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Abstract A growing body of evidence suggests that traffic noise negatively affects wildlife. Protected natural areas are
not free from noise exposure, both external to and within park boundaries. Natural soundscapes are important in many
aspects of animal life histories, for increasing positive visitor experiences, and for providing psychological ecosystem
services. To examine the use of signs as an effective traffic noise mitigation strategy, we experimentally altered speed
limits from 45 mph to 25 mph, with additional educational signage, along the Oxbow Bend traffic corridor in Grand Teton
National Park, USA. We continuously recorded sound levels between alternating week-long blocks while conducting avian
point counts at each station. We detected 2,217 individuals of 48 species across all stations throughout the study. To
assess visitor experiences with the soundscapes and visitor attitudes towards sign use and management strategies, we
conducted stated-choice intercept surveys along a park turnout within the experimental corridor. We administered 471
surveys at an 82% response rate. Future data will evaluate impacts of traffic noise on avian abundance and distributions,
visitor attitudes towards mitigation strategies, and the potential coupling between human and natural systems via the
soundscape.

Introduction

There is currently very strong evidence that anthro-
pogenic noise negatively affects wildlife (reviewed in
Francis and Barber, 2013; Shannon et al., 2016) and
evidence that visitor experiences in protected natu-
ral areas may be negatively impacted by noise (e.g.,
Pilcher et al., 2009). However, it remains unclear
to what degree acoustics mediate visitor interactions
with wildlife.

Interactions between humans and natural systems
are complex and have the potential to create feed-
back loops (Liu et al., 2007). These associated feed-
back loops can be either positive or negative, and
the sounds present in the soundscape can influence
these reactions. For instance, by further investigat-
ing the positive health benefits of natural sounds,
changes in public policy related to anthropogenic
noise could be made based off a public value in di-
minished noise exposure and quieter natural spaces
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(Zevitas et al., 2012). Protected parks, one such area
where people may go for restorative benefits, can-
not escape exposure to anthropogenic noise (Bar-
ber et al., 2011; Lynch et al., 2011). Parks such
as Muir Woods National Monument have begun to
implement soundscape management strategies and
measure noise acceptability levels among park-goers
(Pilcher et al., 2007; Marin et al., 2011; Stack et al.,
2011).

The soundscape is a combination of all sounds cre-
ated in a landscape, whether from organisms, non-
biological ambient sources, or those created by hu-
mans (Pijanowski et al., 2011). Anthropogenic noise
represents a fast increasing and often dominant
sound in diverse landscapes, with transportation net-
works often the prevalent source of sound (Barber
et al., 2010). Sounds within a soundscape can elicit
both positive and negative physiological and psycho-
logical reactions in humans. Researchers found in-
creased levels of stress (Babisch et al., 2003), sleep
disturbance (Miedema and Vos, 2007), hyperten-
sion (Jarup et al., 2008), and risk of heart attack
(Sørensen et al., 2012) in people exposed to high lev-
els of anthropogenic noise.

On the other hand, natural sounds can facilitate
stress recovery (Ulrich et al., 1991; Alvarsson et al.,
2010), improve cognitive performance (Abbott et al.,
2016), and have restorative effects (Kaplan, 1995).
The psychological, cognitive, and emotional bene-
fits derived from interactions with the natural world
are part of emerging field known as psychologi-
cal ecosystem services (reviewed in Bratman et al.,
2012). Nature experience can have positive effects
on memory, attention, concentration, impulse inhibi-
tion, and mood (Bratman et al., 2012).

Birdsong is one such type of natural sound associ-
ated with this recovery and attention (Ratcliffe et al.,
2013). Bird-watchers represent a large recreational
group within the United States – 47 million people as
of a 2011 survey (Carver, 2013) – and people’s per-
ception of birds are generally positive (Belaire et al.,
2015; Clergeau et al., 2001). Birds also provide many
ecosystem services and are an integral part of many
ecosystems (Sekercioglu, 2006; Wenny et al., 2011).

Many studies suggest, however, that roads can
have a major impact on animal abundance and thus
changes in the ecosystem (Fahrig and Rytwinski,
2009). Breeding bird density decreases in areas ad-
jacent to roads, with traffic noise postulated as one
key disturbance (Reijnen et al., 1995, 1996). McClure
et al. (2013) demonstrated over a one-quarter decline
in bird abundance and almost complete avoidance in
some migratory songbird species in response to traf-
fic noise playback. Birds in this study also had lower
body condition index scores during the traffic versus
control treatments (Ware et al., 2015).

Anthropogenic noise exposure is rapidly increasing
globally and associated noises often intrude into pub-
lic spaces, such as protected parks. This makes
it difficult to detect natural sounds – birdsong, run-
ning water, wind – that have positive health ben-
efits and experiential valuation. Measuring the ef-
fects of traffic mitigation strategies both on noise and
park-goer experience can help managers determine
suitable noise level standards and mitigation strate-
gies. These management strategies can aim to bring
noise levels within an acceptable decibel range that
allows for increased biodiversity, audibility of impor-
tant and valued sounds, as well as positive visitor ex-
periences. This study aims to better understand the
interface and relationships of anthropogenic noise,
wildlife, and human experience.

Methods

Study site

We conducted avian counts, visitor surveys, and traf-
fic manipulations at Oxbow Bend along the John D.
Rockefeller Jr. Parkway/US-191/US-287/US-89 high-
ways north of the Moran Entrance in Grand Teton Na-
tional Park (GTNP), Wyoming, USA (Figure 1). Traf-
fic manipulations rotated in an on/off schedule dur-
ing a total of 10 week-long blocks from 6 June to
14 August, 2016. We placed a series of mitigation
signs (e.g., ‘Road Noise Affects Wildlife’, ‘Slowing
Down Reduces Noise’) north- and southbound along
the approximately 2.5-kilometer experimental corri-
dor during traffic manipulation blocks.
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Figure 1. Noise mitigation signage and data collection
locations along the Oxbow Bend traffic corridor north of
the Moran entrance, Grand Teton National Park.

We sampled avian abundance and distribution at a
total of 13 avian point count and continuous sound
level measurement stations at locations 50-350 me-
ters from the roadway. Site habitats ranged from
mixed aspen, conifer and sagebrush sites to riparian
areas dominated by willow. Roadside behavioral sur-
vey locations fell within similar habitats of the same
traffic corridor. We conducted randomized visitor-
intercept surveys at the Oxbow Bend turnout from 19
July through 14 August, 2016.

Collections

We quantified avian biodiversity at each site using
distance-based point counts adapted from the Rocky
Mountain Bird Observatory protocol (Hanni et al.,
2009). We sampled each location twice weekly be-
tween 0700 and 1200 hours using two consecutive,
randomly selected 5-minute surveys: one using au-
ditory and visual detection methods and one using
visual detection alone. During visual surveys, tech-
nicians wore uncorded earplugs and hearing protec-
tor headsets (3M, Maplewood, MN) to exclude au-
ditory signals. We recorded all avian species de-
tected for each minute of the count, as well as the
method of detection (e.g., visual, call, song). Using
a laser rangefinder with a built-in compass (TruPulse
360R, Laser Technology, Inc., Centennial, CO), we
recorded the distance and azimuth of each bird when
first detected. Because detection of birds varies by

Figure 2. Traffic noise (dB) meter deployed northbound
along the John D. Rockefeller Jr. Parkway/US-191/US-
287/US-89 traffic corridor.

both time and date, we shuffled point survey order.

At roadside sites near each point count location, we
conducted instantaneous focal follow surveys of birds
in 20m x 20m study plots. Using a running timer, we
recorded bird behaviors for individuals upon entering
the study plot at 30s intervals for a duration of 20 min-
utes at each site. When a bird entered the plot, we
followed that bird, recording behaviors (e.g., vocaliza-
tion, preen, forage) at each interval until it exited, and
then began to follow the next individual in the same
manner upon entering the plot. We surveyed each
roadside location once per week, alternating and ran-
domizing which day of the week we completed sub-
sequent surveys.

In addition, we conducted repeated waterbird scans
during one-hour survey periods approximately 0.16
km north of the Oxbow Bend turnout (43◦51’N,
110◦32’W) during late mornings to early afternoons
(∼1100-1500 hours). Using a Vortex (Middleton, WI)
Razor HD spotting scope, we recorded waterbird be-
haviors and approximate distances based off geo-
graphic landmarks. We continuously repeated scans
(e.g., when we completed one scan of the river bend,
a new scan encompassing the same area was im-
mediately initiated) for the duration of the total scan
period.

To assess potential differences in traffic noise levels
between normal access (‘off’) and mitigation (‘on’)
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treatments, we deployed 13 Roland (Hamamatsu,
Shizuoka 431-1304, Japan) RO5 audio recording
units (ARUs) at all point count locations along the
traffic corridor. These ARUs continuously recorded
background sound levels 24-hrs a day for the dura-
tion of the study. In addition, we collected traffic data
along the roadway using a PicoCount 2500 (Vehicle-
Counts.com) automatic traffic counter and classifier
to calculate the average traffic count, average vehicle
mix, and average traffic speed.

To estimate percent cover of the vegetative layers, we
used a Fujifilm FinePix XP70 16.4-megapixel com-
pact camera attached to a two-meter survey pole
(Sokkia 724290 Economy 2-meter Aluminum 2 Sec-
tion GPS Rover Rod) to take downward-facing im-
ages at each point count location. We completed ten
50-meter transects (one picture every 5-meters for a
total of 10 images per transect and 100 images per
site) radiating from the center of each site. To esti-
mate percent cover by substrate type, we used the
image analysis software Samplepoint (Booth et al.,
2006). Within the program interface, we selected a
7x7 crosshair grid to be randomly laid on each pic-
ture and iteratively classified the type of vegetation
marked by each crosshair using customized program
buttons denoting substrate types. After completing
crosshair identifications for each picture, the software
calculates a count breakdown based off the number
of times we selected for each substrate.

We administered visitor surveys at the Oxbow Bend
turnout during the final three weeks of the study
to assess visitor’s motivations for outdoor use, atti-
tudes and emotions towards outdoor recreation ar-
eas, soundscapes, and their willingness to imple-
ment road mitigation strategies given possible posi-
tive impacts on wildlife and people. The respondent
universe included any individuals, aged 18 years or
older, within the sampling area during the sampling
period. We stratified sampling days by day of the
week and time.

On sampling days, we recruited potential participants
returning to their vehicles within the sampling area,
based on a random sampling scheme. Trained re-
searchers explained the study and asked the po-

tential participant(s) to partake in the voluntary and
anonymous study. If they agreed, the researchers
administered the survey which included a battery of
questions concerning perceptions and acceptability
of management strategies, such as a decibel meter
sign along the road. Surveys also asked about vis-
itor motivations for visiting the park, as well as their
experiences with the soundscape and biodiversity.

We administered surveys to participants by hand-
ing the participant a laminated copy of the survey,
while the researchers recorded responses on an iPad
and guided the participant through the survey. For
those who did not agree to partake in the study, we
asked their primary activity for the day and thanked
for their time. We used this additional question to
determine response bias. These procedures contin-
ued throughout the sampling period. Based on previ-
ous research, we expected response rates of approx-
imately 80%.

Preliminary Results

We conducted a total of 20 avian point count sur-
veys throughout the duration of the 10-week study.
We detected a total of 2,217 individuals within 50
m of the point count site center representing 48
species of avifauna (Table 1). Dominant species
based on detection frequency include yellow war-
bler (Setophaga petechia), white-crowned sparrow
(Zonotrichia leucophrys), dusky flycatcher (Empi-
donax oberholseri), warbling vireo (Vireo gilvus),
tree swallow (Tachycineta bicolor ), and green-tailed
towhee (Pipilo chlorurus).

We completed a total of 137 instantaneous focal fol-
low surveys across our 13 roadside plots. All sur-
veys occurred between 0700 and 1218 hours. Dur-
ing our surveys, we detected and followed the be-
haviors of 571 individuals representing 35 species.
The most encountered species during these focal
scans include yellow warbler (n=117 ), tree swallow
(n=98), warbling vireo (n=44), pine siskin (n=41),
white-crowned sparrow (n=36), and chipping sparrow
(Spizella passerina, n=32).

In addition to focal surveys, we also completed a total
of 210 repeated waterbird scans across 43 one-hour
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Table 1. Total detections by species, truncated to 50 meters from 13 avian point count center locations, from 20
surveys administered 6 June – 14 August, 2016 along the experimental traffic corridor.
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Table 2. Average percent composition of dominant sub-
strates across all avian point count study locations.

survey periods from our Oxbow Bend observation
point. We recorded a total of 6,291 behavioral obser-
vations representing a total of 17 species. The most
detected species across all repeated scans include
Canada goose (Branta canadensis, n=4,166), com-
mon merganser (n=496), American wigeon (Anas
americana, n=462), mallard (Anas platyrhynchos,
n=348), double-crested cormorant (Phalacrocorax
auritus, n=321), and American white pelican (Pele-
canus erythrorhynchos, n=244).

Using custom programs AUDIO2NVSPL and Acous-
tic Monitoring Toolbox (Damon Joyce, NPS), we
converted audio recordings into hourly background
sound levels by site. From the 13 ARUs deployed
along the traffic corridor, we collected 19,406 hours
of sound levels (dBA).

We collected a total of 1,300 images across all point
count locations and used analysis software Sample-
point (Booth et al., 2006) to assess percent cover of
habitat substrates (Table 2). The average percent
cover of dominate substrates and vegetative layers
include grass species (25.73%), forbs (20.42%), wil-
low (18.26%), and shrub (10.37%). Each site con-
tained grass, shrubs, forbs, and litter cover. The
majority of sites (11 out of 13) contained aspen and

Table 3. Visitor survey gender composition.

Table 4. Visitor survey age distribution.

sagebrush (Artemesia spp) (12 out of 13), while a lit-
tle over half (7 out of 13) contained willow (Salix spp).

For the visitor intercept surveys, there was an 82% re-
sponse rate with a total n = 471. Of the respondents
who answered demographic questions, 401 reported
living in the United States and 63 lived outside of the
United States. There was almost equal distribution
between male (49.5%) and female (50.5%) respon-
dents. The mean age was 50 years old, but ranged
between 18 and 82 years of age.

Almost sixty percent of respondents were first time
visitors to GRTE. The mean number of visits to the
park was 8.76 visits. We asked visitors approximately
how many hours they spent in the park that day. On
average, visitors spent 6.44 hours in the park, but
ranged between 1 and 24 hours. We also asked visi-
tors “How would you describe your group?”. Seventy-
two percent of respondents described their group as
family. Ten percent reported being with friends, 6.4%
were alone, 7.5% were with family and friends, 2.6%
were with a commercial tour group and less than one
percent reported being with an organized group.

Conclusions

We detected a total of 2,217 individual birds during
our 20 paired, distance-based avian point count sur-
veys throughout the study, representing 48 species of
avifauna (Table 1). Behavioral surveys included 137
instantaneous focal follow roadside surveys and 210
repeated waterbird scans during 43 one-hour survey
periods at Oxbow Bend. We detected 571 individual
birds during the instantaneous focal follow surveys
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representing 35 species. During waterbird scans, we
recorded behavioral observations of 6,291 individuals
representing 17 species. From the 13 audio record-
ing units deployed along the traffic corridor, we col-
lected 19,406 hours of background sound level mea-
surements. By using the image analysis software
Samplepoint to measure the average percent of sub-
strate cover at each point count location, we identified
the major vegetation layer and substrate types across
all sites combined (in descending order) as grass,
forb, willow, shrub, soil, dead wood, sagebrush, as-
pen, litter, and rock (Table 2). For the visitor intercept
surveys, we administered 471 surveys with an 82%
response rate.

Future Work

To ensure that we only examine birds within proximity
of survey locations, we will truncate avian point count
data to include only birds detected within 50 meters
of the sample point. We will evaluate and correct our
counts for the possibility of imperfect detection using
removal models (Farnsworth et al., 2002; White and
Burnham, 1999; Laake and Rexstad, 2008; R Devel-
opment Core Team, 2011). After correcting for imper-
fect detection, we will model the abundance of birds
at our survey locations in response to site and sea-
sonal differences as well as changes in background
noise levels owing to traffic manipulations. Hourly
traffic values will be averaged to appropriate time in-
tervals to be integrated into these analyses. We will
model abundance using linear mixed-effects models
and control for the repeated sampling of sites using
a random intercept for each point count location. We
will also control for possible temporal autocorrelation
by including an autoregressive error structure within
each model. In addition, we will continue to ana-
lyze behavioral data to assess any foraging-vigilance
and/or time budgeting trade-offs under varied back-
ground sound levels.

The visitor survey data will be analyzed using SPSS
and Microsoft Excel. Analyses will likely include cor-
relations between user-types and visitor preferences,
ANOVAs to examine differences based on conditions,
and regressions to predict the influence of sounds
and treatments. We will use an information theoretic

approach (AIC Akaike, 1974) to assess the param-
eters that may influence the potentially soundscape-
coupled natural and human system.
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