
₁₈₆                                                                MJ D� S���� C����� �� ��                             O��������� �� ��������� ��� ���������� ����� �� ����� �������� �������                       ₁₈₇Ecología Austral 32:186-194

Recibido: 5 de Julio de 2021
Aceptado: 5 de Diciembre de 2021* maira.jpsilva@gmail.com

Editor asociado: Alejandro Farji-Brener

Ecología Austral 32:186-194 Abril 2022
Asociación Argentina de Ecología

The probability of occurrence of disperser and pollinator birds 
in urban riparian forests

M���� J. D� S���� C�����₁,*; L���� A. C�����₂ � M���� C. B������ D� T�����₁

1 Universidade de Taubaté (UNITAU), Taubaté, São Paulo, Brasil. 2 Instituto Federal de Educação, Ciência e Tecnologia de    
São Paulo (IFSP), São José dos Campos, São Paulo, Brasil.

A�������. Riparian forests are important for their ecological function and provision of services regarding the 
maintenance of water resources and wild fauna. Paradoxically, it is one of the ecosystems that suffer most from 
anthropization, especially urbanization. Thus, our objective was to compare the probability of occurrence of 
pollinating and dispersing species in two areas of riparian forest, where the periurban fragment is inserted in 
an area with patches of forest remnants and the urban fragment, an area of forest remnant located in a heavily 
constructed region. From the results obtained, we note that the riparian forest area considered preserved had 
the highest occurrence of dispersers, while the area inserted in the urban matrix had the highest occurrence 
of pollinators. In this way, it was possible to observe that the most preserved area showed greater equality 
between the groups, with a greater number of dispersers. Still, riparian forest isolated by strong urbanization 
showed that dispersers had a low frequency of occurrence, an essential function in the renewal and continuity 
of riparian forest in the future.

[Keywords: urbanization, dispersers, pollinators, environmental sciences, functional groups]

R������. La probabilidad de aparición de aves polinizadoras y dispersoras en bosques ribereños urbanos. 
Los bosques ribereños son importantes por su función ecológica y por los servicios que prestan en relación con 
el mantenimiento de los recursos hídricos y la fauna silvestre. Asimismo, constituyen uno de los ecosistemas que 
más sufren la antropización, especialmente en las áreas urbanas. Nuestro objetivo fue comparar la probabilidad 
de ocurrencia de especies de aves polinizadoras y dispersoras en dos áreas de bosque de ribera ubicadas en São 
José dos Campos, São Paulo, Brasil. Se registraron la aves mediante puntos de conteo en un fragmento ribereño 
periurbano y en un fragmento urbano. Los resultados obtenidos muestran que el fragmento ribereño tuvo la 
mayor ocurrencia de dispersores, mientras que el fragmento urbano tuvo la mayor ocurrencia de polinizadores. 
De esta forma se pudo observar que el área más preservada mostró mayor igualdad entre ambos grupos, con 
mayor número de dispersores. Por otro lado, el bosque de ribera aislado por una fuerte urbanización mostró 
que los dispersores presentaban baja frecuencia de ocurrencia, una función muy importante en la renovación 
y la continuidad del bosque de ribera en el futuro.

[Palabras clave: urbanización, dispersores, polinizadores, ciencias ambientales, grupos funcionales]

I�����������
Human interference significantly affects bird 

species that live in natural ecosystems (Marini 
and Garcia 2005; Tella et al. 2020), including 
riparian forests, which are one of the most 
degraded ecosystems (Ferreira and Dias 
2004). Urbanization is the transformation of 
soil, which houses natural biota, in anthropic 
environments (Angeoletto and Santos 2015). 
The urban landscape is usually fragmented 
into a mosaic of varied environments, 
presenting a different plant structure and 
floristic composition than that originally 
present (Mendonça and Anjos 2005). However, 
the urban landscape can offer different 
conditions and resources to be used by fauna 
(Fonseca et al. 2012). Occasionally, when a 
community is disturbed, an alternative stable 

state is established. This happens when the 
disturbance occurs to the point of changes 
in species composition and population 
abundance in this community, leading to a 
new structure resistant to alteration (Ricklefs 
and Relyea 2018). The effects of these changes 
can be observed in different ways in birds, as 
species that were favored with such changes 
and expanded their populations have already 
been found, as well as extinct others (Marini 
and Garcia 2005). Thus, it is important to 
understand that small variations in the 
environmental aspect can promote changes 
in the community, changing the distribution 
and abundance of several species (Ricklefs and 
Relyea 2018). One way to qualify and quantify 
the effect of an environmental change is the 
use of bioindicators, which, in general, consists 
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of using living beings, plants or animals, to 
identify certain environmental changes 
(Cetesb 2020). In the context of urbanization, 
the decrease in bird species richness and the 
increase in the abundance of species tolerant 
of human coexistence can be used to identify 
anthropization (Butterfield et al. 1995). 

Usually, birds were proposed, evaluated 
or used as indicator species for various 
environmental parameters, responding to 
the conditions of ecosystems that incorporate 
forests, pastures, including disturbances and 
processes such as urban expansion (Chambers 
2008; Mekonen 2017). Bioindicators are often 
adopted in research and environmental 
management as a diagnostic tool. That is, 
indicator species are tasked with representing 
the status of the environment or serving as 
an equivalent for a larger number of species 
and can provide information on the condition 
and modification of the environment (Nguyen 
2007; Mekonen 2017). Birds have great food 
diversification and, due to this, are responsible 
for several functions, such as seed dispersal, 
pollination, population control, among others 
(Naime 2011). Species with the same ecological 
needs being classified into functional groups 
become an important assessment mechanism 
in relation to birds’ responses to environmental 
influences (Bennet et al. 2004; Uezu et al. 2005; 
Steinitz et al. 2006). The use of disperser and 
pollinator functional groups of birds as 
bioindicators of environmental condition 
is relevant because the urbanization of an 
area can lead to fragmentation and isolation 
of native areas, reducing the availability of 
resources (Silva 2010). Consequently, both 
isolation and lack of resources can interfere 
with the processes of continuity in the 
remaining areas, mainly through the reduction 
of dispersing and pollinating species (Naime 
2011). 

Our objective was to compare the probability 
of occurrence of pollinating and dispersing 
species in two areas of riparian forest, one 
included in a permeable urban matrix and 
the other inserted in a strongly urbanized 
impermeable matrix. Based on the theoretical 
framework above, this study predicted that 
isolated riparian forests in heavily urbanized 
areas change the composition and structure of 
the bird community of the functional groups 
of pollinators and dispersers, which are 
important for the maintenance of the forest 
for as long as possible.

M������� ��� M������
Study site

The study was conducted in the city of 
São José dos Campos, São Paulo, Brazil. The 
city is located on the Atlantic plateau and is 
included in the natural subdivisions, defined 
by distinct morphological characteristics: Serra 
da Mantiqueira, Médio Vale do Paraíba and 
Planalto de Paraitinga. It is established in the 
Atlantic Forest biome, with native vegetation 
on the slopes, spurs and ridge points of Serra 
da Mantiqueira. 

Two areas of riparian forest were chosen, the 
periurban fragment located in the City Park 
‘Roberto Burle Marx’, on the banks of the 
Paraíba do Sul River, an area under recovery 
with patches of forest remnants, with an area 
of ~950000 m². The urban fragment, an area of 
forest remnant that presents the source and 
extension of the Senhorinha stream, located in 
the Bosque dos Ipês neighborhood, a heavily 
built region without the presence of wooded 
green areas, with an area of ~300000 m². This 
study was conducted in an area of ~250000 m² 
for each site.

To determine the observation points, a 
sampling method with marking of fixed points 
equidistant about 200 m in the vicinity of the 
riparian forest of the study areas was used. 
Eight points count were selected for each study 
area. The study areas and the coordinates of 
the observation points are highlighted in 
Figure 1. The visits to the sampling areas 
were conducted in the morning, between 
5:30 a.m. and 9:30 a.m., on each day two 
observation points were visited, totaling 3 
hours of observation per day, at each point 
the permanence time was approximately 1 h 
30 min. As noted, it took 4 days of field work 
to visit each area, that is, 8 days to perform the 
procedure in both study areas. After 15 days, 
this process was repeated, causing each area 
to be visited twice, throughout the months of 
study (i.e., there were 16 days of observation 
per month). Observations of birds species were 
performed twice a month at each point, nearly 
every 15 days, from September to December 
2020, resulting in a sample effort of 128 hours 
(total).

Bioindicators
The selection of birds species to form a 

functional group was based on the study 
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performed by Leveau (2013), composed of bird 
species that nest in trees, are nectarivores and 
that feed on fruit. The characteristics of these 
species are associated with pollination and 
seed dispersal that promote the propagation 
of flora species. In addition to this important 
function, the presence of species that nest in 
trees denotes the function of shelter for fauna 
in these urban forest areas. The species chosen 
by us were selected from a survey performed 
by Toledo et al. (2012) and Monteiro (2018), 
who conducted studies of the urban bird 
community in the region of our study. The 
selected dispersers were Euphonia chlorotica, 
Thlypopsis sórdida, Mimus saturninus, Turdus 
amaurochalinus, Turdus rufiventris, Turdus 
leucomelas and the selected pollinators were 
Coereba flaveola, Amazilia láctea, Eupetomena 
macroura and Phaethornis pretrei.

Data collection
The selected species are conspicuous in both 

vocalization and morphology (size and color), 
which facilitates identification in the field. In 
addition to the fixed point count method, the 
playback technique was used. This technique 
allows the reproduction of birds’ songs to be 
able to attract them, enabling the collection 
of data and recording of the presence of the 
species being studied (Boscolo 2002; Meira 
2016). Upon reaching the observation point, 
the observer remained silent for 10 min, 
after this period, using a Grasep D-G118 
loudspeaker, the playback technique was 
performed, emitting the vocalization of a 
certain species 3 times and waiting for 2 min for 
certificating presence or absence between each 
call. The procedure was repeated for each of 
the 10 species. The presences were considered 

Figure 1. Periurban and urban fragments, respectively, each with 8 observation points and their coordinates.
Figura 1. Fragmentos periurbanos y urbanos, respectivamente, cada uno con 8 puntos de observación y sus 
coordenadas.
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through vocalizations and also visually. For 
observation, Fujinon 400 (8x40) binoculars 
were used and for photographic records a 
Canon PowerShot SX400 IS camera.

Data analysis

For data analysis, presence at each point in at 
least one of the monthly visits was considered. 
In each fragment, for each species, in each 
month, the frequency of observation (FO-
periurban fragment and FO-urban fragment) 
was computed, which consists of the quotient 
of the number of points where the species of 
interest is present by the total number of 
points.

Considering the FO-periurban fragment and 
FO-urban fragment data, the non-parametric 
test two-way ANOSIM (Clarke 1993) was 
performed using the PAST software (Hammer 
et al. 2001) to compare the similarity between 
the presence of our selected species in the 
two study areas, as well as between species. 
ANOSIM is commonly used for taxon-in-
sample data, where groups are samples that 
need to be compared (Hammer et al. 2001).

Also, for each species and each month, the 
quotient between the number of points where 
presence was registered by the total number of 
points in each area was calculated. The results 
were presented in comparative histograms 
and, using the Bioestat 5.0 software (Ayres et 
al. 2007), the non-parametric X2 -Chi-Square 
test for independent samples was applied, 
in order to identify significant differences 
between the data.

To compare the functional groups of interest 
(pollinators and dispersers), for each point in 
each area, a quotient was made between the 
number of species observed in each functional 
group by the total number of pre-selected 
species of that same group, for the 4 months 
studied. This provided the percentage of the 
presence of the species of interest of the selected 
functional groups at each point in each area 
for the months studied. An arithmetic mean 
between the percentages by points of each 
area was performed. The performed analysis 
is assuming that all species composing the 
biological community are similarly detected, 
and detectability is constant over space and 
time. The approach excludes the probability 
of detection or detectability. The result was 
plotted on a line graph, for comparison, 
where pollinators and dispersers of the 

periurban fragment and urban fragment can 
be visualized.

R������
The pollinating species were more observed 

in the urban fragment and the seed dispersers 
in the periurban fragment. The two-way 
ANOSIM was performed for FO-periurban 
fragment and FO-urban fragment, between 
the study areas and between species. It was 
possible to observe that there was a significant 
difference between periurban fragment and 
urban fragment (R=0.20; P=0.0038). This result 
shows us that these sites present differences in 
relation to the frequency of observation of the 
selected species. When comparing the species, 
we obtained a highly significant difference 
(R=0.43; P=0.0001), that is, there was variation 
in the frequency of observation between the 
selected species. 

Figure 2 shows the percentage of points 
where a certain species was observed in each 
month for both areas, species by species, 
for each month of study, and the result of 
the Chi-Square analysis. It can be observed 
that, in general, the pollinating species were 
more observed in the urban fragment and the 
dispersers in the periurban fragment. Turdus 
leucomelas and T. rufiventris stand out for 
presenting a high frequency of observation in 
both study areas and did not show significant 
differences in any month of study. Turdus 
amaurocholinus showed a significant difference 
between the areas in three of the four months 
studied, being always more observed in the 
periurban fragment, also E. macroura showed 
a significant difference between the areas in 
every month of studies, we can highlight 
its greater presence in the urban fragment. 
Amazilia lactica in September had a lower 
frequency of observation in both study areas 
and the months with more observations were 
October and November. Phaethornis pretrei 
was the least observed hummingbird species 
during the study period, its observation 
frequency remained constant in all months in 
the periurban fragment. In the urban fragment, 
the highest frequency of observation of this 
species was in November and the lowest in 
September and October. When we compare 
pollinators and dispersers in the study areas, 
we note that pollinators have a greater presence 
in the urban fragment except in November. 
In Figure 3, we can see that the two areas of 
studies show the same behavior in relation 
to dispersers, but periurban fragment shows 
greater favoring of this functional group.
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Figure 2. Comparison between species in the four months of study in the two areas of interest. The numbers 9, 10, 11 
and 12 indicate the months September, October, November and December (*: significant difference by X2).
Figura 2. Comparación entre especies en los cuatro meses de estudio en las dos áreas de interés. Los números 9, 10, 
11 y 12 indican los meses septiembre, octubre, noviembre y diciembre (*: diferencia significativa por X2).
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D���������
Regarding the frequency of occurrence of 

the species being studied, our results showed 
that there was a difference between the 
periurban and urban riparian forest fragments. 
Urbanized areas, through changes in land 
use, can promote the loss of species through 
the shrinkage and fragmentation of the area 
available for native species (McKinney 2002; 
Sacco et al. 2015), and simplification of the 
vertical structure of the vegetation (Marzluff 
and Ewing 2001; Toledo et al. 2012). The 
combination of these factors negatively 
affects habitat quality for animals and tends to 
intensify with increasing urbanization (Alberti 
et al. 2001; Sacco et al. 2015). 

The results regarding the frequency of 
occurrence of the species evaluated in the 
periurban forest remnant (recovery area) 
and urban (remnant) indicate that the 
environments suffered and still suffer strong 
anthropic pressure. Species with generalist 
habits tends to adapt better to the changes 
generated by anthropic intervention, since, 
despite the fragmentation, decrease and 
alteration of the natural habitat, some urban 
matrices can complement the availability 
of resources and habitat necessary for the 
maintenance of the species considered more 
resistant and less demanding (Gascon et al. 

1999; Santos 2014). Species such as T. leucomelas 
and T. rufiventris, both dispersers, presented 
high frequency of occurrence in both study 
areas. A work performed by Scherer et al. 
(2007), demonstrated that T. rufiventris was 
extremely relevant for the maintenance of 
the dynamic structure of the fragments, due 
to the ability to move and consume various 
fruits. Additionally, studies by Corlett (1998), 
Francisco and Galetti (2002) and Silva et al. 
(2002) demonstrated that species of the genus 
Turdus appear among the most important 
for seed dispersal. Unlike T. leucomelas and 
T. rufiventris, the species M. saturninus and 
T. amaurochalinus, both omnivorous and 
dispersers, were poorly observed in both 
study areas. Non-migratory species that 
occur sporadically in green areas, can live 
and breed around cities (Argel-de-Oliveira 
1987; Matarazzo-Neuberger 1990; Hofllng 
and Camargo 1993). Thus, according to Argel-
de-Oliveira (1995), individuals occasionally 
observed in urban areas, possibly are born 
in green areas that disperse in search of a 
favorable environment, generating a constant 
flow of these birds, between preserved areas 
and urban fragments. Considering that 
omnivorous and generalist species are favored 
by the presence of the forest edge (Anjos 1990) 
and by the heterogeneity of vegetation types in 
altered environments (Anjos 1990; Cândido Jr. 

Figure 3. Comparison between 
periurban and urban fragments 
in relation to seed dispersers 
and pollinators. The numbers 
9, 10, 11 and 12 indicate the 
months September, October, 
November and December.
Figura 3. Comparación entre 
el fragmento periurbano y el 
fragmento urbano en relación 
con las aves polinizadoras y 
dispersoras de semillas. Los 
números 9, 10, 11 y 12 indican 
los meses de septiembre, 
octubre, noviembre y 
diciembre.
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2000; Aleixo 2001), it is possible to assume that 
the current characteristics of both the areas 
studied provide, in whole or in part, both food 
and reproductive resources that guarantee the 
permanence of these species in urban green 
areas (Silva et al. 2014).

Regarding pollinators, our results corroborate 
other studies that describe nectarivores as 
explorer species in urban areas. Nectarian 
species are adept at exploring altered 
environments, where they can find native 
and exotic flowers available throughout 
the year present in various green areas, 
such as gardens, backyards, parks, squares 
(Guilherme 2001; Mendonça and Anjos 2005; 
Toledo and Moreira 2008; Filho and Silveira 
2012). Eupetomena macroura is associated 
with aggressive behavior in territorial 
defense (Justino et al. 2012; Maruyama et 
al. 2019) competing with C. flaveola for the 
same food resource (Calviño-Cancela 2006). 
Additionally, E. macroura has a diverse diet, 
being predominantly insectivorous in the 
reproductive period when protein needs 
are greater (Moran et al. 2019). The structure 
of the urban fragment can maintain both 
floral resources and insect assemblages that 
live in urban green areas (Lowe et al. 2018; 
Maruyama et al. 2019). Thus, urban forest 
areas, which have green areas, can sustain the 
presence of E. macroura, even in the absence 
of nectar, due to the food variation of this 
species. Phaethornis pretei, on the other hand, 
had greater frequency of occurrence in the 
periurban fragment. This specialized species 
is common in natural forest environment and 
forest edges (Matias et al. 2016; Maruyama 
et al. 2019), but P. pretei can benefit from 
the urban matrix as it can occasionally be 
found among houses in wooded gardens and 
building nests suspended on roots hidden 

under bridges (Sick 1997; Willis and Oniki 
2003). The A. lactica species also showed a 
marked variation between the two study 
areas, with a higher frequency of observation 
between periurban and urban fragments, 
depending on the month. This variation 
is likely associated with the diversity and 
abundance of plants that provide nectar (Stiles 
1981; Cotton 1998; Chupil and Roper 2014). 
These results corroborate the theory that urban 
area works as a phylogenetic and phenotypic 
filter for hummingbirds, as proposed by 
Puga-Caballero et al. (2020) who comment 
that urban areas favor hummingbirds of size 
and large peak of beaks. 

In view of the results obtained in the two 
areas and the low variation between species, 
homogenization of functional groups is 
observed (Croci et al. 2008; Aguiar 2015). Biotic 
homogenization comes from the replacement 
of natural environments by anthropic 
environments, leading to a replacement of rare 
and specialized species by generalist species 
(Sol et al. 2014; Silva et al. 2016). It is important 
to highlight that this study covers 4 months of 
survey in a period of greater activity of birds, 
the reproductive period, all these results add 
knowledge of how urbanization influences 
the fragments that are influenced by the 
urbanization process.
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