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Abstract Biophony and anthrophony analysis as
part of the urban soundscape is an efficient approach
to bird biodiversity monitoring and to studying the
impact of noise pollution in urban parks. Here, we
analyzed the soundscape composition to monitor the
diversity of birds using acoustic indices and machine
learning in 21 urban parks of Isfahan, Iran, in spring
2019. To achieve this purpose four-step method was
considered: (i) choosing parks and sampling of sound
and bird species; (ii) calculated the six acoustic indi-
ces; (iii) calculated the six biodiversity indices; and
(iv) statistical analysis for predicting biodiversity
index from acoustic indices. Three regression models
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including support vector machine (SVM), random
forest (RF), and elastic net regularization (GLM-
NET) applied the acoustic indices with minimum
and maximum recorded thresholds to feature extrac-
tion to measure biodiversity indicators. The optimi-
zation model was applied to reduce the independent
variables. Generally, more than 18,000 samples were
modeled for the dependent variables in each model.
The regression results demonstrated that the highest
R square was related to the songbird (0.93), evenness
(0.92), and richness (0.9) indecies in the SVM model
and the Shannon index (0.86) in the RF model. The
results of acoustics analysis demonstrated that the
Acoustic Entropy Index (H), Normalized Difference
Soundscape Index (NDSI), Bioacoustics Index (BI),
and Acoustic Complexity Index (ACI) indices were
suitable because they could serve as proxies for bird
richness and activity that reflect differences in habitat
quality. Our findings offer using acoustic indicators
as an efficient approach for monitoring bird biodiver-
sity in urban parks.

Keywords Biodiversity indices - Biophony -
Anthrophony - Songbird - SVM regression
Introduction

In recent decades, population growth and urban

development have led to the conversion of many nat-
ural areas into urban lands, which is a major threat
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to the biodiversity (Li et al., 2022; Patankar et al.,
2021). Urban parks have a significant role in con-
serving biodiversity from the perspective of ecolo-
gists (Bino et al., 2008; Lepczyk et al., 2017; Ofori
et al.,, 2018; Tryjanowski et al., 2017). Parks and
green spaces in urban areas provide several services
and goods (Cilliers et al., 2013; Gamez & Harris,
2021; Iknayan et al., 2022; Song et al., 2020).

In recent years, studies on bird species in urban
areas and suburbs have been considered as an indica-
tor to assess the environmental quality within cities
(Benocci et al., 2020b; Fuller et al., 2015; Gasc et al.,
2018; Latifi et al., 2019; Morelli et al., 2021; Radan
et al., 2017; Zhao et al., 2022). Birds are effective bio-
logical indicators of broad-scale habitat changes and
ecological integrity (Egwumah et al., 2017; Fennici,
1989; Heggem et al., 1998; King et al., 2021; Sélek
et al., 2022). Parks and urban green spaces are good
places to attract different species of birds for various
uses such as temporary rest (migration birds), reproduc-
tion, and nesting fields (Fernandez-Juricic & Jokimaki,
2001; Morelli et al., 2021). The development and man-
agement of urban green spaces can increase the bio-
diversity of birds, which has a considerable impact on
the environmental quality (Waltert et al., 2004; Latifi
et al., 2020) The type, size, and location of urban
green spaces can also affect the production and diver-
sity of natural sounds that require interdisciplinary
sciences (architecture, green space, and ecology)
(Aida et al., 2016; Hellstrom et al., 2014). Urban
parks are places where you can hear and record natu-
ral sounds (Benocci et al.,, 2020a, 2021). Previous
studies have shown that biodiversity can be measured
using compute indices from the sound recorded in the
environment (Denes et al., 2014).

A soundscape is the combination of different
sounds (biophony or physical sounds) in a landscape.
(Droge et al., 2021; Jaszczak et al., 2021; Scarpelli
et al., 2021). It is categorized into three categories
of biophony (coming from living things), geophony
(i.e., coming from non-living sources), and anthroph-
ony (Farina et al., 2014). Ecoacoustics is the new
field that focuses on the dynamics of biophony while
regarding the acoustic environment in which sound
is made (Farina & Gage, 2017; Servick, 2014; Sueur
et al., 2014). Ecoecoustics can be applied to assess a
wide range of plans such as diversity, richness, behav-
ior, and dynamics in wildlife Fields (Ross et al., 2021;
Sueur et al., 2014).
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With recent advancements in recording, processing,
and data-storage technology, the application of acous-
tic indices is increasing in various studies (Sanchez-
Giraldo et al., 2020). Acoustic indices are a useful tool
for analyzing the sound of the urban landscape (Buxton
et al., 2018). Denes et al. (2014) used sounds recorded
to monitor the biodiversity of marine mammals (Denes
et al., 2014). Elsewhere, Liu et al. (2014) investigated
the modification of soundscape at spatial and time var-
iations, (Liu et al., 2014). Acoustic indices can be used
in many studies for investigating habitat quality (Yang
& Kang, 2005), population density and distribution,
and species invasion (Krause & Farina, 2016), acous-
tic dynamics and diversity (), and acoustic interactions
and connection to the landscape (Farina et al., 2014;
Joo et al., 2011; Tucker et al., 2014), predict noise pol-
lution (Schulte-Fortkamp, 2002; Yang & Kang, 2005).
Ross et al. (2021) utilized acoustic indices for ecologi-
cal monitoring in complex sonic environments. Their
results demonstrated the ability of acoustic indices as
indicators for rapid biodiversity monitoring and man-
agement of the natural soundscapes (Ross et al., 2021).
In this respect, acoustic indices can provide an appro-
priate background for assessing biodiversity changes
(especially birds) in urban parks and natural habitats
(Fairbrass et al., 2017; Gasc et al., 2015; Sueur et al.,
2014). For example, Fairbrass et al. (2017) showed
that the Acoustic Complexity Index (ACI), Normal-
ized Difference Soundscape Index (NDSI), and Bio-
acoustic Index (BI) can be effective indices for urban
areas (Fairbrass et al., 2017). Factors affecting acoustic
indices include parameters concerning the flora and
the shape of parks (Liu et al., 2014). These factors can
have a significant impact on the biodiversity of parks
and, thus, the soundscape (Farina et al., 2014). Morelli
et al. (2021) selected bird species as high environmen-
tal quality for monitoring different European cities
and offer a framework to study the spatial distribution
of high environmental quality areas within the cities
(Morelli et al., 2021).

Isfahan city has provided habitats for different spe-
cies of birds through various parks in terms of vegeta-
tion (forest to grassland) and topographic zone that is
considered in the field of biodiversity by ecologists.
Therefore, the study aims to assess 21 parks in Isfa-
han with different structures and locations to meas-
ure the biodiversity of birds in the urban green space
using acoustic and biodiversity indicators. The three
most important steps in this regard are as follows:
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1. Calculation of biodiversity indicators
Calculation of acoustic indicators from sound
samples

3. Use of regression methods to arrive at the best
estimate of biodiversity indices by using ecoa-
coustic indices.

Materials and methods
Study area

Isfahan is an Iranian city located between 51°39'40"
E and 32°38'30” N coordinates in the lush plain
of the Zayanderood River with 15 urban districts
(Fig. 1). Isfahan city has a height above sea level
of 1575 m and has a semi-arid climate. The annual

|| BarcLand
[77] Urban

average temperature is 16.7 °C, with a minimum
of 10.6 °C in winter to a maximum of 40.6 °C in
summer (Esmaeili & Moore, 2012). It is the third
metropolitan city in Iran, with 1.9 million popula-
tion. Urban development, population growth, and
industrial expansion caused Isfahan’s environmen-
tal quality has deteriorated. Isfahan has the highest
per capita urban green space (26 m?) compared to
other metropolises in Iran. The total area of Isfahan
parks is 3700 hectares. Three types of urban green
spaces are designed in Isfahan, including urban
open spaces, regional parks, and pocket parks (They
are small parks that are commonly accessible to
the public). Plane, Morus, and Ulmus species are
more common than other tree species in the Isfahan
parks. The information of the parks is mentioned in
Table 1.

30 15 o
og——— Km

Fig. 1 Location of the Isfahan urban parks and location of sample stations inside the park distinguished by concentric circles
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Table 1 The area and edge effect of the studied parks. (a) and (b) show the forest parks and mountain parks type respectively. Some
of the parks have woodland and grassland habitat types (Tashakor et al., 2013)

Urban district Park names The location of the park  Area (m2) Perimeter (M) Edge effect
relative to the city
District 1 Kodak Downtown 65904 1306 0.019
District 2 Ghalamestan Edge of the city 89945 1542 0.017
District 3 Moshtagh Downtown 158578 2481 0.015
Hashtbehesht Downtown 97146 1828 0.018
District 4 Bagh Ghadir Edge of the city 367156 2574 0.007
Polesharestan Edge of the city 102813 2420 0.023
District 5 Saadi Downtown 166100 2863 0.017
Mirzakochakkhan (a) Edge of the city 185985 3543 0.019
Soffeh (a) (b) Edge of the city 912597 3977 0.004
District 6 Khabarnegar Downtown 154299 2562 0.016
Isargaran Downtown 116229 2289 0.019
District 7 Fadak (a) Edge of the city 680127 4248 0.006
Baghoshkhane Edge of the city 45230 1330 0.029
District 8 Golmohamadi Edge of the city 91222 1399 0.015
District 9 Nazhvan Shomali (a) Edge of the city 107741 2047 0.018
District 10 Lale Edge of the city 117180 1885 0.016
District 11 Emam Reza Edge of the city 35369 790 0.022
District 12 Ghods Edge of the city 44384 984 0/022
Mahmodabad (a) Edge of the city 100,106 1663 0.016
District 13 Nazhvan Shomali (a) Edge of the city 320271 4118 0.012
District 15 Kosar Edge of the city 70067 1241 0.017

Selected parks and green spaces

Two conditions were considered for selecting urban
parks, which include (1) the park area must be more
than 3000 ha; (2) the vegetation of the park should be
trees. In addition, we estimated the edge effects for
each park (Table 1). As a geometric concept, the edge
effect refers to the ratio of the perimeter to the area in
a habitat. Increasing this ratio increases the perimeter
or edge per unit area, bringing the interior portions
of the habitat closer to the edge in texture. Overall,
21 urban parks in 14 districts of the city were chosen
for sampling. Park names are abbreviated as follows:
ES: Isargaran, KH: Khabarnegar, SO: Soffeh, MK:
Mirzakochakkhan, SA: Saadi, PS: Polesharestan, BG:
Bagh Ghadir, HB: Hashtbehesht, MO: Moshtagh,
GH: Ghods, KO: Kodak, KS: Kosar, NJ: Nazhvan
Jonobi, MA: Mahmodabad, GO: Golmohamadi, ER:
Emam Reza, LA: Lale, NS: Nazhvan Shomali GM:
Ghalamestan, BK: Baghoshkhane, and FA: Fadak.
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The total area of urban green parks sampled in
this research is 4028449 m?, the largest area is the
Soffe Park with an area of 912,597 m?, and the small-
est area of the park in this research belongs to Imam
Reza Park with an area of 35,369 m2. The only moun-
tain park in the research is Soffe Park (Latifi et al.,
2020) (Table 1).

Recorded sound samples and observed samples of birds

We used a Lender brand sound recorder (model
PV4) and a Boya brand shotgun microphone to
record natural sounds and birds’ voices. The audio
files were recorded in WAV format. In addition,
due to the noise and false sounds in the environ-
ment, the noise reduction system of the device was
activated and the machine was also equipped with a
sound filter. The digital amplification was increased
to 6 dB to record sounds with long-distance produc-
tion sources.
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Two time periods per day (from 7:30 AM to 12 PM
and from 3 to 5 PM) were selected for sound sampling.
The Cornell method was employed to indicate sam-
ple points and obliterate the edge effect of the parks
(Moshtaghie & Kaboli, 2015). In this section, a 50-m
distance was considered from the park’s edge up to the
sample point (Liddle, 1997). Then, concentric circles
were made up to the edge of the park’s center ranging
from 50 to 250 m based on the shape, area, and distri-
bution, and density of vegetation cover. We recorded
six samples of 30 min from each park. At each station,
the bird population, the number of species observed,
and the number of songbirds was recorded to esti-
mate the biodiversity of the birds (Fig. 2). Signs and

"

=

handbooks were used to identify the birds. For this
purpose, binoculars and digital cameras were used
at each station (Issa, 2019). Samples were entered
into the software for analysis as 1-min files. Due to
the singing activity of birds in the spring season, the
biophony samples were collected during this season in
2019 (Pijanowski et al., 2011a, b).

In addition, the Bruel&Kjaer model 2239 sound
meter was used to measure the sound level. To con-
firm the accuracy of the measurement by the sound
meter, this device was initially calibrated.

The highest threshold (MAX) and the lowest
threshold (MIN) of the sound in the environment
were measured by this device.

.

A
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Fig. 2 Bird sound recording in different habitat types (forest, mountainous, and grassland) in Isfahan urban parks
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Analysis of recorded sounds and acoustic indices

Song Scope Bioacoustics Software 4.1 Documen-
tation is a tool enabling the process of a great
deal of acoustic data in a short time (Farina et al.,
2014; Knight et al., 2017). This study measured the
acoustic index in the anthrophony frequency rang-
ing from 1000 to 2500 Hz and the biophony fre-
quency ranging from 2500 to 11,000 Hz. Figure 3
shows most biophony ranges from 2500 to 7000 Hz
or above, and anthrophony ranges from 1000 to
2500 Hz (Farina et al., 2014). Biophony is also
detected in 2000 Hz in some cases, which is mainly
associated with crows and pied crows (Corvus
albus). However, they were excluded from the sing-
ing bird category, producing a single-sound pulse
in all parks. The frequency range of biophony (bird
songs) is created above 5500 Hz, and anthrophony
(mobile sound) is recorded below 2000 Hz.

Calculated acoustic indices

The six acoustic indices include Acoustic Complexity
Index (ACI), Acoustic Evenness Index (AEI), Acous-
tic Diversity Index (ADI), Bioacoustics Index (BI),
Normalized Difference Soundscape Index (NDSI),
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and Acoustic Entropy Index (H) were calculated after
specifying the signed areas and recording sampling,
using Seewave R-package (). Based on the review of
sources, these indicators have been used in other stud-
ies in urban environments to monitor different species
and biophonic sounds. Therefore, we also employed
these indicators in this study. In addition, the indica-
tors used in their calculations take into account the
impact of human sounds and indicate the general
situation of biophony sounds in the urban landscape.
These six indices are described in Table 2.

Statistical analysis
Analysis of variance

Based on eco-acoustic indices, sampling with repeti-
tion on biophony in parks was used to compare Isfa-
han’s urban parks. To determine the statistical pref-
erence of the parks, the one-way ANOVA was used
based on the normality test of eco-acoustic indices.
The ANOVA is an analysis tool used in statistics
that splits an observed aggregate variability found
inside a data set of factors (Edwards, 2005). One-way
ANOVA is used to measure relationships between
dependent and independent variables, without

Biophony (calling bird)
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Fig. 3 The frequency range of biophony and anthrophony in the spectrogram page; the bird’s sound is in the range of 5500 Hz and

higher and the cell phone is in the range of 2000 Hz
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Table 2 Descriptions of the six acoustics indices used in the study

Name Acronym Range

Description

References

Acoustic Complexity Index ACI

ACI index is designed to analyze the

(Pieretti et al., 2011)

soundscape and sounds of birds, which
focuses on changes in signal intensity
and calculates the absolute intensity

Acoustic Evenness Index AEI 0<AEI<1

The AEI index has measured the

(Pijanowski et al., 2011a, b)

ratios of the signal at each frequency
fluctuation rate and created spectrums
in total acoustic frequency

Acoustic Diversity Index ADI 0<ADI

ADI is calculated by dividing the

(Villanueva-Rivera et al., 2011)

spectrometer by sampled frequency
(default 1 kHz steps) and calculating
signal energy in each part of the signal

Bioacoustics Index BI

Used to compare frequency amplitude

(Frommolt & Tauchert, 2014)

frequency-amplitude spectra to
detect or infer differences in avian
bird community composition among
between sites

Normalized Difference NDSI
Soundscape Index

-1<NDSI< +1 This index is calculated in specific
spectral zones at a normal spectral

(Kasten et al., 2012)

signal density

Acoustic Entropy Index H O0<H<1

The spectral entropy (SE) is calculated

(Sueur et al., 2008)

by the average spectral frequency of
time frames in signals. This equation
considers the total entropy of a time

wave

distinguishing between groups. Therefore, the Tukey
test was proposed to compare the difference between
group means. It was applied to the set of all pairwise
comparisons simultaneously that identifies any differ-
ence between two means is greater than the expected
standard error (Tukey, 1949).

Feature extraction and selection

In machine learning, feature extraction begins from
the initial set of measured data and yields attributes
that are informative and non-redundant, driving an
increase in the accuracy of the models (Prathusha
& Jyothi, 2017). For feature extraction, 8 acoustic
indices calculated from audio samples were used. In
this regard, the sampled data were first examined to
eliminate missing data or outliers caused by calcula-
tion errors. In this study, we used the simple form of
multiplication and division by two sides (such as a/b
and b/a) to develop new features from the eight vari-
ables measured. To avoid overfitting, the parameters
with a high correlation (more than 0.7) were removed

(Liu et al., 2017), and finally, 10 independent param-
eters were used to predict the calculated biodiversity
indices.

Regression analysis models

In this section, 3 methods including support vector
machine (SVM), random forest (RF), and elastic net
regularization (GLMNET) were used to estimate biodi-
versity indicators (abundance, evenness, richness, shan-
non, simpson and songbird) from acoustic indices. In
this regard, the independent variables are ACIL, H, Max,
ACI*Max, ACI*Min, ADI*AEI, AEI*BI, AEI*H,
Max/Min, and NDSI/BIL. In general, there is no special
assumption for the 3 methods used, however, scaling
and centering of data in different sources has been sug-
gested to improve accuracy, which has also been used in
this study. The purpose of modeling is to propetly iden-
tify the parameters of each model in order to reduce the
uncertainty in the prediction while also the classifier can
accurately predict unknown data (i.e., testing data). More
information about these methods can be found below.

@ Springer
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Support vector machine (SVM)

The support vector machine model as a super-
vised machine learning algorithm was proposed by
Vapnik et al. (Vapnik et al., 1997). The functional
structure was extended within a system by this
algorithm. SVM methods are established based on
an inductive principle named Structural Risk Mini-
mization (SRM) which attempts to maximize the
marginal area (gap) between the hyperplane and the
nearest data points related to each class which is
an advantage (D. Li & Simske, 2010). This model
is applied to solve the very complex training data-
set with proposed many curved margins (Kalantar
et al., 2018). In the SVM model, the coherence
between input and output variables (In this study,
it includes 10 independent acoustic parameters and
each of the biodiversity indicators respectively)
is identified by the structural risk minimization
(SRM) norm parameter (Das & Choudhury, 2020).
In this study, the SVM method with radial basis
function (RBF) kernel was used in the R el071
package for modeling purposes.

Random forest (RF)

The random forest performs the regression technique
using a set of random data and independent decision
trees (Breiman, 2001). This method works based on
the bootstrapping, in which approximately two/third
of the data is applied to create the decision trees,
and the remaining data (about 1/3rd) is then used to
evaluate the model performance or, to calculate the
error named “out of bag error” (Breiman, 2001). The
random forest technique is known as one of the top-
performing methods(Ranaie et al., 2018; Toosi et al.,
2019; Valavi et al.,, 2022). The advantages of this
method include high statistical accuracy and a repli-
cation decision tree for adequate analysis,(Yu et al.,
2011). The random forest model in the R randomFor-
est package has approximately 10 model parameters.
The most important of these parameters is the number
of decision trees. In this context, 500 decision trees
were used for modeling.

Elastic net regularization (GLMNET)

GLMNET is a generalized linear model based on
regression via penalized maximum likelihood (Xing

@ Springer

et al.,, 2014). This method is fast and can operate
with a wide range of datasets from low to high. The
GLMNET algorithms reduce cyclical coordinates and
improve functions by cycles repeatedly (Hastie et al.,
2016). This method has been applied in different
fields (Friedman et al., 2010; Jurka et al., 2004; Xing
et al., 2014; Yuan & Lin, 2012), but its application in
ecology has been less studied (Torabian et al., 2021;
Tredennick et al., 2021). The most important parame-
ters of this model are alpha and lambda, which in this
study were set to 1 and 100, respectively. The R Caret
package was used to run this model.

Optimization modeling

In this study, the optimization model was applied to
reduce the independent variables that can predict the
best results of the acoustics indices modeling (Mamo
& Dennis, 2020). First, all combinations of 2 to 10
predictive variables were produced (For example,
for binary combinations, variables 1 and 2, vari-
ables 1 and 3, variables 1 and 4... variables 9 and
10) then the modeling process was performed for
each of them. Generally, more than 18,000 samples
were modeled for the dependent variables. Take into
account that achieving high training accuracy may not
be beneficial (i.e., a classifier that accurately predicts
training data whose class labels are indeed known).
As was mentioned above, separating the data set into
two parts, one of which is considered unknown, is
a common strategy in addition to better managing
data with few observations. The predictive accuracy
of unknown sets closely reflects the performance of
classifying an independent data set. An improved ver-
sion of this procedure is known as cross-validation.
Using cross-validation three validation statistics (R
square, adjusted R square, and MSE) were used to
evaluate the accuracy of the modeling (Legates &
McCabe, 1999; Veerasamy et al., 2011).

Results

In the present study, the recording site took about
30 min. The number of bird species observed was
listed to evaluate the biodiversity indices (Appendix
A). Acoustic indices and biodiversity indices were
calculated to find the relationship between biodiver-
sity and eco-acoustic indices.
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Bird diversity in urban parks

According to the field observation, we identified
50 bird species in the 21 Isfahan parks urban which
two species of birds were aquatic. Of all listed spe-
cies, most observed species (12 ones) were seen in
the NS Park, and belong to Muscicapidae and Frin-
gillidae families, of which 7 and 5 species were
reported, respectively. The entire species of these
two families are known as singing birds. During the
field study, the total bird abundance occurrences
were estimated at 1532 in spring. Since the pur-
pose of the research was on biophony, we excluded
birds that sing at frequencies ranging from 1000 to
2000 Hz from the final analysis. Table 3 shows the
abundance of bird species observed and diversity
indices for the chosen parks.

Statistical analysis
Analysis of variance

The boxplots in Fig. 4 show the significance level, the
maximum and minimum acoustic variability, ACI,
AEIL ADI, BI, NDSI, H, Max and Min in all sample
points. According to Fig. 4, the boxplot addressing
KS Park and ES Park has the highest and the lowest
ACI values of 2570 and 1787, respectively. Besides,
the highest values for ADI, AEI, BI, NDSI, and H
indices belong to GM Park (1.85), SO Park (0.89), SO
Park (51), and SO Park (0.99), and SO Park (0.82),
respectively. Moreover, the lowest value for the indi-
ces is linked to SO Park (0.03), SA Park (0.45), ER
Park (13), MA Park (0.41), and BG Park.

As mentioned in the material and methods sec-
tion, the ANOVA and Tukey tests assessed and
compared the parks. A Tukey test was run for ACI,
AEI, ADI, NDSI, BI, H, Max and Min and its
results are presented in Fig. 4. The test consisted of
pairwise comparisons of the means among all sam-
ple parks to get the significance level of parameter
variations (95% confidence interval). Overall, the
obtained results are as follows. The most impor-
tant difference is between NS and GM parks. Also,
considering ADI, there is a significant difference
between SA and GO parks. For the BI, the most
notable difference occurs in MA with SO Mountain

Table 3 Biodiversity indicators were estimated from the field
observed in Isfahan urban parks

Parks abundance richness Simpson Shannon Evenness
name

KO 56 7 0.61 1.36 0.55
GM 74 3 0.24 0.47 0.53
MO 66 4 0.29 0.63 0.47
HB 104 4 0.52 0.9 0.62
BG 67 6 0.4 0.92 0.41
PS 42 4 0.5 0.93 0.63
SA 102 6 0.35 0.74 0.35
MK 75 6 0.28 0.67 0.32
SO 61 9 0.56 1.31 0.41
KH 87 7 0.4 0.92 0.35
ES 44 4 0.43 0.82 0.56
FA 11 3 0.56 0.91 0.83
BK 106 3 0.47 0.7 0.67
GO 69 3 0.47 0.74 0.7

NS 111 9 0.36 0.89 0.27
LA 131 2 0.08 0.18 0.6

ER 80 3 0.07 0.18 0.4

GH 75 4 0.19 0.45 0.39
MA 29 3 0.34 0.64 0.63
NJ 55 4 0.46 0.92 0.62
KS 78 2 0.14 0.27 0.65

Park and between MA and KO parks. There is a
maximum significant difference between FA and
GM parks and MA and GM parks on NDSI.

Regression analysis modeling

The ten variables were extracted for modeling, which
in most equations, just two to nine variables carried
out the best accuracy in all combinations (Table 4).
Table 4 shows the predictor variables to estimate the
biodiversity indices. The regression results demon-
strated that the highest R square was related to the
songbird, evenness, and richness indices in the SVM
model with 0.93, 0.92, and 0.90. Also, the Shan-
non index was the highest R square (0.86) in the RF
model. The evenness and songbird indices had the
most predictor variables in the SVM model, 10 and 9,
respectively.

@ Springer



(2023) 195:629

Environ Monit Assess

Page 10 of 17

629

@ w w w
< < < <
g 3 3 =
3 p = =
2 2 = 2
s E s =
B 28 2 2
ER-" e s s
S s |II... s g m
H = S E
3 g b g b4 £ M £ £ g g 5 3 2
mﬂbm_hamﬂ_oo Isimae g -ENU—-—:—M—W
by — LT e o
Sa — L= S Sy
2 . g I ) [ g
9g — T — by Sy
&y — LT T +— | & Yo
Sa il —— 4,
o . {1 }— g Ay
Yy —{TF @, 0y,
Sy — [ Y s
O { ) o Yy
Uy il = 04
by = Ay O
Og . T O ,
wo s I 4 Yy
4 8 Sy )
Sy —ff by b5
iy =L _ I —— Vs o,
v ( )
Ay —f—F — [— Sy
K {I o S )
Oy g EES—— | Og Yoy
by 1] . oy Y
= = = =
2 s 2 |
jti
w w w
< S S
] 3 =
2 2 2
S s =
2@ -9 =
:f i3 :
2> g5 2
ER- = =3
g :
£ 29885388 :58358¢828EZ3¢8
23 z z %8z n_. u m u_ Fd w 3 222 2
suostiedwo) uu_wr_:i juedyIUdIS§
Yoy be Og
3 Oy Sy
K 8 %y K
Sq Ve Yy
Ory Ay Ay
by Sy (o
< by by
RN Og Sy
_\s_\ by A
&y 0y Uy
N.e %, Yg
) [N 8y
g ?w. 0;
o Y
&N a
4o v a
3 Yo )
2 9 Py
A (4 o
Y S P
o5 i 7
Sy r ‘,\e g
S : o %9
8 1 4 Yo,
- = v T+ “, b
S = 2 * b < 0
& & s S S s

ISaN

Xe\

pvalue

pvalue

pringer

NS



Environ Monit Assess (2023) 195:629

Page 11 0of 17 629

«Fig. 4 Boxplot of acoustic indices (ACI, AEI, ADI, BI, NDSI,
H, Max, and Min) for the studied parks and paired comparison
diagram of parks (Tukey’s test) based on indices values

Discussion

Soundscape analysis, by acoustic indices, offers
researchers with valuable ecological information
to evaluate biodiversity, species behavior, environ-
mental health, and human wellbeing assessment in
urban landscapes (Bradfer-Lawrence et al., 2019).
Eco-acoustics can be one of the empowering ecologi-
cal tools which help in-situ field and remote surveys
and expands long-term monitoring programs (Farina,
2018; Linke et al., 2018). Here, we calculated six
acoustic indices using recorded sounds in urban
parks. They are some of the most famous indices suc-
cessfully used in ecoacoustics (Farina, 2018). Sound-
scape analysis can be applied to different ecological
studies using quantifying it with indicators (McLaren
& Degroote, 2012). According to the literature
review, and analytical research, this study is the first
research project in analytical urban soundscape using
acoustic indices in Iran.

The highest rate of biophony based on two indices
was related to SO park and The highest abundance
and number of species observed were related to SO
park and NS park. While in contrast to MA and FA
parks, the abundance of species was at the lowest pos-
sible level, which demonstrated that the abundance
and number of species have greatly affected the bio-
sounds (Duarte et al., 2015).

The ability of acoustic recordings to identify links
between bird diversity and components of structural
complexity was tested by Shaw et al. (2021). The
results showed that automated acoustic recording
can be an effective and superior method for monitor-
ing resident forest birds (Shaw et al., 2021). Shamon
et al. (2021) investigated relationships between
acoustic indices and bird species richness/diversity in
a Northern Great Plains grassland system. The result
showed that the BI and the ACI had the highest corre-
lation with bird richness in the Northern Great Plains
systems (Shamon et al., 2021).

Complex sounds are made when sounds contain
more than one frequency, the different frequency
components interact and the soundscape is affected by
the elements and structural components of the urban
(Benocci et al., 2022). Spatial elements and spatial

patterns such as land cover, and types of vegetation
in parks can impact the biophonic (Benocci et al.,
2022). The study conducted by Hao et al. (2022)
showed that the BI index in urban forest parks was
higher than in other urban areas (Hao et al., 2022).
As a result, the variety of bird sounds and biophonic
was more in these parks. Other factors that can affect
the complexity of landscape sound and acoustic dis-
orders are temporal changes related to seasonal and
daily changes (Siddagangaiah et al., 2022). In the
study of Mullet et al. (2016), which was conducted on
landscape sounds in south-central Alaska, the result
displayed that the changes in the season and the hours
of the day (morning or night) have potential effects
on the sound of landscape due to changes in human
activities (traffic), and bird migration time (Mullet
etal., 2016).

The results of the BI, the density of bio-sounds,
with a visual interpretation of the shape and struc-
tures of parks indicate that parks with more mar-
gins along the road are less diverse than parks that
have fewer margins along the road, such as MA Park
(100,106 mz). In addition, the result of BI shows
that the level of human sounds overcame biophony
sounds in parks located where in areas with more
traffic and daily activities of the population (such
as Laleh Park (117,180 m? and Isargaran Park
(116229m?), As a result, the BI in these parks it has
smaller. Therefore, the BI index is a suitable indi-
cator for investigating noise pollution in this study
and can be estimated the noise pollution across the
bio-sound. Hao et al. (2016) investigated the mask-
ing effect of birdsong on the noise environment of
two typical main roads in the UK and the Nether-
lands. They discovered that increasing the frequency
of birdsong over 30 s by 2 to 6 times increased the
pleasantness of traffic noise environments by 2.7 to
6.7 (Hao et al., 2016). In addition, Ghadiri khanaposhtani
et al. (2019) investigated the effects of road noise pol-
lution on acoustic indices and estimated that the result
demonstrated noise pollution has a potential influence
on the NDSI and the BI indices (Ghadiri Khanaposhtani
et al., 2019). In the future, we want to evaluate the
effects of other parameters and their impact on acous-
tic indices and soundscape using landscape metrics and
vegetation index.

Several factors can affect the number of acoustic
indices (Liu et al., 2014). Also, a study conducted
by Rahimi and Fakheran (2013) showed that as
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Table 4 The validation results of predicted biodiversity indicators using three regression analysis models

Richness Aboundance Evenness Shannon Simpson Song bird
ACI H ACI H H ACI
H Max H Max Max H
Max ACI*Max Max ACI*Max ACI*Max Max
ACT*Max AEI*BI ACI*Max ACI*Min ACI*Min ACI*Max
AEI*BI AEI*H ACI*Min ADI*AEI ADI*AEI ADI*AEI
SVM AEI*H Max/Min ADI*AEI AEI*BI AEI*BI AEI*BI
Max/Min NDSI/BI AEI*BI AEI*H AEI*H AEI*H
NDSI/BI AEI*H NDSI/BI Max/Min Max/Min
Max/Min NDSI/BI NDSI/BI
NDSI/BI
Rsq 0.9 0.88 0.92 0.86 0.86 0.93
Adjusted Rsq 0.83 0.82 0.85 0.77 0.74 0.87
MSE 3.36 8.05 0.018 0.14 0.028 0.89
Richness Aboundance Evenness Shannon Simpson Signing bird
H H ACI Max ACI H
AEI*H ACI*Max ACI*Min ACI*Max H Max
Max/Min ADI*AEI Max ADI*AEI
AEI*BI ACI*Min Max/Min
RF NDSI/BI AEI*H
NDSI/BI
Rsq 0.83 0.81 0.8 0.86 0.84 0.84
Adjusted Rsq 0.8 0.79 0.77 0.81 0.8 0.8
MSE 4.27 8.86 0.022 0.17 0.041 1.52
Richness Aboundance Evenness Shannon Simpson Signing bird
ACI ACI ACI H ACI ACI
H Max H ACI*Max Max H
ACI*Max ACI*Max ACT*Max ACT*Min ACI*Max Max
ACT*Min ADI*AEI ACI*Min NDSI/BI ACT*Min ACI*Max
GLMNET ADI*AEI AEI*BI ADI*AEI ADI*AEI ACI*Min
AEI*BI AEI*H AEI*BI Max/Min ADI*AEI
AEI*H Max/Min Max/Min NDSI/BI AEI*BI
NDSI/BI NDSI/BI AEI*H
NDSI/BI
Rsq 0.84 0.59 0.62 0.46 0.34 0.84
Adjusted Rsq 0.71 0.37 0.37 0.33 0.25 0.71
MSE 0.73 6.83 0.028 0.67 0.02 0.73

we move from the city center to the suburbs, the
level of human sounds decreases, and the level of
bio-sounds increases (Rahimi & Fakheran, 2013).
In this study, SO Park had the highest amount of
biophony, which is the same as the results of this
study. The highest value of the AEI index is related

@ Springer

to MA and ES parks, which was due to the existence
of anthrophony and the volume of different sounds.

The feature extraction and the feature selection
methods were used to predict 10 final variables to
model the relationship between biodiversity indices
and acoustic indices. The results of the modeling
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revealed that there was a nonlinear relationship
between biodiversity indices and predictor variables.
In general, the modeled acoustic indices of the SVM
method perform better than the other methods (RF
and GLMNET). However, the RF method was able
to model diversity indicators with the least number
of independent variables, and its accuracy was close
to the SVM method. The results of the GLMNET
method obtained from modeled diversity indicators
displayed that just two diversity indicators covered
richness, and songbird had performance similar to
SVM and RF.

Comparing the independent variables showed that
the H variable played the most significant role in
the modeling, additional in the AET*H variable. The
ACI variable was one of the most important vari-
ables when combined with the Min and Max varia-
bles demonstrating a more effective performance.
The NDSI/BI variable became one of the important
variables used in modeling, particularly Shannon and
Simpson prediction modeling, that provided an inten-
sified index of biophony. The results showed that
the combination of the BI and the AEI, i.e., (AEl/
BI) played a key role in modeling biodiversity indi-
ces, particularly in the SVM regression model. In this
study, the maximum and minimum sound levels were
considered as variables. Based on the results, using
them with other variables, especially the maximum
sound level, can be useful for increasing the accuracy
of predictions. All models (i.e., SVM, RF, and GLM-
NET) that were used to model biodiversity indicators
had good performance for richness and songbird. So,
by using the songbird index modeling, it is possible to
detect some of the singing species in cities similar to
Isfahan.

Conclusion

The urbanization process affects the species’ bio-
diversity in the urban ecosystem and causes habitat
changes. The development of urban green spaces pro-
vides better conditions for species richness and bio-
diversity of birds, which will improve urban bioph-
ony (La Sorte et al., 2020). Isfahan city is a suitable
option for investigating biophony due to having many
various parks. Acoustic indices are a powerful tool
for rapid assessments of habitat change and moni-
toring changes in species communities. The acoustic

method is superior to point counts for determining
species richness. To our knowledge, this is the first
study of its kind using acoustic indices for assessing
bird diversity in Isfahan urban parks. The SVM, RF,
and GLMNET regression techniques were applied
to model the relationship between biodiversity indi-
cators and acoustic indices. Therefore, we used the
acoustics indices with the maximum and minimum
sound data recorded to generate predictor variables
to determine biodiversity indicators. The introduced
approach was additionally appropriate because it
increased the accuracy of results. The results of
acoustics analysis demonstrated that the H, NDSI,
BI, and ACI indices were useful because they could
serve as proxies for bird richness and activity that
reflect differences in habitat quality. The regression
results demonstrated that the highest R square was
related to the songbird, evenness, and richness indices
in the SVM model with 0.93, 0.92, and 0.90. Also,
the Shannon index was the highest R square (0.86) in
the RF model. The results showed that SO park has
the highest diversity of bird species and is in better
condition in terms of biophony, which is more impor-
tant for protection than other parks. This research dis-
played that noise pollution can negatively affect the
value of the bioacoustics index, which is reflected in
the modeling. According to the results, parks located
in crowded urban places had less value in bio-acous-
tic recording, and the value of the bioacoustics index
in this park was low.

Our findings suggest using acoustics indices as an
efficient approach for monitoring bird biodiversity in
urban landscapes and suggest a model for studying
the environmental quality of urban park areas. Bio-
acoustics indicators are efficient tools for assessing
the ecological situation. These can be used to select
bird-watching sites and urban management for better
design and planning of urban landscapes and urban
green spaces. It is suggested to use landscape metrics
and vegetation indicators for investigating how land-
scape sound changes in the urban landscape in the
future.

Author contribution Data curation: Milad Latifi. For-
mal analysis: Mehrdad Ranaie, Milad Latifi. Investigation:
Sima Fakheran. Methodology: Milad Latifi, Mehrdad Ranaie,
Sima Fakheran,Minoo Moshtaghie,Parnian Mahmoudza-
deh Tussi. Visualization: Mehrdad Ranaie. Writing +original
draft: Milad Latifi, Mehrdad Ranaie, Parnian Mahmoudza-
deh Tussi. Writing+review and editing: Sima Fakheran,

@ Springer



629 Page 14 of 17

Environ Monit Assess (2023) 195:629

Minoo Moshtaghie, Milad Latifi, Mehrdad Ranaie, Parnian
Mahmoudzadeh Tussi.

Data availability The authors confirm that the data support-
ing the findings of this study are available within the article
and its supplementary materials.

Declarations

Ethics approval and consent to participate All authors have
read, understood, and have complied as applicable with the
statement on “ethical responsibilities of authors” as found in the
instructions for authors and are aware that with minor exceptions,
no changes can be made to authorship once the paper is submitted.

Competing interests The authors declare no competing interests.

References

Aida, N., Sasidhran, S., Kamarudin, N., Aziz, N., Puan, C. L.,
& Azhar, B. (2016). Woody trees, green space and park
size improve avian biodiversity in urban landscapes of
Peninsular Malaysia. Ecological Indicators, 69, 176—
183. https://doi.org/10.1016/j.ecolind.2016.04.025

Benocci, R., Brambilla, G., Bisceglie, A., & Zambon, G.
(2020a). Asia-Pacific Journal of Science and Technology
Sound ecology indicators applied to urban parks: A pre-
liminary study. 1-10.

Benocci, R., Brambilla, G., Bisceglie, A., & Zambon, G.
(2020b). Eco-acoustic indices to evaluate soundscape deg-
radation due to human intrusion. Sustainability (Switzer-
land), 12(24), 1-19. https://doi.org/10.3390/su122410455

Benocci, R., Roman, H. E., Bisceglie, A., Angelini, F., Brambilla,
G., & Zambon, G. (2021). Eco-acoustic assessment of an
urban park by statistical analysis. Sustainability (Switzer-
land), 13(14). https://doi.org/10.3390/su13147857

Benocci, R., Roman, H. E., Bisceglie, A., Angelini, F., Brambilla,
G., & Zambon, G. (2022). Auto-correlations and long time
memory of environment sound: The case of an Urban Park
in the city of Milan (Italy). Ecological Indicators, 134.
https://doi.org/10.1016/j.ecolind.2021.108492

Bino, G., Levin, N., Darawshi, S., Van Der Hal, N., Reich-Solomon,
A., & Kark, S. (2008). Accurate prediction of bird species
richness patterns in an urban environment using Landsat-
derived NDVI and spectral unmixing. International Journal
of Remote Sensing, 29(13), 3675-3700. https://doi.org/10.
1080/01431160701772534

Bradfer-Lawrence, T., Gardner, N., Bunnefeld, L., Bunnefeld,
N., Willis, S. G., & Dent, D. H. (2019). Guidelines for
the use of acoustic indices in environmental research.
Methods in Ecology and Evolution, 10(10), 1796—1807.
https://doi.org/10.1111/2041-210X.13254

Breiman, L. E. O. (2001). Random Forests. 5-32.

Buxton, R. T., Agnihotri, S., Robin, V. V., Goel, A., &
Balakrishnan, R. (2018). Acoustic indices as rapid indi-
cators of avian diversity in different land-use types in an

@ Springer

Indian biodiversity hotspot. Journal of Ecoacoustics, 2(1),
1-1. https://doi.org/10.22261/jea.gwpzvd

Cilliers, S., Cilliers, J., Lubbe, R., & Siebert, S. (2013).
Ecosystem services of urban green spaces in Afri-
can countries-perspectives and challenges. Urban
Ecosystems, 16(4), 681-702. https://doi.org/10.1007/
s11252-012-0254-3

Das, S., & Choudhury, S. (2020). Evaluation of effective stiff-
ness of RC column sections by support vector regression
approach. Neural Computing and Applications, 32(11),
6997-7007. https://doi.org/10.1007/s00521-019-04190-0

Denes, S. L., Miksis-Olds, J. L., Mellinger, D. K., & Nystuen,
J. A. (2014). Assessing the cross platform performance
of marine mammal indicators between two collocated
acoustic recorders. Ecological Informatics, 21, 74-80.
https://doi.org/10.1016/j.ecoinf.2013.10.005

Droge, S., Martin, D., ... R. A-E., & 2021, U. (2021). Listening to
a changing landscape: Acoustic indices reflect bird species
richness and plot-scale vegetation structure across different
land-use types in north. Elsevier.

Duarte, M. H. L., Sousa-Lima, R. S., Young, R. J., Farina, A.,
Vasconcelos, M., Rodrigues, M., & Pieretti, N. (2015).
The impact of noise from open-cast mining on Atlantic
forest biophony. Biological Conservation, 191, 623-631.
https://doi.org/10.1016/j.biocon.2015.08.006

Edwards, A. W. F. (2005). R.A. Fischer, statistical methods for
research workers, first edition (1925). Landmark Writ-
ings in Western Mathematics 1640-1940, 1925, 856—
870. https://doi.org/10.1016/B978-044450871-3/50148-0

Egwumah, F. A., Egwumah, P. O., & Edet, D. 1. (2017). Para-
mount roles of wild birds as bioindicators of contamina-
tion. Researchgate Network. https://doi.org/10.15406/
ijawb.2017.02.00041

Esmaeili, A., & Moore, F. (2012). Hydrogeochemical assess-
ment of groundwater in Isfahan province. Iran. Environ-
mental Earth Sciences, 67(1), 107-120. https://doi.org/
10.1007/s12665-011-1484-z

Fairbrass, A. J., Rennett, P., Williams, C., Titheridge, H., & Jones,
K. E. (2017). Biases of acoustic indices measuring biodiver-
sity in urban areas. Ecological Indicators, 83(February),
169-177. https://doi.org/10.1016/j.ecolind.2017.07.064

Farina, A. (2018). Ecoacoustics: A quantitative approach to
investigate the ecological role of environmental sounds.
Mathematics, 7(1). https://doi.org/10.3390/math7010021

Farina, A., & Gage, S. (2017). Ecoacoustics: The ecological
role of sounds.

Farina, A., James, P., Bobryk, C., Pieretti, N., Lattanzi, E., &
McWilliam, J. (2014). Low cost (audio) recording (LCR)
for advancing soundscape ecology towards the conserva-
tion of sonic complexity and biodiversity in natural and
urban landscapes. Urban Ecosystems, 17(4), 923-944.
https://doi.org/10.1007/s11252-014-0365-0

Fennici, P. K. (1989). Birds as a tool in environmental monitor-
ing. JSTOR.

Fernandez-Juricic, E., & Jokimaki, J. (2001). A habitat island
approach to conserving birds in urban landscapes:
Case studies from southern and northern EuropeFER-
NANDEZJURICI2001. In Biodiversity and Conserva-
tion, 10(12), 2023-2043.

Friedman, J., Hastie, T., & Tibshirani, R. (2010). NIH Public
Access., 33(1), 1-20.


https://doi.org/10.1016/j.ecolind.2016.04.025
https://doi.org/10.3390/su122410455
https://doi.org/10.3390/su13147857
https://doi.org/10.1016/j.ecolind.2021.108492
https://doi.org/10.1080/01431160701772534
https://doi.org/10.1080/01431160701772534
https://doi.org/10.1111/2041-210X.13254
https://doi.org/10.22261/jea.gwpzvd
https://doi.org/10.1007/s11252-012-0254-3
https://doi.org/10.1007/s11252-012-0254-3
https://doi.org/10.1007/s00521-019-04190-0
https://doi.org/10.1016/j.ecoinf.2013.10.005
https://doi.org/10.1016/j.biocon.2015.08.006
https://doi.org/10.1016/B978-044450871-3/50148-0
https://doi.org/10.15406/ijawb.2017.02.00041
https://doi.org/10.15406/ijawb.2017.02.00041
https://doi.org/10.1007/s12665-011-1484-z
https://doi.org/10.1007/s12665-011-1484-z
https://doi.org/10.1016/j.ecolind.2017.07.064
https://doi.org/10.3390/math7010021
https://doi.org/10.1007/s11252-014-0365-0

Environ Monit Assess (2023) 195:629

Page 150f 17 629

Frommolt, K. H., & Tauchert, K. H. (2014). Applying bio-
acoustic methods for long-term monitoring of a nocturnal
wetland bird. Ecological Informatics, 21, 4-12. https://
doi.org/10.1016/j.ecoinf.2013.12.009

Fuller, S., Axel, A. C., Tucker, D., & Gage, S. H. (2015). Con-
necting soundscape to landscape: Which acoustic index
best describes landscape configuration? Ecological Indi-
cators, 58, 207-215. https://doi.org/10.1016/j.ecolind.
2015.05.057

Gamez, S., & Harris, N. C. (2021). Living in the concrete jungle:
Carnivore spatial ecology in urban parks. Ecological Appli-
cations, 31(6), 1-9. https://doi.org/10.1002/eap.2393

Gasc, A., Anso, J., Sueur, J., Jourdan, H., & Desutter-Grandcolas,
L. (2018). Cricket calling communities as an indicator of
the invasive ant Wasmannia auropunctata in an insular bio-
diversity hotspot. Biological Invasions, 20(5), 1099-1111.
https://doi.org/10.1007/s10530-017-1612-01

Gasc, A., Pavoine, S., Lellouch, L., Grandcolas, P., & Sueur,
J. (2015). Acoustic indices for biodiversity assessments:
Analyses of bias based on simulated bird assemblages
and recommendations for field surveys. Biological Con-
servation, 191, 306-312. https://doi.org/10.1016/j.biocon.
2015.06.018

Ghadiri Khanaposhtani, M., Gasc, A., Francomano, D.,
Villanueva-Rivera, L. J., Jung, J., Mossman, M. J., &
Pijanowski, B. C. (2019). Effects of highways on bird
distribution and soundscape diversity around Aldo Leo-
pold’s shack in Baraboo, Wisconsin, USA. Landscape
and Urban Planning, 192, 103666. https://doi.org/10.
1016/j.1andurbplan.2019.103666

Hao, Y., Kang, J., & Wortche, H. (2016). Assessment of the
masking effects of birdsong on the road traffic noise envi-
ronment. The Journal of the Acoustical Society of Amer-
ica, 140(2), 978-987. https://doi.org/10.1121/1.4960570

Hao, Z., Zhan, H., Zhang, C., Pei, N., Sun, B., He, J., Wu, R.,
Xu, X., & Wang, C. (2022). Assessing the effect of human
activities on biophony in urban forests using an automated
acoustic scene classification model. Ecological Indica-
tors, 144. https://doi.org/10.1016/j.ecolind.2022.109437

Hastie, T., & Qian, J. (2016). Glmnet vignette. Web.Stanford.
Edu.

Heggem, D. T., Miller, G. R., & Canterbury, G. E. (1998). 1998 _
Bradford_Bird_Assembleges. 1994, 1-22.

Hellstrom, B., Nilsson, M., Becker, P., & Lunden, P. (2014).
Acoustic design artifacts and methods for urban sound-
scapes. 15th International Congress on Sound and Vibra-
tion 2008, ICSV 2008, 1, 422-429.

Iknayan, K. J., Wheeler, M. M., Safran, S. M., Young, J. S.,
& Spotswood, E. N. (2022). What makes urban parks
good for California quail? Evaluating park suitability, spe-
cies persistence, and the potential for reintroduction into
a large urban national park. Journal of Applied Ecology,
59(1), 199-209. https://doi.org/10.1111/1365-2664.14045

Issa, M. A. A. (2019). Diversity and abundance of wild birds
species’ in two different habitats at Sharkia Governo-
rate, Egypt. The Journal of Basic and Applied Zoology,
80(1). https://doi.org/10.1186/s41936-019-0103-5

Jaszczak, A., Matkowska, N., Kristianova, K., Bernat, S.,
& Pochodyta, E. (2021). Evaluation of soundscapes
in urban parks in Olsztyn (Poland) for improve-
ment of landscape design and management. Mdpi.

Com. Evaluation of soundscapes in urban parks in Olsz-
tyn (Poland) for improvement of landscape design and
management. Mdpi.Com.

Joo, W., Gage, S. H., & Kasten, E. P. (2011). Analysis
and interpretation of variability in soundscapes along
an urban-rural gradient. Landscape and Urban Plan-
ning, 103(3-4), 259-276. https://doi.org/10.1016/].
landurbplan.2011.08.001

Jurka, T. P., Collingwood, L., Boydstun, A. E., Grossman, E., &
Van, W. (2004). RTextTools : A Supervised Learning Pack-
age for Text Classification., 5, 6-12.

Kalantar, B., Pradhan, B., Amir Naghibi, S., Motevalli, A., &
Mansor, S. (2018). Assessment of the effects of training
data selection on the landslide susceptibility mapping:
A comparison between support vector machine (SVM),
logistic regression (LR) and artificial neural networks
(ANN). Geomatics, Natural Hazards and Risk, 9(1),
49-69. https://doi.org/10.1080/19475705.2017.1407368

Kasten, E. P., Gage, S. H., Fox, J., & Joo, W. (2012). The
remote environmental assessment laboratory’s acous-
tic library: An archive for studying soundscape ecology.
Ecological Informatics, 12, 50-67. https://doi.org/10.
1016/j.ecoinf.2012.08.001

King, D. 1., Jeffery, M., & Bailey, B. A. (2021). Generating
indicator species for bird monitoring within the humid
forests of northeast Central America. Springer, 193(7).
https://doi.org/10.1007/s10661-021-09172-1

Knight, E. C., Hannah, K. C., Foley, G. J., Scott, C. D.,
Brigham, R. M., & Bayne, E. (2017). Recommendations
for acoustic recognizer performance assessment with
application to five common automated signal recogni-
tion programs. Avian Conservation and Ecology, 12(2).
https://doi.org/10.5751/ace-01114-120214

Krause, B., & Farina, A. (2016). Using ecoacoustic methods
to survey the impacts of climate change on biodiversity.
Biological Conservation, 195, 245-254. https://doi.org/
10.1016/j.biocon.2016.01.013

La Sorte, F. A., Aronson, M. F. J., Lepczyk, C. A., & Horton,
K. G. (2020). Area is the primary correlate of annual and
seasonal patterns of avian species richness in urban green
spaces. Landscape and Urban Planning, 203(Febru-
ary), 103892. https://doi.org/10.1016/j.Jandurbplan.2020.
103892

Latifi, M., Moshtaghie, M., & Radan, A. (2019). The study of
biodiversity changes of birds in different seasons (Case
study of Kolah Ghazi National Park). Journal of Animal
Environment, 11(1), 125-132.

Latifi, M., Ranaie, M., Fakheran, S., & Moshtaghie, M. (2020).
Evaluation of Biophonies in Isfahan Parks, Using Acous-
tic Indices. [ranian Journal of Applied Ecology, 9(3),
17-32.

Legates, D. R., & McCabe, G. J. (1999). Water resources
research - 1999 - legates - evaluating the use of goodness-
of-fit Measures in hydrologic and.pdf. In Water Resources
Research 35,233-241.

Lepczyk, C. A., Aronson, M. F. J., Evans, K. L., Goddard, M.
A., Lerman, S. B., & Macivor, J. S. (2017). Biodiversity
in the city: Fundamental questions for understanding the
ecology of urban green spaces for biodiversity conserva-
tion. BioScience, 67(9), 799-807. https://doi.org/10.1093/
biosci/bix079

@ Springer


https://doi.org/10.1016/j.ecoinf.2013.12.009
https://doi.org/10.1016/j.ecoinf.2013.12.009
https://doi.org/10.1016/j.ecolind.2015.05.057
https://doi.org/10.1016/j.ecolind.2015.05.057
https://doi.org/10.1002/eap.2393
https://doi.org/10.1007/s10530-017-1612-0ï
https://doi.org/10.1016/j.biocon.2015.06.018
https://doi.org/10.1016/j.biocon.2015.06.018
https://doi.org/10.1016/j.landurbplan.2019.103666
https://doi.org/10.1016/j.landurbplan.2019.103666
https://doi.org/10.1121/1.4960570
https://doi.org/10.1016/j.ecolind.2022.109437
https://doi.org/10.1111/1365-2664.14045
https://doi.org/10.1186/s41936-019-0103-5
https://doi.org/10.1016/j.landurbplan.2011.08.001
https://doi.org/10.1016/j.landurbplan.2011.08.001
https://doi.org/10.1080/19475705.2017.1407368
https://doi.org/10.1016/j.ecoinf.2012.08.001
https://doi.org/10.1016/j.ecoinf.2012.08.001
https://doi.org/10.1007/s10661-021-09172-1
https://doi.org/10.5751/ace-01114-120214
https://doi.org/10.1016/j.biocon.2016.01.013
https://doi.org/10.1016/j.biocon.2016.01.013
https://doi.org/10.1016/j.landurbplan.2020.103892
https://doi.org/10.1016/j.landurbplan.2020.103892
https://doi.org/10.1093/biosci/bix079
https://doi.org/10.1093/biosci/bix079

629 Page 16 of 17

Environ Monit Assess (2023) 195:629

Li, D.,, & Simske, S. (2010). Example based single-frame
image super-resolution by support vector regression. HP
Laboratories Technical Report, 5(157), 104-118. https://
doi.org/10.13176/11.253

Li, G, Fang, C, Li, Y., Wang, Z., Sun, S., He, S., Qi, W., Bao,
C., Ma, H., Fan, Y., Feng, Y., & Liu, X. (2022). Global
impacts of future urban expansion on terrestrial vertebrate
diversity. Nature Communications, 13(1), 1-12. https://
doi.org/10.1038/541467-022-29324-2

Liddle, M. (1997). Recreation ecology: The ecological impact
of outdoor recreation and ecotourism.

Linke, S., Gifford, T., Desjonqueres, C., Tonolla, D., Aubin, T.,
Barclay, L., Karaconstantis, C., Kennard, M. J., Rybak, F.,
& Sueur, J. (2018). Freshwater ecoacoustics as a tool for
continuous ecosystem monitoring. Frontiers in Ecology
and the Environment, 16(4), 231-238. https://doi.org/10.
1002/fee. 1779

Liu, J., Kang, J., & Behm, H. (2014). Birdsong as an element
of the urban sound environment: A case study concern-
ing the area of Warnemiinde in Germany. Acta Acustica
United with Acustica, 100(3), 458-466. https://doi.org/10.
3813/AAA.918726

Liu, P., Choo, K. K. R., Wang, L., & Huang, F. (2017). SVM
or deep learning? A comparative study on remote sensing
image classification. Soft Computing, 21(23), 7053-7065.
https://doi.org/10.1007/s00500-016-2247-2

Mamo, N. B., & Dennis, Y. A. W. A. (2020). Artificial neural
network based production forecasting for a hydrocarbon
reservoir under water injection. Petroleum Exploration
and Development, 47(2), 383-392. https://doi.org/10.
1016/S1876-3804(20)60055-6

McLaren, J., & Degroote, L. (2012). Monitoring techniques
for temperate bird diversity: Uncovering relationships
between soundscape analysis and point counts. 1-22.

Morelli, F., Reif, J., Diaz, M., Tryjanowski, P., Ibéﬁez-Alamo,
J. D., Suhonen, J., Jokimiki, J., Kaisanlahti-Jokimé&ki, M.
L., Pape Mgller, A., Bussiere, R., Mégi, M., Kominos, T.,
Galanaki, A., Bukas, N., Marko, G., Pruscini, F., Jerzak,
L., Ciebiera, O., & Benedetti, Y. (2021). Top ten birds
indicators of high environmental quality in European cit-
ies. Ecological Indicators, 133. https://doi.org/10.1016/j.
ecolind.2021.108397

Moshtaghie, M., & Kaboli, M. (2015). Finding the best loca-
tion for installing of wildlife signs using kernel density
estimation in Khojir National Park. International Journal
of Environmental Health Engineering, 4(3), 1-6. https://
doi.org/10.4103/2277-9183.170712

Mullet, T. C., Gage, S. H., Morton, J. M., & Huettmann, F.
(2016). Temporal and spatial variation of a winter sound-
scape in south-central Alaska. Landscape Ecology, 31(5),
1117-1137. https://doi.org/10.1007/s10980-015-0323-0

Ofori, B. Y., Garshong, R. A., Gbogbo, F., Owusu, E. H., &
Attuquayefio, D. K. (2018). Urban green area provides
refuge for native small mammal biodiversity in a rap-
idly expanding city in Ghana. Environmental Monitor-
ing and Assessment, 190(8). https://doi.org/10.1007/
s10661-018-6858-1

Patankar, S., Jambhekar, R., Suryawanshi, K. R., & Nagendra,
H. (2021). Which traits influence bird survival in the city?
A Review. Land, 10(2), 1-23. https://doi.org/10.3390/
land10020092

@ Springer

Pieretti, N., Farina, A., & Morri, D. (2011). A new methodol-
ogy to infer the singing activity of an avian community:
The Acoustic Complexity Index (ACI). Ecological Indi-
cators, 11(3), 868-873. https://doi.org/10.1016/j.ecolind.
2010.11.005

Pijanowski, B. C., Farina, A., Gage, S. H., Dumyahn, S. L., &
Krause, B. L. (2011a). What is soundscape ecology? An
introduction and overview of an emerging new science. Land-
scape Ecology, 26(9), 1213-1232. https://doi.org/10.1007/
$10980-011-9600-8

Pijanowski, B. C., Villanueva-Rivera, L. J., Dumyahn, S. L.,
Farina, A., Krause, B. L., Napoletano, B. M., Gage, S. H.,
& Pieretti, N. (2011b). Soundscape ecology: The science
of sound in the landscape. BioScience, 61(3), 203-216.
https://doi.org/10.1525/bi0.2011.61.3.6

Prathusha, P., & Jyothi, S. (2017). Feature extraction methods :
A review. 22558-22577. https://doi.org/10.15680/IJIRSET.
2017.0612078

Rahimi, M., & Fakheran, S. (2013). Investigation of Soundscape
variability along natural urban areas. The First International
Conference on Landscape Ecology. (In Persian), I, pp.
820-826.

Radan, A., Latifi, M., Moshtaghie, M., Ahmadi, M., & Omidi,
M. (2017). Determining the sensitive conservative site in
Kolah Ghazi National Park, Iran, in order to management
wildlife by using GIS software. Environment & Ecosys-
tem Science, 1(2), 13—15. https://doi.org/10.26480/ees.02.
2017.13.15

Ranaie, M., Soffianian, A., Pourmanafi, S., Mirghaffari, N., &
Tarkesh, M. (2018). Evaluating the statistical performance
of less applied algorithms in classification of worldview-3
imagery data in an urbanized landscape. In Advances in
Space Research. COSPAR. https://doi.org/10.1016/j.asr.
2018.01.004

Ross, S. R. P. J., Friedman, N. R., Yoshimura, M., Yoshida, T.,
Donohue, 1., & Economo, E. P. (2021). Utility of acoustic
indices for ecological monitoring in complex sonic envi-
ronments. Ecological Indicators, 121(November 2020),
107114. https://doi.org/10.1016/j.ecolind.2020.107114

Salek, M., Sladecek, M., Kubelka, V., Mlikovsky, J., Storch,
D., & gmilauer, P. (2022). Beyond habitat: Effects of
conspecific and heterospecific aggregation on the spatial
structure of a wetland nesting bird community. Journal
of Avian Biology, 2022(2). https://doi.org/10.1111/JAV.
02928

Sanchez-Giraldo, C., Bedoya, C. L., Moran-Vasquez, R. A.,
Isaza, C. V., & Daza, J. M. (2020). Ecoacoustics in the rain:
Understanding acoustic indices under the most common
geophonic source in tropical rainforests. Remote Sensing in
Ecology and Conservation, 6(3), 248-261. https://doi.org/
10.1002/rse2.162

Scarpelli, M. D. A., Ribeiro, M. C., & Teixeira, C. P. (2021).
What does Atlantic Forest soundscapes can tell us about
landscape? Ecological Indicators, 121.

Schulte-Fortkamp, B. (2002). The meaning of annoyance in
relation to the quality of acoustic environments. Noise and
Health, 4(15), 13. https://doi.org/10.1016/J. ECOLIND.
2020.107050

Servick, K. (2014). Eavesdropping on ecosystems. Sci-
ence, 343(6173), 834-837. https://doi.org/10.1126/
SCIENCE.343.6173.834


https://doi.org/10.13176/11.253
https://doi.org/10.13176/11.253
https://doi.org/10.1038/s41467-022-29324-2
https://doi.org/10.1038/s41467-022-29324-2
https://doi.org/10.1002/fee.1779
https://doi.org/10.1002/fee.1779
https://doi.org/10.3813/AAA.918726
https://doi.org/10.3813/AAA.918726
https://doi.org/10.1007/s00500-016-2247-2
https://doi.org/10.1016/S1876-3804(20)60055-6
https://doi.org/10.1016/S1876-3804(20)60055-6
https://doi.org/10.1016/j.ecolind.2021.108397
https://doi.org/10.1016/j.ecolind.2021.108397
https://doi.org/10.4103/2277-9183.170712
https://doi.org/10.4103/2277-9183.170712
https://doi.org/10.1007/s10980-015-0323-0
https://doi.org/10.1007/s10661-018-6858-1
https://doi.org/10.1007/s10661-018-6858-1
https://doi.org/10.3390/land10020092
https://doi.org/10.3390/land10020092
https://doi.org/10.1016/j.ecolind.2010.11.005
https://doi.org/10.1016/j.ecolind.2010.11.005
https://doi.org/10.1007/s10980-011-9600-8
https://doi.org/10.1007/s10980-011-9600-8
https://doi.org/10.1525/bio.2011.61.3.6
https://doi.org/10.15680/IJIRSET.2017.0612078
https://doi.org/10.15680/IJIRSET.2017.0612078
https://doi.org/10.26480/ees.02.2017.13.15
https://doi.org/10.26480/ees.02.2017.13.15
https://doi.org/10.1016/j.asr.2018.01.004
https://doi.org/10.1016/j.asr.2018.01.004
https://doi.org/10.1016/j.ecolind.2020.107114
https://doi.org/10.1111/JAV.02928
https://doi.org/10.1111/JAV.02928
https://doi.org/10.1002/rse2.162
https://doi.org/10.1002/rse2.162
https://doi.org/10.1016/J.ECOLIND.2020.107050
https://doi.org/10.1016/J.ECOLIND.2020.107050
https://doi.org/10.1126/SCIENCE.343.6173.834
https://doi.org/10.1126/SCIENCE.343.6173.834

Environ Monit Assess (2023) 195:629

Page 170f 17 629

Shamon, H., Paraskevopoulou, Z., Kitzes, J., Card, E., Deichmann,
J. L., Boyce, A. J., & McShea, W. J. (2021). Using ecoacous-
tics metrices to track grassland bird richness across landscape
gradients. Ecological Indicators, 120(May 2020), 106928.
https://doi.org/10.1016/j.ecolind.2020.106928

Shaw, T., Hedes, R., Sandstrom, A., Ruete, A., Hiron, M.,
Hedblom, M., Eggers, S., & Mikusinski, G. (2021).
Hybrid bioacoustic and ecoacoustic analyses provide
new links between bird assemblages and habitat quality
in a winter boreal forest. Environmental and Sustain-
ability Indicators, 11. https://doi.org/10.1016/j.indic.
2021.100141

Siddagangaiah, S., Chen, C. F.,, Hu, W. C., & Farina, A. (2022). The
dynamical complexity of seasonal soundscapes is governed by
fish chorusing. Communications Earth and Environment, 3(1).
https://doi.org/10.1038/s43247-022-00442-5

Song, P., Kim, G., Mayer, A., He, R., & Tian, G. (2020).
Assessing the ecosystem services of various types of urban
green spaces based on i-Tree Eco. Sustainability (Switzer-
land), 12(4), 1-16. https://doi.org/10.3390/su12041630

Sueur, J., Farina, A., Gasc, A., Pieretti, N., & Pavoine, S. (2014).
Acoustic indices for biodiversity assessment and landscape
investigation. Acta Acustica United with Acustica, 100(4),
772-781. https://doi.org/10.3813/AAA.918757

Sueur, J., Pavoine, S., Hamerlynck, O., & Duvail, S. (2008).
Rapid acoustic survey for biodiversity appraisal. PLoS
ONE, 3(12). https://doi.org/10.1371/journal.pone.0004065

Tashakor, S., Hemami, M. R., Riazi, B., & IJafari, R.
(2013). Impacts of green space parameters on bird spe-
cies richness of city parks: Case study of Isfahan city. Jest.
Srbiau.Ac.Ir. Retrieved September 27, 2022, from http://
jest.srbiau.ac.ir/article_2401.html?lang=en

Toosi, N. B., Soffianian, A. R., Fakheran, S., Pourmanafi, S.,
Ginzler, C., & Waser, L. T. (2019). Comparing different
classification algorithms for monitoring mangrove cover
changes in southern Iran. Global Ecology and Conserva-
tion, 19. https://doi.org/10.1016/j.gecco.2019.e00662

Torabian, S., Ranaie, M., Feizabadi, H. A., & Chisholm, L.
(2021). Integrating gap analysis and corridor design with
less used species distribution models to improve conserva-
tion network for two rare mammal species (Gazella ben-
nettii and Vulpes cana) in Central Iran. Contemporary
Problems of Ecology, 14(5), 550-563. https://doi.org/10.
1134/S1995425521050103

Tredennick, A. T., Hooker, G., Ellner, S. P., & Adler, P. B.
(2021). A practical guide to selecting models for explo-
ration, inference, and prediction in ecology. Ecology,
102(6). https://doi.org/10.1002/ecy.3336

Tryjanowski, P., Morelli, F., Mikula, P., Kristin, A., Indykiewicz,
P., Grzywaczewski, G., Kronenberg, J., & Jerzak, L. (2017).
Bird diversity in urban green space: A large-scale analy-
sis of differences between parks and cemeteries in Central
Europe. Urban Forestry and Urban Greening, 27(Septem-
ber), 264-271. https://doi.org/10.1016/j.ufug.2017.08.014

Tucker, D., Gage, S. H., Williamson, 1., & Fuller, S. (2014).
Linking ecological condition and the soundscape in
fragmented Australian forests. In Landscape Ecol-
ogy 29(4). https://doi.org/10.1007/s10980-014-0015-1

Tukey, J. W. (1949). Comparing individual means in the
analysis of variance. Undefined, 5(2), 99. https://doi.
org/10.2307/3001913

Valavi, R., Guillera-Arroita, G., Lahoz-Monfort, J. J., &
Elith, J. (2022). Predictive performance of presence-
only species distribution models: A benchmark study
with reproducible code. Ecological Monographs, 92(1),
1-27. https://doi.org/10.1002/ecm.1486

Vapnik, V., Golowich, S. E., & Smola, A. (1997). Support
vector method for function approximation, regression
estimation, and signal processing. Advances in Neural
Information Processing Systems, 281-287.

Veerasamy, R., Rajak, H., Jain, A., Sivadasan, S., Varghese,
C. P, & Agrawal, R. K. (2011). Validation of QSAR
Models - Strategies and Importance. International Jour-
nal of Drug Design and Disocovery, 2(3), 511-519.

Villanueva-Rivera, L. J., Pijanowski, B. C., Doucette, J.,
& Pekin, B. (2011). A primer of acoustic analysis for
landscape ecologists. Landscape Ecology, 26(9), 1233—
1246. https://doi.org/10.1007/s10980-011-9636-9

Waltert, M., Mardiastuti, A., & Miihlenberg, M. (2004). Effects
of land use on bird species richness in Sulawesi. Indonesia.
Conservation Biology, 18(5), 1339-1346.

Xing, J., Gao, H., Wu, Y., Wu, Y., Li, H., & Yang, R. (2014).
Generalized Linear Model for Mapping Discrete Trait
Loci Implemented with LASSO Algorithm. 9(9). https://
doi.org/10.1371/journal.pone.0106985

Yang, W., & Kang, J. (2005). Soundscape and sound prefer-
ences in urban squares: A case study in Sheffield. Journal
of Urban Design, 10(1), 61-80. https://doi.org/10.1080/
13574800500062395

Yu, G., Yuan, J., & Liu, Z. (2011). Unsupervised random forest
indexing for fast action search. Proceedings of the IEEE
Computer Society Conference on Computer Vision and
Pattern Recognition, 865-872. https://doi.org/10.1109/
CVPR.2011.5995488

Yuan, G., & Lin, C. (2012). An Improved GLMNET for
LI-regularized Logistic Regression. 13, 1999-2030.

Zhao, Y., Yan, J., Jin, J., Sun, Z., Yin, L., Bai, Z., & Wang,
C. (2022). Article diversity monitoring of coexisting birds
in urban forests by integrating spectrograms and object-
based image analysis. Forests, 13(2), 1-21. https://doi.org/
10.3390/£13020264

Publisher’s Note Springer Nature remains neutral with regard
to jurisdictional claims in published maps and institutional
affiliations.

Springer Nature or its licensor (e.g. a society or other partner)
holds exclusive rights to this article under a publishing
agreement with the author(s) or other rightsholder(s); author
self-archiving of the accepted manuscript version of this article
is solely governed by the terms of such publishing agreement
and applicable law.

@ Springer


https://doi.org/10.1016/j.ecolind.2020.106928
https://doi.org/10.1016/j.indic.2021.100141
https://doi.org/10.1016/j.indic.2021.100141
https://doi.org/10.1038/s43247-022-00442-5
https://doi.org/10.3390/su12041630
https://doi.org/10.3813/AAA.918757
https://doi.org/10.1371/journal.pone.0004065
http://jest.srbiau.ac.ir/article_2401.html?lang=en
http://jest.srbiau.ac.ir/article_2401.html?lang=en
https://doi.org/10.1016/j.gecco.2019.e00662
https://doi.org/10.1134/S1995425521050103
https://doi.org/10.1134/S1995425521050103
https://doi.org/10.1002/ecy.3336
https://doi.org/10.1016/j.ufug.2017.08.014
https://doi.org/10.1007/s10980-014-0015-1
https://doi.org/10.2307/3001913
https://doi.org/10.2307/3001913
https://doi.org/10.1002/ecm.1486
https://doi.org/10.1007/s10980-011-9636-9
https://doi.org/10.1371/journal.pone.0106985
https://doi.org/10.1371/journal.pone.0106985
https://doi.org/10.1080/13574800500062395
https://doi.org/10.1080/13574800500062395
https://doi.org/10.1109/CVPR.2011.5995488
https://doi.org/10.1109/CVPR.2011.5995488
https://doi.org/10.3390/f13020264
https://doi.org/10.3390/f13020264

	Soundscape analysis using eco-acoustic indices for the birds biodiversity assessment in urban parks (case study: Isfahan City, Iran)
	Abstract 
	Introduction
	Materials and methods
	Study area
	Selected parks and green spaces
	Recorded sound samples and observed samples of birds
	Analysis of recorded sounds and acoustic indices
	Calculated acoustic indices

	Statistical analysis
	Analysis of variance
	Feature extraction and selection
	Regression analysis models
	Support vector machine (SVM)
	Random forest (RF)
	Elastic net regularization (GLMNET)
	Optimization modeling


	Results
	Bird diversity in urban parks
	Statistical analysis
	Analysis of variance
	Regression analysis modeling


	Discussion
	Conclusion
	Anchor 25
	References


