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Scope of this report
This report is prepared in the context of the National Energy Board of Canada’s review of the
proposed Trans Mountain Expansion Project (the “Project”). The Project will carry diluted
bitumen from the Alberta tar sands via a pipeline travelling from Edmonton, Alberta to the
Westridge Marine Terminal in Burnaby, B.C. From there the oil will be transported by
approximately 34 Aframax tankers per month through the Salish Sea to overseas markets. I have
prepared this report for Raincoast Conservation Foundation who asked me to address six issues
concerning the potential acoustic impacts and influences of vessel traffic from the Trans
Mountain Expansion Project. The six issues of concern are:
1. Introduction to ocean noise and its significance for whales, including Southern Resident Killer
Whales (“Southern Residents”);
2. The amount of vessel noise in Southern Resident Killer Whale habitat from existing and
proposed activities, including the Project;
3. Effects of vessel noise from existing and proposed activities, including the Project, on
Southern Resident Killer Whale critical habitat;
4. Behavioral responses of whales, and particularly Southern Resident Killer Whales, to vessel
noise from existing and proposed activities, including the Project;
5. Trans Mountain’s assessment of acoustic impacts in Volumes 8A and 8B of the Project
Application; and
6. Potential mitigation measures and opinion as to their efficacy.
Materials Relied upon
The documents consulted while preparing this report included Volumes 8A and 8B of the Project
Application; numerous scientific papers on marine acoustics, marine mammal bioacoustics, and
marine mammal responses to noises and sounds from anthropogenic sources; numerous
reports in the non-peer reviewed literature on the matter of predicting, estimating and
assessing the impacts and effects of anthropogenic sounds on marine mammals: for example,
Interagency Ocean Policy Task Force (IOPTF, 2009), and National Research Council of the U. S.
National Academies (NRC, 2000); as well as U.S. statutes (U. S. Endangered Species Act, 1973; U.
S. Marine Mammal Protection Act, 1972) as points of reference related to the Project’s
Environmental and Socio-economic Assessment (ESA).

About the author
Dr. Christopher W. Clark is recognized as a world-class subject matter expert in marine mammal
acoustics, with particular expertise in the quantitative evaluation of acute acoustic impacts and
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chronic acoustic influences from individual and cumulative human activities on marine
mammals. He has pioneered methods for mapping and quantifying the spatial and temporal
scales over which such impacts and influences occur. He has championed the concepts of noise
budget, acoustic space, acoustic ecology and acoustic habitat and has been a leader in the
development of analytical paradigms by which to measure the estimated costs to marine
mammals from the loss of biologically important, acoustically mediated opportunities.
Dr. Clark is the Imogene Powers Johnson Senior Scientist in the Bioacoustics Research Program
at the Cornell Laboratory of Ornithology and in the Department of Neurobiology and Behavior at
Cornell University, Ithaca, New York. He was the founding Director of the Bioacoustics Research
Program at the Cornell Laboratory of Ornithology and served as its director from 1987-2013. His
educational background and professional experience are described in greater detail in his
curriculum vitae, which is attached as appendix A to this report.

1. Introduction to ocean noise and its significance for whales, including Southern Resident
Killer Whales (“Southern Residents”)
Sound is as important to whales as vision is to humans. This statement is particularly true for
killer whales, which send and receive acoustic signals to obtain most of their knowledge about
other killer whales and their environment. Southern resident killer whales produce and listen to
sounds in order to establish and maintain critical life functions: to navigate, find and select
mates, maintain their social network, and locate and capture prey (especially Chinook salmon).
The scientific procedure for estimating and predicting biological impact from noise exposure has
been based traditionally on the dose-response paradigm (see, for example, Southall, 2007). This
paradigm assumes that the extent of the biological impact/effect can be predicted by the sound
level at the animal. The Project Application applies this paradigm (see JASCO report:
“Supplemental Underwater Noise Modelling for Trans Mountain Expansion Project”). The most
recent and best available science now shows that in reality this assumption only applies to very
rare situations when the animal is very close to the sound source and the received sound level is
very high (e.g., >160-180 decibels relative to a sound pressure of 1 micro-Pascal, the standard
decibel reference for in-water sounds), and that instead behavioural responses to elevated
noise levels are primarily influenced by context (e.g. what animals are doing, where they are,
who they are with, the time of year; see (Ellison, 2011). The JASCO report only references
context as a factor, but does not consider context in its modeling exercise. In addition, elevated
noise levels from human activities hinder the opportunities for animals (including killer whales)
to acquire, broadcast and share acoustic information by reducing the received level of the sound
that the killer whale is attempting to hear compared with the background noise level while the
animal is listening 1. This reduces the range out to which an animal can detect and recognize
1

The relationship between the received level of the sound that the animals is attempting to hear
compared to the ambient noise level as the animal is listening is referred to as the signal-to-noise ratio
(SNR).
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sounds of biological importance, which reduces the whale’s acoustic space (i.e., their acoustic
habitat) on which they depend for survival (see Clark, 2009; Hatch, 2012; Williams, 2014).
Southern resident killer whales are listed as endangered under Canada’s Species at Risk Act.
The area in Salish Sea portion of the tanker route is identified as critical habitat necessary for
the survival and recovery of the Southern Residents. Ocean noise is named as one of the key
threats hindering their recovery, along with chemical contaminants and reduced availability of
salmon and in particular Chinook salmon (Fisheries and Oceans Canada, 2011). These threats
may work in concert. Chinook stocks are at low levels of abundance compared with historic, preindustrial numbers. When the ocean gets noisier, this makes it harder for whales to find scarce
prey. When prey is scarce, whales start burning their stored fat to meet energetic demands.
Contaminants are stored in blubber, so chemicals that may have been harmless when stored in
fat become metabolized and can cause health problems. The cumulative impact of all of these
multiple stressors has been poorly studied in killer whales, but we know from other species that
animals under prolonged physiological stress may have reduced immune system function (i.e.
they are unable to fight off pathogens that a healthy whale could easily fight), reduced ability for
females to become pregnant, reduced survival of calves, and early death for adults. We also
know that in at least one endangered whale species, the North Atlantic right whale, that there is
a link between noise level and stress related hormone metabolites (glucocorticoids) (Rolland,
2012).
In summary, the Project will definitely increase noise levels in the region’s marine acoustic
environment. It is encouraging that the Application Volume 8A (sections 4.3.7.6.1, 4.3.15,
4.4.5.3.1, and 6.0) recognizes the significance of the Project-related effects on southern resident
killer whales.
2. Vessel noise in Southern Resident Killer Whale habitat from existing and proposed
activities, including the Project
The Salish Sea is already a noisy place. A recent prediction of sound levels from existing shipping
activities throughout Canada’s Pacific waters found that the entire proposed Project area
presently experiences noise levels that are above a threshold used in Europe to define
“favourable conservation status” of marine habitats (Erbe, 2012). Canada has not established a
quantitative policy target for how noisy or how quiet a critical habitat should be, but based on
the indicators used in the European Union’s Marine Strategy Framework Directive, noise levels
in the area that would be acoustically influenced by the proposed Project are already high and
above the threshold level that would deem the area to be considered in “good” status. From
that perspective, conducting a model study to predict increased noise from Project activities is
not necessary: the habitat is already too noisy, and any additional noise will exacerbate this
situation.
Southern resident critical habitat includes a busy shipping lane serving the ports of Vancouver
and Seattle. It also supports a large whale watching industry, composed of dozens of boats from
4

Canadian and U.S. ports that follow the whales for much of the day in the summer season. The
area is also heavily used by commercial fishing vessels, tugs, tankers, ferries and recreational
boats. A recent study estimated that, on average, southern residents are already losing 62% of
their opportunities to communicate acoustically, and that level rises to a 97% loss of acoustic
communication space during periods of busy ship traffic (Williams, 2014). The import of this
finding is that present noise levels under busy ship traffic conditions are already so high that
additional ship traffic will seem to have little impact on communication space, when in fact their
additional noise could essentially eliminate even those few remaining opportunities for killer
whales to communicate.
There is existing evidence demonstrating the importance of ecological context when assessing
noise induced behavioral responses. Independent studies of killer whales found that boat traffic
caused northern resident killer whales to reduce the time they spent feeding by 18% and
southern resident killer whales to reduce the time they spent feeding by 25% (Williams, 2006;
Lusseau, 2009). These scientific results have disturbing implications for a population that is
already experiencing food limitation (Ford, 2010; Ward, 2009; Fisheries and Oceans Canada,
2011; Williams, 2011).
Empirical measurements of ambient sound levels (natural and anthropogenic) found that critical
habitats for southern resident killer whales have the noisiest levels of all sites sampled along the
BC mainland coast (Williams, 2014). The project’s proposed activities will only increase noise
levels in an already noisy environment as a result of the aggregate contributions of ongoing
human activities. Given these existing high noise levels, a doubling of those activities will only
appear to increase predicted sound levels by a few decibels. This is because the physical metrics
by which changes in noise level are quantified are logarithmic and based on the ratio of a
measured sound pressure or intensity to a standard reference level. Thus, if a new activity
doubles the existing sound pressure (a 100% increase), the decibel level only increases by 6 dB.
For example, if the median ambient noise level someplace in the Project area is already at 100
dB (compared to 72-78 dB in quiet areas, see (Williams, 2014), a doubling of the noise
introduced by Project activities will only raise that level to 106 dB. Therefore, this 100% increase
in noise from the Project to the existing environment that is already noisy will appear to be only
a 6% increase in noise level (6 dB) and not representative of the potential impact that the
Project activities could impose on the acoustic environment, in general, and the killer whale’s
acoustic habitat, specifically.
The Project Application’s inclusion of the JASCO report is very helpful, but this dose-response
paradigm does not complete the assessment of the actual ecological and population level risks
to killer whales. These results need to place the Project’s and all anthropogenic noise activity
influences in a biological and ecological context relative to the natural acoustic environment
before the introduction of anthropogenic noise (i.e. the pre-industry quiet ambient noise
environment, which is most likely at least 10-20 dB lower than the present environment.) In
fact, it is essential to apply this perspective, because the focus here is on the southern resident
population that is already at risk. From an acoustic ecology perspective, one must assess the
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effects of the Project’s proposed activities relative to the killer whale’s acoustic habitat before
and without any anthropogenic influences). Lastly, this acoustic ecology perspective must
include the assessment of chronic effects from lost acoustic opportunities at both spatial and
temporal influence and the duration of the higher ambient noise condition.
The authors of the Project Application note this issue of what to use as the basis for comparing
Project noise when they state that: “[c]urrent levels of ambient background noise in the Marine
RSA limit the zone of detectability of noise originating specifically from Project-related marine
vessels, although the background itself may be made up of audible noise from numerous other
vessels.” (Application Volume 8A, page BA-312). As stated above, it is encouraging that the
Application Volume 8A (sections 4.3.7.6.1, 4.3.15, 4.4.5.3.1, and 6.0) recognizes the significance
of the Project-related effects on southern resident killer whales.
In summary, this Project will definitely increase noise levels in the southern resident killer
whale’s acoustic habitat. Given the expected long-term and large-scale effects of the Project’s
activities on that habitat, these effects need to be translated into population level and ecological
level risks.
3. Effects of vessel noise from existing and proposed activities, including the Project, on
Southern Resident Killer Whale critical habitat
It is difficult, but not impossible, to assess the risks from and ecological effects of chronic noise
at a population or ecological level. There have been a number of recent scientific publications
attempting to make progress in this direction. One of these, Hatch et al. (2012), was not cited in
any of the applicant proposal materials, but seems particularly appropriate since it address the
specific issue of chronic vessel noise impacts on an endangered species. This oversight is
unfortunate since the application of the Hatch et al. (2012) paradigm would definitely apply to
southern resident killer whales. Regarding the ecological context, the International Quiet Ocean
Experiment (Boyd, 2011) outlines a method for comparing ecosystem indicators across a
gradient of noise levels, or experimentally introducing or reducing noise in replicate sites in
order to assess how marine communities are most likely affected. The Applicant should consider
including some components proposed in this report.
Generally, one uses the term “site” or “area” to refer to spatial coordinates of a place, whereas
“habitat” refers to that site or area as it is used or perceived by a particular species. Discussion
on the effects of noise on SRKW critical habitat really comes down to effects on the killer whales
themselves (point 4, below) or their prey. There is evidence that Chinook salmon can hear sound
(Nedwell, 2004). In summer 2014, Inge van der Knaap, a graduate student, conducted a pilot
study in the Broughton Archipelago (BC) to test behavioural responses of Chinook and pink
salmon, Pacific herring, and yellowtail rockfish to boat noise. She found significant responses of
all species to boat noise. The implication from this preliminary work is that killer whale prey
species are changing their behaviors in response to vessel noise, which in turn could lead to a
reduction in killer whale foraging efficiency. This is an example where the potential ecological
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effects have not been well studied and thus impose another level of uncertainty as to the longterm effects of increased vessel traffic noise.
There is ample evidence that vessel noise from existing activities degrades southern resident
critical habitat by rendering it unfit for its intended use as a foraging area by southern residents
(discussed below), It therefore follows that proposed Project activities would further degrade
this southern resident critical habitat. In either case it is unclear when the line is crossed from
habitat degradation and its resultant reduced ecological value to such a high level of
degradation that the habitat’s value is essentially lost.
A seemingly modest increase in predicted physical noise levels from Project activities on the
acoustic environment are not representative of their potential biological and ecological impacts
on southern resident acoustic habitat. From an acoustic ecology perspective, one must assess
the cumulative effects of all the present and proposed activities relative to the killer whale’s
acoustic habitat prior to and without any other anthropogenic influence. When Project-specific
noise activities are assessed relative to a naturally quiet environment, the predicted influence of
these activities on the spatial and temporal features of the southern resident killer whale
acoustic habitat would be considerable: for example, depending on season and behavioral
context (e.g. breeding, foraging), communication space could decrease by 25-75%.
In summary, the Project will definitely increase noise levels in the southern resident killer
whale’s acoustic habitat, but the chronic influences of those increases on that population and
the ecosystem upon which it depends have not been and cannot be adequately assessed with
the methods used by this Project.
4. Behavioral responses of whales, and particularly Southern Resident Killer Whales, to vessel
noise from existing and proposed activities, including the Project
Killer whales are acoustically sophisticated animals. They have extraordinary hearing capabilities
and a complex acoustic repertoire. When a killer whale hears the sounds from a boat or ship,
behavioral observations lead to the conclusion that the whale engages in a complex, costbenefit analysis to determine whether the cost of responding to the vessel (e.g., lost feeding or
mating opportunity, dissociation from pod, energetic cost of avoidance) outweighs the benefit
(e.g., reduced possibility of temporary hearing loss or collision with vessel). This decisionmaking process takes place in an ecological context, and the outcome of this behavioral
response is not predicted by noise level disturbance (Ellison, 2011). Two studies have shown
that northern and southern resident killer whales are more likely to tolerate small boat traffic
(i.e., show no immediately observable behavioral response) when the whales are engaged in
travel behavior than when they are feeding (Williams, 2006; Lusseau, 2009). Whales will show
stereotyped, zigzag evasive responses during carefully controlled experiments to single boats at
different speeds and approach distances (Williams, 2002; Williams, 2002). These tactics do not
work when several boats are following the whales simultaneously, and experiments have shown
that the avoidance tactic that killer whales use around a few (1-3) boats is opposite to those
used when many more (4-18) boats are approaching the whales simultaneously (Williams,
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2007). This effect is not predicted by the dose-response paradigm as used in this Project’s
biological assessment (described in items 1 and 2, above).
Notwithstanding the complexity described above, we can draw general conclusions about
behavioral responses. Generally, as whales receive increasingly higher levels of noise from a
vessel, which occurs as it is approaching (a context), they are increasingly likely to respond to
the vessel using avoidance behaviors (Williams, 2014). This vessel noise study considered
audiogram-weighted and unweighted received sound levels as explanatory variables in
statistical models of whale behavior. The study tested whether variability in whale behavior was
better explained by noise levels weighted by the frequencies to which the whales are most
sensitive, or if broadband noise level, which included low-frequencies, was a better predictor of
whale response. The broadband noise level was selected as the better predictor. In practice, this
means that it is not necessarily possible to apply the dose-response paradigm with frequency
weighting to predict how killer whales will respond to broadband vessel noise or to moderate
levels of high-frequency noise. The empirical evidence indicates that killer whales have a
stronger response to broadband noise, which includes the low-frequency ship noise band, than
mid-frequency noise, even though the whale’s hearing is less sensitive to low frequencies than
mid-frequencies. This behavioral response is not predicted using the analytical paradigm as
applied in the JASCO models for this Project Application, and thus serves as another example in
which the dose-response paradigm is not a reliable mechanism for estimating impact from
vessel noise.
Calculating the true cost to whales as a result of behavioral responses is not trivial. Killer whales
are highly efficient swimmers across a wide range of swimming speeds; so evasive tactics that
require a whale to zigzag or increase its swimming speed in a modest way may carry trivial
energetic costs to the whale (Williams, 2009). The issue of concern is the cumulative effect of
repeated behavioral avoidance responses to high numbers of vessel encounters. Each time a
whale has to disrupt what it is doing to respond to a vessel, it is replacing a critical life process
(e.g., resting, feeding, mating) with “vigilance.” Its attention is switched from engaging in a
naturally beneficial activity to something that is an unnatural distraction. When the animal
attends to the dynamics of the boat (i.e. where it is, where it is going, how fast it is going)
relative to its position, the time engaged in that behavior is time lost to engage in a natural
beneficial behavior. The best available science on this topic suggests that if vigilance requires
time that would normally be spent traveling, the relative increase in energy needed to travel at
higher speeds so as to cover the same distance are small (e.g., an approximately 3% increase
(Williams, 2006). A greater concern arises when the time devoted to vigilance is causing the
whales to interrupt feeding bouts, which causes killer whales to spend 18-25% less time feeding
in the presence of boats than in their absence (Williams, 2006; Lusseau, 2009). This raises
population-level, conservation concerns in a food-limited population.
In addition to behavioral responses, underwater noise from existing and the proposed Project
activities will raise background (ambient) noise levels, which will make it more difficult for killer
whales to successfully echolocate and detect scarce prey than under quiet(er) conditions.
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Theoretical studies (Erbe, 2002) and empirical measurements with captive killer whales (Bain,
1994) have shown that vessel noise does actually mask a killer whale’s ability to detect
biologically meaningful sounds (e.g., calls of other whales; the echolocation signal reflecting off
a Chinook salmon).
Empirical measurements of ambient sound levels (natural and anthropogenic) at 12 sites from
Haro Strait to Dixon Entrance found that southern resident critical habitats have the noisiest
levels of all sites sampled along the BC mainland coast (Williams, 2014). A simple way to
translate these elevated noise levels into a biologically meaningful metric is the concept of “lost
communication space” as defined and quantified in Clark et al. (2009) and Hatch et al. (2012).
Williams et al. (2014) applied this analytical paradigm to model the range at which a killer whale
call or echolocation click will propagate under noisy and quiet conditions. This requires
subjective decisions to be made about: baseline (historical reference) levels that constitute
“naturally quiet conditions”; the functional range out to which, and thus the communication
space over which, a sound is used by whales under naturally quiet conditions; and whether
whales compensate by changing their types and rates of sound production or by somehow
increasing their acoustic attention. Given best available information, the authors found that
under present-day, median noise level conditions in Haro Strait, killer whales lose 62% of their
opportunities to communicate out to a range of 8 km, and this loss of communication space
rises to 97% during busy traffic periods.
From the perspective of a southern resident killer whale, its present-day acoustic environment
cannot get much louder than it is currently. If under present-day median noise conditions in
Haro Strait whales are already losing 62% of their acoustic communication space (as calculated
in Williams et al. 2014), this imposes a relatively extreme ecological cost on this population. If
one accepts these present-day conditions as normal; that is, this situation is removed from the
ecological reality, the assessment of the Project’s ecological impact will appear to have marginal
biological cost, when in fact that cost will be significantly underestimated. In contrast, when the
aggregate exposure levels from existing and Project related sound sources are appropriately
assessed relative to the naturally quiet noise levels to which the whales are adapted, the
estimate loss of communication space will be greater than 62%.
Any adequate assessment of the excessive loss of acoustic habitat must also take into account
other known stressors (i.e., chemical pollution, reduced prey, reduced mating opportunities
among pods, and small southern resident population size). These multiple factors can interact
synergistically. If noise makes it harder for whales to find fish, which are already scarce, then
whales begin to live off their fat stores. This would cause whales to metabolize chemical
pollutants stored in the blubber, which could then have negative effects on animal health and
reproduction.
Collectively, repeated exposure to noise can cause stress in whales (Rolland, 2012).
If left unmitigated, repeated disturbance can cause population level consequences in marine
mammals (New, 2014).
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In summary, there is a reasonable likelihood of population level and ecological consequences for
southern resident killer whales from Project related increases in vessel noise events and the
chronic deterioration of the whales’ acoustic habitat. The present evaluation of the Project’s
short-term and long-term activities does not adequately asses the Project’s population level and
ecological consequences.
5. Trans Mountain’s assessment of acoustic impacts in Volumes 8A of the Project Application
In several cases where the Volumes 8A report had a subjective decision to make concerning how
to model acoustic impacts, the report applies a model that cannot estimate the ecological
impacts on critical activities such as communicating, navigating and foraging. It focuses on noise
levels likely to cause injury, rather than, for example, the chronic effects of noise likely to reduce
prey acquisition. It is now well understood both empirically and via models that the likelihood of
an animal being exposed to noise levels high enough to cause injury is very small. In addition,
whales are known to avoid areas in which they might be exposed to elevated noise levels (see
Ellison et al. 2012), and they can have different behavioral responses depending on noise level
(Blackwell et al. in press). The report’s assessment does not adequately address the chronic
effects that increased levels impose and the subsequent ecological cost to individuals and the
population.
The report ignores best available science on the probability that vessel noise will elicit a
behavioral response (Williams, 2014).
The report imposes the authors’ assumption that the whales should respond to noise within the
frequency band in which the whale’s hearing is most sensitive. Because ship noise has most
energy in the low-frequency band and killer whales are mid-frequency hearing specialists, this
assumption underestimates the effects of noise on killer whales. This approach is not
precautionary and does not take into account best available science. It ignores a body of
literature showing that killer whales respond to low-frequency noise (e.g., fishing vessels, tug
boats) by reducing the time spent feeding (Williams, 2006). It ignores a study that showed that
broadband received levels from ships are better predictors of killer whale behavioral responses
than levels that are weighted by hearing sensitivity (Williams, 2014), and a study indicating that
killer whale responses to sonar did not support the use of audiogram-weighted received level
over broadband received level (Miller, 2014). These points undermine the authors’ claim that
they were conservative when modelling whether the number of expected behavioral responses
was negligible.
Notwithstanding this decision to downplay the impacts of low-frequency noise from ships, the
JASCO supplemental report also ignored scientific evidence showing that often there is more
energy from ship noise in the higher frequencies than the extrapolated values used in their
models (Veirs, 2015; Hildebrand, 2006; Hermannsen, 2014). Ignoring the high-frequency energy
is not precautionary.
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Canada has not articulated a policy statement on chronic ocean noise from ships in the southern
resident killer whale critical habitat in any quantitative terms (Williams, 2014), nor indeed for
any Canadian species at risk (Weilgart, 2007). Despite this, the authors made an implicit policy
decision that “no net increase” is a legitimate policy target, because they compared projected
noise levels to present noise levels. This essentially tells regulators what their policy decision
should be, and that the status quo (current noise level) is sufficient to protect critical habitat.
Clearly, this is not at all appropriate, especially when an emerging body of research shows that
the whales’ acoustic environment has already been seriously affected by anthropogenic noise.
No attempt was made to estimate population-level consequences of noise to southern
residents, although statistical tools are available to do so (National Research Council, 2005;
New, 2014; Thomas, 2005; Thompson, 2013). Although the report does state that acoustic
impacts are significant (see Application Volume 8A, sections 4.3.7.6.1, 4.3.15, 4.4.5.3.1, and 6.0),
they attribute these impacts to the noise from present vessel traffic, not to noise from the
proposed Project, thereby reaching a conclusion that noise from the proposed Project will have
little to no impact. The authors and the proponents are asking readers to simply take their word
that the effect sizes are negligible, when no attempt was made to model biological significance
and population consequences of the project alone and relative to normally quiet, non-vessel
noise levels.
Finally, the authors claim that they are using their “indicator species” as conservative proxies for
broad taxonomic groups of marine mammals. This ignores a body of evidence that some species
(e.g., harbour porpoise) show strong avoidance responses to pile-driving noise at extremely long
ranges (e.g., >20km; (Tougaard, 2009)), a level of response that would not be predicted based
on audition or a proxy species. The failure to include these key studies belies the statement that
the acoustic section of the report is meant to be a conservative predictor of environmental
effects.
In summary, the evaluation of the Project’s short-term and long-term activities on the acoustic
environment is subtly biased such that the Project’s population level and ecological
consequences are underestimated.
6. Potential mitigation measures and opinion as to their efficacy
Speed restrictions are known to reduce the likelihood of fatal collisions (Kraus et al. 2005) (Laist
et al 2014) and vessel noise level (Kipple and Gabriele 2003), so implementation of a vessel
speed restriction condition would most likely provide significant benefits to marine mammal
populations in the Salish Sea. In this Application Volume 8B the entire assessment of risk from
underwater noise is undermined by the proponent’s own section on mitigation, which
acknowledges that the applicant has no way to ensure compliance with speed restrictions
placed on project-related tanker traffic (Application Volume 8B, p. 6.1).
a. “Underwater noise from vessel traffic has the potential to affect a marine mammal’s ability
to communicate with conspecifics, to detect prey and to avoid predators. These effects are
11

of greatest concern for species with depressed population sizes, such as the southern
resident killer whale. As a precautionary measure to reduce underwater noise generated by
vessels and, in turn, reduce potential adverse effects on marine mammals, it was
recommended that all Project-related tankers and tugs observe a maximum speed
restriction while transiting within the Marine RSA. While Trans Mountain has little direct
control over the operating practices of Project-related tankers or tugs, it was the
professional judgment of the discipline expert that given the existing pressure on marine
mammals this was the most practicable solution available at this time.”
b. “Self-mitigation” – The authors presume that the animals can compensate for any increase
in noise. For example, in Application Volume 8A, P 8A-319, the authors write: “Holt (2008)
found that for every 1 dB increase in underwater noise, killer whales will attempt to
compensate by increasing their vocalizations by 1 dB.” Newer research by this team (Noren,
2013; Holt, 2015) has shown that this compensatory mechanism comes with an energetic
cost. Compensating for a noisier environment may cost dolphins a 20-50% increase in the
level of energy expended compared to over resting conditions.

12

References
Bain, D. E., and M. E. Dahlheim. 1994. Effects of masking noise on detection thresholds of killer
whales. Pages 243-256 in T. Loughlin, editor. Marine mammals and the Exxon Valdez.
Academic Press, San Diego.
Boyd, I. L., G. Frisk, E. Urban, P. Tyack, J. Ausubel, S. Seeyave, D. Cato, B. Southall, M. Weise, and
R. Andrew. 2011. An International Quiet Oceans Experiment. Oceanography.
Clark, C. W., W. T. Ellison, B. L. Southall, L. Hatch, S. M. Van Parijs, A. Frankel, and D. Ponirakis.
2009. Acoustic masking in marine ecosystems: intuitions, analysis, and implication.
Marine Ecology Progress Series 395:201-222.
Ellison, W., B. Southall, C. Clark, and A. Frankel. 2011. A New Context-Based Approach to Assess
Marine Mammal Behavioral Responses to Anthropogenic Sounds. Conservation Biology.
Erbe, C. 2002. Underwater noise of whale-watching boats and its effects on killer whales
(Orcinus orca). Marine Mammal Science 18:394-418.
Erbe, C., A. MacGillivray, and R. Williams. 2012. Mapping cumulative noise from shipping to
inform marine spatial planning. The Journal of the Acoustical Society of America
132:EL423-EL428.
Fisheries and Oceans Canada. 2011. Recovery Strategy for the Northern and Southern Resident
Killer Whales (Orcinus orca) in Canada. . Page ix + 80 pp in F. a. O. Canada, editor.
Species at Risk Act Recovery Strategy Series. Fisheries and Oceans Canada, Ottawa.
Ford, J. K. B., G. M. Ellis, P. F. Olesiuk, and K. C. Balcomb. 2010. Linking killer whale survival and
prey abundance: food limitation in the oceans' apex predator? Biology Letters 6:139142.
Hatch, L. T., C. W. Clark, R. Merrick, S. M. Van Parijs, D. Ponirakis, K. Schwehr, M. Thompson,
and D. Wiley. 2008. Characterizing the relative contributions of large vessels to total
ocean noise fields: a case study using the Gerry E. Studds Stellwagen Bank National
Marine Sanctuary. Environmental Management 42:735-752.
Hatch, L. T., C. W. Clark, S. M. Van Parijs, A. S. Frankel, and D. W. Ponirakis. 2012. Quantifying
Loss of Acoustic Communication Space for Right Whales in and around a U.S. National
Marine Sanctuary. Conservation Biology 26:983-994.
Hermannsen, L., K. Beedholm, J. Tougaard, and P. T. Madsen. 2014. High frequency components
of ship noise in shallow water with a discussion of implications for harbor porpoises
(Phocoena phocoena). The Journal of the Acoustical Society of America 136:1640-1653.
Hildebrand, J., M. A. McDonald, J. Calambokidis, and K. Balcomb. 2006. Whale watch vessel
ambient noise in the Haro Strait. Joint Institute for Marine Observations Report on
cooperative agreement NA17RJ1231.
13

Holt, M. M., D. P. Noren, R. C. Dunkin, and T. M. Williams. 2015. Vocal performance affects
metabolic rate in dolphins: implications for animals communicating in noisy
environments. The Journal of experimental biology:jeb-122424.
Interagency Ocean Policy Task Force (IOPTF). 2009. Final Recommendations of the IOPTF.
Executive Office of the President, Council on Environmental Quality. Available from
http://www.whitehouse.gov/files/documents/OPTF_FinalRecs.pdf (accessed July 2011).
Kipple, B. and Gabriele C.M. 2003. Glacier Bay underwater noise - August 2000 through August
2002. Report Technical Report NSWCCD-71-TR-2004/521.
Kraus, S., M. W. Brown, H. Caswell, C. W. Clark, M. Fujiwara, P. K. Hamilton, R. D. Kenney, A. R.
Knowlton, S. Landry, C. A. Mayo, W. A. McLellan, M. J. Moore, D. P. Nowacek, D. A.
Pabst, A. J. Read and R. M. Rolland. 2005. North Atlantic right whales in crisis. Science
309:561-562.
Laist, W.D., Knowlton, A.R., and Pendleton, D. 2014. Effectiveness of mandatory vessel speed
limits for protecting North Atlantic right whales. Endangered Species Research, 23:133147.
Lusseau, D., D. E. Bain, R. Williams, and J. C. Smith. 2009. Vessel traffic disrupts the foraging
behavior of southern resident killer whales Orcinus orca. Endangered Species Research
6:211-221.
Miller, P. J. O., R. N. Antunes, P. J. Wensveen, F. I. P. Samarra, A. C. Alves, P. L. Tyack, P. H.
Kvadsheim, L. Kleivane, F.-P. A. Lam, and M. A. Ainslie. 2014. Dose-response
relationships for the onset of avoidance of sonar by free-ranging killer whales. The
Journal of the Acoustical Society of America 135:975-993.
National Research Council of the U. S. National Academies (NRC). 2000. Marine mammals and
low-frequency sound: progress since 1994. National Academy Press, Washington, D. C.
National Research Council. 2005. Marine Mammal Populations and Ocean Noise: Determining
When Noise Causes Biologically Significant Effects. National Academies Press.
Nedwell, J. R., B. Edwards, A. W. H. Turnpenny, and J. Gordon. 2004. Fish and Marine Mammal
Audiograms: A summary of available information. Subacoustech Report ref: 534R0214.
New, L., J. Clark, D. Costa, E. Fleishman, M. Hindell, T. Klanjscek, D. Lusseau, S. Kraus, C.
McMahon, P. Robinson, R. Schick, L. Schwarz, S. Simmons, L. Thomas, P. Tyack, and J.
Harwood. 2014. Using short-term measures of behaviour to estimate long-term fitness
of southern elephant seals. Marine Ecology Progress Series 496:99-108.
Noren, D. P., M. M. Holt, R. C. Dunkin, and T. M. Williams. 2013. The metabolic cost of
communicative sound production in bottlenose dolphins (Tursiops truncatus). The
Journal of Experimental Biology 216:1624-1629.

14

Rolland, R. M., S. E. Parks, K. E. Hunt, M. Castellote, P. J. Corkeron, D. P. Nowacek, S. K. Wasser,
and S. D. Kraus. 2012. Evidence that ship noise increases stress in right whales.
Proceedings of the Royal Society B: Biological Sciences 279:2363-2368.
Southall, B., A. Bowles, W. Ellison, J. Finneran, R. Gentry, C. Greene, D. Kastak, D. Ketten, J.
Miller, and P. Nachtigall. 2007. Marine Mammal Noise Exposure Criteria: Initial
Scientific Recommendations. Aquatic Mammals 33:411-521.
Thomas, L., S. T. Buckland, K. B. Newman, and J. Harwood. 2005. A unified framework for
modelling wildlife population dynamics. Australian & New Zealand Journal of Statistics
47:19-34.
Thompson, P. M., G. D. Hastie, J. Nedwell, R. Barham, K. L. Brookes, L. S. Cordes, H. Bailey, and
N. McLean. 2013. Framework for assessing impacts of pile-driving noise from offshore
wind farm construction on a harbour seal population. Environmental Impact Assessment
Review 43:73-85.
Tougaard, J., J. Carstensen, J. Teilmann, H. Skov, and P. Rasmussen. 2009. Pile driving zone of
responsiveness extends beyond 20 km for harbor porpoises (Phocoena phocoena (L.)).
The Journal of the Acoustical Society of America 126:11.
U. S. Endangered Species Act (ESA). 1973 as amended through 2004. 7 USC 136;16 USC 460 et
seq.
U. S. Marine Mammal Protection Act (MMPA). 1972 as amended through 2007. 16 USC 86:13611407.
Veirs, S., V. Veirs, and J. D. Wood. 2015. Ship noise in an urban estuary extends to frequencies
used for echolocation by endangered killer whales. 2167-9843, PeerJ PrePrints.
Ward, E. J., E. E. Holmes, and K. C. Balcomb. 2009. Quantifying the effects of prey abundance on
killer whale reproduction. Journal of Applied Ecology 46:632-640.
Weilgart, L. 2007. The impacts of anthropogenic ocean noise on cetaceans and implications for
management. Canadian Journal of Zoology 85:1091-1116.
Williams, R., and E. Ashe. 2007. Killer whale evasive tactics vary with boat number. Journal of
Zoology 272:390-397.
Williams, R., E. Ashe, L. Blight, M. Jasny, and L. Nowlan. 2014. Marine mammals and ocean
noise: Future directions and information needs with respect to science, policy and law in
Canada. Marine Pollution Bulletin 86:29-38.
Williams, R., D. E. Bain, J. K. B. Ford, and A. W. Trites. 2002. Behavioural responses of male killer
whales to a 'leapfrogging' vessel. Journal of Cetacean Research and Management 4:305310.

15

Williams, R., C. W. Clark, D. Ponirakis, and E. Ashe. 2014. Acoustic quality of critical habitats for
three threatened whale populations. Animal Conservation 17:174-185.
Williams, R., C. Erbe, E. Ashe, A. Beerman, and J. Smith. 2014. Severity of killer whale behavioral
responses to ship noise: A dose-response study. Marine Pollution Bulletin 79:254-260.
Williams, R., M. Krkosek, E. Ashe, T. A. Branch, S. Clark, P. S. Hammond, E. Hoyt, D. P. Noren, D.
Rosen, and A. Winship. 2011. Competing Conservation Objectives for Predators and
Prey: Estimating Killer Whale Prey Requirements for Chinook Salmon. PLoS ONE
6:e26738.
Williams, R., D. Lusseau, and P. S. Hammond. 2006. Estimating relative energetic costs of human
disturbance to killer whales (Orcinus orca). Biological Conservation 133:301-311.
Williams, R., and D. P. Noren. 2009. Swimming speed, respiration rate, and estimated cost of
transport in adult killer whales. Marine Mammal Science 25:327-350.
Williams, R. M., A. W. Trites, and D. E. Bain. 2002. Behavioural responses of killer whales
(Orcinus orca) to whale-watching boats: opportunistic observations and experimental
approaches. Journal of Zoology 256:255-270.

16

Christopher W. Clark
CHRISTOPHER W. CLARK
May 2015
Cornell University
Laboratory of Ornithology
159 Sapsucker Woods Rd.
Ithaca, New York 14850

Born: 20 Sept. 1949
PH: (607) 254-2408
E-mail:cwc2@cornell.edu

PRESENT POSITION
Imogene P. Johnson Senior Scientist, Bioacoustics Research Program, Cornell Lab,
Senior Scientist Department of Neurobiology and Behavior, Cornell University.
EDUCATION and EMPLOYMENT
Stony Brook University, Stony Brook, NY
Stony Brook University, Stony Brook, NY
Stony Brook University, Stony Brook, NY
Stony Brook University, Stony Brook, NY
The Rockefeller University, NY, NY
The Rockefeller University, NY, NY
Cornell University, Ithaca, NY

B.Sc.
B.E.
M.S.
Ph.D.
Post. Doc.
Asst. Prof.
Senior Sci.

1972
1972
1974
1980
1981-83
1983-87
1987-present

Biology
Engineering
Electrical Engr.
Biology
Bio/Anim. Comm.
Bio/Anim. Comm.
CLO and NB&B

PROFESSIONAL SOCIETIES
Acoustic Society of America Fellow
Animal Behavior Society
AAAS, IEEE
Explorers Club (FN85)
Society for Marine Mammalogy
Sigma Xi,
Tau Beta Pi
HONORS AND AWARDS
Member, Tau Beta Pi, 1969
President, Tau Beta Pi, Stony Brook Chapter, 1971-1972
National Fellow, Tau Beta Pi, 1972-1973
Biomedical Research Fellowship, 1978, 1979
NIMH Postdoctoral Fellow, 1981-1983
Fellow, Acoustic Society of America, 2000
PROFESSIONAL APPOINTMENTS
1983 - 1987 Assistant Professor, The Rockefeller University, New York, NY
1985 – 2010 U.S. Delegate to the International Whaling Commission Scientific Committee
1987 - 2013 Director Bioacoustics Research Program, The Cornell Lab of Ornithology
2013 - present Senior Scientist, Cornell Lab and Dept. of Neurobiology and Behavior, Cornell
University

1

Christopher W. Clark
RECENT AND ONGOING RELEVANT RESEARCH
1996 – present-ongoing: Acoustic monitoring of large whale distributions, behaviors, and
movements relative to environmental factors and man-made activities using Navy IUSS
assets in the North Atlantic. DoD.
1999 – present-ongoing: Raven: Design, implementation, and distribution of bioacoustics
software instrument. NSF and Cornell.
2007 – present-ongoing: Application of near-real-time auto-detection system for large whale
acoustic monitoring and mitigation of Northeast Gateway Deepwater Port. Excelerate Energy
and Suez Energy North America.
2010 – 2015: Portable and persistent autonomous real-time marine mammal acoustic
monitoring. NOPP-NSF.
2011 – 2016: DCL System Research Using Advanced Approaches for Land-based or Shipbased Real-Time Recognition and Localization of Marine Mammals. NOPP-ONR.
2011 – 2016: CHAOZ-X - An Ocean Observing System for Monitoring and Mapping Marine
Mammals and Noise in the Chukchi Sea Ecosystem. BOEM -NOAA-WHOI.
2013 – 2016: Acoustic ecology of predator-prey interactions: encoding and decoding alarm
calls in multispecies communication networks. Collaborative research with Erick Greene,
NSF.
PUBLICATIONS
Clark, C.W., Berchok, C.L., Blackwell, S.B., Hannay, D.E., Jones, J., Ponirakis, D., and
Stafford, K.M. 2015-Accepted. A year in the acoustic world of Western Arctic bowhead
whales. Progress in Oceanography.
Nowacek, D.P., Clark, C.W., Mann, D., Miller, P.J.O., Rosenbaum, H.C., Golden, J.S., Jasny,
M., Kraska, J., and Southall, B.L. 2015 In press. Marine Seismic Surveys and Ocean
Noise: Time for coordinated and prudent planning. Frontiers.
Risch, D. Castellote, M., Clark, C.W., Davis, G., Dugan, P., Hodge, L.E.W., Kumar, A.,
Lucke, K., Mellinger, D.K., Nieukirk, S., Popescu, M., Ramp, C., Read, A.J., Rice, A.N.,
Silva, M.A., Siebert, U., Stafford, K.M., Verdaat, H and Van Parijs, S.M. 2015. Seasonal
and geographic variation in North Atlantic minke whale pulse train occurrence: Insights
into migration patterns and winter distribution. BioMed Central.
Salisbury, D., Clark, C.W., and Rice, A.N. Right Whale Occurrence in Virginia Coastal
Waters: Implications of Endangered Species Presence in a Rapidly Developing Energy
Market. 2015 Accepted. Marine Mammal Science.
Williams, R. Erbe, C., Ashe, E., and Clark, C.W. 2015 Accepted. Quiet(er) marine protected
areas. Frontiers in Ecol. and Envir.
Johnson, H.D., Stafford K.M., George, J.C, Ambrose W.G. Jr., and Clark, C.W. 2014. Song
diversity in the Bering-Chukchi-Beaufort population of bowhead whales (Balaena
mysticetus), spring 2011. Marine Mammal Science. doi: 10.1111/mms.12196.
Murray, A., Rice, A., and Clark, C. 2014. Extended seasonal occurrence of humpback whales
in Massachusetts Bay. Journal Marine Biological Association of the U. K. 94:1117-1125.
Rice, A.N., Tielens, J.T., Palmer, K.J., Muirhead, A., and Clark, C.W. 2014. Potential Bryde’s
Whale Calls (Balaenoptera edeni) Recorded in the Northern Gulf of Mexico. J. Acoust.
Soc. Amer. 135:3066-3076.
Rice, A. N., J. T. Tielens, B. J. Estabrook, C. A. Muirhead, A. Rahaman, M. Guerra, and C.
W. Clark. 2014. Variation of ocean acoustic environments along the western North

2

Christopher W. Clark
Atlantic coast: a case study in context of the right whale migration route. Ecological
Informatics 21:89-99.
Soldevilla, M. S., Rice, A. N., Clark, C. W., and Garrison, L. P. 2014. Passive acoustic
monitoring on the North Atlantic right whale calving grounds. Endangered Species
Research 25:115-140.
Stafford, K.M., Rankin, S., Ljungblad, D., Tsuda, Y., Morse, L., Clark, C.W., and Kato, H.
2014. Acoustic studies during IWC-SOWER Antarctic cruises 1996-2009. J. Cet. Res. &
Mgmt.
Charif, R. A., Rahaman, A., Muirhead, C. A., Pitzrick, M. S., Warde, A. M., Hall, J. Pyc, C.,
and Clark, C. W. 2013. Bowhead whale acoustic activity in the southeast Beaufort Sea
during late summer 2008-2010. J. Acoust. Soc. Am. 134:4323-4334.
DeRuiter, S. T., Boyd, I. L., Claridge, D. E., Clark, C. W., Southall, B. L., and Tyack, P. L.
2013. Delphinid whistle production in relation to playback of simulated military sonar. Mar.
Mamm. Sci.:E46-59.
Risch, D., C. W. Clark, Dugan, P. J., Popescu, M., Siebert, U., and Van Parijs, S. M. 2013.
Minke whale acoustics behavior and multi-year seasonal and diel vocalization patterns in
Massachusetts Bay, USA. Mar. Ecol. Progr. Ser. 489: 279-295.
Williams, R., Clark, C. W., Ponirakis, D. and Ashe, E. 2013. Acoustic quality of critical
habitats for three threatened whale populations. Anim. Cons., Zool. Soc. London. Pp. 12.
Ellison, W. T., Southall, B. L., Clark, C. W., and Frankel, A. 2012. A new context-based
paradigm to assess behavioral responses of marine mammals to sound. Con. Bio. 26:2128.
Castellote, M., Clark, C. W., and Lammers, M. O. 2102a. Fin whale (Balaenoptera physalus)
population identity in the western Mediterranean Sea. Mar. Mamm. Science. 28:325-344.
Castellote, M., Clark, C. W., and Lammers, M. O. 2102b. Acoustic and Behavioural Changes
by Fin Whales (Balaenoptera physalus) in Response to Shipping and Airgun Noise. Biol.
Cons. 147:115-122.
Hatch, L. T., Clark, C. W., Van Parijs, S., Frankel, A. S., and Ponirakis, D. W. 2012.
Quantifying loss of acoustic communication space for right whales in and around a U. S.
National Marine Sanctuary. Con. Bio. 26:983-994.
Moore, S.E., Reeves, R. R., Southall, B. L., Ragen, T. J., Suydam, R. S., and Clark, C. W.
2012. Marine mammals and anthropogenic sound in a rapidly changing Arctic. Bio. Sci.
62:289-295.
Morano, J. L., Rice, A. N., Tielens, J. T., Estabrook, B. J., Murray, A., Roberts, B., and Clark,
C. W. 2012a. Year-Round Presence of Right Whales in Massachusetts Bay: Acoustically
Monitoring for a Critically Endangered Marine Mammal in a Highly Urbanized Migration
Corridor. Con. Bio. 26:698-707.
Morano, J. L., Salisbury, D. P. Rice, A. N., Conklin, K. L., Falk, K. L., and Clark, C. W.
2012b. Seasonal changes in fin whale (Balaenoptera physalus) 20-Hz song in the Western
North Atlantic Ocean. J. Acoust. Soc. Am. 132:1207-1212.
Parks, S. E., Hotchkin, C. F., Cortopassi, K. C., and Clark, C. W. 2012. Characteristics of
gunshot sound displays by North Atlantic right whales in the Bay of Fundy. J. Acoust.
Soc. Am. 131:3171-3179.
Streever, W., Ellison, W. T., Frankel, A. S., Racca, R. Clark, C. W., Fleishman, E., Guerrra,
M., and Sformo, T. 2012. Early progress and challenges in assessing aggregate sound
exposure and associated effects on marine mammals. Soc. Petrol. Engr. Perth, AU, 11-13
Sep 2012, pp. 1-7.

3

Christopher W. Clark
Vu, E. T., Risch, D., Clark, C. W., Gaylord, S., Hatch, L., Merrick, R., Thompson, M.,
Tougaard, J., Wiley, D. and Van Parijs, S. M. 2012. Humpback whale (Megaptera
novaeangliae) song occurs extensively on feeding grounds in the northwestern Atlantic
Ocean. Aqua. Bio. 14:175-183.
Staaterman E. R., Clark, C. W., Gallagher, A. J., deVries, M. S, Claverie, T. and Patek, S. N.
2011. Rumbling in the benthos: the acoustic ecology of the California mantis shrimp.
Aquat. Biol. 13:97-105.
Clark, C. W., Brown, M. W. and Corkeron, P. 2010. Visual and acoustic surveys for North
Atlantic right whales, Eubalaena glacialis, in Cape Cod Bay, Massachusetts, 2001-2005:
Management implications. Marine Mammal Science 26: 837-854.
Clark, C. W., Ellison, W. T., Southall, B. L., Hatch, L., Van Parijs, S., Frankel, A., and
Ponirakis. 2009. Acoustic Masking in Marine Ecosystems: Intuitions, Analysis, and
Implications. Mar. Ecol. Progr. Ser. 395:201-222.
Di Iorio L., Clark C. W. 2009. Exposure to seismic survey alters blue whale acoustic
communication. Biological Letters. Published online 23 September 2009.
Moore, S.E., Stafford, K.M., Mellinger, D.K., and Clark, C.W. 2009. Insights into large whale
ecology from broad-scale passive acoustic sampling. Mar. Ecol. Progr. Ser. 395:
Parks, S., Urazghildiiev, I. and Clark, C. W. 2009. Variability in ambient noise levels and call
parameters of North Atlantic right whales in three habitat areas. J. Acoust. Soc. Am.,
125:1230-1239.
Urazghildiiev, I. R., Clark, C. W., Krein T. P. and Parks, S. E. 2009. Detection and
recognition of North Atlantic right whale contact calls in the presence of ambient noise.
IEEE J. Ocean Engr. 34:358-368.
Van Parijs, S., Clark, C.W., Sousa-Lima, R. S., Parks, S. E., Rankin, S., Risch, D., and Van
Opzeeland, I. C. 2009. Management and research applications of real-time and archival
passive acoustic sensors over varying temporal and spatial scales. Mar. Ecol. Progr. Ser.
395:21-36.
Borsani, J. F., Christopher W. Clark, Barbara Nani, and Michele Scarpiniti. 2008. Fin Whales
Avoid Loud Rhythmic Low-Frequency Sounds in the Ligurian Sea. Bioacoustics 17(13):161-163.
Hatch, L., Clark, C., Merrick, R., Van Parijs, S., Ponirakis, D., Schwehr, K., Thompson, M.,
and Wiley, D. 2008a. Characterizing the relative contributions of large vessels to total
ocean noise fields: a case study using the Gerry E. Studds Stellwagen Bank National
Marine Sanctuary. Environ. Management. 42:735-752.
Hatch L, Asmussen I, Bahtiarian M, Clark C, Friedrich A, Friesch J, Hildebrand J, Hintzsche
W, Kurth D, McKenna M, Metcalf K, Scovazzi T, Southall S, Stoye T, Thiele R, Weilgart
L, Wittekind D Wright, AJ (ed). 2008b. International Workshop on Shipping Noise and
Marine Mammals, Hamburg, Germany, 21st-24th April 2008. Okeanos - Foundation for
the Sea, Auf der Marienhohe 15, D-64297 Darmstadt. Available from http://www.soundin-the-sea.org/download/ship2008_en.pdf.
Parks, S.E., Clark, C.W., Tyack, P.L. 2008. Long- and Short-term changes in right whale
acoustic behaviour in increased low-frequency noise. Bioacoustics, 17:179-180.
Parks, S.E., Clark, C.W. 2008. Acoustic Communication in Mysticetes. Bioacoustics,17:4547.
Sousa-Lima, R. S. and Clark, C. W. 2008. Modeling the effect of boat traffic on the
fluctuation of humpback whale singing activity in the Abrolhos National Marine Park,
Brazil. Canadian Acoust. 36:174-181.

4

Christopher W. Clark
Clark, C.W., Gillespie, D., Nowacek, D.P., and Parks, S.E. 2007. Listening to Their World:
Acoustics for Monitoring and Protecting Right Whales in an Urbanized Ocean. In: The
Urban Whale (eds. S. Kraus and R. Rolland). Harvard University Press, Cambridge, MA.
pp. 333-357.
Parks, S. E. and C. W. Clark. 2007. Acoustic Communication: Social sounds and the potential
impacts of noise. In: The Urban Whale (eds. S. Kraus and R. Rolland). Harvard University
Press, Cambridge, MA. pp. 310-332.
Parks, S., Clark, C.W., and Tyack, P.L. 2007. Short and long-term changes in right whale
calling behavior: the potential effects of noise on acoustic communication. J. Acoust. Soc.
Am., 122:3725-3731.
Risch, D., C. W. Clark, P. J. Corkeron, A. Elepfandt, K. M. Kovacs, C. Lydersen, I. Stirling,
and S. M. Van Parijs. 2007. Vocalizations of male bearded seals, Erignathus barbatus:
classification and geographical variation. Animal Behaviour 73: 747-762.
Urazghildiiev, I., and C. W. Clark. 2007a. Detection performances of experienced human
operators compared to a likelihood ratio based detector. J. Acoust. Soc. Am. 122 (1): 200–
204.
Urazghildiiev, I., and C. W. Clark. 2007b. Acoustic detection of North Atlantic right whale
contact calls using the spectrogram-based statistics. J. Acoust. Soc. Am. 122 (2):769–776.
Clark, C.W., and Altman, N.S. 2006. Acoustic detections of blue whale (Balaenoptera
musculus) and fin whale (B. physalus) sounds during a SURTASS LFA exercise. J. Ocean
Engr. 31: 120-128.
Mellinger, D. and C.W. Clark. 2006. MobySound: A reference archive for studying automatic
recognition of marine mammal sounds. Appl. Acoust. 67:1226-1242.
Urazghildiiev, I., and C. W. Clark. 2006. Acoustic detection of North Atlantic right whale
contact calls using the generalized likelihood ratio test. J. Acoust. Soc. Am. 120 (4):19561963.
Van Parijs, S. and C.W. Clark. 2006. Long term mating tactics in an aquatic mating pinniped
– the bearded seal, Erignathus barbatus. Animal Behavior, 72:1269-1277.
Bower, J.L. and Clark, C.W. 2005. A field test of the accuracy of a passive acoustic location
system. Bioacoustics 15: 1-14.
Kraus, S., M. W. Brown, H. Caswell, C. W. Clark, M. Fujiwara, P. K. Hamilton, R. D.
Kenney, A. R. Knowlton, S. Landry, C. A. Mayo, W. A. McLellan, M. J. Moore, D. P.
Nowacek, D. A. Pabst, A. J. Read and R. M. Rolland. 2005. North Atlantic right whales in
crisis. Science 309:561-562.
Samuel, Y., Morreale, S.J., Clark, C.W., Greene, C.H., and Richmond, M.E. 2005.
Underwater, low-frequency noise in a coastal sea turtle habitat, J. Acoust. Soc. Am. 117
(3): 1465-1472.
Clark, C. W., and Clapham, P. J. 2004. Acoustic monitoring on a humpback whale
(Megaptera novaeangliae) feeding ground shows continual singing into late Spring.
Proceedings Roy. Soc. Lond., B. 271: 1051-1057.
Clark, C. W., and Ellison, W.T. 2004. Potential use of low-frequency sounds by baleen whales
for probing the environment: evidence from models and empirical measurements. Pp. 564582, in Echolocation in Bats and Dolphins (J. Thomas, C. Moss and M. Vater, eds.). The
University of Chicago Press.
Charif, RA, CW Clark, and KM Fristrup. 2004. Raven 1.2 User’s Manual. Cornell Laboratory
of Ornithology, Ithaca, NY.

5

Christopher W. Clark
George, J. C. “Craig”, Zeh, J., Suydam, R., and Clark, C. 2004. Abundance and population
trend (1978-2001) of the western Arctic bowhead whales surveyed near Barrow, Alaska.
Marine Mammal Science 20:755-773.
Fristrup, K.M., Hatch, L.T. and Clark, C. W. 2003. Variation in humpback whale (Megaptera
novaeangliae) song length in relation to low-frequency sound broadcasts. J. Acoust. Soc.
Am., 113 (6): 3411-3424.
Mellinger, D. K. and Clark, C. W. 2003. Blue Whale (Balaenoptera musculus) sounds from
the North Atlantic. J. Acoust. Soc. Am. 114:1108-1119.
Clark, C.W., Borsani, J.F. and Notarbartolo-di-Sciara, G. 2002. Vocal activity of fin whales,
Balaenoptera physalus, in the Ligurian Sea. Mar. Mamm. Science 18(1): 281-285.
Clark, C.W., and Gagnon, G.C. 2002. Low-frequency vocal behaviors of baleen whales in the
North Atlantic: Insights from IUSS detections, locations and tracking from 1992 to 1996.
J. Underwater Acoust. (USN), 52 (3):609-640.
Bass, A.H. and Clark, C.W. 2002. The physical acoustics of underwater sound
communication. In Acoustic Communication, edited by Simmons, Andrea M., Fay,
Richard R., and Popper, Arthur N. (Springer, New York), pp. 15-64.
Charif, R.A., Mellinger, D.K., Dunsmore, K.J., Fristrup, K.M. and Clark, C.W. 2002.
Estimated source levels of fin whale (Balaenoptera physalus) vocalizations: adjustments
for surface interference. Mar. Mamm. Science 18(1):81-98.
Croll, D.A., Clark, C.W., Acevedo, A., Tershy, B., Flores, S., Gedamke, J. and Urban, J.
2002. Only male fin whales sing loud songs. Nature 417:809.
Frankel, A.S. and Clark, C.W. 2002. ATOC and other factors affecting the distribution and
abundance of humpback whales (Megaptera novaeangliae) off the coast of the north shore
of Kauai. Mar. Mamm. Science 18 (3): 644-662.
Charif, R.A., Clapham, P.J. and Clark, C.W. 2001. Acoustic detections of singing humpback
whales in deep waters off the British Isles. Mar. Mamm. Science 17(4):751-768.
Croll, D. A., Clark, C.W., Calambokidis, J., Ellison, W.T., and Tershy, B.R. 2001. Effect of
anthropogenic low-frequency noise on the foraging ecology of Balaenoptera whales.
Animal Conservation 4:13-27.
Clark, C.W. and Ellison, W.T. 2000. Calibration and comparison of the acoustic location
methods used during the spring migration of the bowhead whale, Balaena mysticetus off
Pt. Barrow, Alaska, 1984-1993. J. Acoust. Soc. Am. 107(6):3509-3517.
Frankel, A.S. and Clark, C.W. 2000. Behavioral responses of humpback whales (Megaptera
novaeangliae) to full-scale ATOC signals. J. Acoust. Soc. Am. 108 (4):1930-1937.
Mellinger, D .K., Carson, C.D. and Clark, C.W. 2000. Characteristics of minke whale
(Balaenoptera acutorostrata) pulse trains recorded near Puerto Rico. Mar. Mamm. Science,
16(4):739-756.
Mellinger, D.K. and Clark, C.W. 2000. Recognizing transient low-frequency whale sounds by
spectrogram correlation. J. Acoust. Soc. Am. 107:3518-3529.
Tyack, P. L. and Clark, C.W. 2000. Communication and acoustical behavior in dolphins and
whales. Pp. 156-224, in Hearing by Whales and Dolphins. Springer Handbook of Auditory
Research (W. W. L. Au, A. N. Popper, and R. R. Fay, eds.). Springer-Verlag, New York,
485 pp.
Clark, C.W. 1998. Underwater noise. Pp. 415-419. In: 1998 McGraw-Hill Yearbook of
Science and Technology, 464 pp. alternate title “Noise in the Ocean”

6

Christopher W. Clark
Clark, C. W., Calupca, T., Charif, R., Corzilius, B., Fristrup, K. 1998. Autonomous seafloor
acoustic recording systems for whale research: application to the census of bowhead
whales during the spring migration off Point Barrow, Alaska. IWC 1998.
The ATOC Consortium. 1998. Ocean Climate Change: Comparison of Acoustic Tomography,
Satellite Altimetry and Modeling. Science 281:1327-1332.
Frankel, A.S. and Clark, C.W. 1998. Results of low-frequency m-sequence noise playbacks to
humpback whales in Hawai'i. Can. J. Zool. 76(3):521-535.
Ljungblad, D. K. and Clark, C. W. 1998. Unique calls of the pygmy blue whale recorded off
the coast of Chili in Dec 1997 and Jan 1998 during the SOWER 1997/98 program
Ljungblad, D. K., Clark, C. W. and Shimada, H. 1998. A comparison of sounds attributed to
pygmy blue whales (Balaenoptera musculus brevicauda) recorded south of the
Madagascar Plateau and those attributed to ‘True” blue whales (Balaenoptera musculus)
recorded off Antarctica. Rep. int. Whal. Commn. 49: 439-442.
Clark, C.W. and Fristrup, K. 1997. Whales ‘95: A combined visual and acoustic survey of
blue and fin whales off southern California. Rep. int. Whal. Commn. 47:583-600.
Fristrup, K. and Clark, C.W. 1997. Combining visual and acoustic survey data to enhance
density estimation. Rep. int. Whal. Commn. 47:933-936.
McGregor, P.K., Dabelsteen, T., Clark, C.W., Bower, J.L., Tavares, J.P. and Holland, J. 1997.
Accuracy of a passive acoustic location system: empirical studies in terrestrial habitats.
Ethology Ecology and Evolution, Vol. 9 (3), pp. 269-286.
Mellinger, D.K. and Clark, C.W. 1997. Methods for automatic detection of mysticete sounds.
Marine and Freshwater Behaviour and Physiology. Mar. Fresh. Behav. Physiol.163-181.
Clark, C. W., Charif, R., Mitchell, S., and Colby, J. 1996. Distribution and Behavior of the
Bowhead Whale, Balaena mysticetus, Based on Analysis of Acoustic Data Collected
During the 1993 Spring Migration off Point Barrow, Alaska. Rep. int. Whal. Commn. 46:
541-552.
Spikes, C.H. and Clark, C.W. 1996. Whales '95 - Revolutionizing Marine Mammal
Monitoring Technology. Sea Technology. April 1996. 49-53.
Clark, C.W. 1995. Application of US Navy underwater hydrophone arrays for scientific
research on whales. Annex M, Rep. int. Whal. Commn. 45:210-212.
Frankel, A.S., Clark, C.W., Herman, L.M. and Gabriele, C.M. 1995. Spatial distribution,
habitat utilization, movements and social interactions of humpback whales, Megaptera
novaeangliae, off Hawai'i using acoustic and visual techniques. Can. J. Zool. 73:11341146.
Clark, C.W. 1994. Blue deep voices: Insights from the Navy’s Whales ë93 program.
Whalewatcher 28 (1):6-11.
Potter, J.R., Mellinger, D.K. and Clark, C.W. 1994. Marine mammal call discrimination
using artificial neural networks. J. Acoust. Soc. Am. 96:1255-1262.
Mellinger, D.K. and Clark, C.W. 1993. A method for filtering bioacoustic transients by
spectrogram image convolution. Proc. IEEE Oceans '93:122-127.
Weisburn, B.A., Mitchell, S.G., Clark, C.W. and Parks, T.W. 1993. Isolating biological
acoustic transient signals. Proceedings of the Intl. Conference on Acoustics, Speech, and
Signal Processing. 1:269-272.
Würsig, B. and Clark, C.W. 1993. Behavior. In: J. Burns, J. Montague, and C.J. Cowles
(eds.), The Bowhead Whale. Allen Press. Lawrence, Kansas. pp. 157-193.
Zeh, J., Clark, C.W., George, J.C., Withrow, D., Carroll, G.M. and Koski, W.R. 1993. Current
Population Size and Dynamics. In: J. Burns, J. Montague, and C.J. Cowles (eds.), The

7

Christopher W. Clark
Bowhead Whale. Society for Marine Mammalogy, Special Publication Number 2. Allen
Press. Lawrence, Kansas. pp. 409-481.
Clark, C. W. 1991. Moving With the Heard. Natural History, March, pp. 38-42.
Clark, C. W. 1991. Talking Heads, Natural History, March, p. 42.
Clark, C.W. 1990. Acoustic behavior of mysticete whales. In: J. Thomas and R. Kastelein
(eds.), Sensory Abilities of Cetaceans. Plenum Press. pp. 571-583.
Tyack, P.L., Malme, C.I., Clark, C.W. and Bird, J.E. 1990. Reactions of migrating gray
whales (Eschrichtius robustus) to industrial noise. J. Acoust. Soc. Am. pp.1-88.
Clark, C.W. 1989. Call tracks of bowhead whales based on call characteristics as an
independent means of determining tracking parameters. Report of the sub-committee on
protected species and aboriginal subsistence whaling, Appendix. Rep. int. Whal. Commn.
39:111-112.
Clark, C.W. and Ellison, W.T. 1989. Numbers and distributions of bowhead whales, Balaena
mysticetus, based on the 1986 acoustic study off Pt. Barrow, Alaska. Rep. int. Whal.
Commn. 39:297-303.
George, J.C., Clark, C.W., Carroll, G.M. and Ellison, W.T. 1989. Observations on the icebreaking and ice navigation behavior of migrating bowhead whales (Balaena mysticetus)
near Point Barrow, Alaska, spring 1985. Arctic. 42:24-30.
Clark, C.W. 1988. Singing in the ice. The Living Bird Quarterly. Vol., No. 4:10-16.
Clark, C.W. and Ellison, W.T. 1988. Numbers and distributions of bowhead whales, Balaena
mysticetus, based on the 1985 acoustic study off Pt. Barrow, Alaska. Rep. int. Whal.
Commn. 38:365-370.
Clark, C.W., Marler, P. and Beeman, K. 1987. Quantitative analysis of animal vocal
phonology: an application to swamp sparrow song. Ethology. 76:101-115.
Ellison, W.T., Clark, C.W. and Bishop, G.C. 1987a. Potential use of surface reverberation by
bowhead whales, Balaena mysticetus, in under-ice navigation: preliminary considerations.
Rep. int. Whal. Commn. 37:329-332.
Ellison, W.T., Sonntag, R.M. and Clark, C.W. 1987b. Comparison of measured bowhead
whale, Balaena mysticetus, migration parameters with results from the tracking algorithm.
Rep. int. Whal. Commn. 37:309-312.
Clark, C.W., Ellison, W.T., Beeman, K. 1986a. A preliminary account of the acoustic study
conducted during the 1985 spring bowhead whale, Balaena mysticetus, migration of Point
Barrow, Alaska, Rep. int. Whal. Commn. 36:311-316.
Clark, C.W., Ellison, W.T. and Beeman, K. 1986b. Acoustic tracking of migrating bowhead
whales. Oceans 86, IEEE Oceanic Eng. Soc., New York. pp. 341- 346.
Ko, C., Zeh, J.E., Clark, C.W., Ellison, W.T., Krogman, B.D. and Sonntag R. 1986.
Utilization of acoustic location data in determining a minimum number of springmigrating bowhead whales unaccounted for by the ice-based visual census. Rep. int.
Whal. Commn. 36:325-338.
Sonntag, R.M., Ellison, W.T., Clark, C.W., Corbit, D.R. and Krogman, B.D. 1986. A
description of a tracking algorithm and its implications to bowhead whale acoustic
location data collected during the spring migration near Point Barrow, Alaska 1984-1985.
Rep. int. Whal. Commn. 36:299-310.
Watkins, W.A., Moore, K.E., Clark, C.W. and Dahlheim, M.E. 1986. The sounds of sperm
whale calves. In: P.E. Nachtigall and P.W.B. Moore (eds.), Animal Sonar; Processes and
Performance. Plenum Press, New York. pp. 99-107.

8

Christopher W. Clark
Beeman, K., Clark, C.W., Miller, R. and Bunnell, T. 1985. Acoustic tracking of migrating
whales. Horizon 9(2).
Clark, C.W. 1984. Acoustic communication and behavior of southern right whales,
Eubalaena australis. In: National Geographic Society Research Reports, vol. 17: 897-908.
Clark, C.W. and Johnson, J.H. 1984. The sounds of the bowhead whale, Balaena mysticetus,
during the spring migrations of 1979 and 1980. Can. J. Zool. 62:1436-1441.
Clark, C.W. 1983. Acoustic communication and behavior of the southern right whale. In:
Behavior and Communication of Whales. (ed. R.S. Payne), Westview Press: Boulder,
CO. pp. 163-198.
Clark, C.W., Dooling, R.J., and Bunnell, T. 1983. Analysis and synthesis of bird
vocalizations: An FFT-based software system. Behav. Res. Methods and Instr. 15:251253.
Dooling, R.J., Clark, C.W., Miller, R. and Bunnell, T. 1983. Program package for the
analysis and synthesis of animal vocalizations. Behav. Res. Methods and Instr. 14:487.
Clark, C.W. 1982. The acoustic repertoire of the southern right whale: a quantitative
analysis. Anim. Behav. 30:1060-1071.
Clark, C.W. 1980. A real-time direction finding device for determining the bearing to the
underwater sounds of Southern Right Whales, Eubalaena australis. J. Acoust. Soc. Am.
68:508-511.
Clark, C.W., and Clark, J.M. 1980. Sound playback experiments with southern right whales
(Eubalaena australis). Science 207:663-665.

Submitted Papers
Cholewiak, D., Cerchio, S., Jacobsen, J, Urban-Ramirez, J., and Clark, C.W. Acoustic and
spatial interactions between singing humpback whales (Megaptera novaeangliae) suggest
mechanisms that may mediate male competition. Anim. Behav.
Clark, C.W., and Gagnon, G.C. 2015. Fin Whale Swimming Speed and Song Variability.
Journal of Underwater Acoustics, USN declassified, so I can now submit to unclassified
journal.

GRADUATE FIELD MEMBERSHIPS
Neurobiology and Behavior
Zoology
GRADUATE MAJORS (serve as chair)
Total Completed
John Bower (NB&B, Ph.D.2000)
Bernard Brennan (NB&B, Ph.D., 2005)
Renata de Sousa Lima Mobley (Zool. - DNR, Ph.D., 2007)
Danielle Cholewiak (NB&B, Ph.D., 2008)
Mya Thompson (NB&B, Ph.D., 2008)
GRADUATE Ph.D. MINORS (member of graduate committee)
• Total Completed
Peter Marchetto (2015)
9

Christopher W. Clark
Ingrid Biedron (2014)
Dan Pendleton (2009)
Lynn Fletcher (2008)
Yianna Samuel (2007)
Damian Elias (2007)
Andrew Farnsworth (2006)
Leila Hatch (2005)
Karen Fisher (2002)
Hamilton Farris (2000)
Matt Weeg (2001)
Paul Faure (1999)
David Haskell (1998)
Jessica McKibben (1998)
Andrea Lee (1997)
Beth Weisburn (1996)
Stacey Benton (1999)
David Haskell (1996)
Adam Frankel (1994)

10

