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Using livestreaming technology
to connect the public with
secretive and malighed animals

Owen M. Bachhuber™', Max C. Roberts™', Ryan M. Singer?,
Doug R. Brewster?, Rob A. Brewster?, Kevin K. Dunham?,
Scott M. Boback?® and Emily N. Taylor™

Biological Sciences Department, California Polytechnic State University, San Luis Obispo, CA, United
States, ?Bailey College of Science and Mathematics Design and Fabrication Facility, California
Polytechnic State University, San Luis Obispo, CA, United States, *Biology Department, Dickinson
College, Carlisle, PA, United States

As people become increasingly disconnected from nature, novel approaches are
needed to facilitate empathy and conservation action for wildlife. Recent
advances in livestreaming cameras enable the public's observation of wild
animals in real time and facilitate engagement in community science. In 2024,
we launched an off-grid livestreaming camera at a rattlesnake mega-den in
Colorado, where hundreds of snakes emerge in the spring and dozens of females
rest for the summer and prepare to give birth in the fall. This paper provides the
first detailed description of the equipment and setup needed for remote, off-grid
camera livestreaming. The camera continually streamed live to YouTube over the
snakes’ active season (May 15 through November 5). During this time, a group of
students and volunteers operated the camera and moderated a live-chat by
interacting with viewers and answering questions. YouTube comments reflected
a feeling of community among the viewers, and many of them contributed to
data collection from the livestream as community scientists. Media coverage of
the livestream resulted in increased viewership. Livestreaming technology shows
great potential for showcasing animal aggregations, connecting the public with
nature and scientific research, and improving the public perceptions of
unpopular animals like rattlesnakes.

KEYWORDS

wildlife camera, human-snake relationship, human-wildlife coexistence, rattlesnake,
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Introduction

Spending time in nature improves human wellbeing (reviewed by Shanahan et al,
2019) and supports pro-environmental behaviors (DeVille et al., 2021; Soga and Gaston,
2024; Whitburn et al., 2019). These experiences can have consequences on people’s
perceptions of and actions toward wildlife, especially unpopular animals like snakes
(Larson et al,, 2024), one of the most feared animals on the planet (Frynta et al., 2023;
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Kawai, 2019). People living in urbanized areas may experience less
“green time” (Larson et al., 2019; McCrorie et al., 2021; Olsen et al.,
2022; Park et al, 2021), leading to increasing influence from
sensational media portrayals of snakes that elicit fear and disgust
(Ali et al., 2019; Robertson et al., 2023; Sui et al., 2023).
Technologies that provide virtual access to nature may encourage
pro-environmental behaviors in people (Chirico et al., 2023) while
simultaneously improving viewers’ feelings of wellbeing (Mauldin
et al., 2025).

Virtual observations of nature also support community science
projects that rely on members of the public to help analyze extensive
images taken on remote time-lapse or motion-activated cameras
(e.g. Pardo et al,, 2021; reviewed in Cox et al., 2015). More recently,
livestreaming camera technology has allowed people to watch wild
animals in real time instead of analyzing previously recorded
footage. Such technology may increase public engagement by
making viewers feel like they are a part of the action (von Essen
and Peterson, 2024). Top-of-the-line modern livestreaming
cameras have remote pan-tilt-zoom plus the ability to connect
with software to facilitate live-chatting with viewers on YouTube,
further increasing the public’s connection with what they
are watching.

For the most part, livestreaming cameras to date have
broadcasted popular wildlife like bears and birds (Houssein et al.,
2021; Houtz et al.,, 2020; Rogers et al., 2020; Searle et al., 2022)
though few have focused on more heavily maligned animals, such as
snakes. In 2021, we launched Project RattleCam, a community
science initiative aimed at studying rattlesnake behavior and
changing public perceptions of snakes through the use of
livestreaming cameras. We started with a pilot, off-grid livestream
of a small Western Rattlesnake (Crotalus oreganus) rookery
(communal birthing site) in California and have continued
running this livestream each year since. While the California
RattleCam Livestream showed great potential for increasing
public engagement with snakes, its impact was limited by the
timeframe (07:00 — 21:00 PST between June and October) and
low snake density (0-8 snakes per day).

In 2024, we added a second livestream at a combined den
(hibernaculum) and rookery of Prairie Rattlesnakes (Crotalus
viridis) that broadcasted 24-7 throughout the species’ active
season. The goal of the 2024 Colorado RattleCam Livestream was
to showcase how wild rattlesnakes behave when humans are not
present. Rattlesnakes are more feared than any other western
hemisphere snakes (Frynta et al., 2025), leading some US states
sponsor “rattlesnake roundups,” which include mass-killing events
that have been shown to negatively impact snake populations and
perpetuate negative attitudes about snakes (Fitzgerald and Painter,
2000; Means, 2009). Messaging strategies focusing on the utility of
rattlesnakes for people or empathetic approaches that show
rattlesnakes engaging in social behaviors can improve people’s
perceptions of them (Allison et al., 2024). Therefore, we
endeavored to improve viewers’ perceptions of snakes by
livestreaming pregnant female rattlesnakes birthing and then
caring for their pups at a communal rookery. In this paper, we
provide detailed information about the equipment and methods we
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used to operate the 2024 Colorado RattleCam Livestream, its
current limitations, and the public response to the livestream as
facilitated by media coverage.

Methods
Study area and population

The livestreaming camera was installed at a den of Prairie
Rattlesnakes (C. viridis) on a private ranch in Colorado. We
chose to keep the location of the camera private to respect the
privacy of the landowners and prevent trespassers from visiting the
area. After overwintering at the den, the snakes begin to emerge and
bask near the den entrance in April before departing to hunt in the
surrounding prairie in May and June. The den also serves as a
rookery, where pregnant females stay behind all summer and give
birth beginning in late August. While we don’t know the exact
number of rattlesnakes at the den, we estimate that there are several
hundred individuals that overwinter there each year. Western
Terrestrial Gartersnakes (Thamnophis elegans) also inhabit this
den and can most often be seen from April through May and
September through October.

Camera technology

We chose to use the Axis Q6225-LE PTZ (Lund, Sweden) security
camera, as it met several requirements for weather conditions and
included 360° rotation with pan, tilt and zoom. The camera used 850
nm infrared light for night vision (Axis Communications, 2024), a
wavelength well below the range detected by infrared-sensing snakes
(3,000-12,000 nm, Grace et al., 1999). Additionally, the camera had a
wiper blade and a heated lens for use during inclement weather. The
camera was mounted on top of 1.5-inch galvanized steel pipe arranged
into a tripod using structural pipe fittings (McMaster-Carr, Elmhurst,
Illinois) and anchored to the ground with threaded rod and anchor
epoxy for rock, and earth anchor screws (PE10, American Earth
Anchors, Woonsocket, RI) for dirt (see Figure 1). 24 Volt DC power
and data connection to the camera was transferred through a CAT6
cable from an AXIS 90 W Midspan AC/DC or “POE” (02209-001,
Lund Sweden). Using the camera power requirements and considering
cloud cover patterns from historical weather data at the site (National
Weather Service, 2023), we calculated the size of the battery pack and
solar panels needed to run the camera for 5 sunless days. We chose to
use three Battleborn heated LiFePO4 deep cycle batteries (BB5024H 50
Ah 24 Volt, Reno, Nevada), which were charged by two 525-watt
bifacial solar panels (each panel 2.3 m length, 1.1, width, Jinko
JKM525M-72HL4-V, Economic Development Zone Shangrao
Jiangxi Sheng 334100 CN) wired in parallel through a Victron
charge controller (BlueSolar MPPT100/20, Almere, The
Netherlands). Solar panels were mounted to a custom-built 2-inch
galvanized steel pipe frame with solar panel mounting track and
hardware (IronRidge, Hayward, CA). The pipe frame was
constructed using structural pipe fittings (McMaster-Carr, Elmhurst,
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FIGURE 1

The Axis Q6225-LE PTZ security camera used to capture the
footage of the 2024 Colorado RattleCam Livestream that was
streamed to the Project RattleCam YouTube channel. In the
background, a Davis Instruments Vantage Pro 2 weather station
reported current conditions that were visible online to both
researchers and YouTube viewers.

Illinois) and anchored to the ground with earth anchor screws (PE18,
American Earth Anchors, Woonsocket, RI).

Remote access to the charge controller (for monitoring battery
state of charge, solar output, and temperature) was processed
through a Victron Cerbo GX (BPP900450100, Almere, The
Netherlands). Cellular access to the Cerbo GX and live video
streaming signals were made possible by using a Sierra Wireless
modem (Air Link MP70 LTE, Camarillo, California) wired to a
Bolton long-range directional antenna (BT974976, Stafford, TX)
mounted on top of a Mars energy tripod (Mars V2.0 Lander,
Florissant, Colorado). The directional Bolton antenna was
manually aimed at a single cell tower with the strongest signal.
We were able to remotely control three operational states: System
off, Hibernation, and Viewing mode via sequential latching relay
(McMaster-Carr, Elmhurst, Illinois), which were connected to and
controlled through the Air Link MP70 LTE. These modes allowed
us to control energy usage for different times of the year. The wide
range of temperatures in the summer (3°C - 36°C) and severe
winter conditions (average of 86 cm of snow cover with
temperatures as low as -24°C) necessitated thorough protection of
the electronics. As shown in Figure 2, all electronics and batteries
were enclosed in a fiberglass Rough Water deck box (50"W x 29”D x
33”H, RWDB50, C&M Marine Products, Lake Placid, Florida) lined
with 8 inches of closed-cell urethane foam insulation (FOAM-0380,
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US Composites, West Palm Beach, Florida). All electronics were
mounted on a custom aluminum cooling tunnel heat sink with
temperature-controlled fans ducted to the exterior of the box.
Temperatures for the batteries, electrical components, and
exterior air were monitored via Victron temperature sensors
(ASS000001000, Almere, The Netherlands) connected to and
monitored by the Cerbo GX. The camera and solar panel wires
were connected to the control box through wet-location cord grips
(McMaster-Carr, Elmhurst, Illinois) and cables were covered in
stainless steel braided cable sleeving (Techflex, Sparta, NJ) to
protect the wires from rodent damage. The control box and solar
panels were surrounded by electric fencing to prevent cattle and
other hoofed mammals from trampling the equipment.

Livestream settings and recording
information

We evaluated cellular signal strength at the camera site using
information from Google Earth, cellmapper.net, and onsite cell
phone signal tests to determine that Verizon Wireless signal was
best. An unlimited data business plan from Verizon Wireless allowed
the creation of a fixed IP address, which simplified accessing the
camera remotely. We used the CamStreamer App (Prague, Czech
Republic) to automate the start and stop of the YouTube livestream
and control the quality of the feed. We set the livestream quality
using the settings available under the Video Options panel on the
CamStreamer App. A full list of the video settings and inputs is
shown in Table 1. YouTube archives footage of 12 hours or less for
future playback. To make sure they were recorded, our livestreams
ran for two 11 hour, 45 minute sessions: first from 08:00 to 19:45
MST (the daytime stream), then from 20:00 to 07:45 MST (the
nighttime stream), leaving a 15-minute break in between each
stream. We set the video resolution to 1920x1080 pixels per inch
during the daytime streams to produce the highest quality video
possible. During the nighttime streams, we set the resolution to
1280x720 pixels per inch as the higher resolution did not produce a
higher quality image when the camera’s infrared light was on.

We installed the camera on April 30, 2024, and it livestreamed
24-7 (minus the 15 minute breaks between the day/night streams)
until November Sth, 2024 when we turned it off for the winter. The
Project RattleCam YouTube channel (www.youtube.com/@
projectrattlecam) has complete archived footage publicly available
and highlight clips made for social media.

Camera operation

From its installation in early May until June 18, 2024, we
broadcast the livestream with partial moderation of the live-chat.
Beginning on June 18, 18 volunteers and undergraduate researchers
took turns operating the camera and moderating the YouTube live-
chat (shown in Figure 3) between 08:00 to 19:45 MST until October
30, 2024. The operators usually controlled the cameras from our lab
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Diagram of the control box setup used to run the remote live-cam for the 2024 Colorado RattleCam Livestream. See Methods for description.

on the California Polytechnic State University (Cal Poly) campus in
San Luis Obispo, California, USA, but the camera interface allowed
us to operate the camera from our personal devices while travelling,
so the camera was also successfully operated from Minnesota,
Wisconsin, Michigan, Colorado, and Hawaii, USA. The operators
panned the camera every few minutes in search of snake activity
and moved the camera to four preset positions every thirty minutes
to gain a more unbiased sense of snake activity throughout the day.

In addition to operating the camera, our volunteers and
undergraduate researchers fostered a positive, inclusive, and

TABLE 1 List of the video settings and inputs used in the CamStreamer
App to control the quality of the 2024 Colorado RattleCam Livestream
feed and video.

Video setting Input

Pixel Resolution 1920x1080 (day), 1280x720 (night)

Frame Rate (frames/second) Unlimited
Compression Value 24
Group of Video (GOV) Length 60

Streaming Protocol Real Time Messaging Protocol (RTMP)

Codec H.264
H.264 Profile High
Bitrate Control Maximum

Maximum Bitrate (kilobytes/second) 5000

These are accessed using the Video Options button in the app.

Frontiers in Amphibian and Reptile Science

educational atmosphere in the live-chat where viewers could ask
questions and start conversations about snakes and other wildlife
seen on camera. We created a frequently asked questions (FAQ)
page on the Project RattleCam website for the operators and
viewers. The operators also discussed answers to more nuanced
questions with each other through our Slack channel before posting
answers. Our ability to converse with viewers while controlling the
camera allowed the viewers to influence camera orientation; for
example, live-chat viewers could request that the camera operator
zoom in to investigate details and/or search for particular snakes
(see below). The livestream also featured a link to the weather
conditions at the rookery. The URL updated every 15 minutes with
temperature, humidity, wind speed, and UV Index measurements
recorded by a Vantage Pro 2 weather station manufactured by Davis
Instruments (Hayward, California) that we installed onsite
(see Figure 1).

The livestream resumed nightly from 20:00 to 07:45 MST, but
during these times the live-chat was not officially moderated, and
we did not pan/zoom the camera as regularly.

Community science engagement

YouTube viewers around the world acted as community scientists
by sharing their observations and identifying individual snakes. We
instructed viewers on how to report live-chat observations, including a
timestamp and a description in their comments, and created a Google
form for observations when the chat wasn’t moderated (e.g., 20:00 to
07:45 nightly). The 2024 “Name a Snake” campaign encouraged
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A screenshot showing the 2024 Colorado RattleCam Livestream as seen by the viewers on YouTube. The live-chat, where viewers can comment
and ask questions, is shown on the right side of the window. Several answers to viewer-submitted questions are visible in the chat.

viewers to identify individual snakes to help us study their social
relationships. Viewers submitted livestream screenshots via a Google
Form that showed the snakes” unique scale patterns. Once successfully
named, we sent an adoption package to each participant and displayed
individual snake profiles on RattleCam.org. Community scientists
successfully named 23 snakes through the “Name a Snake”
campaign, driving viewer investment in the lives of

individual animals.

Media coverage

The Communications and Marketing office of Cal Poly posted a
press release about the live-cam on July 15, 2024. Dickinson
College’s “Expert Show” also broadcasted an interview with Scott
Boback on August 29, 2024 when mother rattlesnakes were giving
birth to pups. To quantify resulting media coverage, we
systematically searched the web (a Cal Poly press database,
Google, Bing, and DuckDuckGo) using keywords “rattlesnake

» o«

mega-den”, “Project RattleCam”, and “newborn rattlesnake mega-
den”. We recorded the resulting media mentions, including only
coverage from 2024. Media coverage was binned into two
categories: local news and popular media. We defined local news
as small, community-serving outlets with a narrow reach to specific
audiences, often consisting of regional news stations and local
subsidiaries of corporate news franchises. Popular media coverage
featured outlets with a wide-reaching impact that did not
specifically target any one community. Popular media sources
typically had nationwide or international influence and broad
engagement. We excluded print media and radio stories from our
searches because of their limited representation in our selected
search engines and databases.

Frontiers in Amphibian and Reptile Science

Measuring public engagement

We downloaded subscriber and viewership data for Project
RattleCam through YouTube Analytics to measure channel
engagement. YouTube Analytics data included daily changes in the
number of channel subscribers, new livestream viewers, returning
livestream viewers, and total livestream watch time. YouTube defined
returning viewers as individuals who had watched a Project
RattleCam YouTube video in the previous 90 days while new
viewers had not. The reported metrics included both the Colorado
and California RattleCams Livestreams, though engagement with the
California RattleCam was far less than the more active Colorado
RattleCam. We used the tidyverse collection of R packages (Wickham
et al,, 2019) in RStudio (Posit Team, 2024) to summarize and graph
the media coverage and YouTube engagement data.

This manuscript was not designed a priori to collect data from
viewers on how the livestream impacted their perception of
rattlesnakes, so we cannot attempt to quantify its impact.
However, viewers regularly left comments in the YouTube live-
chat. We selected a small quantity of footage (14 days in July and
August) and extracted comments from the live-chat that suggested
an improvement in perception of snakes. These comments are
shown in Table 2.

Results
Media coverage and engagement
Media coverage was concentrated around two dates. The first

was around mid-July 2024, when numerous media outlets picked up
Cal Poly’s press release. Then in late Aug 2024, Dickinson College
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interviewed Scott Boback and the Associated Press released an
article announcing that rattlesnake pups had been born, and this
was subsequently picked up by other media. Of the 83 media articles
reporting on the project, 44 were published by local news outlets
and 39 in popular media. Prior to media coverage, there were no
more than 30 viewers at one time, despite our regular social media
posts about Project RattleCam since 2021. Following the two main
spikes in media coverage, we observed large increases in average
YouTube watch time and the number of channel subscribers
(Figure 4A), as well as increases in the numbers of new
(Figure 4B) and returning viewers (Figure 4C). When the camera
was turned off for the season on Nov 5, 2024, the YouTube channel
had accumulated 13,761 new subscribers (from 813 subscribers in
early May 2024 to 14,576 on Nov 5, 2024), and our livestreams had
been viewed 1,616,398 times by viewers from 122 countries for a
total of 175,306 watch hours.

TABLE 2 A small subset of positive feedback from viewers of the 2024
Colorado RattleCam Livestream suggesting a sense of community and
improved perceptions of snakes after watching the livestream (selected
from the YouTube live-chat comments over the course of 14 days in July
and August).

Comments suggesting a sense of community

This camera has doubled my social life. Thanks!

Honestly though, I've loved snakes for a while and the comments on the
rattlecam are almost always people who also love snakes or those who are
curious and want to learn and it’s much nicer than usual.

I feel like I found friends. This is so fun watching this.
Comments suggesting improved perceptions of snakes

I have really learned something watching here as I am so fearful of even worms!
But, I never ever knew how attentive these moms are to their babies ... amazing.

My attitude has changed in regards to these creatures. Takes me WAY back to
the song -To know know know you, is to love love love you- and I do!! So
appropriate due to RattleCam!

I am not a snake person by any stretch of the imagination but I would like to say
thank you to Project RattleCam for the valuable work you do for these animals.
They are crucial to a stable ecosystem.

I used to think it was ok to hurt these snakes, I feel so terrible I ever even
thought that. thank God I never hurt any. you’ve helped my compassion come
out and stay out.

You're doing an amazing job. I used to be scared of these snakes. Now I enjoy
learning and seeing them.

I have not liked snakes my whole life (I am not young)! and I came upon this
channel and now all I do is watch (I LOVE the video of one of them shedding)!

I have always had a strong dislike for any snakes. But, I have to admit I landed
on this stream by accident one day and now I am addicted. I've found this
fascinating and learned so much.

Trust me, I have no desire to be in close contact with any snake. But I do have a
new respect for them.

I used to be scared of these snakes. Now I enjoy learning and seeing them.

I'm using this as a way for me to lose a bit of my fear of snakes, at least to the
point where I don’t chuck my phone when they’re on my screen anyways lol.

Note that the absence of a formal study precluded quantitative analysis of the effect of the
livestream on viewer perceptions. We made minimal editing to these comments (several
spelling errors were fixed).
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Livestream viewer comments and feedback

While a systematic analysis of viewer comments was not possible
given our inability to receive informed consent from viewers, we are
able to provide a small subset of comments that demonstrate the
positive impact of the livestream on viewer perceptions of
rattlesnakes or snakes in general. Numerous viewers reported a
change from a state of fear to one of respect, love or similar, in the
live-chat (Table 2). Most other responses (not shown here) were also
positive but did not report a change in perception, suggesting that
those viewers may have previously liked snakes.

Discussion

Livestreaming camera technology has advanced rapidly since
the first remote wildlife live-cam was placed inside a bear’s
hibernaculum (Rogers et al., 2020), yet little information is
available on the equipment and materials such livestreams use. Of
those where more information is available, most appear to be rather
simple plug-n-play packages that are powered on-grid and require a
Wi-Fi internet connection. Building off-grid systems is far more
challenging in terms of power and streaming. Though off-grid
wildlife livestreams certainly exist, we were unable to locate any
descriptions with explicit directions on how to design and install
such systems. We hope that our detailed instructions will facilitate
the construction of additional off-grid wildlife live-cams to facilitate
remote wildlife viewing and learning around the world.

The 2024 Colorado RattleCam Livestream was largely
successful in showcasing rattlesnakes at a communal den site.
Viewers around the world watched live as hundreds of
rattlesnakes basked in the sun, interacted with other snakes, and
encountered potential predators. Similar results could be achieved
in other places where animals gather predictably in aggregations,
and livestreaming technology shows great potential for observing
animal behavior in such systems.

While the equipment and methods we describe in this paper
resulted in a high-quality livestream, we encountered several
problems that were not straightforward to solve. First, an
unlimited cellular data plan was necessary to accommodate the
vast amounts of data used daily (~38 GB). We created a fixed IP
address for the camera that facilitated remote cellular connection
through our Verizon Wireless unlimited plan. If the rattlesnake
hibernaculum did not have a direct line of sight to a Verizon tower,
this would not have worked. Until recently, satellites such as
Starlink could not be used for remote livestreaming because they
were incompatible with fixed IP addresses, an issue that has been
resolved as of 2024. However, Starlink requires far more energy and
would have necessitated doubling of our solar and battery bank.
Although only encountered occasionally, we did experience a few
instances throughout the year where cellular outages, weak
connections, and the weather restricted the ability to control the
camera and affected how the footage was recorded on YouTube. For
example, we found that the livestream would buffer, and the camera
responded very slowly to commands during extremely warm or
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FIGURE 4

Public engagement with the 2024 Colorado RattleCam Livestream. Increases in YouTube channel subscribers and watch time (A) appeared to be tightly
associated with the number of media articles about the livestream published per day throughout the livestream's duration. New viewership (B) and returning
viewership (C) responded similarly to the media articles, though returning viewership remained high well after spikes in media coverage.

windy conditions. There were also 2-3 occasions when the
livestream was offline for an hour or longer due to the local cell
towers being down. While not a regular occurrence, these issues are
still an important consideration for those interested in setting up
similar remote livestreaming cameras.

Livestreaming cameras also have several other limitations. The
most immediate drawback is the cost of constructing the camera
system, as the camera hardware and materials alone cost about
$12,000 USD. Acquiring funding to install similar cameras may be a
barrier for many researchers and makes projects that involve
multiple cameras (i.e., comparing patterns across multiple sites)
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impractical in most cases. Our camera setup is also stationary,
meaning that it can only view animals from a single fixed location.
As a result, this setup can only monitor activity at a very limited
spatial scale, and its use on highly mobile animals is more limited.
Another major limitation of this technology is that it requires a
cellular connection or high-energy satellite communication to
stream the live video and record the footage. While the livestream
can run automatically, the camera’s zoom and tilt features must be
controlled manually. As far as we could tell, there were no camera
settings for movement-sensitive triggers as seen in game cameras.
This means that a camera operator must be present when an animal
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appears on the camera to zoom in, change the viewpoint, and follow
the animal, something that is likely easier for monitoring slow
moving animals like rattlesnakes. It is possible to leave the camera
zoomed out when the camera operator is off duty, but some fine
resolution visual details, such as body markings used to identify
individuals, may not be captured on the recorded footage. The
camera could also potentially disrupt the behavior of some animals,
meriting further examination. Although the infrared light emitted
by the camera is outside the range detected by a snake’s pit organs
(Axis Communications, 2024; Grace et al., 1999), its impacts on the
behaviors of other animals needs to be assessed. It is also possible
that the camera’s movement as it changes its point of view may alter
some animals’ behavior. On several occasions, Black-billed Magpies
(Pica hudsonia) flew away when the camera tilted to face them.
Whether they were scared away by the movement or the slight
sound of the camera is unclear. While there were few (if any)
observable instances of other animals appearing to notice the
camera’s movements, this does raise the question of how effective
this technology is at passively monitoring species with sensitive
hearing and vision, like some birds and mammals.

In terms of educational outreach, the livestream appeared highly
successful in engaging the public during its first year showing the
Colorado mega-den. Much of this success was due to the heavy
media coverage. Despite much effort to gain public attention through
regular social media posts, viewership of the livestream remained low
prior to the press releases. Media coverage following the press
releases caused the Project RattleCam YouTube channel subscriber
count to rise dramatically from 813 subscribers in early May 2024 to
14,576 on Nov 5, 2024 (see Figure 4A). We also saw increases in the
number of new viewers following media coverage of the livestream
(see Figure 4B). The second spike in media coverage was also notable
because the press release focused on the arrival of the newborn baby
rattlesnakes. Returning viewership remained high well after spikes in
media coverage, with returning viewers exploring the livestream (see
Figure 4C) and participating in the live-chat regularly throughout the
year. The sustained engagement of the returning viewers suggests
that many viewers watched the livestream regularly and often. Not
only did viewers from 122 countries watch the livestream, but we
also received many unsolicited comments from viewers about their
experiences (see Table 2). In many of these comments, viewers
expressed their appreciation for the livestream and how it changed
the way they view snakes. While we do not currently have
quantitative evidence that viewing the livestream caused a change
in how people perceive snakes, we are interested in testing this in
future studies.

Although difficult to quantify, many viewers also said that
participating in the live-chat helped give them a sense of
community, something that has been observed with other wildlife
livestreams (Blaer, 2023; von Essen and Peterson, 2024). There were
numerous times throughout the year where our returning viewers
appeared excited about what they were witnessing on the camera,
with the live-chat subsequently filling up with comments. Even
when the snakes were not very active, many viewers engaged in
respectful discussions about snakes in the live-chat. This kind of
community building may help increase and extend public
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engagement in community science and make it accessible to a
more diverse and widespread audience. The sense of community on
the Colorado RattleCam Livestream is further supported by the
high volume of returning daily viewers maintained after the initial
round of media coverage. Similar livestreams could facilitate
environmental education in a variety of contexts. We partnered
with six Association of Zoos and Aquariums-accredited zoos to
feature the Colorado RattleCam livestream in their exhibits.
Anecdotal feedback from zoo staff revealed that these exhibits
have been impactful for some zoo visitors, suggesting that
installing similar exhibits at zoos and museums could enrich
visitors’ experiences. Livestreaming cameras also present an
opportunity for enhancing educational programs in schools and
homeschool programs. The Colorado RattleCam Livestream could
be introduced to classrooms and implemented in educational
curricula, giving students the ability to observe rattlesnakes, learn
about science, and construct student-led research projects using
technologies already present in most classrooms. RattleCam
educational experiences would be particularly beneficial to people
with limited access to nature, such as those living in heavily
urbanized areas (Neuvonen et al., 2007; Schipperijn et al., 2010)
or those who are disabled and cannot physically access many forms
of nature recreation (Corazon et al., 2019). In this way, the Colorado
RattleCam Livestream and similar livestreams could greatly
increase equitable access to nature education and help foster
meaningful connections between people and the natural world.
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