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Abstract: Invasive species owing to their habitat flexibility are able to exploit the ample feeding and nesting resources offered by urban
landscapes. The current study was conducted in Jalandhar city of northwest India, where all the studied transects reported a relative
abundance of more than 75% for invasive bird species. Tree species diversity was the most important habitat feature that positively affected
bird species richness, species diversity and species evenness, while also reducing the relative abundance of invasive bird species. Hence a
better planning of urban vegetative cover can help us maintain a more diverse urban avifauna.
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Invasive species are becoming a part of ecosystems all
over the world and irreversibly changing their biodiversity
(Capinha et al 2015, Dawson et al 2017). Several studies
have recognized the negative impact of invasive species,
causing decline in native species, economic damages, and
transmission of diseases in plants, animals, and humans
(Crowl et al 2008, Dove at al 2011, Ahmad et al 2012). The
Global Invasive Species Database (2015) enlists 16 invasive
bird species present in India with four recognized as Alien
Invasive and 12 as Native Invasive species. The distribution
of invasive species is determined by various factors differing
in their importance and the interaction between these factors
throughout the process of invasion (Blackburn et al 2011).
The dominance of an invasive species in a habitat can be
through two pathways: direct competition for resources, or
being resistant to environmental stressors that limit other
species. The later known as 'passenger model' has more
support in recent studies where native species have declined
due to environmental pressures forming an empty niche
which is exploited by invasive species (Sol et al 2012).
Growing urban centres with their constantly changing
landscape offer new niches to be exploited by opportunistic
species, and invasive species are often the ones to take
advantage of these newly available resources (Gonzalez-
Oreja et al 2018). Blackburn et al (2009) stated that most
successful invasive birds prefer habitats disturbed by
humans which are avoided by indigenous species. Invasive
bird species threaten the native bird diversity of a place, so
much so that some countries adopt various methods to
capture and control their population (Abd Rabou 2022).
Urbanization is considered a primary threat to birds all over

the world (SolB 2020). In the past 20 years in India, urban
cover in the top 100 cities alone has increased by almost 2.5-
fold, by an extent greater than 5000 km®area (Nagendra et al
2014). This study aimed to understand the factors affecting
the spatial distribution of invasive bird species in urban
centres.

MATERIAL AND METHODS
Study area: The study was carried out in Jalandhar city
(31.3260° N, 75.5762° E) situated in the northwestern state
of Punjab, India. It has a humid subtropical climate with
temperature ranging from 5°C in winters to as highas 45°C in
summers. Two transects 1 km each were selected from
residential (R | and R Il), commercial (C | and C Il) and
industrial areas (In | and In Il) of the city to study bird
composition.
R | — Unplanned residential area with narrow lanes and
double-story houses with old infrastructure. The vegetation
included one large Ficus benghalensis tree apart from a few
shorttrees and bushes.
R I — Well planned residential area with wider roads and
modern houses. In addition to two public parks, the vegetation
comprised of several roadside trees, and gardens in homes
with short trees, bushes, and seasonal flowering plants.
C I-Itwas an unplanned commercial area with heavy footfall
for most part of the day and almost no vegetation except for
one Ficus religiosa tree. The marketplace had mostly single
ordouble-story shops with a residence on the upper floor.
C Il — A well-planned marketplace with wide roads, a public
park, and several shops and shopping complexes. Roads
having heavy vehicular traffic in the evening.
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In | — This was an industrial area having factories with high
metal roofs. Vegetation mostly consisted of short trees along
the outer walls of factories, most common being Saraca
asoca that were regularly pruned and kept short.

In Il = This industrial area was on the outskirts of the city
having agricultural fields close by. The infrastructure was
similar to that of transect In |. The vegetation comprised of
several large trees and empty plots with wild grasses and
shrubs.

Bird and vegetation surveys: Line transects method was
followed for conducting bird surveys in the selected transects
(Verner 1985). Surveys were conducted weekly, for a period
of one year from July 2018 to June 2019. Birds were identified
based on The Book of Indian Birds (Ali 2002) and Birds of the
Indian Subcontinent (Grimmett et al 2016). The common and
scientific names of birds were given according to Praveen et
al (Praveen et al 2016). Information on the enlisted invasive
bird species was taken from the Global Invasive Species
Database (GISD 2015).

Tree species were recorded and identified based on trees
of Delhi. Afield guide (Krishen 2006) and The Book of Indian
Trees (Sahni 1998). Land cover data including built cover,
road cover and green cover was obtained from Punjab
Remote Sensing Centre, Ludhiana (Punjab).

Data analysis: Habitat features including percentage road
cover, percentage green cover, tree species richness and
tree count were the independent variables for regression
analysis. Four ecological indexes were taken as dependent

Table 1. Habitat features of six selected transects
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variables: Bird species richness, species diversity, species
evenness and bird count per observation. Regression
analysis was carried out using SPSS Version 23, to analyse
the association between habitat features and ecological
indices.

RESULTS AND DISCUSSION

During the present study, a total of 50 bird species
belonging to 29 families and 13 orders were recorded (SS 1).
Bird species richness varied from 15 in transect C | to 34 in
transect In Il. Among the bird species recorded, seven
species fall under the category of invasive species, namely
Rock Pigeon (Columba livia), Common Myna (Acridotheres
tristis), Eurasian Collared-Dove (Streptopelia decaocto),
House Crow (Corvus splendens), House Sparrow (Passer
domesticus), Red-vented Bulbul (Pycnonotus cafer) and
Rose-ringed Parakeet (Psittacula krameri). All transects had
six to seven invasive species while the native species
richness varied from 9 to 28. Transect R | and C | had the
lowest native species richness while In Il had the maximum
number of native bird species (Table 2). The total percent
abundance of invasive bird species was highest in transect C
1(98.33%), followed by R I, R Il, and C II. The abundance of
invasive species was comparatively lower in transects In |
(77.72%) and In 11 (75.71%) than other transects (Table 3).

Road cover significantly decreased bird species richness,
species diversity and species evenness by 0.46 (f = -0.64),
0.09 (B =-0.91) and 0.03 (B = -0.88) respectively (Table 4).

Transect components R1 Rl Cl Cll Inl Inll
Built cover (%) 89.66 69.57 92.4 66.08 88.12 80.27
Road cover (%) 7.79 18.47 6.47 2.24 1.72 1.99
Green cover (%) 2.54 11.95 1.13 31.69 10.17 17.73
Public parks - 2 - 1 - 1
Average road width 3m 4m 25m 8m 5m 45m
Tree species richness 13 42 1 20 24 22
Tree count 25 361 1 92 301 143

- Absent

Table 2. Species richness and relative abundance of birds from different nativity status in the selected transects

Transects Total species richness Native species Invasive species
Richness Abundance Richness Abundance

R 17 10 0.15 7 0.85
R 30 23 0.15 7 0.85
Cl 15 9 0.02 6 0.99
cl 24 18 0.16 6 0.84
Inl 30 23 0.22 7 0.78
Inll 34 28 0.24 6 0.76
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Green cover significantly increased the bird count per
observation by 3.30 (B = 1.55) while it decreased the bird
diversity by 0.02 (8 =-0.39) and evenness by 0.01 (8 =-0.44).
Tree species richness significantly increased the bird
species richness, species diversity and species evenness by
0.39 (B = 1.15), 0.11 (B = 2.33) and 0.04 (B =2.52)
respectively. Tree count significantly increased the bird count
per observation by 0.25 (B = 1.56) but was related to
decreased bird species diversity and evenness. The tree
species richness increased bird species richness, species
diversity as well as evenness while tree count increased the
bird count per observation. The tree species richness is more
important than green cover and tree number for the
sustenance of a diverse urban avifauna. Road cover
decreased bird species richness, species diversity and
species evenness but bird count per observation. Since road
cover is an indicator of urbanization, it may be derived that
although urban habitats may show larger bird count, the
species richness, diversity and evenness is low. This is an
indication for species homogeneity recorded in various
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studies based in urban habitats. Road cover and green cover
significantly increased the abundance of invasive species by
1.77 (B = 1.20) and 0.51 (B = 0.60), respectively (Table 4).
Tree species richness significantly decreases the
abundance of invasive species by 1.47 (B = -2.09). Tree
count on the other hand increased the invasive species
abundance by 0.06 (8 =0.86).

Road cover had the most positive effect on the
abundance of invasive species. Of all the studied
independent variables, only tree species diversity had a
significant negative impact on the abundance of invasive
species. Over the years several studies have shown the
negative impact of urbanization on local biodiversity, both
floral and faunal (Evans et al 2009). The success of invasive
bird species has been attributed to their ability to exploit
ecological opportunities that most native bird species are not
able to (Sol et al 2012 and Gonzalez-Oreja at al 2018).
Several studies have shown an increase in taxonomic
homogenization in urban centres (Crooks et al 2004 and
Menon and Mohanraj 2016). Similar results were observed in

Table 3. Relative abundance of Invasive bird species at selected transects (%)

Invasive bird species R R Cl cl Inl Inll Overall
Rock pigeon 50.71 23.88 87.25 29.35 42.04 24.99 43.04
Common Myna 8.65 8.75 3.35 16.81 6.09 17.52 10.2
Eurasian collared-dove 9.83 8.86 3.12 5.36 9.25 13.65 8.34
House crow 5.34 16.05 2.9 21.78 6.71 7.5 10.05
House sparrow 6.07 16.69 - - 0.37 - 3.85
Red-vented bulbul 4.5 8.14 1.01 3.99 11.2 6.1 5.82
Rose-ringed parakeet 0.31 2.6 0.69 6.56 2.06 5.95 3.03
Total abundance 85.41 84.97 98.33 83.85 77.72 75.71 84.33

- Absent

Table 4. Effect of habitat features on bird species richness, species diversity, species evenness, bird count per observation and

abundance of invasive species

Parameter Species richness Species diversity Species evenness Bird count per Invasive species
observation abundance

B (SE) Beta B (SE) Beta B (SE) Beta B (SE) Beta B (SE) Beta

Constant 9.17 1.09 0.47 39.83 87.84
(0.71) (0.03) (0.01) (2.56) (1.30)

Road cover (%) -0.46 -0.64* -0.09 -0.91* -0.03 -0.88* 3.80 1.02* 1.77 1.20*
(0.10) (0.00) (0.00) (0.37) (0.19)

Green cover (%) -0.06 -0.14 -0.02 -0.39* -0.01 -0.44* 3.30 1.55* 0.51 0.60*
(0.06) (0.00) (0.00) (0.21) (0.11)

Tree species diversity 0.39 1.15* 0.11(0.01) 2.33* 0.04 2.52* -3.88 -2.19* -1.47 -2.09*
(0.11) (0.00) (0.38) (0.19)

Tree count 0.00 -0.15 0.00 -1.03* 0.00 -1.25* 0.25 1.56* 0.06 0.86*
(0.01) (0.00) (0.00) (0.03) (0.01)

R’ 0.60 0.95 0.92 0.82 0.70

Adjusted R? 0.58 0.95 0.92 0.81 0.68

*p < 0.001
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the present study with few invasive bird species forming more
than 75% of species abundance in all transects. Previous
studies have also recorded the spatial association between
alien bird species and high human density (Hugo and
Rensburg 2009). McLean et al (2017) cautioned that urban
centres may become launching sites for invasive species into
peri-urban and natural habitats making it all the more
important to study the habitat factors that affect the success
of invasive species in the cities. The most densely urbanized
and unplanned transects, R | and C | showed the lowest bird
species richness, which may be attributed to their lower tree
species richness compared to planned residential areas, and
industrial areas on the outskirts of city. Sub-urban areas can
have a higher bird species richness due to villages and
village ponds attracting a variety of bird species (Sekhon et al
2023). Trees species richness was observed to have a strong
positive effect on the bird species richness, species diversity
as well as evenness. The negative impact of road cover on
bird species richness, species diversity and evenness also
explain the lower bird diversity observed in densely
urbanized regions. Kaushik et al (2020) also observed that
the size of urban green patches and tree richness were
important factors affecting bird species richness and density.
Tree species diversity had a significantly positive impact
on urban bird diversity and also related to low abundance of
invasive bird species. In a similar study, bird species diversity
was positively related to shrub species richness where birds
preferred gardens with high tree and shrub species richness
(Parker et al 2014). In the same study it was observed that
native bird species preferred native tree species for feeding
while alien bird species preferred alien tree species. Other
studies have reported an increase in bird species richness
with increase in size of urban green spaces and presence of
native forests (Carbo-Ramirez and Zuria 2011 and Dale
2018). Retaining established native trees has also been
reported to be effective in maintaining higher bird diversity in
new urban centres (Barth et al 2015). Karjee et al (2022)
conducted a study in a peri-urban area of east India and
found that agricultural fields and degraded croplands helped
maintain bird diversity. Increase in road cover, green cover
and tree count had a positive impact on invasive species
while tree species richness decreased the abundance of
invasive bird species. Similar results were obtained by Tu et
al (2020) where building area had a positive impact on
number of birds. Studies report higher bird counts in cities
where a few species dominate the urban landscape with high
numbers (Ortega-Alvarez and MacGregor-Fors 2009 and
Yuan and Lu 2016). Often similar to the present study these
species are invasive bird species which exploit the various
feeding and nesting opportunities provided by the cities.
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CONCLUSION
The current urban landscape provides an unequal
advantage to the invasive species and simply increasing
urban green cover is not sufficient. There is a need for
planned urban greening with the focus on increasing the
vegetative diversity of the cities to maintain a diverse urban
avifauna.
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