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Executive Summary 

This study was conducted to determine whether a low-powered sound source could be effective at 

deterring gray whales from areas that may prove harmful to them. With increased interest in the 

development of marine renewal energy along the Oregon coast the concern that such development may 

pose a collision or entanglement risk for gray whales. A successful acoustic deterrent could act as a 

mitigation tool to prevent harm to whales from such risks.   

In this study, an acoustic device was moored on the seafloor in the pathway of migrating gray whales off 

Yaquina Head on the central Oregon coast. Shore-based observers tracked whales with a theodolite 

(surveyor’s tool) to accurately locate whales as they passed the headland. Individual locations of 

different whales/whale groups as well as tracklines of the same whale/whale groups were obtained and 

compared between times with the acoustic device was transmitting and when it was off. 

Observations were conducted on 51 d between January 1 and April 15, 2012. A total of 143 individual 

whale locations were collected for a total of 243 whales, as well as 57 tracklines for a total of 142 

whales. Inclement weather and equipment problems resulted in very small sample sizes, especially 

during experimental periods, when the device was transmitting. Because of this, the results of this study 

were inconclusive. 

We feel that another season of field testing is warranted to successfully test the effectiveness of the 

deterrent, but recommend increasing the zone of influence to 3 km to ensure the collection of adequate 

sample sizes. Steps have been taken to acquire the necessary federal research permit modification to 

authorize the increased zone of influence and to modify the acoustic device for the increased power. 

With these changes we are confident we will be able to determine whether the deterrent is effective at 

deflecting gray whales. A successful deterrent device may serve as a valuable mitigation tool to protect 

gray whales, and other baleen whales, in the event that marine energy development poses a collision or 

entanglement risk.  

 

 

 

 

 

 

 

 

 



DE-EE0002660 – FINAL SCIENTIFIC REPORT 

4 
 

Introduction  

The Oregon coast has been identified as an area with great potential for production of electricity from 

wave energy and plans are underway to develop several different projects along the Pacific Northwest 

coast. One such plan, involves the initial deployment of one Ocean Power Technologies’ (OPT) test buoy 

off Reedsport, Oregon to be followed up shortly thereafter with the deployment of an array of 10 OPT 

buoys. In light of this development, there is a pressing need to begin examining how ocean wave energy 

development might impact the marine environment, biological communities, and individual species 

(Boehlert et al. 2008). Very little information currently exists on the environmental effects of this new 

technology, however numerous reports have identified collision and entanglement as potential risks to 

marine mammals (Gill 2005, Wilson et al. 2007, Boehlert et al. 2008, Ortega-Ortiz and Lagerquist 2008, 

Dolman and Simmonds 2010). 

Collisions can occur when animals encounter obstacles in their environment and fail to avoid or evade 

the obstacles. In the case of wave energy technology, these obstacles could include surface structures, 

submerged structures, and mooring lines/cables holding structures in place. Marine mammals may 

collide with such structures as they swim through the water column, when they come to the surface to 

breathe, or as a result of structures being pushed down on them in times of heavy seas (Wilson et al. 

2007).  As discussed in their 2007 report on collision risks between marine renewable energy devices 

and mammals, fish and diving birds, the outcomes of collisions are likely to vary, ranging from minor 

(abrasions) to major injuries (internal trauma, damage to delicate organs), or even mortality (Wilson et 

al. 2007). 

Collision risk will depend on the type and quantity of structures involved and how aware marine 

mammals are of their presence, which in turn will depend on the “visibility” of the structures, 

oceanographic conditions, time of day, and the sensory capabilities of the animals as well as their age 

and behavioral state (Wilson et al. 2007). It is believed that baleen whales may be at more risk than 

echolocating odontocetes or highly maneuverable pinnipeds, especially in regard to mooring lines/cable 

that may be harder to detect in the water column than larger structures.  

Subsea floats used to maintain mooring lines and cables under maximum tension can minimize the 

potential for entanglement (U.S. Department of Energy 2012). However, marine mammals may become 

entangled in mooring lines or cables associated with wave energy devices if such lines are slack or 

capable of forming loops (Boehlert et al. 2008). Additionally, derelict fishing line or nets may become 

entangled on mooring lines/cables and may themselves add to the entanglement risk to marine 

mammals.  

The gray whale (Eschrichtius robustus) is the most numerous large cetacean along the nearshore Oregon 

coast. It is part of the Eastern North Pacific population and is protected under the U.S. Marine Mammal 

Protection Act, with a minimum population estimate of 18,017 animals (NOAA 2011). The majority of 

the Eastern North Pacific population spends the summer feeding in the northern Bering, Beaufort, and 

Chukchi Seas. A small portion of this population, about 200-250 animals, feeds along the west coast of 

Northern California, Oregon, Washington, British Columbia, and southeast Alaska during the summer 
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and fall (Rice and Wolman 1971, Darling 1984, Nerini 1984, Rice et al. 1984, Calambokidis et al. 2002, 

Newell and Cowles 2006, Calambokidis et al. 2009).  

Every year, a significant part of the population of Eastern North Pacific gray whales migrates from their 

summer feeding grounds towards calving lagoons in Baja California, Mexico and back (Rice and Wolman 

1971). Shore-based observations in the late 1970’s and early 1980’s indicated that southbound whales 

pass by Yaquina Head on the central Oregon coast between early December and mid-February (Herzing 

and Mate 1984), with a peak in late December/early January (Herzing and Mate 1984, Mate and Poff 

1999). Northbound migration includes two phases; Phase A, consisting of pregnant females, anestrus 

females, adult males, and juveniles of both sexes (Rice et al. 1984), and Phase B, consisting of cows with 

calves (Poole1984). Off Oregon, Phase A of northbound migration starts the last week of February and 

peaks in mid-March, while Phase B begins in late April and peaks in mid-May (Herzing and Mate 1984). 

Gray whale migration along Oregon is primarily coastal. The average distance from shore for sightings 

recorded during aerial surveys off the Oregon coast was 9.2 km and the farthest sighting occurred 23 km 

offshore (Green et al. 1995).   

The need for more current information on the distribution (distance to shore, travel path) and behavior 

(travel speed, migration timing) of gray whales migrating along the Oregon coast led to a shore-based 

observational study of gray whales migrating by Yaquina Head from December 2007-May 2008 (Ortega-

Ortiz and Mate, 2008). This work was funded by the Oregon Wave Energy Trust (OWET), a non-profit 

organization tasked with promoting responsible development of a wave energy industry in the State of 

Oregon, and was conducted by Oregon State University’s Marine Mammal Institute (OSUMMI). 

The 2007/2008 study used a theodolite to very accurately track the position and movement of gray 

whales passing Yaquina Head within 18 km from shore (Ortega-Ortiz and Mate, 2008). Locations were 

recorded of all whales seen during scan surveys of the 200o field of view of the ocean, as well as of 

individual groups tracked during focal follows. Average distance from shore, median depth of locations, 

and average speed were all significantly different between southbound and northbound phases of 

migration. 61% of all whales and 78% of mothers and calves passed within 3 nautical miles of shore. 

Migration paths of tracked whales followed a reasonably consistent depth rather than the shoreline.  

These results showed that the migration paths of some gray whales crossed through areas of proposed 

wave energy development along the Oregon coast. Deployment of structures for wave energy facilities 

(buoys, cables, mooring systems, etc.) in the migratory path of gray whales raises the possibility of 

collisions and/or entanglements for these animals (Boehlert et al. 2008). It is desirable, then, to develop 

appropriate mitigation measures that can be brought into play should such negative effects of wave 

energy development be realized.  

One such mitigation measure is the use of underwater acoustic devices, such as low-powered 

deterrents, which have been successfully used to protect marine mammals from entanglement in fishing 

nets (Kraus et al. 1997, Trippel et al. 1999, Gearin et al. 2000, Barlow and Cameron 2003). Sound playback 

also has a role in non-fisheries related management of marine mammals, such as in the prevention of harm 

from other human activity (e.g. seismic testing, underwater explosions), or to prevent stranding or other 
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accidental death (Deecke 2006). The first use of underwater noise to protect a mysticete from harm was 

reported by Mobley et al. (1988), when sounds of conspecifics were used to lure a humpback whale out of 

the Sacramento River in California, thereby preventing the animal from accidental stranding. Since then 

investigations of behavioral responses to underwater noise have been conducted to decrease the risk of 

vessel collisions (Deecke 2006). For example, André et al. (1997) played artificial and natural sounds to 

sperm whales in the Canary Islands to ultimately reduce collisions with high-speed ferries in the area, and 

Nowacek et al. (2004) tested the response to ship noise, conspecific sounds, and an alert signal to reduce 

the number of ship strikes involving North Atlantic right whales. 

During the winter and spring of 2012 OSUMMI conducted a study, with funding from the Department of 

Energy, to test the effectiveness of an acoustic deterrent for gray whales. A successful deterrent could 

be used as a mitigation tool to keep gray whales away from potentially harmful situations, such as might 

arise with the development of hydrokinetic energy along the Oregon coast. The study’s objective was to 

keep gray whales 500 m away from the deterrent device. In early January 2011 the acoustic device was 

moored on the seafloor approximately 5 km west of Yaquina Head, Oregon, in the path of migrating gray 

whales. The device transmitted a 1-s 1-3 kHz warble with a source level of 170 dB re 1 µPa at 1 m every 

20 s during a 6.2-h experimental period during daylight hours. Shore-based observations, using a 

theodolite to accurately locate whales, were conducted from January through mid-April, 2012, using 

similar observation methods as the Ortega-Ortiz and Mate (2008) study.   

Methods 

Acoustic deterrent signal characteristics and sound source 
A 1-s, frequency-modulated 1-3 kHz warble was chosen as the deterrent signal, to represent a novel 

non-natural sound within the presumed hearing range of gray whales (Figure 1).  Gray whales have been 

recorded producing sounds ranging in frequency from 20-10,000 Hz (Cummings et al. 1968, Fish et al. 1974, 

Norris et al. 1977, Dahlheim et al. 1984, Moore and Ljungblad 1984)., but the dominant frequencies of their 

sound production range from 20-4,000 Hz. To date there have been no direct measures of hearing for any 

mysticete (Ketten 2000). It is reasonable, however, to expect they have good auditory sensitivity near the 

frequencies they emit (Richardson et al. 1995, Ketten 2000). The 1-3 kHz signal in this study was chosen as it 

is within the dominant frequencies produced by gray whales, but high enough to keep logistical 

considerations manageable (low frequency sound production requires large projectors and considerable 

battery power) The warble effect was chosen to represent a novel sound, unlike anything gray whales 

would have had prior experience with in their environment, and thereby elicit a greater response.  
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Figure 1: Spectrogram of warble signal being tested in the study as a possible deterrent for gray whales. 

Migrating gray whales have been shown to exhibit avoidance responses to playback studies at received 

levels of 120 dB or more. In the Malme et al. (1983, 1984) studies, migrating gray whales were exposed 

to sounds associated with petroleum industry activities. Their results showed that approximately 50% of 

the whales avoided exposure to continuous sounds (i.e. engine or drilling noise) at received levels of 120 

dB re 1 µPa, and 50% avoided impulses from airguns at received levels of 170 dB re 1 µPa. Another 

playback study using migrating gray whales was that by Tyack and Clark, to evaluate the impact of Low 

Frequency Active (LFA) sonar on the animals. This study showed that whales increased their avoidance 

distance with increased source level when the sound source was moored in the middle of the migration 

corridor (2009b). Approximately half of the whales in this study avoided exposures of ~140 dB re 1 µPa 

(Buck and Tyack 2000). 

In this study, a received level of sound of 120 dB re 1 µPa at 1 m was hypothesized as the level above 

which 50 percent of migrating gray whales would exhibit an avoidance response. This was based on the 

findings of Malme et al. (1983, 1984) and consultation with acoustic experts (Chris Clark, Cornell 

University; Dave Mellinger, Oregon State University; Brandon Southall, Southall Environmental 

Associates, Inc.; Aaron Thode, Scripps Institute of Oceanography; and Peter Tyack, University of St. 

Andrews, Scotland). A radius of 500 m around the sound source was chosen as the desired zone of 

influence, or the area at which we expected to see an avoidance response by the whales, as this 

distance would give whales ample opportunity to avoid a wave energy buoy (Ortega-Ortiz and 

Lagerquist 2008).  
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An acoustic propagation model was developed by Küsel et al. (2009) to determine the source level 

required to produce a received level of 120 dB at the desired range of 500 m. Sound speed profiles 

collected in December 2008 and March 2009 at 1, 3, 5, and 10 miles along the Newport Hydrographic 

Line (44o 39’ North Latitude) were provided by Bill Peterson (NOAA-NWFSC) and used in the model 

calculations. Bathymetry used in model calculations was obtained online from the National Geophysical 

Data Center (NGDC – US Coastal Relief Model Grids). The model was run using a 2 kHz sound with 

source levels ranging from 160-180 dB. Two suspension depths for the transducer (10 and 25 m below 

the ocean surface) and four transects (north, south, east, and west) were tested for each of three 

proposed mooring locations due west of Yaquina Head, Oregon (40 m, 45 m, and 50 m water depth).   

Plots of noise levels in dB as a function of distance from the source and depth were similar between 

seasons, suspension depths, transects, and mooring locations. Results from model calculations 

suggested that a source level of 168 dB would attenuate to a received level of 120 dB throughout the 

water column at a distance of 500 m from the source (Figure 2). A source level of 170 dB was ultimately 

chosen to allow for variation in the model results and ensure that a 500 m zone of influence was 

achieved. 

 

Figure 2: Representative plot of mean received level of sound with increasing distance from source location for a 2 kHz signal 
projected at a depth of 25 m in the water column, 4.6 km west of Yaquina Head, Oregon, using sound speed profiles for the 
area measured 

The sound source consisted of an Airmar Technology Corporation signal generator (approximately 28.5 

cm x 23.5 cm x 15.5 cm) and projector (approximately 20 cm in diameter and 6 cm thick; Figure 1), 

connected to four Optima Blue Top D31M batteries. The signal generator was programmed to emit the 
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1-s warble three times per minute (once every 20 s) during a 6-h experimental period each day and be 

off for the remainder of the day. A soft-start was programmed into the signal generator to ensure that 

no animals were exposed to the full source level without prior opportunity to move away from the 

source. At the beginning of each experimental period the device began transmitting at a source level of 

120 dB, and then gradually ramped up to 170 dB over a 10-min period. The operational schedule of the 

device included control periods of no sound and experimental periods of active sound emission on a 2-d 

rotation. On day 1 of this rotation, the sound source was on from 8:00 am until 2:10 pm, with the first 

10 minutes being the ramp-up procedure. The source was then turned off. On day 2 of the rotation, the 

sound source was on from 10:00 am until 4:10 pm, with the first 10 minutes being the ramp-up 

procedure. Thus, during an 8-h day, there were 6 h of experimental period and 2 h of control period, 

with the latter alternating between afternoon and morning in the 2-d rotation. 

 

Figure 3: Acoustic deterrent device components, consisting of an Airmar Technology Corporation signal generator (left) and 
Airmar projector (right). 

The signal generator and batteries were installed separately in waterproof/pressure-proof housings 

designed by The Sexton Company LLC (one for the signal generator and two for the batteries). These 

housings consisted of 12-inch diameter Schedule 40 PVC tubes with PVC caps on one end and double, o-

ring-grooved acrylic doors on the other end. Waterproof fittings in the acrylic doors and marine 

underwater cables were used to attach the batteries to the signal generator. The housings were 

mounted on an aluminum-framed dome-shaped Lander cage, weighing approximately 300 kg, with 183-

cm maximum diameter and 170-cm height (Figure 2). Four 23-kg lead plates were attached to each of 

the four Lander legs for added weight. The device was moored directly west of Yaquina Head, Oregon, at 

the 50 m isobar (44.683o N, 124.145o W) on January 8, 2012, to correspond with depths of locations 

from the 2007/08 baseline study (Ortega-Ortiz and Mate 2008). This was done using a vessel-mounted 

crane on board OSU’s R/V Elakha. The sound projector (transducer) cable was attached to the signal 

generator via a waterproof fitting in the acrylic door of the housing and suspended vertically in the 

water column by a trawl float (Figure 3) at a depth of 20 m below the sea surface. The trawl float was 

then connected with 35 m of line to a 56-cm diameter foam buoy at the surface, on which was mounted 

a pole with a flashing yellow navigation light and radar reflector in accordance with USCG Private Aids to 
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Navigation (PATON). A spherical steel cage was manufactured to hold the transducer to provide 

protection and act as a load frame to prevent damage during deployment and recovery. A secondary 

line (approximately 36 m in length) was attached to the Lander and laid out along the seafloor with 

anchor chain and two large 30 kg anchor links to serve as a grapple line for recovery, should the original 

surface buoy become lost. The grapple line was marked at the surface by a low-drag buoy.  



 
 

 

Figure 4: Waterproof housings containing Airmar signal generator and batteries mounted on Lander anchor. 



 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 5: Mooring Schematic. a) Aluminum anchor cage with sound projector mooring and grappling line, b) close-up view of load frame for sound 
projector, c) surface expression, consisting of buoy, radar reflector, navigation light, and crab pot buoy for easier r 



 
 

Shore-based observations of migrating gray whales 
Concurrent with the operation of the acoustic device, shore-based observers carried out theodolite 

tracking methods from the beginning of January until April 15, 2012, following similar protocols as in the 

Ortega-Ortiz and Mate (2008) baseline study. These observers operated “blindly” with respect to the 

acoustic emissions (i.e. they did not know when the sound source was operating). Shore-based 

theodolite tracking of gray whales took place from an observation station next to the Yaquina Head 

lighthouse (44o 40’ 36.3” N, 124o 04’ 46.4” W, 25.395 m above sea mean level) during daylight hours, 

whenever environmental conditions were favorable: no rain, no fog, no haze, wind less than 15 miles 

per hour and white caps, if present, not numerous (i.e., Beaufort wind force scale < 4). The observation 

team consisted of three members: one person searching with 70×50 handheld binoculars (Fujinon 

FMTRC-SX), one person handling a digital theodolite with a 30× scope (Sokkia DT210, 2 seconds of arc 

resolution), and one person recording data into a portable computer. Observers rotated between the 

three positions, with the height of the theodolite being adjusted for the eye-height of each of the 

observers.  

Observers conducted two types of sampling protocols; scan sampling, and focal follow sampling (Ortega-

Ortiz and Mate 2008). In scan sampling, observers surveyed the ocean from 225º to 305º in the 

magnetic compass and from Yaquina Head to the horizon. The 80 degree field of view represented a 

distance of 3 km both north and south of the deterrent mooring location. At the beginning of each scan, 

observers would start at one end of the field of view and focus in a 5º arc segment for 60 s, searching for 

whales or whale cues such as blows or splashes. After 60 s, observers would move their focus to the 

next 5o segment, and so on. To prevent duplicate counts scan sampling was conducted clockwise during 

southbound migration, starting at the south end of the scan sector (225º magnetic) and ending in the 

north end (305º magnetic). Conversely, during northbound migration scan sampling was conducted 

counterclockwise, from 305º to 225º magnetic. Whenever a whale was sighted, observers recorded 

azimuth (horizontal) and declination (vertical) angles with the theodolite to estimate distance from the 

station following the approximation described by Lerczak and Hobbs (1998). The theodolite was 

connected to a computer running the software package Pythagoras (Gailey and Ortega-Ortiz 2002) 

which records angle measurements, estimates distance to the whale, and calculates the whale’s 

geographic location.  

During focal follow sampling, observers followed individual whales (or whale groups) and obtained 

multiple theodolite fixes to determine speed and path of the whales as they passed Yaquina Head. Focal 

follows were conducted in a larger field of view (approximately 200o to 340o) than scan sampling to see 

if we could detect changes in whale trajectory as they passed the deterrent location. During southbound 

migration, observers started scanning at the north end of the viewing range, and at the south end of the 

range during northbound migration, so as to start focal follows as close to the beginning of the whales’ 

discernable path through the “area of interest” as possible.  

Observations alternated between scan and focal follow sampling each day, with an attempt to conduct 

as many of each as possible in an 8-h period between 8:00 am and 4:00 pm. To prevent duplicate counts 

of the same whale or whale group, subsequent scan samples were separated by the amount of time it 

took for whales in one scan to have passed through the entire field of view (maximum time of 1 h).  
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Whale locations were imported into a geographic information system (GIS) with a bathymetry raster 

layer created with the computer software package ArcMap. Distance to deterrent, distance to shore, 

and bottom depth (to the nearest 5 m) were determined for each location, as well as speed of travel for 

each focal follow. Distance to the deterrent mooring location was also computed for each whale 

location collected during scan sampling and also for the focal follow location that came closest to the 

deterrent during each track. 

Data were analyzed to determine whether gray whale distribution and behavior changed in response to 

the deterrent device. A Chi-square Test of Independence was used to determine if there were 

significantly fewer locations than expected near the deterrent while the device was on. This test 

compared the proportion of experimental locations to total locations within 500 m rings from the 

deterrent location out to a distance of 3 km. 

Results 

Observations were possible on 51 d between January 1 and April 15, 2012. A total of 137 scans were 

conducted during 56.9 h of scan sampling effort (Appendix I). This resulted in 143 whale locations for a 

total of 243 whales. Fifty-seven focal follows were conducted for a total of 63.3 h of focal follow effort 

(Appendix II). During these focal follows 546 whale locations were obtained for a total of 142 whales. 

Inclement weather and equipment problems resulted in very small sample sizes, especially during 

experimental periods, when the deterrent was transmitting. A storm in mid-January, with >100 mph 

winds and >30 foot seas, broke off the surface buoy from the transducer mooring. The buoy was 

recovered on Copalis Beach in Washington and re-attached on January 28 to the low drag buoy marking 

the grapple line. Two days later all surface buoys broke free as commercial crabbing gear was dragged 

over the line causing it to part from the grapple line on the bottom. The deterrent was then no longer 

marked at the surface, and as a result, we were unable to recover it mid-season to change the batteries. 

As the batteries faded, the time between transmissions increased above the desired 20 s duty cycle, 

until they stopped all together at battery exhaustion. In-field recordings of the deterrent were made on 

January 28 and February 11, at which time the deterrent was transmitting every 20 s as expected. 

Recordings made on March 3 showed the deterrent transmitting once every 2-3 minutes. On March 9 

the deterrent was no longer transmitting. The period of time between February 12 and March 8 was 

then a period of unknown deterrent function and considered a “non-operational” period. The period 

after March 8 was also considered non-operational due to our inability to install new batteries in the 

device, resulting in no experimental samples during northbound migration. The period between 

deployment on January 8 and February 11 was considered good, having both experimental and control 

periods as expected. Three days of southbound observations prior to deployment were combined with 

this period and collectively considered the “operational period” for the study. Only operational period 

data were included in the analysis of deterrent effect. Both non-operational and operational periods 

were included in basic migration pattern analyses, such as distances to shore and bottom depths.  

Weather prevented observations at the start of the year, so the first day of observations was on January 

3, 2012. The first whale was sighted on January 3, with the peak of southbound migration occurring on 
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January 8 at 16.4 whales/h (southbound x = 4.0 + 5.02 whales/h, Figure 4). The migration phases 

overlapped this year, with the first northbound whale sighted on February 9 and the last southbound 

whale sighted on February 15. The peak of northbound Phase A migration occurred on April 6 at 7.6 

whales/h (northbound Phase A x = 3.2 + 2.36 whales/h). No observations were conducted during 

northbound Phase B migration. 

 

Figure 6: Number of whales per hour located during scan surveys conducted at Yaquina Head, Oregon, from January 3 – April 
15, 2012. 

Distance to shore for scan locations ranged from 1.8-18.0 km ( x = 7.78 + 3.68 km, Figure 7) and did not 

differ significantly between southbound and northbound Phase A migration phases (ANOVA p = 0.26). 

The average distance to shore was calculated for each focal follow, and ranged from 0.8-12.4 km ( x = 

5.84 + 2.95 km, Figures 8 and 9). These distances also did not differ significantly between the two 

migration phases (ANOVA p = 0.17). 
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Figure 7: Gray whale locations obtained during scan sampling and focal follow surveys conducted at Yaquina Head, Oregon, 
from January 3 – April 15, 2012. 
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Figure 8: Locations of southbound gray whales obtained during focal follow sampling conducted at Yaquina Head, Oregon, 
from January 3 – February 11, 2012. 
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Figure 9: Locations of northbound gray whales obtained during focal follow sampling conducted at Yaquina Head, Oregon, 
from February 19 – April 15, 2012. 
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Bottom depths of gray whale locations recorded during scan sampling ranged from 25-85 m ( x = 57.4 + 

12.5 m) and did not differ significantly between southbound and northbound Phase A migration phases 

(ANOVA p = 0.80). Average bottom depths for focal follows ranged from 15-74 m ( x = 49.s + 13.1 m) and 

also did not differ significantly between the two migration phases (ANOVA p = 0.14). 

Distance to the deterrent was calculated for all scan locations as well as for the closest location to the 

deterrent in each focal follow (Table 1). Of the combined 95 locations collected during the operational 

period, only 34 were within 3 km of the deterrent: 17 during experimental periods (active sound 

transmission) and 17 during control periods. Statistical analysis of the proportions of experimental 

locations in 500 m rings from the deterrent did not show a significant difference between the 

hypothesized zone of influence (within 500 m of the deterrent) and areas out to 3 km (Chi-square Test 

of Independence p = 0.86, Figure 10) . Unfortunately, due to the small sample size, especially the small 

numbers during experimental periods, the power of the test would not have been sufficient to detect a 

difference.  

Table 1: Frequency and cumulative count of locations located within specified distances to the deterrent 
mooring location. Both scan sample locations and closest location to the deterrent during each focal follow are 
included for the period of time when the deterrent was operational (Jan 3 – Feb 11 2012). 

   Scan Locations Closest Focal Follow Location 
Distance to 
Deterrent (km) 

Frequency Cumulative Count Frequency Cumulative Count 

1 1 1 2 2 
2 12 13 4 6 
3 9 22 6 12 
4 11 33 4 16 
5 6 39 3 19 
6 12 51 2 21 
7 7 58 1 22 
8 3 61   
9 3 64   
10 3 67   
11-15 6 73   
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Figure 10: Gray whale locations obtained during scan sampling and focal follow surveys conducted at Yaquina Head, Oregon, 
during the time the deterrent was operational (Jan 3 – Feb 11, 2012). 
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Visual inspection of tracklines obtained during focal follow sampling did not reveal any obvious changes 

in trackline heading. Due to this and the small sample sizes, we did not conduct quantitative analyses on 

the tracklines. Had there been enough data, we would have analyzed tracklines using linear regression 

techniques. Trackline headings would have been calculated using the slope of the best linear fit in the 

regression. Tracklines that pass the acoustic device would be split into two; the approaching track, and 

the departing track. Slopes would be compared between experimental and control tracklines and 

between approaching or departing tracklines to determine if there were differences in headings. 

Trackline speeds ranged from 1.5–14.3 km/h ( x = 6.98 + 1.86 km/h), and did not differ significantly 

between southbound and northbound migration (ANOVA p = 0.18). There was also no significant 

difference in trackline speeds between experimental and control periods (ANOVA p = 0.32), but, as with 

scan locations, the power to detect a difference was low because of the small sample sizes. 

Discussion 

Due to inadequate sample sizes, the results of this study were inconclusive. The loss of surface buoys 

due to extreme weather and damage from commercial crabbing gear prevented the recovery of the 

deterrent mid-season to change batteries. As a result, only the experimental periods for the first 35 days 

of the study were usable for testing.  Additionally, the hypothesized zone of influence was so small (500 

m) that few whales traveled within that zone, even during control periods. We feel that another season 

of field testing is warranted to successfully test the effectiveness of the deterrent, but recommend 

increasing the zone of influence to 3 km to ensure the collection of adequate sample sizes. 

A power analysis using a simplified hypothesis (comparing the proportion of experimental locations 

within 3 km of the device to the proportion 3-5 km of the device) revealed a required sample size of 130 

locations divided equally between experimental and control periods (α = 0.05 and β = 0.80). The number 

of locations obtained within 5 km of the device during the current  study was 137. By prioritizing scan 

sampling and shortening focal follow tracking to concentrate on the area near the deterrent (as opposed 

to more time-consuming longer distance focal follows), we are confident we can obtain the required 

sample size with another season of observations. 

Modifications have been made to increase the power of the acoustic transducer to accomplish the new 

3 km zone of influence. Connections between the surface buoy and the transducer will be reinforced to 

ensure the instrument and its surface expression will withstand extreme weather conditions and 

interactions with crabbing gear. Additionally we will attach twice as many batteries to the signal 

generator as in the current  study eliminating the need to change batteries mid-season.  

We are quite confident that with the above changes we will be able to determine whether the deterrent 

is effective at deflecting gray whales. A successful deterrent device may serve as a valuable mitigation 

tool to protect gray whales in the event that hydrokinetic energy development poses a collision or 

entanglement risk. It may also be applicable to endangered baleen whales in the Outer Continental 

Shelf, such as blue, fin, and humpbacks, as hydrokinetic energy development moves offshore into their 

habitat. Such a device may also have value as mitigation for other potentially harmful situations, such as 

oil spills or when whales stray out of their natural habitat and are in danger of stranding or starvation. 
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Appendix I 

Table 1. Scan sampling events obtained during shore-based observations of migrating gray whales at 

Yaquina Head, Oregon, from January 3 – April 15, 2012, detailing number of whales/whale groups 

located and total number of whales. 

Scan Date Start 

Time 

End 

Time 

Duration 

(h:m:s) 

Number of 

whales/whale 

groups 

Total 

number 

of whales 

Migration 

Heading 

1 03-Jan-12 10:36:51 11:02:59 0:26:08 2 4 S 

2 06-Jan-12 12:11:40 12:27:32 0:15:52 0 0 S 

3 7-Jan-12 10:10:15 10:43:41 0:33:26 0 0 S 

4 7-Jan-12 11:23:59 12:21:17 0:57:18 1 1 S 

5 7-Jan-12 13:05:07 13:54:31 0:49:24 5 10 S 

6 7-Jan-12 14:29:00 15:00:56 0:31:56 3 5 S 

7 8-Jan-12 14:06:23 15:27:05 1:20:42 12 22 S 

8 11-Jan-12 9:37:44 10:01:29 0:23:45 1 2 S 

9 11-Jan-12 10:37:59 11:14:38 0:36:39 1 1 S 

10 11-Jan-12 11:48:31 12:48:55 1:00:24 5 9 S 

11 11-Jan-12 14:44:58 15:29:21 0:44:23 5 12 S 

12 12-Jan-12 10:33:24 11:46:40 1:13:16 7 15 S 

13 12-Jan-12 14:13:43 15:11:03 0:57:20 12 18 S 

14 13-Jan-12 9:08:33 10:05:26 0:56:53 5 8 S 

15 13-Jan-12 12:56:53 13:25:07 0:28:14 1 1 S 

16 13-Jan-12 14:30:41 14:53:03 0:22:22 0 0 S 

17 23-Jan-12 11:31:38 11:55:26 0:23:48 0 0 S 

18 23-Jan-12 12:21:26 12:38:22 0:16:56 0 0 S 

19 23-Jan-12 13:45:55 14:14:47 0:28:52 2 3 S 

20 26-Jan-12 12:20:11 12:49:09 0:28:58 1 1 S 
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Scan Date Start 

Time 

End 

Time 

Duration 

(h:m:s) 

Number of 

whales/whale 

groups 

Total 

number 

of whales 

Migration 

Heading 

21 26-Jan-12 13:30:38 13:56:59 0:26:21 1 1 S 

22 27-Jan-12 9:35:04 9:45:17 0:10:13 0 0 S 

23 27-Jan-12 10:09:07 10:31:00 0:21:53 2 5 S 

24 27-Jan-12 12:57:00 13:07:31 0:10:31 0 0 S 

25 28-Jan-12 9:15:14 9:44:23 0:29:09 1 2 S 

26 28-Jan-12 11:34:03 11:44:58 0:10:55 0 0 S 

27 28-Jan-12 12:54:18 13:05:47 0:11:29 0 0 S 

28 28-Jan-12 13:33:31 13:44:17 0:10:46 0 0 S 

29 28-Jan-12 14:09:34 14:22:42 0:13:08 0 0 S 

30 30-Jan-12 9:23:55 9:35:26 0:11:31 0 0 S 

31 30-Jan-12 10:34:50 10:56:01 0:21:11 0 0 S 

32 30-Jan-12 13:43:46 13:55:16 0:11:30 0 0 S 

33 30-Jan-12 14:18:00 14:33:00 0:15:00 0 0 S 

34 31-Jan-12 8:59:00 9:26:00 0:27:00 1 1 S 

35 31-Jan-12 9:56:00 10:07:00 0:11:00 0 0 S 

36 31-Jan-12 10:54:00 11:09:00 0:15:00 0 0 S 

37 31-Jan-12 12:12:42 12:23:31 0:10:49 0 0 S 

38 31-Jan-12 13:39:03 13:52:24 0:13:21 0 0 S 

39 01-Feb-12 10:38:14 10:48:13 0:09:59 0 0 S 

40 02-Feb-12 9:11:30 9:22:20 0:10:50 0 0 S 
41 02-Feb-12 11:17:49 11:36:45 0:18:56 2 2 S 
42 02-Feb-12 12:22:01 12:39:45 0:17:44 1 1 S 

43 02-Feb-12 13:12:51 13:30:09 0:17:18 1 2 S 
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Scan Date Start 

Time 

End 

Time 

Duration 

(h:m:s) 

Number of 

whales/whale 

groups 

Total 

number 

of whales 

Migration 

Heading 

44 03-Feb-12 13:11:25 13:22:16 0:10:51 0 0 S 

45 03-Feb-12 14:02:30 14:15:14 0:12:44 0 0 S 

46 05-Feb-12 9:01:51 9:13:00 0:11:09 0 0 S 

47 05-Feb-12 10:05:53 10:26:47 0:20:54 1 1 S 

48 05-Feb-12 13:39:40 13:49:44 0:10:04 0 0 S 

49 09-Feb-12 12:43:33 12:54:19 0:10:46 0 0 S 

50 09-Feb-12 13:37:12 13:48:25 0:11:13 0 0 S 

51 11-Feb-12 10:38:35 10:49:41 0:11:06 0 0 S 

52 11-Feb-12 11:42:47 11:52:53 0:10:06 0 0 S 

53 11-Feb-12 12:53:11 13:04:11 0:11:00 0 0 S 

54 11-Feb-12 13:38:42 13:49:31 0:10:49 0 0 S 

55 15-Feb-12 9:48:38 9:58:28 0:09:50 0 0 S 

56 15-Feb-12 10:49:37 11:00:34 0:10:57 0 0 S 

57 15-Feb-12 11:50:50 12:02:02 0:11:12 0 0 S 

58 15-Feb-12 13:12:16 13:27:00 0:14:44 0 0 S 

59 15-Feb-12 14:54:20 15:05:49 0:11:29 0 0 S 

60 19-Feb-12 9:31:37 9:46:04 0:14:27 0 0 N 

61 19-Feb-12 10:31:35 10:42:09 0:10:34 0 0 N 

62 19-Feb-12 11:30:36 11:43:54 0:13:18 0 0 N 

63 19-Feb-12 14:16:31 14:26:24 0:09:53 0 0 N 

64 23-Feb-12 11:33:26 11:43:32 0:10:06 0 0 N 

65 23-Feb-12 12:28:38 12:39:18 0:10:40 0 0 N 

66 23-Feb-12 13:14:03 13:24:38 0:10:35 0 0 N 
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Scan Date Start 

Time 

End 

Time 

Duration 

(h:m:s) 

Number of 

whales/whale 

groups 

Total 

number 

of whales 

Migration 

Heading 

67 23-Feb-12 14:06:55 14:18:38 0:11:43 0 0 N 

68 24-Feb-12 10:38:34 10:49:32 0:10:58 0 0 N 

69 27-Feb-12 9:22:29 9:35:26 0:12:57 0 0 N 

70 27-Feb-12 10:06:28 10:17:02 0:10:34 0 0 N 

71 27-Feb-12 11:25:20 11:58:01 0:32:41 1 4 N 

72 27-Feb-12 14:18:20 14:39:30 0:21:10 1 5 N 

73 27-Feb-12 14:51:51 15:04:10 0:12:19 0 0 N 

74 01-Mar-12 12:31:55 12:43:35 0:11:40 0 0 N 

75 01-Mar-12 14:55:09 15:20:32 0:25:23 1 2 N 

76 01-Mar-12 15:44:18 16:15:37 0:31:19 2 3 N 

77 02-Mar-12 10:15:58 10:34:47 0:18:49 0 0 N 

78 02-Mar-12 10:51:40 11:12:01 0:20:21 1 2 N 

79 02-Mar-12 12:00:03 12:29:50 0:29:47 1 4 N 

80 02-Mar-12 14:03:23 14:54:32 0:51:09 0 0 N 

81 03-Mar-12 12:04:52 12:25:00 0:20:08 0 0 N 

82 03-Mar-12 14:09:54 14:29:32 0:19:38 0 0 N 

83 03-Mar-12 15:14:47 15:34:13 0:19:26 0 0 N 

84 04-Mar-12 10:30:04 10:50:20 0:20:16 0 0 N 

85 04-Mar-12 11:29:39 11:54:49 0:25:10 1 2 N 

86 04-Mar-12 15:14:27 15:49:57 0:35:30 3 4 N 

87 06-Mar-12 12:43:32 13:07:12 0:23:40 0 0 N 

88 07-Mar-12 10:35:46 11:07:08 0:31:22 0 0 N 

89 07-Mar-12 13:43:48 14:11:16 0:27:28 2 2 N 
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Scan Date Start 

Time 

End 

Time 

Duration 

(h:m:s) 

Number of 

whales/whale 

groups 

Total 

number 

of whales 

Migration 

Heading 

90 08-Mar-12 8:57:11 9:41:39 0:44:28 3 3 N 

91 08-Mar-12 10:24:18 11:02:57 0:38:39 1 1 N 

92 08-Mar-12 11:32:50 12:39:05 1:06:15 3 7 N 

93 16-Mar-12 10:00:39 10:27:36 0:26:57 1 1 N 

94 18-Mar-12 11:12:22 11:52:33 0:40:11 3 4 N 

95 19-Mar-12 9:06:00 9:38:25 0:32:25 1 2 N 

96 19-Mar-12 10:51:44 11:11:34 0:19:50 0 0 N 

97 22-Mar-12 10:43:47 11:02:22 0:18:35 0 0 E 

98 22-Mar-12 11:39:44 12:09:08 0:29:24 1 3 N 

99 22-Mar-12 13:02:26 13:19:02 0:16:36 3 4 N 

100 23-Mar-12 9:20:43 9:43:30 0:22:47 1 2 N 

101 23-Mar-12 10:11:22 10:36:52 0:25:30 1 1 N 

102 23-Mar-12 11:31:54 11:59:09 0:27:15 2 3 N 

103 23-Mar-12 13:50:23 14:14:37 0:24:14 2 2 N 

104 24-Mar-12 9:20:21 10:24:44 1:04:23 4 6 N 

105 25-Mar-12 9:04:17 9:43:09 0:38:52 1 3 N 

106 25-Mar-12 10:21:57 10:42:42 0:20:45 0 0 N 

107 25-Mar-12 11:16:42 11:54:18 0:37:36 1 1 N 

108 03-Apr-12 12:59:43 14:04:25 1:04:42 1 1 N 

109 05-Apr-12 9:17:07 9:56:21 0:39:14 0 0 N 

110 05-Apr-12 12:11:51 12:37:17 0:25:26 2 4 N 

111 05-Apr-12 13:28:29 14:00:34 0:32:05 1 1 N 

112 06-Apr-12 9:16:59 9:41:29 0:24:30 2 3 N 
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Scan Date Start 

Time 

End 

Time 

Duration 

(h:m:s) 

Number of 

whales/whale 

groups 

Total 

number 

of whales 

Migration 

Heading 

113 06-Apr-12 12:45:59 13:08:33 0:22:34 2 3 N 

114 07-Apr-12 9:17:21 9:40:37 0:23:16 1 4 N 

115 07-Apr-12 10:37:13 11:23:39 0:46:26 3 4 N 

116 07-Apr-12 12:03:32 12:23:07 0:19:35 0 0 N 

117 07-Apr-12 15:01:13 15:28:25 0:27:12 2 2 N 

118 08-Apr-12 12:39:30 12:57:30 0:18:00 0 0 N 

119 08-Apr-12 13:54:49 14:13:21 0:18:32 0 0 N 

120 08-Apr-12 14:56:44 15:23:12 0:26:28 1 2 N 

121 09-Apr-12 10:02:39 10:23:59 0:21:20 0 0 N 

122 09-Apr-12 10:53:21 11:14:07 0:20:46 0 0 N 

123 09-Apr-12 12:09:39 12:28:21 0:18:42 0 0 N 

124 09-Apr-12 14:10:19 14:47:20 0:37:01 0 0 N 

125 10-Apr-12 9:47:24 10:10:48 0:23:24 1 3 N 

126 10-Apr-12 10:48:04 11:10:11 0:22:07 0 0 N 

127 11-Apr-12 9:50:36 10:23:27 0:32:51 2 4 N 

128 13-Apr-12 10:21:34 11:08:57 0:47:23 1 3 N 

129 13-Apr-12 11:51:29 12:15:40 0:24:11 0 0 N 

130 13-Apr-12 13:27:58 13:55:38 0:27:40 1 1 N 

131 13-Apr-12 15:25:25 15:49:42 0:24:17 1 1 N 

132 14-Apr-12 9:37:52 10:00:28 0:22:36 0 0 N 

133 14-Apr-12 12:04:25 12:23:07 0:18:42 0 0 N 

134 14-Apr-12 13:50:07 14:24:56 0:34:49 2 2 N 

135 15-Apr-12 9:40:56 10:08:35 0:27:39 0 0 N 
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Scan Date Start 

Time 

End 

Time 

Duration 

(h:m:s) 

Number of 

whales/whale 

groups 

Total 

number 

of whales 

Migration 

Heading 

136 15-Apr-12 12:32:50 12:57:08 0:24:18 1 1 N 

137 15-Apr-12 14:12:12 15:10:05 0:57:53 5 6 N 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 
 

Appendix II 

Table 1. Focal follow sampling events obtained during shore-based observations of migrating gray whales at Yaquina Head, Oregon, from 

January 3 – April 15, 2012, detailing number of whales, track length, speed, distance to shore, and average depth. 

Track # Start Date Start Time Group 

Size 

Duration 

(h:m:s) 

# of 

Fixes 

Track 

Length 

(km) 

Track Speed 

(km/h) 

Average 

Distance to 

Shore (km) 

Average 

Depth (m) 

Migration 

Heading 

1 3-Jan-12 11:18:05 1 0:46:53 9 7.5 9.6 7.4 56 S 

2 7-Jan-12 15:05:22 1 0:29:40 7 3.7 7.5 6.3 51 S 

3 11-Jan-12 12:50:40 9 1:48:02 17 19.1 10.6 12.4 74 S 

4 12-Jan-12 11:53:21 4 1:38:10 16 7.4 4.5 3.3 38 S 

5 12-Jan-12 12:23:23 1 0:20:35 5 3.1 8.9 7.5 60 S 

6 13-Jan-12 10:29:05 5 1:46:14 14 11.5 6.5 7.9 61 S 

7 13-Jan-12 13:41:23 1 0:32:37 8 3.7 6.8 2.8 40 S 

8 27-Jan-12 10:47:32 2 1:06:22 8 8.1 7.4 8.6 66 S 

9 27-Jan-12 12:02:29 1 0:47:47 4 6.3 7.9 12.3 70 S 

10 28-Jan-12 10:04:20 2 0:19:43 3 1.8 5.6 7.3 60 S 

11 28-Jan-12 14:59:16 2 1:31:50 22 15.0 9.8 7.9 63 S 

12 30-Jan-12 10:00:21 2 0:15:14 3 1.5 6.1 0.8 15 S 

13 30-Jan-12 11:04:15 2 0:32:00 6 4.2 7.9 6.7 61 S 
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Track # Start Date Start Time Group 

Size 

Duration 

(h:m:s) 

# of 

Fixes 

Track 

Length 

(km) 

Track Speed 

(km/h) 

Average 

Distance to 

Shore (km) 

Average 

Depth (m) 

Migration 

Heading 

14 30-Jan-12 11:11:41 4 2:02:58 8 10.1 4.9 6.7 51 S 

15 31-Jan-12 12:26:59 1 1:01:55 3 7.0 6.7 2.9 35 S 

16 31-Jan-12 14:09:30 2 1:09:23 9 6.7 5.8 4.6 46 S 

17 2-Feb-12 9:33:01 1 0:17:41 4 1.9 6.5 4.3 40 S 

18 2-Feb-12 9:53:40 2 0:53:42 6 6.6 7.4 4.2 44 S 

19 2-Feb-12 13:32:41 2 2:20:03 18 16.8 7.2 4.6 47 S 

20 5-Feb-12 10:36:56 4 2:36:16 18 17.4 6.7 7.6 58 S 

21 5-Feb-12 13:52:08 2 1:55:45 18 17.1 8.9 8.7 62 S 

22 11-Feb-12 13:52:48 2 1:59:59 13 9.4 4.7 3.7 40 S 

23 15-Feb-12 14:12:07 2 0:27:52 6 3.1 6.6 8.0 53 S 

24 15-Feb-12 15:34:52 2 0:57:38 8 8.3 8.6 8.6 64 S 

25 19-Feb-12 13:26:34 1 0:07:32 2 0.8 6.5 1.8 33 N 

26 24-Feb-12 9:53:00 4 0:37:15 9 4.0 6.5 3.7 41 N 

27 24-Feb-12 10:59:07 2 0:41:31 5 3.8 5.4 2.3 26 N 

28 27-Feb-12 10:37:14 2 0:36:33 5 4.0 6.6 2.5 35 N 

29 27-Feb-12 12:07:25 1 0:21:25 5 2.4 6.8 5.7 47 N 
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Track # Start Date Start Time Group 

Size 

Duration 

(h:m:s) 

# of 

Fixes 

Track 

Length 

(km) 

Track Speed 

(km/h) 

Average 

Distance to 

Shore (km) 

Average 

Depth (m) 

Migration 

Heading 

30 27-Feb-12 12:29:40 1 0:41:03 4 4.2 6.1 3.4 44 N 

31 27-Feb-12 13:06:22 3 0:44:23 6 4.7 6.3 10.4 68 N 

32 1-Mar-12 13:00:21 4 1:32:10 17 8.7 5.7 3.2 41 N 

33 2-Mar-12 9:23:13 4 0:51:01 7 5.9 7.0 3.4 40 N 

34 2-Mar-12 12:57:13 2 0:47:33 6 5.1 6.5 2.6 31 N 

35 3-Mar-12 12:44:48 3 0:18:43 3 2.0 6.4 2.8 40 N 

36 4-Mar-12 12:30:34 1 2:39:50 5 13.5 5.1 5.7 50 N 

37 7-Mar-12 8:58:34 4 1:18:48 24 10.8 8.2 3.4 41 N 

38 7-Mar-12 11:18:26 5 2:08:49 25 14.9 7.0 5.1 49 N 

39 18-Mar-12 12:01:19 2 0:05:47 2 0.3 3.6 9.0 55 N 

40 18-Mar-12 12:54:55 1 0:34:09 3 0.9 1.5 1.2 18 N 

41 23-Mar-12 12:21:27 1 1:02:07 16 6.4 6.2 3.2 40 N 

42 23-Mar-12 14:24:14 2 1:33:12 18 22.2 14.3 10.1 62 N 

43 3-Apr-12 14:21:53 4 1:17:47 10 11.4 8.8 7.1 57 N 

44 5-Apr-12 14:16:56 3 1:40:41 15 12.8 7.6 7.4 58 N 

45 6-Apr-12 10:04:34 3 1:57:06 10 15.2 7.8 9.0 63 N 
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Track # Start Date Start Time Group 

Size 

Duration 

(h:m:s) 

# of 

Fixes 

Track 

Length 

(km) 

Track Speed 

(km/h) 

Average 

Distance to 

Shore (km) 

Average 

Depth (m) 

Migration 

Heading 

46 6-Apr-12 13:39:10 2 0:50:39 4 5.5 6.5 12.2 71 N 

47 6-Apr-12 14:15:36 2 1:08:44 9 7.2 6.2 5.0 49 N 

48 7-Apr-12 12:58:22 1 1:49:19 10 10.0 5.5 5.9 53 N 

49 9-Apr-12 13:01:09 4 0:31:45 6 2.7 5.1 1.7 28 N 

50 9-Apr-12 13:39:17 2 0:29:16 7 2.9 5.9 2.8 39 N 

51 10-Apr-12 11:27:39 5 2:14:43 20 17.3 7.7 9.3 63 N 

52 11-Apr-12 10:39:37 4 1:39:15 15 16.8 10.2 9.6 63 N 

53 13-Apr-12 14:16:42 2 0:55:02 12 6.0 6.5 3.7 44 N 

54 14-Apr-12 10:20:59 4 1:08:53 9 8.7 7.6 4.9 49 N 

55 14-Apr-12 15:30:29 1 1:31:37 9 11.1 7.2 5.2 49 N 

56 15-Apr-12 10:27:31 2 1:33:05 13 11.8 7.6 9.1 63 N 

57 15-Apr-12 13:22:09 1 0:11:44 2 1.7 8.8 5.2 43 N 
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Executive Summary 

The purpose of this project was to evaluate the effectiveness of an acoustic deterrent mechanism in 

deflecting migratory gray whales around marine and hydrokinetic (MHK) energy facilities.  With 

increased interest in MHK development along the Oregon coast, there is some concern that such 

facilities may pose a collision or entanglement risk for gray whales.  Multiple scientific reports have 

identified collision and entanglement as potential risks to marine mammals (Gill 2005, Wilson et al. 

2007, Boehlert et al. 2008, Ortega-Ortiz and Lagerquist 2008, Dolman and Simmonds 2010); if it is found 

that MHK structures pose collision and/or entanglement risks to migratory whales, such acoustic 

deterrent mechanisms could be utilized to mitigate these risks.   

The Project Team consisted of Pacific Energy Ventures (PEV) and the Oregon State University’s Marine 

Mammal Institute (OSUMMI).  The project involved designing, fabricating and deploying an active 

acoustic deterrence device off the coast of Oregon and conducting monitoring to determine the 

behavioral response of migrating grey whales.  The project also involved securing state and federal 

permits and approvals to authorize deployment of the active acoustic device, as well as engaging with 

marine mammal researchers, the MHK industry, and members of the public.   

The acoustic deterrence device was deployed in the pathway of migrating gray whales off Yaquina Head 

on the central Oregon coast.  Shore-based observers, who did not know when the device was 

transmitting, used a theodolite to track whales as they passed the headland. Individual locations of 

different whales and groups of whales, as well as tracklines of the same whales/whale groups, were 

obtained and compared between times when the acoustic device was transmitting (experimental 

period) and when it was off (control period).   The study results were analyzed and a scientific report on 

the behavioral response of gray whales to the acoustic signal was prepared.   

Results of the 2012 study suggest that the acoustic deterrent device was not effective in achieving the 

hypothesized zone of influence.  Inclement weather and equipment problems resulted in very small 

sample sizes, however, especially when the deterrent was transmitting.   Due to the inadequate sample, 

the 2012 results are inconclusive.  However, the Project Team has applied the experienced gained from 

this project to refine the hypothesis, optimize study methods and modify equipment.  Another season of 

field testing, with support from other public and private sources, commenced in January 2013, and the 

Project Team is confident that with these improvements, they will be able make a confident 

determination as to whether the acoustic deterrent system is effective at deflecting gray whales.  The 

results of the 2013 observations will be published in publicly available literature by September 2013.  

Initial results indicate that the device was effective. 

While technical and process issues presented significant challenges, the project ultimately resulted in 

improved methodologies and equipment for the acoustic deterrence system.  Through the efforts 

required to address and overcome these issues, the study design was optimized to successfully 

investigate the effectiveness of this type of system in mitigating potential risks associated with whale 

entanglement in MHK facilities.  By informing mitigation measures to facilitate MHK siting and 

development, this project helps advance MHK development and support the U.S. Department of 
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Energy’s mission and objective to accelerate development of clean, affordable energy generation that is 

economically viable and environmentally responsible.   

I. Summary of Activities 

This project involved deploying an active acoustic device off the coast of Yaquina Head, OR and 

measuring the behavioral response of migrating gray whales to evaluate the effectiveness of an acoustic 

deterrent mechanism in deflecting migratory gray whales.  The project tasks consisted of three primary 

efforts: Permitting, Stakeholder Outreach & Engagement, and Research, which are summarized in the 

sections that follow.   

A. Permitting 

Project permitting was led by PEV and conducted in coordination with OSUMMI.  In December 2009, the 

U.S. Department of Energy (DOE) award to PEV was executed and the subcontract agreement with 

OSUMMI was finalized and signed.  The contract from DOE was not received until December 21, 2009, 

however, which precluded PEV from issuing a subcontract to OSUMMI to start the research.  Once the 

contractual agreements were in place, the Project Team started coordinating with resource and 

regulatory agencies to initiate the permitting process.  

Because the research involved using an active acoustic signal designed to alter the migration path of 

gray whales, the project required authorization from the National Marine Fisheries Service (NMFS) 

under the Marine Mammal Protection Act (MMPA) and the Endangered Species Act (ESA).  NMFS 

initially indicated that the MMPA permit could be issued with a General Authorization.  In mid-

December 2009, however, the Project Team learned that NMFS had concluded that the project required 

a full Incidental Harassment Authorization (IHA) and an Environmental Assessment (EA).  The Project 

Team developed a permit application to authorize take of marine mammals by level B harassment.  In 

addition, an EA was prepared analyzing the full scope of the project’s potential environmental effects.  

Based on the analyses in the EA, NMFS determined that issuance of the permit would not significantly 

impact the quality of the environment.  That determination was documented in a Finding of No 

Significant Impact (FONSI), signed on October 29, 2010, and NMFS issued the IHA on November 8, 2010 

(Permit No. 15483).  

Because the acoustic device was temporarily moored to the seabed, a Nationwide Permit (NWP) from 

the U.S. Army Corps of Engineers (the Corps) was also required.  During the initial reporting period, PEV 

consulted with the Corps and prepared the permit application, which was issued on October 26, 2010 

(NWP-2010-385).  Similarly, authorization from the Oregon Department of State Lands (DSL) was 

required for use of state submerged lands where the device was deployed.  DSL issued a Short Term 

Access Agreement for the project on September 20, 2010.  Approval from the U.S. Coast Guard was also 

obtained for the surface buoy and associated navigational aids for the instrumentation system.  Copies 

of the permits issued for the project are included in Appendix B of this report.     

As noted above, the original project timeframes were based on the DOE contract award being made in 

September 2009 and active research commencing in mid-December 2009 (to coincide with the start of 
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the southbound whale migration).   In addition, the NMFS permitting process was several months longer 

than anticipated, so the project permits were not effectively in place until NMFS issued its authorization 

in November 2010.  As a result of these process delays, the start of the active research was postponed 

until January 2011. 1    

B. Stakeholder Outreach & Engagement 

In conjunction with the permitting process, the Project Team designed and implemented a stakeholder 

outreach and engagement strategy.  First, Project Team engaged with coastal stakeholders to 

communicate the intent of the project and to alleviate concerns regarding incidental harassment of 

mammals as a result of the research.  The Project Team developed detailed information sheets about 

the project and convened a town hall meeting in Newport, OR on May 12, 2010.2  The purpose of the 

meeting was to inform local residents and interested parties about the study and to provide an 

opportunity to address any questions or concerns.  An overview of the study was presented, along with 

the informational outreach materials.  After the presentation, Dr. Bruce Mate, Director of the OSUMMI 

and head project researcher, answered questions about the study.  

In addition to public outreach, the Project Team convened a meeting between marine mammal 

researchers and MHK technology developers to determine specific information needs and data 

requirements.  Utilizing input from that meeting, the Project Team designed and fabricated a prototype 

active acoustic deterrence device and instrumentation system.  Following the acoustic device 

deployment and monitoring in 2012, the results were widely disseminated to inform stakeholders of the 

initial study results.  In addition, OSUMMI researchers prepared a scientific report, Testing the 

effectiveness of an acoustic deterrent for gray whales along the Oregon coast, documenting behavioral 

response to the acoustic signal (Lagerquist, et. Al 2012).   

C. Research  

The majority of the research task was completed by OSUMMI at the Hatfield Marine Science Center.  

Integration with other programs, like the Northwest National Marine Renewable Energy Center and the 

Oregon Wave Energy Trust gray whale baseline studies, further leveraged this research.  The original 

study hypothesis was that an active acoustic signal would deflect migrating gray whales away from the 

acoustic deterrent device.  Specifically, the researchers hypothesized that the number of gray whale 

observed within 500 m of the acoustic device would be 50% lower during experimental periods (active 

sound production) than during control periods (no sound production).   

To test that hypothesis, a prototype acoustic deterrence device was moored on the seafloor in the 

pathway of migrating gray whales off the coast of Yaquina Head, Oregon.  The research team 

documented the device’s acoustic signature at varying distances from the source, while shore-based 

observers stationed near the base of the Yaquina Head lighthouse used an integrated system of 

                                                             

1 A request for an extension of the contract was submitted to and approved by DOE in 2010. 
2 Copies of this information sheet and other outreach materials were provided to DOE during the quarterly 
reporting periods, and general outreach materials are included in Appendix A of this report.  
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binoculars, theodolites, and proprietary computer software to track whale movement.   The observers 

recorded gray whale locations during both experiment and control periods, but the observers did not 

know when the device was transmitting the acoustic signal.  The observations of whale locations during 

the experimental period (times that the acoustic device was transmitting) were then compared with 

observations taken during the control period (when the device was off) to determine whether there was 

a behavioral response from the whales.   

1. Equipment 

The primary components of the prototype deterrent system developed for this study include an acoustic 

signal generator connected to four batteries, which were installed separately in waterproof/pressure-

proof housings (one for the signal generator and two for the batteries).  As discussed in the scientific 

report, a source level of 170 dB re 1 µPa at 1 meter was chosen to allow for variation in the model 

results and achieve 500 m zone of influence.  The device transmitted a 1-second, 1 – 3 kHz warble with a 

source level of 170 dB every 20 seconds during a 6.2-hour experimental period during daylight hours. 

After receiving the acoustic instrumentation system from the vendor and prior to deploying it for the 

filed study, the Project Team bench tested the sound source to ensure it was working properly.  

2. Methods 

Research activities were originally planned to commence in January 2010; however, a combination of 

process and permitting delays postponed the start date of active research to the next gray whale 

migration season in January 2011.  On January 8, 2011, the acoustic device was moored on the seafloor 

approximately 5 km west of Yaquina Head, Oregon, in the path of migrating gray whales.  To ensure that 

no animals were exposed to the full source level without prior opportunity to move away from it, the 

device was programmed such that at the beginning of each experimental period, it began transmitting 

at a lower source level (120 dB) and gradually ramped up to 170 dB over a 10-minute period.    

In mid-February 2011, the device had to be retrieved after a failure in the waterproof housing structure 

caused extensive damage to the instrumentation system.  The hardware and sound source were 

returned to the manufacturer and the electronics enclosure was redesigned to prevent such incidents. 

However the Project Team did not receive the redesigned equipment until October 2011.  As a result, 

the research was postponed until the next migration season (in 2012).  

In January 2012, the acoustic deterrent prototype was re-deployed off the coast of Yaquina Head during 

the southbound whale migration.   Observations were conducted on 51 days between January 1 and 

April 15, 2012.  A total of 143 individual whale locations were collected for a total of 243 whales, as well 

as 57 tracklines for a total of 142 whales.  However, the loss of surface buoys due to extreme weather 

and damage from commercial crabbing gear prevented the recovery of the deterrent mid-season to 

change batteries.  Further, the batteries used in the instrumentation system did not perform as 

expected, resulting in loss of power that prevented the signal from transmitting during the planned 

experimental periods.  As a result, only the experimental periods for the first 35 days of the study 

provided usable data.    
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II. Results & Next Steps 

The study hypothesized that the acoustic deterrence signal would keep gray whales 500 m away from 

the device, so data reduction focused on a statistical analysis of whale presence at 500-m and 2-km 

distances.  The combination of bad weather and equipment problems, however, resulted in a smaller 

sample size than required to detect a difference in whale locations between experimental and control 

periods.  Additionally, the hypothesized zone of influence (500 m) was so small that few whales traveled 

within that zone, even during control periods.  Despite the smaller sample size, statistical analysis of the 

proportions of experimental locations in 500-meter rings did not show a significant difference between 

the expected 500-meter zone of influence and areas out to 3 km.  This analysis indicates that the source 

level (volume) of the deterrence device was insufficient to prevent whales from entering the 500-meter 

zone. Due to inadequate sample size, however, the results of the 2012 study were inconclusive.  

OSUMMI researchers prepared a scientific report, Testing the effectiveness of an acoustic deterrent for 

gray whales along the Oregon coast, documenting the study and outcomes (Lagerquist, et. Al 2012).      

A. Refined Methods & Equipment 

Based on the recommendations of marine mammal and acoustic experts, it was determined that the 

source level should be increased to 179 dB.   Further, researchers concluded that the zone of influence 

should be increased to 3 km to ensure the collection of adequate sample sizes.  In light of these 

conclusions, the Project Team determined that another season of field testing was warranted to test the 

effectiveness of the deterrent device.    Utilizing internal research funds, the Project Team completed 

modifications to the acoustic device and secured new permits for the 2013 research season. 

In addition, the Project Team leveraged the experience form the previous study activities to improve 

and optimize key aspects of the project. 

 Project Management: The Project Team developed and implemented strong project 

management plan for the 2013 study season.  In particular, the Project Team held weekly 

conference calls early in the season to review progress for the prior week and plans for the 

upcoming week.  Team members also received a weekly summary of activities from the week 

prior to focus the group discussions.  This information included observations for the prior week, 

as well as cumulative results, a weather outlook for the coming week, and an indication of any 

problems encountered.   

 Permitting: Recognizing that close coordination with regulatory agencies is a key factor in the 

permitting process, the Project Team initiated and maintained ongoing communication with the 

agencies to prevent permitting delays for the 2013 research season.  The availability of potential 

effects analysis prepared for the original research permits also facilitated agency decision-

making for the 2013 research permits.   On December 21, 2012, NMFS issued Permit No. 15483-

01 to OSUMMI to authorize use of the increased source level (which amended and replaced the 

previous NMFS research permit).  On December 10, 2012 the U.S. Coast Guard issued a letter of 

approval authorizing deployment of the surface float and navigational markers through June 
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2013.  A revised use permit from the Oregon Department of State Lands was also obtained, and 

the original Army Corps permit was extended until April 30, 2013.     

 Hypothesis: Based on the results of and insight gained from the 2012 research, the Project Team 

revised the study hypothesis to increase the deterrence distance from 500 to 3,000-meters.  To 

accomplish this goal, OSUMMI consulted with other marine mammal and ocean acoustic experts 

and determined that increasing the source level from 170 to 179 dB re 1 µPa at 1 meter should 

keep 50% of the migrating whales outside of the 3-kilometer zone of influence.  The signal 

characteristic remained the same at 1-second 1-3 kHz warble and was repeated every 20 

seconds during a 5.2 hour experimental period during daylight hours. The device was turned off 

during control periods and for the remaining hours of the day.   

 Methods: The Project Team performed a sample size analysis using the simplified hypothesis to 

reveal the required number of sample locations.  To ensure that researchers can obtain the 

required sample size from the 2013 observation season, the Project Team refined the 

methodology by prioritizing scan sampling and shortening focal follow tracking to concentrate 

on the area near the deterrent (as opposed to more time-consuming longer distance focal 

follows).  

 Equipment: In addition to increasing the source level, modifications were made to increase the 

power of the acoustic transducer to accomplish the new 3 km zone of influence.  Connections 

between the surface buoy and the transducer were reinforced to ensure the instrument and its 

surface buoy will withstand extreme weather conditions and interactions with crabbing gear.  

Additionally, device has been redesigned to include a battery pack that can power the 

instrumentation for the entire season without the need for recharging.    

The Project Team is quite confident that – with these changes – the researchers will be able to 

determine whether the deterrent is effective at deflecting gray whales.    

III. Comparison of Actual Accomplishments with Goals & Objectives 

As discussed previously, process delays, equipment failure, and inclement weather resulted in 

discrepancies between the planned and actual timing of project activities.  In particular, permitting 

delays postponed the start of the active research was postponed until January 2011.  Further, the 2011 

field study was cut short when the device mooring failed during a severe storm, and equipment failures 

experienced during the 2012 field study resulted in an insufficient sample size.  Because the southbound 

migration period only occurs once a year, the field research activities are particularly susceptible to even 

small delays in timing.  As a result, each time a delay was encountered the field observations had to be 

postponed until the following season.  

Despite these discrepancies, however, the actual accomplishments align well with the original objective 

of evaluating the effectiveness of an acoustic deterrent mechanism in deflecting migratory gray whales.  

By testing and refining the acoustic deterrence methodologies and equipment, this project has informed 

both the technical and economic feasibility of this type of system and its potential efficacy as mitigation 

measure for MHK facilities.  In fact, it is largely because of the challenges faced in this project that the 
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Project Team optimized the methods and equipment for acoustic deterrence systems.  The 

implementation of this project fostered collaboration among the Project Team and marine mammal 

experts, as well as among academia and industry.   

A successful deterrent device may serve as a valuable mitigation tool to protect gray whales in the event 

that MHK energy facilities pose a collision or entanglement risk.  It may also be applicable to endangered 

baleen whales in the Outer Continental Shelf, such as blue, fin, and humpbacks, as ocean energy 

development moves offshore into their habitat. Such a device may also have value as mitigation for 

other potentially harmful situations, such as oil spills or when whales stray out of their natural habitat 

and are in danger of stranding or starvation (Lagerquist et. al 2012).  By informing the development of 

mitigation measures that can facilitate MHK siting, this project helps accelerate development of clean, 

affordable energy generation that is economically viable and environmentally responsible.   

IV. Products 

The primary product developed under the award is the Acoustic Deterrence Device Electronics Package, 

which is described in details in the Draft and Final Scientific Reports prepared under the DOE award 

contract.   Publications and outreach materials developed as part of the project are listed below and 

included in Appendix A; all of these materials have been provided previously to DOE.  Final and interim 

research results have been made available to the public through publication in peer-reviewed scientific 

journals, preparation of contract reports, as well as presentations at scientific conferences and industry 

forums.   

PUBLICATIONS  

 Testing the effectiveness of an acoustic deterrent for gray whales along the Oregon coast. (Draft 

Scientific Report, 2012) 

 Documenting behavioral response to an acoustic signal which has been designed to encourage 

whales to slightly adjust their migration route. (Final Scientific Report, 2013, In press)  

PRESENTATIONS/OUTREACH MATERIALS 

 Town Hall Meeting Invitation  

 Gray Whale Study Overview 

 Presentation at OWET Conference  
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Appendix A: Outreach Materials 

 

  



 

  

 

Please join the OSU Marine Mammal Institute for a Town Hall Meeting about the                       
Development of a Gray Whale Protection Device 

Wednesday, May 12th 7:008:30 pm 

Hennings Auditorium, HMSC Visitor Center 

There is a great interest in harnessing wave energy off the Oregon Coast.  An important issue in ocean 
renewable energy development is the risk of gray whales becoming entangled in or colliding with ocean 
renewable  energy  device  mooring  systems.    The  Marine  Mammal  Institute  at  OSU  will  test  the 
effectiveness of an acoustic device to protect whales  if these ocean renewable energy device mooring 
systems become a hazard for them.  If successful, this device could also be used to keep whales out of 
harm’s way from other calamities, like oil spills.  

The purpose of this meeting  is to  inform  local residents and  interested parties about the study and to 
provide  an  opportunity  to  address  any  questions  or  concerns.    An  overview  of  the  study  will  be 
presented, along with detailed information sheets about the project.  After the presentation, Dr. Bruce 
Mate, director of the Marine Mammal Institute at OSU, will answer questions about the study. 

For more Information: 

Marine Mammal Institute 
Hatfield Marine Science Center 
2030 SE Marine Science Drive 

Newport, Oregon 97365 
Phone: 541‐867‐0202 

E‐mail: MMI_Web@oregonstate.edu 



Oregon State University  
Marine Mammal Institute 
 
 

www.mmi.oregonstate.edu 

Development of a Gray Whale Protection Device 

About 18,000 gray whales migrate between Baja, Mexico and  the Bering Sea every year.   While gray 
whales  navigate  the  coast  regularly,  there  is  concern  that  deployments  of  ocean  renewable  energy 
devices could pose a risk of entanglement or physical collisions.   Although  it has not been determined 
that  ocean  renewable  energy  devices would  result  in  harm  to whales,  a  panel  of marine mammal 
experts has  concluded  that,  if problems are encountered, acoustic warning  systems  could provide an 
effective mitigation strategy.   

WHO:  OSU's Marine Mammal Institute, directed by Dr. Bruce Mate, strives to advance conservation and 
the understanding of marine mammals by studying their ecology, distribution, habitats, and population 
abundance,  as  well  as  ocean  health  issues  and  the  impact  of  anthropogenic  activities  on  marine 
mammals.  This study is sponsored by the U.S. Department of Energy.  

WHAT: A study to test the effectiveness of an acoustic deterrence system  in deflecting migratory gray 
whales around ocean renewable energy devices.  The project will include the following elements: 

PERMITTING                             September 2010 
The initial phase involves securing the necessary permits for the acoustic deterrence system. 

DEPLOYMENT                              December 2010  
After the acoustic deterrence system  is deployed, the research team will map  its acoustic  level 
at varying distances from the source.  

OBSERVATION                            January 2011 – mid‐April 2011 
Once  deployed,  the  research  team will  conduct  shore‐based  observations  of migrating  gray 
whales in the immediate vicinity during operation of the deterrent device to determine how far 
whales stay away from the device (the expectation is 500m, less than 1/3 mile).   

ANALYSIS/SUMMARY                           September 2011 
The  project  will  conclude  with  data  analysis,  a  written  report,  a  scientific  publication,  and 
culminate with dissemination of the results at scientific and stakeholder meetings.   

WHEN: The active field study will be conducted from January to mid‐April, 2011, which will not include 
the main north‐bound mother‐calf migration. 

WHERE: Yaquina Head,  located on  the central Oregon coast, and  the waters directly offshore, will be 
used as the study site for the deployment and testing of the acoustic deterrence system.  

WHY: Gray whales do not have a sophisticated sonar system. By emitting  low  frequency sounds, they 
may  identify  large  features  for  navigation,  but  not  smaller  features  like  the  4‐6”  diameter mooring 
cables.  If problems develop with whales inadvertently running into these cables, this device may offer a 
means of keeping them at a distance.  

HOW: The proposed system would function similarly to small acoustic deterrent devices, also known as 
pingers, used on fishing nets, which have proved effective in reducing bycatch of marine mammals in gill 
net fisheries.  
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Appendix B: Project Permits 

 



[Federal Register: November 8, 2010 (Volume 75, Number 215)] [Notices] [Page 

68605] From the Federal Register Online via GPO Access [wais.access.gpo.gov] 

[DOCID:fr08no10-42] 

 

 

[[Page 68605]] 

 

----------------------------------------------------------------------- 

 

DEPARTMENT OF COMMERCE 

 

National Oceanic and Atmospheric Administration 

 

[File No. 15483] 

RIN 0648-XX23 

 

 

Marine Mammals 

 

AGENCY: National Marine Fisheries Service (NMFS), National Oceanic and 

Atmospheric Administration (NOAA), Commerce. 

 

ACTION: Notice; issuance of permit. 

 

----------------------------------------------------------------------- 

 

SUMMARY: Notice is hereby given that Bruce Mate, PhD, Oregon State 

University, Hatfield Marine Science Center, Newport, OR has been issued a 

permit to conduct research on marine mammals. 

 

ADDRESSES: The permit and related documents are available for review upon 

written request or by appointment in the following office(s): 

  Permits, Conservation and Education Division, Office of Protected 

Resources, NMFS, 1315 East-West Highway, Room 13705, Silver Spring, MD 

20910; phone (301) 713-2289; fax (301) 713-0376; and 

  Northwest Region, NMFS, 7600 Sand Point Way NE, BIN C15700, Bldg. 

1, Seattle, WA 98115-0700; phone (206) 526-6150; fax (206) 526-6426. 

 

FOR FURTHER INFORMATION CONTACT: Tammy Adams or Kristy Beard, (301) 

713-2289. 

 

SUPPLEMENTARY INFORMATION: On July 13, 2010, notice was published in the 



Federal Register (75 FR 39915) that a request for a permit to conduct 

research on gray whales (Eschrictius robustus) had been submitted by the 

above-named applicant. The requested permit has been issued under the 

authority of the Marine Mammal Protection Act of 1972, as amended (16 U.S.C. 

1361 et seq.), the regulations governing the taking and importing of marine 

mammals (50 CFR part 216), the Endangered Species Act of 1973, as amended 

(ESA; 16 U.S.C. 1531 et seq.), and the regulations governing the taking, 

importing, and exporting of endangered and threatened species (50 CFR parts 

222-226). 

  The permit authorizes takes of marine mammals by level B harassment 

during a study to evaluate the effectiveness of an underwater acoustic 

deterrent device at diverting gray whales migrating past the coast of 

central Oregon between January and mid-April away from the sound source. The 

permit also authorizes incidental level B harassment of harbor porpoise 

(Phocoena phocoena), Southern Resident and West Coast Transient killer 

whales (Orcinus orca), harbor seals (Phoca vitulina), California sea lions 

(Zalophus californianus), Eastern Distinct Population Segment Steller sea 

lions (Eumetopias jubatus), and Northern elephant seals (Mirounga 

angustirostris). The permit is valid for five years from the date of 

issuance. 

  In compliance with the National Environmental Policy Act of 1969 

(42 U.S.C. 4321 et seq.), an environmental assessment (EA) was prepared 

analyzing the effects of the permitted activities on the human environment. 

Based on the analyses in the EA, NMFS determined that issuance of the permit 

would not significantly impact the quality of the human environment and that 

preparation of an environmental impact statement was not required. That 

determination is documented in a Finding of No Significant Impact (FONSI), 

signed on October 29, 2010. 

  As required by the ESA, issuance of this permit was based on a finding 

that such permit: (1) Was applied for in good faith; (2) will not operate to 

the disadvantage of such endangered species; and (3) is consistent with the 

purposes and policies set forth in section 2 of the ESA. 

 

  Dated: November 2, 2010. 

P. Michael Payne, 

Chief, Permits, Conservation and Education Division, Office of Protected 

Resources, National Marine Fisheries Service. 

[FR Doc. 2010-28169 Filed 11-5-10; 8:45 am] BILLING CODE 3510-22-P 

 

 

 



 

 
 

Institutional Animal Care and Use Committee ▪ Office of Research Integrity 

Oregon State University, 308 Kerr Administration Building, Corvallis, Oregon 97331-2140 

Tel 541-737-2762 | Fax 541-737-3093 | http://oregonstate.edu/research/ori/index.htm  

IACUC@oregonstate.edu  

 
 

To: Dr. Bruce R. Mate 

Dept: CAS/Marine Mammal Institute 
Subj: Animal Care and Use Proposal 

  

Project Title: Development of an acoustic deterrent device for Eastern North Pacific gray 

whales. 
Project Status: Your proposal for the use of animals has been reviewed and approved by the 

IACUC. ACUP Number: 4099 

 

Approval Date:  11/17/10   

Renewal Dates:  11/16/11, 11/16/12  (Renewal is required every year) 

Expiration Date:  11/16/13  (New Animal Care and Use Form Submitted) 

 

Principal Investigators are advised that the Animal Welfare Act (AWA) and the Public Health 

Service (PHS) policy requires that any significant changes to your protocol (i.e., changes in 

animal numbers, housing, procedures, substances administered, personnel, etc.) previously 

authorized by IACUC, must be approved by the IACUC via submission of an Amendment 

Form.  Implementing significant changes without prior IACUC approval violates regulations for 

animal welfare. 

 

Annual Renewal of your ACUP is required. A reminder will be sent to you to either close or 

renew this project by completing the Annual Renewal Form. It is imperative that the annual 

renewal is completed and submitted by the due date indicated. 

 

Adverse Events: The IACUC requires investigators to submit an Adverse Event for any 

unexpected injuries to animals during the course of the project. An Adverse Event is any 

happening not consistent with routine expected outcomes that results in any unexpected animal 

welfare issues (death, disease, or distress) or human health risks (zoonotic or injuries). 

 

If you have any questions, please contact the IACUC Administrator at IACUC@oregonstate.edu 

or by phone at (541) 737-2762.   

 

USDA Research Facility    Office of Laboratory Animal 

Certificate # 92-R-0005 Welfare (OLAW) 

Assurance # A3229-01 

   November 17, 2010 

Dr. Andrew Buermeyer     Date 

IACUC Chair           

mailto:IACUC@oregonstate.edu
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