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ABSTRACT. Factors driving urban biodiversity remain poorly documented in the rapidly growing tropical cities. We investigated the
drivers of bird diversity in Dhaka city, located in Bangladesh, South Asia. Using existing sources, we compiled a bird checklist of the
city. Next, we conducted point-count surveys of birds across its urban areas. Using field survey data, we investigated urban land cover
and socioeconomic effects on resident bird species richness and abundance by applying linear regression modeling. Additionally, we
performed path analyses for an in-depth understanding of direct and indirect relationships between selected urban land covers and
socioeconomic variables and bird diversity. Our linear regression model assessment indicated that land cover is significantly shaping
resident bird richness, whereas bird abundance is influenced by the combined effect of land cover and socioeconomic factors. Specifically,
an increasing proportion of imperviousness was causing low bird richness, whereas bird abundance increased in areas with high habitat
heterogeneity and proximity to parks but decreased with rising poverty (one of the major socioeconomic issues in Dhaka). Causal path
analysis revealed that socioeconomic status, directly as well as indirectly mediated by urban land cover factors, affects bird diversity.
Most importantly, it confirmed the greater significance of the direct negative effect of imperviousness on bird richness and of poverty
on bird abundance in urban areas. This, in turn, suggests that bird diversity is favored by heterogeneous habitats and in wealthier
neighborhoods. Nevertheless, overall bird diversity in Dhaka city was largely made up of generalist species of low conservation concern;
species of the omnivore feeding guild and with ubiquitous habitat preferences were the most abundant. Our results represent the first
step toward understanding drivers of biodiversity patterns across urban areas of tropical megacities within South Asia and contribute

to a solid basis for urban biodiversity planning in the region.
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INTRODUCTION

Urbanization alters bird species composition in cities, resulting
in a higher abundance of species of low conservation concern in
urban centers and highly built-up areas (McKinney 2002, Garaffa
et al. 2009, Silva et al. 2015, Callaghan et al. 2019). Generalist
species are highly flexible in the human-altered environment and
plausibly replace native specialist species as urbanization
proceeds (McKinney 2008, Rodewald and Gehrt 2014, Callaghan
et al. 2019). Thus, avian diversity generally declines in highly
urbanized areas, largely because of the loss of green habitat
patches caused by the increasing extent of human settlement
(Tratalos et al. 2007, Gagné and Fahrig 2011, Silva et al. 2015).
Nevertheless, bird richness can be high in highly built-up areas if
habitat heterogeneity also increases (Evans et al. 2009, Sultana et
al. 2021). Suburban areas can favor a complex bird community
because of varying levels of land-use intensity, lower predation
pressure, and availability of artificial resources (Blair 2001,
Marzluft 2005, Evans et al. 2007, McKinney 2008, Muller et al.
2010, Verma and Murmu 2015). Furthermore, aspects of human
behavior and social status also affect bird diversity. Avian diversity
can be high in (sub-)urban neighborhoods of high socioeconomic
status (Kinzig et al. 2005, Melles 2005, Strohbach et al. 2009,
Leong et al. 2018), where property owners’ decisions often result
in a mixed suburban structure with large private gardens (Nilon
2014).

Despite some conceptual understanding of urban biodiversity
patterns, the key driving factors of bird diversity in tropical cities
are not well documented (Grimm et al. 2008, Faeth et al. 2011,

Aronson et al. 2014). We focused on birds in the South Asian
megacity of Dhaka, which is the capital and largest city of
Bangladesh. Urbanization in South Asia has been called “messy
and hidden,” reflecting the 130 million people living in poverty in
low-quality housing, i.e., slums (Ellis and Roberts 2016). It also
reflects the rapidly rising proportion of the urban population,
largely due to rural-urban migration, and built-up areas across
and beyond the limits of many cities (such as Dhaka, Delhi,
Karachi, and Mumbai) in this region (Ellis and Roberts 2016).
Among all South Asian cities, Dhaka is experiencing the fastest
urban growth and is forecasted to be the sixth most crowded city,
with a population of over 20 million by 2030 (UN 2014). In annual
reports by Demographia during 2016-2020, it is continually
ranked first among 1022 built-up urban areas worldwide, based
on urban population density per km? (http://www.demographia.
com/db-worldua.pdf). This increasing level of urbanization is
placing both human well-being and biodiversity at high risk. In
light of this concern, assessing factors driving the populations of
birds and other components of biodiversity in Dhaka would
provide a model example for South Asian cities experiencing
similar massive urban growth.

In Dhaka, existing ecological research has mostly focused on land
cover change (Sultana et al. 2009, Byomkesh et al. 2012, Dewan
et al. 2012, Jaman et al. 2020, Rahman and Szabé 2021), climatic
effects and environmental pollution (Dewan et al. 2021, Uddin
and Jeong 2021), and economic and social aspects (Zinia and
McShane 2018). Several such studies have reported that the high
intensity of population growth and extent of human settlement
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have already caused a significant alteration in abiotic conditions,
deficiency in natural vegetation cover, and loss in green spaces
and wetland areas in this city (Sultana et al. 2009, Byomkesh et
al. 2012, Jaman et al. 2020, Dewan et al. 2021). Inadequate urban
planning not only led to a rapid alteration of ecologically
important land cover features but also fueled greater inequality
in socioeconomic status (Ahamed and Hasan 2010, UN-Habitat
2020). It is largely unknown how the altered urban land cover and
socioeconomic conditions are driving different components of
biodiversity along the gradient of urbanization within Dhaka city.
A basis for urban biodiversity conservation planning within
Dhaka city is lacking.

Birds can be observed easily and are a useful indicator of
biodiversity within cities (Strohbach et al. 2009). Thus, the
presence of healthy bird diversity (i.e., a high proportion of native
species) can be positive evidence of green and sustainable growth
in a city (Chace and Walsh 2006, Evans et al. 2009, Silva et al.
2015). In Dhaka city, birds are the best-surveyed taxon; multiple
studies have compiled bird checklists for urban parks, botanical
gardens, and university campus areas (Islam et al. 2014, Shovon
et al. 2014, Rajia et al. 2015, Banu et al. 2016). However, very few
existing avian studies in Dhaka have accounted for urbanization
effects (Sarker et al. 2009). We attempted to provide insights on
avian diversity as a proxy for overall biodiversity in Dhaka city.
Our major focus was to gain knowledge on the driving factors of
resident bird diversity (richness and abundance) in this city.

Existing studies suggest that birds’ flexibility and adaptability to
urban settings vary along a gradient of urbanization (Rodewald
and Gehrt 2014); one guild of bird species may tend to increase,
whereas others decrease in urban areas (Luck and Smallbone
2010). In light of this, we first explored dissimilarities in bird
diversity across built-up areas. We hypothesized that birds of the
omnivorous feeding guild and birds with generalist and
opportunistic habitat use would be the most abundant.

Earlier studies indicated that human attitudes and behaviors
toward wildlife tend to correlate with socioeconomic status within
a community, with wealthier and better-educated populations
showing more mutualistic, i.e., conservation-minded, value
orientations (Manfredo 2008, Nilon 2014). Thus, bird diversity is
affected not only by land cover, but also by socioeconomic factors
in urban neighborhoods, and this may vary within cities (Kinzig
et al. 2005, Melles 2005, Loss et al. 2009, Strohbach et al. 2009,
Kendal et al. 2012, Meléndez-Ackerman et al. 2014). We,
therefore, assessed bird species richness and abundance patterns
in Dhaka city using urban land cover and socioeconomic
explanatory variables. We hypothesized that avian diversity, i.e.,
bird species richness and abundance, in Dhaka declines not only
with increasing proportions of build-up areas but also with
increasing poverty, which is one of the major socioeconomic
issues in this tropical city.

METHODS

Study area

We conducted our study in the central city region of Dhaka (Fig.
1), which accounts for 63.22% of the total population of its greater
metropolitan area. The average population density is 325 people
per hectare in this area but is in fact much higher (799 people per
hectare) in residential areas (RAJUK 2015). Within Dhaka city,
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the rapid increase in human population and built-up areas over
the last few decades has resulted in a reduction of agricultural
areas, water bodies, and green areas (Byomkesh etal. 2012, Dewan
et al. 2012, Khaleda et al. 2017). The existing urban area is made
up of 41.45% residential areas, 21.42% agricultural areas, 13.03%
water bodies, 0.95% recreational areas (such as parks,
playgrounds, and urban green areas), and 23.15% other land use
(such asroadsand railways and restricted, commercial, industrial,
mixed-use, and public facility areas; RAJUK 2015).

Bird diversity

We collected available human (i.e., non-automated) observation
records of birds from existing literature, Global Biodiversity
Information Facility (http://www.gbif.org), and eBird (http:/
www.ebird.com) for the period 1995-2017. Further, we conducted
a single-season bird survey during February—June 2018 at 190
locations distributed along a built-up gradient in the city. Because
of the many restricted and private sites in the city, our field survey
locations were mostly made up of public sites that were easily
accessible. At these locations, we surveyed birds following the
widely used fixed-radius point-count method (Bibby et al. 2000,
Gregory et al. 2004). The locations were surveyed for 1-3 days,
nonconsecutively, during early morning and late afternoon. At
each point location, we conducted visual and aural inspection
within an approximate radius of 50 m and documented all bird
species seen or heard over 10—15 minutes on the spot.

Based on existing records and our field observations, we compiled
a general bird checklist of the city. For each species, we listed the
scientific name along with its local (IUCN Bangladesh 2015) and
global (http://www.iucnredlist.org) status as described in IUCN.
We cross-checked the occurrence extent of each bird using
BirdLife International’s species range maps (http:/datazone.
birdlife.org/species/requestdis). For species whose status in the
city was ambiguous, we consulted multiple local experts to
confirm presence. We removed all species for which scientific and
English names did not match (i.e., species identity was unclear)
in the existing source. Further, we considered only the bird species
that are considered wild, i.e, self-sustaining, at the country level
assessment in Bangladesh (IUCN Bangladesh 2015).

Next, using our field-collected data, we compared bird
assemblages across different classes of built-up areas and green
areas within the city. Field observations did not cover multiple
seasons; thus, we concentrated only on resident species, i.e., native
and nonmigratory. For each resident species, we noted diet,
occurrence range, and habitat (IUCN Bangladesh 2015). From
this, we broke down feeding guilds into seven categories:
omnivores, insectivores, carnivores, granivores, frugivores,
piscivores, and nectarivores. For each species, we also categorized
habitat preferences for foraging as follows: (1) ubiquitous (i.e., the
species occurs everywhere and uses all habitat types for foraging);
(2) woody vegetation (i.e., the species prefers open woodland,
roadside trees, parks, and botanical gardens); (3) wetlands (i.e.,
the species prefers sites near ponds, lakes, rivers, or other
wetlands); (4) cropland, grassland (i.e., the species prefers
cultivated land and open areas with short/tall grasses); or (5)
cropland, human habitation (i.e., the species prefers cultivated
land and human habitation sites). We plotted the rank abundance
curve (Colwell 2009) to identify common and rare species and
variability across different families, feeding guilds, and habitat
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Fig. 1. Bird survey locations within Dhaka city. Note that point symbols
are enlarged to improve visibility. The map shows the World Street Map
as a base layer. The geographic coordinate system is GCS_WGS_1984
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preferences for foraging across urban areas in Dhaka. Further,
we estimated the incidence rate for each resident bird species,
which we classed as follows: 1 = abundant (> 50 occurrences); 2 =
common (10-50 ocurrences); 3 = uncommon/rare (< 10
occurrences). Using boxplots, we inspected the distribution of the
number of total species and total individuals under these distinct
classes across different gradients of built-up and urban green
areas. Additional exploration of urban affinity of the observed
birds is available in Appendix 1.

For our major analysis, we estimated resident bird species richness
(i.e., number of species) and abundance (i.e., number of
individuals at the surveyed point locations). We performed model
analyses to understand the major factors that drive bird species
richness and abundance across urban areas in Dhaka.
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Drivers of bird diversity

We inspected the relationship of resident bird species richness and
abundance to nine explanatory variables (Appendix 1, Table
Al.1). Five of the explanatory variables represented urban land
cover effect: (1) percentage of impervious surface to account for
the extent of built-up areas (IS), (2) habitat Shannon metric to
account for habitat heterogeneity (HS), (3) distance to the nearest
park (DP), (4) distance to the nearest water body (DW), and (5)
percentage of vegetation (VG). Four of the explanatory variables
indicated socioeconomic effect: (6) human population (estimated
number of people; HP), (7) poverty index ratio (PI), (8) household
income (IN), and (9) higher education percentage (ED). We
estimated the values of the urban land cover and socioeconomic
variables at each point survey location as a proxy for local
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Fig. 2. Models’ diagrams showing causal relationships of the percentage of impervious surface (IS),
habitat Shannon metric (HS), distance to nearest parks (DP), poverty index ratio (PI), human population
(HP), and bird diversity (richness and abundance rate) in an urban neighborhood.
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neighborhood status. We performed Pearson correlation analyses
among all the variables and estimated the variance inflation factor
(VIF) to check for multicollinearity issues before model
assessment (i.e, if correlation value > 0.7 and VIF > 5, severe
collinearity is indicated; Dormann et al. 2013, Akinwande et al.
2015).

We observed a high positive relationship between resident bird
species richness (i.e., number of species) and abundance (i.e.,
number of individuals), respectively, and the frequency of field
surveyed days (FD). Thus, to avoid sampling-related bias, we
calculated the “bird richness rate” and “bird abundance rate,”
dividing resident bird species richness and abundance by the FD.
We considered bird richness rate and bird abundance rate as our
response variables during all model assessments.

For both response variables, we first applied linear regression
modeling to assess the relationship of bird richness rate and bird
abundance rate, respectively, with all urban land cover and
socioeconomic variables. For normality, bird richness rate and
bird abundance rate were log-10 transformed in regression model
assessments. However, because local-scale land cover changes
often relate to socioeconomic status, regression modeling cannot
disclose causalities or separate the relative influence of land cover
versus socioeconomic status on bird diversity. Therefore, in a
second step, we performed path analyses (Wright 1934) to
investigate probable direct and indirect causal relationships
among selected explanatory variables and bird richness and
abundance rates.

Linear regression modeling

To assess the linear relationships between bird diversity and
explanatory variables, we compared three linear regression
models: (1) one global model that included all explanatory
variables and indicated a combined effect of all factors on bird
richness/abundance, (2) one urban land cover effect model that
included only the explanatory variables related to urban land
cover, (3) one socioeconomic effect model that included only the
variables related to socioeconomic status. We compared the

models and selected the top-ranked model based on the lowest
AICc and highest Akaike weight (1)). For the selected model, we
examined the averaged coefficient parameters at 95% confidence
intervals (with 2.5% and 97.5% percentile) and significance of all
explanatory variables and explained variation in the model
summary. For model validation, we plotted Pearson residuals
versus fitted values and checked normality in residual plots; we
also checked for homogeneity and autocorrelation (Zuur et al.
2013).

Path analysis

We used path analysis (Wright 1934) to assess causal paths in the
relationship between selected urban land cover and
socioeconomic variables and their direct and indirect effects on
bird richness and abundance rates. For this, we constructed five
diagrams of alternative causal models that illustrated
hypothesized relationships among selected variables (Gotelli and
Ellison 2013).

In the alternative models (Fig. 2, a—¢), any direct and indirect
relationship was assumed based on general urban ecological
understanding. In models a, b, ¢, and d, we assumed impervious
surface (IS), habitat heterogeneity (HS), and distance to nearest
parks (DP; i.e., urban land cover variables) had direct effects on
bird diversity (i.e., species richness rate and abundance rate). In
model e, IS, HS and DP had indirect effects mediated by poverty
index ratio (PI, one of the socioeconomic variables) on bird
diversity. Additionally, in models a, b, and ¢, IS and DP had an
indirect effect mediated by HS on bird diversity. In the model a,
PI had both a direct effect and an indirect effect mediated by IS;
in model b, PI had only indirect effect mediated by IS; in model
¢, PI had only a direct effect; in model d, PI had an indirect effect
mediated by IS, HS, and DP on bird diversity. In all models,
human population (HP, one of the socioeconomic variables) had
an indirect effect mediated by IS on bird diversity.

To evaluate the causal models’ (a—e) fit, we checked and compared
chi-square (x?) goodness-of-fit tests; we considered x> P values >
0.05 as an indication of adequate fit. We also calculated the value


https://www.ecologyandsociety.org/vol27/iss1/art19/

Ecology and 8001ety 27(1) 19
ds /vol2

Table 1. A comparison of linear regression models of resident bird richness and abundance rate. The models included global model (i.e.,
combined effect model), urban land cover effect model, and socioeconomic effect model. The response variables were log10(bird richness
rate) and log10(bird abundance rate). The top model is ranked based on detla AICc (Ai) and Alkalaine weight (W), and shown in bold in
the table. Here, IS = percentage of impervious surface, HS = habitat Shannon metric representing habitat heterogeneity, DP = distance
to nearest parks DW = distance to nearest waterbody, VG = percentage of vegetation, HP = human population, PI = poverty index ratio,

IN = household income, ED = higher education percentage.

Model (Int) IS HS VG DP DW HP ED IN PI df AICc A W.
Richness ~

Global 1.58 -0.09 0.02 0.01 -0.04 -0.04 -0.07 -0.05 -0.04 -0.04 11 2052 0.44 0.42
Land cover 1.58 -0.09 0.04 0.01 -0.04 -0.05 7 204.8 0.00 0.52
Socioeconomic 1.58 -0.10  -0.04 -0.05 -0.01 6 208.8 4.04 0.07
Abundance ~

Global 319 -0.02 0.14 -0.08 -0.16 -0.03 -0.04 0.08 0.10 -0.15 11 403.00 0.00 0.62
Land cover 319 -0.01 0.11 -0.09 -0.12 -0.05 7  413.30 10.33  0.004
Socioeconomic 3.19 -0.02  0.09 0.06 -0.14 6 404.10 0.98 0.38

of the root-mean-square error of approximation (RMSEA); if
RMSEA values <0.06 and RMSEA P values > 0.05, we considered
the model fit satisfactory (Hu and Bentler 1999, Tomer and Pugesek
2003). Furthermore, we checked the AIC values of the models; we
infer a model as the best fit if the value of AIC is the lowest. In the
best-fitted model, we estimated the standardized path coefficients
(corresponds to effect size) to visualize the significance of the direct
and indirect effect of explanatory variables on bird richness/
abundance rate.

All analyses were conducted with R 3.6.1 (R Core Team 2019) in
RStudio 1.2.1335 (RStudio Team 2019) and the packages used were
MASS (Venables and Ripley 2002), vegan (Oksanen et al. 2011),
MuMIn (Bartoi 2020), PerformanceAnalytics (Peterson et al.
2018), and lavaan (Rosseel 2012).

RESULTS

Bird diversity

Our bird checklist for Dhaka city contained 106 species, of which
80 were resident (Appendix 2, Table A2.1). Among the resident
birds, 57 species were listed as probable breeders within the city.
The remainder were infrequent visitors from the city’s surroundings
and were mostly seen in the botanical gardens, large public parks,
and green campuses. The most abundant feeding guild was
insectivores, accounting for 50% of the total. The conservation
status of all species recorded was Least Concern (IUCN
Bangladesh 2015), a majority of which has increasing or stable
populations.

During our field survey, we recorded 8123 bird individuals
accounting for 60% of all the resident species (48 species) recorded
in the city. Of all the resident species we observed, we classified 26
species as uncommon, 14 as common, and nine as abundant. The
abundant species accounted for 69.6% of the total bird occurrences
in the city. The three most abundant resident bird species were
Corvus splendens (13.2% of all observed individuals), Passer
domesticus (13%), and Acridotheres tristis (8%; Fig. 3a). We
recorded 13 bird orders, among which Passeriformes (69.6%) had
the highest frequency of occurrence and abundance. Of the 31 bird
families we observed, the three most frequent were Sturnidae
(18.8%), Corvidae (15.1%), and Passeridae (13%; Fig. 3b). Of the

feeding guilds of birds, the most frequent were omnivores (48.1%),
followed by insectivores (26.3)%, carnivores (9.6%), granivores
(6.4%), frugivores (5.6%), piscivores (3.8%), and nectarivores
(0.3%; Fig. 3c). Among the distinct foraging habitat preferences,
birds with ubiquitous occurrences (i.e., occurring in all habitat
types) were the most abundant (Fig. 3d), accounting for 55.4% of
the total bird occurrences.

In general, the overall number of species and individuals were
higher in green sites (average bird richness was 12 and abundance
was 132) than in any classes of built-up sites (average bird richness
was six and abundance was 34; Fig. 4a, 4b). However, omnivores
and ubiquitous species were more abundant in built-up sites than
in green sites (Fig. 3c, 3d). In all urban areas, any increase in the
total number of species and individuals of birds was largely
correlated to the rise in abundant species (Fig. 3, Fig. 4) and
omnivores (Fig. 3c); uncommon species always accounted for the
lowest percentage (Fig. 4c, 4d). A slight increase in some frugivore
and granivore species was recorded in green sites only (Appendix
3, Table A3.1). Further findings from the urban affinity assessment
of the birds are available in Appendix 3.

Drivers of bird diversity

The correlation matrix of the observed bird species richness and
abundance rate with different urban land cover variables were
approximately similar; notable were the negative relationships to
percentage of impervious surface and distance to water bodies and
the positive relationships to habitat Shannon metric and percentage
of vegetation cover at the locations (Appendix 3, Fig. A3.1).
However, the correlations between bird species richness and
abundance rate and most of the socioeconomic variables were quite
varied (Appendix 3, Fig. A3.1). Among explanatory variables, the
pairwise correlation value was < 0.4 in all cases (Appendix 3, Fig
A3.1). For all variables, the VIF value was also < 2, suggesting no
issues of multicollinearity in generated models.

Linear regression modeling

The model selections suggested that the highest weighted value was
achieved by the urban land cover effect model (Tables 1 and 2) for
bird richness rate and by the global model (i.e., a combined effect
model; Tables 1 and 3) for bird abundance rate.
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Fig. 3. Rank abundance curve plots. The vertical bar represents the proportion of abundance for observed species (a), for identified

bird families (b), for identified feeding guilds (c), and for identified habitat preferences of birds (d) in different classes of built-up

and in green areas. Four classes of built-up areas are represented based on the percentage of impervious surface at the survey point
location: 0-30%, 31-50%, 51-80%, and 80-100%. Green area indicates locations within public/community parks, gardens, and sites

with water bodies and vegetation.
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Fig. 4. A comparison of observed bird proportions (number of species and individuals) at different
classes of built-up areas and at green areas. Four classes of built-up areas are presented based on
the percentage of impervious surface at the survey point location: 0-30%, 31-50%, 51-80%, and
80-100%. Green area indicates locations within public/community parks, gardens, and sites with
water bodies and vegetation. 4(a) and (b) show total bird proportions; (c) and (d) show bird
proportions concerning their frequency of occurrences.
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Table 2. Coefficient parameters of the individual variables in the selected top-ranked model (i.e., urban land cover effect model) of
bird richness rate. Here, the response variable was log10(bird richness rate). The 95% confidence intervals of the mean coefficient of

the variables are presented in the table.

95% Confidence intervals Estimate Std.error Z value Pr(>|z|)
2.5% 97.5%

(Intercept) 1.52 1.64 1.58 0.03 53.63 < 2e-16 ***
Percentage of impervious surface -0.15 -0.02 -0.09 0.03 -2.73 0.007 **
Habitat Shannon metric -0.03 0.11 0.04 0.034 1.13 0.26
Percentage of vegetation -0.06 0.08 0.01 0.035 0.35 0.73
Distance to nearest parks -0.10 0.03 -0.04 0.031 -1.11 0.27
Distance to nearest waterbody -0.11 0.02 -0.04 0.032 -1.4 0.16

Significance codes: *** P < 0.001, ** P < 0.01

Fig. 5. Standard coefficients and associated 95% confidence
interval in the selected causal path model (model b) of bird
richness rate. The diagram shows relationships of the
percentage of impervious surface (IS), habitat Shannon
metric (HS), distance to nearest parks (DP), poverty index
ratio (PI), human population (HP), and bird richness rate.
Regular arrows highlight significant relationships and dashed
arrows indicate non-significant relationships.
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Fig. 6. Standard coefficients and associated 95% confidence
interval in the selected causal path model (model a) of bird
abundance rate. The diagram shows relationships of the
percentage of impervious surface (IS), habitat Shannon metric
(HS), distance to nearest parks (DP), poverty index ratio (PI),
human population (HP), and bird richness rate. Regular arrows
highlight significant relationships and the dashed arrow
indicates non-significant relationships.
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In the selected model coefficients summary for bird richness rate,
the percentage of impervious surface was retained as the only
significant variable (P < 0.01), confirming the negative influence
of imperviousness on avian richness (Table 2; Appendix 3, Fig.
A3.2). For bird abundance rate, habitat Shannon metric (P <
0.05), distance to nearest parks (P <0.01), and poverty index ratio
(P < 0.01) were retained as significant variables (Table 3;
Appendix 3, Fig. A3.3). This reveals the positive influence of
habitat heterogeneity and the negative effect of distance to parks
and poverty ratio on bird abundance rate. The explained variation
in the selected model for the bird richness rate was 10% and, for
the bird abundance rate, it was 13%.

Path analysis

The path analysis of the hypothesized causal relationship of bird
richness rate with selected variables showed that the models a and
b were satisfactory based on x? P value > 0.05, RMSEA < 0.06,
and RMSEA P values > 0.05 (Table4). We conducted a chi-square
difference test in ANOVA and did not find any significant
difference between the two models (P = 0.49), which indicated
that the additional relationship path assumed in model a is
ineffective. Thus, we selected model b as the best model because
it also retained the lowest AIC value. It supported the hypothesis
that there are indirect effects of poverty ratio (standardized
coefficient = 0.08) and human population (standardized
coefficient = -0.11) on bird species richness mediated by
impervious surface. However, the significance of the direct
adverse effect of impervious surface (standardized coefficient
=-0.29) was greater than the indirect effect of any socioeconomic
factors (i.e., poverty ratio and human population) on bird richness
rate (Fig. 5).

The path analysis of the hypothesized causal relationship of bird
abundance rate with selected variables showed that only model a
was satisfactory (x> P > 0.05, RMSEA < 0.06, and RMSEA P >
0.05; Table 4) and hereafter selected as the best model. It
supported the hypothesis that the poverty ratio had both an
indirect effect (standardized coefficient = 0.06) mediated by
impervious surface and a direct effect on bird abundance rate.
Furthermore, human population also had an indirect effect
(standardized coefficient = -0.09) on bird abundance rate,
mediated by impervious surface. However, the significance of the
direct adverse effect of poverty ratio (standardized coefficient
= -0.25) was larger than the indirect effect of human population
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Table 3. Coefficient parameters of the individual variables in the top-ranked selected model (i.e., global model) of bird abundance rate.
The response variable was log1 0(bird abundance rate). The 95% confidence intervals of the mean coefficient of the variables are presented

in the table.

95% Confidence intervals Estimate Std.error Z value Pr(>|z|)

2.5% 97.5%
(Intercept) 3.09 3.28 3.19 0.05 65.03 < 2e-16 ***
Percentage of impervious surface -0.14 0.10 -0.02 0.06 -0.33 0.74
Habitat Shannon metric 0.01 0.26 0.14 0.06 2.20 0.03 *
Percentage of vegetation -0.20 0.04 -0.08 0.06 -1.36 0.18
Distance to nearest parks -0.27 -0.06 -0.16 0.05 -3.00 0.003 **
Distance to nearest waterbody -0.14 0.07 -0.03 0.05 -0.59 0.55
Human population -0.16 0.08 -0.04 0.06 -0.69 0.49
Poverty index ratio -0.26 -0.04 -0.15 0.05 -2.72 0.007 **
Household income -0.02 0.21 0.10 0.06 1.70 0.09 .
Higher education percentage -0.03 0.19 0.08 0.06 1.44 0.15

Significance codes: *** P < 0.001, ** P <0.01, * P <0.05,. P<0.10

and the direct effect of any land cover variable (i.e., percentage of
impervious surface and distance to nearest parks) on bird
abundance rate (Fig. 6).

DISCUSSION

Our study provides the first evidence from a tropical megacity that
local avian diversity within urban areas is driven by both habitat
and humans. As hypothesized, land cover (i.e., level of
imperviousness) and socioeconomic factors (i.e., poverty ratio)
contributed to measures of bird diversity. It also supports our
hypothesis that, although bird species diversity in Dhaka was
favored by heterogeneous habitats in wealthy neighborhoods, bird
communities remained largely composed of generalist species of
low conservation concern, whereas specialist bird species were
uncommon and rare.

Bird diversity directly and indirectly affected by land cover and
socioeconomic factors

Our linear regression assessment of local bird species richness
pointed to the well-known direct negative effect of urban land cover
on biodiversity. Bird richness declined as imperviousness (i.e.,
human settlement and built-up extent) increased. Most earlier
studies used the proportion of built-up areas (i.e., density/
percentage) to explore avian responses to the urban environment
(Marzluff 2001). Several such existing studies reported a decline in
species richness with increasing impervious surface (Tratalos et al.
2007, Gagné and Fahrig 2011, Silva et al. 2015, Carvajal-Castro et
al. 2019). A similar adverse effect of increasing imperviousness on
bird richness is evident in Dhaka. During the last two decades, a
rapid shift in land cover features in this city has been noted by
several studies (Sultana et al. 2009, Byomkesh et al. 2012, Jaman
et al. 2020, Rahman and Szabd 2021). Because urbanization in
Dhaka is messy, like in many other South Asian cities (Ellis and
Roberts 2016), unplanned expansion has already resulted in a
decline in the proportion of green spaces and water body areas
(Appendix 4, Image A4.4; Sultana et al. 2009, Dewan et al. 2012).
It is reported that only 8% of tree cover remains, and open areas
are vanishing quickly within the city area (Byomkesh et al. 2012).
A massive development very likely resulted in a reduction of

heterogeneity in green habitat patches, which ultimately triggered
a decline in avian diversity in urban areas with high
imperviousness.

Our assessment of local bird species abundance suggested that
the combined effects of urban land cover and socioeconomic
factors are at play. More specifically, a decline in bird abundance
was not only related to decreasing habitat heterogeneity and
increasing distance from parks, but was also explained by a high
poverty ratio in an urban neighborhood. Further, our extended
path analysis, beyond the simplistic regression assessment,
provided an in-depth understanding of the major factors driving
urban birds. It indicated that the causal relationship paths
between urban land cover, socioeconomic variables, and bird
diversity is rather complex. We observed the greater significance
of the direct negative effects of imperviousness on bird species
richness and the poverty ratio on bird abundance (Figs. 5 and 6).
Socioeconomic factors, namely poverty ratio and human
population, appeared to indirectly affect both bird species
richness and abundance; this effect was mediated by land cover,
namely the proportion of impervious surface.

This may be because of the rapid development and land cover
change together with a non-linear increase in urban poverty in
the city (Cali 2009, Chen et al. 2016). Initially, increasing
urbanization may improve poverty, but fast urbanization leads to
greater poverty and inequality (Liddle 2017, UN-Habitat 2020).
Such increasing poverty may eventually cause a decline in bird
diversity in Asian tropical cities like Dhaka. Our observation, in
turn, supports the concept of the so-called luxury effect on bird
diversity, wherein wealthier urban neighborhoods contain more
diverse bird populations (Kinzig et al. 2005, Melles 2005,
Strohbach et al. 2009, Leong et al. 2018). In a wealthier
community, individual choices and behaviors of property owners
inadvertently improve resource availability for birds, such as food,
water, and cover, which in turn may benefit urban birds (Nilon
2014). In poor neighborhoods (Appendix 4, Image A4.3),
intensive human use of resources, high numbers of stray dogs and
cats, and possibly active exploitation and persecution of birds
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Table 4. A comparison of the path models fit to explain variation in resident bird richness rate and abundance rate in relation to selected
urban land cover and socioeconomic variables in Dhaka city.

Bird richness rate Bird abundance rate

Model X2 df X2 RMSEA RMSEA AIC X2 df X2 RMSEA RMSEA AIC
P value P value P value P value

Modela 3.73 4 0.443 0.00 0.656 1861.36 4.49 4 0.343 0.03 0.565 2797.86

Modelb 420 5 0.521 0.00 0.741 1859.83 16.19 5 0.006 0.11 0.044 2807.56

Modelc 19.61 5 0.001 0.12 0.016 1875.24 2037 5 0.001 0.13 0.012 2811.73

Modeld 3531 7 0.000 0.15 0.001 2417.55 47.31 7 0 0.17 0 3365.28

Modele 29.69 7 0.000 0.13 0.003 1887.27 2789 7 0 0.13 0.006 2821.21

Note: x> =

chi-square goodness-of-fit, df = degrees of freedom, x*> P value = P values for the chi-square test, RMSEA = RMSEA

(root mean square error of approximation) values, RMSEA P value = P values for RMSEA

may directly negatively impact bird abundance patterns. Our data
were unable to assess the causes underlying the observed effect of
socioeconomic status on bird diversity. Therefore, further studies
into the human dimensions of urban bird diversity patterns would
be useful for conservation management in tropical cities like
Dhaka.

Dhaka bird community dominated by generalists

Although bird species diversity in Dhaka was favored by
heterogeneous habitats in wealthy neighborhoods, bird
communities largely comprised generalist species of low
conservation concern, whereas specialist bird species were
uncommon or rare. Generalist species of the omnivore feeding
guild and with ubiquitous habitat preferences were the most
abundant in Dhaka city. Birds from other feeding guilds (i.e.,
frugivore and nectarivore) and with special habitat preferences (i.
e., near water bodies, cultivated land, and grassland) became less
common with increasing urbanization. Such variability in the
occurrence of birds from different guilds has been reported earlier
not only in many temperate cities (Allen and O’Connor 2000,
Lindsay et al. 2002) but also in tropical Asian cities (e.g.,
Singapore and Kolkata; Lim and Sodhi 2004, Sengupta et al.
2014, Katuwal et al. 2018).

Omnivores, such as Corvus splendens, Passer domesticus,
Acridotheres tristis, and Gracupica contra, thrive on rubbish and
gather around landfills (IUCN Bangladesh 2015); thus, the
presence of scattered waste dumping sites (Appendix 4, Image
A4.2) may favor the high abundance of omnivorous birds in
Dhaka, as is the case with waste disposal sites in other South
Asian cities (e.g., Kathmandu; Dahal and Bhuju 2008).

Along with the availability of anthropogenic food sources,
behavioral innovation can contribute to the successful
exploitation of urban habitats (Mennechez and Clergeau 2006).
One example is the Milvus migrans, abundant in Dhaka city, which
feeds on decaying animals from waste disposal sites and builds
nests on tall transmission towers and telephone lines (IUCN
Bangladesh 2015; Appendix 4, Image A4.1). Further, in cities,
birds may better escape predators and hunting pressure and
sustain healthy populations. For example, a widespread common
resident, Columba livia, is subject to illegal hunting in the
countryside but not within Dhaka city. Thus, the population is
sustained by its adaptation to urban life (IUCN Bangladesh
2015).

In general, bird species richness and abundance are highest in
green sites in Dhaka. Within the central urban area of the city,
avian diversity is concentrated in the remnant old and extensive
green sites such as the Ramna Park and the national botanical
garden (Islam et al. 2014, Rajia et al. 2015). Additionally, many
infrequent/rare resident birds (e.g., Pycnonotus jocosus) may
exploit urban areas without successfully breeding in the city. The
presence of such birds in urban areas is possibly sustained by
suburban and rural areas adjacent to the city such as suburban
areas of Keraniganj to the southwest.

INSIGHTS AND FUTURE RESEARCH

Our paper provides essential insights on bird species richness and
abundance (as a proxy for overall biodiversity) and their main
drivers in Dhaka city. We found that both land cover (namely
imperviousness) and socioeconomic (namely poverty) factors are
playing a major role in shaping bird diversity patterns. Our study,
however, may lack a full picture of avian species composition
across the city because it was based on a single season of bird
surveys. Further, our assessment of bird occurrences and their
affinity to urban gradients was based on simple explorative
analyses. Nevertheless, this kind of investigation is a significant
first step in any city lacking previous urban biodiversity research
(Marzluff 2001). A general understanding of how urbanization-
related factors affect different components of biodiversity is still
lacking for tropical megacities. We emphasize that multiple years
of surveys should be carried out to monitor and explain bird
diversity patterns along a gradient of urbanization in cities like
Dhaka. Future studies should consider advanced assessment
approaches (Callaghan et al. 2019) to understand species-specific
adaptations of birds, as well as trends of community
homogenization (Morelli et al. 2016) across urban areas, and
thereby support the foundation for urban biodiversity planning
in tropical megacities. The preservation of urban birds and other
components of biodiversity, for the benefit of human well-being,
should be one of the major goals during any urban development
process in a well-planned city.

Responses to this article can be read online at:
https://www.ecologyandsociety.org/issues/responses.

php/12905
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Appendix 1

METHODS

Bird diversity

In addition to our major assessment (i.e., presented in the paper), we initially inspected the
pattern in relative abundance of each species at an increasing level of urbanization (i.e., based on
proportion of built-up areas). Several conventional concepts regarding the response of wildlife
species to urban gradient is available (Blair 1996, Rodewald and Gehrt 2014, Fischer et al.
2015). Here, we followed such conceptual understanding to visualize urban affinity of each birds
at three levels: (i) urban dependents with peaked relative abundance in highly built-up areas (i.e.,
areas containing impervious surface >80%); (ii) urban exploiters, which are abundant/common
species with high relative abundance at a suburban/intermediate level of built-up areas (i.e., areas
containing impervious surface between >30% and <80%) and in urban green areas; (iii) urban
tolerant birds, which are uncommon/infrequent species across urban areas, and are
abundant/common species with peaked relative abundance only in lightly urbanized areas (i.e.,
areas containing impervious surface <30%) and at urban green areas.
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Table Al.1 Variables and sources

Variables Description Source
Percentage of Value 0-100, Percentage of ‘Impervious Brown de Colstoun
impervious surface surface’ from ‘Global Man-made etal. 2017

Habitat Shannon
metric

Distance to the nearest
park

Distance to the nearest
waterbody

Percentage of
vegetation

Human population

Poverty index ratio

Household income

Higher education
percentage

Impervious Surface (GMIS) and Global
Human Built-up and Settlement Extent
(HBASE) data products’, spatial resolution
~30m.

Value of ‘Diversity of EVI (Enhanced
Vegetation Index)’, from Global Habitat
Heterogeneity dataset, spatial resolution ~
30 arc-second.

Distance (m) from grid cell centroids to the
nearest edge of park. Value is estimated
using ArcGIS tools.

Distance (m) from grid cell centroids to the
nearest edge of waterbody. Value is
estimated using ArcGIS tools.

Value from ‘Average maximum green
vegetation fraction, MODIS- maximum
green vegetation fraction, based on 12
years (2001-2012), spatial resolution
~1Km.

Value of estimated number of people per
grid square, Spatial resolution
~0.000833333 decimal degrees (approx
100m at the equator).

Estimates of mean likelihood of living in
poverty per grid square, as defined by
$2.50 a day poverty line, spatial resolution
~0.00833333 decimal degrees (approx.
lkm at the equator).

Estimates of mean household income in
USD per grid square. spatial resolution
~0.00833333 decimal degrees (approx.
lkm at the equator).

Percentage of adults who have completed
university at Upazila (Smallest
administrative unit) level.

Dataset derived from ‘2011 Census of
Population and Housing’.

Tuanmu and Jetz
2015

OpenStreetMap
contributors 2018

OpenStreetMap
contributors 2018

Broxton et al. 2014

WorldPop 2017

Steele et al. 2017

Steele et al. 2017

Bangladesh Bureau
of Statistics 2011,
Minnesota
Population Center
2015
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Appendix 3
RESULTS
Bird diversity

Bird distribution in urban settings varied among species (Table A3.1). The relative abundance of
Corvus splendens, and Columba livia peaked in highly urbanized areas (i.e., locations containing
impervious surface >80%), matching the pattern for urban dependent birds. These two birds
made up 17.8% of the total bird occurrence in the city. We classified 14 species (i.e.,
abundant/common) as urban exploiters. Among these, Passer domesticus, Copsychus saularis
and Apus nipalensis were widespread throughout. Acridotheres tristis, Cypsiurus balasiensis,
Dendrocopos macei, Dinopium benghalense, Egretta garzetta, Halcyon smyrnensis, Haliastur
indus, Milvus migrans, Psittacula krameria, Sturnia malabarica, Psilopogon haemacephalus
were relatively abundant in intermediate/suburban areas (i.e., locations containing impervious
surface between >30%and <80%) and urban green areas. These birds accounted for 48.8% of the
total bird occurrences. The remaining 32 species were classified as urban tolerant, mostly
observed in lightly urbanized areas/ urban green areas, and they accounted for 33.4% of the total
bird records in the city.

Table A3.1 List of observed bird species and their pattern across urban areas in Dhaka city.

e Frequency Relative Pattern across urban Urban affinity
Scientific name of
abundance areas
occurrence
Urban
dependend
Corvus splendens 161 0.1997
e ]
SS— Urban exploiter
Passer domesticus | 159 0.1808
bl Py 0% 51 1060% sbove B0% _|
JU— Urban exploiter
Acridotheres tristis | 98 0.0867
o Urban exploiter
Milvus migrans 90 0.0829
]
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Figure A3.1. Visualisation of correlation matrix among the variables using hierarchical
clustering. Here, IS = percentage of impervious surface, HS = habitat Shannon metric
representing habitat heterogeneity, DP = distance to nearest parks DW = distance to nearest
waterbody, VG = percentage of vegetation, HP = human population (number per hectare), Pl =
poverty index ratio, IN= household income (in USD), ED = Percentage of people with higher

education.
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Figure A3.2 Fitted relationship of bird richness rate with different urban land cover variable in the
top ranked model. Here, IS = percentage of impervious surface, HS = habitat Shannon metric
representing habitat heterogeneity, DP = distance to nearest parks (in meter), DW = distance to
nearest waterbody sites (in meter), VG = percentage of vegetation.
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Figure A3.3 Fitted relationship of bird abundance rate with different variables related to land cover
and socioeconomic status in the top ranked model. Here, IS = percentage of impervious surface,
HS = habitat Shannon metric representing habitat heterogeneity, DP = distance to nearest parks
DW = distance to nearest waterbody, VG = percentage of vegetation, HP = human population
(number per hectare), Pl = poverty index ratio, IN= household income (in USD), ED = Percentage

of people with higher education.
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Appendix 4

DISCUSSION

Image A4.1: The case of Milvus migrans, a common species in Dhaka (a), which uses human
structures such as electric poles (b) as nesting sites. Picture (a) by Sultan Ahmed; (b) by the
authors.

1|Page



Image A4.2: Pictures (a) and (b) show open dumping places in Dhaka city, (c), (d) and (e)
show animals in these areas. Picture (d) taken by Humayra Mahmud, all others by the authors.
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Image A4.3: An example of the variation in socioeconomic status in Dhaka city. Poor people
live in slums, whereas people with higher income live in high ranging buildings in a well-
maintained neighborhood. Picture taken by Fahad Noor Promi.
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Image A4.4: The pictures show highly disturbed areas at the outskirts of Dhaka city. Due to
the rapid expansion of housing infrastructure, agricultural areas and other vegetated sites are
declining. All pictures taken by the authors.
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