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Polar ecosystems, including the Antarctic coastline, are some of the environments most 
sensitive to climate change. As such, understanding the timing of life events (also known as 
the phenology) of organisms that live in these ecosystems will be important for their long-
term conservation. The ability to predict the phenology changes brought on by increased 
anthropogenic greenhouse gas emissions will be vital to protecting species like the Adélie 
penguin (Pygoscelis adliae).  Adélie penguins are a good indicator species for changes in 
marine ecosystems, so much so that they have been called the most important animal 
species used to monitor the Southern Ocean (Jarman et. al 2013). Understanding their 
lifestyle is incredibly important for understanding the health of the Antarctic ecosystem. One 
of the ways researchers can observe this is through acoustic data.   

The goal of my project, conducted 
through the Research Experience and 
Apprenticeship Program (REAP) in the 
Hamel Center for Undergraduate 
Research, was to determine if the 
bioacoustics of an Adélie penguin colony 
change when there are eggs present 
versus when the eggs have hatched and 
there are chicks present. This idea was 
tested by analyzing the frequency spectra 
of recordings taken from the colony 
between November 27, 2022, and 
February 27, 2023. A frequency 
spectrum shows the distribution of 
energy (which can be thought of as volume) across different frequencies for a given sound (in 
this case, a penguin call). Jouventin and Aubin (2002) found that most of the energy in the call 
of an adult Adélie penguin is within the frequency range of 300-2500 Hz. This could indicate 

Adelie penguins and their chick (on the right) and a 
Gentoo penguin (on the left). Jason Auch, CC BY 2.0, 

via Wikimedia Commons. 
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that information (such as the identity of the parent or the chick) is encoded in calls at this 
range. As such, this was selected as the range of interest for this project. I hypothesized that 
there would be a change in the amount of energy contained in this frequency range after the 
chicks hatched. If there is a significant change in the frequencies either before or after the 
eggs hatched, researchers could predict changes in the hatching time of this species based on 
a change in the acoustics of the colony. 

Methods and Analysis  

The dataset I analyzed in the Ecological Acoustics and Behavior Lab at UNH was collected in 
Antarctica by a colleague of my faculty mentor, Dr. Laura Kloepper. Dr. Megan Cimino was 
living in Antarctica as part of the Palmer Antarctica Long-Term Ecological Research (LTER) 
program (NSF ANT – 2026045). While there, Dr. Cimino collected acoustic data and surveyed 
penguin nests. Egg, nest, and chick counts were taken throughout the time period at each of 
the sites surveyed. The number and frequency of surveys conducted was different for each 
site. The sites were located on two different islands, Torgersen and Humble, which are off the 
coast of mainland Antarctica.   

Prior to doing any data analysis, I had to account for interference from wind. To do this, I took 
frequency spectra from each site, in 5, 8, or 10 second sound bites, that contained only wind 
and no noise from any animals living at the sites. This data was taken using Audacity, which is 
a sound-editing software. I also looked at the center frequency, peak frequency, 95% 
frequency, and 5% frequency using Raven Pro, which is a sound-analysis software created by 
the Cornell Laboratory of Conservation Biology. I had 20 replicates at each site, each one 
spanning across different days.   

It was evident that the wind interference was focused on the lower part of the frequency 
spectrum. I then needed to determine where to place a high-pass filter to remove all of the 
sound below a certain frequency threshold.  To do this, I found three ten-second-long sound 
bites: one containing just wind noise, another containing just penguin calls, and another 
containing both. I found the frequency spectra in Audacity for each sound bite without a 
filter, and then when a 100 Hz, 150 Hz, 200 Hz, 250 Hz, and 300 Hz filter were applied 
manually. The 250 Hz filter produced the most similar measurements when applied to the 
sound bites that contained just penguin calls, and the penguin calls with wind interference. 
The filters were then batch applied to all the sound files I wanted to test further using a code 
developed in R by Lisa DiSalvo, an intern working in the EAB lab. 

 



Inquiry journal, Fall 2023 
 

 
A screenshot of a spectrogram of multiple Adelie penguin calls. The x-axis represents time, the y-axis 

represents frequency (Hz), and the color intensity represents volume (dB). 
 

My data collection process focused on three of the sites chosen because they contained the 
most complete combination of acoustic recordings as well as egg hatching and analysis data. 
Two time periods were tested: the week of November 27, 2022, to December 4, 2022 (pre-
hatch period), because it was the earliest date at which acoustic recordings were collected; 
and the week of December 25, 2022, to January 1, 2023 (post-hatch period) because it was the 
earliest date when all three sites were known to have chicks. The pre-hatch period for one site 
had to be reduced to November 27 at 14:00 to December 2 at 12:00, as the acoustic recorder 
had been squashed by a southern elephant seal (Mirounga leonina). All files were tested in 24-
hour periods from 14:00 to 13:00. 

I analyzed the files using an ANOVA test to see if the different days produced statistically 
significant results. They did, and much of the interference came from other animals, such as 
seals and other seabirds in the environment. Because of the scope of the analysis that needs 
to take place to determine if there is a significant difference between the pre and post hatch 
data, my initial research question has not been answered. This will be pursued by Danielle 
Fradet, a new graduate student in the EAB lab.   

Conclusion  

By analyzing the soundscape of an Adélie penguin colony, scientists should be able to 
understand the long-term population trends of that colony. Through this, scientists can gain 
a better understanding of how healthy the Antarctic continent and its surrounding waters are. 
If there is a large change in the Adélie penguin population (which will be able to be monitored 
more easily, thanks to bioacoustics), it can be inferred that there is a change occurring in the 
environment surrounding Antarctica.     

As more wildlife ecology and conservation fields begin to rely on electronic and digital tools 
in addition to traditional field work, it is incredibly important for me to have skills in both 
areas. Through my REAP in the EAB lab and working with acoustics analysis software, I 
learned to “speak the language” of bioacoustics. This will become important for me going 
forward as more scientists adopt passive acoustic monitoring techniques into the surveys.   
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After this experience, I decided to pivot in my research career. Right now, I am working as an 
undergraduate researcher in the lab of Dr. Becca Rowe alongside her Ph.D. student, Joshua 
Willems, analyzing how different amphibian species respond to timber harvesting methods in 
the White Mountains. 
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