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R anging along the Pacific Coast and Cascade 
Mountains from southern British Columbia 
to northern California, the northern spot-

ted owl (Strix occidentalis caurina) is one of the 
most studied birds in the world. Since the 1970s, it 
has been the focus of hundreds of inventorying and 
monitoring efforts. Many retired biologists and those 
nearing retirement well remember the early years 
of surveying for spotted owls in the Pacific North-
west. The field equipment back then included white 
cassette tapes filled with recordings of the owls’ loca-
tions calls; heavy, gray megaphones to blast the calls 
into the forest; and boxes of mice and wood shavings 
we carried in our vehicles and backpacks — along 
with hopes that the mice didn’t escape. 

Often, locating the owls wasn’t difficult. The process 
involved imitating an intruder in their territories, 

which the birds wanted to confront. Instead of 
finding another owl, the spotted owl met a human 
with a gift of food. In this way, we induced the birds 
to lead us to their nest trees, which allowed us to 
determine important information such as owl re-
productive success and nest tree characteristics. 

The technique allowed us to learn a lot about the owls, 
yet as the northern subspecies has continued to de-
cline, we have turned to a new method. In four areas 
of Washington and Oregon, we are using bioacoustic 
technology, a non-invasive method that allows us to 
gather information on the species’ presence and vocal 
activity while minimizing human contact.

The technique makes use of a self-contained, 
battery-powered recording device half the size of a 
cereal box, known as an autonomous recording unit 
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(ARU). The device has external microphones to cap-
ture ambient sound and an internal, programmable 
system that stores information on SD memory 
cards. The ARU is strapped to a tree in the forest 
stand to be surveyed, recording sounds during pre-
programmed times. 

Though bioacoustic technology has been around 
for many years, only within the last decade have 
commercially available units become affordable, 
portable, sturdy and reliable enough to deploy in 
rugged, remote landscapes. Just as importantly, 
the capabilities to process the enormous amount of 
data the ARUs generate have also advanced to be 
able to discern important species’ information. With 
such improvements, bioacoustics offers new pos-
sibilities to monitor rare and sensitive species. For 
northern spotted owls, we are leveraging this tech-
nology to write another chapter in the decades-long 
story of understanding the owl and the complex 
ecosystems it inhabits.

Testing it out
We tested the first ARUs in Olympic National Park 
in northwest Washington in 2010. The trial took 
place during the owl survey season alongside long-
established mark-resight methods — capturing the 
birds, banding them and identifying them again 
during subsequent encounters. Our goal was to see 
if the units could work in the Olympic Mountains, a 
landscape of terrific rain and wind and some of the 
least accessible habitat in the Lower 48. 

After the units proved capable of recording spotted 
owls and other species, we initiated a pilot study in 
2017. We installed 50 ARUs in each of three study 
areas, including the Olympics and the Coast Range 
and Klamath region of Oregon (details in Duchac et 
al. 2020). The overarching question to answer was, 
could bioacoustics be used effectively to detect and 
potentially monitor spotted owl populations across 
their range? Specifically, the pilot effort needed to 
determine detection probability of spotted owls us-
ing ARUs within a 5-square-kilometer hexagon and 
to formulate protocols that would work in a range of 
different forest conditions. 

We found that installing four ARUs in the hexagon 
for six weeks provided a 97% probability of detect-
ing both spotted and barred owls (Strix varia), an 
important competitor of the spotted owl (Duchac et 
al. 2020). In 2018, we expanded the effort to a total 

of 120 hexagons targeted for survey in the Olympic 
Mountains and Oregon Coast Range. In 2019, the 
Klamath region was included again as well (Les-
meister et al. 2019). With the 2020 survey season, a 
fourth area, Cle Elum, Washington, was added.

The study design includes overlaying a grid of 
5-square-kilometer hexagons in each area, then 
randomly selecting 20% of the hexagons to survey. 
Four recording units are placed in mid- and upper-
slope areas within each hexagon to avoid stream 
noise. The units are placed at least 500 meters from 
each other, 200 meters from the hexagon’s edges 
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 In four areas of 
Washington and Oregon, 
researchers are using 
bioacoustic technology 
to gather information on 
northern spotted owls.
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 Wildlife biologist 
Scott Gremel installs an 
autonomous recording 
unit in Olympic National 
Forest.
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and away from roads and trails. The ARUs are pro-
grammed to record sound during four-hour blocks 
around sunrise and sunset, as well as 10 minutes 
each hour, day and night. 

Reaching the remote sites can be a challenge, 
but the actual installation is simple. The more 
detailed and challenging work comes later with 
the volumes of data to be processed. One recently 
developed data processing system uses a deep 
convolutional neural network to automate the 
detection of six owl species’ vocalizations in the 
spectrograms generated from unprocessed field 
recordings (Ruff et al. 2020a). 

The data processing pipeline entails converting 
sound files to spectrogram images and using the 
neural network to analyze visual imagery using 

machine learning rather than having 
humans laboriously looking through or 
listening to all of the data. The network 
has been expanded and is trained to 
identify 14 species (of which six are 
owls) within the northern spotted owl’s 
range (Ruff et al. 2020b). The neural 
network works exceptionally well for 
spotted owls, yet even though it suc-
cessfully identifies their calls much of 
the time, we still use human validation 
to ensure all output is correct for this 
highly sensitive species. (For more 
applications of machine learning in 
wildlife management and conservation, 
see this issue’s cover story on page 18.)

Assessing the benefits
As with any survey method, there are pros and 
cons to using bioacoustics to monitor spotted owl 
populations. ARUs offer a way to learn about the 
owls without directly interacting with them, remov-
ing potential harm or disturbance that could come 
when we call them and train them to associate hu-
mans with food. ARUs also can be co-located with 
other noninvasive equipment, such as camera traps 
and bat acoustic recorders, to provide more in-
depth information on wildlife community dynamics 
and biodiversity. Being able to do a survey for six 
weeks, as compared to perhaps only a few hours 
throughout a season, increases our ability to detect 
rare calling events. From these calling events, ter-
ritorial behavior and pair status can be determined, 
though uncertainties remain about how many indi-
viduals have unique enough vocalizations that they 
can be identified from sound recordings alone.

Other benefits of bioacoustics include the ability 
to record the vocalizations of multiple species and 
document the complex interactions between them 
in a natural setting, rather than those induced by 
the broadcast of territorial calls. Because data from 
ARUs are being analyzed in an occupancy frame-
work, models are more resilient to missing data. 
Unlike the current mark-resight methods, this al-
lows a sampling scheme that doesn’t require visiting 
every site annually and provides more flexibility for 
unexpected events, such as the COVID-19 situation 
affecting the 2020 field season.

Bioacoustic monitoring offers important human 
advantages, too. Because fieldwork takes place 
during the day in two-person teams, it can be safer 
than nighttime owl surveys. The work of installing 
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 The Mount 
Skokomish Wilderness 
Area in Olympic 
National Forest is 
among the sites where 
researchers used 
autonomous recording 
units. For biologists, the 
hardest part of using 
this technology may be 
reaching the remote 
study areas.
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 Autonomous 
recording units, like this 
one in Olympic National 
Forest, allow biologists 
to gather information on 
northern spotted owls 
while minimizing human 
contact with them. The 
field recordings they 
collect are converted 
to spectrograms and 
analyzed using artificial 
intelligence.
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ARUs requires less experience than mark-resight 
methods, too, making it a great job for early career 
biologists. It can take years for a biologist to gain 
enough experience to be independent in safely cap-
turing and banding owls. 

Dealing with the drawbacks
Some of the cons associated with bioacoustic 
monitoring are the mirror images of the pros. The 
knowledge and experience provided by long-term 
owl researchers — who know individual birds, histo-
ries and territories intimately — may be lost by using 
only bioacoustic methods. Bioacoustics provides 
a powerful means to assess occupancy and trends 
(from site-level colonization and extinction rates) at 
the population level, but it does not capture the de-
tailed data on survival, nesting status and movement 
of individual owls that could provide more insight 
into the mechanisms driving these trends. 

The upfront costs of purchasing bioacoustic equip-
ment can be steep, and ARUs must be replaced 
as they wear out or are lost due to theft, wildlife 
damage or wildfire events. For the same or less time 
in the field, we are now obtaining 1,400 hours of 
recordings spread over six weeks at each site, which 
increases the probability of detecting both spot-
ted owls and barred owls compared to traditional 
survey methods (e.g., Bailey et al. 2009). Yet the 
large volume of sound files needs to be processed, 
validated, managed and stored — a time intensive 
step that adds even more to the costs. 

The raw recordings provide a permanent record 
that can be used later to extract information not 
considered a high priority now or be part of future 
analyses using tools and methodology we don’t 
currently have. At the same time, bioacoustics 
generates a massive amount of information. We 
currently have about a million hours of recordings 
that have been collected in just a few years and 
many hundreds of terabytes of sound data, which 
will soon become petabytes. These recordings are 
being placed in long-term, cold storage on highly 
stable hard drives, and efforts are underway to have 
all the data and processing done in the cloud or on 
distant servers with the data backed up.

Owls in a changing world
Given the benefits and drawbacks of bioacoustics 
monitoring in terms of costs, the type of data collect-
ed and the changing role of trained biologists in the 
research, it’s no surprise that opinions on this new 
technology differ. Many of us who remember the ear-

lier methods — and have continued using them over 
the years — believe an intimate connection with the 
species and the landscape is critical to understanding 
what is transpiring with individual spotted owls. 

Conversely, much has already been learned about 
the ecology and biology of the owls, and there are 
advantages to the species in having less contact with 
humans. As work with acoustic monitoring contin-
ues, more will be learned, protocols will be refined 
and new technology will be developed.

One thing is certain: northern spotted owls are in 
genuine peril, with a steeply declining population and 
threats coming from multiple sources, including dis-
turbance from timber harvest, barred owl competition 
and displacement, rodenticide poisoning and wild-
fires. We are seeing evidence of the negative effects 
of small populations, where the birds struggle to find 
mates and are experiencing inbreeding depression. 

Passive acoustic monitoring offers a new way to track 
spotted owl populations. In the future, it will likely 
become the primary means to do so. There are also 
proposals to use bioacoustics in conjunction with tra-
ditional mark-resight surveys in some areas. Perhaps 
multiple survey methods can help to better inform 
land managers on the status of spotted owls, a much 
more difficult species to find now than they were 
30 years ago. Ultimately, passive acoustic monitor-
ing will help us reduce human disturbance near and 
within occupied stands and understand how the owls 
are surviving in a rapidly changing world. 
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