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Abstract: Three species of Columbidae (Columbina talpacoti, Columbina picui and Zenaida auriculata) were
studied in Londrina, Northern Parana (Brazil), with the aim of analyzing which foraging and habitat factors
contribute to their ecological partitioning. The study was conducted over one year in three different areas (urban,
rural and pasture). We made monthly observations of the foraging strategies used by the species and the habitats
they selected. Possible variations in availability of resources over the twelve months of the study did not influence
the type of foraging used by the three species. Significant differences between the foraging strategies used by the
species were observed in relation to the foraging site, specifically the foraging substrate. Soil, grass and paving
were the foraging substrates that were most used by all three species, indicating that they are ground-foraging
birds. Differences in the time spent in the foraging areas were significant between species; Z. auriculata remained
in the foraging area for the longest time, often foraging in a group, suggesting a possible adaptation of this species
in order to obtain a greater amount of resources. Adapting to anthropological environments without continuous
forest cover could be one of factors that the most influential in the selection of habitat by the three species of
Columbidae. Principal Components Analysis (PCA) showed differences between the proportions of herbaceous
and gramineae plants, paving, plantations and shrubs in the habitats selected by each species. We also concluded
that differences in the time spent in the foraging areas and between foraging substrates are factors contributing
to the ecological separation of the three species and therefore allowing their coexistence in the region.
Keywords: Columbina picui, Columbina talpacoti, foraging strategies, habitat selection, Zenaida auriculata.
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Resumo: Trés espécies de Columbidae (Columbina talpacoti, Columbina picui ¢ Zenaida auriculata) foram
estudadas em Londrina, Norte do Parana (Brasil), com o intuito de analisar quais os fatores de forrageio e habitat
contribuem para a reparti¢ao ecoldgica dessas espécies. O estudo foi conduzido durante um ano em trés areas
distintas (urbana, rural e de pastagem). Nos observamos mensalmente as estratégias de forrageio utilizadas pelas
espécies e o habitat que elas selecionam. Possiveis variagdes na disponibilidade de recursos ao longo dos doze
meses de estudo ndo influenciaram no tipo de forrageio utilizado pelas trés espécies. Diferencas significativas
entre as estratégias de forrageio utilizadas pelas espécies foram observadas em relagdo ao local de forrageio,
mais especificamente em relagdo ao substrato de forrageio. Solo, grama e pavimento foram os substratos de
forrageio mais utilizados pelas trés espécies, indicando que elas sdo espécies forrageadoras de solo. Diferengas
entre o tempo de permanéncia na area de forrageio foram significativas entre as espécies; e Z. auriculata foi a
espécie que se manteve por mais tempo na area de forrageio e frequentemente forrageava em grupo, sugerindo
uma possivel adaptagdo da espécie em relagdo a obteng@o de uma quantidade maior de recursos. Adaptagdo a
ambientes antropicos e sem cobertura vegetal continua pode ser uns dos fatores de maior influéncia no habitat que
as trés espécies de Columbidae selecionam. Analises de Componentes Principais (ACP) mostraram diferencgas
entre as propor¢des de herbaceas e gramineas, pavimento, plantagdes e arbustos no habitat selecionado por cada
uma das espécies. Nos concluimos também que diferencas entre o tempo de permanéncia na area de forrageio
e diferencas entre o substrato de forrageio sdo fatores que contribuem para separacio ecoldgica e permitem a
coexisténcia das trés espécies na regido.

Palavras-chave: Columbina picui, Columbina talpacoti, estratégias de forrageio, sele¢do de hdbitat,
Zenaida auriculata.
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Introduction

Studies of foraging behavior are a useful tool in determining how
birds use their habitat; they also enable environmental features that
might influence bird populations to be identified (Cueto & Casenave
2002). Traits such as foraging height, position, substrate foraging
and patterns that relate variables of foraging behavior with habitat
use are commonly investigated and may indicate dimensions which
differentiate species (Wiens 1989) according to their use of resources
and patterns of trophic niches. Resource availability is another factor
to be considered in foraging studies, given that the quantity of food
items can vary seasonally within a habitat.

Resource factors and conditions that involve spatial and temporal
separation in the environment can contribute to the differentiation
of niches between ecologically similar species that use the same
resources (Begon et al. 2006). Furthermore, related species often
differ in their habitat and/or habitat dimensions and thus avoid
competition with each other (MacArthur & Levins 1964). Habitat
selection is a hierarchical process when considered in relation to
behavioral responses, which might result in a disproportionate use
of habitats in order to influence the survival and fitness of individuals
(Hutto 1985, Block & Brennan 1993, Jones 2001).

Columbina talpacoti (Temminck, 1811), Columbina picui
(Temminck, 1813) and Zenaida auriculata (Des Murs, 1847) belong
to the family Columbidae; their similarities include that they are all
considered grassland species (Sick 1997) and have a granivorous diet
(Baptista et al. 1997). The two Columbina species also have a similar
length of approximately 16.5 cm (Sick 1997) and weight of 47 g
(Dunning 2008), whereas Z. auriculata has a length of 21 cm (Sick
1997) and weight of 136 g (Dunning 2008). They are all distributed
throughout most of Brazil and are classified as common throughout
the year based on studies conducted in Londrina (Westcott et al.
2002, Lopes & Anjos 2006). Populations of Z. auriculata have
increased in Argentina and in the state of Sdo Paulo (Brazil) since the
mechanization of agriculture that has created landscapes with a large
availability of food (Ranvaud & Bucher 2006). Although Z. auriculata
is present at a higher population density when compared to the other
species (P.M. Fontoura & M.L. Orsi, unpublished data), the three
species are native and coexist in the study region.

Ecological mechanisms such as morphological divergence,
behavior or even the differential use of food resources and resources
in space could be evolutionary responses in the competition between
species (Krebs 1985). This study investigated strategies used in
foraging behavior and habitat selection by the three species that
were the targets of this study, with the aim of: 1) evaluating the
foraging strategies used by Z. auriculata, C. talpacoti and C. picui,
2) assessing the influence of temporal gradients on the kind of
foraging used by species; 3) analyzing the habitats they select within
the environment; and 4) relating the corresponding factors to the
components of foraging and habitat and the ecological partitioning
of these similar species.

Material and Methods

1. Study area

Londrina (23° 17° 32 S and 51° 10° 23” W) is a city located
in Parana State North, South Brazil. According to the Monitoring
System of Agroclimatic Parana (Instituto... 2013), the city has a
climate classified as subtropical humid, the mean annual temperature
is 21 °C and annual precipitation is around 1600 mm, varying between
53 mm in the driest month (August) and 219 mm in the rainiest
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month (January). Atlantic Forest is a dominant biome in the region
(Fundag@o... & Instituto... 2009).

The study was conducted in three areas commonly used by the
species in Londrina. Area 1 is an urban area located on the outskirts
of the city of Londrina, containing (percentages are approximate)
residential homes (60%), empty lots (20%), paved streets (15%),
and trees and gardens (5%). Area 2 is an agricultural area located in
the rural area of Londrina characterized by plantations (80%), edge
of secondary forest (10%), bare soil (5%) and built-up area (5%).
Finally, the third area is an area of pasture located in a rural zone,
containing grass pasture (65%), regenerating forest (15%), edge of
secondary forest (10%) and built-up area (10%).

2. Foraging behavior and habitat selection

Sampling was undertaken from August 2011 to July 2012,
with monthly observations being made to collect foraging data and
characterize the habitats of the three species involved in this study.
Each of the three study areas was visited two days per month during
the study period; sampling was begun two hours after sunrise. The
daily observation time was two hours, totaling 48 hours of sampling
effort for each area over the twelve months of study. A transect of
2,000 m was established in each area and walked by the observer
on each day of observation. Direct observations of the foraging
behavior of the species were recorded using the method of focal
animal sampling (Altmann 1974), in which the foraging strategies
of a selected individual were counted after an initial five seconds
of contact with the species, during which time the individual could
become accustomed to being observed. In order to reduce any
pseudoreplication as a result of the autocorrelation of the foraging
samples and to guarantee independence of the data, observations were
separated by an interval of five minutes and only the initial foraging
behavior of the individual was recorded (Hejl et al. 1990). When more
than one species was presented to the observer, preference was given
to observing the species for which fewer records had been made up
to that point (Volpato & Anjos 2001).

The foraging strategies were categorized according to the system
proposed by Remsen & Robinson (1990) for the feeding behavior of
soil birds (with adaptations): 1) type of foraging or attack behavior
to capture food: glean (to pick food from a nearby substrate), lunge
(bird moves up to the food item), sally (fly from a perch to attack a
food item), probe (insert the beak into cracks or holes in the substrate
to capture hidden food) and flake (removing the loose substrate with
beak movements); 2) the foraging site, classified according to the
foraging substrate: soil, branch, air, grass or paving (including any
type of flooring such as sidewalk and asphalt); 3) vertical position,
i.e. the estimated height of the bird relative to the ground; 4) food
item, when it was possible to observe this; 5) the time each bird spent
at the foraging site, considered to be the area within a radius of 2 m
from the point where the individual was first observed (Lopes et al.
2006); and 6) agonistic behavior: intraspecific or interspecific.

In parallel with sampling and observations of foraging behavior
and between periods of recording the foraging strategies, habitat
selection by the species was characterized according to the
methodology of Marra & Remsen (1997), with adaptations. Based
on the physical characteristics of the environment and structure of the
vegetation, ten environmental variables were discriminated (shown
in Table 1). Information concerning environmental variables was
collected within a radius of 10 m from the point where the individual
was initially observed, and each detection was considered as a sample.

3. Data analysis

A two-way analysis of variance (ANOVA) (p < 0.05) was used
to determine whether there were any differences between the species
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in relation to the five type of foraging used over the 12 months of
study. A G-test was used to determine differences for the species in
respect of the strategies related to type of foraging, foraging site and
food item. Vertical position and time are quantitative variables and
were therefore analyzed using a Kruskal-Wallis test, and agonistic
behavior strategy was analyzed based on frequency of occurrence. A
Principal Components Analysis (PCA) was performed both for the
total data and separately for each species, with the aim of identifying
the most important environmental variables in the habitat selected
by the species. The axes were retained for interpretation of the PCA
data and the highest values of the eigenvectors of the principal axes
were considered as being the most representative in the analysis.

Results

A total of 381 observations of foraging behavior were obtained
for the three species during the twelve-month study period, of which
53 observations were for C. talpacoti, 48 for C. picui and 280 for
Z. auriculata. No significant temporal differences were found in the
type of foraging used during the study by C. talpacoti (F, ,;=0.614,
p = 0.974), C. picui (F, ;= 0.434, p = 0.999) or Z. auriculata
(F, ;= 1.181, p = 0.212). However, all species preferentially used
foraging by glean (Table 2), and therefore no significant differences
in the type of foraging used were found between them (G = 8.62,
df =8, p = 0.38). Columbina talpacoti and C. picui were observed
foraging on soil, branches, grass and paving, whereas Z. auriculata
was recorded on all foraging substrates (Table 2). Significant
differences were found between the foraging sites used by the species
(G=184, df =8, p=0.019). The specific food items consumed by
a species could be observed in 19.7% of the total foraging samples.
Species did not differ in the type of ingested food (G =0.97, df =2,
p =0.615) and seed was the preferred food item, with a preference
of at least 95% (Table 2). No significant differences were observed
in the vertical position of the foraging of C. talpacoti, C. picui and
Z. auriculata (H = 0.034, p = 0.98), but the species differed in the
time spent in the foraging areas (H = 80.9, p < 0.001) (Figure 1)
and Z. auriculata remained significantly longer at a foraging site
than the two other species (Mann—Whitney pairwise comparisons,
p <0.001). Agonistic behavior was observed in 1.05% of the total
foraging samples, with all occurrences being for Z. auriculata. This
represents a 1.43% occurrence frequency of intraspecific behavior
for this species.

Of the environmental variables that were representative of each
species (Table 3), four were common to the three species in the
following order: absence of leaf litter, buildings up to 10%, bare
soil up to 10% and the absence of large trees (CBH > 30cm). Paving
of more than 10% and an absence of shrubs were also important
categories for C. talpacoti and C. picui. Considering the PCA of all
species together, Principal Component 1 (one axis) explained 41%
of the variance and was influenced by the absence of plantations,
buildings up to 10% and paving up to 10%. Principal Component 2
(axis 2) explained 20% of the data variance, and was influenced by
the absence of leaf litter and absence of shrubs (Figure 2). Principal
Component 3 (axis 3) explained 14% of the variance and was
influenced by the variables of herbaceous and gramineae up to 10%,
bare soil up to 10% and the absence of large trees (Figure 3). The
three Principal Components together explained 75% of the variance
for the obtained data.

Discussion

The three related study species are all adapted to anthropic
environments without continuous forestation cover in Londrina.
However, population levels of Z. auriculata have increased in South
America, particularly in the states of Sao Paulo and Parana, where
agriculture has expanded over the years and replaced previously
forested areas (Bucher & Ranvaud 2006). According to our results,
the three species differ in the selection of environmental variables
relating to the time spent in foraging areas and the foraging substrate,
these being factors that have contributed to the ecological separation
of the three species in the study region.

Although there was possibly a seasonality of resources during the
twelve months of the study, mainly in the rural area, where cultivated
grains were abundant during planting and harvesting and scarce at
other times of the year, the analyses of the foraging strategies showed
that the three species most frequently used gleaning. According to
Remsen & Robinson (1990), many bird studies demonstrate this
pattern of food capture, since gleaning food is presumably the least
costly activity in terms of energy expenditure to the individual. A
similar result was found by Volpato & Anjos (2001), in which glean
was the dominant strategy of Z. auriculata and C. picui. Only items
consumed near to the observer could be identified. The three study
species readily swallow their food, making it difficult to assess food
items consumed by individuals from direct observation. Seeds were

Table 1. Environmental variables converted to a scale of 0, 1 or 2 in order to characterize the habitat selected by C. talpacoti, C. picui and Z. auriculata during

the period August 2011 to July 2012 in Northern Parand, Southern Brazil.

Variable

Classification

leaf-litter, bare soil, shrubs, herbaceous/gramineae,
buildings, paving and plantations

spacing of shrubs

large trees (CBH > 30 cm)*

spacing of large trees

(0) absence, (1) presence up to 10% and (2) presence more than 10% in area

(0) absence, (1) distance of more than 1 m and (2) distance up to 1 m among the shrubs
(0) absence, (1) presence up to 3 and (2) presence of more than 3 trees in the area
(0) absence, (1) distance of more than 3 m and (2) distance up to 3 m among trees

(*) CBH — circumference at breast height.

Table 2. Total number of records obtained in relation to types of foraging, foraging sites and food items for C. talpacoti, C. picui and Z. auriculata during the

period August 2011 to July 2012 in Northern Parana, Southern Brazil.

Species Type of foraging Foraging site Food taken
Glean Lunge Sally Probe Flake Soil Branch Air Grass Paving Seed Arthropod
Columbina talpacoti 49 3 0 1 0 26 2 0 14 11 7 0
Columbina picui 45 2 0 0 1 26 1 0 10 11 4 0
Zenaida auriculata 241 28 4 5 2 158 6 2 23 91 61 3

http://www.biotaneotropica.org.br
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Figure 1. Box plots representing the median of foraging strategies of Columbina talpacoti, Columbina picui and Zenaida auriculata recorded during the
period August 2011 to July 2012 in Northern Parana, Southern Brazil: A) Vertical position — height of foraging in relation to the ground, and B) time spent in

foraging areas.

Table 3. Percentage of concentrated variance on each axis retained and variables that most influenced the ordering of points (eigenvector values) from the
PCA, according to habitat selected by C. talpacoti, C. picui and Z. auriculata during the period August 2011 to July 2012 in Northern Parana, Southern Brazil.

Species (n) Axis Variance (%) Variable (eigenvector)

Columbina talpacoti 1 40 Absence of leaf-litter (—0.44); paving more than 10% (0.52); buildings up to 10% (0.42)
(73) 2 25 Bare soil up to 10% (—0.63); herbaceous and gramineae more than 10% (—0.30)

3 12 Absence of large trees (0.45); absence of shrubs (— 0.38)
Columbina picui 1 41 Absence of leaf-litter (—0.45); paving more than 10% (0.49); buildings up to 10% (0.42)
(66) 2 25 Bare soil up to 10% (—0.52); absence of large trees (0.42)

3 11 Absence of shrubs (- 0.44 )
Zenaida auriculata 1 48 Bare soil up to 10% (0.34); absence of plantations (0.57); absence of paving (-0.53);
(321) buildings up to 10% (-0.46)

2 15 Absence of large trees (—0.40); herbaceous and gramineae up to 10% (0.46); absence of

leaf-litter (0.43)

(***) did not show representative variable

the food item preferred by species in this study; this was also the case
in studies of C. falpacoti in the Venezuela savanna (Pérez & Bulla
2000) and Central Brazil (Cintra et al. 1990), and of Z. auriculata
in southeastern Brazil (Ranvaud et al. 2001), in southern Brazil
(Candido-Junior et al. 2008), in northwest Venezuela (Chacin &
Calchi 2007) and in Argentina (Murton et al. 1974). Moreover, Z.
auriculata can be considered to be legitimate seed dispersers (Bucher
& Bocco 2009).

The species showed differences in relation to foraging site,
specifically in relation to the type of foraging substrate. Soil, grass and
pavement were to different extents the foraging sites most used by the
three species (Table 2), indicating that they are ground-foraging birds
i.e. that they feed mainly on the ground where the vertical position
is zero. For urban birds, foraging on the ground offers advantages
over other strata because of the increased visibility afforded by lawns,
which increases the probability of detecting and escaping predators
(Beissinger & Osborne 1982); in general, there are more seeds on
the ground under trees (Milesi et al. 2008).

http://www.biotaneotropica.org.br/v13n3/en/abstract?article+bn00913032013

Agonistic behavior was not a predictor of the ecological
partitioning of species because agonistic intraspecific behavior was
not recorded in this study. Columbina talpacoti and C. picui were often
observed foraging in pairs, although C. picui individuals occasionally
foraged alone. Columbina talpacoti was frequently recorded forming
mixed groups with individuals of Columbina inca (Lesson, 1847) in
Central America (Skutch 1964, Baptista et al. 1997), although the
formation of heterogeneous groups was not observed in the present
study. Foraging in groups confers benefits that include a decrease in
the time required to search for food, an increase in the probability
of foraging at a suitable site, a decrease in the risk of not obtaining
food (Kushlan 1981, Erwin 1983, Gonzalez 1997), and a reduced
chance of being preyed upon (Bednekoff & Lima, 2005). Zenaida
auriculata was often observed foraging in groups and/or in pairs and
remained longer at foraging sites when compared with C. talpacoti
and C. picui. In general, species with a larger body mass require more
food to fulfill their high energy demands, and a greater time spent at
a foraging site can provide these individuals with the opportunity to
obtain more resources. It has been recorded that an increase in the
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Figure 2. Ordination diagram of points produced by Principal Components
Analysis (PCA) showing the distribution of C. talpacoti, C. picui and Z.
auriculata on the first two components, according to the environmental
variables selected by three species during the period August 2011 to July
2012 in Northern Parana, Southern Brazil.

SPECIES
o C.picui
& C.talpacoti
+ Z.auriculata
2 9 J |
b ™ |
& v | a | o, L@
RN A |
s
(o] o L. 4
o - o &
§ - S A o .
o e, A A
™ < lwov A A at &
8 ° 7 o &° A vl O ‘0% :
x o PO . !;h A9 448"
5 fo 2 = Rl 9
2 o -
o &
2 w f‘%. LY
- \ o a
s |9 . <
© -] A <
3 o . & o tol it 2o
£ o 7Y 3 a
E '
) A A &
2olrw y 4 ?‘ & %
g = - — & Q g&?
P T T T T T T
85
83 4 -3 2 -1 0 1
@ D
e LN %
D ©
T m

Absence of leaf-litter
Absence of shrubs

PC2

Figure 3. Ordination diagram of points produced by Principal Components
Analysis (PCA), showing the distribution of C. talpacoti, C. picui and Z.
auriculata on components 2 and 3, according to the environmental variables
selected by three species during the period August 2011 to July 2012 in
Northern Parana, Southern Brazil.

number of individuals in a foraging group of Columbina passerina
(Linnaeus, 1758) and Leptotila verreauxi Bonaparte, 1855 in Costa
Rica, allowed each individual to spend their time more profitably in
the obtaining of resources and, consequently, possibly resulted in a
decrease in vigilance behavior (Burger 1992). Foraging in a group
and prolonged residence time at foraging sites suggests a possible
adaptation of Z. auriculata to obtain more resources, proportional
to their greater body mass.

According to our analysis, different proportions of herbaceous
plants and gramineae, paving, plantations and shrubs comprise the
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habitats selected by each species and contribute to the differences
between them. Columbina talpacoti and C. picui showed a greater
similarity in this study both in foraging strategies used and the selected
environmental variables, suggesting a greater niche overlap between
them. However, C. picui was most frequently observed in large trees,
a fact confirmed by PCA analysis, in which C. picui is more dependent
on large trees in the environment than C. talpacoti. Ecological overlap
was also recorded in species of the Columbina genus in Venezuela,
including C. talpacoti, which had a dietary overlap with three other
Columbina species (Pérez & Bulla 2000).

Adapting to anthropic environments without continuous
forestation cover can be one of the most influential factors in
the selection of habitat by the three Columbidae species studied.
Although the type of foraging used by the three species throughout
the year was basically the same, i.e. glean, and even though four of
the environmental variables studied were considered common to the
selected habitats, it is possible for the three species of Columbidae to
coexist in the study region. Other factors not analyzed in this study
might also be relevant to the survival of each species. However,
important features of the physical environment and vegetation
structure that comprised the habitat of each species were defined.
The differences found in the habitat selected by each species, the
different time spent at foraging sites and the different substrates
used in foraging are results that contribute to the coexistence of
C. talpacoti, C. picui and Z. auriculata and promote ecological
partitioning of these similar species.

It is further relevant that Z. auriculata demonstrates a
wide ecological range because of its ability to inhabit different
environments occupied by humans and maintain a large number
of individuals at these sites; management practice for this species
should therefore consider human activity, reflecting the influence of
the explosion in human population.
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