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Primary productivity in cities and their influence over subtropical bird assemblages

Introduction

Urban areas have significantly expanded in the last decades, becoming one of the
most important and permanent components of global land cover change (Hepinstall et al.,
2008; Pickett et al., 2011; Wu 2014). Even though cities occupy less than 3% of the land
area (Alberti 2010, Fengsong et al., 2013) more than 50% of human population is currently
concentrated in cities (Wu 2014) and this proportion is expected to increase in the future.
This implies a strong pressure over natural resources, which affects ecosystems and
biodiversity (Croci et al. 2008, Vitousek et al. 2008). The expansion and densification of
urban areas involve the replacement of natural and semi-natural areas (e.g., agriculture) by
impervious surfaces (roads, buildings; Alberti et al. 2008). As a result, the main patches of
vegetation are clumped in green areas surrounded by a human built matrix and minor
vegetation components are interspersed in this matrix (Marzluff and Ewing, 2001). These
spatial structure of vegetation affect the functioning and provision of its ecological services,
with significant consequences for both, local biodiversity and human well-being (Alberti et al.,
2008a; Vitousek et al., 2008; Niemela et al., 2010; Wu 2013; Alberti 2015).

One of the main effects of urban expansion over ecosystems is the modification of
spatial and temporal patterns of net primary productivity (from now on, productivity; Gallo et
al., 1993; Figueirola and Mazzeo, 1998, White et al., 2002; Imhoff et al., 2004; Zhang et al.,
2004; Faeth et al., 2005; Shochat et al., 2006; Buyantuyev and Wu 2009; Fengsong et al.,
2013; Wu 2013). Since productivity is directly linked to photosynthetic activity, it is a good
indicator of ecosystem functioning, and it plays an important role as resource supply (i.e.
habitat and food) for different animal groups (Loreau et al., 2001; Hawkins et al., 2003;
Morales-Castilla et al., 2012; Alberti 2015). Even though urban ecology studies increased
significantly during the last decades in Latin America (Faggi and Perepelizin, 2006; Villegas
and Garitano-Zavala, 2010; Bellocq et al., 2011; Ortega-Alvarez and MacGregor-Fors, 2011;

Leveau and Leveau, 2012; Reis et al., 2012), the relation between productivity and other
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organisms in urban settlements is unclear. Birds are sensitive species which respond to
environmental shifts by moving rapidly to adequate sites so they constitute a good indicator
of the functioning and ecological conditions of the environment (Jokimaki and Fernandez-
Juricic, 2001; Croci et al., 2008). Moreover, human beings appraise the presence of birds in
urban areas due to their cultural, emotional and recreational values, (among other ecological
services that they provide; Sekercioglu 2006, Whelan et al., 2008; Dearborn & Kark 2009;
Belaire et al., 2015; Tryjanowski et al., 2015). Since bird species depend on vegetation for
food and shelter supply (Reis et al., 2012), they are an appropriate group for assessing
interactions with productivity as a surrogate of resource availability associated to vegetation.

The spatial arrangement of vegetation-related resources in urban landscapes is
determined by human activity (Faeth et al., 2005; Alberti 2015). Assessing the spatial
association between vegetation productivity and bird biodiversity will permit understanding
the functioning of urban ecosystems, and it can inform urban planning strategies. Despite
the negative effects of urban expansion over biodiversity, particularly for birds (i.e. reduction
of biodiversity, homogenization; Blair and Johnson, 2008; Marzluff, 2008; Vitousek et al.,
2008; Morelli et al., 2016) some species or ecological groups tolerate and adapt or even
thrive in these environments (Shochat et al., 2006; Williams et al., 2009). While certain bird
species may become threatened, others may benefit from urbanization processes, when
some habitat conditions are preserved or new ones are created (Alberti et al., 2008b;
Hepinstall, 2008; Haedo et al.,, 2010; Bellocq et al.,, 2011; Reis et al., 2012). As a
consequence, species assemblages in urban settlements may be composed by a mixture of
native species which remain from the original landscape (specialists or avoiders); species
which expand their distribution area, favoured by the environmental modifications
(generalists or tolerant species), and new exotic species which thrive in urban systems
(Donnelly and Marzluff, 2006; Alberti et al., 2008a; Minor and Urban, 2010).

The main objective of this study is to assess the responses of bird assemblages to
spatial patterns of urban vegetation productivity and to assess the effect of different

environmental variables of urban structures which might influence bird assemblages. In
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order to achieve this, we analysed whether productivity, urban cover (percentage of built-up
area), vegetation cover and distance to native forest explained the abundance, richness and
diversity of avian assemblages. We also examined the responses of three ecological groups
of birds (classified according to their use of the environment in: birds of modified landscapes
ML; birds of edges and secondary forests ESF; and birds of native Yungas mature forests
YMF) to the same set of variables. Given the particular characteristics of these ecological
groups, their use can provide information to understand varying responses to urban
environmental changes, which would remain hidden if birds were considered as a single
homogeneous group.

We expect a positive association between productivity (i.e. indicator of resource
availability) and the number of individuals (abundance), species richness and diversity. We
expect to find a similar association with vegetation cover, but a negative association with
urban cover. Finally, distance to native forest might negatively relate to species richness and
diversity, due to a source-sink effect. At the level of ecological groups, we expect that
abundance and richness of ML and ESF birds will be positively associated with productivity
and vegetation cover, since these groups prioritize sites with high food abundance, nesting
and protection sites within the urban matrix. Birds of YMF will respond to vegetation cover
and to the distance to native forests, due to their high dependence on the environmental
characteristics provided by native vegetation. To assess these predictions, we 1)
reconstructed the primary productivity of the system, and determined the percentage of
urban/vegetation cover and distance to the main native forest; 2) estimated the abundance,
richness and diversity of bird species; classifying bird species in the three ecological groups
mentioned before (ML, ESF and YMF); and 3) tested different models to analyse the

relationship between environmental variables and bird assemblages.
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Methods
Study area

We carried out this study in a metropolitan area of South America: Gran San Miguel
de Tucuman (GSMT) 2649 S and 6513 W (Fig.1 A), in Tucuman province. This area
constitutes the major urban ecosystem of NW Argentina, with more than 1.4 million people
living in the foothills of sub-Andean mountains. The two main cities, San Miguel de Tucuman
(SMT) and Yerba Buena (YB) represent an east-west urbanization gradient, with the Sali
river towards the east end, and Sierra de San Javier (SSJ) mountains at the west (Fig. 1 B -
C). SSJ is a natural reserve of about 14000 has of well conserved Yungas forest. Rises in
human population and rapid urban growth have promoted the expansion of the urban matrix
(3400 hectares between 1986 and 2006; Gutiérrez Angonese 2010), exerting strong
pressure towards natural areas such as the foothills of the Yungas forests mountain. This
configuration is representative of urban and peri-urban landscapes of other foothill cities of
Latin America, such as NW Argentina (i.e. Salta and Jujuy) Bolivia, Colombia and Mexico
(Grau, 2010; Parés-Ramos et al., 2013; Gioia et al., 2014; Gutierrez Angonese and Grau
2014). Climate is subtropical with a marked seasonality (hot-wet summers and cool-dry
winters), with an annual mean temperature of 18°C and 1000 mm of annual precipitation,
mainly concentrated in summer (December-March; Brown et al. 2005). Natural vegetation
corresponds to Yungas phytogeographic province (Cabrera, 1976). In peri-urban areas,
Yungas forests in the lowlands have been totally replaced by agriculture and urbanization,

while forests located at the mountainous area of SSJ are well preserved (Grau et al. 2010).
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Fig. 1. (A-B) Location of Tucuman province, Argentina in South America. (C) Cities of
Yerba Buena and San Miguel de Tucuman, and location of sampling sites in the study
area. Images taken from Google Earth.

Bird surveys

To quantify the abundance, richness and diversity of bird assemblages, we
performed point-count surveys (Ralph et al., 1995). Surveys took place from October to
December of two consecutive years (2010 and 2011). These months correspond to austral

spring, when breeding activity of most species in the region occur (Auer et al. 1997,
Lomascolo et al. 2010, Blendinger et al. 2015). We traced a regular grid of 50 sites, placed

750 m from each other (Fig. 1 C). In each site, we performed two bird surveys per year

separated from each other by 250 m. Each survey consisted in recording all species seen or
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heard from a fixed point during 8 minutes (making a total of 16 minutes in each sampling
site). We used 8 minutes per survey point instead of the 5 minutes suggested by Ralph and
colleagues (1995) to increase the probability of capturing infrequently encountered species
in highly disturbed areas (e.g. traffic, pedestrians). However, most bird species were
detected within five-minute point counts (Lynch 1995). Although some distant individuals
were recorded, only those detected at less than 50 m from the survey point were considered
in the analyses to reduce the differential detectability due to the spatial structure of plants
and buildings associated to urban gradients. All bird surveys were conducted by one single
observer (HJ) between 6 and 9 am (the time of highest bird activity) on non-rainy and
windless days (Ralph et al., 1995). Birds flying were not recorded except those that made
use of airspace for food, such as insectivorous species. In each case, the cumulative data
was used for each counting site.

Bird species were classified in three ecological groups according to the use of
Yungas forest and associated transformed environments following the classification of
Blendinger and Alvarez (Blendinger and Alvarez, 2009). However, given that this
classification takes into account only Yungas native birds, we adapted it to an urban context
by including two synanthropic species (see below). Species were classified in the following
groups: species of Yungas mature forest (YMF), which occupy forests with a complex
structure; edge and secondary forest species (ESF), which inhabit edges and young or
secondary Yungas forests; and modified landscape species (ML), which inhabit highly
modified and disturbed landscapes, such as urban settlements, generally avoiding mature
forests. Two exotic species frequently observed in cities (Passer domesticus and Columba
livia), were added to this group, since they exhibit higher affinity to these landscapes. In
each site we estimated abundance and species richness for the entire bird assemblage by
direct counting and we estimated its biodiversity using the Shannon-Wiener diversity index
(H). We also estimated the species richness and abundance for each of the ecological

groups.
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Environmental variables

In order to be able to survey public and private vegetation cover and functioning we
used remotely sensed data. To measure urban and vegetation cover, we used Google Earth
2010 and 2011 images available for the study area. In each site, we traced a buffer area,
consisting on a 250m x 250m quadrant around their central point. Within these quadrants,
we manually digitized and classified polygons in two cover types: urban (built-up area), and
vegetation (herbs and trees). Then, we calculated the area of each cover type. Since these
variables (urban and vegetation cover) were inversely related (i.e., sites with higher built-up
cover exhibit their reciprocal inverse vegetation cover), we only used vegetation cover. We
used Google Earth tools to quantify the distance (in kilometres) from the beginning of the
native forests (SSJ) to the central point of each sampling site. We interpreted this variable as
the distance from the natural environment (SSJ) which could act as a source of native bird
species.

In order to reconstruct the vegetation productivity of the growing seasons of years
analysed, we used 16-day composites (MOD13Q1) Normalized Difference Vegetation Index
(NDVI) estimated from Moderate Resolution Imaging Spectroradiometer (MODIS) images to
describe temporal patterns of vegetation phenology. For every year, phenological
reconstructions were based on 23 images, 250 x 250 m spatial resolution with NDVI
rescaled values ranging from 0 to 1. A compound time series of NDVI images were analysed
using TIMESAT software (Jonsson and Eklundh, 2004). TIMESAT quantifies phenological
signals from time series of satellite image data, adjusts local functions for each time series
point and combines these functions in a model of phenological patterns. Based on these
functions, TIMESAT provides statistical descriptors of the seasonal pattern of the analysed
variable (NDVI in this case) through the year. For this study, we selected the phenological
variables that best describes the annual dynamics of the Growing Season of the vegetation.
We analysed the seasonal total integral, an index of absorbed photosynthetically active
energy accumulated in one growing season (Running et al., 2004), as a proxy of gross

primary productivity. This way we can match the primary productivity of the growing season
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with the breeding period of birds. Although productivity and vegetation cover might hold
common information, we consider that productivity integrates the information from different
vegetation strata and from sparse vegetation that cannot be mapped, while vegetation cover
represents only the presence or absence of vegetation patches. The availability of
guantitative tools to analyse and interpret spatial processes, such as satellite images, allow
us for a full study of the area, which cannot be carried out in situ due to limitations of the
observer as visual barriers and logistical aspects related to private property, in an urban

environment context.

Data analysis

To evaluate the associations between the environmental variables, Pearson
correlation analyses were performed (R Core Team 2016). We used Generalized Linear
Models (GLMs) to evaluate the responses of the assemblages attributes (abundance,
richness and diversity of species) to the combination of the environmental variables
(productivity, vegetation cover and distance to native forest). GLMs are a type of regression
that allows the response variables to have error distributions other than normal. Thus, they
are suitable for count variables (i.e. abundance and richness), which were modelled through
a Poisson distribution using a log-link function. This allows modelling the expected number
of species or individuals, restraining to the positive range of numbers (Mangeaud and Videla,
2005; Gelman and Hill, 2007). We used normal distribution to model species diversity
because Shannon-Wienner index is a continuous variable. The use of multivariate models
enabled us to assess the individual effect of each explanatory variable, at the time we can
control the effects of the other variables included in the model. The proposed models were
fitted using their maximum likelihood and the comparative performances of the different
models were evaluated through their Akaike Information Criteria (AIC) which combines the
fitness of the model to the data (i.e., the likelihood) with the complexity of the model,
measured as the quantity of estimated parameters (Burnham et al., 2011). The comparison

between models was quantified through the differences in the AIC of the models (dAIC)
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using the AIC of the best model as reference (dAIC=0). The combination of the three
explanatory variables (productivity, vegetation cover and distance) generated seven
plausible combinations to explain abundance, richness and diversity of the entire community

and of the three birds groups.

Results

We registered a total of 53 bird species (see Appendix 1), from which 39.62%
corresponded to modified landscape species (ML), 24.53% to edge and secondary forest
species (ESF) and 35.85% to mature Yungas forest species (YMF; Table 1). The proportions
were different when individuals were taken into account: most of the 3186 observed
individuals belonged to ML birds (65.8%), followed by ESF species (27.3%), while YMF birds

were the less abundant (6.9%).

Table 1

Groups of bird species registered in San Miguel de Tucuméan and Yerba Buena cities, in
Argentina. Classification of species was made according to their occupation of Yungas
forest environments (modified from Blendinger and Alvarez 2009)

Bird groups Total Abundance Total Richness
Mod|f|ed landscape 2098 21
species

Edges and ;econdary 869 13
forests species

Yungas mature 219 19

forests species

In relation to environmental variables, productivity showed a positive association with
vegetation cover (p= 0.41, p<0.001) and a negative association with urban cover (p = -0.57,
p<0.001); but it was not associated with distance to SSJ (p < 0.01, p=0.97). On the other
hand, vegetation cover was negatively related to the distance to SSJ (p = -0.69 p<0.001).

Thus, sites near to SSJ have more vegetation cover than farther sites.



227
228
229
230
231
232
233

234
235
236
237
238
239
240
241
242

243

Table 2

Performance of GLMs linking spatial variables and attributes of bird assemblages.
Dependent variables: abundance (Ab.), richness (R.) and diversity (H’); and abundance and
richness of birds of the different groups (ML: modified landscapes species, ESF: edges and
secondary forests species, YMF: Yungas mature forests species; modified from Blendinger
and Alvarez, 2009). Values in bold indicate the best model (lowest values of dAIC).

Models T.Ab. T.R. H Ab.ML R.ML Ab.ESF R.ESF Ab.YMF R.YMF
Productivity 25.3 470 376 9.3 3.9 43.8 22.7 267.9 56.3
Veg. Cover 0.7 142 131 8.2 1.7 13.8 12.3 70.6 10.3
Distance 5.9 1.2 07 0.6 1.9 5.8 0.0 13.2 3.8
Prod + Veg 0.0 155 1238 2.8 2.7 0.6 12.8 33.2 7.5
Prod + Dist 7.6 0.0 06 0.0 0.0 6.0 2.0 15.0 4.7
Dist + Veg 0.9 1.1 00 2.3 2.7 5.0 1.9 0.0 0.0
Prod + Veg + Dist 15 16 15 1.6 2.0 0.0 3.7 13 2.0

GLMs provided different models to explain assemblages attribute responses
(abundance, richness and diversity) to explanatory environmental variables (productivity,
vegetation cover and distance to SSJ) (Table 2, Fig. 2). Total abundance of bird
assemblages was explained by the combination of productivity and vegetation cover, with a
negative association with productivity and a positive one with vegetation cover. Total
richness was positively related to productivity and negatively related to distance to SSJ;
while diversity was explained by vegetation cover and distance, with a positive association

with vegetation and a negative association with distance.
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Fig. 2. Responses of total abundance, richness and diversity index of bird assemblages to
different environmental variables in a subtropical city in northern Argentina (Great San
Miguel de Tucuman). The lines represent the contribution of each variable while controlling
the other co-variables. The effects of environment on species richness and abundance were

estimated using Poisson GLMs

The responses to environmental variables differed between bird groups (Table 3 and

see complementary material). Abundance of ML species related positively with productivity

and distance to SSJ, whereas richness associated negatively with distance and vegetation

cover. Abundance of ESF birds was positively related with vegetation cover and negatively

related with productivity and distance to SSJ; while richness was negatively related with

distance to SSJ. Richness and abundance of YMF species were both positively associated

to vegetation cover and negatively related with productivity and distance to SSJ.
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Table 3

Response of three groups of birds to environments variables in cities of northern Argentina.
Point parameter estimates and (standard deviation) of the contribution of explaining
variables are presented. Estimates were taken from Poisson models that fit the abundance
and species richness of each bird group to the three explaining variables. Explaining
variables were normalized to avoid huge differences in the magnitude of the estimates. Bird
groups (ML: modified landscapes species, ESF: edges and secondary forests species, YMF:
Yungas mature forests species; modified from Blendinger and Alvarez, 2009). Values in
bold indicate statistical significance p<0.05.

Attribute Group productivity Vegetation Distance to
cover forest
ML 0.044 -0.022 0.059
(0.027) (0.037) (0.033)
-0.113 0.170 -0.091
Abundance
) ESF (0.043) (0.061) (0.057)
YME -0.083 0.564 -0.854
(0.095) (0.145) (0.156)
ML 0.107 -0.004 -0.133
(0.064) (0.088) (0.081)
Species ESE 0.033 -0.057 -0.399
richness (0.088) (0.124) (0.122)
YME 0.002 0.431 -0.549
(0.140) (0.203) (0.208)
Discussion

Diversity and composition of bird assemblages

The heterogeneous composition and abundance of bird groups found in our study
suggests that despite their negative effects (Marzluff & Ewing 2001; Morelli et al. 2016),
cities constitute novel ecosystems, with particular characteristics, new spaces and
availability of certain resources for birds and for biodiversity in general. This, in turn, might
explain the different responses of bird species inhabiting urban environments found in our
study (Table 3), and furthermore, it highlights the importance of assessing these effects, at
the level of sensitive ecological groups, whose variety of responses could be masked at the
assemblage level. Most of the individuals registered in this study belong to the modified

landscape (ML) group (Table 1), mostly due to the inclusion of House Sparrow (Passer
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domesticus), and Rock Pigeon (Columba livia), two exotic species which are abundant in
urban areas (Shochat et al.,, 2010a). These species are highly associated with human
presence, and represented 50% of the abundance within this group. These results are
consistent with patterns observed in other urban landscapes around the world (Leveau and
Leveau, 2004 and 2012; Juri and Chani, 2005; Brandan et al. 2006; Alberti et al., 2008a;
Sodhi et al., 2008; Vitousek et al., 2008; Shochat et al. 2010a; MacGregor-Fors and Ortega-
Alvarez, 2011; Morelli et al., 2016) where bird communities tend to be dominated by one or a
few cosmopolitan species. On the other hand, the edge and secondary forest (ESF) and
Yungas mature forest groups (YMF) presented fewer individuals than the ML species group.
This result suggests that those species tend to be more associated with natural forest
habitats, and are thus less tolerant to urban disturbances (Donnelly and Marzluff, 2006). The
Yungas mature forest group presented a remarkable lower number of individuals than the
other groups (Table 1), but exhibited a high number of species (see Appendix), which may
be due to a source-sink effect produced by the natural forests located at Sierra de San

Javier, close to San Miguel de Tucuman and Yerba Buena cities.

Bird assemblages and environmental variables

We found a general pattern of increasing richness and diversity of bird assemblages
with increasing urban productivity. This reinforces the concept that primary productivity, as
an indicator of resource availability, constitutes an important supporting factor for bird
species in urban areas. Although similar patterns were reported by different authors
(Mittelbach et al 2001; Bailey et al., 2004; Phillips et al., 2010; Apellaniz et al., 2011), few of
them focused in urban ecosystems (Shochat et al., 2004 and 2006, Chao-Nien et al. 2006,
Alberti 2015). It has been observed that cities may offer different resources that can maintain
and attract different species, increasing local diversity. Reis and colleagues (2012) found
that native species, such as humming birds, take advantage of urban resources, like native
or exotic flowers in urban parks and house gardens in Brazil. Contrary to our expectation,

the weak negative correlation of bird abundance with productivity and the strong positive



307
308
309
310
311
312
313
314
315
316
317
318
319
320
321
322
323
324
325
326
327
328
329
330
331
332
333
334

correlation with vegetation cover we found (Fig. 2) may suggest that some resources are
more space dependent than others. Vegetation productivity is an indicator of the natural
resources availability (e.g. food) that can be spatially concentrated while vegetation cover is
a better indicator of some space dependent resources (e.g. habitat for nesting and
hiding). This pattern suggest that in cities the abundance of birds could be related not only to
the feed resources provided by plants, but that urban environments could be offering
alternative resources such as anthropogenic refuse and bird-feeders that could be
supporting them. Shochat and colleagues (2010) suggest that the availability of food,
although they are of low quality as refuse, function as "bottom up" control increasing the
density of birds in cities. The positive relation with vegetation cover founded proves that
green spaces are needed in urban settlements, to provide suitable habitats with the capacity
to maintain urban communities, not only for bird assemblages but also for other taxa such as
arthropods and mammals (McKinney et al., 2006; Cavia et al., 2008; Croci et al., 2008;
Sattler et al., 2010; Hostetler et al, 2011; MacGregor-Fors and Ortega-Alvarez 2011). We
also observed a negative association between species richness and diversity with increasing
distance to Sierra de San Javier, probably due to a source-sink process (Fig. 2). Natural
surroundings, usually with higher density of native species, act as a source of species
promoting their dispersion towards other sites as cities (Sol et al., 2013). This will be
influenced by the distance and quality of the matrix (i.e. proportion of urban trees) that act
connecting or isolating sites (Fernandez-Juricic 2000, Jokimaki 2001, MacGregor-Fors and
Ortega-Alvarez 2011; Tremblay y St. Clair 2011).

At the group level, the responses to environmental variables were diverse (Table 3).
The abundance of modified landscape species increased with productivity and with higher
distance to Sierra de San Javier, showing a great dependence on resource availability in
cities and an avoidance of natural environments, where they may be less competitive. These
species probably do not establish in native forests or in sites with higher proportion of native
resources and vegetation cover because their niche (life story strategies, diet, habitat,

breeding) and opportunistic behaviour might be incompatible with the complex vegetation
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structure of mature forests. Furthermore, the fact that these species are well adapted to
anthropogenic disturbances may enable them to use niches which are less exploited by
native species in urban settlements. On the other hand, the species richness of this group
decreases with distance to natural areas, which may be due to the presence of few dominant
species in highly urban sites, far away from natural environment. These species could be
exerting a strong control over other species. For example, related to behavioural aspects,
House Sparrow (Passer domesticus) is aggressive and exhibits a gregarious behaviour
feeding in groups, which may scare off other solitary species (Shochat et al., 2010a).

The abundance of ESF and YMF birds decreased with increasing productivity. In
agreement with Faeth and colleagues (2005) and Shochat and colleagues (2010a)
competition among species might explain this negative association with highly productive
sites. Species of edges and secondary forests related positively to vegetation cover, and
negatively with distance. This is probably due to the fact that these species depend on a
greater vegetation structural complexity, provided by native forests and by nearby habitats.
Finally and in agreement with our expectations, richness and abundance of Yungas mature
forest species were negatively associated to distance and positively associated with
percentage of vegetation cover. This could be the result of a strong dependence of these
species to the environmental characteristics of sites similar to forests, such as vegetation
species composition, weather conditions, humidity or a higher proportion of places for hiding.
Although we did not evaluate the vegetal composition, it has been demonstrated that a
greater diversity in the composition of species of trees and shrubs is positively related to the
richness of birds in urban environments (Fernandez-Juricic, 2004; Evans et al., 2009). The
presence of Yungas mature forest individuals at mid-distance, highly-productive and
vegetated sites suggests that the presence of parks and gardens might facilitate their
dispersion, increasing habitat connectivity, even for these specific groups.

Given that urban ecosystems harbour a great diversity of species, we believe that
obtaining continuous data (more frequency) as such provided by recorders, could be helpful

to detect the presence of infrequently encountered species that are not being detected with
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usual sampling design. This could be complemented with occupancy models proposed by
MacKenzie and colleagues (2002, 2006), that allow differentiate between true-absence and

non-detection species (Maclvor & Packer 2016).

Conclusions

Urbanization is a rapidly growing phenomenon in Latin America, for which the
understanding of the underlying processes that shape biodiversity patterns in cities is key for
future scenarios assessing and planning. We consider that our findings could be
extrapolated to other areas since Gran San Miguel de Tucuman (GSMT) is probably
representative of many cities in South America, which are undergoing urban growth-
expansion processes. Our results show that productivity plays an important role in predicting
the richness and abundance of bird assemblages in urban environments. The different
responses of birds (at the assemblages and group levels) to productivity found in this study
shows that resources availability differentially affects bird species, and derived in a greater
understanding of the internal variability of bird assemblages to urban environmental
changes. It has largely been shown that biodiversity is important for ecosystems functioning,
for maintaining the capacity of providing goods and services, and for strengthening the
relationship of people with the natural environment, improving well-being and life quality
(Grimm et al., 2008, Alberti et al 2008). Therefore, ensuring a higher availability of resources
is important for the functioning of cities and for their integration with the surrounding natural
environments. Therefore, it is necessary to develop urban planning strategies for improving
vegetation structure and species tree composition on sidewalks and public areas, which
would increase both the amount of resource available (food, habitat) and connectivity
between the urban matrix and native forests. This will improve and allow the flow and

maintenance of native species and biodiversity in cities.
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