
Nestedness of bird assemblages along an urbanisation

gradient in Central India
Manoj Kale,1 Marco Ferrante,2 Nandkishor Dudhe,3 Raju Kasambe,4

Irina S. Trukhanova,5 Tatiana Ivanova,6 Prosun Bhattacharya,1 and
Gabor L. Lövei2,*
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Abstract

We censused terrestrial bird assemblages along a five-stage urbanisation gradient (rural forest, industrial zone, peri-urban,
suburban and urban habitats) in and around Amravati City, Central India, between January and April 2010–2013. A total of
89 species of birds were recorded, with the highest detected species richness in the rural areas (67 species) and the lowest in
the urban one (29 species). The rural habitats had the highest diversity, followed, in a decreasing order, by industrial, peri-
urban, suburban and urban areas, supporting Gray’s increasing disturbance rather than Connell’s intermediate disturbance
hypothesis. The densities were, however, highest in the urban habitats, supporting the resource concentration hypothesis.
The assemblages were significantly nested, indicating a common origin from the rural forest.
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Introduction

Even though cities only occupy 2.7% of the world’s drylands, ur-
banisation is one of main causes of biodiversity loss (Kareiva
et al. 2007; Grimm et al. 2008). The world population continues
to grow, accompanied by speedy urbanisation, and increasing
impact on biodiversity. Today, more than 50% of the world’s
population lives in cities (UN 2014), with the most rapid urban
growth in tropical and sub-tropical regions, which are also the
most biodiverse (Cincotta and Engelman 2000). In Africa the ur-
ban population is likely to triple, and in Asia it will more than
double in a few decades (UN 2014).

Birds are a global flagship group for conservation for both
ecological and evolutionary reasons, and they are also impor-
tant in people’s perception of nature (Verı́ssimo et al. 2014).
Birds are highly mobile, conspicuous and well known, and thus
eminently suitable to study the impact of anthropogenic distur-
bance on biodiversity (Chazdon et al. 2009; Gibson et al. 2011).
This group has attracted a disproportionate number of studies
related to urbanisation (Marzluff 2001; Aronson et al. 2014) but
mostly from northern temperate regions where urbanisation
has had a longer history.

India’s avifauna is very rich: with about 1300 species, it
amounts to 13% of the bird species richness of the world
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(Grimmett et al. 1998). Studies of the effect of urbanisation on
birds are not common on the Indian Peninsula (but see Naithani
and Bhatt 2012; Sengupta et al. 2014). Some early authors
(Galushin 1971) were impressed by the high number of birds in
Indian cities and suggested that this can be explained by the
amount of food available, the number of trees that can provide
breeding sites, and the ‘traditional goodwill of Indians to all liv-
ing beings’ (Galushin 1971). A recent study in Kolkata, however
(Sengupta et al. 2014), found that diversity decreased towards
the urban centre and was negatively correlated with the extent
of built-in surface. These authors found only 45 bird species,
which is about the same as found in cities in the northern tem-
perate region (Marzluff 2001). Other studies found many more
species: 88 species, including waterbirds, on the Amravati
University Campus (Wadatkar 2001), 76 species on a campus of
the Punjabi University, Pakistan and 125 bird species in the
urbanised habitats of Pauri District (Garhwal Himalaya,
Uttarakhand State; Naithani and Bhatt 2012).

Against this background and development trends men-
tioned above, it is of special interest to study the effect of urban-
isation on birds. Research agendas concerning studies on
urbanisation (e.g. Magura et al. 2010) present important and am-
bitious goals, but most of our knowledge on the effects of urban-
isation stems from studies in developed countries, mostly in
the northern temperate regions. As most of current and future
urbanisation happens and will continue to take place in devel-
oping countries (Angel et al. 2011), there is an urgency to fill the
knowledge gap about the level of biodiversity that can survive
the urbanisation process in such developing, tropical countries.

Here we report on the effect of urbanisation on bird assemb-
lages along a five-phase rural–urban gradient on the Indian
Deccan Plateau, east of an important global biodiversity hot-
spot, the Western Ghats. Our aims were to test the following
hypotheses:

1. The intermediate disturbance hypothesis suggests that habitats
under medium disturbance will have the highest diversity,
while rapidly and intensively changing, as well as stable
ecological systems will have lower diversity (Connell 1978).
This would predict that the highest diversity will be found in
suburban habitats that have a medium level of disturbance:
more than in the original forest habitats, but less than in ur-
ban centres. In many urbanisation studies in the Northern
Hemisphere, this prediction was not supported (for a review,
see Magura et al. 2010).

2. The increasing disturbance hypothesis by Gray (1989) predicts
an increasing level of disturbance from rural to urban areas,
causing a gradual and monotonous decrease in biodiversity.
Gray’s hypothesis has had mixed support from studies of ru-
ral–urban gradients, the findings of some (Sengupta et al.
2014) agreeing with its prediction, while those of others
(mentioned by Magura et al. 2010) failing to support it.

3. The resource concentration hypothesis is based on the fact that
urban areas import a lot of resources from outside (Pickett
et al. 2001). These resources can potentially be utilised by
organisms adapted to urban habitats, and they can reach
high densities. This hypothesis would predict the highest
density in the urban habitat, or at least that no decrease in
the overall density of birds will be found with respect to the
original density in rural areas.

4. The nestedness hypothesis predicts that the urban assemblage
would be a derivative of the original, rural species pool and
the bird assemblages found in urbanised areas of various in-
tensity would be subsets of the original, rural assemblage, so

the assemblages would be nested. Studies on invertebrates
have repeatedly found (Magura et al. 2010) that the highest
similarity occurs not between similar urbanisation stages in
different countries, but among different urbanisation stages
in the same country, even though nestedness was not ex-
plicitly calculated. Support for this hypothesis was found in
a recent study of birds in Kolkata (Calcutta), India (Sengupta
et al. 2014).

In our study, we found support for the increasing distur-
bance, resource concentration and nestedness hypotheses but
not for the intermediate disturbance hypothesis. While urban
areas in Amravati City retained many more species than urban
centres in northern temperate regions, we registered consider-
able loss along the studied urbanisation gradient with respect
to the original forest bird diversity.

Methods
Study area

The study area, Amravati (between 20�560–20�930N, 77�450–
77�750E, 343 m a.s.l.) is located on the Deccan Plateau, in the
state of Maharashtra, India, east of the Ghats region. The cli-
mate is tropical, with hot, dry summers and mild to cool win-
ters. The annual average temperature is 27�C, with a mean
annual precipitation of 874 mm. Summer lasts from March to
June, the monsoon season from July to October and the winter
from November to March. Forest habitats in the district origi-
nally extended to the forests of Melghat and forests on the
plains. The forests of Melghat occupy the ranges of Satpuda
Hills, which are situated in the passage area of the Tapi and
Wardha Rivers and lie at ca. 400 m a.s.l. The total urbanised
area on the plains covers about 270 km2 at ca. 360 m a.s.l. For
the assessment of bird assemblages, five urbanisation stages
were distinguished:

1. Rural forest area: This area was a forest reserve (N20�530

E77�470) classified as ‘Southern Tropical Dry Deciduous
Forest’ (Champion and Seth 1968) and had various tree spe-
cies yielding timber and medicine, including Tectona grandis,
and Adina cordifolia; other dominant plant species were
Cassia fistula, Aegle marmelos, Gliricidia sepium, Azadirachta ind-
ica, Butea monosperma and Calotropis procera. The land be-
tween the studied forest reserve and the urbanised area was
occupied by rain-fed croplands of mixed cropping.

2. Industrial area: The industrial site (N20�530 E77�450) was lo-
cated at the south-eastern part of Amravati City comprising
an area of 200 ha allocated by the government for industrial
development. This area was under construction and
changed considerably during the duration of the study. The
roads were tarmac, the average size of individual land par-
cels is much bigger than in the other urbanised areas, and
the build-up was regulated. The dominant tree species in-
cluded Ziziphus mauritiana, Leucaena leucocephala, Psidium gua-
java, Ailanthus excelsa and Eucalyptus obliqua. There was little
permanent habitation here, and population density was
low.

3. Peri-urban area: This area (N20�530 E77�450) was located at the
peripheries of Amravati City, with separate houses, plots of
land and streets with little or no asphalt; <35% of the surface
was occupied by buildings. Plant species like Tamarindus ind-
ica, Pongimaia pinnata, Ficus religiosa, F. racemosa, F. bengalensis
and Lantana camara were dominant. Virtually all individual
households had gardens and kept domestic animals.
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4. Suburban area: The suburban site (N20�560 E77�460) was in the
neighbourhood of the urban sector, characterised by individual
houses, residential plots and streets. In this area, 35–50% of the
total surface was covered with tarmac or occupied by build-
ings. Fruiting tree species like Mangifera indica and Annona squa-
mosa and other trees such as Magnolia champaca and Delonix
regia were dominant. Several individual households kept do-
mestic animals and cultivated small vegetable gardens.

5. Urban area: The urban area (N20�550 E77�450) was densely
populated, including a commercial centre and the historical
area of the city with more than 50% of the surface covered
with asphalt or buildings. The dominant tree species in-
cluded Polyalthia longifolia, Terminalia catappa, Cocos nucifera,
A. indica, and F. religiosa.

Bird assemblage survey and analysis

To census birds, we set four 50-m wide, 3-km-long transects in
each urbanisation stage. These four transects fell along four
sides of an imaginary quadrangle. The four transects were clos-
est in the urban centre, where they were �1 km from each other.
Two investigators walked along these transects under calm,
sunny weather conditions, between 06:00 hr and 09: 00 hr on
three separate days every month between January (late winter)
and April (early summer) 2010–2013 and counted birds seen or
heard by watching non-overlapping segments of the transect.
Each line transect was surveyed 12 times/y, giving a total of
192 hr of observation over 4 years. Identification of birds was
done by using field guides (Grimmett et al. 2001; Ali 2002) and
only those species with confirmed identity were reported in this
study. Not all birds seen could be identified with certainty. Birds
with uncertain identification included raptors, quails and war-
blers; their share was minor (5–10% of birds seen). These were
not included in the analysis. We also observed several water-
birds, but only terrestrial birds were included in the analysis be-
cause not all urbanisation stages had habitat patches suitable
for waterbirds. The full list of census outcome is presented in
Supplementary Appendices A–E.

Observed species densities (individuals km�2 transect) were
calculated for each transect by dividing the maximum number
of individuals found during three consecutive survey days by
transect area (0.15 km2).

Data structure
The initial dataset contained 85 440 individual records in the
five stages of the urbanisation gradient. The following water-
birds were excluded from the analysis: Common Sandpiper
(Actitis hypoleucos), White-breasted Waterhen (Amaurornis phoe-
nicurus), Indian Pond Heron (Ardeola grayii), Little Egret (Egretta
garzetta), Cattle Egret (Bubulcus ibis) and Red-naped Ibis
(Pseudibis papillosa). These species collectively made up 2.6% of
the individuals seen during the census occasions.

The original observations were filtered: from every three
censuses done in the same month, we kept only the highest
count for every bird species identified, and thus created one as-
semblage list per census line per month. Subsequently, we kept
the maximum value between the four yearly observations for
each month because the Wilcoxon paired t-test showed no sig-
nificant differences within months (P> 0.1) between years.
Finally, 7120 records were kept in the analysis.

Statistical evaluation

In order to assess the diversity explained within transect, be-
tween transects, and between stages, we used the additive

partitioning method (Lande 1996). Only 2.7% of the diversity
was explained by differences between transects, thus we re-
moved this factor from further tests and used cumulative val-
ues. Differences in abundance along the urbanisation gradient,
between years, and their interaction were tested using general-
ised linear models (logistic regression and quasi-poisson glm,
respectively). Model validation was done graphically and by
checking the variance inflation factors (Fox and Weisberg 2011).
Tukey’s post hoc test was used to reveal the significant terms.
The ordinary least square mean method was used to estimate
the differences in species richness between urbanisation stages
by a permutational analysis of variance (ANOVA), where the
number of iterations was taken to generate exact significance
values (Box 1988), combined with a post hoc non-parametric
Kruskal–Wallis test to reveal significant differences between ur-
banisation stages and years.

We compared the diversity of bird assemblages in all five ur-
banisation stages using several biodiversity indices: Shannon’s
diversity index, Simpson’s index, Pielou’s evenness index and
the Berger-Parker dominance index. We also calculated Rényi
diversities (Hill 1973) for each urbanisation stage as

HðaÞ ¼ 1=ð1� aÞ log RðpiaÞ;

where a is a scale parameter and pi is the proportion of ith
species.

Nestedness of the assemblages was tested following
Rodrı́guez-Gironés and Santamaria (2006).

All calculations were made using the R program version 3.0.2
(R Core Team 2013) using the package vegan (Oksanen et al.
2017).

Results
Species abundance

The highest number of birds (2750–3456 individuals/y, Table 1)
was found in the urban area and was due to the constant pres-
ence of large groups of Rose-ringed parakeets (Psittacula krameri).
The lowest number was found in the industrial zone (966–1895
individuals/y, Table 1), where there was also a nearly two-fold
decrease from 2010 to 2013. Forest and peri-urban habitats
showed similar species abundance in all years from 2010 to
2013 with a total of 5560 (range 1156–1508) and 5797 individuals
(range 1355–1612, Table 1). The suburban area had a comparable
species abundance to the latter two in 2011 (1699 individuals)
and 2012 (1757 individuals). In 2010 and 2013, large flocks of
Dusky Crag Martin (Hirundo concolor) were registered there which
increased the total numbers to >2600 individuals. The mean
number of individuals per urbanisation stage was significantly
different (permutational ANOVA, P< 0.00001), with no signifi-
cant differences between forest, industrial and peri-urban
stages, but significantly lower than those of suburban and ur-
ban ones (Kruskal–Wallis test, v2 ¼ 13.98, n¼ 4, P< 0.007).

Thirty-six species demonstrated significant variation in their
densities in at least one stage and between at least 2 months
(P< 0.05). Densities of 13.9% (n¼ 5) of those species varied signif-
icantly between two stages, that of Oriental Magpie Robin
(Copsychus saularis) among three stages and of House Redstart
(Phoenicurus ochruros) among all five stages. Six of these species
[Blue Rock Thrush (Monticola solitarius), Red-breasted Flycatcher
(Ficedula parva), House Redstart, Rosy Starling (Sturnus roseus),
Pallid Harrier (Circus macrourus) and White Wagtail (Motacilla
alba)] were winter migrants and demonstrated considerable
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differences in densities mostly between winter (January–
February–March) and spring (April). Urban, suburban, peri-
urban and forest stages were characterised by relatively stable
species densities [significant changes observed only for 17.2%
(n¼ 5), 17.1% (n¼ 6), 12.9% (n¼ 7) and 17.8% (n¼ 16) of species]
compared to the industrial stage [variation observed for 34.3%
(n¼ 14) of species]. Mean cumulative bird densities in 4 years
were higher in urban and suburban areas than in the other
three stages (Table 2). Significant between-month variation in
the mean bird density (all birds included) was only found in the
industrial and suburban habitats. Significant differences were
found in all census months between urbanisation stages, and in
a rigid hierarchical sequence of industrial < forest < peri-urban
< suburban < urban (Table 2).

Species richness

Altogether 89 bird species were identified in the various urbani-
sation stages. The cumulative total alpha diversity observed
(over 4 years) was highest in the forest and industrial habitats
(73 species each), medium in peri-urban stage (54 species) and
lowest in suburban (35 species) and urban (29 species) stages
(Fig. 1). The number of species remained fairly stable within
each individual stage from month to month and between years.
The highest mean species richness (67.0 species/y, SD¼ 4.32)
was observed in the forest. In the industrial zone habitat, 73
species were found in 2010 but it drastically decreased from the
following year to 49 species, a significant difference (McNemar’s
v2¼21.04, df¼ 1, P< 0.001). The peri-urban stage was character-
ised by a smaller species richness but less between-year varia-
tion (Table 1). The lowest mean number of species was found in
the suburban (mean¼ 34.25 species/y, SD¼ 0.50) and urban
(mean ¼ 28.75 species/y, SD¼ 0.50) areas. The mean number of
species per urbanisation stage showed significant differences
(permutational ANOVA, P< 0.00001), with the relationship se-
quence of rural � industrial ¼ peri-urban > suburban ¼ urban
(non-parametric Kruskal–Wallis test, v2¼16.33, df ¼ 4, P¼ 0.002).

Diversity

Diversity within each urbanisation stage did not show consider-
able temporal variation (Table 3). The Shannon index indicated
the most diverse assemblage in the forest and peri-urban
stages, medium in suburban and industrial stages and the low-
est in the urban habitat, but with significant differences be-
tween all stages (Table 3). The Simpson’s index of diversity was
relatively high (usually >0.8) for all urbanisation stages except
the urban one where it was 0.5. The species evenness assessed

using Pielou’s evenness index was the highest in forest and
peri-urban stages (>0.82), medium in suburban and industrial
stages and the lowest in urban stage (<0.56). Simpson’s and
Pielou’s indices gave an identical ranking of the assemblages:
the rural forest and the peri-urban habitats had the most di-
verse bird assemblages, significantly higher than the industrial
and suburban ones, which were, in turn, still significantly more
diverse than the urban assemblage (Table 3). The Berger–Parker

Table 1: The number of bird families, the number of individuals and of bird species observed* along an urbanisation gradient in Amravati,
Central India in 2010–2013

Urbanisation
stage

Total number of
families recorded

Number of individuals and
number of species (in parentheses) in

Mean number of

2010 2011 2012 2013 Individuals/y 6 SD Species/y 6 SD

Forest 32 1156 (61) 1404 (71) 1492 (69) 1508 (67) 1390.0a§ 6 162.6 67.0a 6 4.3
Industrial 29 1895 (73) 1003 (50) 966 (49) 973 (49) 1209.3a 6 457.5 55.3ab 6 11.8
Peri-urban 28 1355 (50) 1427 (53) 1403 (51) 1612 (51) 1449.3ab 6 112.6 51.3b 6 1.3
Suburban 25 2661 (35) 1757 (34) 1699 (34) 2867 (34) 2246.0b 6 604.5 34.3c 6 0.5
Urban 22 3323 (29) 3456 (29) 2750 (29) 2870 (28) 3099.8c 6 342.5 28.8c 6 0.5

*Data are censored. See Methods for details on how datasets were generated.
§Different letters in columns indicate significant differences (Tukey’s post hoc test, P<0.05).

Table 2: Mean bird densities (no. of birds km�2 6 SE) observed during
2010–2013 in five urbanisation stages in Amravati City, India, from
January to April 2010–2013

Habitat/
urbanisation
stage

Mean densitiesa (no. of birds km-2 ) 6 SE in

January February March April

Forest 18.2 6 1.14 18.2 6 1.14 18.3 6 1.08 18.1 6 1.14
Industrial area 14.6 6 1.64 15.3 6 1.66 18.5 6 1.87 14.5 6 1.62
Peri-urban 20.8 6 1.30 20.9 6 1.33 20.4 6 1.31 20.9 6 1.32
Suburban 25.9 6 1.93 30.8 6 4.69 30.8 6 5.54 26.6 6 1.95
Urban 48.4 6 6.98 46.3 6 6.63 50.4 6 7.29 50.0 6 7.25

aAll differences between habitats are significant (Tukey’s post hoc test) and fol-

lowed a hierarchical sequence: industrial < forest < peri-urban < suburban <

urban.

Figure 1: Rank abundance curve of the censused terrestrial bird assemblages of

the urbanisation gradient at Amravati City, Central India, 2010–2013

4 | Journal of Urban Ecology, 2018, Vol. 4, No. 1

D
ow

nloaded from
 https://academ

ic.oup.com
/jue/article-abstract/4/1/juy017/5074377 by Aarhus U

niversity Library user on 02 O
ctober 2018



dominance index gave similar results, except that the suburban
habitat was not different from any other one, due to its high
between-year differences (Table 3).

Rényi diversities

The Rényi curve for the urban stage ran below the others (Fig. 2)
suggesting that this urbanisation stage supported an assem-
blage with unequivocally lower diversity than any other stage
along the urbanisation gradient. The industrial stage profile
started as the highest one together with the forest at a¼ 0 but
rapidly declined (at a between ca. a¼ 0 and a¼ 2) and became
the second-least diverse. The forest, peri-urban and suburban
stage profiles appeared to be similar in terms of their slope and
merged together at a> 5. However, at smaller a, the bird assem-
blage found in the forest stage was always the most diverse
one, followed by the peri-urban and the suburban assemblages.
This indicated that the latter three stages were, in general, char-
acterised by a lower dominance of the common species, plus a
higher number of rare species and overall higher evenness com-
pared with the urban stage.

Species rarefaction curves (Fig. 3) also indicated that the forest
assemblage was the most diverse: it not only reached the highest
asymptote but its rate of increase was also the steepest. The least
diverse was the urban habitat. We separated the 2010 industrial
observations from the rest (Fig. 3) and this clearly showed that
the diversity of the first year of the assemblage was very differ-
ent, and much higher than those of the following years (Fig. 3).

Patterns of dominance, rarity and nestedness

The same species had dominant positions along the urbanisa-
tion gradient except the suburban area in 2010–2013. In the

forest stage, it was the Red-vented Bulbul (Pycnonotus cafer), in
the industrial and peri-urban stages, the Rock Pigeon (Columba
livia), and in the urban stage the Rose-ringed Parakeet. In the
suburban area, Dusky Crag Martins were dominant in 2010 and
2013, Rock Pigeons in 2011, and House Crows (Corvus splendens)
in 2012. The values of the Berger-Parker dominance index, how-
ever, varied widely (d¼ 0.04–0.39, Table 3).

The bird assemblages were found to be significantly nested,
with a fill of 59.3% and a nestedness temperature of 16.21
(C¼ 0.381, P< 0.01, Fig. 4), indicating that the assemblages in the
urbanised areas could be considered subsets of the original spe-
cies pool.

Table 3: Diversity indices of bird assemblages living in five urbanisation stages in Amravati, Central India in 2010–2013

Diversity
index/year

Urbanisation stage

Forest Industrial Peri-urban Suburban Urban

Shannon
2010 3.38 3.16 3.23 2.35 1.67
2011 3.54 2.81 3.25 2.77 1.76
2012 3.47 2.85 3.33 2.78 1.86
2013 3.44 2.92 3.25 2.28 1.87
Mean 6 SD 3.46a§ 6 0.07 2.94b 6 0.16 3.27c 6 0.04 2.55d 6 0.27 1.79e 6 0.09

Simpson
2010 0.94 0.91 0.93 0.83 0.65
2011 0.95 0.83 0.94 0.91 0.68
2012 0.94 0.84 0.94 0.92 0.72
2013 0.95 0.85 0.94 0.79 0.72

Mean 6 SD 0.95a 6 0.006 0.86b 6 0.04 0.94a 6 0.01 0.86b 6 0.06 0.69c 6 0.03
Pielou’s evenness

2010 0.82 0.74 0.82 0.66 0.49
2011 0.83 0.72 0.82 0.79 0.52
2012 0.82 0.73 0.85 0.79 0.55
2013 0.82 0.75 0.83 0.65 0.56
Mean 6 SD 0.82a 6 0.01 0.74b 6 0.01 0.83a 6 0.01 0.72b 6 0.08 0.53c 6 0.03

Berger–Parker dominance
2010 0.04 0.05 0.05 0.34 0.14
2011 0.04 0.10 0.05 0.04 0.14
2012 0.04 0.10 0.04 0.04 0.13
2013 0.04 0.09 0.03 0.39 0.13
Mean 6 SD 0.04a 6 0.0 0.09b 6 0.02 0.04a 6 0.01 0.20a,b,c 6 0.19 0.14c 6 0.01

§Different letters along a line indicate significant differences by the Wilcoxon test (P<0.05).

Figure 2: Renyi diversity profiles for five urbanisation stages in Amravati,

Central India (cumulative for 2010–2013)
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Of the total species list of 89 species identified, only 20
(22.5%) were present in all stages, indicating a strong habitat fil-
tering of the bird assemblage. The forest habitat had 20 unique
species (22.5% of the total species pool) and the industrial area 5
(5.6%) of them [Rufous Treepie (Dendrocitta vagabunda), Singing
Bushlark (Mirafra cantillans), Grey Wagtail (Motacilla cinerea),
Small Minivet (Pericrocotus cinnamomeus) and Pied Bushchat
(Saxicola caprata)]. No other stage, from the peri-urban to the ur-
ban, had any unique species. Sixteen species (17.8%) were, how-
ever, recruited to the assemblage: these were not observed in
the forest, but six of them [Rock Pigeon, Dusky Crag Martin,
Common Mynah (Acridotheres tristis), Asian Pied Starling
(Sturnus contra), Brahminy Sarling (Sturnia pagodarum) and Asian
Koel (Eudynamys scolopaceus)] were present in all four, while the
others in one or more of the urbanisation stages (see
Supplementary Appendices A–E).

Near-threatened species

Among the species recorded, only two species were red listed by
IUCN in the ‘Near-Threatened’ category (IUCN, 2013). Both spe-
cies, the Pallid Harrier and the Alexandrine Parakeet (Psittacula
eupatria) were mostly found in the forest habitat with only a few
individuals observed in the industrial area. Observations of the
Pallid Harrier were few. For the Alexandrine Parakeet, an almost
two-fold increase was detected. Thus, the forest habitat proved
to be important for the conservation of threatened species in
the study area.

Discussion

Our study documented a species-rich bird assemblage of 89 ter-
restrial species. This is higher than recorded by Sengupta et al.
(2014) but lower than found in urban and near-urban habitats
near the Himalayas (Naithani and Bhatt 2012). The diversity of
our assemblages, based on the Shannon diversity, was higher
than in the Kolkata metropolitan area (Sengupta et al. 2014).
However, our bird censuses took place only in the morning
hours, and during 4 months of the year, which has to be taken
in account when comparing studies investigating diversity at
different time scales.

With regard to the effects of urbanisation on bird diversity,
the predictions based on Connell’s (1978) intermediate distur-
bance hypothesis were not supported: the highest diversity was
encountered in the forest and the industrial site, and not in the
peri-urban or suburban areas, which in our study represented
medium-disturbance urbanisation stages. This is in contrast
with previous findings indicating that species richness is high-
est at intermediate level of urbanisation (Jokimäki and Suhonen
1993; Marzluff 2005), but is in accordance with other studies
(Chace and Walsh 2006 ; Magura et al. 2008). Our results support
this conclusion on a different continent, studying a different an-
imal assemblage.

Several of the diversity trends found using various diversity
statistics agreed with the predictions by Gray’s increasing dis-
turbance hypothesis (Gray 1989). Sengupta et al. (2014) found
that the value of the Shannon diversity index decreased with
the increase in housing density (characterised in our case with
% area occupied by tarmac or houses). As urbanisation advan-
ces, such an increase is a standard parameter characterising the
intensity of urbanisation. We used a proxy for this, the extent of
total surface covered by houses or tarmac, which showed a de-
termined increase from the rural area (nil) to the urban centre
(>50%), and thus our results qualitatively agree with those of
Sengupta et al. (2014).

Our resource concentration hypothesis was also supported.
The urban habitats supported a significantly higher bird density
than any other habitat, including the original forest. The high
density of raptors in the Indian city of Delhi was already noted
by Galushin (1971) and was attributed, in part, to this richness
of resources, including food and nest sites. It seems that this ef-
fect is not restricted to raptors, but is more general. However,
the higher density of birds was mainly driven by one or two spe-
cies (the parrot in particular). As it is not clear how widely the

Figure 4: The maximally packed nestedness matrix (species � urbanisation stage) of the bird assemblages of the five urbanisation stages at Amravati City, Central

India, 2010–2013

Figure 3: Rarefaction curves for bird species richness estimated along the urban-

isation gradient near Amravati City, Central India, 2010–2013. The 2010 indus-

trial area census results are separated from the period 2011–2013
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flocking species move to feed, we cannot decide with certainty
whether these high densities are really indicative of more
resources or because these species tend to cluster more than
non-urban species and thus it is the difference in species iden-
tity that is driving the density differences.

The nestedness hypothesis was supported as well: the
assemblages studied at this urbanisation gradient proved to be
significantly nested. The matrix temperature ranges from 0
(perfect nestedness) to 100 (maximally ‘unnested’) (Rodrı́guez-
Gironés and Santamaria 2006). We found a temperature value of
16.21, which indicates a high degree of nestedness, probably
due to the extinction of large birds from the forest habitat.
Although habitat fragmentation does not directly cause nested-
ness, selective extinction, one of its direct consequences, does.
Species requiring large fragments for their survival are often the
first to disappear from fragmented habitats, which results in
high nestedness among the remaining habitat fragments
(Patterson and Atmar 2000). A similar degree of nestedness was
also found for bird assemblages near Kolkata, India (Sengupta
et al. 2014). This seems to indicate a strong effect of the original
forested habitat on the bird assemblages that are formed on
these sites. However, as the urban spread is recent, one should
keep in mind that the assemblage richness in these newly
urbanised sites may not have reached their asymptote and
seem richer than their long-term diversity would be once the
extinction debt (Halley and Iwasa 2011) is paid off. In fact, the
drastic decrease in diversity experienced during our study at
the industrial site (still under construction during the period of
our census years) may be interpreted as a ‘payment’ of an ex-
tinction debt. The patterns of uniqueness indicate that only a
small part of the urban bird assemblage is newly recruited,
which is an indication that the homogenisation effect may
work differently on different continents.

The industrial site was surprisingly species rich, compared
to all the urbanisation stages, which may be because the indus-
trial area had numerous trees and greenery conforming to gov-
ernment guidelines. However, in our study area, the industrial
area was under development during the census, and the pro-
gressive depauperation clearly indicated the negative impact of
urbanisation on the original bird community: in the first year,
the species richness and diversity was nearly on par with the
original forest habitat, but diminished in the subsequent years.

The pattern obtained in the present study agrees with the
outcomes of Suhonen et al. (2009), who found that urbanisation
provides ground for stabilising bird community composition.
Rock Pigeon could be intensively dependent on the lawns of this
residential area, which may constitute a relevant supply of
resources in peri-urban, suburban and industrial sites. On other
hand, the most persistent bird species in the peri-urban sites
may be favoured due to the availability of nesting and feeding
possibilities (Leveau and Leveau 2004). In our study, such a spe-
cies was the Rose-ringed Parakeet. This species is native to
India but is an invasive species in several European cities
(Menchetti and Mori 2014), aided by its flocking behaviour and
nutritional flexibility. This pre-adaptation allows it to survive
the onslaught of urbanisation and deforestation. Species that
could feed on anthropogenic food sources [e.g. House Crown
and House Sparrow (Passer domesticus)] also favoured urban
centres (Murgui 2009).

In conclusion, our study indicated that urbanisation in India
has a profound effect on bird assemblages, just as on other con-
tinents, and many of the original forest species are lost. This
depauperation, however, is played out against a background of
a much higher level of species diversity. A few species of nature

protection interest can survive in modified or mildly urbanised
habitats, and environmentally conscious management of
urbanised habitats can retain bird diversity that surpasses that
of urban habitat fragments in northern temperate regions.

Supplementary data

Supplementary data are available at JUECOL online.
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