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A WAVE GLIDER APPROACH 
TO FISHERIES ACOUSTICS
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biological fouling on Wave Glider per-
formance after months at sea typically set 
the limits on mission duration.

For applications in fisheries acous-
tics, several technologies were developed 
for deploying a multifrequency, split-
beam acoustic system from the Wave 
Glider (Munday et  al., 2014; Online 
Supplement). The acoustic system itself 
is a modified version of the commercially 
available BioSonics DT-X Submersible 
(SUB) echosounder (Munday et  al., 
2014). This version of the DT-X SUB 
echosounder can operate at all four fre-
quencies typically used by the NMFS 
for its acoustic stock assessment sur-
veys: 38  kHz, 70  kHz, 120 kHz, and 
200 kHz. It is fully programmable, allow-
ing the user to set a variety of system and 
data-processing parameters either prior 
to deployment or during the mission 
via cellular network or satellite-relayed 
commands. Raw multifrequency, split-
beam data are stored internally for post- 
mission processing, while real-time pro-
cessing for echo integration is conducted, 
with reports transmitted to shore at regu-
lar intervals, typically 10 minutes.

This version of the DT-X SUB echo-
sounder was modified for packaging in 
the pressure case of a custom-built tow 
body (Figure 3A). Constructed of acetal 
plastic (DelrinTM) and polyvinyl chlo-
ride, the neutrally buoyant tow body is 
deployed directly behind the submersible 
glider with a sinusoidal-shaped tow cable 
(Figure  3B). The shape of the tow cable 
is the result of adding slack-tensioning 
elements, which greatly reduce pitch, 
roll, and yaw of the tow body relative to 
its performance with a conventional tow 
cable (Figure  3B; Online Supplement 
Videos S1 and S2). 

No description of a new platform for 
fisheries acoustics, manned or unmanned, 
would be complete without some discus-
sion of noise considerations. The fisher-
ies research community has worked dil-
igently to reduce the noise of vessels 
used for acoustic stock assessment sur-
veys (Mitson, 1995). Although dramatic 
noise reductions have been achieved, no 

ship powered by diesel engines can match 
the quiet operations of a Wave Glider. In a 
study assessing performance during both 
passive and active acoustics research, 

Bingham et al. (2012) demonstrated that 
the Wave Glider operates at low noise 
levels, especially when data are collected 
from near the submersible glider.

FIGURE 2. Wave Glider propulsion from the differential motion of the surface float and the submers-
ible glider. With the passing of a wave crest, the larger wave amplitude at the surface relative to 
that at depth causes the surface float to pull upward on the submersible glider, placing the umbilical 
cable under tension. Specially designed wings on the submersible glider shift their angles of attack 
(as shown by the small red curved arrows) to convert this upward tension into a forward directed 
propulsive force (as shown by large white straight arrows). With the passing of a wave trough, the 
umbilical cable slackens, and the submersible glider begins to descend in response to gravity. The 
wings on the submersible glider shift their angles of attack by 90o to convert this gravity-driven 
downward force once again into a forward directed propulsive force. Equipped with a rudder, the 
submersible glider acts like a tug for the surface float, propelling and steering the Wave Glider in 
accordance with commands relayed to the vehicle. 
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FIGURE 3. (A) Four-frequency version of the BioSonics DT-X SUB echosounder packaged in the 
pressure case of a custom-built tow body. Isometric and side views of the tow body are shown, with 
the four transducers of the echosounder labeled. (B) Side view of the tow body deployed from the 
Wave Glider’s submersible glider with a sinusoidal-shaped tow cable. 
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FIGURE 5. (A) Assuming an average cruising speed of 7.5 knots, an FSV covers five times the distance along a single survey line as a Wave Glider cruis-
ing at 1.5 knots for the same length of time. (B) Five Wave Gliders, each running its survey line at 1.5 knots, can complete five lines in the same amount 
of time that a single FSV completes the same five lines (Video 1). (C) With a fleet of Wave Gliders, each one running a survey line, a full acoustic stock 
assessment of the West Coast Exclusive Economic Zone (EEZ) can be completed in one week, the same amount of time that an FSV would need to com-
plete ~ 12.5% of the survey. (D) A fleet of Wave Gliders can complete the equivalent of eight near-synoptic surveys of the West Coast EEZ during the eight 
weeks that it takes an FSV to complete one full acoustic stock assessment survey of the West Coast EEZ (Video 2). Each color corresponds to the sur-
vey lines completed during a given week. 
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It’s not only cheaper but it is much more efficient! 



ECOSYSTEM-BASED SURVEYS
Deep Scattering Layers and foraging behavior of cetaceans 

using both passive and active acoustics



FISH SPAWNING AGGREGATIONS
Using fish courtship associated sounds (CAS) to detect 

spawning aggregations



GROUPER SOUNDS
• Many fishes produce calls during 

spawning

• These sounds that are species specific 
may be used by different taxa for 
individual and mate recognition

• Groupers are sound producing species 
that form large spawning aggregations  

• Their courtship associated sounds 
(CAS) provide an opportunity to 
assess the presence of groupers, hence 
the status of their aggregations by 
monitoring their sound. 
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GROUPER DIALECT?



LEARNING GROUPER DIALECT
Fish Acoustic Detection Algorithm Research (FADAR)

FADAR

MFCC: converts a linear scale spectrogram into a mel-scale spectrogram using the formula 
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MACHINE LEARNING 
APPROACH

Automatic classification of grouper species by
their sounds using deep neural networks
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Abstract: In this paper, the effectiveness of deep learning for automatic
classification of grouper species by their vocalizations has been investi-
gated. In the proposed approach, wavelet denoising is used to reduce
ambient ocean noise, and a deep neural network is then used to classify
sounds generated by different species of groupers. Experimental results
for four species of groupers show that the proposed approach achieves a
classification accuracy of around 90% or above in all of the tested cases,
a result that is significantly better than the one obtained by a previously
reported method for automatic classification of grouper calls.
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1. Introduction
Fish species produce sounds for multiple purposes, including courtship, navigation,
and defending their territories from intruders.1–5 Some groupers (fish family) produce
courtship associated sounds (CAS) during spawning aggregation (Fig. 1) that are spe-
cies specific. These sounds are in the 10–500 Hz frequency range and have distinctive
characteristics as can be seen in sample spectrograms in Fig. 1. For instance, red hind
(E. guttatus) calls are within the 100 to 200 Hz band.6 The calls contain tonal segments
that are produced at a variable pulse rate. Nassau grouper (E. striatus) calls consist of
a pulse train with a varying number of short individual pulses and tonal sound in the
30 to 300 Hz band.7 Yellowfin groupers (M. venenosa) produce calls similar to those of
Nassau groupers, although they are longer in duration with frequencies ranging
between 90 to 150 Hz.8 Black groupers (M. bonaci) make at least two variations of fre-
quency, modulated tonal calls between 60 and 120 Hz, but the calls have a longer
duration than those of Nassau groupers.9

Passive acoustic monitoring (PAM) techniques have been used for many years
to study the behavior of fishes.10–14 A particular application of the PAM technique is
to observe the reproductive cycles of fishes, including groupers. Many fish species swim
long distances and gather in high densities for mass spawning at precise locations and
times. This widespread reproductive strategy is typically shared among the groupers.
Studying these spawning aggregations is vital to conservation efforts aimed at reversing
worldwide depletion of endangered fishes and sustain marine biodiversity.

In an earlier work, we designed an automated classification algorithm,
FADAR (Fish Acoustic Detection Algorithm Research), which is capable of identify-
ing fours species of grouper in their natural environment with a classification accuracy
around 82%.15 FADAR consists mainly of three stages: signal denoising, feature
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MACHINE LEARNING APPROACH
Classification of call types per species
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PASSIVE ACOUSTIC 
MONITORING SYSTEM

• Tool

➡ An autonomous system that can be used as sentinel to monitor aggregations, more so if they are spawning aggregations, 
keeping in mind that aggregations are ephemeral, but predictable and site specific as far as we know from Eulerian studies!

➡ Concurrently measures environmental data (T, S, U, V, Chl-a, CDOM, DO, pH, air temp, atmospheric pressure, wind speed and 
direction)

➡ Use signal detectors that can be operated in real-time, to identifies species and the nature of the aggregation

➡ Use complementary sensors for in-situ validation and abundance estimates

• Outcomes

➡ Comprehensive vision of the spatial extent and temporal dynamic of FSAs

➡ Consistent, efficient, low-cost unmanned assessment of FSAs status through time

➡ Real-time alert system of boat traffic/fishing activities

➡ Ultimately, abundance estimates!



FINDINGS
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FSAS AND TRANSIENT AGGREGATIONS
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SUMMARY

• Autonomous surface platforms such as the wave glider provide low-cost, persistent 
access to FSAs and real-time information on fish presence and the surrounding habitat

• Active and passive acoustics data collected from an autonomous surface platform such 
as the wave glider are complementary tools that can help:

• Estimate population abundance levels as a function of the number of spawning 
adults with environmental or ecological input, which can provided a framework to 
predict recruitment and define harvest strategies within an ecosystem context. 

• Elucidate mechanistic relationships between fish species and their surrounding 
oceanic habitats, to provide a solid understanding of fish behavior, population 
dynamics, and life history with an ecosystem perspective.


