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ABSTRACT

Soundscapes of the world can reveal the status of an ecosystem to an ecologist, much like how a
cardiologist can distinguish abnormal heart murmurs with an electrocardiogram. The effort to
use the aural landscape to assess the recovery of fragile ecosystems and directly assist in those
recoveries is becoming a movement within ecology. The audio recorder has become an
increasingly powerful tool at a time when catastrophic heatwaves, wildfires, floods, and
extreme weather increase in severity and occurrence. The soul-stirring calls of animals and the
mechanical hum or the roar of cars and planes, all engulfed by the swift and rhythmic sounds of
wind and water flow, generate a unique score that researchers collect to note unique rhythms
and patterns in the cacophony of these landscapes.

Altered soundscapes are often the first detectable changes in an ecosystem facing threats. By
strapping recorders onto trees or tripods, scientists can also track how ecosystems change in
response to human disruptions, like air traffic and logging, or track biodiversity and shifts
brought on by climate change. Collecting and archiving the baseline data of sounds that can be
visited and studied, much like preserved specimens in a natural history museum, is crucial
before they disappear or change forever. Together, these scientists are creating a record for the
future. It's the sound of this moment, frozen forever as audio files. And they hope that someone
can use it to travel back to the world as it was in this instant—and help preserve the ecosystems
they love.
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A haunting chorus of whistling announces dawn's break. Tiny trills chime in, calling to each

other until the sound echoes through the forest. The caroling stops, and then quick squeaks
break the quiet woods. In the distance, a kookaburra's shocking hooting call bursts like a wind
instrument. Listen. Listen to the chattering birds. Listen to the landscape before it disappears.

This morning chorus, captured near Canberra, fell silent during the Black Summer, Australia's
worst wildfire season on record. Between September 2019 and March 2020, the country
experienced record-breaking temperatures, an extended drought, and fierce winds. These
conditions created fires that rolled through 18.6 million hectares and singed southern Australian
forests, woodlands, heathlands, grasslands, and farmlands.

In the aftermath, wallabies foraged in burnt forests, with black toothpick-like trees extending
high above the ashen ground. It is estimated that regions impacted by the blazes were home to
more than 800 native species. Seventy species had more than 30 percent of their habitat
obliterated. Out of the 70 species, 21 were already threatened with extinction.

"You can still see where the fire has been. It's quite incredible, the scale of those bushfires, and
you can still drive through areas now," said Elizabeth Znidersic, an ecologist and ornithologist at
Charles Sturt University, Albury Wodonga. The university, situated between the borders New
South Wales and Victoria in Australia, is where part of the fires occurred. "Literally, it'll take your
breath away," she said of the destruction. Yet, Znidersic is now working towards restoring this
lost land with a surprising tool: an audio recorder.

Znidersic realized the potential of using recorders to locate bird species while spying on elusive
marshland birds as part of her research. "l found that technological approaches are the best way
to actually detect secretive bird species such as rails, creeks, and bitterns," she said. "One of the
methods that | was using was acoustic monitoring." In 2017, using a combination of acoustic
monitoring and camera traps, Znidersic captured a rare and unusual purple gallinule on the Oak
Ridge National Laboratory’s reservation in Tennessee. The sighting was the first time it was
spotted on the reservation, that had been thoroughly surveyed continuously for seven decades.
The vibrant bird, known for its wandering, is native to South and Central America. Before that,
Znidersic was using acoustics to track and monitor bird species without disrupting them and
their environment in South Carolina and in Australia. After working on these types of projects
for most of her career, it dawned on Znidersic that the recordings could be used for tracking,
modifying, or restoring damaged ecosystems over time.

In a recent paper published in Ecology Letters, Znidersic and her colleague David Watson
hypothesized that if the sounds of a thriving soundscape play in areas disturbed by wildfires, or
other environmental and anthropogenic disturbances, scientists could lure animals back.
Naming the new approach 'acoustic restoration,' Znidersic plans on broadcasting healthy and




thriving soundscapes to encourage animals to recolonize these habitats. It's not as far-fetched
as it sounds: Other researchers used the soundscapes of snapping shrimp to lure oysters back to
degraded areas. In another study that illuminates the potential of sound as a conservation tool,
researchers found that playing the aural bubbling and crackling drawl of a healthy coral reef
increased fish settlement in degraded reef areas and grew the reef's species richness by 50
percent. Using audio recorders and machine learning algorithms to recognize what is heard in a
far-off ecosystem, scientists could potentially preserve landscapes or even bring one back from
the brink.

In a pilot study to explore the approach, Znidersic plans to place recorders in the area burned by
the fires to listen in on how well the restoration works. Are animals inhabiting the area? Is it
becoming noisier with bird songs or insects? Recorded sounds could also be used as archival
data, where ecologists’ decades from now can go back in time and compare if restorations were
successful, if wildlife is thriving, or if an area has completely changed.

Soundscapes of the world can reveal the status of an ecosystem to an ecologist, much like how a
cardiologist can distinguish abnormal heart murmurs with an electrocardiogram. The effort to
use the aural landscape to assess the recovery of fragile ecosystems and directly assist in those
recoveries is becoming a movement within ecology. The audio recorder has become an
increasingly powerful tool at a time when catastrophic heatwaves, wildfires, floods, and
extreme weather increase in severity and occurrence.

The soul-stirring calls of animals and the mechanical hum or the roar of cars and planes, all
engulfed by the swift and rhythmic sounds of wind and water flow, generate a unique score that
researchers collect to note unique rhythms and patterns in the cacophony of these landscapes.

Altered soundscapes are often the first detectable changes in an ecosystem facing threats. By
strapping recorders onto trees or tripods, scientists can also track how ecosystems change in
response to human disruptions, like air traffic and logging, or track biodiversity and shifts
brought on by climate change. Collecting and archiving the baseline data of sounds that can be
visited and studied, much like preserved specimens in a natural history museum, is crucial
before they disappear or change forever.

Together, these scientists are creating a record for the future. It's the sound of this moment,
frozen forever as audio files. And they hope that someone can use it to travel back to the world
as it was in this instant—and help preserve the ecosystems they love.



I n the 18th and 19th centuries, naturalists such as Charles Darwin and Alexander Von

Humboldt voyaged around the world to collect observational data about the natural world with
notebooks and writing utensils. In the 21st century, scientists are doing the same thing, but
unlike those historical figures who largely ignored aural landscapes, they are focused on
nature's melodies. While current-day scientists have been interested in collecting the sounds of
the natural world for years, the capacity to do so arrived in the last decade. Current recorders,
built to withstand the elements for years and transmit hourly data wirelessly, made it possible
for scientists to preserve and archive sound.

At the University of Wisconsin-Madison's Sound Forest Lab, | sat in front of a computer screen
on which a spectrogram, or picture of sound stretched across. "So, what can you hear?" says
Zuzana Burivalovd, an ecologist and the lab’s principal investigator as she shows me the images
and plays the sound recordings. | looked at the picture of sound, a series of tight scribbles and
waves running across the screen. Each sound overlaid on top of the other looked different.
Some had higher peaks; some looked like swoops and whips of quick sound. Some were long,
consistent waves. As the recording played, a chorus of hooting mammals and chirping birds
calling out in a tropical forest in Indonesia filled the room like a symphonic arrangement. As the
forest's music played, the morning's cacophony of birds transitioned into a mid-day burst of
sound. Butivalova started another recording of the day fading from dusk to night, and the
insects and soft rhythmic rattle of cicadas took over the spectrogram. In healthy forests teeming
with biodiversity, Bufivalova can see patterns commonly found across the globe, called the
dawn and dusk peaks, along the spectrogram. These peaks show bird and insect activity, and by
analyzing a soundscape's saturation in forests that have been disturbed, changes in species
abundance can be spotted within 24 hours.

Spectrograms allow researchers to see sound frequencies and how long they last. The rising and
falling of peaks along the pictures of sound can reveal the biodiversity found in forests.
Bufivalova, with short blonde hair and bright blue eyes, is working towards using soundscapes
to understand how the aural quality of forests changes as they are disturbed or logged. Using
soundscape recordings obtained in 2016 from the Borneo rainforest with The Nature
Conservancy, for instance, Bufivalova found that varying land-use changes within tropical forests
affect species richness and compositions.

In protected forests, selectively logged and certified for sustainability, bird and insect sounds
had two distinct peaks on the dawn and dusk chorus spectrograms. These peaks were smaller in
selectively logged areas that were not certified for sustainability. In areas transformed into
plantations, with little to no plant diversity, these peaks were almost absent, apart from some
bird song early in the morning. Protected areas had lower bird and insect soundscape saturation
during the night compared to the daytime. In selectively logged places, bird soundscape
saturation was the same, but insect soundscapes were higher at night. The data Bufivalova and



her team collected suggests that their soundscapes change as forests face disturbance and land
use increases. The 24-hour sound cycle each bird community follows changes once forests are
altered.

In disturbed forests, insect soundscapes are more apparent at night. Some birds are heard, too,
but much less. And not only this but areas that were protected and undisturbed had more
synchronized soundscapes than disturbed places, which may be attributed to human activity
altering the acoustic habitat. "We're looking at...improving next big strategies that people use to
protect biodiversity. And then the other focus area is looking at how we can improve the
monitoring of biodiversity," Bufivalova says.

Other studies using acoustic monitoring have tracked how disturbance is noted through sound.
For example, in a study published in Ecological Indicators using soundscape data, researchers
tracked the six months before and four months after Hurricane Maria's landfall in 2017. They
found that the storm negatively impacted forests more than coral reefs. Two of the three
morning insect choruses and bird vocalizations declined by 50 percent in the weeks following
the hurricane.

In a room across the hall from Bufivalova's office, brown shipping boxes are piled high in the
right-hand corner of the bright lab space. Around the room, computer monitors sit next to
bookshelves holding plants in decorated tin cans. Each shipping box is part of Sound Forest Lab's
next project, collecting soundscape baselines of pristine areas in Gabon in West-Central Africa,
Ecuador, and at the Manu Biological Station in Peru, with the hope that the data reveals how
much biodiversity exists in these places. "[We are] measuring the biodiversity getting an
indicator of that pristine areas, and kind of using it like an archive, and open to compare later
on," Grace Ingram, Sound Forest Lab's research intern, explains. Ingram zips across the room,
unpacking one of the sound recorders from the boxes. She opens it up and shows
compartments where various batteries and SD cards fit. Next, she shows the camera traps that
will take photos so the lab can compare the sounds with visual data.

Each package contains a sizeable boxy recorder designed to capture the sounds of natural
forests, data sheets, a hard drive, camera traps to photograph the area, and spare parts.
Sometimes the sound recorders are munched on by forest critters, or the microphones are
chewed away, so extra parts are always needed. Collaborators with Sound Forest Lab in these
areas will strap the recorders to trees, set up the camera traps to compare aural data with visual
data in designated ecosystems, and tend to them as they collect data for one year. The data is
also shared with researchers and locals in these areas.

Continuous monitoring can reveal patterns of sound saturation and the time of day or time of
year animals are most active. It can also provide crucial data researchers need to compare a
restoration before or after extreme weather events like fire and flooding. These recordings
provide a baseline for researchers to know what used to exist when change comes.



Aldo Leopold, a wildlife ecologist and conservationist, followed a similar impulse to capture

sound when he wrote down the soundscape of his rural shack in Baraboo, Wisconsin. In the
1940s Leopold would rise before dawn, sit on his bench outside with a pot of coffee and take
detailed notes of the soundscape engulfing his rural shack. The notes included light intensity,
which species of birds would begin to sing, the time, and where along the property the birds
were when they started their pre-dawn chorus. In his notes from May 10th, 1941, Leopold listed
the time and bird species breaking the hushed morning. At 4:00 am, a house wren's harsh rattle
breaks the dawn's silence, followed by a wood thrush's flute-like notes. At 4:05 am, Leopold
heard the American Robin's familiar tweets. Chorusing red wing blackbirds, field sparrows,
pheasants, chipping sparrows, cowbirds, chickadees, and crows began their songs, and by 4:30
am, all within earshot of Leopold and his notebook.

By 1944, Leopold's writings were more detailed, and he included charts with the species of bird
heard, timing, temperature, and daylight readings. Leopold also eavesdropped on birds in the
evening and noted their sunset songs. Later, a paper using Leopold's notes on how birds' early
morning and evening songs were influenced by daylight was published in The Condor in 1961, a
peer-reviewed journal now known as Ornithological Applications.

Leopold didn't have a tape recorder. But, about seventy years later, Dr. Stan Temple, professor
emeritus at the University of Wisconsin-Madison and senior fellow of the Aldo Leopold
Foundation, brought the pre-dawn chorus to life. Using Leopold's unpublished manuscript,
notes, and Cornell University's Macaulay Library, Temple and his team reconstructed Leopold's
pre-dawn chorus to life as he heard it all those decades ago. The team used a total of 17 birds to
recreate the song.

According to Temple, comparing the soundscape at the shack today with Leopold's writing
revealed significant changes. Today, Leopold's shack is encroached upon by human noise, and if
you were to rise before dawn and listen for the chorus, the song would be interrupted by noise
from a nearby interstate highway and aircraft flying overhead. Different species of birds now
inhabit the area around the shack because of changes to the landscape, Temple explained
during a talk at the Museum of Wisconsin Art in December 2022.

Interest in noting soundscapes continued after Leopold. Sound was central to the argument of
Rachel Carson's Silent Spring, published in the 1960s, which brought awareness of how sound is
linked to an environment's quality. "It was a spring without voices," Carson wrote of a fictional
town in her book she used to foreshadow what may happen when humans don't protect the
environment. "On the mornings that had once throbbed with the dawn chorus of robins,
catbirds, doves, jays, wrens, and scores of other bird voices, there was now no sound; only
silence lay over the fields and woods and marsh."



The idea of collecting soundscapes continued to gain steam when Canadian composer Raymond
Murray Schafer published his book The Soundscape: Our Environment and The Tuning of the
World, which said, "Every natural soundscape has its own unique tones, and often these are so
original, constitute sound marks." Schafer, in the 1970s and 1980s, wrote about and recognized
ecological properties of soundscapes and used musical terms to describe them. "Every territory
on earth will have its own bird symphony, providing a vernacular keynote as characteristic as the
language of men who live there."

After Schafer, it became possible to think of recording entire soundscapes rather than collecting
the calls of individual birds. In 1987, Bernie L. Krause, a soundscape ecologist who founded Wild
Sanctuary, wrote in an essay, "We are beginning to learn that the isolated voice of a songbird
cannot give us very much useful information. It is the acoustical fabric into which that song is
woven that offers up an elixir of formidable intelligence that enlightens us about ourselves, our
past, and the very creatures we have longed to know so well."

Individual recordings did not capture ambient noises or larger contexts about these animals'
environments. When animals interact and call out to each other for mating or communication,
they do so in a chorusing manner- their sounds interact, alternating and overlapping. Focusing
on only one animal in an entire habitat would be like trying to listen to an orchestral
arrangement but hearing only the first violins.

Still, the technology needed to catch up to researchers' ambitions. Even as, in the late 2000s,
researchers grew interested in biophony, geophony, and anthrophony, or the biological,
geophysical, and human-produced sounds each unique ecosystem has, they did not have the
equipment needed to capture and handle the data of entire soundscapes. (The one notable
exception was underwater soundscape recording, which had begun in the late 1970s, and uses
different equipment.)

Laurel Symes, a bioacoustician at the Cornell Lab of Ornithology, recalled how difficult it was to
record her surroundings on a trip to Central America in 2009. "We [Symes and her colleagues]
were using equipment that was made to record for a few minutes, like vocal recording
equipment that you walk around with," Symes says. They wired it to big batteries, used the
biggest SD card they could find, and changed it every few hours. Symes and her group captured
19 hours of sound using this process but melted the battery compartment of the equipment in
the process. "But the interest in the vision was there," Symes says.

A few years later, sweeping technological change made it possible for only $1000 to buy a
recorder that could capture many hours of audio. Now, experts can purchase recorders ranging
between $75 and $1200 (depending on the features of entry level and more advanced
recorders), making it easier to mount the tool on tree trunks or tripods in remote landscapes for
many months at a time. "That's been a game changer," says Symes. Methods of analysis using
artificial intelligence to identify patterns have also exploded in recent years.



Recordings of soundscapes help establish baselines and may provide insights for restoration.
But they can also have uses that people who captured them may never have imagined. For
instance, researchers used motion-picture film to capture sounds of the only known recording
of the Ivory-billed woodpecker in 1935. When ornithologists went to look for the bird again in
2004, they were trained using this recording. Researchers have used the original sound to train
an algorithm to pick out the sounds most like the woodpecker in data collected by
autonomous recording units.

The promise of preserving soundscapes is so great that many researchers are beginning to travel
and collect baseline data of more pristine locations before anthropogenic activities alter them.
Within the last decade, soundscape ecology crescendoed into an official field in science after
Bryan C. Pijanowski, a professor of forestry and natural resources and director of the Discovery
Park Center for Global Soundscapes at Purdue University, published a paper

in BioScience that used the word "Soundscape" to detail a field in ecology in 2011. (Krause is
also a co-author of the article.) Before, the term 'soundscape’ had been used to describe
associations between landscapes and sound. 'Soundscape' was not used in the scientific context
of listening to the overall aural landscape.

Pijanowski, a pioneer of soundscape recording, made it his mission to record all thirty-two
distinct significant biomes around the planet before they change or, worse, disappear. He and
his team have placed recorders on trees in Patagonia and Denali and set up tripods holding
recording equipment in Tanzania and the Borneo rainforest. So far, he has captured 28 out of
the total 32 soundscape biomes in over six million recordings.

He brims with tales of the places he has recorded: "The Jamba woodlands in Africa, which are
dominated by many species of primates, are so complex, especially, and there's this sequence
that | call phases and transitions as you listen and you hear one group of animals, and then they
stop. And very quickly, a next group of animals begins the chorus, all chorusing, so it's like an
evolution. It's like different kinds of movements in a symphony," he says.

Vanishing Soundscapes, Pijanowski's most recent project, involves traveling to the Sundarbans,
the largest mangrove forest in the world located within the borders of Bangladesh and India, to
collect the forest's musical arrangement. "There are a lot of places in the world where the wild
spaces are still pretty much intact. And | want to understand how each of these ecosystems
sounds. What is the characteristic soundscape signature? What is the fingerprint of these? And
then how do they change as humans change these places," Pijanowski says.

As Pijanowski races to grasslands in the Eastern steppes of Mongolia and other remote locations
around the globe, he preserves each recording. "We don't know if [these places] are going to be
completely lost, or if they're going to be slightly modified, or maybe even replaced," said
Pijanowski. "So the big question is, what's going to happen to them? You have climate change
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that's going to alter every square meter of this planet. How is it going to affect the
soundscape?"

H idden in the reeds of wetlands skimming the forest's edge, the endangered and

cryptic bittern, a heavy-set heron, lays low, its streaky brown and buff plumage camouflaging its
body. It stalks the reedy areas, slowly lifting its feet and, at times stopping to lift its neck high to
blend in with the grass. Since 2016, Liz Znidersic has monitored the bittern. There are an
estimated 1300 Australasian bitterns nationally, with about 30% living within the forest, and it is
considered one of the world's most endangered waterbirds.

Bitterns are like avian Goldilocks. Their wetland habitats must not be too deep or too shallow
and must be flooded for just the right amount of time. The proper water levels produce the
plant communities needed for nests, cover, and food.

In the Fall of 2022, eastern Australia underwent extreme heavy rainfall that flooded areas in
New South Wales and Victoria, and soundscape recordings had another chance to prove their
worth. October was recorded as the wettest October on record in the Murray-Darling basin,
which includes Australia's longest system of rivers. Total rainfall numbers across the basin were
near 150 millimeters (about 6 inches), or four times the average for the month, breaking records
set in 1950—thousands of people evacuated from the flash floods.

Before the fall flooding event, Znidersic and her research team had deployed acoustic monitors
in Spring 2022 onto trees while seated in kayaks and boats within the Barmah-Millewa Forest in
Victoria on the edge of the Murray River. The forest mainly consists of floodplain marshes and
has the largest river redgum forest in the world. The forest transforms in wet years into a
swampy scene teeming with birds, like bitterns, egrets, cormorants, and spoonbills. Water levels
rose dramatically during the flooding and then dropped 3-4 meters. During these flooding
events, fieldwork is nearly impossible, so ecologists set up sound recorders to monitor the
landscape while they wait for the waters to recede. In the process, Znidersic and her team
captured remarkable Australasian bittern behaviors.

Last year, after the flood withdrew and they were able to retrieve the recorders, Znidersic, and
her team found that the flood had changed the timing of the bittern mating season. "We could
see how the birds started to vocalize, which is a proxy for their breeding. Then they became
quiet because there was too much water. All of their habitats were underwater, then as the
water level dropped, and we have this, you know, just by correlating very, very crude water level
data, as the water level dropped, the birds started to vocalize again," Znidersic explained.

They realized that this year, the males started their breeding calls later than usual after the
flooding slightly retreated, and they could access reeds, sedges, and rushes for nests. The

11



bittern’s prey was also available and plentiful enough for the breeding season. In normal years,
the birds' gasping, low booming calls begin in September, during Australia's spring and summer
seasons. In 2022, they started their mating season three months later, in December.

Collecting data on the timing and sound of the birds' breeding season was enough for
government water management agencies to collaborate and allocate water flow into the forest
to ensure this year's chicks have enough time to fledge, says Znidersic. The wetlands must stay
submerged to a specific level for a few months for bittern young to grow.

Before the acoustic monitoring, there had been limited monitoring of bitterns' response to
water delivery and river operations. "We just don't have that baseline data to know kind of even
basic questions about where things are, partly because the Australian environment is not a very
kind of regular event, there aren't going to be regular seasons and things. And so it's very much
driven by the availability of water and things like that when it rains, it's boom, bust sort of
cycles," Paul Roe, a computer scientist and professor at Queensland University of Technology
and the lead of the Australian Acoustic Observatory says.

If Znidersic and her team had not left the recorders during the intense flooding event, they
might not have captured the relationship between flood waters and the mating season this year.
And the bitterns may have found themselves high and dry. "That's why we set up things like the
Acoustic Observatory to sort of understand how we can do long-term continuous environmental
monitoring and use that to understand what's happening to the environment here," Roe says.

In 2017, Australia launched the Australian Acoustic Observatory (A20), a project dedicated to
listening to the unique and vast Australian landscape. It is the world's first terrestrial acoustic
observatory of its size. Across the continent, it uses 360 solar-powered sensors to continuously
record the sounds of wildlife and weather for the next five years. All its collected recordings are
free to the public, citizen scientists, and researchers under an open-access or Creative Commons
License. The observatory provides scientists with a direct and permanent record of terrestrial
soundscapes through continuous recording across the continent, including those areas
repeatedly hit with fire and floods, where manual surveys are nearly impossible or treacherous.
The Observatory collects data from the permanent solar-powered listening stations in 90 sites
that record data year-round, with the intention that the archived sounds will be used to
understand ecosystems as they change over time. Data on the vegetation, landforms, and
disturbances of each site where sensors reside are also collected by researchers. Recordings
from the various spots range from roaring winds, downpours, and random tweets from nearby
birds.

"The important thing is that we're collecting the data now because we want to understand the
sort of trends and what's sort of happening [to biodiversity and phenology throughout
Australia]," Roe says." So we might not fully analyze the data now, but by collecting it, we can
analyze it in the future." Roe also says there is little baseline data for the type of diversity out
there. Collecting recordings is one way to track it all.
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Benchmarking an area before its disrupted can bring a lot of insight into what a place was like
before and, in turn, guide restoration methods. For example, Znidersic says if a natural area is
scheduled for mining, ecologists can record the soundscape before its altered. When mining
practices stop, scientists can track the area's health based on how it sounds until it sounds like it
did before the disruption occurred. "We can do a survey saying, yes, these species are here, or
no, those species are missing. So, | think it's making the whole system more honest. The more
metrics we have in there for a restoration, | think the better outcomes we will have," Znidersic
says.

In the three years since the wildfires ravaged parts of Australia, Znidersic has seen some growth
naturally come back. But because some areas were severely scorched, Znidersic will use acoustic
recordings archived by the A20 before the fires for her pilot study's test sites. Soundscapes of
healthy ecosystems are planned to be used as 'broadcast recordings' for the study sites.

For Znidersic's part, she and her team in Australia are negotiating the pilot study to test their
proposed method for using soundscapes to drive restoration and assess its success. Znidersic
does not expect animals that follow the sound will stay. But scientists suspect that when wildlife
returns to an area, they won't be alone. They may bring fungi, seeds, spores, and microbes to
the location that needs revitalization. "They poop, they scratch, they do all of those things,
which actually will help the soil to recover," Znidersic says.

Znidersic will using a new tool called false-color spectrograms to detect changes within two
years in her proof-of-concept study before investing in a more extensive study. The tool was
developed by Znidersic’s collaborators including Roe, at Queensland University. The use of false
color spectrograms allows the team to easily look at the data of audio waves and spot various
species within 24 hours of data. The method is easier to sifting through hours of gray colored
spectrograms and gives researchers a full picture of an ecosystems sound. The false colors of
each sound bit reveals hard to see birds, and frog sounds that get lost within a soundscapes
cacophony. The method of using these false-color spectrograms are so powerful they can detect
echolocation calls from bats. In the proof-of-concept study, Zindersic will identify which animals
respond to the acoustic lures and how long it takes before the recolonization of disturbed
habitats occurs to establish protocols that will work.

I n Glacier Bay National Park, the soft drumming of raindrops falls onto the tops of alder

leaves. Its rhythmic drumming creates a unique symphony scored by the distant calls of
thrushes. In the Bartlett Cove Rainforest within the park, songbird’s flute-like notes echo
through, and an eagle’s signature giggle pierces through the hermit thrushes singing. Listen
closely and you can hear a whale’s faint huffing coming from the remote waters of Southeastern
Alaska.
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In the United States, the National Park Service Natural Sound and Night Skies Division (NSNSD)
collects the soundscapes of beloved National Parks. The endeavor that started in the early
2000s consists of collecting baseline data for ambient acoustic quality throughout the parks and
night sky quality by identifying noise and light pollution sources. The teams record in remote
areas like Denali National Park, Glacier Bay National Park, and other parks to restore and
preserve natural acoustical soundscapes while developing new approaches to safeguard natural
sounds and natural darkness. "These are some of our last great refuges for those kinds of
experiences, you know, and if they were to cease to exist, we wouldn't be doing our job," Davyd
Halyn Betchkal, an Alaska region soundscape specialist and biologist with the National Park
Service’s Soundscape and Night Skies Division. The NSNSD also monitors noise pollution and
collects data on how human noises from crowds, and air traffic, can alter a natural soundscape.

Some of the collected sound recordings in Glacier Bay National Park have aided researchers in
studying bird migration patterns. In 2016, Rachel Buxton, a Professor in Biology at Carleton
University in Ottawa, Canada, published a study in Ecology and Evolution that found over the
three year study, birds may have been arriving earlier. They also found that acoustic monitoring
was a viable and rapid method to monitor shifts in bird arrival time in the spring. "We found
that even throughout our study, birds were arriving earlier, by a couple of days," Buxton says.
The trend overall was consistent with other research that found birds may be changing their
flight patterns because of climate change, says Buxton.

Aside from the bird phenology study, Buxton has collaborated with Betchkal on other studies
regarding noise pollution in the National Parks. Since Buxton's paper was published, the NSNDS
team has collected more data and is looking to write an update on how bird phenology is
changing in the park. The parks most recent data suggests that more acoustic monitoring has
found that birds are vocalizing earlier than before, which might be linked to climate change.
However, the team is still analyzing the data and has some speculations before it can be
confirmed. "We have a couple of long-term research sites at parks where we are collecting data
each spring, essentially looking at how bird bioacoustics might be shifting through time," says
Cathleen Balantic, an acoustic biologist with the NSNSD. Balantic also says that her team has yet
to have a clear answer on whether climate change may cause earlier vocalization. The observed
differences in bird migration may also be because of varying weather patterns or degraded
equipment used over the decade.

Balantic and her team use software that automates identifying which birds are calling and when.
This kind of software is a crucial part of the toolkit for researchers in soundscape ecology, who
must work through months and months of continuous recordings. The software, BirdNET they
used in this study was trained using hundreds and hundreds of examples of bird calls through
Cornell's Macaulay Library and other datasets from xeno-canto, a website dedicated to sharing
wildlife sound datasets. Although this study only looked at bird song, the NSNSD also collects
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data using automated acoustic monitoring to examine the impact of management interventions
on biodiversity, and understanding which species are present and found throughout the parks.

In principle, data collected by the NSNSD is available to anyone who requests it because it is
public data. But, in the current state that the data is stored, there is no easy way for the public
to access it. Asking park employees to sift through terabytes of data for one specific block of
soundscape files is time-consuming. The Australian Acoustic Observatory, for example, has its
data available online. The National Park Service is collaborating with NOAA’s National Centers
for Environmental Information’s existing Passive Acoustic Data Collection to create an online
database where anyone can access sounds from these treasured areas in the future.

In Norwegian forests, Sarab Sethi, a soundscape ecologist and postdoctoral research fellow at
the University of Cambridge, is working on a project called The Sound of Norway. This
biodiversity monitoring project listens in on ecosystems and machine learning automatically
classifies bird vocalizations while tracking distribution and migration patterns on vast scales and
periods. The recorders used for the project were developed by Sethi and other researchers at
the Imperial College in London. The recorders, called BUGG, continuously record sound in
realtime while uploading onto a cloud service using SIM cards. A smartphone or laptop can
easily access data collected by BUGG once uploaded.

Currently, birds' movements in Norway are tracked by an army of volunteers sent to forests to
follow and write down the birds they see or hear. But Sethi is hoping to gather more data using
acoustic monitoring. "They don't know when these birds are arriving, when they're leaving, how
that's changing with different climate patterns. So, we're hoping to complement those studies
by providing longitudinal data of species occurrence alongside the more detailed data that the
people—the volunteers—are getting," Sethi says. Aside from the Norway project, Sethi is also
collaborating with Roe and other scientists on understanding how bird migrations can be
tracked on a larger scale using acoustic recorders.

Outside our windows, soundscapes play their signature chorus too. Maybe a woodpecker is

hammering away at an old oak tree, or yellow goldfinches’ tweet as they rollercoaster away.
Northern cardinals start an ensemble, and you may hear a lawnmower or car pass by. These
sounds make up our everyday sounds. But our sounds, and the changes we've brought into the
planet's ecosystems, are in danger of drowning out the individual scores of other places,
plunging them into a soundless void or monotonous buzz.
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As the planet grapples with the biodiversity crisis and disasters brought on by climate change,
recording and collecting the musical symphony of our natural soundscapes is crucial to
preserving the natural sounds of entire ecosystems before they disappear. "We need these
sounds to be comforting to us, but also, we recognize that it's the voice of nature. So, we don't
want to smother it. We don't want to quiet it," Pijanowski says.

Although no one knows how the collection of sounds will be used, scientists are racing against
time to safeguard it before it is silenced forever. "They're acoustic fossils. My hope is to get this
archive together and preserve it...have it curated so that maybe somebody 50 years from now
or 100 years from now can go back to the same place as | did and ask the question, how have
the sounds changed?" says Pijanowski.

Imagine a world where everyone stops and takes a moment to appreciate nature's orchestra.
Every chirp, every swoop of wind, every squish of wet sand as hundreds of fiddler crabs burrow
underneath, and every crash of waves against the coast is noted and recorded by us. Each
rhythm and note are recorded, categorized, and preserved for future generations. Our
soundscapes are ever-present but ever-changing. Take a moment to listen.
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