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ABSTRACT 
 

Aims: This work aims to explain seasonal changes in frugivorous bird species richness, 
abundance and diversity, addressing climatic and habitat variables (rainfall, Photosynthetically 
Active Radiation as PPDF) and species´ trait factors (diet), while considering the effect of 
phylogenetic constraints. 
Place and Duration of Study: Forest Reserve of Chancaní, Córdoba Province, Argentina (31 2' S 
and 65 25' W), during 1995-1996. 
Methodology: In the study area two randomly located sampling points separated each other by 
two km were established. Phenological records for seven forest plant species producing fruits were 
taken monthly, along with habitat and climatic variables (PPDF, rainfall). Bird sampling was done 
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monthly. Fourteen transects, each of 50 m long were permanently marked from randomly located 
points in N-S direction. While slowly walking along each transect, all bird sightings as well as 
hearings both to right and left sides were recorded. The bird species and the vegetation stratum 
where the sighting occurred were also recorded. 
Statistical Analysis: For all the bird species and for frugivorous species, bird species richness (S), 
species abundance as sightings, diversity (Shannon Index H´) and evenness (H´/lnS) were 
calculated for each sampling date. Friedman test was used to test differences in species richness 
and sightings among dates. For frugivorous bird data analysis, two approaches were used, one 
with the species values taken as independent data points, and the other removing phylogenetic 
effects by means of the analysis of independent contrasts. Categorical Principal Component 
Analysis (CATPCA) was used to explore the relationships among species dates of sighting 
initiation, duration of the sighting period and abundances at peak dates, using species values and 
independent contrasts. CATPCA (with species values) was also used to explore the relationships 
among frugivorous bird species richness, abundance and diversity, and climatic  (rainfall) and 
habitat (PPDF and fruit abundance) variables.  
Results: A total of 67 species were recorded during the sampling period. Richness rose in spring, 
peaked during summer and then declined smoothly to winter. In contrast, abundance maintained 
fluctuating values during the sampling period, with a small peak in autumn.   There were no 
significant differences in vegetation strata occupancy by different species of birds, although some 
groups showed a degree of preference.  
Considering frugivorous birds, a total of 29 frugivorous species were recorded during the sampling 
period. The temporal trend of species richness and diversity was similar to the pattern showed by 
all the species, although abundance showed a bimodal trend. CATPCA using species values and 
independent contrasts showed common overall results for the variables initiation and maximum of 
frugivorous species abundance, that were inversely or not correlated with duration of sightings, 
maximum abundance and total abundance along the sampling period. However, the behaviour of 
the variable Diet changed when independent contrasts were used. From a closer relationship with 
sighting initiation and peak and a greater importance with species values data, Diet showed a more 
distant relationship with these sightings variables and a negligible value when independent 
contrasts were used. Besides, using independent contrasts many species were differently related 
with the variables and the dispersion of the species was greater in the ordination space. 
Regarding climatic and habitat variables, rainfall and PPDF showed an overall similar seasonal 
pattern, although PPFD began rising earlier during the dry season. Rainfall and PPDF were 
temporally correlated. Fruits began appearing in spring, peaked during this season, and then 
decreased sharply to disappear during winter. Fruit abundance was highly correlated with PPFD 
but not with rainfall. CATPCA of climatic, habitat, and frugivorous bird variables (richness, 
abundance and diversity) separated spring, summer and autumn sampling dates from the last 
autumn date and winter dates. PPDF and fruit abundance explained most of the variance in bird 
richness and diversity but not in abundance.  Rainfall did not explain the behaviour of any bird 
variable. 
Conclusion: We conclude that habitat characteristics, mainly PPFD and fruit abundance, are 
shaping the seasonal species composition (richness and diversity), although not abundance, of 
frugivorous bird assemblages in semiarid Chaco forests. The importance of the frugivorous diet 
diversification, as a species´ trait factor that could be contributing to shape the seasonal 
arrangement of frugivorous birds, was secondary and mainly related to the timing of appearance in 
the favourable season. However, even this modest contribution of diet diminished when the 
phylogeny were taken into account, showing a strong phylogenetic signal.  
 

 
Keywords: Forest bird seasonality; frugivorous birds; climatic and habitat variables; fruit phenology. 
 
1. INTRODUCTION  
 
Seasonal changes observed in bird species 
composition, population abundance and guild 
structure in semiarid forests have been attributed 
to the strong climatic seasonality of these 
habitats [1,2]. Seasonal fluctuations in rainfall 

and temperature cause changes in vegetation 
phenology that in turn affect habitat structure and 
resource availability for birds including fruits [1]. 
These climatic and habitat characteristics are 
considered major factors in structuring bird 
assemblages [2-6]. Lately, complementary 
explanations focusing on the organismal and 
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ecological traits influencing fitness (hereafter 
termed species’ traits) as factors that can predict 
species seasonal responses have been 
proposed.  For example, results from Diamond et 
al. [7] demonstrate that species’ traits (diet 
breath, dispersal ability and others) can be 
important predictors of responses to climate 
change in timing of appearance of UK butterflies. 
In bird community studies the species´ trait 
mostly used is the type of diet, to group species 
into trophic guilds [8,9]. Underlying these factors, 
there may be phylogenetic constraints shaping 
seasonal changes in bird assemblages. It is 
known that related species share traits through 
common descent [10]. In birds, for example, 
beak morphology and type of digestive system, 
as shared evolved traits, conditioned the trophic 
behaviour of related species [11,12]. In another 
example, seasonal changes in migrant birds 
showed a strong phylogenetic signature in the 
European avifauna [13].   
 

In neotropical forests climatic and habitat 
characteristics have been taken into account to 
explain the seasonal patterns of birds (for 
example [14,15]). However, in our knowledge, 
the relevance of a potential phylogenetic 
signature have been not explored yet. This work 
aims to explain seasonal changes in frugivorous 
bird species richness, abundance and diversity, 
addressing “habitat variables” and the “species´ 
traits” factors, while considering the effect of 
phylogenetic constraints, in a semiarid Chaco 
forest from central Argentina. Although the work 
was focused on the frugivorous guild due to its 
importance for trees and shrubs dispersion in this 
type of forests [8,16], to present this particular 
guild in context a brief account of the seasonal 
changes of the entire bird community is also 
given. 
 

2. MATERIALS AND METHODS  
 

2.1 Study Site 
 

The Forest Reserve of Chancaní, Córdoba 
Province, Argentina (31 2' S and 65 25' W). 
was chosen as study site. The Reserve covers 
an area of 500 km2, from 1000 m elevation in a 
steep slope down to 300 m. The mean annual 
rainfall reaches 500 mm, of which 80 percent 
occurs in summer months (weather data 
recorded at the study site between 1982 and 
1991). Precipitation mainly occurs at night or 
dawn hours as short, heavy showers, and skies 
generally remain clear during the day [17]. There 
is a severe dry season between April and 
October. Summer mean maximum and minimum 

temperatures are 35C and 20C, respectively, 
with mean temperatures of about 27C. 
Vegetation belongs to the Occidental Chaco 
Forest region [18]. Tree stratum reaches 20 m 
and is dominated by Prosopis spp. and 
Aspidosperma quebracho-blanco Schlecht., and 
the shrub layer is dominated by Larrea 
divaricata, Mimozyganthus carinatus (Griseb.) 
Burk and Acacia furcatispina Burk. [19]. The area 
sampled in this study was located in a forest 
occupying the plain area of the Reserve without 
clear-cut since 1920 (Supplementary material, 
Fig. S1). In this part of the Reserve tree and 
shrub richness is about 20 species [20]. 
 

2.2 Bird Data Collection 
 
The bird data related to diet and residence status 
was based in previous research [2,21-25]. 
 

Bird sampling was done monthly, from October 
1995 to August 1996, beginning with  two spring 
samplings (hereafter Spr1, Spr2), going through 
three summer (Sum1, Sum2, Sum3) and three 
autumn (Aut1, Aut2, Aut3) samplings and ending 
with  three winter (Win1, Win2, Win3) samplings. 
Bird sampling was conducted by the same 
person to avoid personal biases, from dawn to 
nine in the morning (during two consecutive 
days, three hours each day), covering the hours 
of highest bird activity. Fourteen transects, each 
of 50 m long were outlined from randomly 
located points in N-S direction, covering an area 
of 16 km

2
 of forest. Minimal distance between 

transects was 500 m, and a strip of 500 m was 
left around the study area, to avoid edge effects. 
Each month, the same fourteen transects were 
sampled. While slowly walking along each 
transect, all bird sightings as well as hearings 
both to right and left sides were recorded. As 
visibility in this kind of forests is greatly reduced 
due to the dense shrub stratum, a relatively short 
distance at each side of the transect (ten meters) 
was taken into account for visual bird detection. 
For each sighting, the bird species and the 
vegetation stratum where it occurred were 
recorded. Three different vegetation strata were 
defined as: S1, tree stratum, from 3 to 20 m (the 
maximum tree height); S2, shrub stratum, from 1 
to 3 m; and S3, herbaceous stratum, from 0 to 1 
m. Detectability in the tree stratum might have 
been higher compared to the lower strata, and 
also, may vary for different species. 
 

2.3 Plant Species 
 

For a detailed analysis of seasonal patterns of 
frugivorous birds, seven plant species were 
selected for the study: Condalia microphylla 
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Cav., Zizyphus mistol Griseb., Celtis pallida 
Torrey, Maytenus spinosa (Griseb.) Lourteig & 
O´Donell, Castela coccinea Griseb., Ximenia 
americana L. and Ligaria cuneifolia (R. et P.) 
Thiegh. These plant species represent the most 
common species of the subdominant forest 
layers composing the bird dispersal guild in the 
Dry Chaco, which is composed of 15 trees and 
shrubs [20]. Plant species ecological 
characteristics related with bird activities (life 
form, patterns of leaf shedding, fruit type and fruit 
or seed dispersal agent), were determined by 
direct field observations and from literature [26] 
(Supplementary material, Table S1). All the 
selected species are pollinated by wasps, bees 
and flies, except L. cuneifolia, pollinated by 
hummingbirds [27]. 
 

2.4 Plant, Climatic and Habitat Data 
Collection 

 

In the sampling area, two randomly located 
sampling points separated each other by two km, 
six plants of each species were permanently 
marked (n = 12 plants per species). In order to 
sample the canopy uniformly eight sampling 
branches similar in size were permanently 
marked on each plant. For dioecious species, 
only female plants (previously determined) were 
marked. The number (“abundance”) of immature 
and mature fruits in each branch was counted 
monthly from October 1995 to August 1996 (from 
Spr1 to Win3 as established in the bird sampling 
section). Photosynthetically Active Radiation 
(PAR), is an important variable to characterise 
plant habitats, as it is the energy source used for 
plants to perform photosynthesis and hence, 
biomass accumulation [28]. As an estimate of  
PAR, Photosynthetic Photon Flux Density 

(PPFD, µmol m-2 s-1) was measured with a Li-
Cor Photometer (LI-190SB quantum sensor) at 
soil level in ten points randomly chosen in each 
sampling point. PPFD measurements were taken 
in a single sunny day during each phenological 
sampling, between 11:00 and 13:00 h. Monthly 
rainfall was recorded near the sampling points. 
 

2.5 Data Analyses 
 

For each bird species, initiation, peak and end 
dates of sightings were expressed as days 
accumulated since the beginning of the sampling 
(Spr1, 1st October 1995). Duration of sighting 
period was defined as the amount of days 
elapsed from the first sighting date (initiation) to 
the last one (end date). Peak was the date with 
the highest sighting (abundance) record and total 

abundance was the sightings accumulated 
through the entire sampling period. 
 

For plants, initiation, peak and end dates of the 
fruit stage were expressed as days accumulated 
since the beginning of the phenological sampling 
(Spr1, 1

st
 October 1995). Duration of 

phenological stages was defined as the amount 
of days elapsed from the first fruit detection to 
the last one. The number of fruits used in the 
analyses included both immature and mature 
fruits, since due to the lag between sampling 
dates it was not possible to determine when a 
particular immature fruit reached the mature 
stage. 
 

For the entire community of forest birds, data 
analysis was perfomed with the species values 
taken as independent data points (hereafter 
"species values"). For frugivorous bird data 
analysis, two approaches were used, one with 
the species values taken as independent data 
points, and the other removing phylogenetic 
effects by means of the analysis of independent 
contrasts [29-31] (hereafter "independent 
contrasts"). Independent contrasts were used in 
those analyses involving species traits 
susceptible of showing phylogenetic signals, like 
diet and dates of appearance. The computer 
package CAIC [32] in its version for PC was 
used. For a given continuous trait, a difference 
(contrast) is calculated at each phylogeny node, 
so that every contrast is independent from, and 
comparable with, the others. Then, the 
relationship between two continuous variables is 
assessed by regression forced through the origin 
[32]. The degrees of freedom for regression are 
reduced by one after applying independent 
contrasts. Transformation of data to decimal 
logarithm in the first step of analysis is required 
[33]. A phylogenetic tree for frugivorous birds 
was developed, mostly based on molecular and 
some taxomical trees from several authors [34-
47]. Development of a phylogenetic tree for all 
bird species was not possible because of the 
lack of reliable information. Branch lengths were 
set by default as having the same length for 
CAIC analysis [32]. 
 
For plants, a previous study showed that, in 
contrast with other phenological stages, fruit 
phenology is almost independent of phylogenetic 
constraints [16], so species value data were used 
instead of independent contrasts.  
 

For each sampling date, bird species richness 
(S), species abundance as sightings, diversity 
(Shannon Index H´), and evenness (H´/lnS) were 
calculated. For diversity and evenness, the 
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pooled data from the 14 transects were used, 
since there were many transects with few bird 
sightings. Friedman test was used to test 
differences in species richness and abundance 
among dates. 
 

A multivariate analysis, Categorical Principal 
Component Analysis (CATPCA, SPSS), was 
used to explore the relationships among 
frugivorous bird species variables (timing of 
appearance, abundance) and diet. Diet was 
chosen as a relevant species ´trait since 
although the species included in this set 
consume mainly forest fruits most of them 
complement their diet with seeds, insects and 
another items like earthworms (Supplementary 
material, Table S2). Frugivorous diet categories 
were: insects + fruits (IF), omnivorous including 
fruits (OF), insects, earthworms and fruits (FIE). 
seeds and fruits (FS). CATPCA was performed 
using untransformed data for species values and 
independent contrasts. Eigenvalues and 
percentage of explained variance for the two 
firsts dimensions were retained. Cronbach´s 
Alpha was taken as a measure of internal 
consistency of each dimension of the CATPCA 
analysis (from zero to one, higher values 
meaning better consistency). To show the 
relationships among variables and species, a 
biplot graph was produced, where variables are 
represented as vectors and species as dots. The 
direction of each variable vector in relation to 
other variable vectors and to the location of each 
species indicates the degree of association 
between them. An acute angle between them 
shows similarity, an obtuse angle indicates an 
opposite relationship, and a right angle indicates 
no relationship. The length of each vector is 
proportional to the total amount of variation 
accounted for by its corresponding variable. 
 

CATPCA analysis was also used to explore the 
relationships among climatic (rainfall), habitat 
variables (PPFD, fruit abundance) and 
frugivorous species richness (mean number of 
species), abundance (as mean number of 
sightings), and diversity (as Shannon Index) 
along the sampling period. 
 

3. RESULTS  
 

3.1 Seasonal Patterns for All Bird Species 
 

A total of 67 species were recorded during the 
sampling period. The species list is in 
Supplementary material (Table S2), showing 
their diet and residence status. Represented 
groups were Tinamiformes, Strigiformes, 
Falconiformes, Columbiformes, Caprimulgi-

formes, Cuculiformes, Psittaciformes, Piciformes, 
Trochiliformes and Passeriformes. This last 
group includes almost 50% of all species. Among 
Passeriformes, the family with more species was 
Tyrannidae. Most species are characterised as 
residents. Some of the resident species may 
perform seasonal local movements during the 
year.  
 

Average number of species, sightings 
(abundance) and diversity for all species in each 
sampling date are shown in Fig. 1. The number 
of species rose in Spr2, peaked during Sum2 
and Sum3 and then declined smoothly during the 
rest of the sampling period (Fig. 1a). There were 
statistically significant differences in number of 
species along the sampling period (Friedman 
test, χ

2
 = 55.75, p < .001, df = 11). By guild, 

carnivorous and insectivorous species appeared 
and remained in the forest during summer and 
autumn, as well as nectarivorous species. Of 26 
species that feed on seeds, 14 species stayed 
during summer, autumn and winter. Some other 
granivorous species, like Sicalis flaveola 
(Linnaeus, 1766), Poospiza nigrorufa (d'Orbigny 
& Lafresnaye, 1837) and Leptotila verreauxi 
(Bonaparte, 1855) stayed only during summer. 
Others showed a more fluctuating presence, like 
Molothrus badius (Vieillot, 1819). 
 
Considering all species, abundance (as 
sightings) maintained fluctuating values during 
the sampling period, with a small peak in Aut2 
(Fig. 1b). When all dates were compared 
together, there were statistically significant 
differences in sightings (Friedman test, χ2 = 
32.54, p = .01, df = 11). Diversity values showed 
by the Shannon Index showed high values during 
the first months of the sampling period, and then 
there was an abrupt fall in Aut2 (Fig. 1c), 
coincidentally with the sighting peak. This fall in 
diversity was caused by the rise in dominance of 
some species like Columba maculosa 
(Temminck 1813), Myiopsitta monachus 
(Boddaert 1783), Zenaida auriculata (Des Murs, 
1847) and Polioptila dumicola (Vieillot, 1817). 
Evenness ranged from 0.92 to 0.63, with the 
lower values corresponding to the sighting peak 
in Aut2 and the two last sampling dates.  
 
There were no significant differences in 
vegetation strata occupancy by birds in each 
sampling date (Supplementary material, Table 
S3). Percentage of sightings per stratum 
comparing sampling dates also did not differ 
significantly (χ2 = 0, p = .01 for each stratum).  
However, there were strata preferences 
regarding particular groups, like Falconiformes, 
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Strigiformes and some Columbiformes for the higher stratum, Passeriformes for medium 
stratum, and Caprimulgiformes and some 
Columbiformes and Passeriformes for the low 
stratum. 
 

3.2 Seasonal Patterns for Frugivorous 
Bird Species 

 

A total of 29 frugivorous species were recorded 
during the sampling period (Table S2). 
Represented groups were Tinamiformes, 
Psittaciformes and Passeriformes. This last 
group included the majority of the frugivorous 
species, with Tyrannidae as the most 
represented family. Average number of species, 
sightings and diversity for frugivorous species in 
each sampling date are shown in Fig. 2. The 
temporal trend of species richness was similar to 
the pattern showed by all the species: the 
number of species rose in Spr1, peaked in 

Sum1, declined markedly from Sum3 and 
remained in lower values during the rest of the 
sampling period (Fig. 2a). There were statistical 
significant differences when all sampling dates 
were compared together (Friedman test, χ2 = 
45.56, p < .001, df = 11). Some frugivorous 
species stayed only during summer, like 
Thectocercus acuticaudata (Veillot 1818), 
Griseotyrannus aurantioatrocristatus (D'Orbigny 

& Lafresnaye 1837), Myiarchus swainsoni 
(Cabanis & Heine 1859), Myiarchus tyrannulus 
(Statius Muller 1776), Myiodynastes maculatus  
(Statius Muller 1776),  Phytotoma rutila (Veillot 
1818), Serpophaga subcristata (Veillot 1817), 
Taraba major (Veillot 1816), Thamnophilus 
caerulescens (Veillot 1816), Thraupis 
bonariensis (Gmelin 1789) and Cyclarhis 
gujanensis (Gmelin 1789).  

 
 

 
 

Fig. 1. a) Number of bird species (mean and sd), b) abundance as number of bird sightings 
(mean and sd) and c) Shannon Index (data from all transects in each sampling date pooled) for 
all species in each sampling date corresponding to spring (Spr), summer (Sum), autumn (Aut) 

and winter (Win) 
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Fig. 2. a) Number of frugivorous bird species (mean and sd), b) abundance as number of 
frugivorous bird sightings (mean and sd) and c) Shannon Index for frugivorous species (data 

from all transects in each sampling date pooled) in each sampling date corresponding to 
spring (Spr), summer (Sum), autumn (Aut) and winter (Win) 

 
Abundance showed almost a bimodal trend 
during the sampling period, with a small peak in 
Spr2 (Fig. 2b). This peak was mainly caused by 
an increase in the presence of Elaenia albiceps 
(D'Orbigny & Lafresnaye 1837), G. 
aurantioatrocristatus, Knipolegus striaticeps 
(D'Orbigny & Lafresnaye 1837), and Suiriri suiriri 

(Veillot 1818). When all dates were compared 
together, there were statistically significant 
differences in sightings (Friedman test, χ2 = 
28.57, p = .01, df = 11). Diversity values showed 
by the Shannon Index showed the highest values 
during the first months of sampling, with a peak 
in Spr2 coincidentally with the peak in sightings. 
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Then begun declining in the same date as 
richness, in Sum3. (Fig. 2c). Evenness ranged 
from 0.90 to 0.70, whit the highest value 
corresponding to Aut2 and the lowest to Win1. 
The high evenness in Aut2 was consequence of 
the temporal disappearance of some species 
present until this date with very low sighting 
values, like G. aurantioatrocristatus, M. 
tyrannulus, M. maculates, S. subcristata, Turdus 
chiguanco (D'Orbigny & Lafresnaye 1837),  and 
Vireo olivaceous (Linnaeus 1766). 
 

Results from the multivariate analysis CATPCA 
using species values and independent contrasts 
showed common overall results for the variables 
initiation and maximum of frugivorous species 
abundance, that were inversely or not correlated 
with duration of sightings, maximum abundance 
and total abundance along the sampling period 
(Figs. 3 and 4). The behaviour of these variables 
is mainly collected by CATPCA Dimension 1, 
with 54.10% of explained variance (0.83 
Cronbach´s alpha) and 58.66% explained 
variance (0.86 Cronbach´s alpha) for species 
values and independent contrasts respectively.  
However, the behaviour of the variable Diet 
changed when independent contrasts were used. 
From a closer relationship with sighting initiation 

and peak and a greater vector value (0.33) with 
species values data, Diet showed a more distant 
relationship with these sightings variables and a 
negligible vector value (0.07) when independent 
contrasts were used. At the same time the 
importance of Diet variable in Dimension 2 
changed also, with a greater vector value when 
independent contrasts were used (0.61) 
compared with species values data (0.34), and 
this accounts for the larger vector showed by 
Diet in Fig. 4. However, the lower percentage of 
explained variance (17.80) and a very low 
Cronbach´s alpha (0.078) for Dimension 2 when 
using independent contrasts compared with 
species value data (24.88% and 0.39 
respectively) is indicating that after removing 
phylogenetic effects differences in diet are not 
explaining seasonal patterns in forest frugivorous 
birds. CATPCA analysis also shows that the 
species relationships with variables are modified 
after discounting phylogenetic effects. Not only 
many species were differently related with the 
variables but also the dispersion of the species 
was greater in the biplot showing CATPCA 
results after applying independent contrasts (Fig. 
4) compared with species values data (Fig. 3).

 

 
Fig. 3. CATPCA biplot (variables and species) of timing of appearance and abundance of frugivorous 

species and diet using species values. For each species, variables were SightIni day: date of first 
sighting, sight peak day: date of maximun sightings, sight dur days: number of sighting days, abund 

peak: maximum number of sightings, abund total: total number of sightings through the sampling period. 
Dots represent species, labelled with abbreviated scientific names (three first letters) and diet (last 

capital letters. See text and Table S2. for species names and diet abbreviations 
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Fig. 4. CATPCA biplot (variables and species) of timing of appearance and abundance of 
frugivorous species and diet using species independent contrasts. Variables and species 

abbreviations as in Fig. 3 
 

3.3 Climatic and Habitat Variables, and 
Frugivorous Bird Seasonal Patterns 

 
Temporal variation of average photosynthetic 
photon flux density (PPFD), rainfall and fruit 
abundance during the study period is shown in 
Fig. 5. Both rainfall and PPDF showed an overall 
similar seasonal pattern, although PPFD began 
rising earlier during the dry season and peaked 
one month before (Sum1) (Fig. 5a) than rainfall 
peak (Sum2) (Fig. 5b). The onset of the heavy 
rain season occurred in Spr2. Rainfall and PPDF 
were temporally correlated (r = 0.70, P = .01).  
Fruits began appearing in spring, peaked during 
this season, and then decreased sharply to 
disappear during winter (Fig. 5c). Fruit 
abundance was highly correlated with PPFD 
(Spearman rho = 0.76, p < .001) but showed no 
significant correlation with rainfall (Spearman rho 
= 0.44, p = .17).  
 

Relationships between climatic (rainfall) and 
habitat variables (PPFD, fruit abundance) and 
frugivorous species richness (mean number of 
species), abundance (as mean number of 
sightings), and diversity (as Shannon Index) are 
shown in Fig. 6. Dimension 1, with 59.51% of 
explained variance (Cronbach´s alpha 0.86), 
clearly separated spring, summer and autumn 
sampling dates from the last autumn date and 
winter dates, which did not show association with 
any variable. PPDF and fruit abundance were  
correlated with frugivorous richness (Spearman 

rho 0.67 and 0.65, p > .05) and diversity (0.85 
and 0.87, p > 0.01), explaining most of the 
variance in both bird variables(vectors 0.95 and 
0.82 respectively) but not in abundance. PPDF 
was not correlated and fruit abundance was 
negatively correlated with bird abundance 
(Spearman rho -0.12, p = .73). Rainfall did not 
explain the behaviour of any bird variable since it 
showed no significant correlations with any of 
them. Dimension 2, with 23.90% of explained 
variance (Cronbach´s alpha 0.37), did not make 
a significant contribution. 
 

4. DISCUSSION 
 

In the semiarid Chaco forest studied bird 
assemblages of frugivorous species as well as 
the entire bird community showed some 
seasonal changes, mainly in species number and 
composition. Species richness increased during 
the summer months. However, the overall rate of 
bird abundance, taken as sightings, did not 
change. Species diversity, measured with the 
Shannon Index, varied following a trend similar to 
the species richness. This general pattern of 
seasonal variation is in agreement with seasonal 
bird assemblage variations reported by Codesido 
and Bilenca [2] in a semiarid forest located 
Northern in Argentina. More generally, seasonal 
changes in bird assemblage composition and 
species and guild abundance in bird communities 
have been reported by several authors [3-6, 48]. 
The seasonal changes showed by the totality of 
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the species were also present when different 
trophic guilds were considered. Groups like 
insectivorous, carnivorous and nectarivorous 
birds also showed seasonal changes, with more 
species present and with greater abundances 
mainly during summer and autumn beginning. 
Granivorous birds, however, showed no 
seasonal variations in species richness or 
species abundance through the studied period, 
although a minor species turnover was present. 
This is in contrast with the seasonal changes 
reported by Capurro and Bucher [21,22] in a 
semiarid forest situated Northen-West in 
Argentina, who found an increase in granivorous 
abundance during the autumn and winter. 

However, a similar trend to that found in this 
study was described by Codesido and Bilenca 
[2], who reported the lack of seasonal variations 
in this guild along the seasons. These authors 
attributed this behaviour to grain availability 
through the year due to the presence of crops 
near the studied forest. The same explanation 
may be suitable for the behaviour of the 
granivorous guild in the studied Chaco forest, 
since the area cultivated in the region with crops 
like corn and soybean has greatly increased 
since the 1990 decade [49]. The abundance of 
granivorous birds was also increased in the 
vicinity of farming locations in the Dry Chaco in 
Argentina [9]. 

 

 
 

Fig. 5. a) Average photosynthetic photon flux density (PPFD), b) average monthly rainfall and 
c) total fruit abundance in each sampling date corresponding to spring (Spr), summer (Sum), 

autumn (Aut) and winter (Win) 
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Fig. 6. CATPCA biplot (variables and sampling dates) of rainfall, PPFD, fruit abundance, 

richness, abundance and diversity of frugivorous species. Dots represent sampling dates 
corresponding to spring (Spr), summer (Sum), autumn (Aut) and winter (Win) 

 
Considering in more detail the group focused in 
the work, the frugivorous guild, some of the 
species were only present in the forest during the 
summer months. In arid and semiarid subtropical 
habitats seasonal changes in bird assemblages 
have been attributed to seasonal variations in 
climatic habitat characteristics, like rainfall and 
temperature, which in turn promote changes in 
vegetation phenology and structure [1-6]. In this 
study, an association between seasonal changes 
in habitat and climatic variables (PPFD and 
rainfall) and frugivorous species richness and 
diversity was detected, but not with rainfall. Leaf 
flushing, flower and fruit phenological stages of 
fruting plants begin coincidentally with PPFD 
peak rather with rainfall peak [16]. Thus, the 
plant phenological pattern appears to explain the 
increase in bird richness in this forest in summer. 
In the case of frugivorous birds, as many of the 
species consume also insects besides fruits, 
plant phenological stages previous to fruiting 
may represent the beginning of resource 
availability. Insect activity is highly associated to 
climatic variables in semiarid Chaco habitats 
[50]. This also may explain the homogenous 
utilisation of vegetation strata by frugivorous 
birds, probably related with the facultative switch 

between insect and fruit consumption habits 
showed by many frugivorous bird species. 
 
In contrast with species richness and diversity, 
frugivorous species abundance was not 
correlated to habitat variables. This seems to be 
counterintuitive, since an increase in frugivorous 
bird abundance per species during the fruit 
season was expected, as found by several 
previous works [2,4,6,14,15,51]. However, some 
frugivorous species (E. albiceps, G. 
aurantioatrocristatus, K. striaticeps, M. 
maculatus, S. suiriri) showed a peak in 
abundance during spring, coincidentally with the 
peak in fruit abundance. The even abundance 
distribution of many frugivorous species through 
the year again may be due to their diet, in many 
cases composed not only by fruits but also by 
insects or seeds, in different proportions. Thus, 
for example, Rhinocrypta lanceolata (Geoffroy 
Saint-Hilaire 1832) and Stigmatura budytoides 
(D'Orbigny & Lafresnaye 1837), that eats fruits 
but also insects, maintain an even abundance 
through the year, with a small decrease during 
the winter months. In the Chaco forest there are 
some other plant species producing fruits 
potentially useful for birds, like Opuntia spp., 
Capparis atamisquea, Geoffroea decorticans and 
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Prosopis spp., all of them mainly consumed by 
Psittacidae species, although they are not 
present in the studied forest or have very low 
abundances [20]. However, we may consider 
these other plant species as a potentially, 
although minor, available source of fruits for birds 
present in the study area and moving locally. 
 
When controlling for phylogenetic effects on the 
frugivorous guild, the overall results held. 
However, after removing phylogenetic effects 
differences in diet were not longer explaining 
seasonal patterns of appearance of forest 
frugivorous birds. Also, most of species were 
differently related with the climatic and habitat 
variables considered and the dispersion of the 
species in the ordination space was greater after 
discounting the phylogenetic effects.  Although 
previous studies addressing the issue of 
phylogenetic effects on activity of assemblages 
of frugivorous birds are scarce, Carnicer et al. 
[52] reported significant effects of phylogeny in 
the temporal activity of the frugivorous guild in 
Spain. Adaptive evolutionary processes acting on 
beak morphology and other traits would 
ultimately determine the ability of bird species to 
switch to fruits and the relative percentage of 
fruits in the diet for each species [11,12,53]. In 
another work analysing the relationship between 
frugivorous bird abundances and resource 
availability in a tropical rain forest, phylogenetic 
effects were also present [54]. The findings of 
this work differ from those from Cofré et al. [55], 
who found that local bird abundances exhibited 
low or no significant phylogenetic signal. 
However, in a recent work, Barganaud et al. [56] 
found that on large spatial scales bird occurrence 
patterns were largely determined by bird species 
traits, while the phylogenetical signal was 
stronger when habitat or migratory behaviour 
was considered and weaker when the food guilds 
was considered instead. 
 
Finally, it is important to consider that factors 
other than temporal patterns of food availability 
may also seasonally affect species densities, for 
example, breeding. This, however, might not be 
entirely independent of food resource availability, 
as the high rate of resource provisioning needed 
during breeding requires reliable and abundant 
food resources [57]. 
 

5. CONCLUSION 
 
We conclude that habitat characteristics, mainly 
PPFD and fruit abundance, are shaping the 
seasonal species composition (richness and 
diversity), although not abundance, of 

frugivorous bird assemblages in semiarid Chaco 
forests. The importance of the frugivorous diet 
diversification, as a species´ trait factor that could 
be contributing to shape the seasonal 
arrangement of frugivorous birds, was secondary 
and mainly related to the timing of appearance in 
the favourable season. However, even this 
modest contribution of diet diminished when the 
phylogeny were taken into account, showing a 
strong phylogenetic signal.  
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