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83% of the land in the continental U.S. is within 1061 m of a road (Ritters and Wickham 2003)
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13 of 22 species 
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51 songbird species
9,924 individuals



Body Condition Index

Ware et al. 2015, PNAS
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Anthropogenic noise as an element in coupled natural and human systems
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via provisioning of these psychological ecosystem services. As a
consequence, we propose that individual and group valuation of
the soundscape and biodiversity should increase and may lead to
increased support for nature conservation via behaviors and pol-
icies that sustain natural soundscapes. Once in place, this positive
feedback cycle may amplify the benefits to biodiversity. Under-
standing the degree to which this coupling exists, plus the role
sounds contribute to the dynamics will be challenging (see Box 2
for key questions and research directions), but worth pursuing
given the possible benefits of identifying the causal links between
biodiversity and human wellbeing and potential management so-
lutions to maintaining biodiversity in protected areas. Finally,
although we focus on soundscapes here, this framework can be
extended to other dimensions of the environment that are relevant
to human experiences in and with nature (Fig. 3b) and the distri-
bution of species and structure of ecological communities (Fig. 3c).

5. Conclusions

The role of natural soundscape conditions for human experience
and for processes within ecological communities is not yet fully
known, but the weight of evidence suggests that soundscapes play
a larger role in regulating ecological communities and human ex-
periences than we would have ever imagined just ten years ago.
Importantly, these conditions are changing so rapidly that we may
lose the opportunities to understand how human and nonhuman
systems operate in the absence of the din of human activities. Take
Yellowstone National Park as an example: in 2016 48% more people
visited the park in 2016 compared to a decade earlier (National Park
Service Visitor Use Statistics, 2016) and a by-product of this in-
crease in access is substantial anthropogenic noise. More broadly,
acrossmany National Parks, noise from traffic and aircraft is audible
at individual sites over 50% of the time (Lynch et al., 2011). Remote

wilderness areas are not immune, because high traffic corridors
generate substantial noise that propagates over many kilometers.
For example, anthropogenic sound is audible at the Snow Flats site

Fig. 4. Management solutions to the park paradox can be evaluated in a trade-off
framework. (a) Individual management strategies can be plotted as a function of
how they influence visitor access (X axis) as well as biodiversity and visitor experi-
ences at the level of the individual (Y axis). The curved dotted line passes through the
most efficient combinations of the management solutions under consideration and
circles inside the dotted curve represent inefficient management strategies. As
extreme examples, the star would represent a management option that prohibits
nearly all visitor access to maximize biodiversity, whereas the triangle might represent
the opposite strategy with unlimited and unregulated visitor access with considerable
costs to biodiversity. The diamond, X, and square represent hypothetical strategies of
compromise, such as the introduction of a shuttle system to transport visitors, reduced
speed limits on park roads, or a reservation system to limit daily visitor numbers,
which may strike a balance between access and biodiversity preservation and per
capita visitor experiences. (b & c) Curves linking efficient management strategies may
vary in shape and are dictated by the functional responses of biodiversity and per
capita visitor experience to changes in access.

Box 2
Outstanding Questions and Suggested Research Directions.

! Important ecological habitats in protected areas should
be selected for experimental noise abatement experi-
ments (e.g., reduced speed limit, closures during
crepuscular hours, quiet road surfaces) to determine the
effects on wildlife, people and their coupling. Critical
ecological questions remain: how much noise is too
much? Do inflection points exist at particular noise levels
above ambient beyond which biodiversity or visitor ex-
periences decline?

! Understanding how humans and wildlife hear in natural
environments is essential for revealing the mechanisms
underlying community structuring by noise. Ismasking of
information entirely an energetic problem (Moore, 2012),
which assumes information is lost entirely due to poor
signal-to-noise ratio within the frequency band of the
noise? In contrast, does non-energetic masking (i.e.,
informational masking; Durlach et al., 2003), an
attentionally-mediated set of mechanisms that do not
necessarily require frequency or precise temporal overlap
between the sound of interest and noise, also govern
hearing in loud acoustic environments?

! Given the diversity of motivations for visiting protected
areas, which visitors perceive the level of biodiversity and
through which sensory modalities? Dallimer et al. (2012)
found that estimates of biodiversity (i.e., number of spe-
cies) made by protected area visitors loosely correlated
with the number of plants and birds, but what sensory
information did visitors use to make their estimates? We
know natural sounds are associated with benefits in-
dividuals gain from experiences with nature, including
attention restoration (Abbott et al., 2016), but does the
strength of the relationship depend on the level of di-
versity experienced acoustically?

! The role of the soundscape in the valuation of psycho-
logical ecosystem services needs urgent attention by the
research and protected area management communities.
Can we estimate the value or utility of a specific location
for psychological ecosystem services based on its back-
ground sound level and amount of biodiversity?

! What management scenarios are most likely to provide
the appropriate trade-off between visitor access and
protection of habitat quality for biodiversity? Individual
management strategies can be plotted as a function of
how they influence visitor access as well as biodiversity
and visitor experiences at the level of the individual
(Fig. 4). For example, management actions that decrease
visitor access generally lead to soundscapes that are
predominately natural rather than anthropogenic, thus
promoting biodiversity and positive per capita visitor
experiences.

! Does education involving the importance of natural
acoustic conditions increase the perceived value of nat-
ural soundscapes and positively influence visitors' will-
ingness to alter their behavior and embrace management
efforts to minimize noise?

C.D. Francis et al. / Journal of Environmental Management 203 (2017) 245e254252

Francis et al. 2017, J Environmental Management 
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Map generated by NPS; figure in Francis et al. 2017, J Environmental Management 
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