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Abstract. One of the problems that may arise when conducting long-term monitoring of bird 
populations in forest landscapes may be discrepancies between data obtained by different 
researchers. Using acoustic monitoring may solve this problem. To establish the suitability of 
the acoustic method for monitoring the state of forest ecosystems, studies were conducted in 
May and June 2018 on seven plots different from each other by stand age and species com-
position in a maple-linden-oak forest in northeastern Ukraine. The species composition of 
birds, the structure and composition of the stand and the values of six acoustic indices were 
calculated. Differences were found in all acoustic indices at different sites. The smallest values 
of the indices were noted in the overgrown clear-cut. Four acoustic indices in the May survey 
and five of the six in the June survey show significant correlations with the species richness of 
birds. All indices correlate with the values of several stand variables, which characterize the 
size and species composition of the stand, understorey and field vegetation, the closeness of 
various vegetation tiers, and with the distance to the edges and the nearest populated areas. 
The results suggest the possibility of using an acoustic approach to monitoring the bird popu-
lation and the state of forest ecosystems.

Key words: bioacoustics, acoustic sampling, ecoacoustic indices, northeastern Ukraine.

Authors’ addresses: Department of Zoology and Animal Ecology, School of Biology, V.N. 
Karazin Kharkiv National University, Svobody Sq. 4, 61022 Kharkiv, Ukraine; *e-mail: at-
emasov@gmail.com

Introduction

Forest biodiversity exceeds the biodiver-
sity of other terrestrial ecosystems. Forest 
ecosystems support about two-thirds of 
the world’s terrestrial biodiversity (Gard-
ner, 2010). One of the goals of ecologically 
sustainable forestry is the preservation of 
biological diversity – the diversity of liv-
ing creatures that inhabit a forest area, at 
all levels (Lindenmayer et al., 2000). To un-

derstand the causes of and predict changes 
in ecosystems, as well as timely prevent or 
mitigate the negative effects of economic 
activities, it is necessary to monitor biodi-
versity with an assessment of their share by 
abundance or biomass (Sokolov & Reshet-
nikov, 1997; Ravkin & Ravkin, 2005).

Birds are effective indicators of the ecologi-
cal integrity of forests and sustainable forest 
management. They are very diverse and have 
the ability to respond to processes occurring 
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in ecosystems, plus their identification is rela-
tively simple for qualified observers (Venier & 
Pearce 2007; Venier et al., 2017). Bird moni-
toring techniques are relatively well de-
veloped (for example, Ralph & Scott, 1981; 
Priedniks et al., 1986; Bibby et al., 1992; and 
others). However, during long-term moni-
toring and, accordingly, participation in 
the work of several successive researchers, 
there may be a problem associated with the 
discrepancy between the data obtained by 
different researchers. Ornithologists have 
accumulated rich material on the influence 
of the subjective factor on the results of 
surveys (see review: Morozov, 1997). Dis-
crepancies between the results of different 
researchers arise from the fact that in the 
course of field work, observers miss dif-
ferent numbers of individuals and species 
available for registration, make mistakes 
in determining distances to birds, ambigu-
ously interpret belonging to several indi-
viduals or one moving individual of sev-
eral successive registrations by voice, etc. 
One way to solve this problem is to use 
acoustic monitoring.

Passive acoustic monitoring, or simply 
“acoustic monitoring”, includes wildlife moni-
toring using field recording devices. Recording 
is carried out within minutes, hours, days or 
weeks, according to a predetermined sched-
ule. These records are then processed to extract 
environmental data, such as the detection of 
specific animal species or species richness in 
general (Browning et al., 2017). As opposed 
to the bioacoustic interest in separate spe-
cies, soundscape ecology study the distri-
bution of sound through a landscape (Pi-
janowski et al., 2011a, 2011b; Farina, 2014; 
Towsey et al., 2014). To measure the quality 
of habitats using recordings, some acoustic 
indices have been proposed. In this paper, 
we study the dependence of the values of 
acoustic indices on the number of breeding 
bird species and various stand variables 
in the upland maple-linden oak forest in 
northeastern Ukraine.

Material and Methods

The research was conducted on the terri-
tory of the National Nature Park “Gom-
ilshansky forests” (49º35′N, 36º20′E). It is 
located in the northeastern part of Ukraine, 
in the central part of the Kharkiv region, 
on the territory of the Zmiivsky and Per-
vomaysky districts and occupies an area of 
14,314.8 hectares. The park covers a large 
forest area on the right bank of the Siver-
sky Donets River, the floodplain of the 
river, and the left-bank borough terrace. 
According to the physical-geographical 
zoning, the park’s territory belongs to the 
Kharkov slope-elevated region of the Cen-
tral Russian forest-steppe province of the 
Forest-Steppe Zone. The climate in the area 
is moderately warm with variable moist-
ening. The average long-term air tempera-
ture is 7 °С, the average July temperature 
is 21.5 °С, the average annual precipitation 
is 511 mm. The duration of the frost-free 
period is 155–160 days. The depth of the 
snow cover is 18–20 cm, the time of occur-
rence of the snow cover is about 3 months 
(Prokudin, 1980).

One of the zonal vegetation types of 
the Left-Bank Forest-Steppe of Ukraine is 
the oak forests, and the main part of the 
National Nature Park “Gomilshansky for-
ests” is one of the best old oak massifs on 
the Left Bank of Ukraine. Also on the ter-
ritory of the park is a vegetation complex 
characteristic of the valleys of the rivers of 
the Forest-Steppe Zone of Ukraine: pine 
and oak-pine forests of the sandy terraces; 
floodplain oak forests; alder, willow and 
poplar forests; flood meadows. It also in-
cludes areas of steppe vegetation, small 
swamps and aquatic vegetation (Prokudin, 
1980). Terrestrial phytocoenoses of this ter-
ritory are gradually changing. This is espe-
cially true for recreational areas along the 
banks of the Siversky Donets River, where 
the phytocenotic and floristic structure of 
the communities is violated. Oak and birch 
are almost not involved in the regenera-
tion of the indigenous forests of the park, 
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the change of typical associations in con-
nection with the predominance of meadow 
and steppe species continues, and there is a 
danger of their transition to non-forest as-
sociations (Gorelova, 1989).

Studies were conducted on seven plots 
on the territory of the Koropovskoye for-
estry:
-	 Plot А. 90–107-year-old oak forest near 

the biological station of the V.N. Kara-
zin Kharkiv National University, for-
est quarters 3 and 4. Composition of 
the stand: common oak Quercus robur 
L. (60%), small-leaved lime Tilia cor-
data Mill. (20%), Norway maple Acer 
platanoides L., European ash Fraxinus 
excelsior L. (10% each), vegetative ori-
gin. Height 12–22 m. Undergrowth: 
field maple Acer campestre L., Norway 
maple and small-leaved lime, aged 
20–25 years, height 6–8 m, silver birch 
Betula pendula Roth, common hazel Cor-
ylus avellana L. The composition of the 
plantings is heterogeneous, the plant-
ing is uneven. There are small glades. 
The slope of the northwestern and 
northeastern exposure is 10–15 degrees.

-	 Plot B. 100–112-year-old oak forest 
near Gaydary village, forest quarter 
2. Composition of the stand: common 
oak (70%), European ash (20%), small-
leaved lime (10%), vegetative origin. 
Height 21–26 m. Undergrowth: field 
maple, Norway maple and elm Ulmus 
sp., aged 20–25 years, height 6 m, silver 
birch, common hazel. The composition 
of the plantings is heterogeneous, the 
planting is uneven.

-	 Plot C. 90–127-year-old oak forest, for-
est quarters 4 and 8. Composition of 
the stand: common oak (70%), small-
leaved lime (30%), vegetative origin. 
Height 22–25 m. Undergrowth: Nor-
way maple, elm, small-leaved lime 
and euonymus Euonymus verrucosus 
Scop., aged 20 years, height 8 m, silver 
birch, common hazel. The composition 
of the plantings is heterogeneous, the 
planting is uneven.

-	 Plot D. 97-year-old oak forest, forest 
quarter 7. Composition of the stand: 
common oak (90%), elm (10%), veg-
etative origin. Height 24 m. Under-
growth: field maple, Norway maple, 
elm and small-leaved lime, aged 20 
years, height 8 m, silver birch, com-
mon hazel.

-	 Plot E. 47–49-year-old maple forest, 
quarter 20. Composition of the stand: 
elm (40%), Norway maple (30%), com-
mon oak (20%), small-leaved lime 
(10%), vegetative origin. Height 16–19 
m. Undergrowth: field maple and Nor-
way maple, height 6 m, common hazel.

-	 Plot F. Overgrown clear-cut, quarter 
20. Unclosed forest cultures (common 
oak). Natural origin (small-leaved lime 
30%, common hazel 50%, field maple 
20%). 

-	 Plot G. 62–87-year-old aspen forest, 
quarters 4 and 8. Composition of the 
stand: common aspen Populus tremula 
L. (50%), small-leaved lime (40%), 
common oak (10%), vegetative origin. 
Height 19–24 m. Undergrowth: Nor-
way maple, elm, small-leaved lime 
and euonymus, aged 20 years, height 8 
m, Tatar maple Acer tataricum L., elm, 
common hazel.

At each plot five points were set at a distance 
of 100 meters from each other in a straight 
line. The audio recording was performed 
at each point on May 22–24 and June 6–8, 
2018 from 5:00 to 8:00. The duration of each 
record was 5 minutes. The recording was 
performed using the Tascam DR-05 Digital 
Recorder, mounted on a tripod. The record-
ers were set at 44 kHz/24 bit/stereo mode. 
Each record was divided into 25 intervals 
for 12 seconds. For each interval, six acous-
tic indices (AI) were calculated:
-	 Acoustic Complexity Index (ACI). 

Created for quantification of the birds’ 
vocalizations by processing the inten-
sities registered in audio-files (Farina 
& Morri, 2008; Pieretti et al., 2011). The 
formula of the ACI is developed based 
on the assumption that biotic sounds 
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are characterized by an intrinsic vari-
ability of intensities, while human-
generated noise presents constant in-
tensity values. 

-	 Acoustic Diversity Index (ADI). Calcu-
lated as the Shannon index using the 
proportions of the signals in each bin 
above the threshold value (Pijanowski 
et al., 2011a, 2011b; Villanueva-Rivera 
et al., 2011).

-	 Acoustic Evenness Index (AEI). Esti-
mates the diversity of sounds with the 
Gini Index (Villanueva-Rivera et al., 
2011).

-	 Bioacoustic Index (BI). Calculated as the 
area under the mean frequency spec-
trum. Proposed by Boelman et al. (2007) 
as a measure of the number of birds.

-	 Normalized Difference Soundscape 
Index (NDSI). Evaluates the level of 
anthropogenic disturbances, calculat-
ing the ratio of biophony and anthro-
pophony (Kasten et al., 2012).

-	 Acoustic Entropy Index (H). This is a 
product of spectral and temporal en-
tropies which are calculated on the 
mean spectrum and Hilbert amplitude 
envelope of a time wave, respectively 
(Sueur et al., 2008).

The soundecology package (Villanue-
va-Rivera & Pijanowski, 2015) for R (R 
Core Team, 2018) was used for AI calcu-
lations. For each record, 25 AI values were 
obtained corresponding to 12 second inter-
vals. Average AI values were calculated 
for each point, which were used in further 
analysis. The one-way analysis of variance 
(ANOVA) was used to determine whether 
there are any statistically significant differ-
ences between the values of the indices in 
different forest stands. 

The number of bird species was deter-
mined for each point by listening to re-
cordings. Listening to the recordings and 
spectrogram visualizations was performed 
using the Audacity v.2.3.0 software. Pear-
son’s coefficient of correlations was used to 
examine relationships between the AI and 
number of bird species and between the AI 

and stand variables. 
The description of phytocoenoses at 

each point is made according to standard 
methods (James & Shugart, 1970; Ambuel 
& Temple, 1983): 
-	 the number of the trunks of bushes 

on two transects with approx. width 
2 m (the width of the hands extended 
to the sides ) were counted in three 
height classes: low 0.5–1.0 m, average 
1.0–3.0 m, high > 3.0 m; 

-	 trunks of trees were counted by species 
in eight dimensional classes on the ba-
sis of diameter at breast height (DBH), 
then united in four classes: small 7–22 
cm, average 22–37 cm, large 37–52 cm, 
massive > 52 cm. The standing dead 
trees, irrespective of their size and ap-
pearance, were registered in a separate 
category. Also the quantity of thick  
(> 20 cm in diameter) dry branches on 
living trees and the quantity of trees 
lying on the ground were counted;

-	 importance value (IV) was calculated 
for each tree species according to the 
formula:

IVi = (stemsi/stemstotal) / 2 +
+ (basal_areai/basal_areatotal)/2             (1)

where stemsi is the number of tree 
trunks of the species i, stemstotal is the to-
tal number of trunks of trees, basal_area 
is calculated for each species based on 
the data on the DBH and basal_areatotal  
is calculated for all types based on the 
data on the DBH;

-	 the foliage profile was described at 
20 randomly selected points. At each 
point, the presence or absence of veg-
etation in the four elevated zones was 
determined: grassy vegetation and 
low shrubs 0–0.5 m, shrubs 0.5–3.0 m, 
undergrowth 3.0–10.0 m, woody veg-
etation > 10 m;

-	 Foliage Height Diversity (FHD) was 
calculated using the formula:

FHD = ∑ 1/pi
2 (2)
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-	 Foliage Profile Diversity (FPD) was 
calculated using the formula: 

FPD = - ∑ pi log pi (3)

The distance from each point to the edge 
of the forest inventory unit, the edge of the 
forest and the nearest settlement was also 
calculated. Statistical processing was car-
ried out using R 3.5.1 (R Core Team, 2018).

Results

The analysis conducted using one-way 
ANOVA, showed significant differences 
in the values of the indices in different for-
est stands in May and June, except for the 
ACI in May (Figure 1). In order to find out 
at which points the indices were different 
from the other, Tukey’s criterion was ap-
plied. It has been established that for many 
of the indicators, it differs from the other in 

plot F located on the overgrown clear-cut. 
In this plot, diversity indices (ACI, ADI, BI, 
H, NDSI) are lower than those in the re-
maining plots, whereas the AEI is higher.

In June, compared with May, some in-
dicators were changing. Thus, H decreased 
in all plots except in plot D (90-year-old 
oak forest). The ADI decreased in plot A 
(90–107-year-old oak forest near the bio-
station) and G (aspen forest), BI and NDSI 
in plot C (90–127-year-old ripe oak forest). 
On the contrary, the AEI increased in plots 
A, E (maple forest) and G.

A total of 26 bird species were recorded 
on the recordings (21 in May, 24 in June). 
The number of species registered at each 
site is presented in Table 1. In May, the 
ADI, H, NDSI positively correlated and the 
AEI negatively correlated with the number 
of species; in June, the ADI, BI, H, NDSI 
positively correlated and the AEI negative-
ly correlated with the number of species 
(Table 2).

Table 1. 	 Species richness of birds in the plots.

Plot May June

Total number of 
species in plot

Average number of species 
in point

Total number of 
species in plot

Average number of 
species in point

A 13 7.60 ± 0.75 14 6.80 ± 0.49
B 11 6.00 ± 0.84 14 6.60 ± 0.60
C 15 8.00 ± 0.32 15 6.80 ± 0.20
D 11 5.60 ± 0.60 12 6.60 ± 0.24
E 10 5.60 ± 0.68 10 5.00 ± 0.32
F 10 2.80 ± 0.80 9 3.60 ± 0.75
G 14 7.20 ± 0.97 13 6.00 ± 0.45

Table 2. 	 Correlation rates between acoustic 
indices and bird species richness.

Indices May June

ACI 0.06 0.33
ADI    0.72*    0.53*
AEI -0.70* -0.47*
BI 0.15   0.46*
H   0.52*   0.42*
NDSI   0.50*   0.43*

*p < 0.05

Correlation coefficients between the values ​​
of acoustic indices and stand variables were 
calculated. The greatest correlation was ob-
served for the number of trees of the aver-
age size class (DBH from 22 to 37 cm), the 
coefficient of significance for aspen, maple, 
oak and birch, the number of shrubs up to 3 
m high, the closeness of the first tree tier and 
the undergrowth, FHD and FPD, the dis-
tance to the forest edge (Table 3). The num-
ber of small trees (DBH from 7 to 22 cm), the 
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Figure 1. 	The value of acoustic indices in the studied plots in May and June 2018.
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Table 3. Correlation coefficients of acoustic indices with phytocenosis parameters (p < 0.05).

Index Month
Phytocenosis parameters 

Number of trees Importance value (IV) of trees
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May 0.61 0.37 -052 -0.50 0.33
June 0.52 0.40 0.35 0.36 -0.61 -0.46

AEI
May -0.60 -0.34 0.41 0.41
June -0.47 -0.38 -0.36 0.52 0.44

BI
May 0.43
June 0.39 0.42 -0.45 -0.42

H
May 0.39
June 0.46 0.40 0.43

NDSI
May 0.38 0.37 0.38 -0.45 -0.39 0.35
June 0.35 0.42 0.40 0.48 -0.58 -0.43

Table 3. (continuation)

Index Month Phytocenosis parameters 
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May 0.50 -0.44 -0.41
June 0.35 -0.37 0.53 -0.48

ADI
May 0.67 0.67 0.70 -0.52 0.34 0.47 -0.41 0.37 -0.52
June 0.68 0.62 -0.36 0.76 -0.53 0.60 -0.53 0.60 -0.58 -0.43

AEI
May -0.61 -0.63 -0.58 0.37 -0.35 0.44
June -0.66 -0.60 -0.70 0.47 -0.54 0.46 -0.59 0.54 0.43

BI
May -0.41 0.58 -0.51 0.45 0.49 -0.42 0.43
June 0.40 0.48 -0.38 0.66 -0.48 0.39 0.57 -0.52 0.38 0.41 -0.34

H
May 0.40 0.63 -0.35 0.46 -0.50
June 0.58 0.60 0.47 0.42 0.62 -0.53

NDSI
May 0.40 0.49 -0.46 0.66 -0.60 0.36 0.51 -0.45 0.35 -0.40
June 0.50 0.42 -0.39 0.64 -0.52 0.48 0.58 -0.51 0.57 0.34 -0.49
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coefficients of significance for ash and lin-
dens did not correlate with the acoustic in-
dices value. The number of trees larger than 
37 cm in diameter, the importance value of 
poplar and dead trees slightly correlated 
with the acoustic indices value. 

Discussion

To date, a number of studies have been con-
ducted covering different ecosystems to de-
termine whether the values of the various 
acoustic indices correspond to the bird di-
versity values obtained by traditional meth-
ods. For example, studies in Brazil’s rain-
forests have shown that both the ACI and 
BI correlate with the number of bird species 
(Jorge et al., 2018). Differences in ADI and 
NDSI meanings correspond to differences 
in the species composition and structure of 
bird communities between the gallery and 
cerrado forest in Central Brazil. (Machado 
et al., 2017). The results of studies conducted 
at sites of varying degrees of degradation 
(from forests to agricultural land) in south-
eastern England and northwestern Ecuador 
showed that the greatest correlation (up 
to 65%) between acoustic indices and the 
number of bird species was observed in a 
temperate climate (Eldridge et al., 2018). 

However, the results of a number of 
studies failed to indicate a significant cor-
relation of acoustic indices with the num-
ber of species. Thus, studies conducted in 
two regions in the south of China showed 
that only three indicators (ADI, AEI and 
H) showed moderate correlations. A slight 
correlation was shown by the NDSI index. 
The remaining indices (ACI, BI and acoustic 
richness index ARI) did not correlate with 
species richness (Mammides et al., 2017).

The results of our research also show 
that not all index values correlate with the 
species richness of birds. The ACI showed 
no correlation in either the May or June 
survey. The BI showed no significant cor-
relation in the May survey. But, most in-
dices correlate with the number of bird 

species in both surveys, which confirms 
the idea that acoustic indices can poten-
tially be used to monitor bird communities 
(Sueur & Farina, 2015).

According to research results, the use 
of a single index does not always allow 
the relationship between its value and the 
species richness of birds. Therefore, some 
researchers have proposed the use of com-
binations of indices (Towsey et al., 2014; 
Retamosa Izaguirre et al., 2018). The inte-
gration of several acoustic parameters al-
lowed to characterize and identify habitats 
with varying degrees of disturbance (ma-
ture forest, secondary growth and pasture) 
in Colombia (Gόmez et al., 2018) accurately 
predicted the diversity of birds in India 
(Buxton et al., 2018), etc. A multivariate 
analysis of the relative predictive power of 
acoustic indices shows that composite in-
dices are more powerful predictors of bird 
species richness than any particular index 
(Eldridge et al., 2018).

The results of a significant part of the 
studies show that forest bird species are 
sensitive to stand age and tree species 
composition as well as the amount of dead 
wood (Thompson et al., 1999; Walankie-
wicz et al., 2002, 2011; Roberge et al., 2008; 
Tozer et al., 2010; Czeszczewik et al., 2013; 
and others). Across the forest landscape, 
anthropogenic effects that determine the 
spatial mosaic of forest age-classes and size 
of forest patches, also influence the avian 
species composition and abundance. Very 
often the richness, abundance and diver-
sity of bird communities are the highest in 
natural or in semi-natural stands and the 
lowest in managed stands (Guziy, 2006; 
Atemasov et al., 2011; Czeszczewik et al., 
2015; and others). 

Given the correlation of acoustic indices 
with the species richness of birds and the 
relationship of the latter with the structure 
of forest landscapes, it can be assumed that 
acoustic indices can serve as an indicator 
of the state of forest ecosystems. Studies 
carried out in recent years confirm this as-
sumption. A pilot study was conducted to 
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test whether soundscapes can be related 
to the vegetation condition within three 
broad vegetation conditions of a woodland 
ecosystem (cleared, regrowth and rem-
nant) in Queensland, Australia (Ng et al., 
2018). The results of this investigation have 
shown that three soundscape indices (AEI, 
ADI and H) were significantly different be-
tween vegetation condition types. Authors 
conclude that differences in the ecosystem 
condition can be detected as differences 
in the soundscape. A study conducted in 
a lowland neotropical rainforest in Costa 
Rica showed that the composition of acous-
tic frequency bands and acoustic diversity 
are strongly linked with the vertical struc-
ture of the local canopy in forested environ-
ments (Pekin et al., 2012). The results of a re-
search conducted in an agroforestry system 
in New Franklin, Missouri, demonstrated 
positive relationships between soundscape 
composition and vegetative structure (Bo-
bryk et al., 2016). The results of these and 
other similar studies support soundscapes 
as a potential measure of the vegetation 
condition for assessing biodiversity values.

The results of our research show that 
acoustic indices correlate with several 
stand variables characterizing the size 
and species composition of stand, under-
growth, closeness of different vegetation 
tiers, Foliage Height Diversity and Foliage 
Profile Diversity, distance to forest edges 
and the nearest populated areas. Our re-
sults support the use of community-level 
acoustic indices as a point to the potential 
for tracking subtler habitat-dependent 
changes in a community composition.

To date, a significant number of studies 
have been conducted to determine appro-
priate point-count durations and sample 
sizes for bird surveys during the breeding 
season. It was established that the number 
of registered species increases with the in-
crease in the point-count duration and the 
number of samples per season (Fuller & 
Langslow, 1984; Hutto et al., 1986; Sorace et 
al., 2000; Shiu & Lee, 2003; Matsuoka et al., 
2014; Balestrieri et al., 2017; Sólymos et al., 

2018; and others). The amount of underes-
timation during 5-minute point counts can 
reach 50% of the total number of species, 
although usually the proportion of missed 
species is much smaller. Despite this, the 
5-minute point count is a standard meth-
od for monitoring birds (Bibby et al., 1992; 
Ralph et al., 1995). When applying acoustic 
methods, this problem can be solved by 
using stand-alone devices that can conduct 
audio recording for an extended time.

Conclusion

The results of our research revealed that 
acoustic indices (ADI, AEI, BI, H, NDSI) 
showed a correlation not only with the 
species richness of birds, but also with dif-
ferent stand variables, which characterize 
its structure and species composition of 
the plant cover. In addition, the values ​​of 
the indices differed for sites with different 
stand age and species composition. The 
smallest values ​​of the indices were noted 
on the overgrown clear-cut. Thus, the use 
of acoustic indices can be one of the tools 
for assessing the state of forest landscapes. 
Further research is planned to be carried 
out using autonomous sound recording 
devices that allow recording for an extend-
ed time. This will allow us to trace the dy-
namics of changes in acoustic indices dur-
ing the entire nesting season of birds.
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