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Sound allows us to investigate the ocean on a much finer time scales than other methods of study as it is
feasible to collect continuous underwater recordings over months or years at a time. At the same time,
sound is critical for successful functioning of many marine animals. It helps them find food and mates, fend
off threats, and sense their environment. Here, I present case studies that highlight how we have been
gaining valuable ecological and biological knowledge about baleen whale and fish species through long-
term passive acoustic monitoring effort. In addition, I reflect on the concerns that the increases in ocean
sound levels raise regarding functioning of marine life and ecosystems.

1 Introduction

Despite the title of Jacques Cousteau’s ground-breaking documentary on marine life, “The Silent World,” the ocean is
anything but silent. In fact, sound is the best way to communicate underwater. Hence both humans and animals use sound
extensively during underwater activities. While humans mostly use it to sense the underwater environment, animals also
use it to find food, mates, and fend off possible threats. Human activities also result in the introduction of unwanted
sounds to the marine environment. The impact that these anthropogenic sound sources have on marine ecosystems is
under increasing study.

Many marine animals produce species-specific sounds. The specificity goes further in some cases; for example, many
baleen whales have regional dialects and some dolphin species have individual-specific signals, sort of their individual
signatures. Based on these distinctions in sound production, as well as the prolific use of sound by many marine animals,
we can use underwater sounds to study marine life. Information that can be obtained from long-term underwater
recordings includes spatial and temporal occurrence of sound-producing animals, as well as information on their
ecological interactions such as foraging, mating, and inter-species interactions. In addition, experimental and
observational studies are often conducted to improve our understanding of the impact that anthropogenic sounds have on
marine life.

Below, I present a few examples of studies that have been conducted in my group that exemplify ways in which acoustic
methods have been used improve our understanding of the biology and ecology of marine animals, including whales and
fish, as well as contribute to our understanding of how anthropogenic sounds affect marine life.
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2 Using acoustics to study spatial and temporal occurrence of whales

Long-term passive acoustic data collection is a powerful approach for understanding the spatial and temporal occurrence
of large whales. Blue (Balaenoptera musculus) and fin whales (B. physalus) produce two distinct types of calls: songs
and social calls (Figure 1). Songs are comprised of repeated units. For blue whales, these units are typically long (>10 s)
tonal or pulsed calls. Fin whale songs are sequences of 20 Hz pulses, very short (<1 s), downswept signals. The social
calls for both species are low frequency downsweeps; both types cover similar frequency range (approx. 100 — 30 Hz),
but fin whale downsweeps are shorter (approximately 1 s) than blue whale ones (2-4 s).
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Figure 1: Examples of songs (top panels) and social calls (bottom panels) from blue (left) and fin whales (right)

From High-frequency Acoustic Recording Package (HARPs) data collected across the Southern California Bight over the
period from 2006-2012, we extracted daily call abundance measures for blue and fin whale song [1]. To be able to estimate
long-term trends and spatial patterns in calling behaviours, we modelled transmission loss, using range-dependent
acoustic model (RAM) simulator based on an iterative parabolic equation solver, around each recording site. These
transmission loss estimates were used in conjunction with assumptions on signal source levels, background noise, and
detectability levels to develop estimates of detection ranges. Call detections were then normalized by detection range.

This approach allowed us to determine that blue whale calling levels have not changed significantly over the recording
period, while there was an increase in fin whale calling levels. These trends, no change with blue whales and increase
with fin whales, matches the population trends observed through standard line-transect surveys in the region [2]. This is
an encouraging sign that long-term passive acoustic recordings of baleen whales could be used for estimation of long-
term population trends.

3  Inferring ecological context from acoustic data

Further extending the use of long-term passive acoustic data, we have recently combined passive acoustic data with long-
term active acoustic data collection via long-term acoustics moorings. Active acoustic data are collected using Simrad’s
Wide-Band Autonomous Transceivers (WBAT) combined with 70 and 200 kHz transducers. They are typically deployed
at approximately 300 m in an upward looking configuration and allow for collection of time series on acoustic backscatter
in the water column which serves as a proxy for whale prey. The goal of this approach is to develop and improve our
understanding of oceanographic conditions and whale prey distribution and investigate to what extent they are the drivers
of baleen whale distribution.

In our initial analyses, we focused on blue whales and their response to prey occurrence. Blue whales are found seasonally
in the Southern California Bight and they migrate there to feed. They are very picky eaters, with a strong preference for
a particular krill species; in eastern North Pacific that species is Thysanoessa spinifera, a coastal krill species [3].
Interestingly, our models of their occurrence indicate that prey does not appear to be the primary driver that affects their
calling presence. Seasonal oceanographic conditions were more explanatory of their presence, then primary production
activity or prey abundance, with prey abundance seemingly least relevant.



This somewhat counterintuitive result may be a reflection of the difference of the scales at which different data sampling
was conducted. Passive acoustic detection of blue whales generally covers areas of hundreds of square kilometers, but
echosounders cover spatial area over the range of hundreds of meters. Even with integration over time, it is likely that
these different spatial resolutions thus reflect processes that work over different scales, and are thus not easily incorporated
into a simple model. Further refinements of timeseries to more closely spatially couple the different data streams may be
necessary to better understand the interactions of baleen whales and their prey.

4 Interspecies interactions

While animal sounds tend to be species-specific, many species produce sounds over the same frequency ranges. Hence,
the question is what level of acoustic niche partitioning is occurring within the acoustic spectrum? We investigated this
within a reef fish community in Litte Cayman, Cayman Islands. Most specifically, we focused on four vocal grouper
species: Nassau grouper (Epinephelus striatus), red hind (E. guttatus), black grouper (Mycteroperca bonaci), and
yellowfin grouper (M. venenosa). By deploying Wildlife Acoustics SM3M passive acoustic recorders in the vicinity of
different spawning aggregations [4], we were able to describe the repertoire of different species and investigate their
temporal and spatial occurrence.

Grouper species off Little Cayman appear to engage in multi-faceted acoustic niche partitioning. Black and yellowfin
groupers appear to divide spectral space, with black grouper calls occupying lower frequencies than yellowfin grouper
calls. For species whose calls overlap in frequency range, they focus their call production at different times of the day.
For example, peak calling by red hind occurs after sunset and before sunrise while other grouper species’ calling peaks
are before sunset. Additionally, Nassau grouper and yellowfin grouper have also partitioned the spatial area of the reef
and are found in different places on the reef. These results further confirm the usefulness of acoustic recordings to reveal
biologically important information about marine animals, such as their habitat use, population structure, and status.

5 Impact of sound on marine animals

It has been established that reef fish respond to sound during settlement and that anthropogenic sounds can affect their
ability to navigate to favorable habitat [5]. We wanted to investigate whether fish in estuaries have similar response to
anthropogenic sounds during their settlement phase. To do this, we conducted a controlled exposure experiment, using
choice chambers, on juvenile red drum (Sciaenops ocellatus). The fish were exposed to three playback treatments: seismic
airguns, large ship passages, and native estuarine soundscapes, as well as a control condition that featured no sound
playback. We observed their behavioral response and measured their steroid hormone levels after exposures of different
durations.
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Figure 2: Total time juvenile red drum spent in part of the choice chamber that was placed near the speaker (green bar)
or away from the speaker (red bar) in response to three sound treatments as well as control (no playback). Panel on the
left shows results of one minute exposure and right panel is results after six minutes of exposure.



When exposed to different signals in the choice chamber, airgun and shipping sounds elicited a negative response initially
(within the first minute), but the effect of these responses weakened the following five minutes (Figure 2). Interestingly,
the fish did not show a preference for the “native,” estuarine soundscape. However, this may be the result of the fact that
the juveniles were not wild caught. They were hatchery raised, so they had never experienced these “native” soundscapes
before our exposure experiment. Finally, we did not observe a significant effect of sound treatment, exposure time, or
their interaction on juvenile red drum stress hormone levels.

The difference in the responses observed via different impact mechanisms indicates that animal response to sound can be
complex. We are still in the process of expanding our understanding in this field of research. In addition to understanding
the effects at an individual level, we also continue to work on improving our understanding of the community-level
responses, for example as could be expected in plankton.

6 Summary

Over the past decades, sound has been used as an important sensing tool in the marine environment. Acoustic methods
provide a valuable tool to improve our understanding of interactions between marine animals and their environment.
Technological advances, resulting in more data, cheaper recording systems, and progress in data interpretation, have been
critical to driving this growth in knowledge. But, sound is also a byproduct of anthropogenic activities in the marine realm
and can result in harm to living marine resources. Increased concern about this fact has resulted in concerted efforts to
regulate and mitigate these effects. We should continue to harness the ocean soundtrack to help us gain a better
understanding of the functioning of marine ecosystems, while continuing to promote efforts to mitigate potential negative
effects anthropogenic sounds can have across communities of marine organisms.
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