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HUNTERS & ANGLERS

OREGON

Holly Jewkes

Forest Supervisor

c/o Cristina Peterson
Deschutes National Forest
63095 Deschutes Market Road
Bend, OR 97701

RE: Comments on the Class 1, Pedal-assist E-bikes on Select Trails Draft Environmental Assessment.
Dear Ms. Peterson,

On behalf of Backcountry Hunters & Anglers’ (BHA) several-hundred thousand supporters we thank you
for the opportunity to engage on the Draft Environmental Assessment the Deschutes National Forest
released regarding the Class 1, Pedal-assist E-bikes on Select Trails Project. Wild public lands are an
indispensable part of who we are as sportsmen and women, and so we are especially thankful for the

collaborative partnerships we build with the agencies who manage those lands.

BHA aims to preserve North America's outdoor heritage of hunting and fishing in natural settings through
education and advocacy for wild public lands, waters, and wildlife. The Oregon Chapter of BHA (OR BHA)
is dedicated to maintaining Oregon's legacy of hunting and fishing on wild, intact lands and waters for
future generations. Recognizing the pressures of a growing population and advancing technology, OR BHA
champions the strict enforcement of non-motorized designations and promotes responsible recreation
practices to protect these precious public lands. Founded in 2004, BHA represents sportsmen and women
across North America, advocating for public land policies that reflect the values of hunters and anglers,

and ensuring that the Wilderness Act of 1964's intent is upheld.

Our ability to hunt and fish is intrinsically linked to the preservation of habitat. The profound connection
we experience while hunting in the backcountry or fishing on remote rivers fosters a deep respect for
conservation. Protecting non-motorized areas is vital to maintaining these unique experiences for future
generations. In a world increasingly encroached upon by development and motorized recreation, it is

imperative to defend these wild lands from motorized intrusion to preserve the authentic connection to
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nature that defines our outdoor heritage. By safeguarding unfragmented habitats, we ensure that the

freedom, challenge, and solitude of true backcountry hunting and fishing remain available for all to enjoy.

With that, OR BHA stands firmly opposed to motorized use in designated non-motorized areas. These
areas, set aside for their wild qualities and the opportunity they provide for solitude, are vital for the
conservation of our natural landscapes and wildlife habitats. As stewards of the backcountry, we believe
that maintaining the integrity of nonmotorized areas is essential for ensuring that future generations can
experience the same unspoiled beauty and tranquility that we enjoy today. Motorized vehicles disrupt

wildlife, degrade trails, and erode the quiet and peace that these areas are meant to offer.

Specific to this proposed project, we are concerned that reclassification of non-motorized trails to
motorized use will lead to further expansion of illegal motorized use and the proliferation of illegal user-
created routes into the backcountry compounding the existing impacts to wildlife habitat within the
project area. We strongly recommend the Forest Service conduct additional analysis of the existing non-
motorized system trails within the project area, the historical context for their creation and their
cumulative impacts to wildlife through the creation of a full Environmental Impact Statement before a

final decision or modification of this proposal is made.

Expansion of motorized use into non-motorized backcountry areas:

1.Based on our understanding, there is currently a lack of focus for enforcement of illegal e-bike use
on non-motorized trails, and we have concerns that this will continue if the proposal is adopted. It
is also our understanding that violators of 36 CFR 261.13 are subject to a fine of up to $5,000,
imprisonment for up to 6 months, or both (18 U.S.C 3571(e)).
a. “While they are not authorized for use on natural surface trails, e-bikes (primarily class 1)
are regularly observed on designated mountain bike trails.” (Page 5)
b. "Unauthorized and illegal use of e-bikes would continue to be observed on trails within
the Deschutes National Forest.” (Page 7)
c. Our consultation with Deschutes National Forest staff has indicated limited to zero

enforcement of current regulations for trail use.

2.Based on current technologies, we see no existing or proposed framework that would allow
enforcement officers the ability to distinguish between the different classes of e-bikes. The

distinction between classes will only continue to become more difficult as designs, technology
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and software continue the trend of advancement, blurring the visual characteristics between

classes of e-bikes even more than already exist and setting law enforcement up to fail. The

allowance of Class 1 e-bikes will already bring significant impacts to non-motorized backcountry

trails. The likely use of Class 2 and 3 e-bikes, and the difficulty to enforce regulations will further

exacerbate these impacts, yet that analysis is entirely absent from this proposal.

a.

b.

(EXHIBIT_comparison_class-1-2.pdf)
“This analysis considers only class 1, pedal-assist e-bikes to be authorized on selected
trails.” (Page 5)
“E-bikes are defined by the USDA Forest Service as “a type of motor vehicle with two or
three wheels, fully operable pedals, and an electric motor of not more than 750 watts
that provides assistance only when the rider is pedaling and that ceases to provide
assistance when the e-bike reaches the speed of 20 miles per hour” (Forest Service
Manual 7700, p 19). There are three classes of e-bikes:
i. Class 1 e-bikes provide assistance only when the rider pedals. Assistance stops
when the bike reaches 20 miles per hour.
ii. Class 2 e-bikes have a motor/throttle that can be used without pedaling.
Assistance stops when the bike reaches 20 miles per hour.
iii. Class 3 e-bikes provide assistance only when the rider pedals. Assistance stops

when the bike reaches 28 miles per hour.” (Pages 5 & 6)

3.1t is our understanding that no additional law enforcement personnel would be provided or

budgeted for as a part of this proposal. Given the proposed novel use, and current levels of

enforcement of observed illegal use, we have concerns how existing law enforcement officers will

be put in an impossible scenario of nearly unenforceable regulations.

4.1t is our understanding that a signage and education plan are being developed to curtail class 1 e-

bike use outside of the proposed project areas. We have concerns that without all the

information, a comprehensive and complete impact analysis has not been performed.

“The proposed action would also include the installation of signs at critical junctions and
at boundaries to clearly identify which trails e-bikes are authorized on and which trails e-
bikes are not authorized on. A sign and education plan are being developed with input
and assistance from the Forest Service Public Affairs staff and partner organizations.

Those plans will be finalized prior to a decision on this proposal.” (Page 7)

PN
-

e

WWW.BACKCOUNTRYHUNTERS.ORG/OREGON_BHA
OREGON@BACKCOUNTRYHUNTERS.ORG



b. “Education, Enforcement and Etiquette: The proposed action has relatively easily
understood geographic boundaries that may help reduce confusion around areas open to
e-bikes, and support enforcement when needed. Education about regulations and
etiquette would continue to be the primary tools for promoting responsible recreation
and minimizing visitor conflict. Forest Service law enforcement would continue to play a
supporting role in compliance. E-bike specific educational messaging would be
incorporated into ongoing educational efforts around trails, and community partners
would continue to bolster and amplify educational messaging. The proposed action
includes the installation of new signage that would include identification of where e-bikes
would be allowed and where they would not be allowed, as well as updated trail etiquette

signage. This would include signs addressing bike passing etiquette.” (Page 16)

5.Based on current illegal use of e-bikes within the non-motorized system of trails within the
Deschutes National Forest, including the current and historic disregard for signage and non-
motorized trail designations, we have concerns that illegal behavior is likely to continue, especially
without additional enforcement. This pattern of abuse will likely provide a gateway to the
backcountry, puncturing this novel motorized use further into off-system, non-motorized trails. A
full EIS should be required to analyze potential impacts of motorized trail use anticipating the
expansion of illegal use beyond the trail networks included in this proposal.
a. “Open trails to e-bikes in a manner that encourages compliance with regulations and
minimizes the need for active law enforcement.” (Page 8)
b. “The project area does not include any Wilderness, Research Natural Areas, or
Inventoried Roadless Areas, therefore, there would be no effect and these resources are

not discussed further.” (Page 9)

Impacts to wildlife:

6.Given the amount of overlay with important wildlife habitat inside the proposed project area, we
believe that a full EIS should be completed for the entire project area. Simply stated, the
introduction of e-bikes is not aligned with the protection of these areas and the intensification of
use would further exacerbate impacts to ungulate winter range and overall ecosystem
integrity. The increased likelihood of off-trail activities would further compromise the importance

of riparian areas and the surrounding habitats for maintaining connectivity. Furthermore,
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opportunities to reduce the existing habitat fragmentation from motorized route designations,

which this proposal expands, should be evaluated and analyzed to promote the minimum road

system per the Forest Services’ own Travel management Rule.

a.

“2.2.1 Seasonal Closure All trails would be seasonally closed to e-bikes from December
1st through March 31st to support and comply with existing motorized use closures in the
project area. Many of the proposed trails overlap fully or partially with the Tumalo Winter
Range Cooperative closure. Forest Service Law Enforcement Officers patrol and enforce
this closure jointly with Oregon State Police.” (Page 7)

“There is a lack of quantitative data to describe volume of trail use and use patterns at
the trail specific level.” (Page 15)

“It is reasonable to believe that wildlife in the areas included in this proposed action have
some level of habituation to human presence including bicycle traffic, as these trails have
a high volume of use and have had bicycle traffic since their establishment. This analysis
assumes e-bike use has similar impacts on wildlife in comparison to traditional
recreational bicycle use on the Deschutes National Forest.” (Page 20)

“Other Species of Concern- Elk and Mule Deer: The Ryan Ranch and Kiwa Butte Key Elk
Habitat Area overlap with the proposed action. Disturbance from e-bikes is expected to
be similar to traditional mountain bike use. Trails located in core habitat were designed
with a 100-meter buffer to reduce disturbances. The best available science does not
indicate the need to increase trail buffer distances for e-bike use (IAC 2021). Therefore,
there will be no change to the core habitat adjacent to the existing trails included in the
proposed action. Additionally, all trails would be seasonally closed to e-bike use from
December 1st — March 31st to comply with the Tumalo Winter Range Cooperative
Closure.” (Page 22)

“FS roads provide benefits for outdoor recreation, agriculture, and permitted resource
extraction, and public safety, they can degrade habitat for fish and wildlife habitat and be
unsafe for vehicle travel when not properly maintained. Strategic investment is critical to
preserve access while limiting disruption to rural communities and the environment.”

(https://www.fs.usda.gov/science-technology/travel-management)

“Under the travel management rule, each unit of the National Forest System (NFS) is
required to identify the minimum road system (MRS) needed for safe and efficient travel
and for administration, utilization, and protection of NFS lands.”

(https://www.fs.usda.gov/science-technology/travel-management)
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g. (EXHIBIT Project Area-Tumalo Winter Range Overlay)
h. (EXHIBIT Project Area-Priority Wildlife Connectivity Areas Overlay)
i. (EXHIBIT Project Area-Key Elk Habitat Area Overlay)

7.The technology of Class 1 e-bikes is so new and emerging that we currently lack sufficient research
to confidently assert that e-bikes have no different impact than mountain bikes. Simply put, we
do not know and there are too many assumptions in this EA to take such a large risk. Recreational
impacts on wildlife, in general, are relatively understudied. But the existing studies that do exist,
do show that recreation significantly impacts wildlife. When we narrow the focus specifically to
e-bikes, the available literature becomes even more scarce. In the end, our local wildlife
populations are once again taking a back seat to recreational interests. Shouldn't we "learn to
swim" before "jumping in the water"?

a. “Because e-bike technology is relatively new and rapidly evolving, there has been little
study of the impacts specific to e-bikes on wildlife distinct from the impacts of traditional
mountain bikes (bicycles) or other forms of recreation (Panlasigui et al. 2021).“ (Page 20)

b. “This analysis assumes e-bike use has similar impacts on wildlife in comparison to
traditional recreational bicycle use on the Deschutes National Forest. “ (Page 20)

c. “As the population of Bend grows, and the use of e-bikes increases, the impact of
recreational bicycle use is expected to increase incrementally. However, the degree of
change in disturbance to wildlife from the already heavy recreational bicycle use on the
trails included in the proposed action would be nominal. Allowing e-bikes on designated
trails would not have measurable cumulative effects on wildlife. “ (Page 22)

d. (EXHIBIT Experimental recreationist noise alters behavior and space use of
wildlife_Zeller2024.pdf)

e. (Behavioral Responses of North American Elk to Recreational Activity, LESLIE M. NAYLOR,
MICHAEL J. WISDOM, ROBERT G. ANTHONY)

Prior trail complex resource analysis:

8.All prior analysis, specialist reports and final decisions should be included and specifically referenced
as part of this project's reference data as part of a full EIS. This data is required to ensure that all
parties have the complete picture of the history of the existing trail network in order to accurately
analyze this proposal and any potential impacts it may have on our forest resources. The

foundation of this proposal and the Deschutes National Forests’ Proposed Action (Alternative 2)
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which would allow a change in use designation relies almost exclusively on the grounds that no
new trails are being created and that the impacts from class 1 e-bike are similar to those of
traditional mountain bikes.
a. In Appendix E of the EA, (page 44), it lists past, present and future projects within the
Project area. The last row lists:
i. Completed and Ongoing
ii. Existing hiking and mountain bike trails.
iii. Past, Present, Reasonably Foreseeable
iv. Trails and trailheads provide recreation opportunities and access on adjacent
private lands. Many users utilize these areas to also gain access to National Forest
trails.
b. The following excerpt from Bend Magazine illuminates the issue perfectly when reporting
on the history of the Phil's Trail Complex, one of the proposed locations for e-bike use:
1. In 1984, Bob Woodward--who would later become a mayor of Bend--
came upon a deer trail through a canyon, and he and his friend Phil
Meglasson began making "improvements...Back then, the U.S. Forest
Service said you could ride your bike anywhere you wanted in the forest.
So if you just rode the same way four or five times, you'd have yourself a
trail," he said. "We didn't use tools. We just rode our bikes through the
woods. At that point there were so few people around that the Forest
Service didn't really care.”
c. AFOIA request has been issued for the Phil’s Complex trails that are listed in Appendix B
of this EA to better understand the cumulative impacts to wildlife associated with the

expansion of motorized use in this region.

MvVUM:
9.We believe that the project's proposed action maps are misleading and need to show all existing
motorized routes displayed on the MVUM maps and that all other ML 1 and 2 motorized routes
need to be analyzed at the “project scale” as specified within the Deschutes National Forest’s
Roads Analysis Report.
a. The “E-bikes Draft EA Proposed Action Overview Map”, “E-bikes Draft EA Proposed Action
Bend Fort-Rock Map” and “E-bikes Draft EA Proposed Action Sisters Map” do not show all

motorized routes that are identified on the applicable MVUM maps. In addition, it is
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understood that the applicable MVUM maps don’t even show all of the ML 1 and 2
motorized routes; “This forest-wide analysis focused on the main road system of the two
forests and grassland. Roads selected for analysis at this scale include all currently
designated Highway Safety Act roads (maintenance level 3, 4, and 5), plus any
maintenance level 1 or 2 roads that have a functional classification of arterial or collector.
Main roads from other jurisdictions such as State, County, and BLM were also considered
in the analysis if they are within the National Forests or connect forest roads to other
adjacent transportation networks. The remaining maintenance level 1 and 2 local roads
under Forest Service jurisdiction will be analyzed in the future, at the watershed or project
scale, as project opportunities and budgets allow. (Deschutes National Forest Roads
Analysis Report, Forest-Wide Assessment, Executive Summary”
i. (EXHIBIT Project Area-DNF MVUM Overlay)

Conclusion:
It is our understanding that when the US Forest Service issues a Draft Environmental Assessment, which
the Deschutes National Forest has done in this case, they use specific metrics to determine whether a full
Environmental Impact Statement is necessary. These metrics include evaluating the potential for
significant environmental impacts. It is also our understanding that the decision hinges on several key
factors outlined by the National Environmental Policy Act and relevant regulations:
a.Scope and Intensity of Impacts: The primary criterion is whether the proposed action is likely to
have significant environmental effects. This involves assessing both the scope and intensity of the
impacts. Given the novel use, and an estimated increase of trail use as described within the EA,
we believe the threshold to require an EIS is met.
b.Public Controversy and Uncertainty: Another important factor is the degree of public controversy
or uncertainty regarding the potential environmental effects of the proposed action. If there is
significant public concern or if the effects are uncertain or involve unique or unknown risks, an
EIS is more likely to be required. This ensures that a comprehensive analysis is conducted, and
public input is thoroughly considered. This project literally checks all of these boxes and
thus meets the threshold to require an EIS.
c.Cumulative Effects: The potential for cumulative effects is also considered. This involves
examination of how the proposed action interacts with other existing or reasonably foreseeable
actions to impact the environment cumulatively. If significant cumulative impacts are identified,

many of which we have provided within our comments, an EIS must be prepared.
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These metrics ensure that the USFS comprehensively evaluates the environmental consequences of its
actions and engages in transparent decision making that incorporates scientific analysis and public input.
Based on the information provided in the Draft Environmental Assessment, and the numerous concerns

we have highlighted in this letter, we demand the Forest complete a full Environmental Impact Statement

before a final decision is made.

Thank you for this opportunity to comment.

lan Isaacson Co-Chair, Oregon Chapter of Backcountry Hunters & Anglers
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Class 1 Full-suspension eMTB Class 2 Full-suspension eBike
(pedal assist) (with throttle)




E Bikes on Select Trails
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Experimental recreationist noise alters behavior and

space use of wildlife

Graphical abstract

Noise from common outdoor recreation activities
significantly increased fleeing and vigilance behaviors
and decreased the local relative abundance of wildlife

Fleeing behavior was most commonly
observed with noise from large, vocal
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Highlights

e Noise from human recreation may have far-reaching effects

on wildlife

e We experimentally tested the effect of human recreation

noises on wildlife

e Recreation noise, without any human presence, caused anti-

predator responses

e Species’ sensitivity varied, but large vocal groups caused the

strongest responses
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In brief

Noise from recreational activities can be
far reaching and have negative effects on
wildlife, yet the impacts of these auditory
encounters are often unobservable. Zeller
et al. design an experiment to isolate the
effect of recreation noise and test
recreation type, group size, and
vocalization presence on terrestrial
wildlife.
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SUMMARY

Providing outdoor recreational opportunities to people and protecting wildlife are dual goals of many land
managers. However, recreation is associated with negative effects on wildlife, ranging from increased stress
hormones'? to shifts in habitat use®® to lowered reproductive success.®” Noise from recreational activities
can be far reaching and have similar negative effects on wildlife, yet the impacts of these auditory encounters
are less studied and are often unobservable. We designed a field-based experiment to both isolate and quan-
tify the effects of recreation noise on several mammal species and test the effects of different recreation types
and group sizes. Animals entering our sampling arrays triggered cameras to record video and broadcast rec-
reation noise from speakers ~20 m away. Our design allowed us to observe and classify behaviors of wildlife
as they were exposed to acoustic stimuli. We found wildlife were 3.1-4.7 times more likely to flee and were
vigilant for 2.2-3.0 times longer upon hearing recreation noise compared with controls (natural sounds and no
noise). Wildlife abundance at our sampling arrays was 1.5 times lower the week following recreation noise
deployments. Noise from larger groups of vocal hikers and mountain bikers caused the highest probability
of fleeing (6-8 times more likely to flee). Elk were the most sensitive species to recreation noise, and large
carnivores were the least sensitive. Our findings indicate that recreation noise alone caused anti-predator re-
sponses in wildlife, and as outdoor recreation continues to increase in popularity and geographic extent,?°
noise from recreation may result in degraded or indirect wildlife habitat loss.

RESULTS We tested eight recreation noise treatments representing

different recreation types (hiking, mountain biking, trail running,

We experimentally broadcast human-produced recreation noise
to wildlife (Figure 1) in the Bridger-Teton National Forest, Wyom-
ing, USA, to address the following questions.

(1) Does recreation noise cause behavioral responses in
wildlife?

(2) Which species are more tolerant or sensitive to recreation
noise?

(3) What attributes of recreation noise (e.g., recreation type,
group size, and group vocalizations) influence wildlife re-
sponses?

(4) Does recreation noise lead to changes in relative abun-
dance of wildlife?

and off-highway vehicle [OHV] use), group sizes (small and
large), and vocalization presences (talking or silent). For controls,
we played back a natural sound treatment (recordings of
ambient natural sounds) and a no-noise treatment.

We obtained 1,023 audio trigger events over 4,444 trap nights
from the following species: mule deer (Odocoileus hemionus, n =
640), elk (Cervus canadensis, n = 122), red fox (Vulpes vulpes, n =
74), black bear (Ursus americanus, n = 51), moose (Alces ameri-
canus, n =50), pronghorn (Antilocapra amerciana, n = 54), cougar
(Puma concolor, n = 17), coyote (Canis latrans, n = 8), and wolf
(Canis lupus, n = 7). Because of small sample sizes for cougars,
coyotes, and wolves, we combined those observations into an
“other carnivore” group for further analysis. The total number of
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Figure 1. Sampling array design for testing the effects of human-produced recreation noise on wildlife

Each array consisted of four trail cameras, two audio playback devices, and two sets of speakers placed along a game trail. Cameras on either end of the array
(trigger cameras) were connected to an audio playback device such that when the sensor on the camera was triggered it also broadcast sound from the speaker
array. Additional remotely triggered cameras in the middle of the array captured continuous videos as animals moved along the game trail. See also STAR

Methods.

trigger events and the total number of independent captures of
our focal species (i.e., total captures on trail cameras regardless
of whether they initiated a trigger of a recreation treatment) are
provided in Data S1A and S1B.

Recreation noise alone caused negative behavioral
responses in wildlife

Recreation noise resulted in significant increases in the likeli-
hood of fleeing and vigilance behavior for wildlife relative to
both control treatments (Figure S1). Wildlife were 4.7 times
more likely to flee (odds ratio [OR] = 0.21, p < 0.0001) and
were vigilant for 2.9 times longer (OR = 0.34, p < 0.0001) when
compared to the no-noise treatment (Figure S1). Wildlife re-
sponses to natural sounds were not different from the no-noise
treatment (flee, OR = 1.51, p = 0.451; vigilant, OR = 1.33, p =
0.442), indicating that wildlife perceived ambient sounds playing
from the speakers differently than recreation noise, confirming
our experimental design. Given this result, we collapsed the
no-noise treatment and the natural sound treatment into a single
control treatment for subsequent analyses.

Overall, wildlife had a higher probability of fleeing when
exposed to the sounds of larger vocal groups (>4 people),
regardless of recreation type, and had the lowest probability of
fleeing from the sounds of small non-vocal groups of hikers (Fig-
ure 2A; Data S2A). Noise from larger groups of vocal hikers re-
sulted in the highest probability of fleeing across wildlife species
(Figure 2A): 8.1 times more likely to flee compared to the control
treatments (OR = 8.114, p < 0.0001). Large groups of vocal
mountain bikers were associated with similar probabilities of
fleeing as large groups of vocal hikers (OR = 0.74, p = 0.938; Fig-
ure 2A). The proportion of time wildlife spent vigilant echoed the
probability of fleeing results for hikers and bikers, except for
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small groups of non-vocal bikers, which resulted in longer times
spent vigilant than the other biking treatments (Figure 2B). Wild-
life spent the longest time vigilant in response to sounds of OHVs
(x = 40% of time, 95% CI [0.30-0.51]; Figure 2B) and were 3
times more likely to spend time vigilant in response to OHV noise
compared to control treatments (OR = 2.99, p = 0.020). This was
followed by small groups of non-vocal mountain bikers (x = 38%
of time, 95% CI [0.32-0.46]) and small groups of non-vocal trail
runners (x = 38% of time, 95% CI [0.26-0.51]; Figure 2B). Com-
plete OR results are provided in Data S2. The differences among
recreation noise treatments for both fleeing and vigilance were
largely explained by the associated decibel level (dB(A)) of the
recreation activity itself. Both behavioral responses were posi-
tively associated with the mean dB(A) of the playback treatments
(Data S3; Figure S2).

Species had different sensitivities to recreation noise

Elk were the most sensitive to recreation noise among species in
our study (Figures 3A and 3B). Elk had a 47% probability of
fleeing (95% CI [0.34-0.61]) upon hearing any recreation noise
and were 6.9 times more likely to flee compared with the control
treatments (OR = 0.144, p = 0.0008). Elk also spent 48% of the
time vigilant (95% CI [0.41-0.68]) in response to recreation noise
and spent 2.9 times longer being vigilant compared to the con-
trols (OR = 0.348, p = 0.0490). Black bear and pronghorn also
had relatively high fleeing probabilities, with a 40% and 26%
chance of fleeing, respectively. Elk, moose, and mule deer spent
longer being vigilant compared to other species (Figure 3B). Me-
dium and large carnivores were the least responsive to recrea-
tion noise. Large carnivores had a 6% probability of fleeing in
response to recreation noise (Figure 3A). Model ORs are pro-
vided in Data S4. Example responses are provided in Video S1.
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Group size and vocalizations were important attributes
of recreation noise treatments

There was no difference in the probabilities of fleeing and pro-
portions of time spent vigilant in response to noise from different
recreation types (i.e., hikers, mountain bikers, and OHV drivers;
Figures 4A and 4B; Data S5A and S5B), but wildlife did have
differing responses to group size and human vocalization
(Figures 4C—4F). Wildlife were twice as likely to flee in response
to noise from larger group sizes of recreationists compared with
noise from smaller group sizes (OR=2.11, p <0.0001; Figure 4C)
and 6.8 times more likely to flee in response to larger groups
compared to the control treatments (OR = 6.80, p < 0.0001).
While larger recreationist group sizes tended to increase the
probability that an individual would flee, overall vigilance time
increased during exposure to noise from smaller groups
compared to larger groups (Figure 4D; Data S5C and S5D), high-
lighting the tradeoff between fleeing and vigilance behaviors.
When recreationists were not vocal, wildlife were 1.7 times
less likely to flee from the game trail (OR = 0.567, p = 0.0001; Fig-
ure 4E; Data S5E).
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Current Biology

Figure 3. Species-specific behavioral re-
sponses to recreation noise

Probability of fleeing (A) and proportion of time
spent vigilant (B) in response to recreation sounds
broadcast for each species in our study. Plots
show predicted means and 95% confidence in-
tervals. “Other carnivore” refers to a large carni-
vore group consisting of cougars, coyotes, and
wolves. Black bear does not have results for the
control for vigilance behavior due to lack of data.
See also Data S4 and Video S1.

—@— Recreation noise
—@— Control

Recreation noise alone caused a
decrease in the site abundance of
wildlife

We broadcast sounds on a weekly
schedule and found abundance of wildlife
at our sampling sites was 1.5 times lower
the week following the deployment of any
recreation noise treatment compared
with the controls (OR = 1.53, p =
0.0001). When examining site use in
response to different recreation noise
treatments, we found there were 1.7
times fewer animal encounters when
noise from large groups of vocal bikers
(OR = 0.578, p = 0.0457) or vocal hikers
® (OR = 0.594, p = 0.0457) was being
broadcast compared with the controls.

DISCUSSION

The sounds people generate during out-
door recreation activities cause strong
anti-predator responses in wildlife in the
absence of actual humans. This finding
aligns with other studies showing nega-
tive effects of anthropogenic noise on
wildlife.®"'> Our experimental playback approach allowed us
to decisively isolate human-created noise as a key driver of ani-
mal response to recreationists. Unlike common opportunistic
recreation studies, ours is the first to quantify responses to hu-
man-produced recreation noise based on recreation type, group
size, vocalization presences, and wildlife species —critical infor-
mation for improved management of both human and natural
systems. We found negative behavioral and site use responses
to recreation noise, and given the spatial reach of propagating
sound, our findings indicate that these negative impacts likely
reach beyond the location of trails, increasing the spatial footprint
ofrecreation impacts. Critically, we observed negative behavioral
and site use responses with extremely low levels of recreation. '
For example, the maximum number of times our triggered system
broadcast recreation noise during a 2-week period was 21, which
is equivalent to approximately 1.5 recreation events per day. As
outdoor recreation opportunities continue to expand, and as
more people engage in these activities, high-quality habitats
may be degraded and result in indirect habitat loss for wildlife
due to sensory pollution. The salience of this finding is
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Figure 4. Wildlife fleeing and vigilance responses to recreation type, group size, and vocalizations

Probability of fleeing (top row) and proportion of time spent vigilant (bottom row) in response to recreation type (left column), group size (middle column), and
group vocalizations (right column) for all species in our study. Plots show predicted means and 95% confidence intervals. Non-overlapping confidence intervals
indicate statistically significant differences between treatments. The “Control” treatment included natural sounds and no-noise treatments. See also Data S5 and

Video S1.

underscored as emerging forms of visitor use monitoring reveal
an expanding footprint of recreational use beyond designated
recreation trails into off-trail environments.'*'°

The strength of responses from mammal species differed
based on the recreation noise treatment. Playback of large vocal
recreation groups caused the highest probabilities of fleeing
among species in our study, while small non-vocal groups of
hikers resulted in the lowest probabilities. Though the large
groups of mountain bikers had the highest average sound level
of our recreation treatments (59 dB(A)), the average sound level
for the large groups of hikers, which caused the highest probabil-
ity of fleeing, was 53 dB(A), which was lower than other recrea-
tion treatments such as the OHV treatment (54 dB(A)) and small
groups of non-vocal mountain bikers (55 dB(A)). This suggests
sound level alone is not the only factor to which animals are re-
sponding. Other characteristics of recreation noise appear to
also be driving behavioral responses of wildlife. For example,
OHV use, trail running, and small groups of non-vocal mountain
bikers resulted in the longest proportion of time spent vigilant
among wildlife.’® These treatments represented noise from
some of the faster moving recreationists and were characterized
by an abrupt ramp up and decline in sound energy, suggesting
moving speed of the recreationists may also have an effect on
wildlife response.’”'® Because of the speed of these recreation
types, the length of these recordings was shorter than those of
other recreation types, indicating duration of the noise may
also be contributing to wildlife responses. Despite the different

qualities of the recreation noises, in general, we found that as
sound level increased so did the probability of fleeing and pro-
portion of time spent vigilant. We did not observe a threshold
in responses to sound level, indicating that anti-predator
behavior is likely to increase with increasing intensity of recrea-
tion noise beyond the levels tested in our study.

Interestingly, we found that noise associated with different
recreation types (e.g., hiking, mountain biking, and OHV driving)
may not be as important a predictor as noise from different group
sizes or vocalizations in eliciting fleeing or vigilance responses of
wildlife.” Though other studies have found non-motorized activ-
ities had more negative effects on wildlife than motorized activ-
ities, those results may be a result of wildlife experiencing both
auditory and visual stimuli.’®?° Our findings, which showed
that noise from larger, more vocal groups elicits a stronger nega-
tive response in wildlife, are consistent with previous litera-
ture,”'>* though most studies with these findings have been
conducted on birds, further highlighting the importance of these
results for mammals.

We found some species were more sensitive to recreation
noise than others. Elk were the most sensitive species in terms
of both probability of fleeing and proportion of time spent vigi-
lant. Studies have found elk increased travel time and avoided
recreation trails in response to OHV, mountain biking, and hiking
use—both on and off trail'®'"?>?*_and in some cases, ap-
proaching hikers reduced elk fecundity when calving.® However,
in other studies, elk use of areas has been shown to be positively
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correlated with recreation sites,?” indicating scale and frequency
of recreation use, as well as habituation, may be important fac-
tors in parsing out recreation effects on this species. The high
probability of fleeing we observed for black bear and pronghorn
may result in shifts of habitat use away from recreation-adjacent
areas, as has been observed in other studies.'>?%2° Though
moose and mule deer had lower probabilities of fleeing than
elk, black bear, and pronghorn, both have been shown to avoid
areas with human recreation in other studies.’”*° However,
moose have also been shown to select for areas of human pres-
ence,'®>?” presumably as a human shield effect from preda-
tors,®" indicating risk-reward tradeoffs and that responses to
recreation noise may be situation dependent.

Compared with other species in our study, carnivores had the
weakest behavioral response to recreation noise. Large carni-
vores responded no differently to recreation noise than to our
control treatments, suggesting they may not be negatively
affected by recreation noise.’ This contrasts with findings
from other studies that found negative responses by carnivores
to human voices and concluded that those responses were
borne out of a fear of humans as a “super predator.”’ 23
Two of those studies conducted their experiments at resource
use areas (kill sites or watering holes), which may be situations
that evoke stronger responses to human presence than walking
along game trails. Though carnivores in our study had a weak
behavioral response to recreation noise, they may still have
been experiencing physiological effects that we were unable to
observe. For example, higher stress hormone levels have been
found in wolves in response to snowmobile recreation,” and
though few behavioral changes were observed, acute increases
in heart rates were documented in black bears in response to un-
manned aerial vehicles.** Therefore, lack of an obvious behav-
ioral response may not equate to lack of response, and our re-
sults are likely underrepresenting the breadth of effects of
recreation noise.

Our study confirmed that noise from recreation activities alone
can reduce wildlife abundance at local sites. We were unable to
differentiate whether decreases in site abundance were the
result of avoidance at smaller scales where animals may locally
alter their use of areas to avoid recreation noise or larger scales
where animals may shift their within-home range use to other
areas,””*° or even change their home range extents in response
to recreation noise.*®*” These findings indicate recreation noise,
even at low levels, may cause avoidance of habitats, which may
limit access to resources and result in indirect habitat loss for
species.”'®*® These recreation noise-induced shifts in space
use may also cause community-level changes in wildlife and
species interactions by reducing the occurrence and density of
some species on the landscape.®®>? While it is unclear to what
extent habituation may counter the negative effects of recreation
noise in terms of wildlife space use through time, habituation of
native ungulates may only occur in areas where they are not
hunted.®'® It is also currently unclear how the frequency of rec-
reation may influence responses of wildlife.

Most recreation studies on wildlife to date have been opportu-
nistic and therefore could not control for several critical factors
such as different recreation types, group sizes, and vocaliza-
tions. Though we were able to successfully conduct an experi-
ment with controls, we were unable to assess responses to
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recreation noise on trail systems regularly used by people. This
allowed us to examine responses to novel recreation noise envi-
ronments but did not allow us to examine habituation®” —a crit-
ical next step. More studies that employ experimental designs
like ours are needed. For example, studies in different study
areas and with different species would help reach generalizable
conclusions. In addition, studies that employ different recreation
treatments, assess noise effects at different distances, or iden-
tify potential cascading effects on energy budgets, fecundity,
and survival*® would help gain a full understanding of recreation
noise effects on wildlife.

Outdoor recreation such as hiking, mountain biking, and
motorized use has been steadily increasing, both in the number
of people that participate in these activities and the number of
days of participation.®° Most land management agencies have
multiple use mandates that include providing opportunities for
outdoor recreation while conserving natural resources such as
wildlife. Data from studies such as this can help managers
discern how increasing recreation may be affecting the wildlife
communities in their area as well as individual species that are
of conservation or management concern. These data can also
be used to predict the effects of management restrictions like
recreation group size, activity zoning, and temporary closures
of areas, or the effect zones of building new trails. Importantly,
these data can also help recreation managers set thresholds
for recreation-related noise (e.g., group size restrictions) and
guide the design of related direct (e.g., regulations and restric-
tions) and indirect (e.g., educational signage to reduce noise)
management actions to help stay within these thresholds.*’
However, in areas where best safety practices suggest recreat-
ing in larger groups and making noise (e.g., grizzly bear
habitat*?), managers may consider alternative management
strategies that, for example, target the type or quality of noise
(e.g., noise that alerts but does not startle wildlife) or restrict rec-
reationists to stay on designated trails.

Wildlife can be highly plastic, and recent studies examining
changes associated with COVID-19-related closures have docu-
mented higher use of sites by species when closures to humans
were implemented.*®** Other studies have found that asking
people to produce less noise while recreating, thereby reducing
sound levels and concomitant effects on wildlife, creates a
soundscape equivalent to fewer people.”® This is just one
example of a management action that can reduce the negative
effects of recreation noise on wildlife. It is clear that particular
attention paid to the sensory impacts of human recreation in
naturally quiet, undeveloped areas—typically considered high-
quality habitat and refugia from human disturbance—may be
critical to balancing land management mandates while ensuring
otherwise intact habitat remains available to wildlife.

STARXMETHODS

Detailed methods are provided in the online version of this paper and include
the following:

o KEY RESOURCES TABLE
o RESOURCE AVAILABILITY
o Lead contact
o Materials availability
o Data and code availability



doi.org/10.1016/j.cub.2024.05.030

Please cite this article in press as: Zeller et al., Experimental recreationist noise alters behavior and space use of wildlife, Current Biology (2024), https://

Current Biology

o EXPERIMENTAL MODEL AND STUDY PARTICIPANT DETAILS
e METHOD DETAILS

o Sampling arrays

o Recreation noise treatments

o Behavior classification
o QUANTIFICATION AND STATISTICAL ANALYSIS

SUPPLEMENTAL INFORMATION

Supplemental information can be found online at https://doi.org/10.1016/j.
cub.2024.05.030.

ACKNOWLEDGMENTS

We thank L. Merigliano and J. Arnal, J. Holbrook, and Friends of the Bridger-
Teton for devoting time and resources to this project. We also thank T. Cath-
cart, I. Henderson, and H. Abernathy for helping with data collection. We are
grateful to T. Henry, B. Cox, and M. Norton for help with video filtering and
B. Cox, K. Hefty, and E. Palm for assistance with recreation recordings. This
research was supported by the USDA Forest Service, Rocky Mountain
Research Station, Aldo Leopold Wilderness Research Institute. The findings
and conclusions in this publication are those of the authors and should not
be construed to represent any official USDA or U.S. Government determina-
tion or policy.

AUTHOR CONTRIBUTIONS

M.A.D. and K.A.Z. conceived of the study design with input from J.R.B. and
J.R.S. Resources were acquired by K.A.Z. Audio playback devices and soft-
ware were created by J.P. and C.A.W. Experiment was implemented by
K.A.Z. and M.A.D., with input from J.W., A.E., and D.D., and was executed
by N.P. Analyses were performed by K.A.Z. and M.A.D. K.A.Z. led the writing
and all co-authors contributed to review and editing.

DECLARATION OF INTERESTS

Prefabricated BoomBox boards/kits used in this study can be obtained from
FreakLabs (owned by J.P. and C.A.W.). However, the information necessary
for building upon the hardware and software is available here and here.

Received: March 4, 2024
Revised: April 13, 2024

Accepted: May 15, 2024
Published: June 13, 2024

REFERENCES

1. Pifeiro, A., Barija, I., Silvan, G., lllera, J.C., Pifeiro, A., Barja, ., Silvan, G.,
and lllera, J.C. (2012). Effects of tourist pressure and reproduction on
physiological stress response in wildcats: management implications for
species conservation. Wildl. Res. 39, 532-539. https://doi.org/10.1071/
WR10218.

2. Creel, S., Fox, J.E., Hardy, A., Sands, J., Garrott, B., and Peterson, R.O.
(2002). Snowmobile activity and glucocorticoid stress responses in wolves
and elk. Conserv. Biol. 16, 809-814. https://doi.org/10.1046/].1523-1739.
2002.00554.x.

3. Stankowich, T. (2008). Ungulate flight responses to human disturbance: a
review and meta-analysis. Biol. Conserv. 141, 2159-2173. https://doi.org/
10.1016/j.biocon.2008.06.026.

4. Taylor, A.R., and Knight, R.L. (2003). Wildlife responses to recreation and
associated visitor perceptions. Ecol. Appl. 13, 951-963. https://doi.org/
10.1890/1051-0761(2003)13[951:WRTRAA]2.0.CO;2.

5. George, S.L., and Crooks, K.R. (2006). Recreation and large mammal ac-
tivity in an urban nature reserve. Biol. Conserv. 133, 107-117. https://doi.
org/10.1016/j.biocon.2006.05.024.

¢? CellPress

. Phillips, G.E., and Alldredge, A.W. (2000). Reproductive success of elk

following disturbance by humans during calving season. J. Wildl.
Manage. 64, 521-530. https://doi.org/10.2307/3803250.

. Mdliner, A., Eduard Linsenmair, K., and Wikelski, M. (2004). Exposure to

ecotourism reduces survival and affects stress response in hoatzin chicks
(Opisthocomus hoazin). Biol. Conserv. 118, 549-558. https://doi.org/10.
1016/j.biocon.2003.10.003.

8. Outdoor Foundation (2023). 2022 Outdoor participation trends report.
9. White, E., Bowker, J.M., Askew, A.E., Langner, L.L., Arnold, J.R., and

10.

11

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

English, D.B.K. (2016). Federal outdoor recreation trends: effects on eco-
nomic opportunities (U.S. Department of Agriculture, Forest Service,
Pacific Northwest Research Station). https://doi.org/10.2737/PNW-
GTR-945.

Quinn, J., L., Whittingham, J., M., Butler, S., J., and Cresswell, W. (2006).
Noise, predation risk compensation and vigilance in the chaffinch Fringilla
coelebs. J. Avian Biol. 37, 601-608. https://doi.org/10.1111/].2006.0908-
8857.03781.x.

. Zanette, L.Y., Frizzelle, N.R., Clinchy, M., Peel, M.J.S., Keller, C.B.,

Huebner, S.E., and Packer, C. (2023). Fear of the human “super predator”
pervades the South African savanna. Curr. Biol. 33, 4689-4696.e4. https://
doi.org/10.1016/j.cub.2023.08.089.

Smith, J.A., Suraci, J.P., Clinchy, M., Crawford, A., Roberts, D., Zanette,
L.Y., and Wilmers, C.C. (2017). Fear of the human ‘super predator’ reduces
feeding time in large carnivores. Proc. Biol. Sci. 284, 20170433. https://
doi.org/10.1098/rspb.2017.0433.

Sytsma, M.L.T., Lewis, T., Gardner, B., and Prugh, L.R. (2022). Low levels
of outdoor recreation alter wildlife behaviour. People Nat 4, 1547-1559.
https://doi.org/10.1002/pan3.10402.

Filazzola, A., Xie, G., Barrett, K., Dunn, A., Johnson, M.T.J., and Maclvor,
J.S. (2022). Using smartphone-GPS data to quantify human activity in
green spaces. PLoS Comput. Biol. 78, e1010725. https://doi.org/10.
1371/journal.pcbi.1010725.

Rice, W.L., Mueller, J.T., Graefe, A.R., and Taff, B.D. (2019). Detailing an
approach for cost-effective visitor-use monitoring using crowdsourced
activity data. J. Park Recreat. Adm. 37, https://doi.org/10.18666/JPRA-
2019-8998.

Ciuti, S., Northrup, J.M., Muhly, T.B., Simi, S., Musiani, M., Pitt, J.A., and
Boyce, M.S. (2012). Effects of humans on behaviour of wildlife exceed
those of natural predators in a landscape of fear. PLoS One 7, e50611.
https://doi.org/10.1371/journal.pone.0050611.

Wisdom, M.J., Preisler, H.K., Naylor, L.M., Anthony, R.G., Johnson, B.K.,
and Rowland, M.M. (2018). Elk responses to trail-based recreation on pub-
lic forests. For. Ecol. Manage. 411, 223-2383. https://doi.org/10.1016/].
foreco.2018.01.032.

Lethlean, H., Van Dongen, W.F., Kostoglou, K., Guay, P.-J., and Weston,
M.A. (2017). Joggers cause greater avian disturbance than walkers.
Landsc. Urban Plan. 159, 42-47. https://doi.org/10.1016/.landurbplan.
2016.08.020.

Gump, K.M., and Thornton, D.H. (2023). Trucks versus treks: the relative
influence of motorized versus nonmotorized recreation on a mammal
community. Ecol. Appl. 33, €2916. https://doi.org/10.1002/eap.2916.

Larson, C.L., Reed, S.E., Merenlender, A.M., and Crooks, K.R. (2016).
Effects of recreation on animals revealed as widespread through a global
systematic review. PLoS One 117, e0167259. https://doi.org/10.1371/jour-
nal.pone.0167259.

Burger, J., and Gochfeld, M. (1991). Human distance and birds: tolerance
and response distances of resident and migrant species in India. Environ.
Conserv. 18, 1568-165. https://doi.org/10.1017/S0376892900021743.

Remacha, C., Pérez-Tris, J., and Delgado, J.A. (2011). Reducing visitors’
group size increases the number of birds during educational activities: im-
plications for management of nature-based recreation. J. Environ.
Manage. 92, 1564—-1568. https://doi.org/10.1016/j.jenvman.2011.01.006.

Levenhagen, M.J., Miller, Z.D., Petrelli, A.R., Ferguson, L.A., Shr, Y.J.,
Gomes, D.G.E., Taff, B.D., White, C., Fristrup, K., Monz, C., et al. (2020).

Current Biology 34, 1-8, July 8, 2024 7



https://doi.org/10.1016/j.cub.2024.05.030
https://doi.org/10.1016/j.cub.2024.05.030
https://github.com/freaklabs/BoomBox
https://zenodo.org/records/5745491
https://doi.org/10.1071/WR10218
https://doi.org/10.1071/WR10218
https://doi.org/10.1046/j.1523-1739.2002.00554.x
https://doi.org/10.1046/j.1523-1739.2002.00554.x
https://doi.org/10.1016/j.biocon.2008.06.026
https://doi.org/10.1016/j.biocon.2008.06.026
https://doi.org/10.1890/1051-0761(2003)13[951:WRTRAA]2.0.CO;2
https://doi.org/10.1890/1051-0761(2003)13[951:WRTRAA]2.0.CO;2
https://doi.org/10.1016/j.biocon.2006.05.024
https://doi.org/10.1016/j.biocon.2006.05.024
https://doi.org/10.2307/3803250
https://doi.org/10.1016/j.biocon.2003.10.003
https://doi.org/10.1016/j.biocon.2003.10.003
http://refhub.elsevier.com/S0960-9822(24)00673-0/sref8
https://doi.org/10.2737/PNW-GTR-945
https://doi.org/10.2737/PNW-GTR-945
https://doi.org/10.1111/j.2006.0908-8857.03781.x
https://doi.org/10.1111/j.2006.0908-8857.03781.x
https://doi.org/10.1016/j.cub.2023.08.089
https://doi.org/10.1016/j.cub.2023.08.089
https://doi.org/10.1098/rspb.2017.0433
https://doi.org/10.1098/rspb.2017.0433
https://doi.org/10.1002/pan3.10402
https://doi.org/10.1371/journal.pcbi.1010725
https://doi.org/10.1371/journal.pcbi.1010725
https://doi.org/10.18666/JPRA-2019-8998
https://doi.org/10.18666/JPRA-2019-8998
https://doi.org/10.1371/journal.pone.0050611
https://doi.org/10.1016/j.foreco.2018.01.032
https://doi.org/10.1016/j.foreco.2018.01.032
https://doi.org/10.1016/j.landurbplan.2016.08.020
https://doi.org/10.1016/j.landurbplan.2016.08.020
https://doi.org/10.1002/eap.2916
https://doi.org/10.1371/journal.pone.0167259
https://doi.org/10.1371/journal.pone.0167259
https://doi.org/10.1017/S0376892900021743
https://doi.org/10.1016/j.jenvman.2011.01.006
http://refhub.elsevier.com/S0960-9822(24)00673-0/sref23
http://refhub.elsevier.com/S0960-9822(24)00673-0/sref23

Please cite this article in press as: Zeller et al., Experimental recreationist noise alters behavior and space use of wildlife, Current Biology (2024), https://
doi.org/10.1016/j.cub.2024.05.030

¢? CellPress

24,

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

8

Ecosystem services enhanced through soundscape management link
people and wildlife. People Nat 3, 176-189.

Tracy, D.M. (1976). Reactions of wildlife to human activity along Mount
McKinley National Park Road.

Naylor, L.M., Wisdom, M.J., and Anthony, R.G. (2009). Behavioral re-
sponses of North American elk to recreational activity. J. Wildl. Manag.
73, 328-338. https://doi.org/10.2193/2008-102.

Becker, B., Moi, C., Maguire, T., Atkinson, R., and Gates, N. (2012). Effects
of hikers and boats on tule elk behavior in a national park wilderness area.
Human-Wildlife Interact 6, https://doi.org/10.26077/pve7-yb42.

Granados, A., Sun, C., Fisher, J.T., Ladle, A., Dawe, K., Beirne, C., Boyce,
M.S., Chow, E., Heim, N., Fennell, M., et al. (2023). Mammalian predator
and prey responses to recreation and land use across multiple scales pro-
vide limited support for the human shield hypothesis. Ecol. Evol. 13,
e€10464. https://doi.org/10.1002/ece3.10464.

Fairbanks, W., and Tullous, R. (2002). Distribution of pronghorn
(Antilocapra americana Ord) on Antelope Island State Park, Utah, USA,
before and after establishment of recreational trails. Nat. Areas J. 22,
277-282.

Costello, C.M., Cain, S.I., Nielson, R.M., Servheen, C., and Schwartz, C.C.
(2013). Response of American black bears to the non-motorized expan-
sion of a road corridor in Grand Teton National Park. Ursus 24, 54-69.

Naidoo, R., and Burton, A.C. (2020). Relative effects of recreational activ-
ities on a temperate terrestrial wildlife assemblage. Conserv. Sci. Pract. 2,
e271. https://doi.org/10.1111/csp2.271.

Berger, J. (2007). Fear, human shields and the redistribution of prey and
predators in protected areas. Biol. Lett. 3, 620-623. https://doi.org/10.
1098/rsbl.2007.0415.

Olson, L.E., Squires, J.R., Roberts, E.K., Ivan, J.S., and Hebblewhite, M.
(2018). Sharing the same slope: behavioral responses of a threatened
mesocarnivore to motorized and nonmotorized winter recreation. Ecol.
Evol. 8, 8555-8572. https://doi.org/10.1002/ece3.4382.

Suraci, J.P., Clinchy, M., Zanette, L.Y., and Wilmers, C.C. (2019). Fear of
humans as apex predators has landscape-scale impacts from mountain
lions to mice. Ecol. Lett. 22, 1578-1586. https://doi.org/10.1111/ele.
13344.

Ditmer, M.A., Vincent, J.B., Werden, L.K., Tanner, J.C., Laske, T.G., laizzo,
P.A., Garshelis, D.L., and Fieberg, J.R. (2015). Bears show a physiological
but limited behavioral response to unmanned aerial vehicles. Curr. Biol.
25, 2278-2283. https://doi.org/10.1016/j.cub.2015.07.024.

Coppes, J., Burghardt, F., Hagen, R., Suchant, R., and Braunisch, V.
(2017). Human recreation affects spatio-temporal habitat use patterns in
red deer (Cervus elaphus). PLoS One 72, e0175134. https://doi.org/10.
1371/journal.pone.0175134.

Heinemeyer, K., Squires, J., Hebblewhite, M., O’Keefe, J.J., Holbrook,
J.D., and Copeland, J. (2019). Wolverines in winter: indirect habitat loss
and functional responses to backcountry recreation. Ecosphere 10,
e02611. https://doi.org/10.1002/ecs2.2611.

Gill, R., Serrouya, R., Calvert, A.M., Ford, A., Steenweg, R., and Noonan,
M.J. (2023). Movement ecology of endangered caribou during a COVID-19
mediated pause in winter recreation. Anim. Conserv. https://doi.org/10.
1111/acv.12912.

Reed, S.E., and Merenlender, A.M. (2008). Quiet, nonconsumptive recre-
ation reduces protected area effectiveness. Conserv. Lett. 7, 146-154.
https://doi.org/10.1111/j.1755-263X.2008.00019.x.

Reed, S.E., and Merenlender, A.M. (2011). Effects of management of do-
mestic dogs and recreation on carnivores in protected areas in Northern

Current Biology 34, 1-8, July 8, 2024

40.

41.

42.

43.

44,

45.

46.

47.

48.

49.

50.

51.

52.

53.

54,

55.

56.

Current Biology

California. Conserv. Biol. 25, 504-513. https://doi.org/10.1111/j.1523-
1739.2010.01641.x.

Francis, C.D., and Barber, J.R. (2013). A framework for understanding
noise impacts on wildlife: an urgent conservation priority. Front. Ecol.
Environ. 77, 305-313. https://doi.org/10.1890/120183.

Interagency Visitor Use Management Council (2016). Visitor use manage-
ment framework.

Gunther, K.A., and Haroldson, M.A. (2020). Potential for recreational re-
strictions to reduce grizzly bear-caused human injuries. Ursus 2020,
1-17. https://doi.org/10.2192/URSUS-D-18-0005.1.

Anderson, A.K., Waller, J.S., and Thornton, D.H. (2023). Partial COVID-19
closure of a national park reveals negative influence of low-impact recre-
ation on wildlife spatiotemporal ecology. Sci. Rep. 13, 687. https://doi.org/
10.1038/s41598-023-27670-9.

Burton, A.C., Beirne, C., Gaynor, K.M., Sun, C., Granados, A., Allen, M.L.,
Alston, J.M., Alvarenga, G.C., Calderon, F.S.A., Amir, Z., et al. (2024).
Mammal responses to global changes in human activity vary by trophic
group and landscape. Nat. Ecol. Evol. 8, 924-935. https://doi.org/10.
1038/541559-024-02363-2.

Palmer, M.S., Wang, C., Plucinski, J., and Pringle, R.M. (2022). BoomBox:
an automated behavioural response (ABR) camera trap module for wildlife
playback experiments. Methods Ecol. Evol. 13, 611-618. https://doi.org/
10.1111/2041-210X.13789.

Friard, O., and Gamba, M. (2016). BORIS: a free, versatile open-source
event-logging software for video/audio coding and live observations.
Methods Ecol. Evol. 7, 1325-1330. https://doi.org/10.1111/2041-210X.
12584.

R Core Team (2023). R: A language and environment for statistical
computing Version 4.3.1. https://cran.r-project.org/.

Caro, T. (2005). Antipredator Defenses in Birds and Mammals, S. Girling.,
ed. (University of Chicago Press).

Cooper, W.E., Jr., and Blumstein, D.T. (2014). Novel effects of monitoring
predators on costs of fleeing and not fleeing explain flushing early in eco-
nomic escape theory. Behav. Ecol. 25, 44-52. https://doi.org/10.1093/be-
heco/art083.

Wakefield, S., and Attum, O. (2006). The effects of human visits on the use
of a waterhole by endangered ungulates. J. Arid Environ. 65, 668-672.
https://doi.org/10.1016/j.jaridenv.2005.08.007.

Lott, D.F., and McCoy, M. (1995). Asian rhinos Rhinoceros unicornis on the
run? Impact of tourist visits on one population. Biol. Conserv. 73, 23-26.
https://doi.org/10.1016/0006-3207(95)90053-5.

Ydenberg, R.C., and Dill, L.M. (1986). The economics of fleeing from pred-
ators. In Advances in the Study of Behavior, J.S. Rosenblatt, C. Beer, M.-
C. Busnel, and P.J.B. Slater, eds. (Academic Press), pp. 229-249. https://
doi.org/10.1016/S0065-3454(08)60192-8.

Brooks, M., Kristensen, K., Benthem, K., Magnusson, A., Berg, C.,
Nielsen, A., Skaug, H., Machler, M., and Bolker, B. (2017). gimmTMB bal-
ances speed and flexibility among packages for zero-inflated generalized
linear mixed modeling. R J. 9, 378-400. https://doi.org/10.32614/RJ-
2017-066.

Fox, J., and Weisberg, S. (2019). An R companion to applied regression
(Third edition).

Bates, D., Machler, M., Bolker, B., and Walker, S. (2015). Fitting linear
mixed-effects models using Ime4. J. Stat. Softw. 67, 1-48. https://doi.
org/10.18637/jss.v067.i01.

Lenth, R. (2023). emmeans: Estimated marginal means, aka least-squared
means Version 1.8.9. .


http://refhub.elsevier.com/S0960-9822(24)00673-0/sref23
http://refhub.elsevier.com/S0960-9822(24)00673-0/sref23
http://refhub.elsevier.com/S0960-9822(24)00673-0/sref24
http://refhub.elsevier.com/S0960-9822(24)00673-0/sref24
https://doi.org/10.2193/2008-102
https://doi.org/10.26077/pve7-yb42
https://doi.org/10.1002/ece3.10464
http://refhub.elsevier.com/S0960-9822(24)00673-0/sref28
http://refhub.elsevier.com/S0960-9822(24)00673-0/sref28
http://refhub.elsevier.com/S0960-9822(24)00673-0/sref28
http://refhub.elsevier.com/S0960-9822(24)00673-0/sref28
http://refhub.elsevier.com/S0960-9822(24)00673-0/sref29
http://refhub.elsevier.com/S0960-9822(24)00673-0/sref29
http://refhub.elsevier.com/S0960-9822(24)00673-0/sref29
https://doi.org/10.1111/csp2.271
https://doi.org/10.1098/rsbl.2007.0415
https://doi.org/10.1098/rsbl.2007.0415
https://doi.org/10.1002/ece3.4382
https://doi.org/10.1111/ele.13344
https://doi.org/10.1111/ele.13344
https://doi.org/10.1016/j.cub.2015.07.024
https://doi.org/10.1371/journal.pone.0175134
https://doi.org/10.1371/journal.pone.0175134
https://doi.org/10.1002/ecs2.2611
https://doi.org/10.1111/acv.12912
https://doi.org/10.1111/acv.12912
https://doi.org/10.1111/j.1755-263X.2008.00019.x
https://doi.org/10.1111/j.1523-1739.2010.01641.x
https://doi.org/10.1111/j.1523-1739.2010.01641.x
https://doi.org/10.1890/120183
http://refhub.elsevier.com/S0960-9822(24)00673-0/sref41
http://refhub.elsevier.com/S0960-9822(24)00673-0/sref41
https://doi.org/10.2192/URSUS-D-18-0005.1
https://doi.org/10.1038/s41598-023-27670-9
https://doi.org/10.1038/s41598-023-27670-9
https://doi.org/10.1038/s41559-024-02363-2
https://doi.org/10.1038/s41559-024-02363-2
https://doi.org/10.1111/2041-210X.13789
https://doi.org/10.1111/2041-210X.13789
https://doi.org/10.1111/2041-210X.12584
https://doi.org/10.1111/2041-210X.12584
https://cran.r-project.org/
http://refhub.elsevier.com/S0960-9822(24)00673-0/sref48
http://refhub.elsevier.com/S0960-9822(24)00673-0/sref48
https://doi.org/10.1093/beheco/art083
https://doi.org/10.1093/beheco/art083
https://doi.org/10.1016/j.jaridenv.2005.08.007
https://doi.org/10.1016/0006-3207(95)90053-5
https://doi.org/10.1016/S0065-3454(08)60192-8
https://doi.org/10.1016/S0065-3454(08)60192-8
https://doi.org/10.32614/RJ-2017-066
https://doi.org/10.32614/RJ-2017-066
http://refhub.elsevier.com/S0960-9822(24)00673-0/sref54
http://refhub.elsevier.com/S0960-9822(24)00673-0/sref54
https://doi.org/10.18637/jss.v067.i01
https://doi.org/10.18637/jss.v067.i01
http://refhub.elsevier.com/S0960-9822(24)00673-0/sref56
http://refhub.elsevier.com/S0960-9822(24)00673-0/sref56

Please cite this article in press as: Zeller et al., Experimental recreationist noise alters behavior and space use of wildlife, Current Biology (2024), https://
doi.org/10.1016/j.cub.2024.05.030

Current Biology ¢? CellPress

STARXMETHODS

KEY RESOURCES TABLE

REAGENT or RESOURCE SOURCE IDENTIFIER

Deposited data

Behavioral data used in the statistical analyses This paper https://doi.org/10.6084/m9.figshare.25328743
Relative abundance data used in the This paper https://doi.org/10.6084/m9.figshare.25328743

statistical analyses

Software and algorithms
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Further information and requests for resources should be directed to and will be fulfilled by the lead contact, Katherine Zeller
(Katherine.zeller@usda.gov).

Materials availability
This study did not generate new materials.

Data and code availability

o Data for behavioral analysis and site use analysis are available here: https://doi.org/10.6084/m9.figshare.25328743
® This paper does not report original code.
® Any additional information required to reanalyze the data reported in this paper is available from the lead contact upon request.

EXPERIMENTAL MODEL AND STUDY PARTICIPANT DETAILS

Our sampling procedure involved remotely triggered trail cameras that recorded videos of wildlife that entered our sampling arrays.
Species of wildlife that frequently encountered our sampling arrays included mule deer, elk, red fox, black bear, moose, pronghorn,
cougar, coyote, and wolf (Data S1). We obtained U.S. Forest Service Research and Development IACUC approval for both years of
the study.

METHOD DETAILS

Our study was conducted in the Bridger Teton National Forest in Wyoming, USA over two summer field seasons in 2022 (June 20""-
October 9" and 2023 (June 5"-September 26™). In 2022, we had eight sampling sites, four in the Jackson Ranger District and four in
the Grey’s River Ranger District. In 2023, we had 12 sampling sites, four in the Jackson, two in the Blackrock, and six in the Grey’s
River Ranger Districts. Sites were selected based on maximizing encounter rates of medium to large mammals. District Wildlife Bi-
ologists were consulted to identify areas with high wildlife use and site placement required the presence of a well-used game trail with
fresh sign. Two of the sites in the Jackson Ranger District were used in both 2022 and 2023, while three of the sites in the Grey’s River
Ranger District were used in both years. We retained sites in 2023 if they had relatively high sample sizes in 2022. Sampling sites were
placed at least 2 km away from one another (x = 9 km).
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Sampling arrays

Sampling arrays were placed on game trails at an average distance of 650 m from recreation trails. Each array consisted of four cam-
era traps and two audio playback devices called ‘BoomBoxes’*° placed on trees along a game trail (Figure 1). There were two trigger
cameras, one at each end of the array, positioned to capture animals approaching the array from either side. Two middle cameras
and the two pairs of BoomBox speakers were placed ~19 m (17-21 m) away from the trigger cameras in the center of the array, with
the middle cameras positioned to capture an animal as it moved along the game trail from the trigger cameras so that an animal’s
movements and behavior were fully captured as it moved through the array (Figure 1). We placed the speakers at this distance
from the trigger trees because we did not want to evoke a startle response from wildlife, rather we wanted the recreation noises
to play at a far enough distance from the trigger cameras to simulate realistic wildlife encounters along trail systems while allowing
for the noise to reach the outer trigger camera. We also recorded recreation treatments (see below) so that the recording began
before the noise could be heard and naturally ramped up in volume as the recreationists approached the recorder to create realistic
noise cues. Trigger cameras (Reconyx Hyperfire 2 Professional Covert Infrared) were programmed to record 90 s video. Middle cam-
era models were either Reconyx Hyperfire 2 Professional Covert Infrared or Reconyx Hyperfire 2 Covert Infrared, and programmed to
record 10 s videos. See Video S1 for examples.

Trigger cameras were modified to connect to the BoomBoxes by soldering a connector wire to the passive infrared motion sensor
on the camera circuit boards. BoomBoxes were located at the trigger tree and were connected to 17-21 m lengths of speaker wire so
that speakers could be placed in the middle of the sampling array. Speaker wires were threaded through wire conduit to protect from
the elements and from damage by wildlife.

Recreation noise treatments

We tested eight recreation noise treatments that represented different recreation types, recreation group sizes, and vocalizations
(silent or talking; Data S3A). Given various constraints on our first field season we were not able to deploy the full array of recreation
treatments over both seasons and were only able to run the experiment in 2022 with five of the recreation treatments (Data S3A).
Furthermore, these constraints prevented us from being able to run the full factorial of recreation treatments for each reaction
type, group size, and vocalization. Therefore, we selected the eight treatments we thought were the most common recreation events.

Recreation noises were recorded on recreation trails around Missoula, Montana, Fort Collins, Colorado, and Jackson, Wyoming.
Recordings were made with a Zoom H4nPro portable recorder with a Deadcat windshield over the microphones. The recorder was
attached to a tripod placed approximately three feet off the ground and two feet off the trail. The recorder was set to record in stereo
with a WAV48kHz/24 bit format. Recordings began before noise could be heard and continued until the recreationists had passed
and the noise had faded. The decibel level (dB(A)) of the recreation noise was simultaneously tracked with a Mic-W (i436) microphone
attached to either an iPhone or iPad and recorded with the SmarterNoise app. SmarterNoise graphed the dB(A) continuously
throughout the recording and provided information such as the mean, minimum, and maximum dB(A) levels of each recording.
We used the dB(A) level information to match the dB(A) levels from the recorded recreation noise to the noise being played back
through the BoomBox speakers in the field. We counted the number of recreationists in each group as we recorded the noise.

Recordings were grouped into recreation treatments and edited with Audacity software, v3.3.2. Due to BoomBox requirements,
the recordings could not be longer than the video recordings from the trigger cameras, limiting recordings to 90 s. We edited record-
ings to remove long silent periods before the sound could be heard and in some cases we incorporated a fade out for 3 s at the end of
the recordings to meet the 90 s requirement. Recordings were 21 s to 90 s in length (Data S3A). One recreation treatment was de-
ployed at a site for either two weeks (2022) or one week (2023), with treatments rotating through the sites during a season. For each
recreation treatment we had at least three different recordings that the BoomBox was programmed to cycle through sequentially. For
example, at the first trigger, the BoomBox would play recording #1 of that treatment, at the second trigger, recording #2 would be
played, at the third trigger, recording #3 would be played, at the fourth trigger recording #1 would be played, etc. Using multiple re-
cordings helped to ensure the animal response was due to a specific recreation treatment and not a spurious attribute of a particular
recording.

We also recorded and employed background nature noise in our experiment to act as a control. This allowed us to test whether
wildlife were responding to the recreation noises being played and not just to any sound playing from the speakers. In 2022, recre-
ation treatments were deployed and arrays were checked by field technicians every two weeks. During this time, camera storage
cards and batteries were replaced and the recreation noises were changed. In 2023, arrays were checked and noises were changed
weekly. We also incorporated ‘no noise’ weeks into the noise schedule for each site where no sounds were played from the speakers
as an additional control.

Behavior classification

Videos with false trigger events were filtered out as well as videos with birds or mammals smaller than a fox. Videos with animals at a
trigger camera for more than 5 s were identified and matched with videos of the same animal from other cameras in the array, if
present. We required the animal to be in the frame for at least 5 s to account for the slight lag in triggering the BoomBox noise.
The video or group of videos were classified as an ‘event’. Events were then imported into the BORIS software environment,
v.7.13.9 for behavioral classification.*® Two researchers (Zeller and Ditmer) independently classified behaviors from all events to
account for any bias by using only one classifier. Classifiers were blinded from the recreation treatment and behaviors were clas-
sified with the video sound off so as not to bias classifications. Behaviors were classified into one of the following categories: vigilant
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(head raised, alert, listening), feeding (actively eating vegetation), walking (moving unperturbed, but not feeding or engaged in other
relaxed behavior), reverse course (reversal of previous trajectory of movement), fleeing (fast exit of the camera frame in any direc-
tion), social (interactions among animals), trot or run (moving faster than a walking pace, but not as spontaneous or fast as fleeing),
camera curious (sniffs, nudges, rubs against camera), bedding/resting (laying down), and other (other behavior not captured by one
of the predefined classes).

Behaviors were classified for the continuous duration of the videos. For example, when a video was started, the behavior at the
start was identified and carried through until the viewer identified a change in behavior, at which time, the first behavior was stopped
and the new behavior was started. This process continued through the duration of all videos in an ‘event’ and included ‘out of frame’
time where animal behavior could not be observed. This process allowed us to account for each second in all videos and identify not
only behaviors that occurred during a trigger event, but also the proportion of time an animal spent in each behavioral state while in
the camera frame. For each event, the following information was also entered into the BORIS software environment: species, number
of individuals, if rain and/or wind were observed in video, if individual(s) were with young, and which cameras in addition to the trigger
camera were deployed.

QUANTIFICATION AND STATISTICAL ANALYSIS

All analyses were conducted in R software.*” We assumed vigilance and flight behavior were anti-predator responses to hearing rec-
reation noise,*®°? so we focused on those two behavioral classifications. Both proportion of time vigilant and probability of fleeing
were modeled with binomial mixed models using the gimmTMB function from the ‘gimmTMB’ R package.’® Each behavior was
modeled as a function of recreation noise treatment, Forest Service district, day of study, precipitation amount (mm), wind speed
(kph), sun position (angle above or below the horizon), and whether an animal was with offspring. We also included site and observer
as random effects to account for site-level differences, classifier bias, and repeat observations. Forest service district was included
due to the differences in recreation use among the districts. The two northern districts experience a lot of hiking and mountain biking
use and very little OHV use while the southern district experiences frequent OHV use, and very infrequent non-motorized use. Day of
study was calculated from June 15! of each year and was included to account for wildlife acclimation to noise over the course of each
season as well as seasonal variations. Hourly rain and wind data obtained from nearby weather stations via visualCrossing (https://
www.visualcrossing.com/) were matched with the observations. We used data from four weather stations in the study area and
matched the data from each weather station to the closest site and time stamp. Sun position was included to account for time of
day differences in responses, and animals with offspring were included to account for possible differences in behavioral responses
when young were present. For all models, the global model was run, significant main effects were identified with the Anova function
from the ‘car’ R package,”* and those main effects were carried forward to the final models.

To answer our first question, “Does recreation noise cause behavioral responses in wildlife?”, we ran three models. First, we
collapsed all recreation treatments and all species into a single model and compared recreation noise against the natural sounds
and no noise treatments. In the next model, we separated the recreation treatments. We also ran a model with the mean dB(A) of
the noises as the main predictor variable. For our second question, “Which species are more tolerant or sensitive to recreation
noise?”, we collapsed recreation treatments and separated species. For our third question, “What attributes of recreation noise
(e.g., recreation type, group size, group vocalizations) influence wildlife responses?”, we ran three models. First, we collapsed all
hiking and running treatments into a ‘hiking’ type, we collapsed all mountain biking treatments into a ‘biking’ type, and we kept
OHYV as its own separate treatment. Then, we collapsed all small groups together and all large groups together. OHV treatments
were not included in these models. Third, we collapsed the treatments by whether they were vocal or non-vocal. For this question,
we ran the models for all species together and for each species separately.

To answer our fourth question, “Does recreation noise lead to changes in local site use of wildlife?”, we first identified when any of
our focal species were captured on any camera in our arrays and considered that an observation. We required observations to be
20 min apart from one another to be counted as independent observations. We then summed the number of observations across
all species for each sampling week at a site and ran two Poisson regressions with the gimer function from the ‘lme4’ R package.®®
First, we modeled species counts as a function of if any recreation noise (binary) was a played at a site the previous week. We
modeled number of individuals as a function of the recreation noise treatment played the week prior to allow time for wildlife to expe-
rience the noise and respond to it. Second, we modeled species counts as a function of which recreation treatment was deployed the
previous week. For both models we included the week of sampling season as a main effect to account for wildlife acclimation to noise
over the course of each season and for seasonal variations, and site as a random effect. The count data were slightly over-dispersed,
therefore, we then re-ran the models using a negative binomial distribution with the gimer.nb function from the ‘lme4’ R package. For
all models we identified significant contrasts and calculated effect sizes with the ‘emmeans’ R package.”®
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