
    
    

     

       

 
        

         
      

        
  

  
        

       
         

         
         
              

   

          
           
        

         
     

    
  

 
 

        
          

       
           

        
  

            
            

      
       
         

         
         

         
         

         
    

           
       

Washington State Academy of Sciences 
Committee on Underwater Acoustics and Disturbance 
Q&A prepared for the WDFW Advisory Committee 

The Washington State Department of Fish and Wildlife (WDFW) has contracted with the 
Washington State Academy of Sciences (WSAS) to facilitate a scientific and technical review of 
the best available science for disturbance and noise impacts to Southern Resident Killer Whales 
(SRKW) from small vessels and commercial whale watching, as requested by SSSB 5577 
(2019). 

WDFW’s Advisory Committee tasked with developing new whale watching rules per SSSB 5577 
has asked WSAS’s Committee on Underwater Acoustics and Disturbance (Appendix A) to 
answer the following specific questions about underwater acoustics and disturbance to inform 
their proposals for rulemaking. This work product, one of several under contract 19-14506, also 
includes a draft full reference list (Appendix B). This document should be considered as 
preliminary and as part of a larger summary review that will be prepared by the end of the 
Summer of 2020. 

Many of the questions posed by the Advisory Committee cannot be answered with certainty with 
current evidence. However, given the inherent uncertainties in knowledge due to research gaps, 
and the dire condition of the Southern Resident Killer Whale (SRKW) population, the committee 
recommends defining every interaction as an opportunity to disturb a whale and taking a 
precautionary management approach. According to the precautionary principle, when an activity 
threatens harm then measures should be taken—even if certain cause-and-effect relationships 
are not fully established scientifically. 

SRKW Use of Habitat 

(1) What do we know about the historical occurrence of SRKW?
● The SRKW population is composed of the J, K and L pods of extended family members. 

They travel in these pods from central Southeast Alaska to central California, with 
extended stays in the Salish Sea—the collective waters of the Puget Sound, Straits of 
Georgia and Juan de Fuca—and along the outer coasts of Washington and southern 
Vancouver Island. 

● Each pod has different patterns of habitat use [Hauser et al 2007]. J-pod’s range is more 
Salish Sea focused, with winter use of the northern Strait of Georgia noted by NOAA 
satellite tagging [research by B. Hanson and team], while K and L pods range more 
widely. Between 1976 and 2014, a database collected by The Whale Museum in Friday 
Harbor, Wash., showed sightings were concentrated in the central Salish Sea near the 
San Juan Islands during the summer months [Olson et al 2018]. Between 2009 and 
2011, SRKW were detected acoustically at Swiftsure Bank, off the southwest coast of 
Vancouver Island on 24% of recorded days [Riera et al 2019], with detection rates 
averaging 42% between May and September. SRKW have also been observed in the 
lower Puget Sound area, outside the SRKW core summer habitat [Hauser et al. 2007, 
Noren & Hauser 2016]. 

● Out of 74 days of monitoring in 2019, Soundwatch detected SRKW on 15 days and 
transients on 50 days [Soundwatch 2019], and in 2018 Soundwatch observed SRKW on 
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34 of 65 monitoring days [Soundwatch 2018]. The 2019 observations of SRKW show a 
lower-than-typical occurrence in a historical perspective [Olson et al 2018]. While the 
number of Salish Sea sightings are lower in recent years, sightings data continues to 
point to the west side of San Juan Island (including Salmon Bank) as an area of habitat 
preference. 

● The latest data suggest that the Strait of Juan de Fuca has become increasingly 
important for foraging, yet most published studies have not included data outside the 
SRKW core summer habitat near the San Juan Islands. Other areas such as 
southwestern Vancouver Island (including Swiftsure and Perouse banks) were proposed 
as habitats of special importance for the population [Ford et al 2017] and are now 
formally considered Canadian Critical Habitat. As prey availability changes, whale 
distribution is expected to change - thus, adaptive management will be important to tie 
regulations to observed animal distribution rather than a small geographic area. 

● Ongoing and future studies of underwater acoustic data may further decipher current 
regions of SRKW foraging. As a whole, data suggest that SRKW currently spend only a 
small, yet biologically relevant, portion of their total time in the central Salish Sea, and 
that time is generally in the summer months. Restricting mitigation measures exclusively 
to that area may not fully protect the future of the species in Washington State. 

(2) What are critical foraging areas and movement patterns of Southern Resident orcas? 
Would it be valuable for the recovery of the SRKW to identify historical and current 
foraging hot spots and apply restrictions to them? If so, please provide those locations. 

● Noren and Hauser 2016 identified the key foraging locations as the southern region of 
Haro Strait southwest of San Juan Island; foraging locations are also highlighted in Ashe 
et al 2010 and Hanson et al 2010. In pursuit of migrating salmon, SRKWs were also 
found to forage further south in Puget Sound proper during the fall and early winter. 
These main foraging areas have persisted for several decades, as has their typical daily 
travel of 75 miles [Center for Whale Research; Noren & Hauser 2016]. The latest data 
suggest that the Strait of Juan de Fuca has become increasingly important for foraging, 
yet most published studies have not included data outside the SRKW core summer 
habitat near the San Juan Islands. 

● A historical perspective on foraging locations indicates that historical foraging locations 
match recent foraging locations [Heimlich-Boran 1988, Hoelzel 1993] and indicate that 
SRKW foraging locations and patterns of habitat use are related to salmon abundance 
[Felleman et al 1991, McCluskey 2006] 

● Data from the most recent studies were collected over a decade ago, and SRKW habitat 
use has changed in recent years. Data collection for the most recent studies were in the 
core summer habitat in inland waters, while some of the older studies included an 
expanded area into south Puget Sound. Most studies relied on surface observations of 
SRKW behavior, rather than verification of prey pursuit/capture. Recent studies that 
collected prey remains and studied underwater activity via DTAGs may corroborate the 
surface behavior descriptions. Systematically collected data on recent foraging hotspots 
is currently lacking. Reportedly, Frances Robertson, Marine Program Coordinator for 
San Juan County, is currently working on a report about critical foraging areas. 

● Impact assessment studies suggest that reducing SRKW exposure to vessels when they 
forage will have beneficial effects for the individuals to continue fully contributing 
demographically to their population. Since reduced foraging in the presence of vessels 
has been observed, it would be valuable to protect key foraging hotspots. Adaptive 
management will allow vessel spatial restrictions to be reviewed regularly to 
accommodate any changes in SRKW foraging patterns. 
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(3) What should “vicinity of SRKW” mean? How many boats should be within vicinity? 
● Studies have defined the “vicinity of SRKW” differently. Most studies report distances as 

rings emanating from whales. Soundwatch counts vessels within 1000 m, other studies 
include vessel counts up to 400m and 1000m [examples: Soundwatch 2019, Lusseau et 
al 2009, Holt et al 2009]. Given current data collection protocols, 1000 m can be used as 
a rough estimate of “vicinity,” but vessel radiated noise, depending on vessel size, 
speed, and propulsion system, and environmental factors, can be detectable by orca 
beyond this distance. Given behavioral response data, 400m appears to be the vicinity 
range in which orca show behavioral responses; more research is needed to define the 
distance in vicinity of SRKW that boats can travel without negative effects. 

● There is evidence with killer whales and other cetaceans that the effect of vessel 
presence increases with vessel numbers, particularly for three or more vessels.[Williams 
et al 2002, Williams et al 2009, Williams & Ashe 2007] 

Vessel Presence and Behavior 

(4) How has the quantity of small vessels around the SRKW changed over the past 
couple of decades? 

(a) What is the speed, distance, time of day, numbers of vessels, and behavior of 
recreational vessels with and without whale watching boats present? 

● The number of active commercial whale watching vessels increased from 63 in 1999 to 
106 in 2018. The number dropped slightly in 2019 to 100, according to the Soundwatch 
Boater Education Program by The Whale Museum. The number of people kayaking near 
whales also significantly increased between 2004 and 2015, before dropping steadily 
over the last five years [Seely et al 2017, Soundwatch 2018, Soundwatch 2019]. 

● The number of vessel incidents or violation of regulations and guidelines has fluctuated 
in recent years, ranging from a low of 398 in 1998 to a high of 2621 in 2012. Incidents 
and violations dropped to 1,117 in 2018 and further to 749 in 2019 [Seely et al 2017, 
Soundwatch 2018, Soundwatch 2019]. 

● Vessel speed data is subjective and has not been collected. There are no published data 
on behavior of recreational vessels with/without whale watching boats, although there 
are reports of some data having been collected by Soundwatch. 

(b) Are there studies on the % of time that SRKWs spend with or without small vessels in 
their vicinity in the inland waters of WA, and how that has changed over the last 5-10-20 
years?

● The general increase in vessels over the last two decades has translated to an increase 
in traffic around SRKW—within 1000 meters. However, researchers also measured 
fewer vessels within 100 meters in 2018 and 2019. [Vancouver Fraser Port Authority 
(ECHO) 2019]. 

● There are limited data to answer this question. Two studies have three years of data on 
killer whales without vessels present [Lusseau et al 2009, Williams et al 2009], and 
much earlier data from observations from Lime Kiln Lighthouse in the 1980’s and 1990’s 
is maintained by the Whale Museum [Otis & Osborne 2001]. 

● Boat presence information is skewed by the data limitation that data is only available for 
the pods that are found, and that once a pod is detected by ecotour vessels, it is likely 
that vessels will remain in proximity for the remainder of the day. 

06.08.2020 WSAS Committee Work Product for WDFW 

3 



 

       

 

        
         

        
            
  

           
     

    
     

       
      

   
 

           
      

      
         
        

        
         

         
        

         
    

      
            

       
    

 
      

  
         

      
          

         
          

      
         

      
      

   
        

           
       

     
 

          
             

           
         

(c) Is it possible to differentiate those trends by
(i) recreational versus commercial whale-watching versus other types of vessels, 

● Soundwatch data provides vessel counts by type (recreational vs commercial whale 
watching) but does not have differentiation of data of the sound coming from each type 
of vessel. 

(ii) behavior of whale watching boats with and without enforcement present, and 
● The 2018 Soundwatch report found a reduction in regulation incidents with the presence 

of a law enforcement vessel. 
(iii) corresponding behavior of the whales? 

● Studies have found that effect size is related to the distance between vessels and 
whales, with larger effects closer to whales, and that leapfrogging increases severity of 
behavioral responses [Williams et al 2002]. 

(5) What is the relevance of past studies – how much do various previous study results 
apply to the current situation, given changes in vessel regulations? 

● Many older studies report orca behavioral changes within certain distances, including 
distances that are beyond the current regulations, and with other vessel behaviors that 
have changed over time. As data were collected at greater distances than the 
guidelines/regulations at the time, some of that information could still be valid for 
interpretation. For example, Lusseau et al. 2009 showed reduced foraging when vessels 
were within 400 m of whales in any direction/orientation, not only the front and back. 
Predictions of cumulative effects that are based on outdated proximity regulations 
(including Tollit et al 2017) should be viewed with caution, as recent restrictions are 
predicted to reduce noise levels received by killer whales. 

● It is important to differentiate studies that explored and described patterns in whale and 
vessel space use, for example, from those that aimed to infer insight about the 
mechanistic relationships between human exposure and whale response. The latter do 
not have an expiration date. 

(6) Can you comment on the ecological benefits or potential impacts of electric engines 
to decrease underwater noise? 

● Improved vessel technologies could reduce noise in the long term, but would take a long 
time to implement. Electrification of boats, which Washington State Ferries is currently 
pursuing for their fleet, could reduce some of the acoustic disruption. A newly published 
case study finds reduced noise from a solar electric ferry in the Swan River in Western 
Australia [Parsons et al 2020]; given the many environmental factors that affect noise 
propagation, ideally studies would be conducted in the Salish Sea. Electrification will not 
eliminate the need for propellers, however. Cavitation from propellers is the main source 
of vessel noise. Other technologies in development could result in boats that reduce 
cavitation and vibration; other propulsion mechanisms such as air-jets could increase 
broad-spectrum underwater noise. 

● It is important to recall that while noise pollution is a factor mediating the way by which 
vessel interactions get in the way of killer whales, it is not the only one. Simply the 
presence of vessels (including non-motorised vessels such as kayaks) elicits behavioral 
disruptions as well [Williams et al 2011]. 

(7) Please provide analyses of the Soundwatch and any other relevant data over multiple 
years (at least 2011 – 2019) on (a) The sentinel effect of ecotour vessels and WA DFW 
vessels (Sentinel effect = reduction in the violations of recreational vessels) and (b) The 
magnet effect and/or anti-magnet effect of ecotour vessels and WA DFW vessels (Magnet 

06.08.2020 WSAS Committee Work Product for WDFW 

4 



 

       

 

           
 

         
       

     
 

 
 

         
           
 

         
         

       
        

          
         

        
        

            
         

        
        

           
   

            
           

  
 

          
 

        
       

        
         

          
         

      
      

         
      

       
        

 
          

        
      

          
          

effect = attraction of recreational vessels; anti-magnet = reduction in recreational 
vessels)

● There currently is little published empirical evidence of a sentinel or magnet effect of 
ecotour vessels. The panel is aware that Todd Hass is currently analyzing Soundwatch 
data. The panel also suggests additional analysis of Straitwatch data. 

Disturbance to SRKW 

(8) Please comment on disturbance from vessel presence, in addition to noise; is there a 
number of vessels within 300, 400, and 650 yards that makes a difference for orca 
behavior? 

● The presence of kayaks has also been found to increase the chances that killer whales 
show traveling behavior, suggesting silent boats can elicit avoidance responses in killer 
whales [Williams et al 2011]. Other studies suggest vessel presence is a concern [Pirotta 
et al 2015, Lusseau et al 2006 Mar. Mammal Sci.] 

● When in close proximity to boats, SRKW appear to increase their surface-active 
behaviors [Noren et al 2009], increase call amplitude [Holt et al. 2009], modify 
respiration rate/surfacing patterns, change swim patterns and increase swim speed 
[Williams et al. 2009]. SRKW and NRKW also reduce their foraging behavior when in 
close proximity to boats [Lusseau et al 2009, Williams et al 2006, Lusseau et al 2007, 
Williams et al 2016]. While these studies were based on older federal marine mammal 
viewing regulations, two [Lusseau et al 2009, Williams et al 2009] assessed impacts of 
vessels at distances of 400 meters and 1000 meters. Similarly, vessel counts to 1000 
meters correlated with ambient noise levels in Holt et al. 2009, and SRKW increased call 
amplitude with increasing ambient noise levels. 

● The committee is not aware of further studies that tease out vessel noise from vessel 
presence or report how different numbers of vessels within the range of distances in this 
question impact killer whale behavior. 

(9) In terms of disturbance to SRKW, is a single, larger boat better than several, smaller 
boats? 

● More boats appear to create greater radiated noise levels around killer whales. A study 
of Northern Resident killer whales (NRKW) found that the animals changed their activity 
state when in the presence of more than 3 boats [Williams et al 2007]. Noise levels 
received by SRKW are correlated with the number of vessels within 1000 meters [Holt et 
al 2009]. While there are methodological constraints that limit the interpretation of the 
results and conclusions, the cumulative effect of large numbers of vessels was a 
contributor to physiological stress in SRKWs, particularly during years of relatively low 
Fraser River Chinook abundance [Ayres et al. 2012]. 

● Generally, fewer vessels around whales is better for the whales. Larger vessels are less 
likely than small vessels to behave unpredictably around the whales, and tend to have 
lower-frequency noise features that are less likely to overlap with SRKW vocalizations. 
Research results about the intensity of vessel noise is less clear. 

(10) What is an acceptable level of sound for SRKW? What is the carrying capacity of
vessel noise and disturbance on marine mammal populations? How should that be
influenced by conservation concern (e.g. population status)? 

● The question of the acceptable level of sound and carrying capacity of vessel noise and 
disturbance for SRKW is very difficult to study and thus answer. Specifying an 
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acceptable level of sound would not be well-founded given the inherently fluctuating 
range of background levels of underwater noise. 

○ A summary of problems that make specifying a noise threshold unrealistic and 
unenforceable are as follows: 

■ The threshold would need both specificity to the SRKW hearing frequency 
range, along with higher frequencies of echolocation (20-60 kHz). Such a 
large bandwidth poses challenges to acoustic sampling. 

■ The threshold would need specificity in terms of measurement depths as 
SRKW acoustically use the entire water column when foraging [Holt et al. 
2019] 

■ Statistically reliable estimates of the noise requires continuous 
measurement on the scale of days, not hours, but mammalian auditory 
processing requires shorter averaging times; however, short time 
estimates will be encumbered with huge variability. The relevancy of the 
enforcement monitoring will be highly questionable. 

○ One study indicated behavioral changes of NRKW at broadband received levels 
of 130 dB [Williams et al 2014b] 

● There is currently uncertainty about the maximum sustainable level of vessel noise and 
disturbance for the SRKW population, especially because the maximum disturbance is 
contextual and dependent on ecological factors (e.g., if there is more food, SRKW can 
better handle disturbance). Some estimates can be made by reviewing population 
consequences of disturbance (PCOD) models. Adaptive management plans can 
stipulate changes in the plan based on changes in population status over time. One 
example is the IWC Revised Management Procedure (https://iwc.int/rmp), which 
introduced a ban on extractive activities until populations recover, similar to addressing 
bycatch conservation issues. 

● The conservation status should be considered in estimating cumulative interaction 
exposure that can be permitted now. (See management section below for more detail) 

Impacts on SRKW Foraging 

(11) Studies have been cited that state SRKW lose substantial foraging time due to 
vessels and vessel noise (Lacey 2019, SMRU/ECHO 2017) 

(a) please address the circumstances of these studies (eg vessels at speed or slowed to 
7 knots or less, distance from SRKW, etc) 

● Lacy et al 2019: Current noise disturbance was estimated to reduce orca feeding by 
16.6%. This estimate was based on observed reduced orca foraging behavior within 
400m proximity of whale watch vessels (by 25%, documented by Lusseau et al. 2009), 
affecting times only when orca are foraging (estimated to be 78% of time) and in the 
presence of vessels (estimated to be 85% of the time).The study thus uses an estimate 
of a summer day-time in which whale watch boats affect all pods to model year-round 
effects; the inputs used in this approach likely overestimates noise effects. 

○ Lacy et al. suggested the effects of Chinook prey abundance had a greater effect 
on population growth rate than noise disturbance. A 2019 DF0-CSAS report by 
Murray et al. highlighted a similar result, noting noise disturbance as having a 
3.5% effect on foraging, increasing to 10% under “high noise” scenarios. 

● SMRU/ECHO 2017 report (unpublished): This model predicted whale watching boats 
(both commercial and recreational, May through September) reduced prey detection 
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range through masking of echolocation clicks by 5% to 34%, and potentially impacted 
foraging for 5.4% of each day or 8.5% of days when whales are present. The per day 
5.4% value best represents average summer boat noise effects if one assumes that little 
whale small-boat interaction occurs when pods are not sighted in the inshore Salish Sea 
study area. When combined with noise from commercial vessels, the values were 13% 
and 20% for the summer period assessed. 

○ This unpublished study uses multiple different datasets and assumptions to 
estimate cumulative noise effects. It undertakes sensitivity analyses on several 
key assumptions but does not assess the effects of boat presence. 

○ The effect of noise by whale watching boats was assessed mainly through click 
masking which was estimated through back-calculation of noise from 5 vessels, 
moving at 3 to 10 knots and approaching within 100 meters. The communicative 
sounds used as metrics can communicate movement while foraging, facilitating 
prey-sharing. 

○ The authors [Tollit et al, 2017] highlight high uncertainty, especially in converting 
range reduction of clicks through boat noise masking to a unifying impacted 
foraging time metric. 

(b) whether the issues would have been addressed with WA state’s 2019 regulations.
● Regarding whether issues would have been addressed with WA 2019 regulations, we 

can only offer opinions based on previous studies. Since regulations at various 
jurisdictional levels have changed every few years and compliance is variable, it is 
difficult to assess whether issues have been addressed by previous or current 
regulations. 

● Speed reductions: 
○ Speed reductions appear to reduce acoustic disturbances for whales. A speed 

reduction from 5-6 knots down to 0-2 knots reduced levels received by whales by 
an average of 4 to 5 dB, according to a study using digital acoustic recording 
tags (DTAGs) [Houghton et al 2015]. Another study found similar results using an 
expanded DTAG dataset [Holt et al 2017]. Vessels operating at moderate-to-high 
speeds produce greater masking effects than lower speeds [Houghton et al 
2015, Holt et al 2017]. Researchers have found large-scale reductions in noise 
levels when comparing speeds of greater than 15 knots versus speeds below 7 
knots, across a variety of boat types [Wladichuk et al 2019]. Noise levels have 
been found to increase with speed for small boats [JASCO 2019]. A voluntary 
slowdown trial in the Salish Sea to 11 knots showed reduced underwater noise in 
the slowdown area, to a predicted overall 22% reduction in ‘potential lost foraging 
time’ for SRKW, with 40% reductions predicted under 100% participation 
scenarios. [Joy et al 2019] 

○ Studies suggest a stronger speed-sound correlation in the SRKW echolocation 
band than in lower-frequency bands, which is likely due to propeller cavitation 
noise rather than engine noise. 

○ While faster speeds increase the intensity of noise and the risk of vessel strikes, 
slower speeds expose orcas to noise for longer periods of time and potentially 
risk longer masking periods. 

● Distance increases: 
○ SRKW increase surface-active behaviors, change swimming patterns, reduce 

foraging behavior, and increase call amplitude in the presence of boats [Lusseau 
et al 2009, Williams et al 2009, Lusseau et al 2007, Williams et al 2016]. These 
studies are based on older federal marine mammal viewing regulations, with 
resulting close proximity of boats for some of the analyses. However, both 
[Lusseau et al 2009] and [Williams et al 2009] assessed impacts of vessels at 
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greater distances—400 meters and 1000 meters—which may still be relevant 
with updated regulations. A forthcoming report for Transport Canada by JASCO 
will report on call and click masking levels caused by 10, 17 and 27 whale watch 
vessels at ranges of 200, 400, 600, and 800 meters. 

(12) Can the committee compare salmon fishing catch/effort to whale presence? 
● This kind of comparison is not possible at the current time because salmon catches are 

compiled over large fishing areas, so data resolution is insufficient. However, research 
suggests that the impact of boat presence on the orcas is greater during a poor salmon 
year than in years when prey is ample [Ayres et al 2012]. 

● Despite the potential for low prey availability to be a major SRKW stressor, alleviating 
impacts on foraging behavior would be important in order to maximize the foraging 
opportunities that these whales have. 

(13) Can the committee examine factors that cause SRKW to leave an area where prey is 
available? 

● Reduced foraging, lower food availability, evasive behaviors and the production of louder 
calls have the potential to impact a whale’s energy balance. SRKWs may increase 
energy expenditure by performing surface-active behaviors in the presence of boats 
[Noren et al 2009]. Foraging typically occurs during the day, when whale-watching 
vessels are most likely to be present [Baird et al 2005]. Noise disturbance from vessels 
reduces SRKW feeding by an estimated 16.6%, according to one study [Lacy et al 2017, 
discussed above)]. Though SRKW switch activity state away from foraging when 
disturbed, they do not necessarily depart the area entirely. 

(14) Are there patterns in foraging effectiveness by time of day, time since arrival to a 
site, etc., or are there boat-independent conditions when SRKW are most vulnerable to 
disturbance? Can the committee provide guidance on critical times/areas for potential 
closures? 

● Maximum dive depth [Baird et al 2005] and vocalization rate [Thornton et al 2019] data 
suggest that foraging typically occurs more during the day, when whale-watching 
vessels are most likely to be present. However, deep dives don’t necessarily result in 
prey capture [Tennessen et al. 2019]. A current NOAA DTAG study is collecting data to 
understand foraging behavior and activity patterns throughout both day and night. 
However, many foraging factors are unknown and there is a dearth of research that 
addresses this particular question. 

Management Strategies 

(15) How could we best use existing data to look at effectiveness of the most recent 
(2019) regulations on SRKW?

● Not enough time has passed to evaluate the impacts of the latest regulations. But even if 
the restrictions prove to protect SRKW, they are only as effective as they are adhered to. 

(16) Can the panel provide guidance on how to reduce daily impacts to SRKW? How to 
reduce cumulative impacts? 

● The panel has two interrelated lines of thinking on this. 
○ Gathering data about daily impacts is needed to assess cumulative impacts. 

However, given the myriad interacting risk factors these whales face, plus their 
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longevity and relatively low and slow reproductive output, attributing the relative 
contribution of daily vessel impacts to cumulative impacts, such as reduced body 
condition or diminished reproductive success, will be difficult, given the current 
tools/models. 

○ Assessing cumulative impacts that confer population benefit vs. individual benefit 
is more in line with the goal of the intended regulations and provides room for 
more flexible management options. 

● Reducing the amount of time vessels spend around whales would reduce both daily and 
cumulative exposure to noise and disturbance, which would reduce daily and cumulative 
impact. A quota system designed to manage cumulative interactions, could be combined  
with shorter timeframe measures such as a limits on the number of boats or time those 
boats spent in close proximity to SRKW. 

● The practice of leap-frogging involves letting whales swim past boats and then speeding 
the boat ahead to get in front again. Research suggests this practice is more disturbing 
to whales than moving parallel to them from the side. [Williams et al. 2002a, Williams et 
al 2002b]. The Pacific Whale Watch Association’s best practices no longer allow leap 
frogging. 

● Canadian regulators have taken a precautionary approach in which recreational boaters 
must stay 400m away from all killer whales, whereas ecotour companies cannot 
approach any SRKW pods but can approach transients at a 200m distance. Consistent 
transboundary regulation would have value in terms of boater education. 

● Permits could be used to require education to increase regulation compliance and 
require that operators record orca encounters (where, when, how long, behavior). 

● Slow-go zones could be created in areas and times of expected high SRKW presence, 
as speed is a critical factor in noise output, as noted above. 

(17) Is there justification for a mandatory no-go zone (e.g. West side of San Juan Island)? 
● Boats could be altogether banned from entering areas where SRKW are currently known 

to spend substantial time foraging and limited to areas where little or no foraging takes 
place and where whales generally only travel through. In addition, if an exclusion zone is 
implemented for whale watching vessels, it could readily become an exclusion zone for 
other vessels in the future. In addition to conferring protection, exclusion zones could 
also offer an experimental control area for research studies. 

● However, given the documented changes in SRKW’s choice foraging spots over the 
recent years, such no-go areas may become outdated within a few years if no-go zones 
were to be spatially fixed for a period of years. For example, SRKW have not been 
present in the San Juan Island region as much in recent years as they historically had 
been. A more flexible approach could be temporary exclusion zones where exclusions 
are implemented adaptively, reviewed periodically, and lifted after data show a period of 
no SRKW presence. A ‘slow-go’/slowdown approach could have similar noise reduction 
potential but may increase the amount of time SRKW spend with boats. 

(18) Which programs/elements of other commercial whale watch licensing programs (on
any marine mammal) or fisheries programs throughout the world could be a suitable fit 
for us to consider? 
The following bullets are intended to be illustrative for the purposes of this Q&A, rather than 
exhaustive. 

● Comprehensive overview of management approaches. A comprehensive overview of 
management approaches around the world is available from the international whaling 
commission: https://wwhandbook.iwc.int/en/ 
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● Regulate density of whale watching vessels. Regulating the density of whale watching 
vessels is one way to achieve a reduction in SRKW exposures to vessels. This approach 
could allow industry to develop new business models to maintain operations. In 2017, a 
limited entry system was imposed for the whale shark watching industry in La Paz, 
Mexico. The effort decreased the number of boats and, reportedly, improved the 
experience of tourists. On the other hand, a licensing program that limits the duration 
and number of vessels near SRKWs could have the unintended negative consequences 
of distributing the effects of noise and disturbance across a greater number of orca 
groups or individuals. Such unknowns lend themselves ongoing monitoring and adaptive 
management. 

● Education. Licensure could require education on a variety of behaviors that could reduce 
SRKW exposures such as staying downwind from the whales to reduce vessel exhaust, 
turning off echosounders when in proximity of whales, and reducing changes in speed, 
starts, stops and gear shifts. Changes in speed are likely to create maximum cavitation 
and should be particularly discouraged. 

● Special protections for specific SRKW demographic groups. Programs could have 
additional protections for specific demographic groups that are most likely to be 
negatively affected by disturbance. For example: 

○ In Australia, extra protective rules apply to mothers and calves to protect 
lactating mothers with high energetic demands. 

○ In Saguenay-St. Lawrence Marine Park (Québec, CA), regulations were 
developed in collaboration with users and include maximum navigation speed in 
the park, lower speeds when marine mammals are present, a minimum distance 
from marine mammals, maximum time boats can spend in an observation zone, 
and temporary exclusion areas. Permits are required for activities in the park, the 
number of permits is capped, and there are training (on behavior to avoid 
disturbing blue and beluga whales) and reporting requirements for whale-watch 
operators as well as education requirements for passengers. 

○ Pelagos Sanctuary (Ligurian Sea) developed a management plan and 
requirements for conduct by tour operators. Some of the requirements include a 
300-meter vigilance zone around whales where only one boat is allowed at a 
time, observation time is limited to ½ hour per boat and 15 minutes if other boats 
are waiting, and where sounders and sonar must be switched off. 

○ In Doubtful Sound, New Zealand, the NZ Department of Conservation has 
worked in collaboration with the tourism industry to introduce interaction 
avoidance (no-go zones) in critical areas for a population of bottlenose dolphins 
listed as critically endangered [Lusseau 2004]. This has resulted in a significant 
reduction in the time dolphins spent with boats and a significant reduction in the 
length of interactions [Guerra & Dawson 2016]. 

(19) Can the panel provide guidance on best proxies for measuring impacts, given the 
limited scope of these regulations, and how to translate short-term metrics into long-
term impacts (what is the relationship)?

● Given the complexity and interconnectivity of risk factors, it would be challenging to 
relate positive changes in body condition, reproductive success, calf survival, or 
population growth rate solely to vessel regulations. 

● Daily foraging rates and the daily number of successful foraging events (from tag data), 
are a metric that would be a proxy for orca energy balance that would link to condition of 
health. 

● Bioenergetic studies are one way to translate short-term metrics such as behavioral 
changes into long-term impacts like changes in condition and reproduction. 

06.08.2020 WSAS Committee Work Product for WDFW 

10 

http://parcmarin.qc.ca/wp-content/uploads/2019/03/D%C3%A9pliant-anglais.pdf
https://www.sanctuaire-pelagos.org/en/about-us/management-plan


 

       

 

        
       

      
    

 
         

        
           

         
            

        
    

         
          

        
  

      
      
     
     
      

   
           

        
        

         
 

        
       

       
        

 
                

              
           

        
     

        
    

 
            
       

  
        

     
           

     
      

       
 

● The National Academies’ study references body condition, particularly calf condition, as 
a metric that reflects on population growth rate [National Academies 2017]. However, 
using this metric would require a longer timescale to see impacts, and other risk factors 
can potentially impact body condition. 

(20) What are appropriate rubrics to consider for our adaptive management strategy, e.g. 
population parameters? What metrics should be used for adaptively managing these 
regs? Could body condition be used as a nimble adaptive management metric, and if so, 
how could that be measured and what might the triggers be? 

● Management metrics are most useful when they are clear, simple, explicit, easy to 
enforce and associated with a specific assessable goal. For example, the number of 
boats or speed is easier to regulate than a vessel’s noise output. 

● It will be difficult to link population changes to management actions, especially in the 
short term. Given the unlikely event of any significant birthing between now and 2026 for 
SRKW, short-term behavioral and physiological changes are likely better measures of 
success for SRKW. 

● Examples of metrics include, but are not limited to: 
○ Habitat use, measured by SRKW distribution and frequency, 
○ Foraging time (as in Q19, above), 
○ Stress and hormone levels, 
○ Body condition, particularly the condition of females and juveniles, with the 

following caveats to using this metric: 
■ It represents a metric of cumulative effects (including salmon availability, 

contaminant loads, etc.), not vessel effects alone. 
■ Killer whales have a thick blubber layer that can buffer periods of low food 

availability, so body condition changes will not be observable on a short 
time scale. 

■ It is unclear what body condition values represent good condition, 
especially for lactating females and juveniles, as eye patch ratio changes 
with growth until 15 years of age, and lactating females decline in 
condition relative to their pregnant “bulked up” condition. 

(21) What do we even focus on reducing from? Or do we reduce to? That is, do we focus 
on what the target noise and disturbance levels should be and how to get there, or what 
the baseline is and how much it should be decreased from there? 

● This question is challenging to answer. The current level of disturbance has been 
recognized by policymakers as unsustainable. Future adaptive management schemes 
could address the “reduce to” issue by adjusting management strategies on a regular 
periodic cycle based on new data and analyses. 

(22) Will the Science Panel use a scoring matrix, similar to what TC/DFO did last year, 
that evaluates feasibility, effectiveness, etc. of the Advisory committee package 
proposals and/or individual measures? 

● The panel may consider this strategy to provide feedback that is useful to the Advisory 
Committee’s proposed regulations (forthcoming July 2020), with the caveats that we 
would not want to replicate what has already been done, and that this can be a 
challenging proposition. Determining effectiveness depends on where and when 
measures are imposed and feasibility is difficult to gauge without socio-economic 
considerations which are beyond the charge of this committee. 
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(23) Can the panel identify specific data gaps that would best inform this process going 
forward? 
The topics noted below are areas identified by the Advisory Committee as examples of where 
more data are needed. As the WSAS panel continues its review and summary of research, it 
likely will identify knowledge gaps that need to be filled in order for adaptive management to 
occur. One of the core research issues is that much of the SRKW data is disparate and difficult 
to access. 

● Boats and boat noise: Little is known about the directivity of boat noise, and how the 
type of propeller or motor a vessel uses might affect the noise it generates. 

● Foraging areas: A clear understanding of where SRKW forage successfully will be 
important. We are aware that local researchers have unanalyzed data on the density 
and distribution of boats, particularly in core foraging areas, but no analyses have been 
published yet. In addition, there are some data on foraging success and location from 
studies using DTAG and post-foraging scale-collection; however, it could be helpful to 
generate bounded monthly or seasonal use estimates of a large sub-area of the SRKW 
range by pooling acoustic, sighting, and other data, and match this with some estimate 
of boat interaction in the sub-area. We are also aware that the San Juan County Marine 
Program is currently teaming up with Oceans Initiative sites to evaluate how SRKW 
group size and group dispersion has varied over the last 18 years and how Chinook 
salmon abundance may play a role in determining the grouping behavior of SRKW. 

● SRKW-specific studies: Few studies have looked directly at noise and disturbance 
effects on SRKWs, including their echolocation clicks, the degree of impact from sound 
exposure levels versus sound type variation and the physical presence of boats. It 
remains unclear what an acceptable level of sound might be for this population. 

● Defining management values: Research is needed to define how much interactions 
should be reduced, and by corollary the SRKW maximum sustainable tourism yield. The 
approach used could be similar to the Potential Biological Removal (PBR) estimation 
procedure of bycatch conservation strategies. 

● Filling in critical context: Using only sound levels as proxies for vessel impacts and 
ignoring the total presence, proximity, and relative orientation and movement of 
disturbances relative to the orcas will fall short of fully evaluating impacts from many 
sources and achieving science-based conservation. 

● Disentangling factors to measure impacts: Quantifying and observing cumulative 
effects on cetaceans is difficult and currently not possible, especially in light of changing 
baselines (e.g., regulations, ecologies of prey and whales). For example, vessels and 
noise generally occur together. No study of killer whales has teased apart vessel 
presence from noise generated by vessels, with the exception of the observational study 
on kayaks. A study is needed in which vessel noise is broadcasted and responses are 
measured in the absence of any physical vessel. 

● Current events: It is not clear whether the COVID-19 pandemic has decreased ocean 
noise and thus creates an opportunity for study. Anecdotal evidence suggests 
recreational and commercial vessel traffic has shifted, but not declined. 
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APPENDIX A – Q&A prepared for the WDFW Advisory Committee 
WSAS Committee for Underwater Acoustics and Disturbance 

Peter Dahl – Senior Principal Engineer, Acoustics Department, Applied Physics Laboratory; Professor, 
Mechanical Engineering, University of Washington – dahl@apl.washington.edu 

Dr. Peter H. Dahl is a Senior Principal Engineer with the University of Washington Applied Physics 
Laboratory, and a Professor of Mechanical Engineering at the University of Washington. 
His research focuses on underwater sound. He has published extensively on the physics of acoustic 
propagation as influenced by the sea surface and seabed, vector acoustic properties of underwater and 
airborne sound, and studies on underwater noise from explosives and marine pile driving. 
Dr. Dahl has conducted several ocean-going experiments in underwater acoustics, sponsored by the 
U.S. Office of Naval Research involving international collaborative teams, and is currently a Principal 
Investigator for two projects under the purview of the Navy’s Living Marine Resource program 
concerning the effects of sound on marine life. Dr. Dahl received his Ph.D. from the Massachusetts 
Institute of Technology and Woods Hole Oceanographic Institution Joint Program in Ocean 
Engineering.  He is a Fellow of the Acoustical Society of America (ASA), has served as the chair of the 
ASA technical committee on Underwater Acoustics (2002-2005), on its Executive Council (2008-
2011), and was the ASA Vice President (2013-2014). (link) 

Marla Holt – Research Wildlife Biologist, NOAA Fisheries – marla.holt@noaa.gov 

Dr. Marla Holt is a Research Wildlife Biologist for the Marine Mammal Ecology Team; she joined the 
Northwest Fisheries Science Center as a National Research Council (NRC) Postdoctoral Associate for 
the Marine Mammal Program. Dr. Holt’s postdoctoral research was an investigation on the effects of 
vessel noise on the acoustic signals of Southern Resident killer whales.  She also wrote a review paper 
which focused on sound exposure in Southern Resident killer whales. Dr. Holt received her Ph.D. 
from the University of California, Santa Cruz in Ocean Sciences. Her dissertation focused on pinniped 
spatial acoustics including sound localization and auditory masking in captive seals and sea lions and 
call directionality in free-ranging northern elephant seals. Dr. Holt also has an M.S. in Marine Sciences 
and a B.A. in Marine Biology from the University of California, Santa Cruz. Her current research 
focuses on marine mammal acoustics including the effects of noise on the acoustic signals and 
behavior of Southern Resident killer whales, their use of sound during different activity states, and the 
cost of sound production in odontocetes. Dr. Holt’s research interests include marine mammal sound 
production and acoustic communication, sensory ecology (including hearing capabilities and auditory 
scene analysis), sound exposure and acoustic risk factors, and passive acoustic monitoring. (link) 

David Lusseau – Professor, School of Biological Sciences, University of Aberdeen – 
d.lusseau@abdn.ac.uk 

Dr. David Lusseau works at the intersection of life, formal, and social sciences to understand how 
individuals make decisions when uncertain and what the consequences of those decisions are for their 
health, social life, and demographic contributions. He has been at the University of Aberdeen since 
2007. He obtained his BSc in marine biology at the Florida Institute of Technology and his PhD in 

06.08.2020 1 

http://www.apl.washington.edu/people/profile.php?last_name=Dahl&first_name=Peter
https://www.nwfsc.noaa.gov/contact/display_staffprofile.cfm?staffid=2029
mailto:d.lusseau@abdn.ac.uk
mailto:marla.holt@noaa.gov
mailto:dahl@apl.washington.edu


 

 

  
   

 

  
 

  
  

 
 

  
 

 

 
 

 

 
  

  
 

  
 

    
 

 

 
  

     
 

     
   

 
    

 
  

   
  

   
 

   
 

Zoology at the University of Otago (New Zealand). He then received a Killam fellowship for 
postdoctoral work at Dalhousie University. He was elected member of the Young Academy of 
Scotland in 2007, Fellow of the Royal Statistical Society in 2009, and Fellow of the Royal Society of 
Biology in 2016. Dr. Lusseau has worked on sustainable wildlife management since his PhD at Otago, 
particularly focussing on developing quantitative methods to detect and avoid wicked problems when 
managing these socioecological systems. He is a member of IUCN’s Cetacean Specialist Group and 
Sustainable Use and Livelihoods Specialist Group and recently convened the marine mammal 
assessment chapter of the 2nd UN World Ocean Assessment. (link) 

Dawn Noren – Research Fish Biologist, Conservation Biology Division, National Oceanic and 
Atmospheric Administration – dawn.noren@noaa.gov 

Dr. Dawn Noren is a research fishery biologist, with expertise in physiological ecology, at the NOAA 
Fisheries Northwest Fisheries Science Center in Seattle, WA. She is currently a member of the 
International Whaling Commission Scientific Committee and primarily works with the environmental 
concerns and whale watching sub-committees. Her research includes energetics and metabolism, 
assessment of body condition, diving physiology, and anthropogenic impacts. Her recent work focuses 
on killer whale prey requirements, the effects of vessels and sound on cetacean behavior and 
energetics, factors influencing killer whale body condition indices, the transfer of contaminants from 
female dolphins and killer whales to their calves, and Southern Resident killer whale habitat use 
patterns. Her earlier research focused on Steller sea lion, northern elephant seal, and bottlenose 
dolphin physiology. Previously, Dr. Noren was a National Research Council (NRC) Postdoctoral 
Research Associate at the National Marine Mammal Laboratory at the NOAA NMFS Alaska Fisheries 
Science Center in Seattle, WA. Dr. Noren earned a M.S. in Marine Sciences and a Ph.D. in Ecology 
and Evolutionary Biology, both from the University of California, Santa Cruz. She earned a B.S. in 
Biological Sciences with an emphasis in Marine Sciences from the University of Maryland, College 
Park. (link) 

Susan Parks – Associate Professor, Biology, Syracuse University – sparks@syr.edu 

Dr. Susan Parks’ research focuses on the ecology and evolution of acoustic signaling. Diverse research 
topics in the lab span the fields of behavioral ecology, bioacoustics, biological oceanography, and 
conservation biology. Current projects in the lab involve studies of marine and terrestrial animals 
ranging from observational studies characterizing the acoustic behavior of species to experimental 
studies investigating behavioral functions of sounds and the impacts of noise on communication. Dr. 
Parks holds a PhD from Massachusetts Institute of Technology/ Woods Hole Oceanographic 
Institution and a BA from Cornell University (link) 

Ron Thom (chair) – Staff Scientist Emeritus, Coastal Sciences Division, Pacific Northwest National 
Laboratory – ron.thom@pnnl.gov 

Dr. Ron Thom has conducted applied research in coastal and estuarine ecosystems since 1971. His 
research includes coastal ecosystem restoration; adaptive management of restored systems; benthic 
primary production; ecosystem monitoring; climate change and adaptation; carbon storage in restored 
coastal systems, and ecology of fisheries resources. Dr. Thom has directed approximately 200 
multidisciplinary ecological studies and worked on systems in California, Washington, Oregon, Alaska, 
Massachusetts, New York, Nebraska, and Alabama. He chaired the original Technical Advisory 
Committee of the EPA’s Puget Sound Estuary Program, was appointed by the Governor of 
Washington to the 2015 Northwest Straits Commission, and served as a member of US EPA Science 
Advisory Board panel reviewing the Great Lakes Restoration Program in 2011. Dr. Thom served on 
the National Academy panel that developed recommendations for monitoring the effectiveness 
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recovery actions in the Gulf of Mexico coastal ecosystem following the 2010 oil spill. He co-chaired 
the 2015 conference of the Coastal and Estuarine Research Federation (CERF), and co-chaired the 
2016 Salish Sea Ecosystem Conference. In 2010, he was elected to the Washington State Academy of 
Sciences, and in 2016 was elected president-elect of the Academy to serve in 2018-2020. Dr. Thom 
managed the Coastal Ecosystem technical group at PNNL until 2013. He currently serves as the Senior 
Science Advisor to the Puget Sound Partnership, which is the EPA National Estuary Program in Puget 
Sound. (link) 

Dom Tollit – Senior Research Scientist, SMRU Consulting – djt@smruconsulting.com 

Dr. Dom Tollit is a Principal Scientist with SMRU Consulting. He has over 28 years of experience 
studying the behavioural ecology, foraging, and population dynamics of marine predators. His primary 
research interests are to understand the ecological role of pinnipeds in coastal habitats and to define 
key parameters within multi-species environmental risk assessment frameworks. Following a PhD at 
the University of Aberdeen in Scotland, Dr. Tollit worked for SMRU in St. Andrews University, the 
University of Tasmania and the National Trust for Fiji, before leading a Steller sea lion foraging 
ecology research program at the University of British Columbia. Since 2009, Dr. Tollit has undertaken 
a variety of North American based consultancy projects, including noise impact assessment, 
environmental and acoustic-based monitoring programs and pinniped ecological research. His 
collaborative research has led to more than 35 journal publications in the field of marine mammal 
science. Recent project experience includes working with industry, NGOs, federal and local regulators 
(DFO, NOAA, CSLC) and a variety of academic institutions in Canada and the USA. He is currently 
the technical advisor to Vancouver Fraser Port Authority’s ECHO program and actively involved in 
improving Population Consequences of Disturbance (PCOD) assessments. (link) 
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DRAFT Bibliography – Underwater Acoustics and Disturbance 
updated 6/8/2020 

APPENDIX B – Q&A prepared for the WDFW Advisory Committee 
Draft Bibliography 

Objective 
The purpose of this document is to track literature that the WSAS Underwater Acoustics and Disturbance 
Committee may consider in reviewing the best available science on underwater acoustics and disturbance 
of Southern Resident Killer Whales (SRKW) by small vessels. The committee is reviewing literature 
from species beyond Orinus orca due to the dearth of information on SRKW directly. The committee has 
excluded multiple studies on responses to specific sound types such as pile-driving and naval sonar that 
are not relevant to the scope of this review. This list of literature reflects suggestions made by scientists 
participating in the April 27, 2020 workshop and stakeholders participating in the May 6, 2020 workshop. 

Topics 
● Comparative connection of taxa 

o Patterns of behavior and 
abandonment in other cetaceans 

o Stress physiology 
● Effects of 

o Physical disturbance of vessels 
o Underwater noise 
o Echo sounders 
o Acute vs Chronic exposure 
o Numbers of vessels and amount 

of time spent 
o Interacting stressors – relative 

effects 
● Boat density and distribution – Small 

vessels, Whale watch vessels 
o Especially around San Juans 

● Vessel noise generation – cavitation, 
technology 

● Ocean ambient noise; masking 
● Sound propagation 
● Marine mammal hearing 
● Types of effects 

o Physiology 
o Behavior 

● Whale watch customers 
o What customers want (outreach, 

closeness to whales, # of 
whales) 

o Demographics 
● Whale watching 

o Effects on conservation 
o Best practices for conservation 
o Effects of public perception 
o Sentinel effect 

● Adaptive management of regulations 

Tags: 

[Orca] = Killer Whales 

[Comparative] = evidence for comparable effects between species 

[Vessel] = Focus on vessel effects 

[Disturbance] = Disturbance 

[Cumulative] = compounding effects of multiple stressors 

[Boats] = Focus on the boat sounds, density, distribution 

[Acoustics] = Sound propagation; focus on the acoustic stimuli or hearing 

[Physiology] = Physiology and/or energetics effects 

[Behavior] = Behavioral effects 

[Communication] = Changes in echolocation/acoustic behavior 

[Customers] = Info about whale watch customer demographics, desires 

[WhaleWatch] = sentinel or conservation effect of whale watching; effects of public perception 

[Management] = pertaining to management/regulations 

[NPR] = not peer reviewed 
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