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ELKH-ELTE-MTM Integrative Ecology Research
Group, Hungary

*CORRESPONDENCE

Alejandro A. Amado De Santis
aleamado_2@hotmail.com

RECEIVED 01 November 2022
ACCEPTED 28 March 2023
PUBLISHED 12 May 2023

CITATION

Amado De Santis AA, Lomáscolo SB and
Chaco� NP (2023) E�ects of urbanization on
the structure of plant-flower visitor network at
the local and landscape levels in the northern
Argentinian Yungas forest.
Front. Sustain. Cities 5:1086076.
doi: 10.3389/frsc.2023.1086076

COPYRIGHT

© 2023 Amado De Santis, Lomáscolo and
Chaco�. This is an open-access article
distributed under the terms of the Creative
Commons Attribution License (CC BY). The use,
distribution or reproduction in other forums is
permitted, provided the original author(s) and
the copyright owner(s) are credited and that
the original publication in this journal is cited, in
accordance with accepted academic practice.
No use, distribution or reproduction is
permitted which does not comply with these
terms.

E�ects of urbanization on the
structure of plant-flower visitor
network at the local and
landscape levels in the northern
Argentinian Yungas forest

Alejandro A. Amado De Santis1,2*, Silvia B. Lomáscolo3 and

Natacha P. Chaco�3,4

1Centro de Estudios Territoriales Ambientales y Sociales (CETAS-Universidad Nacional de Jujuy), San
Salvador de Jujuy, Jujuy, Argentina, 2Instituto de Ecorregiones Andinas (INECOA), Jujuy, Argentina,
3Instituto de Ecología Regional (IER), Universidad Nacional de Tucumán (UNT)-Consejo Nacional de
Investigaciones Científicas y Técnicas (CONICET), Tucumán, Argentina, 4Facultad de Ciencias Naturales
e Instituto Miguel Lillo, Universidad Nacional de Tucumán (UNT), Tucumán, Argentina

Human population and cities are growing fast, with a concomitant modification
of the land surface. Urbanization is driving biodiversity loss and biological
homogenization, which impacts human wellbeing. In this study, we evaluated
the influence of urbanization on flower visitor assemblage using an interaction
network approach. We assessed the e�ect of di�erent variables at the local
and landscape scales on community parameters and network metrics along a
gradient of urbanization located in a subtropical montane Yungas forest. We found
that local variables a�ected the richness of flower visitors, which increased with
greater flower coverage, high stability of floral resources, and the proportion of
exotic plants. Moreover, local variables a�ected the diversity, nestedness (NODF),
and specialization (H2) of the interaction network. Landscape variables, such as
altitude and proportion of impervious surface (a proxy of urbanization), a�ected
both the richness of flower visitors and specialization. The e�ect of urbanization
on the richness of flower visitors di�ered across the altitudinal gradient, with
higher impact at higher altitudes. In conclusion, our results indicate that local
and landscape variables a�ect community parameters and the structure of plant-
flower visitor networks to di�erent extents and strengths.

KEYWORDS

urbanization, flower visitor, assemblage, interaction network, network structure, Jujuy,

local and landscape scale

Introduction

The field of complex ecological networks has grown in the last two decades [recently
reviewed by Guimarães (2020)]. Network theory has become an important tool in
community ecology as it provides an efficient representation and characterization of
temporal and spatial patterns of community dynamics and the structure of ecological
systems (Schwarz et al., 2020; Resasco et al., 2021). Ecological networks help to understand
how communities respond to ongoing global environmental change (Schleuning et al.,
2016; Tylianakis and Morris, 2017). Studies on network properties at local and landscape
scales showed that habitat modification impacts system stability at the network level
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(Marín et al., 2019) and outweighs the impact on species diversity
(Tylianakis et al., 2007; Weiner et al., 2014). For example,
habitat modification impacts both species themselves and their
interactions, and it has been shown that loss of interactions
precedes species loss (Valiente-Banuet et al., 2014). Thus, network
analysis often provides a good assessment of the possible effects of
changes in habitat on community stability (Kaiser-Bunbury et al.,
2010; Sabatino et al., 2010), and the resilience of ecosystems to
landscape modifications (Montoya, 2008).

One of the outstanding features of the Anthropocene is that
most of the world’s population lives in cities. By 2050, current
projections indicate that two out of three world inhabitants
will live in urban areas and that population growth during this
period will happen entirely in cities (United Nations, 2019).
Urbanization, a process that manifests through rapidly changing
human population and land cover, is generally studied across
urban–rural gradients, analyzing changes in plants and animals
along a transect from the inner city to surrounding, less-altered
ecosystems (McKinney, 2002). The impacts of urbanization on
biodiversity occur mainly through the reduction in natural land
cover, and also through fragmentation, the introduction of non-
native species, and increased temperature (McDonald et al.,
2013). Thus, urbanization is considered a major driving force of
biodiversity loss and biological homogenization (Savard et al., 2000;
Gupta, 2002; McKinney, 2002). In this context, there is recent
and increased concern over the conservation of flower visitors in
urban environments, considering that pollination is one of the
major contributions of nature to human wellbeing (Díaz et al.,
2006; Hall et al., 2017; Knight et al., 2018). We studied how the
interactions between flower visitors and flowers are structured
along an urbanization gradient.

Studies in the past decade revealed that bee community
responses to urbanization are often mediated by local and
landscape habitat conditions (Quistberg et al., 2016; Theodorou
et al., 2020). At the local scale, floral resources are important for
flower visitors, as the richness and cover of floral species (Ebeling
et al., 2008; Grundel et al., 2010; McCune et al., 2019), constancy
of floral resources over time (Stewart and Waitayachart, 2020),
and the presence of abundant exotic plants in urban areas (Moroń
et al., 2009; Martins et al., 2013; Fenesi et al., 2015) determine
the richness of the flower visitor community. At the landscape
scale, the most widely studied effects related to urban expansion
are those caused by increased impervious surface (e.g., Geslin
et al., 2016) and heat (e.g., McCune et al., 2019). In turn, the
proportion of impervious surfaces is strongly associated with the
composition of bee communities (Burdine and Mccluney, 2019).
Urban areas are characterized by being significantly warmer than
their surroundings, which can have a strong impact on ectotherms,
such as insects (Briere et al., 1999), and thus on their survival
rate and fecundity (Sales et al., 2018). Additionally, altitude has a
negative effect on the total richness of flower visitors (Bates et al.,
2011).

Nevertheless, the effects of urbanization on insects in general,
and flower visitors in particular, remain ambiguous and are not
completely understood (Threlfall et al., 2015). Existing studies
report positive and negative effects, although the latter seems
to prevail (McKinney, 2006, 2008). Some studies have found a

decrease in the diversity and abundance of pollinating insects
from a rural to urban gradient (Ahrne et al., 2009). However, the
response to urbanization varies among species (Rodrigues et al.,
1993; Osborne et al., 2008), and some bees are equally, or more
abundant, in natural vegetation fragments within urban landscapes
compared to extensive natural areas (McFrederick and LeBuhn,
2006; Osborne et al., 2008; Wenzel et al., 2020).

Assessing whether the impact of urbanization at the species
level scales up to the community level is critical for the conservation
of flower visitors and the ecosystem services they provide (Shwartz
et al., 2013; Potter and LeBuhn, 2015). One way to assess the
community stability in urban areas lies in the use of interaction
networks between plants and their flower visitors (Baldock et al.,
2015; Kaiser-Bunbury and Blüthgen, 2015), which allow a better
understanding of the structure and dynamics of these systems
(Vizentin-Bugoni et al., 2014; Knight et al., 2018). To achieve such
an assessment, we propose to evaluate changes in the structure of
interaction networks at the community level along an urbanization
gradient, both at the local and the landscape scales. In particular,
we looked at the effect of (1) local urban variables, such as
the proportion of exotics plants, flower coverage, and temporal
variation of floral coverage, and (2) variation in landscape variables,
such as impervious surface (areas covered by buildings), altitude,
and land surface temperature, on the structure of plant-flower
visitor networks.

Methods

Study area and sites

This study was done in a natural–rural–urban gradient in the
Yungas ecoregion of northwestern Argentina, which represents
the southernmost extension of the neotropical Andean forest
(Oyarzabal et al., 2018; Figure 1). It is one of the most diverse
ecoregions in the country and has great importance in terms
of the provision of ecosystem services (Malizia et al., 2012). In
Argentina, the altitudinal gradient of the Yungas extends between
400 and 2,500m a.s.l., along which it encompasses three main
environmental forest tiers: piedmont (400–900m a.s.l.), montane
(900–1,600m.a.s.l.), and montane cloud forest (1,600–2,500m
a.s.l.; Brown et al., 1985). Most of the larger urban developments
are established in the montane forest valleys. The study area has
a subtropical climate, where rainfall occurs mostly during the
southern hemisphere summer (ranging between 600 and 2,000mm
annually) with a marked dry season (April–October), and a mean
annual temperature that decreases up the altitudinal gradient from
21.5 to 11.5◦C.

Jujuy province is the northernmost province of Argentina; it
has a low degree of urbanization in general, but it has experienced
a 30% population increase from 2001 to 2022 (from 611.888 to
797.955 inhabitants). The most populated area is the capital city,
San Salvador de Jujuy (The National Institute of Statistics Censuses,
2022), which is located at 1,200m a.s.l. The natural environment
is represented by a montane forest. However, urban developments
have extended to the montane cloud forest in recent years. Other
main cities of Jujuy province grew spatially and demographically,
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FIGURE 1

Distribution of the Yungas forest ecoregion in South America (left) and focused on Jujuy province (right). Circles represent 15 sampling sites
distributed within the Yungas ecoregion, showing a zoom-in of each. Small circles represent a 500-m ratio from the middle point of each site, where
the landscape variables were recorded. Bigger circles represent a zoom-in of each site to visualize the degree of urbanization. Reference: urban sites
(red circles); suburban sites (yellow circles), and natural sites nearby (green circles). (*) Natural site located in the Los Paños locality but belonging to
one of the Palpalá gradients.

from a population of 82,000 inhabitants in the 1970’s (National
Population, Families and Housing Census, 1970)1 to a current
population of 335,406 inhabitants (Permanent Household Survey,
fourth quarter of 2014). The main cause of this development lies in
a double migratory process in search of work, both from rural areas
of the province and from neighboring countries, mainly Bolivia
(Boldrini and Malizia, 2017).

We selected five different urbanization gradients in the
province of Jujuy, each consisting of three urbanization categories
(hereafter called sites), classified according to the percentage of
impervious surface in a 500-m radius from the center of the site
with a GIS analysis technique used byOwen et al. (2006). Categories
of sites were as follows: (1) Urban: 58.6% of the area, on average,
occupied by buildings and houses (ranging from 33.1 to 86%),
sampling was done in parks; (2) Suburban: areas nearby cities
and residential sites, where buildings occupied 30.2% of the area,
on average (ranging from 22 to 36.3%), most of the buildings
are houses with backyards and sampling was done in vacant lots;
(3) Natural: areas with Yungas forest, with <1.1% covered by
buildings (ranging from 0 to 4.4%), and these sites were mostly
natural reserves often used for tourism. The sites within each
urbanization gradient were separated by at least 1.2 km from each
other (Figure 1, Supplementary Table 1). Urbanization gradients
were located in different cities, which was the “region” category,
and were added as a random effect in the models.

1 Available online at: https://www.censo.gob.ar/.

Data collection

At each site, we delimited a one-hectare plot, where we
observed plants to record flower visitors and measured local plant
variables (see Local and landscape variables). Sampling plant-flower
visitor interactions consisted of observation of a focal plant for
5min and recording all plant visitors that made direct contact
with the flower’s reproductive parts. We aimed at completing three
observation periods for each plant species, but in some cases, we
did not find enough individuals. Data were collected between 9 am
and 12:30 pm and between 1:30 pm and 5 pm by the same observer
throughout the study. At each site, we recorded interactions with
all flowering plants present in the plot, including herbaceous plants,
shrubs, or trees. For the latter, we only included branches up to 1.80
m high.

When possible, we captured all insect flower visitors before they
flew away, using entomological aspirators. Afterward, we labeled all
captured individuals and took them to the laboratory for further
identification by experts. Apoidea specimens were identified to
the lowest taxonomic category possible with the help of experts,
while most specimens from Coleoptera, Diptera, Vespidae, and
Formicidae were identified as morphospecies. We also identified
plants with the help of experts when needed (see Acknowledgments
section). To ensure that our sampling included a representative
percentage of the flower visitor community, we calculated the
sampling completeness of the different levels of urbanization with
the Chao1 estimator (Chao, 1987), following Chacoff et al. (2012).
We estimated that we recorded 66% of flower visitors in natural
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areas, 75% in suburban areas, and 68% in urban areas, which mean
that our sampling is quite representative of the total flower visitor
community in those sites (Amado De Santis and Chacoff, 2020;
Supplementary Table 3).

Fieldwork was done during the peak flowering time for
three consecutive seasons (2015–2018), between September
and February (spring and summer) over five urbanization
gradients, and each site was visited between four and six times
(Supplementary material). Two of the gradients were sampled
during two seasons, and three were sampled in only one season
(Supplementary Table 2). This sampling totaled 21 networks.

Community and network metrics

We built a quantitative plant-flower visitor network for each
site. For those sites that were assessed during two flowering seasons,
we built a separate network for each year (we evaluated the
influence of the different seasons and we did not find any effect).
For each network, we extracted community and network metrics
to analyze. The community metrics include the following: (1)
richness (r) is the total number of flower visitor species; (2) Shannon
diversity index (d) accounts for both abundance and evenness of
the species present; network metrics include the following: (3)
specialization index (H2) measures the level of specialization in the
entire network, which ranges from zero (extreme generalization)
to one (extreme specialization), and is derived from the Shannon
index. H2 is not dependent on sample size, and therefore it is robust
to changes in sampling intensity and to the number of interacting
species in the network (Blüthgen et al., 2006); (4) connectance (c)
describes the ratio between the total number of realized (observed)
links in a network and the theoretical maximumnumber of possible
links if all visitors and plants were connected (Jordano, 1987);
finally, (5) nestedness (NODF) is a network metric that indicates
how low-degree species (also called specialists) interact with the
subsets of the species with which high-degree species (generalists)
interact. Values range from 0 (not nested at all) to 100 (perfect
nesting; Almeida-Neto et al., 2008).

Local and landscape variables

We measured environmental variables at the local and
landscape scales, which were calculated for each site. Local variables
include the following: (1) Flower cover: for each day of sampling,
we calculated the percentage of flower cover in 10 random plots of 4
× 4m, distributed within a 1-hectare plot, each time we visited the
site (ranging from 4 to 6 times, Supplementary Table 2) and then
we averaged those values to get one value per site. (2) Temporal
variation of flower cover: we determined the temporal coefficient
of variation (CV) of flower cover at each site throughout the
season with the following formula: CVfc = (σ/χ)∗100 (χ: absolute
mean value of flower cover throughout the flowering season and σ:
standard deviation of flower cover), as a measure of the temporal
stability of the flower resources offered at each site. (3) Proportion
of exotic plant species was calculated per site in relation to the total
number of native and exotic plant species.

Landscape variables
These variables were measured using a GIS analysis. (1)

Percentage of impervious surface (area with buildings, paved roads,
sidewalks, etc.) and natural vegetation cover: it is calculated for
each site in a 500-m radius by considering four categories, namely
dense and shrub vegetations, natural vegetation (with trees and
shrubs), and impervious surface (area with buildings). (2) Ground
surface temperature: the maximum ground surface temperature
was extracted fromMODIS images (Wan et al., 2015), from a series
of values obtained from 2015 to 2018. Then, because the available
data are reported on a per-year basis, and each season encompasses
2 years (September–March), we averaged the two values to obtain
one mean value per season per site. (3) Distance to a natural area:
natural vegetation could provide extra resources to flower visitors
and thus influence their abundance and richness in urban areas.
This variable was calculated as the distance in meters from the
middle point of each site to the center of the nearest sector with at
least 70% of forest cover in a 500-m radius. (4) Distance to a water
body is calculated as the distance from the center of each site to the
edge of a lotic water body (e.g., a river), and (5) Altitude is obtained
with a GPS.

To avoid multiple tests, before the GLMM, we correlated the
local and landscape variables by using Pearson’s correlation test
(Quinn and Keough, 2002). Variables that were highly correlated
(r > 0.70) were discarded from subsequent analysis. At the local
scale, we kept the three original variables because their coefficient
of correlation was <0.70. At the landscape scale, we discarded
distance to vegetation and a water body as they were highly
positively correlated with urbanization. Therefore, we included
only the percentage of impervious surface (urbanization), altitude,
and surface temperature. We also discarded natural vegetation
cover because it was highly negatively correlated with urbanization
(Supplementary Table 8).

Statistical analyses

To test the effect of local and landscape-scale variables over
the response variables—community and network metrics listed
above—we standardized each explanatory variable by subtracting
the mean and dividing by 2∗SD (Gelman andHill, 2007).We report
the range andmean of the original values in Supplementary Table 4.
We used generalized linear mixed models (GLMMs; Crawley, 2007;
Logan, 2009; Zuur et al., 2009) to test local and landscape effects
separately including three-way interactions. One of the models
included community and network metrics as response variables
and local-scale variables as explanatory variables. The other model
included the same response variables and the landscape-scale
variables as explanatory variables (Supplementary Table 5). For
frequency data (richness), we used a negative binomial distribution
to model the stochastic part of the model, because the data showed
over-dispersion. For continuous response variables (Shannon
diversity index, specialization index, connectance, and NODF), we
used a Gaussian distribution.

We considered each network as an independent observation
and thus had 21 networks for the analysis. To ensure that
the two gradients (six sites) that were measured during two
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FIGURE 2

Total interactions of the sites in each urban category. References: (A) natural sites, (B) suburban sites, and (C) urban sites. Green boxes represent
plant species/morphospecies and blue boxes represent flower visitor species/morphospecies, named right next to each box. Lines represent
interactions and box width is proportional to the number of times that each species was recorded interacting.

flowering seasons (Supplementary Table 2) could be considered
independent samples, we set season as a random nested factor
(1|Region/Season). Because the overall results were not affected
by this, we considered that it was justified to analyze all
networks as independent observations. This avoided an unbalanced
design and the need for more complex models. Only the region
was kept as a random effect due to the structure of the
sampling design.

For local and landscape effects, we selected the best model
(those models that better adjust to our data) by using information-
theoretic procedures (Burnham and Anderson, 2004). We
considered models with all possible combinations of predictor
variables. We calculated Akaike’s information criterion corrected
for a small sample size (AICc) for each model (Burnham and
Anderson, 2004). We compared models based on 1AICc, which is
the difference between the lowest AICc value (e.g., best of suitable
models), and AICc for all other models; when the difference
between the best models was >2, we selected the model with
the lowest AICc, but when the difference was <2, we used a
weighted model selection criterion. The criterion to select the
best or the weighted models was based on the AICc weight of
a model (wi), which represents the relative likelihood that the
specific model is better than all the other models (Burnham and
Anderson, 2004). We performed a multiple model selection for
each model (Supplementary Tables 6, 7) and, if the model had wi

> 0.70, it was considered the best model. If no model reached
that value, we calculated the 95% confidence interval limits (CL)
for parameter estimates. The CL of the variables that excluded
zero was considered significant. Because models of richness at
the local and landscape scales exhibited overdispersion (c ËĘ =

1.38; c ËĘ = 2.03, respectively), we adjusted standard errors and
used QAICc for model selection (Burnham and Anderson, 2004).
Statistical analyses were done using lme4 (Bates et al., 2015) and
MuMIn packages (Barton, 2019) for R software, version 3.5.3 (R
Core Team, 2019).

Results

Overall characteristics of pollination
networks

We recorded a total of 197 morphospecies of flower-visiting
insects, of which 37 were identified at the species level and the
rest at the genus, family, and superfamily levels. Hereafter, for
the sake of simplification, we will talk about species for both
species and morphospecies. We also recorded 121 species of
plants; thus, the total number of species in the network was 318
(Supplementary Tables 9, 10). We documented a total of 3,310
visits; of which, 971 visits were recorded in natural areas, 1,120
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TABLE 1 Estimates of community and network parameters, SE, and 95% confidence interval limits (CL) for explanatory variables at the local scale.

Model Response variable Explanatory
variables

Parameter estimate
± SE

Confidence interval limits (CL)

2.5% 97.5%

Local Flower visitors richness (Intercept) 3,3252± 0.0544 3,2115 3,4390

CV floral cover −0.1641± 0.0937 −0.3609 0.0326

Floral cover −0.0678± 0.1276 −0.3300 0.1942

Exotics −0.0889± 0.1698 −0.4337 0.2559

CV floral cover × Floral

cover

0.5527 ± 0.2251 −1,0301 −0.0753

CV floral cover × Exotics −0.6169 ± 0.2719 −1,1938 −0.0399

Floral cover× Exotics 0.0869± 0.4025 −0.7517 0.9257

Floral cover × CV Floral

cover × Exotics

−1,8775 ± 0.8482 −3,7256 −0.0293

Shannon diversity index (Intercept) 3.0526± 0.1006 2,8404 3,2648

CV floral cover −0.4371 ± 0.1876 −0.8323 −0.0417

fl_cov −0.3413± 0.2053 −0.7733 0.0908

Exotics 0.1211± 0.2556 −0.4087 0.6510

Specialization index H2 (Intercept) 0.6018± 0.0354 0.5271 0.6764

Exotics −0.1042 ± 0.0373 −0.1830 −0.0255

CV floral cover 0.0633± 0.0395 −0.0197 0.1464

fl_cov 0.0602± 0.0409 −0.0257 0.1462

CV floral cover× Exotics 0.1578± 0.0936 −0.0418 0.3575

fl_cov× Exotics 0.1546± 0.1317 −0.1260 0.4353

fl_cov × CV floral cover −0.2528 ± 0.0993 −0.4644 −0.0413

NODF (Intercept) 9,4831± 0.7734 7,8275 1,1138

fl_cov −1,0586± 2,0037 −5,3092 3,1920

CV floral cover 5,3568 ± 1,4822 2,1756 8,5379

Exotics 4,4301 ± 1,7772 0.6066 8,2536

Explanatory variables with CL excluding zero are in bold. We only show the response variables that were affected by some explanatory variables. References: exotics: proportion of exotic plants;

floral cover: flower coverage; CV floral cover: temporal variation coefficient of flower coverage.

in suburban areas, and 1,219 in urban areas (Figure 2). We
found a total of 107 species of flower visitors in natural and
suburban areas and 96 in urban areas. We captured 75 bee species
(38% of the total recorded), 64 beetle species (32% of the total
recorded), 31 fly species (15% of the total recorded), 14 wasp
species (7% of the total recorded), and 12 ants species (6% of
the total recorded). Within the bee group, 31 species belonged to
Apidae, 19 to Megachilidae, 16 to Halictidae, 3 to Colletidae, and 3
to Andrenidae.

Local-scale e�ects over community and
network metrics

The richness of flower visitors was explained by the relation
among the proportion of exotic plants, flower coverage, and
temporal variation of flower coverage (Table 1). The richness
of flower visitors decreased with increasing variability in

flower coverage. However, when the variability in flower
coverage was low, the richness of flower visitors increased
with increasing flower cover and proportion of exotics

(Figure 3A). Moreover, high variability in floral resources
negatively affected the diversity of interactions (Figure 3B,

Table 2).
Specialization of the network (H2) decreased when the

proportion of exotics increased (Figure 3C). Furthermore, this
index was also influenced by the interaction between flower
coverage and its variability.When the variability in flower cover was

low, the specialization index increased with increasing flower cover
(thus high stability promoted specialization in the community),

but when variability was high, the specialization index did not
change with flower cover (Figure 3D). While the connectance

of the network was not affected by any local-scale variable
(Supplementary Table 6), nestedness (NODF) increased with an

increasing proportion of exotic plants and variability in flower
cover (Figures 3E, F, respectively).
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FIGURE 3

Response of community parameters and network metrics to di�erent local scale variables. (A) Response of richness of flower visitors to flower
coverage, for di�erent proportions of exotic plants at two di�erent values of the coe�cient of temporal variation of flower coverage (CV_FC). The
values of the explanatory variables are standardized, their equivalence is as follows: flower coverage −0.5 = 3%, 0.5 = 18%, 1 = 27%; coe�cient of
variation of flower coverage, CV_FC: −0.5 = 23% (low variation in floral resources), CV_FC: 0.5 = 75% (high variation in floral resources); the
proportion of exotics plants: low = 4%; high = 46%. (B) Response of the Shannon diversity index to temporal variation of flower coverage; (C)
response of the specialization index to the proportion of exotic plants; and the responses of NODF to (D) proportion of exotic plant species, and (E)

temporal variation of flower coverage. References: the values of the explanatory variables are standardized. The equivalence of each value is as
follows: proportion of exotic plants: −0.4 = 3%; 0 = 20%; 0.8 = 58%; temporal variation of flower coverage: CV_FC −0.5 = 23% (low resources
variation), 0 = 50% (medium resources variation), CV_FC 0.5 = 75% (high resources variation). (F) Response of the specialization index H2 to flower
coverage, at two di�erent levels and the coe�cient of temporal variation of flower coverage. The value of the explanatory variables are standardized,
we show the equivalence of each value: flower coverage −0.5 = 3%, 0.5 = 18%, 1 = 27%; temporal variation of flower coverage: low = 23% (low
variation in floral resources), high = 75% (high variation in floral resources).

Landscape e�ect over community
parameters and network metrics

We found that the effect of the percentage of impervious surface
on flower visitor richness differs with altitude. At low altitudes,

the richness of flower visitors increased when the proportion
of impervious surfaces increased. But at high altitudes, richness

decreases with increasing impervious surface (Figure 4A, Table 2).

The specialization of the network (H2) was negatively affected
by impervious surface, suggesting that urbanization induces a more
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TABLE 2 Estimates of community and network parameters, SE, and 95% confidence interval limits (CL) for explanatory variables at the landscape scale.

Confidence interval limits (CL)

Model Response variable Explanatory
variables

Parameter estimate
± SE

2.5% 97.5%

Landscape Flower visitors richness (Intercept) 3,326± 0.0527 3,2151 3,4371

imp_sur 0.0740± 0.1032 −0.1414 0.2895

sur_tem 0.0717± 0.0977 −0.1343 0.2778

Alt 0.0249± 0.1236 −0.2328 0.2826

Alt × imp_sur −0.6784 ± 0.2965 −1,3097 −0.0471

imp_sur× sur_tem 0.5656± 0.3261 −0.1236 1,2548

Alt× sur_tem 0.3774± 0.3542 −0.3540 1,1088

Specialization index H2 (Intercept) 0.6029± 0.0354 0.5283 0.6775

imp_sur −0.1013 ± 0.0341 −0.1732 −0.0294

sur_tem 0.0519± 0.0462 −0.0457 0.1495

Alt 0.0237± 0.0684 −0.11761 0.1650

Explanatory variables with CL excluding zero are in bold. We only show the response variables that were affected by some explanatory variables. References: alt: altitude; sur_tem: surface

temperature; imp_sur: impervious surface.

generalized assemblage (Figure 4B, Table 2). The Shannon diversity
index was not affected by any landscape explanatory variable.

Discussion

In this study, we evaluated the influence of urbanization over
the assemblage of flower visitors using an interaction network
approach, in an area of Argentinian Yungas.Wemeasured different
variables at local and landscape scales and evaluated the effect
of those variables over community and network metrics. We
found that both local and landscape-scale variables differently
affected community parameters and network metrics. At the local
scale, specifically, temporal variability of resources had complex
effects over most of the parameters evaluated, while landscape-
scale variables affected both network specialization and flower
visitor richness.

At the local scale, we found that the stability of flower resources
affected the richness of flower visitors and the level of generalization
of the network. Increasing the stability of floral resources increased
the richness of flower visitors and diversity of interactions and
decreased the level of nestedness. It has been shown that the
constancy of floral resources over time can lead to a high richness
of flower visitors (Stewart andWaitayachart, 2020). Conversely, the
diversity of flower visitors was negatively affected by decreasing
stability of floral resources as was documented previously by
Winfree et al. (2011) who found that flower visitors respond to
changes in floral resources. As was observed in other studies, the
availability of floral resources canmitigate the effect of urbanization
on flower visitors (Burdine and Mccluney, 2019; Baldock, 2020;
Wenzel et al., 2020). Moreover, urban sites could be a better place
than suburban and rural areas by offering large amounts of floral
resources (Lynch et al., 2021) and nesting sites (Frankie et al., 2005;
Matteson et al., 2008; Hülsmann et al., 2015), as well as a more
stable availability of those resources over time, as plants are replaced

periodically in parks within urban areas. Our findings highlight the
importance of constant and reliable availability of floral resources
within urban areas to maintain a high richness and diversity of
flower visitors.

Increasing the proportion of exotic flowers within the

community, usually used as ornamental in urban areas (Smith
et al., 2005), also affected flower visitors and their interactions.
Many studies report a negative effect of exotic plants over flower

visitors (Moroń et al., 2009; Martins et al., 2013; Fenesi et al., 2015),
while others show no effect of plant status (native or exotic) on
network structure (Vilà et al., 2009). We found that exotic flowers,

when constant, increased flower visitor richness, probably because
they provide important resources. Additionally, we found that an

increasing proportion of exotic plants leads to amore generalist and
nested network. The increase in generalist interactions can result
from having more generalist flower visitor species or generalist

plants (exotic plants may have floral morphologies that are more
accessible to any flower visitor). Yet in our sites, both generalist

and specialist flower visitors (specifically bees) are found equally
distributed in the gradient studied (Amado De Santis and Chacoff,
2020). Alternatively, increased generalization may be related to a

reduction in the number of native plants, a common trend found
in urbanization gradients (Bertin, 2002; Chocholoušková and
Pyšek, 2003; Tait et al., 2005). As a result, specialized interactions
between native plants and flower visitors might have been lost
(Traveset and Richardson, 2006; Aizen et al., 2008). Moreover,
exotic plants contribute to an increase in flower visitor niche
overlap (Marrero et al., 2017), thus, an increasing number of exotic
plants may be playing a key role in interspecific competition among
flower visitors, which could lead to a more generalist behavior by
flower visitors.

Nestedness, the most common structure of mutualistic
networks (Bascompte et al., 2003), has been linked to resilience,
in theoretical models, as increasing nestedness increased resilience
(Thébault and Fontaine, 2010). We noticed that the prevalence
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FIGURE 4

Response of community parameters and network metrics to
di�erent landscape scale variables. (A) Response of the richness of
flower visitors to the interaction between the percentage of
impervious surface and altitude. The value of the explanatory
variables are standardized, we show the equivalence of each value:
impervious surface −0.4 = 4%, 0.1 = 35%, 0.6 = 65%; low altitude =

1,120m, high altitude = 1,550m. (B) Response of the specialization
index H2 to the urbanization gradient. Each triangle represents a
value of the specialization index H2 for each of the 21 communities
analyzed. The value of the explanatory variables are standardized,
we show the equivalence of each value: impervious surface −0.4 =

4%, 0.1 = 35%, 0.6 = 65%.

of exotic plant species along with low floral resource stability
throughout the flowering season increased the level of nestedness of
the plant-flower visitor networks. This agrees with previous studies
where they show a positive relationship between nestedness and the
presence of exotics (Stouffer et al., 2014). Exotic plants are generally
involved in generalist interactions, and it has been recently found
that they can even contribute more than natives to nestedness in
networks of urban areas (Zaninotto et al., 2023). Exotic plants can
play an important role in increasing the level of nestedness, thus
probably increasing the resilience of these communities in urban
areas, as they provide resources in moments when native flowers
are not flowering. In this case, the nested pattern may be related
to the tendency of having bigger networks toward urban areas
(Bascompte et al., 2003; Vázquez and Aizen, 2004) and an increased
generalism in the interactions. This interpretation agrees with
Pigozzo and Viana (2010), who suggested that nestedness could
be related to the ability of different species to exploit the different
range of resources (generalist vs. specialist). To our knowledge, low

stability in floral resources followed by an increase in nestedness
in the community is a new and interesting result, probably related
to the different timing of flowering of native vs. exotics or to
the increased phenological period of flowering. Further studies
could confirm its generality and contribute to understanding the
mechanisms behind it.

At the landscape scale, the percentage of impervious surface
affected network structure, while temperature and distance to
bigger natural areas had no detectable effects. We found that the
effect of the percentage of impervious surface on flower visitor
richness differs with altitude. At the lowest sites, the richness
of flower visitors increased with an increasing proportion of
impervious surfaces, but the effect was the opposite at high
altitudes. Species richness of flower visitors has been shown to
decrease with altitude (Arroyo et al., 1985; Hodkinson, 2005;
Ramos-Jiliberto et al., 2010), as in our study, despite the narrow
altitude range of our sites (1,031–1,681m.a.s.l.). The differential
effect of urbanization on the richness of flower visitors depending
on altitude might be the result of a more specialized, restricted,
or limited set of species toward higher altitudes, but further
study to understand the mechanism behind this pattern would
be needed.

The proportion of impervious surfaces negatively affected
the specialization of the network. This result agrees with Aizen
et al. (2012), who concluded that specialized plant-flower visitor
interactions are particularly prone to be lost with increasing
habitat fragmentation and other anthropogenic disturbances.
Moreover, this could be related to a greater percentage of
exotic plants in urban areas, which contribute to an increase
in niche overlap among flower visitors, as exotic species often
have less restricted morphologies, and therefore tend to be
more generalistic, on average, than native species (Marrero
et al., 2017). This scenario might favor mostly generalist flower
visitors and could affect the reproduction of native plants
present in these sites (Totland et al., 2006). In this sense, many
species of flower visitors interact with generalist exotic plants
in highly invaded networks, and there is a trend of increased
dependency with time on those exotic species (Aizen et al.,
2008). This situation could lead to a more generalist flower
visitor assemblage.

Overall, our results suggest that, at the community level, flower
visitors are affected by urbanization, although this is dependent
on the spatial scale. Local-scale factors have strong effects on the
parameters measured, and local and landscape effects both affect
the richness and the specialization levels of the network in different
ways. Therefore, our findings highlight the importance of factors
at the local scale—i.e., the stability of floral resources in their
effect on community and network metrics. Our results suggest
that urban residents along with garden managers can promote the
presence of pollinators by managing floral resources, specifically
increasing their stability through the spring and summer. Our
results are encouraging because local conditions can be relatively
easily managed, while landscape or context variables, such as
habitat cover, are more complex and economically costly to handle.
With the information offered here, we encourage decision-makers
to be very cautious in the implementation of development plans
in urban environments located in forests at high altitudes. In
conclusion, the network approach provides valuable information
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to achieve more sustainable development of urban expansion with
respect to the flower visitor assemblages when managing territorial
development plans and maintenance of public green spaces such as
urban squares and parks.
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