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ABSTRACT 
Whale depredation on commercial sablefish and halibut longline gear increases harvesting costs and 

presents the risk of marine mammal entanglement issues.  In 2016, with funding from the Central Bering 

Sea Fishermen’s Assn, The Southeast Alaska Sperm Whale Avoidance Program (SEASWAP) tested a 

towed array hydrophone system that can be deployed and retrieved from fishing vessels while underway 

at normal transit speeds. The towed array equipment consisted of a pair of matched hydrophones within 

a streamlined housing that was towed on a strengthened cable 100 to 200 meters in length. The array 

was connected to a power supply, sound filtering equipment, and a computer running PAMGUARD 

software to enable sperm whale detection and localization.  The main objectives of this work were to: 1)  

test the performance of this type of equipment on vessels typical of those used in Alaska’s longline 

fisheries; 2)  explore with fishermen how the equipment could be integrated onboard without impacting 

fishing activities; 3)  assess the efficacy of using towed array hydrophones to support whale avoidance 

strategies.   

 

The custom built, towed array hydrophone system was tested for a total of 20 days at sea during two 

cruises offshore of Southeast Alaska and one cruise in the deep, inside waters of Chatham Strait. Hand 

deployment and retrieval of a towed array from the deck of a long line vessel while underway proved to 

be relatively simple and straight forward. Waterproof connectors allowed the coiled cable to be 

disconnected when not in use and stored in locations that did not interfere with fishing operations. The 

major installation challenge encountered was to eliminate or minimize electrical noise unique to each 

vessel’s electrical system and computer.  Once electrical noise was eliminated, the vessel machinery 

proved quiet enough to allow detections of whales at ranges of several miles.  

 

A total of 25 sperm whales were detected with the towed array system during a three day offshore 

survey which indicated a higher density of whales along the 200fm depth contour (a preferred fishing 

ground) than the 1000fm contour.  Detection ranges for whales varied from two to eight miles.  General 

localization of whale position ahead of, or behind the vessel, could be achieved by ear using 

headphones.  More accurate localization was possible using PAMGUARD software to calculate and 

display bearings on a computer screen, however the current PAMGUARD click detector and user 

interface was not sufficiently “fishermen friendly” to allow consistent use by non-trained individuals.  

Optimum cable length to balance noise reduction and deck handling logistics was approximately 150 



January 20, 2017 Interim Report 

2 

 

meters.  Detections were possible at normal transit speeds (6-8 knots), however, noise decreased and 

detection range improved with slower vessel speed.   

 

These initial sea trials demonstrate that the towed array equipment can be deployed and retrieved from 

longline vessels without the need to shift the vessel in and out of gear thus minimizing acoustic cues that 

attract sperm whales.  The ability to detect sperm whales at a distance of four to eight miles provides the 

vessel operator with a powerful new tool to identify “whale free” areas with a lower chance of 

depredation prior to setting the fishing gear. Placing towed array systems on vessels transiting to home 

or distant fishing grounds could provide information to map sperm whale distribution over a large 

geographic area, supporting a real-time reporting network to identify areas of high whale activity for 

avoidance.  Costs could be reduced by sharing towed array systems, and by placing equipment on 

strategically selected vessels engaged in cooperative reporting networks.   

 

Future work needs to focus on five aspects: 1) Adapting PAMGUARD software to make it more straight 

forward to use and “fishermen friendly”; 2) Improving the power supply, sound filtering, and computer 

equipment to make it robust and adaptable enough to for use on multiple vessels without the need for 

specialized installations; 3) Testing these improvements with multiple fishermen on diverse vessels to 

broadly assess ease of use and effectiveness with feedback provided to the development team; 4) 

Improving the localization capabilities of towed hydrophones by using a greater number of hydrophones 

in 3D configurations; 5) Developing methods to automatically feed whale location data from 

PAMGUARD into a broad based, real-time whale location and reporting network. 

BACKGROUND 
Whale depredation on commercial sablefish and halibut longline gear increases harvesting costs and 

presents a risk of marine mammal entanglement issues. Depredation occurs by both sperm whales and 

killer whale interaction with longline gear in the Gulf of Alaska and Bering Sea. SEASWAP (Southeast 

Alaska Sperm Whale Avoidance Project) was created in 2003 and has undertaken cooperative research 

to evaluate these depredation events as a joint effort with industry, government and academic 

collaborators. Initially, SEASWAP involved the Alaska Longline Fishermen’s Association (ALFA), the 

University of Alaska Southeast (UAS) and the Alaska Department of Fish and Game (ADFG). The next 

year Scripps Institution of Oceanography (SIO) joined, bringing an acoustic component to SEASWAP. 

The Alaska Fisheries Science Center (AFSC) through Auke Bay Lab’s annual sablefish survey became 

partners in 2006. The AFSC survey team provided space on their vessel for a SEASWAP biologist to 

collect sperm whale behavioral and tissue samples and has provided funding to evaluate depredation 

using acoustics as a metric for depredation. In 2007, two partners were added: the newly formed 

nonprofit, Sitka Sound Science Center (SSSC) and the Alaska Sea Life Center (ASLC). In 2007 and 

2009 SEASWAP deployed the first satellite tags on sperm whales following vessels in the Gulf of 

Alaska (Straley et al. 2014).  

 

In 2011 and 2012, funding by the Central Bering Sea Fishermen’s Association (CBSFA) allowed the 

collection of acoustic data on killer and sperm whale interactions with commercial fishing vessels, 

increased involvement of fishermen in developing, refining and testing deterrent strategies, and 

expanded the project scope to include killer whales. Investigations to date suggest that the most 

promising strategies for minimizing whale depredation involve avoidance. In 2013, CBSFA funds were 

used to deploy satellite tags on 10 sperm whales to track spatial movements and enhance avoidance 



January 20, 2017 Interim Report 

3 

 

strategies. The location of the tagged whales was relayed to fishermen in real time on a daily basis thus 

allowing fishermen to avoid areas of high whale activity.  While satellite tagging of known individual 

whales that are frequent depredators has proven useful, there are challenges in scaling this avoidance 

strategy up to a real-time system covering a large area.  Substantial effort is required to tag individuals 

and the lifetime of the tags is limited to (on average) less than a few months.  

 

In 2016, SEASWAP tested a towed array hydrophone system that can be deployed and retrieved while 

fishing vessels are underway at normal transit speeds.   This work was conducted in collaboration with 

Dr. Jonathan Gordon, a bio-acoustician with St. Andrews University in Scotland, and his brother 

Thomas Gordon, an engineer.  The goal of the 2016 field work was to evaluate simple acoustic listening 

devices that fishermen can easily deploy from their vessels to determine whale presence/absence prior to 

setting gear.   

PAM System 
A typical towed hydrophone array for marine mammal monitoring consists of one or more pairs of 

matched hydrophones within a streamlined housing that are towed on a strengthened cable of 100 to 200 

meters in length (Figure 1). Onboard the vessel, the array connects to signal conditioning equipment 

where signals are enhanced before being digitized and made accessible to a computer running real time 

detection and localization routines within PAMGUARD (www.pamguard.org ). PAMGUARD is an 

open source, freely available software designed for passive acoustic monitoring of marine mammals and 

has the ability to detect and localize sperm whales in real-time  (Gillespie et. al,. 2008). 

 
Figure 1. Typical configuration of sensors in the MER stereo towed hydrophone streamer. 

 

The towed array equipment used in these field trials was custom built, and adapted for use on a fishing 

vessel from standard marine mammal monitoring and survey equipment. SEASWAP is now equipped 

with two hydrophone arrays, one 100m and one 200m long.  SEASWAP also has two signal 

conditioning and digitization systems with clean DC power supplies and several deck leads to connect 

the equipment in the wheelhouse with the hydrophone stored on deck. The signal conditioning and 

digitization systems are connected to a computer, (MS Surface tablet or similar device) which runs the 

audio software program PAMGUARD. PAMGUARD is used to detect and display sperm whale clicks, 

and can localize clicks to determine the direction to and location of vocalizing sperm whales.  In 

http://www.pamguard.org/
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addition, fishermen can listen directly to the hydrophone array in real-time to detect whales and 

determine their bearing.  

Field Trials 
The main objectives of this work were to: 1) test the performance of this type of equipment on vessels 

typical of those used in the longline fishery; 2) to explore with fishermen how the equipment could be 

integrated without impacting fishing activities; and 3) assess the efficacy of using towed array 

hydrophones to support whale avoidance strategies.   After fitting the system to a longline vessel (the 

F/V Marilyn J) in June 2016 preliminary trials were conducted in Sitka Sound during which vessel and 

propeller noise, and hydrophone streamer depth were measured for a range of tow cable lengths.  These 

initial near shore tests were followed by two cruises offshore of Southeast Alaska with SEASWAP 

personnel totaling five days spent at sea.  The first offshore cruise evaluated the range and ability for the 

towed array and PAMGUARD system to detect sperm whales in real time.  The second offshore cruise 

evaluated the feasibility of using the towed array system to map sperm whale location across a broad 

geographic area from vessels opportunistically in transit to distant fishing grounds. The final test of the 

towed array system occurred in August and September of 2016 on a sperm whale tagging trip in the 

inside waters of Chatham Strait, during the state-managed sablefish survey there. The final cruise totaled 

15 days at sea. This cruise was conducted on the M/V Nepenthe, and unaccompanied by Jonathan and 

Thomas Gordon.  

 

Deployment of Towed Hydrophones on a Longline Vessel 
Deployment of a towed array hydrophone system from the deck of a long line vessel proved reasonably 

straight forward.  As the vessel nears the fishing grounds, the towed array is deployed either from the 

deck or over the stern of the vessel.  Once fully deployed, a line attached to a Kellem’s grip on the cable 

can be tied off and serve as the towing point for the array.  On vessels using para-vane stabilizers, the 

fully deployed cable can be towed from the stabilizer line to keep it further away from the vessel’s 

propeller and reduce noise.  Retrieval of the towed array is by hand with the cable coiled down in a 

standard longline tub usually used for buoy line. The hydrophone can be deployed at a speed of ~ 6 

knots, though slower vessel speeds of 3-4 knots made cable retrieval by hand easier.   Most monitoring 

took place at a speed of ~8 knots, which is a typical efficient travel speed to and from fishing grounds. 

It’s likely that, if required, better detection range could be achieved by occasionally slowing down to 

reduce boat noise and allowing the hydrophone to sink to greater depths for short periods of time. 

 

To enable the towed array to be disconnected and stored out of the way during fishing operations, a 

“deck lead” was configured to run from the deck of the vessel into the wheelhouse where the acoustic 

equipment was located.  The towed array was connected to the deck lead by matched waterproof inline 

connectors and could be disconnected for storage during fishing operations. 

 

Customizing Topside Equipment 
The wheelhouse equipment essentially consists of a power supply, a small box of electronics for signal 

conditioning and digitization, and a standard Windows based computer.  A major challenge when 

installing sensitive acoustic monitoring systems on a variety of different vessels is to eliminate or 

minimize electrical noise that may be particular to each vessel’s electrical system.  The computer 

presented the most difficult powering challenge. Laptops tend to be electrically noisy when charging 
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batteries.  We found that a Microsoft Surface Pro 3 tablet could be run reliably and without making any 

additional noise using an isolated DC/DC converter which outputs clean 12v power directly to the tablet.  

A 12v computer may offer a cost effective alternative to the Surface Pro 3 computer.  In addition, lower-

power laptops are coming onto the market.  One of these, a Lenovo Ultra-Book, was powered using an 

isolated DC/CD converter on the M/V Nepenthe and performed well. 

 

Tow Depth and Cable Length 
A series of trials were conducted to measure tow depth and noise on the hydrophone when deployed 

with different tow cable lengths.  Trials were conducted at a mean speed of 8 knots, which was chosen 

as being a typical economic travel speed for longline boats transiting to fishing grounds 
 

Hydrophone depth was measured using a calibrated pressure sensor mounted close to the hydrophone 

elements within the streamer section.  The mean water depths for the hydrophone streamer while being 

towed at 8 knots with cable lengths of 50, 100, 150 and 180m were 2.1, 4.2, 6.8 and 8.0 m respectively.  

These data are plotted in Figure 2.  Tow depth increased linearly with cable length, a fitting the 

equation: 

 

 Depth = 0.2291 - 0.0457 x Length 

 

 
 

Figure 2. Towed hydrophone depth for a range of cable lengths when towing at a continuous 8-knot 

speed. 
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Tow Noise and Cable Length 
Noise trails were conducted at a constant vessel speed of 8 knots tow cable lengths of 50, 100, 150 

meters. Recordings (.wav files) were made using PAMGUARD and these files were later processed 

using the noise-measuring module in PAMGUARD. This calculates mean root mean squared (RMS) 

sound pressure level measurements for consecutive ten second segments. [NOTE:  Because the 

hydrophones are not calibrated the decibel units here are arbitrary.  Meaningful comparisons can be 

made between them but absolute values have not been calculated.] 

 

Figure 3 shows the average of these mean noise measurements for steady tows of several minutes at a 

speed of 8 knots for each cable length.  The RMS values were calculated for 1/3 octave frequency bands 

to provide measures of sound levels within  specified frequency ranges between 890 Hz and 11.3 kHz 

(Figure 3).  As expected, noise levels decreased significantly as the tow cable length is increased,   

Figure 3. The main sources of noise on the towed hydrophone are flow noise, which will be mainly a 

function of water speed, and boat noise from the towing vessel’s propellers and engine machinery.  

Increasing the cable length probably has little influence on flow noise, but increasing the distance 

between the hydrophones and the sources of boat noise reduces noise levels.  As discussed above, 

increased cable length also allows the hydrophone to tow at a greater depth. There are two advantages to 

increasing the depth of the hydrophone.  First, the hydrophone is moved further away from the sea 

surface, which is a source of noise, especially in rain and higher seas states (NOTE, only calm sea 

conditions were encountered in these sea trials).  Second, deeper hydrophones are in a better position to 

detect animals vocalizing at depth, such as sperm whales. 

 
 

Figure 3. Noise levels (RMS sound pressure levels with an arbitrary dB reference) in a range of 

frequency bands for each of  three tow cable lengths: 50m, 100m, and 150m.  
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The significance of background noise, as far as the performance of a towed hydrophone is concerned, is 

that it will reduce the maximum range at which whales can be detected.  This effect is likely to be 

complicated by the fact that both the boat noise and the signal both vary temporally, .thus, a whale might 

still be picked up ”between” intermittent noise.  However, a simple assumption can be made that the 

noise serves to mask signals at overlapping frequency bands and that an increase in noise of N dB will 

mean that, to be detected with same signal to noise ratio a signal will need to be N dB louder to 

compensate for the increased noise level.  Masking is most effective when the noise overlaps the 

frequency range of the signals being considered.  Sperm whale clicks are quite broad band acoustic 

signals but they have most energy between 2 and 10kHz so noise over this frequency range is most 

relevant for masking.  The averages of 1/3dB noise levels between 2.24kHz and 11.3kHz for trials with 

tow cable lengths of 50m, 100m and 150m were 51.7 , 47.2 and 42.8dB respectively.  If we take 150m 

tow length as a reference then we can see that for the shorter tow lengths the increase  in noise levels  

(NdB ) over noise levels at 150m  were 1.7 dB for 100m and 8.9  dB for 50m cable lengths (Figure 3). 

 

With towed hydrophones, it is normally the level of background noise which determines whether signals 

are detected or not.  Increased noise levels when tow cables are shorter mean that the minimum signal 

level which can be detected will also increase.  As a result more distant animals, whose signals fall 

below this level, will not be detected.  The magnitude of this reduction in range will depend on 

propagation conditions.  These vary with location and environmental conditions, however, a 

conservative assumption is that propagation loss is mainly due to spherical spreading and that the 

equation describing transmission loss as a function of range is.  

 

TL = 20 * Log (Range)   

 

The proportional reduction in range due to an increased noise level of NdB  is then 10
(N/20)

.  

Therefore, the increased noise levels resulting from shorter cable lengths would be predicted to reduce 

detection range (relative to that with a 150m cable length) by a factor of 1.6 for a  100m tow cable 

length  and by a factor of 2.8 when the tow cable length is 50m. 

 

These trials highlight the advantages of using a longer cable. The disadvantages are that longer cables 

are more expensive and they are also more difficult to retrieve and stow.  Additional empirical data on 

actual detection ranges may become available as hydrophones are used more widely in the fleet. At this 

stage however,  a cable length of 150m seems to be a good compromise between improved detection 

range and practical considerations.   

 

Sperm Whale Detection and Localization 
During the field trials, sperm whales were successfully detected both aurally, by monitoring headphones, 

and/or by using the PAMGUARD software and recognizing click trains on the click detector display 

(e.g. Figure 4).  Sperm whale clicks are typically both distinctive and conspicuous.  Even when “only” 

using headphones it is possible to obtain useful information on whale location.  By focusing on which 

ear seems to detect the click first, the user can differentiate if the whales are ahead of the vessel or 

behind. The PAMGUARD software click detector module can improve on this by calculating the 

bearing to a vocalizing sperm whale by measuring the difference in time of arrival of a click at the two 

hydrophones in the array, using this time delay to calculate a bearing, and plotting this on an appropriate 
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computer display.  The standard display of the PAMGUARD click detector, showing a plot of click 

bearing against time is shown in Figure 4.   

 

 
Figure 4 Typical click detector screen showing clicks from a single sperm whale at a bearing of ~45 

degrees.  Some clicks have been automatically linked into trains and given the same color to indicate 

this.  The “double clicks” which can be seen in some places are the result of echoes. 

 

A sperm whale acoustic encounter has a characteristic “look” on a click detector.  As a boat steams past 

a clicking whale, the bearings change from being ahead to astern.  The pattern of these bearing changes 

varies with the range of the whale from the vessel’s track, and “crossing” these bearings on the 

PAMGUARD map display indicates the likely location of a whale at the crossing points of bearing lines 

(Figure 5).  PAMGUARD will also calculate these locations automatically.  With a simple two 

hydrophone array there is a left/right ambiguity, meaning that two possible locations for a whale appear 

on either side of the vessel trackline.  Usually, if there is a wobble in the vessels’ track the bearings will 

cross more convincingly on one side than the other.  In the encounter shown in  Figure 5 the whale 

seems to be on the starboard side.  An unambiguous bearing could be calculated by more complex arrays 

using 3 or more hydrophones and these  will be considered for future tests. 
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Figure 5. Sperm whale localization by target motion analysis. The green lines are bearings to a 

vocalizing whale as the boat (red shape) towing a hydrophone pair (blue dot) transits past it.  The lines 

on the starboard side cross more consistently that those on the left indicating that the whale  is on this 

side. 

 

During the first offshore cruise, the hydrophones was used to find groups of whales some of which were 

depredating on long line vessels.   This provided a good opportunity to check initial detection ranges 

which were around 5 miles using the 150-meter cable.  In August and September the equipment was 

used from a smaller vessel, M/V Nepenthe as part of a tagging study.  This provided many additional 

opportunities to assess performance and detection range.  Sperm whale clicks were detected audibly at a 

distance of ~8 miles, at a vessel speed of seven knots,. Clicks were detected and localized using the 

PAMGUARD click detector at a slightly shorter  average range of four miles  from the whale.  

 

Offshore Survey 
Between June 17

th
 and 19

th
 the equipment as deployed on the FV Marilyn J and used to carry out a 

simple scouting survey in waters offshore from the Baranof and Chichagof Islands.  This survey 

consisted of a track which approximately followed the 200fm depth contour, favored as a fishing ground 

by long line fishermen in this area, and a second track, further offshore which followed the 1000fm 

contour.  These tracks and the boat’s location when whales were detected acoustically are show in 

Figure 6.  (Note, some of these detections were faint and the whales might have been some miles off the 

trackline.)  There were 16 separate acoustic encounters with an estimated 20 individual whales on the 

200fm track and 5 encounters, all with single animals, on the ~1000fm track.,   This limited survey 

suggests that the 200fm shelf edge may be a preferred habitat for sperm whales in this area but that 

whales are also found further offshore.  It will be interesting to explore with photo identification whether 

these more offshore animals also depredate on long lines.  
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Figure 6. Tracks and vessel locations when sperm whales were detected acoustically during 

SEASWAP’s towed array cruise on June 17
th

-19
th

 offshore of Sitka, AK. The cruise approximately 

followed the 200fm contour and the 1000fm contour. The erratic lines in the south eastern section of the 

track indicates an interruption of the survey when sperm whales were encountered near a fishing vessel 

and a RHIB was deployed to collect tissue samples and photographic identifications.  There were 16 

separate encounters with an estimated 20 individuals detected on the 200fm track and 5 encounters all 

with single animals on the ~1000fm track. 

 

Killer Whale Detections  
During the southern section of the offshore survey, killer whale vocalizations were detected acoustically 

using the array well before any sightings were made.  Whales were later observed close to a longline 

vessel but it was not clear whether any depredation had taken place.  As both sperm whales and killer 

whales depredate on longline vessels, a towed hydrophone array may support real time reporting 

networks for both species. 

DISCUSSION 
Previous SEASWAP work has demonstrated that sperm whales are attracted to the acoustic cues a 

longline vessel produces when it shifts in and out of gear (Thode et al., 2015, 2007).  SEASWAP has 

also demonstrated that sperm whales are naturally foraging in Alaska’s waters and only 

opportunistically depredate on near-by longline vessels (Hill et al., 1999; Sigler et al., 2008).  The 2016 

towed array field trials demonstrated that the towed array equipment can be deployed and retrieved from 

longline vessels without the need to shift the vessel in and out of gear, thus minimizing acoustic cues 
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available to whales to find longlines.  With the use of a “deck lead”, the towed hydrophone and cable 

can be easily stored out of the way when not required to minimize interference with fishing operations.  

This project also found that vessel noise is sufficiently low to allow effective monitoring, even at typical 

cruising speeds of 7-8 knots.  The ability to detect sperm whales at a distance of four to eight miles 

provides the vessel operator with a powerful new tool to identify “whale free” areas with a lower chance 

of depredation, prior to setting the fishing gear. The ability to place a towed array system on vessels 

transiting to both local and distant fishing grounds could provide data to map sperm whale distribution 

over a large geographic area and could support a real-time reporting network to identify areas of high 

whale activity for avoidance.  Such an information sharing network could enable a group of fishermen to 

reduce whale depredation events using a few towed array systems on strategically selected vessels. 

 

Improvements need to be made in several areas to further adapt current towed array systems for regular 

use by fishermen on diverse vessels.  The following five improvements are all considered necessary, and 

are not presented in order of priority.  

 

1. Improving the functionality of PAMGUARD, especially the click detector, is a clear next step.  

Fortuitously, the PAMGAURD team were scheduled to conduct a major update of PAMGUARD 

and the click detection software in July 2016.  Dr. Gordon discussed this project and the resulting 

issues and requirements with the PAMGUARD programming team, who were able to 

incorporate some of the requested changes.  

 

2. Another important future task will be to develop a PAMGUARD interface that is easier to use 

and more suitable for a fisherman.  Experiences from this season have been discussed with the 

PAMGUARD team and will form the basis of software revisions specific to the fishing industries 

needs in the future as funding becomes available. 

 

3. Differences in vessel electrical systems and electrical noise problems experienced on the 

Chatham Strait cruise suggest that the power supply, sound filtering, and computer display 

equipment should be more robust and streamlined.  

  

4. Ideally, the installation of these systems on fishing vessels should not require specialized skills 

so that the equipment can be shared between vessels to maximize it use.  Additional development 

of on-board equipment is likely to be required in future years, including identification of the best 

options for quiet 12V computers.  Ideally, a tow array system should be a ‘plug and play’ system 

ready for any vessel. 

 

5. The existing hydrophone system has the advantage of simplicity, comprising just one pair of 

hydrophones and a depth sensor in a streamlined housing.  However, as a consequence it 

provides bearing information with a left right ambiguity.  With a little time and skill this can 

usually provide locations but it's likely that a more direct localization could be achieved if 

slightly more complex arrays were utilized. This is an aspect that's worthy of additional field 

work. 
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CONCLUSION 
 
In conclusion, towed array hydrophone systems do have the potential to provide fishermen with a 

powerful new tool in support of whale avoidance strategies.  This study successfully met the objectives 

of testing the performance of using a towed array on vessels typical of those used in Alaska’s longline 

fisheries without impacting fishing activities.  We then assessed the efficacy of using the towed array 

hydrophones to detect whales during fishing activities so that they could be avoided.   We also identified 

future work needed to make the towed array system meet the needs of Alaska’s longline fishermen.  

These improvements focus on five aspects: 1) Updating PAMGUARD software to make it “fishermen 

friendly” and simple to use specifically for the fishermen’s needs; 2) Making the signal processing,  

computer equipment , and power supplies more robust and sufficiently adaptable for use on diverse 

vessels without the need for specialized installations; 3) Testing these improvements with multiple 

fishermen on diverse vessels to broadly assess ease of use and effectiveness with feedback provided to 

software and hardware development teams; 4) Developing and testing more complex hydrophones 

arrays with improved localization capabilities; 5) Developing methods to automatically relay whale 

location data (detections) from PAMGUARD into a broad based, real-time whale location and reporting 

network. 
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