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PREFACE 
Dear Reader,  

Consider the last time you were trying to do something important, and a loud noise began - a truck or 

motorcycle, a siren, hammering, yelling, loud music….  Maybe you were trying to sleep, talk on the 

phone, work, communicate with your child in a park, or have dinner on a patio.  Recall, if you will, how 

distracting and annoying the noise was, and how much of a relief it was when the noise ended. 

Now imagine you live in the ocean, where sound travels easily and is fundamental for your survival.   

And further imagine that your once thriving community is down to just 78 individuals.  Every birth, and 

every death, is critical to your survival. 

Fortunately, your critical habitat –which includes most of the waterways in southern British Columbia 

and northern Washington State, known as the Salish Sea-- has been scientifically-identified and legally-

designated.  Recovery plans prepared by both the Canadian and US governments identify underwater 

noise from ships and other sources as a key threat.  Still, ship traffic is heavy and is projected to increase 

in the coming years with new projects and expansions. Noise is (for now at least) integral to human’s 

economic development, transport, and recreation. 

How will human activity be reconciled with your survival and recovery? 

The answer to this question is on the mind of anyone concerned about the Southern Resident Killer 

Whale (SRKW) population, or other marine life around the world facing similar challenges.  Progress has 

been made in understanding more about underwater noise and its effects, but we have far to go.   

In our conversations with research colleagues and decision-makers, we concluded that a critical step 

was to establish a framework of metrics that measure the qualities and characteristics of noise that have 

the greatest impact on the whales.  Such a framework would inform the planning of mitigation 

measures and make it possible to detect, measure and describe changes in the quality of acoustic 

environment from a whale’s perspective in a standardized, repeatable way.  Ultimately they would be 

used to gauge the success of efforts to improve that quality.  

But such steps are easier to identify than to complete.  We needed to garner government support, 

gather some of the world’s best minds on the subject, and then work together to create a defensible 

framework that reflected the diverse experience and knowledge of those efforts. We succeeded only 

because everyone involved was committed to answering the question above.  We all agree that it is no 

longer an option to leave such questions - -and the fate of entire populations – with question marks.   

Our answers will change with more science and technology, but we need to do what we can now.   

I am grateful for the incredible commitment of everyone that contributed to this report, and to you for 

your interest.  Hopefully this report inspires you to contribute to ocean science and conservation. 

 

Andrew Day, LLB, Ph.D 

Executive Director, Coastal Ocean Research Institute 

Vice President, Ocean Wise 
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EXECUTIVE SUMMARY 
Anthropogenic noise interferes with the ability of the critically-endangered southern resident killer 

whales to communicate and to detect prey with echolocation.  As such, noise has been identified as a 

key threat to the survival and recovery of the population.  Efforts to address this issue both by learning 

more about noise sources and impacts and by reducing source emissions have begun. Social and 

regulatory imperatives to protect the whale’s critical habitat are likely to increase the intensity of these 

efforts for some years to come, as will a growing body of scientific evidence of negative impacts of noise 

on other aquatic animals. Detecting trends in the acoustic quality of the whales’ habitat and planning 

mitigation efforts have both been hampered by the absence of a set of broadly-accepted noise 

assessment metrics focused on the qualities and characteristics of sound that are most impactful to the 

whales.  An expert workshop was convened in Vancouver, Canada in May of 2017 to develop such a 

framework of impact-focused metrics.    

The workshop participants first reviewed the most important negative impacts on killer whales of noise 

from existing anthropogenic sources.  They determined that motorized vessels are the most significant 

sources of impactful, chronic noise in the southern resident killer whale’s critical habitat area.  They 

identified three principal impacts of this noise.  The first is behavioural disturbance, the impacts of 

which can be increased physiological stress, disruption of important activities such as resting and 

foraging, avoidance behaviours and hearing sensitivity threshold shifts.  The second is communication 

masking, which impacts group cohesion and coordination and interferes with important social 

behaviours.  The third is echolocation masking, which reduces foraging efficiency and may also impair 

navigation, orientation and hazard avoidance.  

There was agreement that properly assessing the acoustic quality of the southern residents’ habitat 

requires distinct metrics for each of the three impact categories.  The first metric addresses behavioural 

disturbance and focuses on broadband noise, measuring change in the 95th percentile of unweighted 

sound pressure levels from 10Hz -100 kHz.  The second focuses on communication masking in the 0.5-15 

kHz frequency band and measures change in the size of the space in which the whales can communicate 

effectively.  The third focuses on echolocation masking in the 15-100 kHz frequency band and is a 

measure of change in foraging space.  All three metrics are selected to detect trends rather than assess 

levels relative to a threshold. 

Although much of the identified critical habitat of southern resident killer whales is in active shipping 

lanes, ship traffic is not continuous and noise that the whales are exposed to in and near the shipping 

lanes varies considerably over periods of hours.   Additionally, there is considerable spatial variation in 

shipping noise levels, depending on bathymetry and proximity to the shipping lanes.  The workshop 

participants recognized that quiet periods and places may provide important foraging and 

communication opportunities.  Although primarily intended to measure trends over periods of years, 

they are also suitable for short-term and spatial comparisons of acoustic quality.
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CONTEXT 
The Southern Resident Killer Whale Population 

The endangered transboundary Southern Resident Killer Whale population (SRKW) is a distinct, 

reproductively- and demographically-isolated population of salmon-eating killer whales that is most 

often found in the waters of the western coast of North America.   It numbers only 78 individuals at 

present and has shown no net increase in numbers in four decades (Centre for Whale Research- 

whaleresearch.com).  Its inherently low reproductive rate gives it very limited capacity to sustain 

elevated mortality rates.  Its scientifically-identified and legally-designated critical habitat includes most 

of the network of waterways in southern British Columbia and northern Washington State known as the 

Salish Sea (DFO 2011).  Other important areas include the north side of the Strait of Juan de Fuca and 

Swiftsure Bank (James Pilkington, pers. comm. this workshop. Ford et al. 2017).  Ship traffic is heavy 

throughout all of these areas. 

 

Underwater Noise Primer 

It is well known that sound propagates over great distances in water while light attenuates rapidly.  

Many anthropogenic activities on or near water (eg. shipping, construction, sonar use) produce 

underwater noise.  Noise may cause behavioural disturbances and increased stress levels (Noren et al. 

2009, Rolland et al.  2012) amongst other impacts, which can include indirect consequences, such as 

reducing the ability to detect predators and find food and mates.  

 

Killer whales use sound actively for both communication and echolocation.  The efficiency and effective 

range of both activities are reduced by the masking effect of noise.  The impact on survival of this 

increased difficulty depends on context (for eg. impairment of foraging efficiency via reduced 

echolocation range is of greater consequence when prey are scarce than when abundant), and is 

difficult to estimate.   

 

Noise and Southern Resident Killer whales  

Recovery plans for the SRKW prepared by both the Canadian and US governments identify 

anthropogenic underwater noise from ships and other sources as a key threat to the population.  In 

Canada, the recently-finalized Resident Killer Whale Action Plan (January 2017) contains over 40 

measures that address the issue.  When the Canadian government approved the Trans Mountain 

Pipeline Expansion Project (TMX), it committed to ensuring that no net increase in underwater noise 

would result from the project.  Subsequently, it committed to the even more ambitious target of 

reducing noise in SRKW critical habit by the end of 2019 (ie. more than mitigate increases in noise).  

However, no targets were specifically set for noise reduction. 
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Workshop Goal 
The workshops goal was to identify characteristics of anthropogenic underwater noise that negatively 

impact southern resident killer whales and use them to develop a framework of standardized metrics for 

measuring, comparing and detecting changes in the quality of the whales’ acoustic environment. The 

ultimate purpose of the framework is to help inform a broad, yet-to-be developed program of mitigation 

actions that reduce the threats posed by anthropogenic noise to the survival and recovery of the 

population. 

 

Caveats 

 Workshop participants agreed that approaches to managing underwater noise must be 

precautionary, and the process must be adaptive, particularly as knowledge around the impacts 

of noise on marine mammals grows and as technologies to mitigate underwater noise develop.   

 As described below, the participants recommended 2018 as the acoustic reference year for data 

collection due to the proposed Trans Mountain Pipeline activities that are to begin in 2019. The 

use of the word ‘baseline’ was avoided as it implies an acoustically ‘better’ time for the whales, 

yet current conditions for SRKW which will likely be the same in 2018 are not sufficient to 

promote recovery (the population has not increased since the mid- 1970’s) and efforts must be 

made to reduce all threats to SRKW (disturbance, contaminants and lack of prey 

availability/accessibility).   

 As acknowledged by the Canadian National Energy Board, full operation of the TMX project is 

likely to result in significant adverse effects on this endangered population.  The workshop 

participants therefore emphasized the urgent need to address the knowledge gaps identified in 

this report in order to direct adaptive management approaches to include a noise-focused 

component to protect this population.   

 Vessel traffic contributes the majority of noise to which SRKW are exposed and discussions 

during the workshop focused on noise from this source.  Mitigation of impulsive noise sources 

such as sounds from pile driving and seismic surveys were not discussed. 
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KEY CONSIDERATIONS IN IDENTIFYING THE IMPACTS OF NOISE 
Killer whales use sound for a variety of purposes 

 Passive listening: Like other marine mammals, killer whales likely listen for environmental 

sounds (e.g., the sound of surf on shore) and the sounds of other species to assist with 

navigation, orientation, and foraging.  Figure 1 shows the overlap in cetacean, pinniped and fish 

hearing ranges, as well as those generated by human-generated noise.   

 Echolocation:  Killer whales use trains of broadband clicks with variable spectral characteristics 

and inter-click intervals to find prey, avoid obstacles and navigate.  Under good weather and sea 

conditions, killer whales can detect salmon up to at least 250 m away (Au et al. 2004, SMRU 

2014). 

 Communication:  killer whales use pulsed calls to communicate over a range of distances, 

(potentially up to 15 km or more – Miller 2006, etc.) and whistles, for short-range 

communication. 

 

 

Figure 1.  There is considerable overlap in cetacean, pinniped and fish hearing ranges, as well as those 

generated by human-generated noise (modified from Slabekoorn et al. 2010).   
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Hearing sensitivity varies with frequency 

 The good hearing range of killer whales extends from approximately 600 Hz to over 100 kHz.  In 

common with other mammals, they have a U-shaped audiogram. Their best sensitivity is 

between 20 and 50 kHz (Branstetter et al. 2017). 

 Noise impacts effecting audition are generally presumed to be most severe in the areas of 

greatest sensitivity, although the distribution of energy in killer whale calls suggests that sounds 

near the top and bottom of their hearing range may also be functionally important for them. 

 

Quiet periods are important 

 Although most of the identified critical habitat of southern resident killer whales is in busy 

shipping lanes, ship traffic is not continuous.   Temporal variability and the intermittency of 

noise are functionally important to whales, in that quiet periods provide windows of 

opportunity for communicating or echolocating with minimal masking.  Recent evidence of 

bowhead whales delaying calling until noise levels are lower when exposed to various levels of 

seismic survey noise (Blackwell et al. 2015) and of fin whales halting singing and waiting until a 

seismic survey ended before resuming (cited in Weilgart, 2007), support this. We also see 

examples of this effect in birds (e.g., Brumm and Zollinger 2014), insects, anurans, and several 

terrestrial mammals (reviewed in Tyack, 2008a, 2008b).   

 This disproportionate importance of quiet periods exists whether or not whales choose to 

concentrate vocal activity during such times.  It is a consequence of the relationships between 

noise and both echolocation range and communication space.  

 

Behavioural responses to sounds must be taken into account  

 Convincing empirical evidence exists that shows that killer whales respond to low frequency 

sounds that are thought to be near the lower limit of their hearing range 

 Context and acclimation to sounds must be considered.  As with other species, behavioural 

reactions to certain sounds might decrease or increase as exposure increases.  Interpretation of 

behavioural responses can be complex. 

 

Acoustic quality reference sites 

 Acoustic quality at any given location depends on the types, levels and proximity of sound 

sources and on factors that affect sound propagation, such as water depth, sound speed 

ducting, bottom substrate type, thermal or saline stratification, etc.   

 Meaningful assessment of the patterns and trends of acoustic quality of SRKW critical habitat 

therefore requires the careful selection of reference sites.  To provide the greatest insights into 

noise impacts, these sites should be located in or near areas of particular importance to the 

whales, such as foraging hotspots and commonly-used travel routes.  

 

WORKSHOP OUTCOMES 
The workshop participants agreed that the range of the most important noise impacts could be captured 

in three key metrics: one focused on noise-induced changes in behaviour, physiology and/or health; a 

second focused on communication masking (which impairs social integrity, social interactions and 
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foraging coordination), and a third focused on echolocation masking (which impairs foraging and 

navigation).  Figure 2 illustrates the different frequency bands that these metrics focus on.  Based on 

empirical evidence that noise outside the whales’ known hearing range can cause behavioural changes, 

the first metric assesses broadband noise.  The second and third metrics assess noise within the 

frequency ranges of echolocation clicks and communication calls, respectively. 

 

 

 
Figure 2.  The three key frequency bands that the metrics focus on are broadband, communication and 

echolocation signals.   

 

In addition to achieving the goal of measuring, comparing and detecting changes in the quality of the 

whales’ acoustic environment, the suite of metrics were designed with the following additional uses in 

mind: 

 to inform initiatives for reducing noise outputs, such as vessel quieting and speed reductions, 

 to facilitate assessment of acoustic quality at reference sites in key foraging areas and/or other 

locations of importance to the whales, 

 to  identify ways in which changes in the temporal and/or spatial distribution of noise sources 

might reduce impacts on the whales, such as convoying ships to create relative quiet periods 

and/or creating acoustic sanctuaries with reduced vessel traffic, and,  

 to better understand the effects of noise on salmon--the principal prey of resident killer whales. 

 

The participants strongly agreed that metrics that detect trends in impactful noise over time and 

differences in impactful noise levels between locations (ie the delta or differential between noise levels) 

are more robust and useful in meeting the stated goal than threshold-based metrics that focus on sound 

levels relative to a target.  This approach is a departure from many noise assessments which use 

thresholds as a basis for binary decision making---for example determining whether or not a noise-

making activity should be allowed.  Although necessary for such decisions, fixed, biologically-meaningful 

thresholds are inherently difficult to determine.  Part of the reason for this is that impacts of noise a) 

vary according to time, location, and contextual factors such as behavioural activity, and b) include 

factors with consequences that are challenging to quantify, such as stress or changes in speed and 

direction.  An additional advantage to change-based metrics is that they lend themselves readily to an 

adaptive conservation approach where the relative effectiveness of mitigation strategies is reflected in 
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changes in the metrics.   Figure 3 A and B illustrate how these change based metrics can be better 

understood.  

 

Figure 3A.  Signal detection distance depends on acoustic transmission loss which can be expressed as N 

log r or R. R is the detection distance under natural ambient noise conditions, r1 is the detection distance 

under pre-TMX noise conditions (with 2018 as a reference year) and r2 is the detection distance after 

TMX implementation.  N is dependent on local sound propagation conditions and typically varies 

between 10 and 20. 

 

 
 

Figure 3 B.  The levels of noise killer whales receive depend on acoustic conditions. 
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There was also agreement that in some cases, such as determining the quality of ‘acoustic sanctuaries’ 

or the quality of  planned ‘quiet periods’ between ship passages, measuring the proportion of time that 

noise falls below a benchmark level reflective of natural sound level variation without anthropogenic 

noise would be useful and informative.  The three principal metrics are described below and 

summarized along with the rationale for their selection and their ‘ideal world’ values. 

 

In view of the Government of Canada’s commitments to reduce underwater noise in SRKW habitat, 

(which the participants took to mean improve the acoustic quality of that habitat), the participants 

recommended that 2018 be considered an acoustic reference year for assessing subsequent 

improvement or deterioration of the whales’ acoustic environment. 

 

Broadband Noise 

Underwater noise can cause killer whales and other marine mammals to alter their behavior, change 

dive patterns and respiration rates, and interrupt foraging, socializing or resting. (eg. Lusseau et al. 

2009).  Furthermore, noise appears to be associated with higher than normal stress hormone levels 

(Roland et al. 2012).  It can also cause animals to leave important habitat (Gomez et al. 2016).  The 

workshop participants agreed that these behavioural or physiological impacts constitute a threat and 

warrant a specific metric:  95th percentile of unweighted sound pressure levels (SPL) from 10 Hz to 100 

kHz.  This recommended metric would be measured with at least 1/3 octave band frequency resolution, 

which is sufficient for determining noise in critical hearing bands. Important sounds occurring in limited 

frequency ranges are masked predominantly by noise at nearby frequencies; mammalian hearing can 

filter out masking noise that occurs at much higher or lower frequencies. The relatively small frequency 

band centred on the sound of interest (referred to as the critical band) defines the range of frequencies 

that contribute to masking –noise outside of the critical band does not contribute or at least contributes 

much less to this masking  (Erbe et al. 2016).  There was some discussion of using the 50th percentile 

instead, but the 95th was agreed on in reflection of the fact that loud noise sources are the most 

impactful, and detecting change at the top end of the noise spectrum is therefore most important.   

 

Communication Masking 

The communication space of killer whales typically covers distances out to  approximately 15 km, but 

can extend to over 26 km (Miller 2006) and in some cases even further (James Pilkington, Lance Barrett-

Lennard- pers. comm. this workshop).  Acoustic communication is important for maintaining group 

cohesion, particularly when the whales are widely dispersed during foraging.  Communication sounds 

may transmit information about prey patches and threats, and also mediate social interactions 

(including prey sharing).  Cow-calf pairs are especially vulnerable because it is likely that killer whale 

calves, like beluga whale calves, vocalize at lower intensity than adults, particularly at higher 

frequencies, which makes the disruption of their communication bond, and thus the potential for 

unwanted separations, more likely (Valeria Vergara pers. comm. during this workshop).  Miller et al. 

(2014) showed that killer whale calves had stronger responses to military sonar than did adults, further 

supporting the possibility that they are more sensitive to noise.   
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The recommended metric for assessing the effects of communication masking is the percentage 

reduction in baseline communication space, which is the distance that a signal can be detected and 

decoded by a conspecific (see for eg. Tervo et al. 2012). Active space is limited by the masking of the 

sound of interest by natural and anthropogenic noise. The relative listening space metric quantifies the 

fractional decrease in caller-listener separation distance necessary for increasing received call sound 

levels to overcome increases in masking noise (Barber et al. 2009). The calculation examines noise 

increases (or deltas) from 2018 levels in consecutive critical hearing bands within the 0.5 to 15 kHz 

frequency range. These can be averaged, or a percentile taken, to yield a single metric representing the 

full communication band. 

 

Echolocation Masking 

Since the demonstration of a strong negative correlation between coast-wide Chinook salmon 

abundance and mortality rates in both southern and northern resident killer whales (Ford et al. 2009), 

much attention has been paid to the hypothesis that nutritional stress is a key threat to the survival and 

recovery of SRKW (e.g. Hilborn et al. 2012).  Resident killer whales echolocate extensively while foraging 

(Barrett-Lennard et al. 1996), presumably to locate and capture fish.  Masking of echolocation by noise 

therefore reduces foraging efficiency, an effect that is likely to be most consequential during periods of 

low salmon abundance.  In light of the importance of echolocation, the workshop participants agreed 

that a metric was needed to assess and measure echolocation masking noise.   

 

The metric, referred to as foraging space reduction, has been proposed to characterize the relative 

decrease in echolocation signal detection distance due to noise masking. This is calculated using the 

same approach described for the relative communication distance metric above. It is expressed as the 

percent change (or delta) of the original echolocation distance based on 2018 conditions in the presence 

of increased masking noise in the echolocation band (Barber et al. 2009). Calculating this metric (the 

delta in echolocation space) requires a measure of the change in masking noise levels in the audiogram 

weighted 15-100 kHz band, together with an estimate of acoustic transmission loss (the rate at which 

received echolocation signal levels decrease with distance between a whale and its prey). 

 

Applications of the Noise Metrics to Mitigation:  Two Examples 

Acoustic Sanctuaries 

Strategies to identify acoustic sanctuaries should include areas both of high value to SRKW and where 

reducing noise or preventing increases in noise is feasible.  By these criteria, there are several potential 

locations for effective acoustic sanctuaries in SRKW critical habitat.  Salmon Banks and/or the south end 

of Lopez Is. (in US waters), Swiftsure Bank, and possible locations along the north side of the Strait of 

Juan de Fuca.  Haro Strait could also be declared an acoustic sanctuary in its entirety, with special 

measures to reduce noise impacts (such as greater minimum approach distances to SRKW by whale-

watch vessels).  Sanctuaries could be seasonal and/or dynamic, and should be adaptive and subject to 

revision as new information becomes available. All three metrics (for broadband sounds, as well as 

echolocation and communication masking) would be appropriate for describing acoustic sanctuaries.  

 

Vessel Ranking 

The ranking of the sound signatures of vessels is extremely useful for managers for developing incentive 

or performance based programs, such as those initiated by the Fraser River Port Authority’s (FVPA) 
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ECHO program.  Power spectral densities (PSD in 1 Hz bins) and 1/3-octave band source radiated noise 

levels can be calculated according to standards such as ANSI 12.64 (2009) and ISO 17208-1 (2016). These 

measurements can be used to inform ship owners of their vessels’ noise emissions performance relative 

to their peers. Ranking vessels requires some scaling of measured levels prior to the comparisons, to 

account for vessel class, dimensions and speed at time of measurement.  Rankings can be used to 

identify the acoustic “worst offenders” in the fleet, or more positively, be provided to vessel owners for 

identifying maintenance issues that may require attention, and to provide outreach on the acoustic 

impacts of their vessels on SRKW.  An important use of vessel ranking is for identifying “best in class” 

vessels, that could then be provided incentives such as reduced berth fees, such as recently 

implemented by the Vancouver Fraser Port Authority (VFPA) for vessels with ‘quiet vessel’ notations 

from ship classification societies.  These rankings could also be used by Green Marine, a voluntary 

environmental certification program for the North American marine industry which recently established 

underwater noise standards for member shipping companies.  Note that received levels from shipping 

are unlikely high enough and of long enough duration to cause PTS, though TTS is a possibility in some 

cases, and as discussed earlier, may be of greatest concern for young animals. The appropriate metrics 

for vessel ranking should include the radiated source levels and spectra in each of the three categories 

described in Table 1. 
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Table 1.  Summary of the three metrics that collectively describe the quality of the acoustic habitat for 

southern resident killer whales.   

Metric Purpose Definition Rationale Optimal  Value 

Broadband 
level noise 

To indicate the 
risk of 
behavioural, 
physical and 
physiological 
impacts of low-
frequency noise 
on SRKW, and for 
ship noise 
assessment and 
vessel ranking.  

The proportion of 
time that the 
unweighted sound 
pressure level (SPL) 
in frequencies from 
10 Hz to 100 kHz 
does not exceed 
95% of the 
measured level 
relative to 2018 
levels. 

Noise in frequencies across 
the spectrum, and 
especially low-frequency 
noise, that has the 
potential to cause physical 
and physiological effects on 
SRKW may not be 
adequately captured by 
hearing range (audiogram)-
weighted metrics (e.g. for 
masking). This metric acts 
as a proxy indicator of this 
risk. The broadband SPL 
(RMS) is chosen since low-
frequency components are 
expected to dominate this 
metric. Although also 
intended to indicate the 
probability of behavioural 
responses in SRKW, this 
metric may also provide a 
measure of noise impacts 
on salmon, which may be 
sensitive to low-frequency 
noise and are important 
prey for SRKW.  Further, 
the metric could also be 
used to rank vessels based 
on their acoustic 
signatures, providing 
criteria for targeting and 
prioritizing mitigation 
efforts.  

The proportion of 
time that the 
broadband SPL in 
frequencies from 
10 Hz to 100 kHz 
does not exceed 
the 95th percentile 
of the level present 
in the animal’s 
natural 
soundscape.  (The 
95th percentile of 
the natural 
soundscape is the 
value below which 
95% of measured 
sound pressures 
fall.)  Note that this 
requires a 
consistent 
definition of how 
natural soundscape 
would be 
estimated, but its 
definition was 
outside the scope 
of this workshop. 
 

   

Communication 
masking noise 

To indicate levels 
of SRKW 
communication 
masking, most of 
which occurs in 
the 0.5-15 kHz 
frequency band. 

The change in the 
communication 
space relative to 
2018 levels, taking 
into account site-
specific propagation 
conditions. 

Communication is a vital 
behaviour for SRKW, and 
supports important 
functions such as 
reproduction, socializing, 
and foraging, including prey 
sharing. SRKW calls may be 
masked by shipping noise, 
which means that their 
communication area or 
space over which calls can 
be effectively received by 
conspecifics can be 
significantly reduced. 
 

Optimal 
communication 
space is defined as 
95% of the space 
available under 
natural noise 
conditions at any 
location and varies 
with time. 
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Echolocation 
masking noise 

To indicate levels 
of SRKW 
echolocation 
masking, most of 
which occurs in 
the  15-100 kHz 
frequency band 

The change in 
foraging space 
relative to 2018 
levels, taking into 
account site-specific 
transmission loss 
rates..   

Echolocation is used in 
foraging and hence is a vital 
behaviour for SRKW.  It is 
likely also used for 
navigation and orientation. 
SRKW echolocation clicks 
may be masked by shipping 
noise. While seeking prey, 
volume of water searched 
is the primary 
consideration when 
considering impacts. 

Optimal 
echolocation space 
is defined as 95% 
of the space 
available under 
natural noise 
conditions at any 
location and varies 
with time.   
 

 

 

Applications of the Noise Metrics to Mitigation:  Two Examples 

Acoustic Sanctuaries 

Strategies to identify acoustic sanctuaries should include areas both of high value to SRKW and where 

reducing noise or preventing increases in noise is feasible.  By these criteria, there are several potential 

locations for effective acoustic sanctuaries in SRKW critical habitat.  Salmon Banks and/or the south end 

of Lopez Is. (in US waters), Swiftsure Bank, and possible locations along the north side of the Strait of 

Juan de Fuca.  Haro Strait could also be declared an acoustic sanctuary in its entirety, with special 

measures to reduce noise impacts (such as greater minimum approach distances to SRKW by whale-

watch vessels).  Sanctuaries could be seasonal and/or dynamic, and should be adaptive and subject to 

revision as new information becomes available. All three metrics (for broadband sounds, as well as 

echolocation and communication masking) would be appropriate for describing acoustic sanctuaries.  

 

Vessel Ranking 

The ranking of the sound signatures of vessels is extremely useful for managers for developing incentive 

or performance based programs, such as those initiated by the Fraser River Port Authority’s (FVPA) 

ECHO program.  Power spectral densities (PSD in 1 Hz bins) and 1/3-octave band source radiated noise 

levels can be calculated according to standards such as ANSI 12.64 (2009) and ISO 17208-1 (2016). These 

measurements can be used to inform ship owners of their vessels’ noise emissions performance relative 

to their peers. Ranking vessels requires some scaling of measured levels prior to the comparisons, to 

account for vessel class, dimensions and speed at time of measurement.  Rankings can be used to 

identify the acoustic “worst offenders” in the fleet, or more positively, be provided to vessel owners for 

identifying maintenance issues that may require attention, and to provide outreach on the acoustic 

impacts of their vessels on SRKW.  An important use of vessel ranking is for identifying “best in class” 

vessels, that could then be provided incentives such as reduced berth fees, such as recently 

implemented by the Vancouver Fraser Port Authority (VFPA) for vessels with ‘quiet vessel’ notations 

from ship classification societies.  These rankings could also be used by Green Marine, a voluntary 

environmental certification program for the North American marine industry which recently established 

underwater noise standards for member shipping companies.  Note that received levels from shipping 

are unlikely high enough and of long enough duration to cause PTS, though TTS is a possibility in some 

cases, and as discussed earlier, may be of greatest concern for young animals. The appropriate metrics 
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for vessel ranking should include the radiated source levels and spectra in each of the three categories 

described in Table 1. 

 

IDENTIFIED KNOWLEDGE GAPS 
Key topics that were not addressed in the workshop but were identified to be important to future work 

in assessing the effectiveness and improving the design of the metrics include: 

 The hearing abilities and impacts of noise on Pacific salmon, particularly Chinook and chum. 

 More information about the spectra and source levels of small vessels is needed. 

 Potential locations on which to focus mitigation: Salmon Bank, and/or the south end of Lopez Island 

in US waters, and Swiftsure Bank and possibly the north side of the Strait of Juan de Fuca in 

Canadian waters merit further consideration, as does Haro Strait.  There are likely others. 

 The night time foraging behavior of resident killer whales- further research is needed, and may have 

consequences for mitigation, including the use of convoys and vessel exclusion time periods. 

 What are the optimal and acceptable sizes or bounds of acoustic search and communication spaces 

for recovering SRKW and how do they vary in different conditions and environments? 

 How is killer whale hearing impacted (particularly young animals) by chronic noise exposure in all 

three metric bands? 

 More information about the use and effective range of killer whale echolocation.  This includes 

compensatory abilities such as the Lombard effect1 seen for killer whale calls 

 More research is needed to inform dose/behavioural response curves, particularly at low 

frequencies, and how they may vary between times of exposure (eg. night versus day/ expected 

quiet period versus expected noisy period, etc.). 

 Are there synergies between ship strike risk assessment vs. vessel speed changes for SRKW? 

 Are killer whale audiograms accurate, especially at lower frequencies? 

 To what extent and by what non-auditory pathway(s) do killer whales perceive sound energy in 

frequencies that fall outside of their primary hearing sensitivity? 

 What are killer whale source levels for echolocation and communication signals across the full 

spectrum? 

 

Next steps  
This approach- using three metrics- is consistent with Tougaard et al. (2015) and with the EU Marine 

Strategy Framework Directive (MSFD).  The MSFD focuses on sustaining populations, the habitats that 

support them, and the ecosystems they live within, and differs from the US Marine Mammal Protection 

Act approach of allowable ‘takes’ of individual species.  Monitoring programs and reference sites need 

to be identified and systems put in place before the end of 2017, as 2018 will be the target year for 

establishing reference noise levels before Kinder Morgan vessel activity begins to increase.  A recently-

completed  DFO science review of Canada’s recovery measures for killer whales (Fisheries and Oceans 

Canada 2017), and the results of this metrics meeting could inform this process, and may also be helpful 

informing efforts to protect St. Lawrence beluga and North Atlantic right whales.  It may be appropriate 

                                                             
1 The Lombard effect is when vocalizing animals increase the audibility of their voice (loudness, pitch, duration 
etc.) in the presence of noise, thus increasing the signal to noise ration of their vocalzations. 
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to establish a ‘stoplight’ monitoring program that is updated daily to identify the noisiest reference sites.  

Mitigation measures such as vessel slow-downs and/or convoys may be put forward if areas of concern 

are repeatedly identified and the measures are deemed to be sufficient for noise reduction actions while 

maintaining vessel safety.  Current research by the VFPA’s ECHO program will greatly inform future 

efforts. 

 

Participants are considering submission of a follow-up paper for submission to a peer-reviewed journal:  

Endangered Species Research, PLOS, Marine pollution bulletin, or PeerJ open access with collective 

authorship 

 

CONCLUSIONS 
Expert workshops are brainstorming exercises that are usually motivated by some sense of urgency.  

They allow colleagues to efficiently and quickly consider and discuss specific topics in depth, to share 

new information and existing information in new lights, to share and challenge ideas, to identify 

fundamental knowledge gaps and plan studies to address them and, sometimes, just sometimes, to 

arrive at a consensus on an issue or question.  In this case, the urgency was the desperate plight of the 

southern resident killer whales---which has only 78 members, shows no positive growth trend over the 

last three decades, and is negatively impacted by a number of anthropogenic activities and pollutants. 

 

To the relieved surprise of the workshop organizers and participants alike, a high degree of consensus 

was achieved.  There was agreement that the most important noise related impacts for southern 

resident killer whales are behavioural disruption, and the masking of communication and echolocation.  

There was agreement that quiet periods and the identification of acoustic sanctuaries could reduce 

noise impacts significantly, and to be most useful, the metrics need to measure the quality of the 

environments with respect to these parameters.  There was agreement on the metrics themselves, and 

finally there was agreement on a general approach to identifying reference sites for monitoring the 

effectiveness of mitigation efforts.  Some of these could be permanent sites, while others may change 

location depending on the biology of the whales.   

 

However, there was not general consensus re: whether and how the three metrics might be combined 

into one for a broad evaluation of acoustic quality.  Generally, it was felt that this approach would not 

be helpful for planning, prioritizing and assessing the effectiveness of noise mitigation approaches 

specifically for SRKW, but that it might have utility in a broader coast-wide assessment of general 

acoustic quality.  Also discussions remain ongoing as to the use of 95th percentiles (as opposed to 50th 

percentile and potentially others, reaffirming the need for management approaches to be adaptive). 

 

Finally, a comment about mitigation.  The workshop focused on metrics for identifying the need for 

mitigative actions, and where needed, for planning them, and evaluating their effectiveness. That said, 

mitigation options naturally arose and were briefly discussed.  Without reiterating those discussions, 

suffice to say in this report that the participants focused the metrics on areas where practical mitigation 

options do exist, or might exist in the near future.  For example, in discussing quiet periods, participants 

considered that larger vessels transiting critical habitat could be convoyed to create noisier and quiet 

periods, and furthermore that discussions with pilots and industry representatives have indicated that 
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such a strategy is within the realm of possibility.  Similarly, they discussed whether any areas in the 

SRKW critical habitat could usefully serve as acoustic sanctuaries, and determined that while most or all 

candidate areas would still experience some ship noise, speed or routing changes could reduce it 

significantly.   
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APPENDICES 
Appendix 1:  Glossary (largely derived from ASA 2015 and Erbe 2011) 

Audiograms are plots of absolute hearing detection thresholds (dB) under quiet conditions vs frequency 

(kHz) and are derived from tests that either rely on behavioural training, or on measurements of 

auditory  brainstem responses (referred to as  ABRs or as auditory evoked potential tests -AEP). Both 

types of tests are usually performed on captive animals although more recently ABR/AEP test have been 

done with wild cetaceans that have stranded or been captured.  Generally, behavioural auditory 

response testing is considered more accurate for testing hearing sensitivities at the boundaries of good 

hearing range, especially with regard to lower frequency hearing in cetaceans and other mammals. 

Marine mammal audiograms are U-shaped, just as they are in humans.  The results of audiogram testing 

vary depending on the subject’s history (eg. past noise exposure, age, sex, medical history and whether 

the individual had been treated with certain antibiotics, etc.), As a result, audiograms should be 

interpreted in a precautionary way in view of this variability.  To date, there are audiograms from 11 

captive killer whales of which 9 are useful, and these are discussed in more detail in Appendix 2. 

 

Behavioural response or dose- response curves are graphs based on estimates of the percentage of a 

population that may respond behaviourally to exposure to different levels or doses of a potential 

stressor.  In this case, the stressor is anthropogenic sound, ie. noise.  The response may include changes 

in swimming speed or direction, the duration of dives, time at the surface, respiration rate etc.  How 

animals respond to noise exposure will depend on a number of factors, including age, gender, health, 

previous exposures and behavioural state (for eg. will vary depending on whether foraging or resting).   

 

Critical band is the bandwidth of sound frequencies perceived by the inner ear which can effectively 

mask a tone or signal at the centre of a particular frequency band which interferes with the perception 

of the tone, due to masking.  
 

Critical ratio is the ratio between the sound pressure of a signal and the power spectral density of noise 

at the detection threshold- ie how much louder a signal has to be than background noise before it is 

perceived by an animal. 

 

M-weighting accounts for the ways in which the relative hearing sensitivity of marine mammal species 

affects the hearing of sounds at different frequencies.  It is an auditory weighting function similar to the 

C weighting systems used for humans. 

 

1/3rd octave bands (Hz) are divisions of sound frequencies into bands that reflect the size of auditory 

filters (critical bands) in the hearing of most land mammals and birds.  An octave represents a doubling 

in frequency. The European Union Marine Strategy Framework Directive on Underwater Noise has 

based its targets for Good Environmental Status on the 1/3 octave bands that have central frequencies 

at 63 and 125 Hz.  The centre frequencies are the geometric means of the frequencies within bands.  

While 1/3 octave band are the most commonly reported noise metric, octave bands, and other fractual 

bands such as 1/6 and 1/12 octave bands are also used to describe sound impact in marine mammals, 

particularly toothed whales..  Table 2 shows sample octave and 1/3 octave bands and their centre 

frequencies. 
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Table  2:  A sample of octave and 1/3 octave band centre frequencies and band limits.  In general, the 

lower the frequency, the further the sound will travel, in both air and water, although this is not 

necessarily true in shallow water.  

Frequency (Hz)) 

Octave Band 1/3 Octave Band 

Lower 
Band 

Limit (Hz) 

Centre 
Frequency 

(Hz) 

Upper 
Band  
(Hz) 

Lower 
Band 

Limit (Hz) 

Centre 
Frequency 

(Hz) 

Upper 
Band  
(Hz) 

11 16 22 14.1 16 17.8 

 
17.8 20 22.4 

22.4 25 28.2 

22 31.5 44 28.2 31.5 35.5 

 
35.5 40 44.7 

44.7 50 56.2 

44 63 88 56.2 63* 70.8 

 
70.8 80 89.1 

89.1 100 112 

88 125 177 112 125* 141 

 
141 160 178 

178 200 224 

177 250 355 224 250 282 

 
282 315 355 

355 400 447 

* The EU Marine Strategy Framework Directive on Noise2 has selected the 63 and 125 Hz 1/3 octave 

bands as the focus of their long term underwater noise monitoring program, because shipping noise is 

assumed to have the highest sound pressure levels in those two bands This metric, however, does not 

take variation of underwater sound propagation in different environments into account which can lead to 

changes in the the perception of loudness of other bands.  

 

Percentiles are useful when measured sounds change with time- for bioacousticians, the nth percentile 

gives the level below which the signal falls within n% of the time. For engineers, the nth percentile gives 

the level above which the signal falls within n% of the time.   

 

Power Spectral Density (PSD) units are dB re 1µPa2/Hz and show the power of a sound distributed 

within 1 Hz frequency bins.  The figure below is from Veirs et al. (2016) and shows sound source levels in 

PSD. PSD is used to compare sound sources and acoustic environments. PSD units, however, do not 

reflect how a sound is perceived by an animal or human. 

 

 

                                                             
2 http://ec.europa.eu/environment/marine/pdf/MSFD_reportTSG_Noise.pdf-  

http://ec.europa.eu/environment/marine/pdf/MSFD_reportTSG_Noise.pdf
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Figure 1.  Power spectral densities of different vessel classes.  From Veirs et al. (2016) 

 

Root Mean Square (RMS) units are dB re 1 µPa, or sound pressure levels, and describe how sound 

pressure is averaged over a specified period of time, and is a useful metric for continuous sound, but 

must be interpreted cautiously if it issued to describe a pulsed or acute sound. 

 

Sound exposure levels (SEL, similar to Leq) units are dB re 1 µPa2/s and are the measure of the total 

energy of a signal over a specified time, which at minimum is usually 1 second. SELs need to be specified 

over the time which the sound exposure is summed.  

 

Sound pressure levels (SPL), also known as RMS SPL units are dB re 1 µPa-  describe the square root 

sound  pressure over a specific period of time. The time period is variable and should be specified, but is 

typically 1 second. 

 

Appendix 2:  Audiograms, weighting functions and the assessment of noise impacts.   

An audiogram is a curve showing sound pressure level variation over the range of frequencies detected 

by an animal in hearing tests. The curve represents the absolute hearing sensitivity per sound frequency 

of each individual tested. The underlying general assumption of using audiograms to assess noise impact 

is that if a sound cannot be perceived by the animal, the impact of that sound is negligible. In order to 

use audiogram weighting in noise impact assessments, one has to assume low uncertainty with regard 

to a) whether the available audiogram data are representative of best hearing of the target species, and 

b) whether perception is captured completely by an audiogram. Hearing sensitivity is tested using 

behavioural responses or Auditory Brain Stem Responses (ABR) to the playback of tones. A description 

of the methods can be found in the studies referenced in this section (e.g. Szymanski et al. 1999, 

Branstetter et al. 2017). In general, behavioural response are considered to provide more accurate test 

results for frequencies under 3 kHz. 

The best audiograms can be established in species for which multiple tests have been performed with 

individuals from different age and sex classes and with different noise exposure histories, which includes 
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humans, bottlenose dolphins and beluga whales. The number of individual audiograms available for 

most cetacean species is low. Eleven killer whales have been tested in three different studies (Hall and 

Johnson 1972, Srymanski et al. 1999, Branstetter et a.l 2017) but only nine were considered usable 

because two animals had severe hearing loss in some frequency bands not consistent with age related 

hearing loss (Branstetter et al. 2017). There is a great deal of variability among these nine animals which 

cannot be explained by single or multiple influences, such as age related hearing loss, or age and sex 

related hearing. (Branstetter et al. 2017).  

Audiogram-weighted noise levels to assess behavioural and health impact of noise on animals have also 

been proposed, most prominently by Nedwell et al. (2007), although there are some concerns with this 

approach. This includes the perception of sound levels in frequencies that may disturb animals does not 

always align with hearing sensitivities. That means even if the tested hearing sensitivity is low for a 

certain frequency, disturbance in terms of annoyance, behaviour change and health effects can still 

occur. For example, the low frequency sounds of wind turbines and their effects on humans has been 

the subject of intense investigation and although the frequencies in question are below the typical 

hearing range of humans, there are complaints by people living near wind turbines.  It has been 

suggested that the outer hair cells, which are not thought to play a huge role in the detection of sound 

frequency but respond to mechanical stimulation such as vibrations, also respond well to low 

frequencies and may be responsible for high sensitivity to low frequencies in some individuals (Salt and 

Hullar 2010).  

Resident killer whales may also respond behaviourally to frequencies for which the whales have low 

sensitivity. Holt et al. (2009) demonstrated that killer whales increase the call source levels by 1 dB when 

the background broadband noise increased by 1 dB. Since the background sound levels were primarily 

influenced by ship noise, which has most of its sound energy below 1 kHz, the whales may have 

responded behaviourally to a sound level increase in frequencies that they do not hear well.  A 

broadband metric that includes pressure levels at frequencies that may not be perceived well by the 

whales, but where most of the noise occurs, can still be appropriate for behavioural impact and health 

impact assessments.  For the purpose of assessing noise impacts, the participants achieved consensus 

on measuring change over time (the delta) rather than on describing absolute threshold values and fully 

acknowledge that current noise levels are likely too high to ensure SRKW recovery, and that the focus 

must be on significantly reducing them.   
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Appendix 4:  Workshop Agenda 
 

Monday May 1, 2017 

8:30-9:10 am Welcome, Introductions, Mission and Context 

8:30 am Andrew Day (Coastal Ocean Research Institute) – Welcome & Mission 

8:35 am Introductions  

8:45 am Lance Barrett-Lennard (Coastal Ocean Research Institute- CORI) – Workshop Context 

8:55 am Patrice Simone (Fisheries and Oceans Canada) – Department of Fisheries and Oceans 
commitment to underwater noise reductions for southern resident killer whales 

9:00 am Michelle Sanders- (Transport Canada) - Transport Canada’s commitment to underwater 
noise reductions for southern resident killer whales  

9:00-9:10 am Questions and Discussion on the Mission and Context 

9:10-11:40 am Knowledge Sharing 

9:10-9:30 am James Pilkington (Fisheries and Oceans Canada) - An overview of acoustic research 
on SRKW obtained through passive acoustic monitoring 

9:30-9:50 am Brianna Wright (Fisheries and Oceans Canada) - An overview of the results of D-
Tag foraging studies on killer whales 

9:50-10:10 am Harald Yurk (JASCO Applied Sciences) - Current noise metrics used in 
environmental assessments and noise mitigation in Canada 

10:10 am Break  

10:30-10:50 am Jason Wood (SMRU Consulting)/Val Veirs (Salish Sea Hydrophone Network) – An 
overview of the Salish Sea Hydrophone Network, and the results of ship signature studies 

10:50-11:10 am Jason Wood/ Dom Tollit (SMRU Consulting) - Insights into underwater noise 
impacts on southern resident killer whales gained from environmental impact assessments 

11:10-11:20 am Valeria Vergara (CORI) - Impairment of acoustic behavior of beluga cow/calf 
pairs: the consequences of underwater noise 

11:20-11:40 am Nathan Merchant (Centre for Environment, Fisheries and Aquaculture Science- 

UK, CEFAS) - Acoustic soundscape characterization: a European perspective 

11:40 am -12:10 pm  Discussion:  Key Questions 

The group discussed whether questions posed in the remainder of the agenda adequately 
capture key components of a framework of impact-focused metrics for underwater noise. 

12:10-1:00 pm Lunch 

1:00- 2:15 pm  Question 1:  

 How should chronic and acute noise sources be accounted for when characterising underwater 
soundscapes and establishing trends of significance to killer whales?  And in the case of chronic 
noise, over what time intervals should sound exposure levels be measured to detect meaningful 
trends (eg hourly, daily, seasonally, etc). 

2:15—2:30 pm Break  

2:30 – 5:00 pm Question 2 
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 How can we best identify impact trade-offs between noise duration and intensity?  Assuming a given 

noise exposure level over the course of day, under what conditions, if any, are quiet periods 

punctuated by high noise episodes less impactful than constant noise at lower levels?  

3:30—3:45 pm Break  

3:45-5:00 pm Question 2 continued…. 

5:00 pm Adjourn  

 

Tuesday May 2, 2017 

8:30-10:50 am  Question 3: 

 How should killer whale audiograms and vocalization frequency weightings be incorporated into 

underwater noise metrics? 

10:50 am BREAK – coffee, tea and light snacks to be provided  

11:15 am-12:00 pm  Check-In With Group 

12:00-1:00 pm Lunch 

1:00 pm-2:30 pm  Question 4: 

 Is communication and echolocation masking the main source of impacts of noise on resident killer 

whales, or should/can we consider other impacts?  

3:30 pm Break 

3:45 -5:00 pm  Question 5: 

 What are the noise levels below which impacts are negligible?  If so, would special monitoring 

measures and/or metrics be useful for managing acoustic sanctuaries with negligible noise impacts? 

Wednesday May 3, 2017  

8:30-10:30 am  

Address issues and questions “parked” or not fully answered during the discussion of the 
previous two days.   

10:30 am Break 

10:45 am -12:30 pm Review of Preliminary Consensus  

Review the preliminary consensuses recommendations and made modifications as needed  
There was  an opportunity for DFO/TC to comment and reflect on what information should be 
synthesized to best accommodate the federal government’s commitment to underwater noise 
reduction targets 

12:30 -1:30 pm  Lunch 

1:30- 2:15 pm Next Steps 

Articulate a metrics framework and outline plans and assignments for a workshop report and 

publications.  

2:15 pm Workshop concludes 

~~~~~~ 
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Appendix 5:  Presentation Summaries 

Patrice Simon (DFO) and Michelle Sanders (TC) opened the meeting after Andrew Day welcomed the 

participants. They noted that the federal government is committing to do more than mitigate 

underwater noise for the benefit of southern resident killer whales, and that science will inform policy.  

The government is committed to mitigating the three key threats that have been identified for this 

population- disturbance (both physical and acoustic), contaminants and prey availability.  Targets are 

driven by the government’s approval of the TMX pipeline. 

 

Oral presentations:  

1. James Pilkington:  Outside the core: insights into SRKW seasonal distribution from PAM efforts 

outside of designated critical habitat 

It is important that we know where whales are when they are NOT in SRKW critical habitat- and when 

they are in critical habitat, but rarely.  These locations could be biologically important, despite their 

rarity.  Metrics should not ignore this possibility.  Swiftsure Bank, Cape Flattery and the Columbia River 

are important areas outside of current Critical Habitat.  

It is also important to note that visual detections of SRKW occur in areas where there are no acoustic 

detections (such as at Orcalab)- although acoustics are very useful, but do not strictly define important 

areas.   

Swiftsure Bank is an important area to both SRKW and NRKW, despite its proximity to shipping lanes.  

Mitigation should consider conversations around moving the shipping lanes to quieten Swiftsure Bank. 

2. Brianna Wright: D-tags as a tool for behavioural studies of resident killer whales 

D-tags have shown that killer whales dive deep to get chinook, and that chinook are often at about 100 

m when the whales find them, and dive to deeper depths to escape the whales (200-300 m). 

 The whales’ click rates and the proportion of time they spend echolocating is higher during prey capture 

than afterwards. 

3.  Harald Yurk: Not all acoustic metrics measure impact equally 

Periods of time when whales are silent or quiet may be more biologically important than those when 

they are vocalizing.  These are considered non-acoustic metrics.  What are the night time consequences 

of noise for whales?  In humans they are significant, and they may be for whales as well.  Killer whales 

have a 20 dB critical ratio, with their highest sensitivity in 1/3 octave bands.  He also believes that using 

behavioural responses as a metric for impacts of noise can be challenging and will submit an appendix 

for the final report specifically on this topic. 

4. Jason Wood and Val Veirs: Salish Sea hydrophone network 

To quieten critical habitat, Jason and Val recommend the slowing of vessels to 11.8 knots, under the 

assumption that there is a 1 dB decrease in noise with every knot in speed reduction. Preliminary 

indications are that the use of convoys may help maintain quiet times in a way that benefits the whales. 

5. Jason Wood and Dom Tollit: Noise metrics workshop and ongoing work at Lime Kiln  

As of February 2016, Lime Kiln hydrophone is fully calibrated and was moved to deeper water to better 

estimate ambient and vessel source levels. There is a great deal of variation among the acoustic 
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signatures of vessels.  In assessing noise effects on SRKW, it is important to understand that response is 

driven by short-term maxima not long-term averages (the SMRU Consulting SRKW-noise overlap model 

used one minute intervals to quantify noise effects). Lost foraging time was selected as the key metric 

when looking at the impacts of noise on SRKW.  Future shipping activities will increase the predicted 

‘baseline’ level of acoustic disturbance, particularly in Haro Strait.  AIS vessels contribute 57-64% of the 

total lost foraging time for killer whales, but whale watching also adds significantly, mainly in the form of  

acoustic masking (> 1/3rd of lost foraging time). In estimating noise overlap, there is an urgent need to 

improve our understanding of SRKW habitat use. Noise effects should focus on quantifying the delta, 

which minimizes the effects of selection of appropriate frequency weighting and behavioural response 

curves.  Briefly described the upcoming speed reduction trials in Haro Strait later this summer. 

6. Valeria Vergara: Impairment of acoustic behavior of beluga cow/calf pairs: the consequences of 

underwater noise 

Valeria highlighted the importance of communication between cows and their calves, particularly as calf 

vocalizations are quieter than those of adults, and thus they are more prone to the negative 

consequences of masking, to the point that they may lose contact with their mothers. The higher 

frequency components of calf calls has less energy than lower frequencies.   

7.  Nathan Merchant: Acoustic soundscape characterization:  a European perspective  

Nathan provided a brief overview of the European Marine Strategy Framework Directive (EU MSFD).  Its 

focus has been on SPL rather than on the impacts of noise.  Nathan has found that using SPL as a metric 

means that it can take decades to detect trends in noise levels (Merchant et al. 2016).  He supports 

looking at percentiles rather than absolute values.  
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