Electronic General Safety Orientation  
April 2014  BC Forestry Safety Council: Basic Forest Supervisor 

Training 
July 2013  H2S Alive training 
July 2013  Ground Disturbance for Supervisors training 
May 2013  Work Safe BC Transportation Endorsement 
April 2013  Canada Safety Council Green Defensive Driver training 
March 2013  Marine Emergency Duties – A1 
March 2013  Wildlife Awareness and Safety training  
February 2013  Work Safe BC Occupational First Aid, Level 1 
November 2012  AED plus Automated Defibrillator Training 
October 2012, May 2014 WHMIS training 
March 2011, 2012  Wilderness First Aid 
July 2010  CAUS Scientific Diver 
April 2010  Small Vessel Operators Permit (SVOP)(Medical 

 Emergency Duties – A3, Radio Operators Certification 
  Marine Commercial, Marine Basic First Aid) 

September 2009  Small Pleasure Craft Operators Licence (PCOC) 
March 2008   BSAC Open Water Scuba Instructor 
February 2008    PADI Master Scuba Diver 

 PADI Open Water Scuba Instructor 
    Emergency First Response Instructor 
    Oxygen Administrator Speciality Instructor 
November 2006  BSAC Assistant Instructor (completion of Instructor 
     Foundation Course) 
August 2006   PADI Divemaster 
    BSAC Diveleader 
September 2004  Duke of Edinburgh Gold Award 
 



Employment__________________________________________________________ 
Sept. 2015 onwards Sessional Instructor, Geography Department, University 

of Victoria. Weekly three-hour sessions discussing the 
Conservation and Ecology of whales for three-hundred 
level class. Field course instructor for four-hundred 
level class in biogeographical field methods, and 
‘Whale Geography’. 

 
May 2015 onwards MEOPAR Whale Habitat and Listening Experiment 

(WHaLE) Research Fellow, and November 2018 
onwards as a post-doctoral fellow.  

 
July 2015, July 2016 Lead Instructor, Wildlands Studies Vancouver Island 

field program. Teaching a two-week field course on 
marine, intertidal and terrestrial components of 
Clayoquot Sound, Vancouver Island, Canada. 

 
Jan. 2015 onwards Continuing Education Instructor, University of Victoria. 

Teaching a two-part course, each of 5 two-hour evening 
sessions, on the biology, ecology and physiology, of the 
marine mammals of British Columbia. Also examined is 
the history of human-whales interactions and 
conservation and management techniques. Open to the 
general public. Also a course on Whale Acoustics, and 
one-off guest speaker sessions. 

 
Sept. 2012-Sept. 2014 Environmental Scientist, Stantec Consulting Ltd, 

Victoria, BC. Worked on Projects around Vancouver 
Island, in northern British Columbia, and Quebec, 
including collection and analysis of data using subtidal 
(ROV) and foreshore habitat surveys and assessments, 
marine environmental monitoring, marine sediment and 
water sampling, marine mammal surveys and 
observations, and marine bird surveys. Crew led field 
programs as well as writing several technical data 
reports and marine sections for environmental 
assessments. Also participated in marine mammal 
observer training sessions for Stantec staff and First 
Nations participants. 

 
Sept. 2010- May 2012 Teaching Assistant, University of Victoria for 
Jan. 2015 – Present  Biophysical Systems and the Human Environment, 

Introduction to Biogeography, Conservation and 
Ecology of Whales, Coastal Resource management field 
course, Marine Protected Areas field course, Field 
Method field course, Geomorphology field course, 
Hydrology field course, Climatology field course. 

 
 
 



Sept. 2010- Present  Science Projects Director and Field Station Coordinator, 
Society of Ecological and Coastal Research, Ahousaht 
BC. Manage a year round field research base in a 
remote site, direct research and intern projects and 
organise and teach Marine Naturalist training 
programmes. Acted as liaison between the local 
community as well as overseeing the day-to-day work 
of several concurrent projects. 

 
May 2009 – May 2011 Research Assistant, Ocean Technologies Lab University 

of Bath. Completed analysis of field data, research 
proposal writing and funding applications. Also was 
actively involved in several other lab projects, as well as 
organising a workshop for delegates from Europe and 
the United States.   

 
Summer 2009, 2010  Volunteer Coordinator and Field Team Leader 

EarthWatch. Research team lead on field projects in 
British Columbia, Canada and Baja California, Mexico, 
and liaison between the volunteers and Principle 
Investigators. Preparation of field handbooks, briefs, 
end reports, and funding applications.. 

 
June 2007-July 2008 Research Intern Industrial Placement, Sanofi-Aventis, 

Alnwick. Undertaken as part of Natural Science degree 
course – conducted research development work within 
the Molecular and Cellular Toxicology Department of 
the Alnwick research site. Completed a personal project 
as well as further study work. Included work in cell 
culture and proteomics and pathology.  

Workshops 
Panellist, Public Forum, University of Victoria, ‘The Vancouver Aquarium 
Uncovered’ hosted by the Faculty of Law, 2018. 
Invited Participant/presenter, Workshop on marine mammals as apex predators and 
ecosystem architects, Society for Marine Mammalogy Biennial Conference, San 
Francisco, 2015. 
Focus Group for the Prevention of Marine Mammal Ship Strikes, Society for Marine 
Mammalogy Biennial Conference, Dec 5, 2013, Dunedin New Zealand.  Can the 
Cloud Save the Whales? 
Invited Participant, Focus Group on Science and Management of Whale-Watching. 
Society for Marine Mammalogy Biennial Conference, Dec 6, 2013, Dunedin New 
Zealand 
Invited Participant, Gray Whale Scientific Workshop, convened by the California 
Gray Whale Coalition: Presenter ‘Food for Thought: Influence of ‘Preyscape’ on gray 
whales of Clayoquot Sound’. 
Organiser and Presenter, Marine Naturalist Training.  A 3-day training course for 
whale-watching operators and onboard naturalists, 2010, 2011, 2012, 2014, 2016, 
2017 University of Victoria. 



Teaching Experience 
Sessional Instructor: 
Geography 303 – Conservation and ecology of whales: Fall 2015 
Geography 474 – Field Studies in Biogeography: Summer 2016  
Geography 491 – ‘Whale Geography’: Summer 2017, 2018 
Geography 304 – Coastal Conservation, Spring 2019 
 
Community engagement/Continuing Studies Instructor: 
Marine Mammals of British Columbia – Part I– Spring 2015 
Marine Mammals of British Columbia – Part II – Fall 2015, 2016 
Evolution, Biology, and Ecology of Marine Mammals – Spring 2016, 2018, 2019 
Conservation and management issues of marine mammals in British Columbia – Fall 
2016 
Whale Acoustics: Seeing in the Dark – Spring 2017 
Whales, A world of sound – Spring 2018 
Wildlands Field Studies – Marine Wildlife and Canadian Coastal Ecosystems – 
Instructor 2015, 2016 
Marine Naturalist Course – Instructor 2010, 2011, 2012, 2014, 2016, 2017 
It’s not just black and white: the southern resident killer whale story – March 2019 
 
Guest lecturer/instructor: 
Geography 101A – Environment, Society and Sustainability: Spring 2016 
Geography 103 – Introduction to Physical Geography: Spring 2016, 2017, 2018 
Geography 274 – Introduction to Biogeography: Spring 2011, 2012, 2013, 2014, 
2015, 2016, 2017 
Geography 474 – Field Studies in Biogeography: Summer 2014, 2015, 2016, 2017, 
2018 
Biology 329 – Biology of the Vertebrates of British Columbia: Spring 2016, 2017, 
2018 
Teaching Assistant: 
Geography 101A – Environment, Society and Sustainability: Fall 2010, 2011 
Geography 274 – Introduction to Biogeography: Spring 2011, 2012, 2015 
Geography 453 – Field Studies in Coastal and Marine Resources: Summer 2010 
Geography 457 – Marine Protected Areas: Summer 2010, 2011, 2012, 2015 
Geography 474 – Field Studies in Biogeography: Summer 2010, 2011, 2012, 2015, 
2017, 2018 
Geography 476 – Advanced Studies in Geomorphology: Summer 2011, 2012, 2015 
Geography 491 – Advanced Topics in Geography: Microclimate to Climate Change: 

Summer 2016 
Geography 491 – Advanced Topics in Geography: Exploring Hydrological Processes 

from Theory to Practice: Summer 2016, 2017 
 

Guest Speaker: 
Radio Interview for Whale Research – WDR Cologne - March 2016 
Victoria Natural History Society – April 2017  
Cowichan Valley Naturalists – September 2017 
The Hidden World of Whales – ‘A Day at UVic’ hosted by Continuing Studies, 2017 
Geography Department Colloquim, University of Victoria – December 2017 
Invited Panellist – Vancouver Aquarium Uncovered – February 2018 
Guest speaker, Grade 7-9, Landmark Elementary, Manitoba, September 2018 



Awards 
Student Travel Grant – October 2011 
UVic Graduate Award – May 2015 
UVic Graduate Award – July 2015 
Student Travel Grant – October 2015 
UVic Graduate Award – Summer 2016 
UVic Graduate Award – September 2016 
Commander Peter Chance MASC Graduate Fellowship – November 2016 
UVic Graduate Award – January 2017 
UVic Graduate Award – May 2017 
UVic Graduate Award – September 2017 
Student Travel Grant – December 2017 
UVic Graduate Award – W.R. Derrick Sewell Scholarship 
UVic Graduate Award – January 2018 
Melva J. Hanson Graduate Award – September 2018 
M.A. & D.E. Breckenridge Graduate Award – September 2018 
 
Publications and Presentations 
 
Burnham, R.E, Duffus, D.A., and Mouy, X. 2018. Gray whale (Eschrichtius robustus) 

call types recorded during migration off the west coast of Vancouver Island. 
Front. Mar. Sci. 5:329 doi: 10.3389/fmars.2018.00329. 

 
Burnham, R.E. 2017. Whale Geography: Biogeography, Acoustics and Whales. 

Progress in Physical Geography, 41(5): 676-685 
 
Burnham, R.E., K. Meland, and D.A. Duffus. 2017. First record of the marine mysid 

Hippacanthomysis platypoda Murano & Chess, 1987 in coastal waters of British 
Columbia, Canada. Journal of Crustacean Biology, 37(4): 496–498 

 
Burnham, R.E., R. Palm, D. Duffus, X. Mouy, and A. Riera. 2016. The combined use 

of visual and acoustic data collection techniques for winter killer whale (Orcinus 
orca) observations. Global Ecology and Conservation, 8:24-30. 

 
Burnham, R.E. and D.A. Duffus. 2016. Gray Whale (Eschrichtius robustus) Predation 

and the Demise of Amphipod Prey Reserves in Clayoquot Sound, British 
Columbia. Aquatic Mammals, 42 (2) 123-126 

 
Burnham, R.E. 2015. Reproductive strategies conferring species dominance in 

marinemysid (Mysida, Mysidacea) species in coastal waters off Vancouver Island, 
B.C. Crustaceana, 88 (12-14) 1421-1438 

 
Burnham, R.E. Using ocean gliders to define whale habitat use of offshore waters o 

west coast Vancouver Island.  Canadian Ocean Science Newsletter, March 2017 
 
Rannakari L., R.E. Burnham, and D.A. Duffus 2018. Diurnal and seasonal acoustic 

trends in northward migrating eastern Pacific gray whales (Eschrictius robustus). 
Aquatic Mammals, 44(1): 1-6 

 



Duffus D.A, R.E. Burnham, L.J. Feyrer. 2013 Ecology, Scales and Gray whales. 
Whalewatcher Journal of the American Cetacean Society 42(1): 24-28 Fall 2013. 

 
Burnham, R.E. and D.A. Duffus.  Patterns of Predator-Prey Dynamics Between Gray 

Whales (Eschrichtius robustus) and Mysid Species in Clayoquot Sound. Accepted, 
2016, International Journal of Cetacean Research and Management. 

 
Burnham, R.E. Following the leader? Acoustic cues in gray whale (Eschrichtius 

robustus) migration. Submitted to Animal Behaviour June 2018 
 
Burnham, R.E. and D.A. Duffus, Gray whale (Eschrichtius robustus) acoustics use in 

a foraging and weaning area. Submitted to Journal of Mammalogy August 2018 
 
Burnham, R.E. The acoustic behaviours of gray whales in increased ambient noise 

conditions during migration and summer foraging. Conservation Science and 
Practise July 2018 

 
Burnham, R.E. Temporal variation in fin whale calling in Clayoquot Sound and its 

offshore waters. Submitted to Northwest Science July 2018 
 
Burnham, R.E., Duffus, D.A., and Malcom, C.D., Towards an enhanced management 

scheme for recreational whale watching. Submitted to Tourism in the Marine 
Environment July 2018 

 
Burnham, R.E. and Duffus, D.A. Acoustic predator-prey reaction: gray whales 

(Eschrichtius robustus). Submitted to Aquatic Mammals June 2018.  
 
Burnham, R.E, Duffus, D.A., Mouy, X. The presence of large whale species in 

Clayoquot Sound and its offshore waters. Submitted to Continental Shelf Research 
October 2018. 

 
Burnham, R.E. Temporal separation in call types found for large baleen whale species 
in offshore waters of the Canadian Pacific. Presentation at 176th Meeting of the 
Acoustical Society of America, Victoria, Canada, November 2018. 
 
Howatt T., R.E. Burnham, T. Ross, S. Waterman. Characterizing turbulence and 
zooplankton distribution in Clayoquot Canyon, a whale habitat. Presented at the 
Ocean Science Meeting, Portland February 2018 
 
Burnham, R.E and D.A. Duffus. Quiet-no more: The consistent and pervasive use of 
acoustics by gray whales during migration. Poster presented at the 22nd Biennial 
Conference on the Biology of Marine Mammals, Society for Marine Mammalogy, 
Halifax Canada, October 2017. 
 
Duffus, D.A. and R.E. Burnham. The canary in a coal mine sings. Poster presented at 
the 22nd Biennial Conference on the Biology of Marine Mammals, Society for Marine 
Mammalogy, Halifax Canada, October 2017. 
 



Burnham, R.E. and D.A.Duffus. Playing hide and seek with a gray whale. Poster 
presented at the 21 st Biennial Conference on the Biology of Marine Mammals, 
Society for Marine Mammalogy, San Francisco, December 2015. 
  
Duffus, D.A. and R.E. Burnham. The new face of marine mammal conservation. 
Poster presented at the 21st Biennial Conference on the Biology of Marine Mammals, 
Society for Marine Mammalogy, San Francisco, December 2015 
 
Burnham, R.E. and D.A. Duffus. Ecological Structures Constructed from Predator-
Prey Interplay: Lessons from Gray Whale Residency on a Small, Discrete, Foraging 
Site on the British Columbia Coast. Invited Presenter at a workshop on the role of 
apex predators. San Francisco December 2015 
 
Participant ‘Can the Cloud Save the Whales?’, Focus Group for the Prevention of 
Marine Mammal Ship Strikes, Society for Marine Mammalogy Biennial Conference, 
Dec 5, 2013, Dunedin New Zealand. 

Invited Participant, Focus Group on Science and Management of Whale-Watching. 
Society for Marine Mammalogy Biennial Conference, Dec 6, 2013, Dunedin New 
Zealand. 

Burnham R.E. and D.A. Duffus 2011. Whale foraging ecology on the west coast of 
Vancouver Island: Mysid-e of the story. Poster presented at the 19 th Biennial 
Conference on the Biology of Marine Mammals, Society for Marine Mammalogy, 
Tampa, Florida. International conference. 
 
Burnham R.E. and C. Tombach-Wright. 2012 Food for Thought: Influence of 
‘Preyscape’ on gray whales of Clayoquot Sound.  Invited speaker at the gray whale 
workshop hosted by California Gray Whale Coalition, San Francisco March 2012  
 
Burnham R.E.  Whale foraging ecology in Clayoquot Sound, west coast of Vancouver 
Island. Plenary Speaker at the Pacific Rim Whale Festival, March 2014,Tofino BC. 
 
Burnham R.E. and C. Tombach-Wright. 2012 Food for Thought: Influence of 
‘Preyscape’ on gray whales of Clayoquot Sound.  Presentation at the gray whale 
workshop hosted by California Gray Whale Coalition, San Francisco March 2012  
 
Burnham R.E. and W.M. Megill 2010. Surveys for grey whales on the southern 
central coast of British Columbia and west coast of Vancouver Island, Summer 2009. 
Report prepared for the National Marine Fisheries Service, Seattle, WA. 
 
Burnham R.E., Williamson B.J., and W.M. Megill 2010. Whales of British Columbia 
project report - Clayoquot Sound and Cape Caution field research in 2009. Report 
prepared for Earthwatch Institute, Oxford.  
 
 
 
 
 
 


