Running head: Noise pollution reduces bird diversity

Anthropogenic noise reduces bird species richness and diversity in urban parks
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Anthropogenic noise is becoming more prevalent in the world and has been shown to
affect many animal species, including birds. The impact of such noise was measured in
Neotropical urban parks to assess how it affects avifauna diversity and species
richness. We sampled bird species, and concurrently measured sound pressure (noise)
levels (Leq; equivalent noise levels) in eight urban green areas or parks located in a
large city (Belo Horizonte) in south-eastern Brazil over a one-year period. The diversity
of sampled points was measured by means of total species richness, Fisher’s alpha and
Shannon-Wiener diversity indices. Noise levels within each park were greater than
those in natural areas. We found that the increase in noise levels and the land use of
the surrounding area to sampling points (i.e. open areas) were negatively related to
species richness. Social factors, such as increase in income, also decrease bird species
richness as it reflected more urbanized regions in our study area. However, noise was
the factor that explained most of the variance. These results suggest that
anthropogenic noise can have a significant negative impact on the conservation value
of urban parks for bird species.

Keywords: anthropogenic processes; bird diversity; urban parks; noise; species
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The process of urbanisation results in an increase in the area of remaining
natural habitat that is exposed to human activities, forcing animals and plants to either
adapt or disappear (Mgller 2009). Urban habitats differ in many ways from natural
environments (Jokimaki 1999), exposing the species that dwell in these areas to new
conditions, such as competition with exotic species, increased exposure to predators
(native and exotic) and parasites, and stress due to chemical pollution and noise
(Slabbekoorn & Ripmeester 2008).

Recent studies have demonstrated that anthropogenic noise negatively affects
not only the health and welfare of humans but can also affect bird behaviour
(Slabbekoorn & Ripmeester 2008, Gross et al. 2010, Nemeth & Brumm 2010).
Increasing human occupation of land means that anthropogenic noise is becoming
more widespread (Patricelli & Blickley 2006, Slabbekoorn & Ripmeester 2008), so we
need to predict what its effects will be. Different studies have found correlations
between anthropogenic noise and behavioural changes, including vocalizing earlier in
the day to avoid rush-hour traffic noise (Bergen & Abs 1997, Fuller et al. 2007),
increased vocalization amplitude (the ‘Lombard effect’; Brumm 2004), shifting of
singing frequencies (Slabbekoorn & Peet 2003, Fernandez-Juricic et al. 2005,
Slabbekoorn & Boer-Visser 2006, Bermudez-Cuamatzin et al. 2011) and vocal
adjustment to reduce acoustic overlap (Slabbekoorn & Peet 2003, Brumm 2004,
Brumm & Slater 2006, Fuller et al. 2007, Nemeth & Brumm 2010). Anthropogenic noise
has a detrimental effect on bird fitness, survival and reproduction (Bayne & Boutin

2007, Gross et al. 2010, Schroeder et al. 2012). For instance, noise can reduce fitness



by masking parent-offspring communication, as well as reduce parental provisioning,
fledging and recruitment (Schroeder et al. 2012).

In the urban environment, vehicles are the main source of anthropogenic noise
(Ouis 1999, Zannin et al. 2002). Noise from vehicles directly affects bird distributions,
reducing density, richness and abundance in sites where noise pollution is intense
(Rheindt 2003, Arévalo & Newhard 2011, McClure et al. 2013). Importantly, it has been
shown that some species persist in noisier areas when confronted with such
anthropogenic impacts, whereas other species disappear (McClure et al. 2013). Thus, it
would be expected that anthropogenic noise, above certain levels, could reduce both
species diversity and absolute species richness (Krebs 1998).

Few studies have demonstrated the effects of anthropogenic noise on urban
birds in the Neotropical region (Arévalo & Newhard 2011, Fontana et al. 2011, Rios-
Chelen et al. 2012, Rios-Chelen et al. 2013), despite its rich avifauna (Rahbek & Graves
2001) and ongoing intense urbanisation. Countries such as Brazil, which harbours a rich
avian fauna and has 85% of its human population living in large urban centres (IBGE
2010), are ideal to test the effects of noise pollution on urban bird conservation.

City parks or green areas can be used as models to study the effects of
anthropogenic noise on parameters that are often used to assess bird communities,
such as species richness and diversity. These are useful parameters for characterising a
community for conservation purposes (Ribon 2010). It is expected that larger parks or
green areas would have a greater diversity of species due to their greater plant and
habitat diversity (Donnelly & Marzluff 2004) and other factors such as edge effects and

heterogeneity (Galli et al. 1976, Freemark & Merriam, 1986). However, anthropogenic



factors such as noise could negatively affect these areas, reducing species diversity
(Cullen Jr et al. 2000) and the potential value of urban green areas/parks for bird
conservation. In this study, we assessed whether increasing noise levels negatively
influences bird species diversity and richness within urban parks in a Neotropical

metropolis.

METHODS
Study area

This study was conducted in the city of Belo Horizonte, Minas Gerais, Brazil,
which is located in a transitional zone between the Cerrado (covering 58% of the
municipality total extension) and Atlantic Forest (42% of the municipality total
extension), both of which are biodiversity hotspots (Myers et al. 2000, IBGE 2011). The
city has 2.3 million inhabitants spread over 330 km?.

Belo Horizonte contains over 70 green areas (parks, gardens, etc.) managed by
the City Mayor’s Office (Funda¢dao de Parques Muncipais 2015). Many other privately-
owned green areas are also located within the city. We selected eight green areas of
predominately native forest habitat, located in different regions of Belo Horizonte,
with different size, isolation and altitude (Table 1). Areas were specifically chosen not
to be continuous with natural habitat surrounding the city so that they were truly
urban rather than being on a rural-urban gradient (Fig. 1). We calculated their degree
of isolation (in meters) as the mean of the distance to the three nearest green areas

that were larger than our smallest green area.



Data collection

We sampled bird species richness and diversity using the point count method
(Bibby et al. 2000, Vielliard et al. 2010), by establishing fixed sampling points a
minimum distance of 200 m apart. This minimised the chances of recording the same
individuals at more than one point and allowed detection of species even in a noisy
park by sighting or hearing. All field work was conducted by ornithologists with
extensive experience of the avifauna of the region. The number of points varied
according to the size and shape of each park to provide equal sampling coverage. In
total 40 sampling points were used and we covered the entire area of each park (Table
1). Data were collected monthly from October 2009 to September 2010. Each point
was sampled for 15 minutes, between 05:00 and 10:00 h, and every bird species seen
or heard was recorded, including the estimated number of individuals. The order of the
sampling points was randomized for each visit to the area, and at all points we
concurrently measured sound pressure (i.e. noise) levels using a sound level meter
(Minipa model 1352C, Sdo Paulo; frequency band: 31.5 Hz ~ 8 kHz, measurement band:
30 to 130 dB curve A, fast response). The sound level meter was attached to a tripod
set at 1.5 m above ground level and was pointing vertically (its microphone was
covered by a wind-guard). Before and after each noise measurement, the sound-level
meter was calibrated (Minipa model MSL1326 Calibrator, Sdo Paulo). We took
measurements on different days of the week, excluding rainy and windy days. The
sound-level meter recorded the noise values in decibels per second; that is, 900 values

were recorded for each 15 minutes measurement period.



Data analysis

The species richness of each park was recorded and Fisher’s alpha and
Shannon-Wiener diversity indexes were calculated using the total number of contacts
of an individual species in each point count (Krebs 1998). This analysis was performed
in the software PAST ver. 3.10 (Hammer et al. 2001). We also calculated the equivalent
continuous sound levels (Leq; time averaged level of sound) for each noise
measurement point (Duarte et al. 2011), which were the same points as used for bird
sampling. The Leq provides an overall indication of the level of exposure to noise in an
environment and is expressed in decibels (dB; a logarithmic scale). To analyse the
effects of peaks in noise at our sample points we calculated Lio, which is the mean
sound pressure value based on the 10% of the highest sound pressure levels recorded
in each sample (Rossing 2007).

All data were tested using an Anderson-Darling test (Anderson & Darling 1954),
to determine if they met the requirements for parametric statistics, which they did.
We performed a Generalized Linear Mixed Model (GLMM) using the Markov chain
Monte Carlo (MCMC) method, to verify the relationship among species richness in
each park with the variables land cover (tree cover, constructed area and open areas in
the surroundings), park area, Leq, population density in the region and mean income
(salary levels) according to IBGE (2010) (Tables 1 and 2). Sampling points and parks
were fitted as random factors in the model. Land cover data were obtained from a
Landsat 8 satellite image, by applying a 250-m buffer around each park.

All statistical tests were conducted using the R (R Core Team 2013) packages

Ime4 (Bates et al. 2015) and MuMiIn (Bartén 2016). Land cover analysis was conducted



using ERDAS Imagine 2013® and ArcGIS 10.3 (ESRI 2011). Results were considered

significant at P < 0.05.

RESULTS

The total species richness for the study was 174 and ranged between 62 species
in the Gulherme Lage and 110 in the Burle Marx Park. For diversity indexes in parks,
Fisher’s alpha values ranged from 12.37 to 26.28 and Shannon-Wiener values from
2.76 to 3.71. In terms of noise levels (Leg), points ranged from 31.00 to 45.00 dB with a
mean of 37.13 (+ 1.77 SE) and for peak sound pressure levels (Lio) points ranged from
48.25 to 61.67 decibels with a mean of 55.01 + 1.74 (Table 1).

From the 174 species recorded, 26 were present in all sampled parks, while 13
occurred only in Burle Marx Park; 11 in Lagoa do Nado; four in Jacques Cousteau and
MHNJB (Museu de Histéria Natural e Jardim Botanico da Universidade Federal de
Minas Gerais); three in Aggeo Pio, Américo Renné, and Ursulina. No exclusive species
were found in Guilherme Lage (Supporting Online Information table S1). The remaining
species were present in two or more areas (Fig. 2).

We found that Leq was negatively correlated with species richness (Fig. 3). A
GLMM model (AlC=216.3, R?=0.743) showed a significant negative effect of noise (Leg),
surrounding human population size and income, and surrounding open areas on
Fisher’s a diversity index. The size of the park and the tree cover in the bordering area
were positively related to Fisher’s a. The extent of constructed area (buildings and

roads) around the parks was not a significant predictor of the richness of bird species



(Table 3). The surveyed parks, considered as random factors, had low variation in

relation to the richness of bird species (Fig. 3; Table 3).

DISCUSSION

Increasing anthropogenic noise was significantly correlated with the reduction
of bird species richness in urban parks/green areas. An Atlantic Forest area isolated
from anthropogenic impacts has a mean sound pressure level (Leq) of 38.7 dB (Santos
2012). While park Leq (Table 1) did not differ greatly from wild areas some sample
points within parks were considerably higher (Fig. 3) and the species richness of bird
species was correspondingly low at these points. Therefore, sound pressure levels
found in this study were higher than those encountered in environments without
anthropogenic sounds. Terrestrial wildlife is reported to respond negatively to noise
levels from 40 dB, with significant impacts recorded up to 50 dB (Shannon et al. 2015).

It has been shown in the same urban area that Leq levels of > 50 dB but < 60 dB
are sufficient to create areas that wild urban marmosets Callithrix penicillata avoid
(Duarte et al. 2011). Likewise, urban birds modify their song in an attempt to cope with
noise levels comparable with those found in this study, so there is little doubt that
noise levels measured in this study would have had impacts on avian communication
(Slabbekoorn & Peet 2003, Brumm 2004, Fernandez-Juricic et al. 2005, Slabbekoorn &
Boer-Visser 2006). The difference from the nosiest to the quietest park was 14 dB, i.e.
the sound pressure more than doubled (logarithmic scale), representing a significate

increase in noise (Rossing 2007).



According to Paton et al. (2012), noise does not correlate with the total number
of bird species due to a trade-off in the presence of rare and common species.
However, we found noise to be a significant predictor of species richness with the
highest coefficient values in the GLMM. The noisiest park, Américo Renné, had the
lowest values for the species diversity indexes, exhibiting a less even species
distribution in comparison to quieter parks (Magurran 2013). Contrary to Patén et al.
(2012), noise is a relevant environmental aspect in both species richness and
composition. The small number of species exclusive to each park and the equal
proportion of shared species are indicative of the dynamic nature of bird species
composition. Further studies are recommended to investigate sensitive species which
would respond differently to increase in noise, but also the physiological impact of
noise on resilient species.

. The consequence of traffic noise on urban Great Tits Parus major is marked
reduction in fitness as measured by reduced clutch size and fledgeling number
(Halfwerk et al. 2010). Similarly, traffic was the major source of anthropogenic noise
and the exposed bird species are expected to suffer similar impacts. Thus, although
some species may become more abundant due to anthropogenic noise because they
occupy the space left by more sensitive species (Patén et al. 2012), their fithess may
still be negatively affected.

Peak sound levels (L) may also have impacts on bird diversity. The sounds
represented by these peak levels in our study included accelerating motorcycles or
cars backfiring, which typically have a high-amplitude (louder) sounds expressed over a

short duration. Animals are known to not habituate to acute ‘scary noises’ if such
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noises are novel (Biedenweg et al. 2011). Thus, the peak level sounds recorded in this
study had characteristics that are known to briefly scare animals (Biedenweg et al.
2011), that is, acute noise pollution, whereas the Leq values recorded represented
more chronic noise pollution (Barber et al. 2009, Schroeder et al. 2012).

One might consider that birdsong itself is part of the cumulative sound that we
measured, that is, birdsongs could create a bias in the way that we would not be able
to separate noise from human activities from that generated by the birds. However,
most of the birds recorded are small and fairly quiet passerines. There was no single
dominant species with a loud song that could bias the analysis (e.g. Screaming Piha
Lipaugus vociferans, Bare-throated Bellbird Procnias nudicollis or Macaws Ara spp).

We were able to find the expected species-area relationship reported by other
authors in urban areas (i.e. species richness increasing with area; Jokimaki & Suhonen
1998, Jokimaki 1999). However, the effects of the urban matrix on species richness in
urban studies should also be considered (Jokimaki 1999, Fernandez-Juricic 2001a).
Fernandez-Juricic (2001b) argued that a possible reason for the absence of isolation
effects is the connectivity promoted by wooded streets, which is expected in the city of
Belo Horizonte (Goulart et al. 2010). We observed a positive relationship between bird
diversity and tree cover around parks and a negative relation with exposed areas (i.e.
open areas) indicating the importance of connecting urban fragments to increase bird
richness.

Landscape characteristics such as the urban matrix are often less explored in
terms of their impact on biodiversity (Hodgkison 2006). Open areas surrounding parks

were negatively related to bird richness, which could contribute to increasing the noise
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inside the park (Fang & Ling 2005). Likewise, a lower household income is correlated
with an increase in traffic noise levels (Fyhri & Klaeboe 2006). Thus, social factors are
equally relevant in managing the bird diversity in green urban areas.

In areas affected by sound pollution, a number of mitigation strategies can be
applied. If an area is of extreme importance in terms of bird conservation, roads or
other significant sources of sound pollution could be diverted by a distance of at least
100 metres (Liu & Zhao 2003). In the case of a proposed new road, its route could be
changed. Slower travelling motor vehicles also make significantly less noise (Bérengier
& Picaut 2008) and the surface of the road can be constructed to use material that
produces less noise (Butcher 2010). Less dramatic mitigation strategies include an
acoustic buffer being placed between the source of anthropogenic noise and the
conservation area (Arenas 2008). The planting of a forested buffer zone with dense
undergrowth could protect areas from sound pollution, but this strategy may not be
suitable for many locations (due to ecological planning constraints). An effective
acoustic buffer is the use of earth berms, which can be constructed quickly and are
suitable for most habitat types (Arenas 2008).

Our results are important for the management of urban parks or other green
areas in which we wish to promote avian fauna and animal welfare. They show the
need to minimise sound pollution, especially chronic, or where necessary to monitor
anthropogenic noise as suggested by Slabbekoorn and Ripmeester (2008).
Unfortunately, due to the relentless increase in urbanisation, problems with
anthropogenic sound are likely to increase. Future studies, especially in the

Neotropical region, should focus on which species are being lost due to anthropogenic
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noise and which are consequently being favoured and how this relates to fitness (i.e.
reproductive success and survivorship).

Finally, it should be noted that, while sound pressure levels recorded in this
study would not be considered unacceptable by most people (< 55 dB; Rossing 2007),
they had a significant negative impact on avian species, which have evolved to cope

with much lower levels of sound pressure (Slabbekoorn & Peet 2003).
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Table 1. Area, species diversity and sound pressure levels of eight urban green areas
sampled in Belo Horizonte, Minas Gerais, Brazil.

Urban green area  Size Number of Species  Fisher's Shannon- LegRange  LigRange
(ha)  sample points  richness o Wiener (dB) (dB)
Guilherme Lage 12.6 3 62 13.61 3.27 46-54 59-67
Burle Marx 17.0 4 110 26.28 3.55 36-41 46-50
Américo Renné 18.2 6 67 12.37 2.76 45-53 55-66
Lagoa do Nado 30.0 6 108 24.58 3.71 41-46 53-56
Ursulina 30.7 4 88 18.19 3.35 38-49 49-64
Jacques Cousteau  32.7 6 94 20.01 3.42 40-49 50-61
Aggeo Pio 54.4 5 78 19.36 3.27 37-47 55-66
MHNJB 60.0 6 93 19.92 3.50 35-44 49-52

Leq = time averaged sound pressure levels; Lig = peak sound pressure levels; MHNJB = Museu

de Histdria Natural e Jardim Botanico da Universidade Federal de Minas Gerais.

Table 2. Socio-economic variables and land cover in 250-m buffers around urban parks

in Belo Horizonte, Minas Gerais, Brazil.

Surrounding

Size . Surrounding Surrounding
Population Salary levels Constructed

(Ha) Open Area (%) Tree Cover (%) Area (%)
Guilherme Lage 12.6 12699 1614.37 6.87 0.34 92.79
Burle Marx 17.0 10544 1044.73 17.66 24.55 57.78
Américo Renné 18.2 12632 6364.84 0.26 2.90 96.83
Lagoa do Nado 30.0 15558 1931.07 0.16 1.18 98.66
Ursulina 30.7 16723 2632.71 2.74 0.44 96.82
Jacques Cousteau  32.7 17312 1259.87 6.15 6.97 86.88
Aggeo Pio 54.4 10829 3080.09 24.87 9.53 65.60
MHNJB 60.0 23345 2437.06 10.49 4.16 85.35

MHNIJB = Museu de Histdria Natural e Jardim Botanico da Universidade Federal de Minas

Gerais; Salary levels in Brazilian Real
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Table 3. Generalised linear mixed model results of Fisher’s a diversity index responses

to the park area, Leq, population size, income, open area, constructed area (buildings

and roads), and tree cover.

Parameter Estimate SE t P
Intercept 60.8037 7.3807 8.2382 <0.001
Park Area 0.4225 0.1723 2.4507 0.014
Leq -0.6121 0.1453 -4.2133 <0.001
Population size -0.0013 0.0004 -3.1467 <0.001
Income -0.0018 0.0005 -3.4942 <0.001
Open area -0.0001 0.0003 -2.7710 0.005
Constructed area 0.0000004 0.000004 0.0964 0.923
Trees cover 0.00005 0.00002 2.7025 0.006




22

Figure 1. Map of Belo Horizonte city Minas Gerais, Brazil showing the location of the

eight areas where bird diversity and species richness were studied in relation to sound

pressure levels.
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Figure 2. Proportion of common bird species across urban parks in Belo Horizonte,

Brazil.

Species shared between parks are represented by stripes and the thickness represents
the proportion of species demonstrating that communities are highly connected and
the resulting species diversity is affected by anthropogenic noise.
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Figure 3. Relationship of Leq (noise level) and species richness per sampled points (n =
40) showing a tendency line and standard error (shaded area) in urban parks of Belo

Horizonte, Brazil.
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Leq = time averaged sound pressure levels; Richness = number of different species observed



