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The Inaudible Ocean is a collaboration between composer Lei 
Liang and oceanographer Joshua Jones at Lei Lab. It explores 
a vast spectrum of acoustic data, spanning signals from the 
infrasonic (as low as 10 Hz) to the ultrasonic (up to 160 kHz). 
For perspective, human hearing typically extends from 
approximately 20 Hz to 20 kHz—only a small portion of the 
frequencies we study. 

What renders these signals inaudible to humans? It is not only 
their frequency range, but also their temporal scale. To 
perceive the richness of certain clicks produced by toothed 
whales, for instance, we must transpose their frequencies 
downward and play them back slowly by factors of ten or 
even one hundred. This process reveals the intricate acoustic 
“landscape” of the ocean, where valleys and mountains 
emerge through awe-inspiring cascades of echoes. 



The Inaudible Ocean is a journey into realms beyond human 
hearing, where technology serves as our tool and curiosity as 
our compass. Together, scientists and artists create a “sonic 
searchlight” to illuminate hidden wonders of the sea. 

As an auditory analogue to changing magnification and 
aperture in optics, the sonic searchlight transforms sonic data 
through the manipulation of time and frequency, revealing 
microscopic processes in sea ice formation or the 
reverberation of sound within the bodies of the animals that 
produce it. 

To transform the recorded data into an artistic experience, 
approximately fifty processes were employed, including 
dynamic range compression, sampling-rate conversion, 
normalization, filtering, noise profiling and reduction, and 
spatialization. What the audience encounters in this 
composition is not a literal replica of the natural soundscape, 
but an idealized sonic painting. 

The work is organized into seven “searchlights,” each 
corresponding to a distinct ratio of temporal expansion and 
frequency transposition. Although each section can be 
experienced independently as a movement of the composition, 
the premiere performance presents the complete work in the 
sequence below, with marine mammals appearing in the 
following order: 

Searchlight I – original speed 
Narwhal, sperm whale, common dolphins, killer whale, 
narwhal (with hints of fin and blue whales at double speed) 



Searchlight II – 0.5 speed 
Bottlenose dolphin, Baird’s beaked whale, common dolphin, 
bottlenose dolphin + Baird’s (duet) 

Searchlight III – 0.25 speed 
Bottlenose dolphin, Baird’s beaked whale, common dolphin, 
trio of the preceding three 

Searchlight IV – 0.1 speed 
Arctic sea ice, Dall’s porpoise, Stejneger’s beaked whale + 
bottlenose dolphin (duet), common dolphin + Baird’s (duet), 
Stejneger’s + bottlenose dolphin (duet) 

Searchlight V – 0.05 speed 
Artic sea ice, Baird’s beaked whale, Stejneger’s beaked whale, 
Stejneger’s + bottlenose dolphin (duet), Arctic sea ice, Dall’s 
porpoise 

Searchlight VI – 0.025 speed 
Arctic sea ice, Baird’s beaked whale, Stejneger’s beaked whale, 
Stejneger’s + bottlenose dolphin (duet), Arctic sea ice, Dall’s 
porpoise 

Searchlight VII – 0.0125 speed 
Dall’s porpoise, Arctic sea ice, Baird’s beaked whale, 
Stejneger’s beaked whale, Baird’s beaked whale, Arctic sea ice 
+ Dall’s porpoise (duet) 

These seven searchlight movements are interspersed with a 
humpback whale song that functions as a recurring refrain, 
titled Long Song of the Sea. Captured by hydrophone at a site 



1,300 meters deep, it documents a continuous fourteen-hour 
solo performance by a humpback whale passing through the 
Southern California Bight, the offshore island province. For 
millions of years, humpback whales have sung in dialogue 
with the ocean. Could this be the oldest song on Earth ever 
captured? 

The Inaudible Ocean opens and closes with Sonar Cascades, 
the only sound in the composition derived from a human-
made signal: sonar. The original signal, a set of 10 kHz to 13 
kHz pulses, lies near the upper threshold of hearing for many 
listeners. Slowed to one hundred times its original duration, it 
fans outward while transposing downward by approximately 
six octaves. The title was inspired by a phrase in Roger Payne’s 
influential book Among Whales, in which he describes a 
“cascade of echoes” in the ocean. 

- Lei Liang and Joshua Jones 



What You Will Hear in The Inaudible Ocean 
Joshua Jones 

Introduction 

This listening guide provides context for the ocean sound 
recordings integrated into The Inaudible Ocean. Notes about 
the acoustic concepts and setting are followed by information 
on sound sources and the marine mammals whose sounds we 
and the performers are listening to throughout the experience. 

Many of the sounds featured in this collaborative project are 
above the human hearing range. Those sounds have been 
slowed to between 50% and 1% of original speed to allow the 
listener not only to hear frequencies we normally cannot 
perceive, but also to hear acoustic structure that occurs too 
quickly for humans to process naturally. 

Whales and dolphins that produce these sounds, especially 
echolocation clicks used as biological sonar, communicate 
with one another and perceive their environment and prey 
through sound. Slowing these recordings changes not only 
pitch, but also our perception of time. Sounds that originally 
occurred within fractions of a second unfold into detailed 
acoustic landscapes. 

Throughout the performance, listeners move between the 
human scale of hearing and the sensory scales of marine life. 



Acoustic Setting 
Where in the world? 

The sounds heard in The Inaudible Ocean were recorded 
underwater in many regions of the world ocean. We hear 
whistles and clicks of dolphins, the songs of humpback 
whales, and the sonar of ships from Mexico and California in 
the eastern Pacific Ocean. We join a group of sperm whales 
socializing in calm surface waters of the Bismarck Sea in 
Papua New Guinea. We travel to stormy seas in the Gulf of 
Alaska, where deep-diving beaked whales and sperm whales 
hunt along the slopes of seamounts rising 3000 meters from 
the seafloor. We listen from the seafloor 300 meters below the 
frozen sea surface beneath Arctic sea ice in the darkness of 
winter. Across the top of North America, along the 
Northwest Passage sea route in Inuit waters of north Baffin 
Island, we join narwhals, the tusked whale, as they dive and 
socialize in their Arctic summering grounds. 

What’s the sound in the background? 

Ambient sound is present everywhere in the ocean. It is the 
acoustic environment in which marine animals live. Like the 
sound of a forest, ambient sound changes with weather and 
seasons. When wind blows through a forest, what we hear is 
the sound of millions of leaves moving, wind passing through 
branches and twigs, trunks groaning. As wind blows over the 
ocean, waves breaking at the surface also produce sound that 
travels for kilometers underwater. 

The sound of waves, distant storms, geologic events like earth-



quakes, noise from ships, moving sea ice, and countless 
sources together form the ambient sound environment of each 
location in the ocean. Every recording in this work originated 
within an acoustic world, some of which remains audible 
during the performance. 

What are those click-like sounds? 

Beyond the sunlit surface layer, most of the ocean exists in 
darkness. 

The toothed whales we hear are dolphins, beaked whales, 
sperm whales, and narwhals. They have adapted to perceive 
their surroundings through sound in addition to light. These 
animals produce trains of repeated click sounds that reflect 
from prey, seafloor, sea ice, and other objects in the 
environment. 

Those returning reflections carry information back to the 
animal. Returning echoes contain information about distance, 
shape, motion, and texture of everything the sound interacted 
with on its path through the ocean. This process is much like 
the sonar humans have developed to map the seafloor, locate 
fish, or measure the structure of the ocean itself. When these 
sounds are slowed down, we not only hear clicks at 
frequencies normally above human hearing range, but also the 
echoes returning from the environment. In those echoes, we 
can hear what the whale sees. 



Cast of Characters (In order of appearance) 

Sonar 

Humans have also developed sonar, a sonic searchlight used to 
illuminate the underwater environment with sound. In this 
work, we travel with a single ship moving along a remote 
stretch of ocean. Sonar pulses reflect from the seafloor 1000 
meters beneath the keel, transmitting information about the 
shape and texture of the bottom back to the ship. Slowed to a 
fraction of original speed, these sonar signals unfold into 
broad acoustic cascades that reveal echoes and reverberation 
normally hidden from the listener. 

Narwhals (generalized center frequency of clicks: 50 kHz) 

Narwhals spend their lives in Arctic waters, their movements 
closely tied to the annual advance and retreat of sea ice. In the 
summer, groups travel through the fjords and waterways of 
north Baffin Island where these recordings were made. 
Narwhals produce rapid echolocation clicks while navigating, 
diving, and searching for prey beneath the Arctic surface. 
Their clicks are highly directional and span a broad range of 
frequencies. Slowing these sounds reveals rhythmic patterns 
unique to this species as they search for prey, awaiting the 
annual breakup of sea ice that will allow them to enter their 
summering areas. 

Sperm whales (generalized center frequency: 10 kHz) 

Sperm whales produce some of the most powerful biological 
sounds on Earth. Their echolocation clicks allow them to 
perceive prey and structure within the deep ocean over 
remarkable distances. Male sperm whales travel to northern 



regions like the Gulf of Alaska to hunt large squid, sharks, 
and deep-water fish along submarine canyons and seamounts. 
Sperm whales also communicate socially using patterned 
sequences of clicks known as codas, a complex form of 
acoustic communication within social groups and one of the 
strongest cases for the existence of culture in a marine species. 

Common dolphins (generalized center frequency of whistles: 10 
kHz) 

Common dolphins often travel in large groups near the ocean 
surface, sometimes groups of thousands. Their whistles and 
clicks create dense acoustic scenes filled with overlapping 
communication and echolocation sounds. These dolphins are 
highly social and fast-moving, often traveling alongside ships. 
In slowed recordings, rapid overlapping whistles become 
audible and reveal a rich dialogue within the group. 

Killer whales (generalized center frequency: 5 kHz) 

Killer whales are apex predators found throughout the world 
ocean. They live in tightly bonded family groups and maintain 
long-term social structures and behaviors passed from one 
generation to another, including distinct vocal traditions. 
Different populations and pods specialize in different prey 
and hunting strategies. Their calls and whistles are highly 
recognizable and form part of the social cohesion of the 
group. 

Fin whales (generalized center frequency: 20 Hz) 

Fin whales produce low-frequency calls that can travel across 
vast distances in the ocean. Much of their acoustic 



communication occurs near or below the lower limit of 
human hearing. Under the right conditions, their calls may be 
detectable hundreds of kilometers from the whale that 
produced them. Played at twice their original speed, fin whale 
calls will be audible as short, very low-pitched downswept 
sounds. 

Blue whales (generalized center frequency of the NE Pacific 
low tonal calls: 16 Hz) 

Blue whales produce some of the lowest-frequency biological 
sounds in the ocean. These calls are powerful, slow-paced, and 
travel long distances underwater. Blue whales in different parts 
of the world produce distinctive repertoires of calls. The long, 
very low-pitched calls we will hear are unique to the eastern 
North Pacific. Although the fundamental frequencies were 
below human hearing, the whale was recorded close enough to 
the hydrophone that higher frequency harmonics are audible 
without speeding up the recording. 

Humpback whale (generalized center frequency: 1 kHz) 

The recurring Long Song of the Sea theme is a recording of a 
solo humpback whale singing in the Southern California 
Bight. Recorded by a hydrophone nearly 1300 meters deep, 
the original recording documents more than fourteen hours of 
continuous song from a single whale. What we hear is the 
introduction section of one performance within that period. 
Humpback whale song contains repeating phrases and themes 
that evolve slowly over time. Entire populations can share 
versions of songs that change across months and years. 
Humpback whales have sung for perhaps millions of years, 
their songs a persistent feature of all oceans. 



Bottlenose dolphin (generalized center frequency of whistles: 
10 kHz) 

Bottlenose dolphins were recorded in warm surface waters 
near a volcanic island far offshore from Baja California. The 
whistle sounds are social vocalizations used for 
communication between animals. Each bottlenose dolphin 
develops a unique signature whistle, perhaps something like a 
name, which is often produced when animals separate and 
reunite. 

Baird’s beaked whale (generalized center frequency of clicks: 
20 kHz) 

Baird’s beaked whales are highly social animals that inhabit 
deep offshore waters in large, coordinated groups, often 
surfacing and diving together. They routinely forage at depths 
of more than one kilometer below the ocean surface. Unlike 
many other beaked whale species, they also produce social 
whistles in addition to echolocation clicks. Because these 
whales spend most of their lives in remote offshore areas, 
recordings of their social communication are rarely heard by 
human audiences. 

Arctic sea ice 

Sea ice is never truly silent. 

As ice forms, fractures, shifts, and moves on the sea surface, it 
produces myriad sounds from small pops to wailing sounds 
and great tumbling collisions. On the quietest days, delicate 
crackles originate from microscopic fractures within the ice. 
Slowed down, these quiet ice sounds reveal small dynamic 



processes in more detail. On turbulent days, ice floes the size 
of small towns may collide, filling the ocean beneath with 
sound. 

Dall’s porpoise (generalized center frequency: 130 kHz) 

Dall’s porpoises are among the fastest-swimming small 
cetaceans in the ocean. Their speed and body shape often 
produce tall sprays of water when they come to the surface to 
breathe. Dall’s porpoises produce very high-frequency 
echolocation clicks used for navigation and hunting in colder 
temperate waters. At original speed, these clicks are more than 
five times higher than the upper limit of human hearing. 
Slowed down, the rapid acoustic structure becomes audible 
and reveals complex echo patterns returning from the 
surrounding environment. Slowed down, a rapid burst of 
clicks stretches the brief moment as this animal passes 
through our listening space. 

Stejneger’s beaked whale (generalized center of frequency-
modulated pulses, which are not clicks: 56 kHz) 

Stejneger’s beaked whales inhabit deep offshore waters of the 
North Pacific. They are among the most rarely sighted of all 
whales, and most encounters with them occur through 
strandings or acoustic recordings rather than direct 
observation at sea. Their echolocation signals are ultrasonic, 
and frequency modulated. When slowed down, these sounds 
not only enter human hearing range, but are revealed as 
upsweeping chirps rather than clicks. The echoes from these 
highly specialized signals can be heard reverberating through 
the mountain slopes and canyons these whales traverse far 
below the ocean surface. 



Biographies 

Lei Liang is the winner of the Rome Prize, the recipient of a 
Guggenheim Fellowship, and the Goddard Lieberson 
Fellowship from the American Academy of Arts and Letters. 
His concerto Xiaoxiang for saxophone and orchestra was 
named a finalist for the Pulitzer Prize in Music in 2015. His 
orchestral work, A Thousand Mountains, A Million Streams, 
won the prestigious Grawemeyer Award for Music 
Composition in 2021. 

Lei Liang’s seventeen monographic recordings have been 
released on Naxos and other labels. His catalogue of more 
than a hundred compositions is published exclusively by 
Schott Music Corporation (New York). As a scholar, he 
authored and edited ten books, leading efforts in preserving 
Mongolian choor music, and Qing-dynasty sanxian repertoire. 

In 2023, Qualcomm Institute launched “Lei Lab” at UC San 
Diego where he continues to collaborate with engineers, 
geologists, oceanographers and software developers, to 
explore what he calls “the unique potential for learning 
offered by creative listening.” 

Joshua Jones is an oceanographer at the Scripps Institution of 
Oceanography where he leads research using underwater 
sound to study marine ecosystems and human impacts in 
remote regions. His work integrates long-term acoustic 
recordings, environmental data, and close collaboration with 
coastal residents to understand how marine life responds to 
changing conditions. Jones has led the development of an 



ocean listening network spanning the Canadian Arctic, where 
Inuit partners are addressing concerns about wildlife exposure 
to noise from increasing shipping and industry. As principal 
scientific advisor for The Inaudible Ocean, he brings decades 
of experience at sea studying marine mammals and an 
extensive sound archive to support exploration of the ocean 
through listening. 

Mark Dresser is a Grammy nominated bass player, improviser, 
and composer. At the core of his music is a commitment to 
expanding the sonic and musical possibilities of the 
contrabass. He has recorded over one hundred-fifty CDs 
including ten as a composer/bandleader, seven solo recordings 
and a DVD. His solo recording, “Tines of Change” was listed 
in the “Best Recordings of 2023” by Downbeat Magazine. 
From 1985 to 1994, he was a member of Anthony Braxton’s 
Quartet. He has performed and recorded music the of Ray 
Anderson, Jane Ira Bloom, Tim Berne, Anthony Davis, Dave 
Douglas, Osvaldo Golijov, Gerry Hemingway, Lei Liang, 
Denman Maroney, Bob Ostertag, Joe Lovano, Roger 
Reynolds, Henry Threadgill, Dawn Upshaw, John Zorn. Since 
2007 he has been deeply involved in telematic music 
performance. He was awarded a 2015 & 2018 Shifting 
Foundation Award and 2015 Doris Duke Impact Award. He 
is a former board member of the International Society of 
Bassists. He is a Distinguished Professor of Music at UC San 
Diego. 



Charles Deluga is an American composer, a field recordist, 
installation artist, and systems designer. Combining acoustic 
ecology and audiovisual synthesis, he records the soundscapes 
of biodiverse ecosystems in higher order ambisonics for public 
archival and the realization of surreal, multisensory 
environments. Charles has designed and produced A/V 
systems for architectural media installations including the 
Statue of Liberty Museum. He completed his PhD in 
Computer Music at UC San Diego and works as a 
postdoctoral researcher at the University of Sydney. 

Liam Kerslake is a producer and audio engineer from San 
Jose, CA. Hailing from a classical cellist background, Liam 
has played for musicals and symphonies across California. As 
an undergraduate at UC San Diego, Liam mainly focuses on 
work in spatial audio, composition, and event production, and 
is the manager of the Audio Spatialization and Interactive 
Media Labs at the Qualcomm Institute. Beyond the labs, Liam 
also works independently, scoring music for video games, 
directing the Summer Splash series, and working on his senior 
culmination, the Calvin project. 

Pianist Cory Smythe has worked closely with pioneering 
artists in new, improvisatory, and classical music, including 
multi-instrumentalist-composer Tyshawn Sorey, violinist 
Hilary Hahn, and transdisciplinary composers from Anthony 
Braxton to Zosha Di Castri. His own “perplexingly perfect” 
(The Wire) music “dissolves the lines between composition 
and improvisation with rigor” (Chicago Reader). Smythe has 
received commissions from Present Music, the Banff Centre 



for the Arts, the Trondheim Jazz Orchestra, the Wiener 
Festwochen, and the International Contemporary Ensemble, 
of which he is a longtime member. He has received a Grammy 
award for his work with Ms. Hahn and a 2022 Herb Alpert 
Award in music. 

Camilo Zamudio-Romero is a Colombian percussionist, 
improviser, surfer, conductor, and community facilitator from 
Fusagasugá, Cundinamarca, and Melgar, Tolima. Camilo 
blends the heritage of Colombian musical traditions, Afro-
diasporic freedom prayers, and the endless complexity of 
contemporary sounds to heal and shape their artistic 
contribution. Camilo joined the National Symphony 
Orchestra of Colombia and performed at major festivals such 
as Contemporánea Condeduque Big Bang series (ESP) 
Darmstädter Ferienkurse (GER), Neofonía (MEX), the 77th 
Ojai Music Festival (US), and the XIII Cartagena 
International Music Festival (COL). Camilo is currently a 
member of red fish blue fish percussion ensemble, and a 
DMA candidate in Contemporary Music performance at the 
University of California San Diego. 

Zachary Seldess is an inventor, creative coder, and musician 
whose work spans a wide range of audio-related fields, 
including microphone and speaker-array beamforming, 
graphics-driven spatial sound, psychoacoustic modeling, and 
the design of software and algorithms for immersive 
performance and audible expression. He has collaborated with 
artists across music, dance, theater, film, and visual art, 
including Lei Liang, Mari Kimura, Cory Arcangel, Rashaad 



Newsome, and Johari Mayfield. His installations and 
performances have been presented internationally at venues 
including ZKM Center for Art and Media (Karlsruhe), 
SIGGRAPH Asia (Yokohama), and Gallery Aferro 
(Newark). Seldess has developed custom spatial sound design 
and spectral analysis software used in collaborations with Lei 
Liang, including Hearing Landscapes, Six Seasons, and The 
Inaudible Ocean. Free versions of software used by Lei Liang 
and collaborators are available at zacharyseldess.com. 
Zachary is CTO and Chief Architect of BoomCloud360 Inc., 
based in Encinitas, California. 

Lei Lab is created with the conviction that we are living in the 
age of an inevitable convergence of arts and sciences; that the 
entire university is one indivisible unit; that creative listening 
offers unique potential for learning; and that we need to 
collectively and imaginatively respond to issues challenging all 
of us. 

https://lei-lab.ucsd.edu/ 

The Creative Team at Lei Lab 

Lei Liang – Composer / Artistic Director 
Joshua Jones – Oceanographer / Principal Scientific Advisor 
Charles Deluga – Audio Producer 
Zachary Seldess – Audio Software Developer 
Liam Kerslake – Post-Production Audio 

https://lei-lab.ucsd.edu
https://zacharyseldess.com


Thanks to John Hildebrand and the Whale Acoustics 
Laboratory at the Scripps Institution of Oceanography for 
providing ocean sound recordings and technical support. 

Special thanks to my dear friends Snow Qin, Gary Poon, 
Dean Cristina Della Coletta, Director Ramesh Rao and the 
wonderful staff at the Music Department, Dean’s Office of 
the School of Arts & Humanities, Qualcomm Institute and 
ArtPower. 

We warmly invite you to a post-concert reception, generously 
sponsored by the ProtoStar Group. 

UC San Diego | School of Arts and Humanities | Music 



Audience members are reminded to please silence all 
phones and noise-generating devices before the 
performance. As a matter of courtesy and copyright law, 
no unauthorize recording or photography is allowed in 
the hall. UC San Diego is a non-smoking campus. 

Find more events 
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