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Abstract

Rashidi M., Chamani A., Moshtaghi M.: The influence of transport infrastructure development on
bird diversity and abundance. Ekoldgia (Bratislava), Vol. 38, No. 2, p. 178-188, 2019.

In recent decades, detrimental effects of roads have been the focus of numerous studies. Roadways
have various negative effects, such as habitat fragmentation, noise and air pollution, on bird commu-
nities. This study was aimed to investigate the effects of traffic noise on the bird's abundance during
autumn period. Field operations were performed in a forest located parallel to a main high-traffic
highway. The bird‘s abundance was recorded using a point counting method at 27 points along three
transects (65, 335 and 605 m from the road). The counting at each point was conducted every five
minutes and repeated once every week (12 times during autumn). Environmental indices including
the number of trees with DBH of over 20 cm, the number of standing dead trees, canopy cover per-
centage and Leq 30 were also measured. A total of 2950 bird belonging to 30 species were observed.
The number of dominant species (more than 10) in the area considerably changed as the distance
from the road increased. Leq 30 had the greatest correlation coefficient with bird abundance. There-
fore, traffic noise has negative effects on the bird’s abundance in this area.

Key words: Leq 30, SPL, transect, traffic density.

Introduction

Diversity is the most important aspect of the community structure (Zhukov et al., 2018). The
unceasing development of civilization and urbanization has changed the habitats of many ani-
mals especially birds (Wight, 2002). These changes exhibit pollution, soil destruction and plant
formation, which leads to ecosystem transformation (Blinkova, Shupova, 2017). Degradation of
migrating birds’ habitats has decreased numerous bird species (Sélek et al., 2010).

Natural and semi-natural forests as a buffer for urban ecosystems play a key role in reducing
the negative impacts of anthropogenic impacts (Blinkova, Shupova, 2018).

In recent decades, the detrimental effects of anthropogenic noise on bird diversity have been
the focus of numerous studies (Antze, Koper, 2018; Cardoso et al., 2018; Curry et al., 2018a; Kleist
etal,, 2018; Machado et al.,, 2017; Mulholland et al., 2018; Polak et al., 2013; Varasteh, 2011; Wiacek
et al., 2015). Roadways have various negative effects on bird communities (Freed, Cann, 2009).
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These effects include an increase in mortality rates (Mumme et al., 2000), changing the pattern
of bird distribution due to constant traffic noise (Rao, Koli, 2017) and habitat fragmentation by
creating a barrier to the birds’ natural movement (Gerlach, Musolf, 2000; Summers et al., 2011).

Road networks can separate animal population into subpopulations which severely constrain
their genetic flow due to inbreeding (Peris, Pescador, 2004). Based on habitat type and road char-
acteristics (Forman et al., 2002), these negative effects, may reach up to 10 or 100 m away from a
particular habitat. Birds generally avoid habitats manipulated by human, as it has negative effects
on their nutrition, survival, and abundance (Fernandez-Juricic, 2002).

The annual cycle of bird migration, lasts for nearly one-third of the year (Sauer et al., 2011).
During this period, birds spend considerably more time at stopover sites (Wikelski et al., 2003).
Food seeking and resting may cover 95% of their migration time (Alerstam, 2003). Human activi-
ties are one of the most important factors affecting the migration of birds and the time they spend
at stopover sites. The effects of noise pollution on species depend on age, gender, species history,
habitat type, season, activity time and so on (Summers et al., 2011). The long-term implications of
chronic noise exposure, on adult and nestling corticosterone levels, and nestling body condition
has been proved (Injaian et al., 2018). Some birds in proximity to sound, have mechanisms for
modulating their effects. But the usefulness of these mechanisms varies, based on physiological
differences between different species (Curry et al., 2018b).

Such issues have raised major concerns about the sustainability and survival of wildlife popu-
lations near the roads (Polak et al., 2013). Therefore, this study was aimed to investigate the effects
of traffic noise on the diversity and abundance of bird populations in urban ecosystems.

Materials and methods
Study area

This study, was performed in Isfahan, a city located 30-50 km from the centre of Isfahan Province covering an area of
34,500 ha (32°3020“ N, 51°30°15 E-32°4810“ N, 51°47°10“ E). The studied forest is located parallel to a main high-traffic
highway. The dominant tree species in this area are Pinus sp., Salix sp., Acer sp., Melia azedarach, Platanus racemose,
Myrtus communis, Tamarix ramosissima and Elaeagnus sp. During the study period, the average traffic intensity was 1106
personal vehicles, 53 heavy vehicles, and 92 motorcycles per hour. The speed limit in this highway is 60 km/h.

The number and distances of transects

Three transects (respectively 65, 335, and 605 m from the road) were selected considering the forest area. The transverse
and longitudinal distances of the transects were 270 and 150 m, respectively. Nine points in each transect, with 75 m
distances, were determined along each transect (A total of 27 points). The bird's abundance along each transect were esti-
mated every 5 minutes using the point count method. Based on the transverse and longitudinal distances of the transects
also the tree cover density and visibility, all birds were recorded within a 50 m radius (West et al., 2002; Wigcek et al,, 2015).

Numbers of birds

The birds were observed and identified using a binocular. The observations began in autumn 2016, under favourable
weather conditions. That is, in the absence of rainfall or extreme wind blows. The counting started at sunrise, when birds
had maximum activity and were most likely to be seen, and continued until 2 p.m. (Mammides et al., 2017). In order
to estimate the species’ abundance, the numbers of species identified in the three transects were counted and recorded.
Counting at each point was done once every week (12 times during autumn). All observations were made by two expert
observers. All the birds were identified with the help of the Iranian bird guides. To eliminate possible errors in the observa-
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tion hours, observations were conducted in a different order as described by (Wiacek et al., 2015). Each day, the observa-
tion began from the point it had ended the day before. In addition, since birds with different diets have different ecological
niches, the birds were categorized into three: granivorous, insectivores, and omnivores (Polak et al., 2013).

Environmental parameters

The environmental indices, including the number of trees with a diameter at breast height (DBH) of over 20 cm, number
of dead trees (NDT), canopy cover percentage and temperature, were measured in all transects. In order to calculate the
trees’ DBH, the diameter of each tree was measured at breast height (1.3 m) and the DBH was obtained using the circle
circumference formula. In order to determine the canopy cover percentage, a measuring tape was used to measure the
radius of each tree’s shadow in favourable, sunny conditions when the tree shadows could be distinguished. The area of the
shadows was then calculated and divided by the area of each transect. Finally, the temperature data were collected from
the weather station in the area.

Sound measurement

The equivalent sound level (Leq30) represents the estimated sound average over a period of 30 min. Leq30 was used in
this study because least error was detected during the measurement of equivalent sound level (Wang et al., 2005). Leq30
was measured at the central station of each transect for over a 5-15-min period using a sound level meter model TES
1353. To minimize the effects of ground vibration factors, the measurements were performed a the height of 1-2 m above
the ground (Machado et al., 2017). The sound pressure level (SPL), minimum, maximum, and average sound level (as the
most important factor used), and Leq30 were also estimated during this interval. Vehicle traffic rates were also camera
recorded and calculated throughout the sound measurement period. To determine day(s) with higher noise pollution
(peak days), the traffic rates were measured daily during the week. The traffic rate was measured by direct observation
and recorded with hand camera. Traffic vehicles were then divided into three different classes including trucks, cars, and
motorcycles.

Statistical analysis

The homogeneity and normal distribution of data were analysed using SPSS 23.0 (SPSS Inc., Chicago, IL, USA). DIS-
TANCE 6.0 was used to calculate the bird density. The relationship between the bird abundance and environmental vari-
ables were investigated using CANOCO. Other statistical analyses (ANOVA, ANCOVA, PCA, correlation coefficients and
so on), were conducted using STATISTICA 10.0.

Results and discussion

A total of 2950 bird belonging to 30 species were observed in the study area (Table 1). The most
dominant order was Passeriformes. The least abundance belonged to Piciformes, Coraciiformes,
and Psittaciformes. All the observed species was in the Least Concern category (IUCN). The en-
vironmental indices in the area are shown in Table 2. According to the Shapiro-Wilk test, data
from the three transects had normal distribution (P = 0.205, 0.174, and 0.579 for transects 1-3,
respectively) and were analysed using the parametric tests. Moreover, Levene’s test confirmed
the homogeneity of the data (F, = 2, F, = 15; P = 0.132). One-way ANOVA and Duncan’s test
(F = 36.24; P < 0.05) showed a significant difference in the mean species presence among the
three transects.

Figure 1 shows significantly increasing species richness with distances from the road. The
number of dominant species (>10) in the region considerably changed with distance from the
road. The abundance of Columba palumbus, Psittacula krameri, Corvus frugilegus and C. corone
increased with distance from the road. While some species, such as Motacilla alba, Spilopelia sen-
egalensis and Motacilla flava, preferred the middle transect.
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Fig. 1. The mean and standard deviation of bird abundance in transects 1-3 (different letters, indicate significant
differences at the 0.05 level).
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Fig. 2. Box & Whisker Plot.
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Table 1. The observed and identified species in study area.

. . ) Number of individuals

Species Total number | Foraging guild

T1 T2 T3
Corvus corone 400 O 75 107 218
Pica pica 192 O 59 66 67
Motacilla alba 570 G 132 249 189
Corvus florensis 791 ¢} 38 144 609
Passer domesticus 648 G 105 292 254
Phylloscopus collybita 47 I 3 21 48
Accipiter nisus 1 - 1 0 0
Tringa solitaria 314 - 0 277 37
Actitis hypoleucos 2 I 0 1 1
Tringa totanus 2 0 1 1
Spilopelia senegalensis 21 G 2 12 7
Gallinago gallinago 21 I 0 12 9
Pyrrhocorax pyrrhocorax 1 (0) 0 0 1
Motacilla cinerea 3 G 0 0 3
Acrocephalus arundinaceus 4 I 0 0 4
Sylvia atricapilla 4 I 0 0 4
Dendrocopos syriacus 11 G 5 3 3
Accipiter brevipes 2 - 0 0 2
Egretta garzetta 12 1 0 0 12
Hippolais caligata 14 I 8 2 4
Circus pygargus 1 I 0 0 1
Galerida cristata 27 G 2 10 15
Gallinula chloropus 45 G 0 22 23
Hippolais languida 10 I 0 7 3
Upupa epops 1 1 0 1 0
Psittacula krameri 14 G 0 2 12
Columba livia 12 G 6 6 0
Columba palumbus 109 G 8 5 96
Motacilla citreola 3 G 0 1 2
Motacilla flava feldegg 10 G 0 10 0
Acridotheres tristis 9 (0] 0 0 9
Falco tinnunculus 1 - 0 0 1
Fringilla coelebs 2 G 0 2 0
Anthus campestris 1 I 0 1 0
Anas platyrhynchos 5 (0) 0 5 0
Luscinia svecica 1 I 0 0 1
Larus ridibundus 17 G 0 0 17
Lanius collurio 1 I 0 0 1
Total 3329 444 1249 1618
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Table 2. Environmental indices in the area.

Variable T1 T2 T3
SPL 755 68.1 65.1
Leq30 60.7 46.8 45.3
Motorcycle 23 0 0
Personal vehicle 55.3 0 0
Heavy vehicle and public 2.6 0 0
DBH 25/62 33.22 7.8
NDT 11 2 2
Canopy cover 0/78 0/44 1/18
H 1587.333 1582.333 1582
Ah -5 -0.333 5.333333

Figure 2 shows the mean and standard deviation of the environmental variables. Accord-
ingly, the sound parameters are in the same range with the vehicle traffic and environmental
parameters.

As shown in Figs 3 and 4, SPL and Leq30 was significantly decreased with distance from
the road. While Leq30 in transect 1 had significant differences with transects 2 and 3, no other
significant differences in Leq30 were observed.

As shown in Figure 5, four Principal Components (PCs) explained 65.4% of the total varia-
tion. Of this total, 18.9% was explained by PC1 in which Leq30, NDT, DBH, distance from the
road and heavy vehicle were mainly responsible for this variation; 18.4% can be explained by
PC2 which is mainly attributed to SPL and personal vehicle; 10.6% was explained by PC3 can
mainly be attributed to temperature, motorcycle and h; and 5% was explained by PC4 in which
canopy cover was more important.

Since regression models (Table 3) are used to prioritize the effect size of variables, they can
be used to clarify the most important factors involved in the presence of specific species by cal-
culating the differences between the R values. Moreover, the mean square (MS) can determine
the effects of factors on each other.

According to the results, Leq30 had the highest correlation coefficient with species richness.
Therefore, traffic noise had negative effects on the bird abundance and diversity in this area.
Specifically, motorcycles were found to produce evasive sounds beyond the normal levels and
ensure the absence of bird species.

Discussion

Biodiversity indices facilitate the identification of factors affecting habitats and serve as a tool for
monitoring and evaluation of changes in ecosystem (Ramp et al., 2005). Based on the PCA results,
DBH, NDT, Leq30, and distance from the road had the greatest impacts on the abundance and di-
versity of bird species. Similarly, (McClure et al., 2013) found decreased abundance and diversity
of species in areas adjacent to roads. In the present study, the lowest abundance was observed in
the first transect located nearest to the road with maximum levels of traffic noise. The presence of
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Fig. 3. The mean and standard deviation of SPL in transects 1-3 (different letters, indicate significant differences at the 0.05 level).
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Fig. 4. The mean and standard deviation of Leq ,,, in transects 1-3 (different letters, indicate significant differences at the 0.05 level).

most species increased with the distance from the road as a result of greater security and silence
in the second and third transects. Thus, as reported by Polak et al. (2013), roads act as a limiting

factor for the presence of species.
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Based on the results, motor vehicle traffic rates had direct correlations with Leq30 and SPL.
Personal vehicles had the greatest impacts and motor vehicles had the least significant effects on
SPL. In other words, higher traffic was associated with greater levels of sound equivalent and
pressure. Moreover, Leq30 had the highest correlation with the diversity of species. Therefore, the
noise pollution caused by traffic negatively affected the bird species’ diversity and abundance in
the region.
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Fig. 5. Ordination diagram of PCA with 12 of the highest bird species richness.

Among the vegetation factors, NDT was the most effective parameter (correlation=1) in in-
creasing the abundance of species, such as Pica pica and Corvus corone, which nested on dead
trees. Noise pollution and vehicle traffic rates did not play significant roles in the presence of these
species. This highlighted the importance of NDT and the need for the preservation of dead trees
in the habitats of the mentioned species (Sillett, Holmes, 2002). Sillett and Holmes (2002), in their
study, identified the preservation of at least six dead trees per hectare (one with a diameter > 50
cm and others with a diameter > 40 cm) as a valuable management strategy.
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Table 3. Modelling the regression correlation coefficients between sound-dependent environmental factors.

N
m p— p—
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Dependent '_"; <, El 2 2 2 32 % % . N
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°
o
SPL 044 | 02 | 015 | 068 | 1 | 6805 |26955| 16 | 16.84 | 403 | 0.06
Leq 30 061 | 03 | 034 |37538| 1 |37538]|61321| 16 | 3832 | 9.79 | 0.006
temp 0.076 | 0.005 | -0.05 | 1.3 1 133 |22383| 16 | 1398 | 0.09 | 0.76
motorcycle 051 | 026 | 022 | 2005 | 1 | 2005 | 5544 | 16 | 34 | 589 | 002
P 1
ersona 043 | 018 | 013 |41088| 1 |410.88|17831| 16 |111.44| 3.68 | 0.07
vehicle
Heavy vehicle
: 035 | 012 | 007 | 355 | 1 | 355 | 2444 | 16 | 152 | 232 | 0.14
and public

Shelter is a major biological need for most birds. This need was clearly detected in the
case of Psittacula krameri, whose presence was mostly observed in the third transect near
the willow community. The presence of Salix sp. in the second and third transects can be a
very good shelter for birds to create different ecological niches. The presence of Motacilla
flava was observed in the second transect where Tamarix ramosissima existed. The presence
of Acridotheres tristis was observed in the third transect owing to the existence of Populus
euphratica and Platanus sp. Higher percentage of vegetation canopy increased the abundance
of species, such as Phylloscopus collybita and Dendrocopos syriacus for which canopy is a key
factor in habitat selection. Shade-friendly bird species, such as Motacilla alba, would be
forced to change their distribution range to areas near roads where canopy cover is higher
than the average level (0.78 vs. 14.4%) due to the presence of planted species. This can pro-
vide a safe shelter for vulnerable species, such as M. alba. Hence, some species prioritize shel-
ter over other habitat parameters. Furthermore, canopy cover is more effective than traffic
rate and noise pollution in their habitat selection. According to other studies, depending on
the species, roads can either decrease (Forman et al., 2002) or increase the diversity of birds
(Meunier et al., 1999).

Furthermore, changes in elevation in an ecosystem can also justify altered birds’ fauna in
the studied transects. Since the average temperature was constant during the study period, it
did not directly affect the presence or absence of species. DBH and tree height are also other
important variables in the habitat structure and can be individually used in other investiga-
tions due to homogeneity of variances. (Diaz, 2006) emphasized the positive relationships
between habitat parameters and species diversity and abundance (Morelli et al., 2014) con-
cluded that changes in the habitat flora was associated with changes in birds’ fauna and that
the presence of species was limited by the specific habitat conditions in each area. Increasing
the area, safety and diversity of aquatic plants play important roles in attracting more aquatic
and offshore birds (Fox, Bell, 1994). Cavity-nesting birds, which are dependent upon dead
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trees with specific diameter, height, and degrees of corruption, are the most vulnerable to the
marginal effects of roads. Elimination of these parameters will increase the vulnerability of
primary cavity-nesting birds, such as woodpeckers (Kilgo, 2005).

The results of this study can effectively help in the planning, management, and develop-
ment of road construction in forest areas where the protection of bird species from noise
pollution is intended.
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