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Abstract. Mixed bird flocks are groups of individuals from different species that travel and forage together. Such 
groups are common in several bird communities around the world. We present species composition and activity patterns 
of mixed bird flocks in a region of the Central Andes of Colombia. We compared the number of species per flock, as 
well as the number of flocks among 3 different habitats. We tested hypotheses concerning the flocks daily activity and 
the co-occurrences of species within them. We recorded 75 species, and the species number per flock varied from 4 to 
21. Our data suggest that habitat affects the number of flocks but not their species number, and that the activity of flocks 
is similar throughout the day. In addition, the association of birds in flocks is affected by interspecific facilitation, with 
some species co-occurrences found more times than expected by chance. We hypothesize that some tanager species 
could have a role in flock cohesion. We witnessed 2 predator attacks upon flocks, a number of agonistic interactions 
among flock members, and squirrels following bird flocks. Our results meet some general patterns described for mixed 
bird flocks.
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Resumen. Las bandadas mixtas de aves son grupos de individuos de diferentes especies que viajan y forrajean juntos, 
y son comunes en varias comunidades de aves alrededor del mundo. Presentamos la composición de especies y los 
patrones de actividad de las bandadas mixtas de aves en una región de la Cordillera Central de los Andes Colombianos. 
Comparamos el número de especies por bandada y el número de bandadas en 3 hábitats distintos. Evaluamos hipótesis 
relacionadas con la actividad de las bandadas durante el día y la presencia simultánea de especies en estos grupos. 
Observamos 75 especies, y el número de especies por bandada varió entre 4 y 21. Nuestros datos indican que el hábitat 
parece afectar el número de bandadas pero no su número de especies y que la actividad de las bandadas es similar 
durante el día. La asociación de especies en bandadas parece estar influida por facilitación intraespecífica y algunas 
especies se presentan simultáneamente más de lo esperado por azar. Hipotetizamos que algunas tangaras pueden tener 
un papel en la cohesión de las bandadas. Observamos 2 ataques de depredadores, así como varias interacciones hostiles 
entre miembros de las bandadas y la participación de ardillas. Nuestros resultados se ajustan a ciertos patrones descritos 
para las bandadas mixtas.

Palabras clave: Reserva Natural La Patasola, bosque montano, Quindío, riqueza de especies, Sudamérica. 

Introduction

Heterospecific groups, defined as wild groups of 
animals made up of individuals of different species 
traveling and feeding together, are a common phenomenon 

in different habitats around the world. These groups 
have been documented for birds, mammals, and fishes 
(Morse, 1977; Terborgh, 1990; Haugaasen and Peres, 
2008; Goodale et al., 2010), and their occurrence in such 
diverse lineages suggests an adaptive value. In general, 
heterospecific groups of birds have been studied in more 
detail (Morse, 1977). Mixed bird flocks, also known as 
avian mixed-species flocks or mixed bird parties, are 
ubiquitous phenomena, and represent a conspicuous and 
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prevalent characteristic of many habitats (e.g., Powell, 
1985; Terborgh, 1990; Jullien and Clobert, 2000; Sridhar 
et al., 2009).

Mixed bird flocks (referred hereafter as MBFs) result 
from attractions among their participants and not from an 
external concentration of food resources (Morse, 1977; 
Powell, 1985; Sridhar et al., 2009). MBFs are different 
from bird feeding aggregations that form around clumped 
resources such as water, fruiting trees, or army ant swarms 
(Diamond and Terborgh, 1967; Morse, 1977; Powell, 
1985; Sridhar et al., 2009). MBFs show wide variation 
in size, temporary cohesion, and strength of association 
(Terborgh, 1990; Sridhar et al., 2009). The species that 
join MBFs have been divided into groups according to 
their role in the cohesion of the flock (e.g., Moynihan, 
1979; Munn and Terborgh, 1979; Powell, 1985; Sridhar et 
al., 2009). In general, these species groups are depicted as 
leaders/followers or nuclear/satellites, and their species 
seem to obtain different benefits in their association with 
MBFs (Sridhar et al., 2009).

Two major non-mutually exclusive hypotheses have 
been proposed to explain why and how birds might 
benefit from flocking behavior (e.g., Morse, 1977; 
Jullien and Clobert, 2000; Sridhar et al., 2009). The 
first suggests that birds can get feeding benefits from 
joining flocks by obtaining food more efficiently than 
when solitary (Morse, 1977; Munn and Terborgh, 1979; 
Powell, 1985; Jullien and Clobert, 2000; Sridhar et al., 
2009). Alternatively, the second hypothesis considers 
the flock as a strategy for predator avoidance through 
several behavioral mechanisms (Morse, 1977; Powell, 
1985; Jullien and Clobert, 2000; Sridhar et al., 2009). 
Further, MBFs may simultaneously confer more than one 
benefit upon their members, and it is possible that each 
species obtains different benefits while staying in MBFs 
(Morse, 1977; Moynihan, 1979). Nevertheless, the MBFs 
may also generate costs for their participants such as an 
increase in competition and aggressiveness, changes in 
foraging patterns, and increases in predation risk because 
these groups are more noisy and conspicuous than the 
solitary foragers (Short, 1961; Jones, 1977; Hutto, 1994; 
Jullien and Clobert, 2000). In fact, previous studies have 
tested these hypotheses, but no consensus has arisen on 
the primary cause involved in the formation of MBFs 
(e.g., Gaddis, 1980; Thiollay, 1999; Hino, 2000; Goodale 
and Kotagama, 2006; Sridhar et al., 2009).

Altogether, MBFs in different habitats and at 
various latitudinal and altitudinal sites appear to have 
some features in common, but others are highly distinct 
(Poulsen, 1996). Studies of MBFs have illustrated 
several patterns. First, the number of species in MBFs 
in 1 locality reflects the local bird richness (Hutto, 1994; 

Latta and Wunderle, 1996; Bohórquez, 2003; Brandt 
et al., 2009; Perón and Crochet, 2009). Second, forest 
fragmentation and habitat differences affect MBF activity 
and species composition (Croxall, 1974; Munn, 1985; 
Stouffer and Bierregaard, 1995; Maldonado-Coelho and 
Marini, 2000; Develey and Stouffer, 2001; Lee et al., 
2005; Sridhar and Sankar, 2008). Third, species typically 
acting solitary in 1 type of habitat (e.g., forest) could be 
found as part of MBFs in adjacent habitats (e.g., open 
areas) (Tubelis et al., 2006; Tubelis, 2007; Péron and 
Crochet, 2009). Fourth, MBFs exhibit variation in their 
activity throughout the day (Eguchi et al., 1993; Poulsen, 
1996; Machado, 1999; Farley et al., 2008), and changes 
in their frequency and composition throughout the year 
(Davis, 1946; Dean, 1990; Machado, 1999; Develey 
and Peres, 2000; Maldonado-Coelho and Marini, 2003; 
Tubelis, 2007). Fifth, species with cohesive roles seem 
to occur in mono-specific flocks and exhibit some special 
plumage color pattern or particular behavioral traits 
(Moynihan, 1979; Powell, 1985; Tubelis, 2007; Goodale 
and Beauchamp, 2010). Sixth, predation risk is a factor 
leading to the formation of MBFs (Morse, 1977; Tubelis, 
2007; Sridhar et al., 2009). Finally, migrant species can 
seasonally influence the composition of MBFs (Hutto, 
1994; Machado, 1999; Maldonado-Coelho and Marini, 
2003). 

To test the generality of these patterns, comparisons 
can be drawn with information gathered about MBFs 
in complex and highly diverse biological systems such 
as the Andean avifauna of northern South America, for 
which the documentation of this phenomenon is scarce 
(Moynihan, 1979; Poulsen, 1996; Montero, 1999; 
Bohórquez, 2003). Considering the latter, we focused our 
efforts in this study to document some of the mentioned 
patterns of MBFs in a region of the Central Andes of 
Colombia by (1) describing species composition of 
MBFs; (2) comparing the number of species per MBF 
among different habitats; (3) checking for variation in the 
number of MBFs among different habitats and through 
time; (4) evaluating if there is evidence of cohesion 
in these groups by testing the hypothesis that species 
join MBFs randomly; and (5) placing our data in the 
framework of other studies conducted around the world.

Materials and methods

Study area. We conducted field work at La Patasola 
natural reserve (4°41’N 75°33’W, 2 200–2 600 m asl); 
the site is considered an Important Bird Area (Bird Life 
International 2010). This natural reserve is located in 
the Salento Municipality of Quindío Department on the 
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western slope of the Central Andes of Colombia. The 
avifauna of the area includes about 170 species, among 
which several are Colombian endemics or endangered 
species, such as Penelope perspicax, Odontophorus 
hyperythrus, Andigena nigrirostris, Leptosittaca 
branickii, Chlorochrysa nitidísima, and Saltator cinctus 
(Arbeláez-Cortés, 2007; Fundasilvestre, unpublished 
data). The reserve encompasses 150 ha, and is located 
within a zone of very humid sub-montane forest with 
steep topography. The landscape is composed of different 
habitats such as mature old growth forest, secondary old 
growth forest, early secondary forest, and commercial 
forestry plantations of Pinus sp. and Eucalyptus sp. 
Around 50% of the reserve’s area was covered by 
livestock pastures and early secondary forest 50 years 
ago (Fundación Ecoandina/ WCS Colombia, unpublished 
document). In fact, some patches of such pastures still 
remain in the zone. Shrubs and trees in the study area 
belong to more than 59 species from 30 families, of 
which Asteraceae, Cunoniaceae, Melastomataceae, and 
Rubiaceae are the most common. Some genera such as 
Miconia (Melastomataceae), Guettarda (Rubiaceae), 
and Ocotea (Lauraceae) are also common. Species such 
as Cecropia telealba, Aegiphila bogotensis, Axinaea 
macrophylla, Wettinia kalbreyeri, and Guettarda 
chiriguensis are frequent in the area (Fundación 
Ecoandina/ WCS Colombia, unpublished document; 
authors’ pers. obs.).

We conducted MBF observations along 3 sections 
ranging from 2 to 3 km in length. Each section was 
located in a different type of habitat and was separated 
from other sections by 0.5 to 1.5 km. Section A was 
located in 50-year-old second growth forest. This section 
is bordered by a road, and has a 10 to 15 m height canopy 
with some emerging trees that reach up to 21 m, and a 
dense understory of shrubs up to 4.5 m high. Section B 
was located in 15-year-old scrubby second growth. This 
section is crossed by a path, and harbors principally 
shrubs between 3.5 and 4.5 m in height. It also contains 
some scattered groves with trees up to 7.5 m and a narrow 
patch of old growth forest along one stream. Section C 
was located in a mature old growth forest with low human 
intervention on a steep slope near a river (Río Boquía). 
This section is crossed by a narrow path. The canopy of 
section C is 9–12 m in height, and the open understory 
includes growing trees up to 3.5 m. It is necessary to note 
that all these sections are intermixed in different degrees 
and do not represent a linear gradient. We chose these 
sections because they are representative of the habitats 
at La Patasola and reflect the condition of other montane 
forests along the Colombian Andes. We took precautions 
to ensure that the time of surveys in each section was 

the same. Despite the fact that the 3 sections were not 
separated by long distances or by some kind of barrier, we 
consider our observation scheme as useful for our aims 
related to describing patterns in MBFs among sections 
representing different habitats and through time, not 
centered on documenting differences related to spatial 
separation.
Data collection. Data collection was carried out by 
conducting 4 field trips between September of 2006 
and February of 2007. Each field trip lasted 3 to 4 days, 
including observations for a total of 108 hours (36 hours in 
each section). We defined a MBF as 1 group of 2 or more 
individuals of different species moving around actively, 
showing evidence of cohesion (e.g., constant vocalizations 
and individuals moving in the same direction) without the 
presence of an external concentration of food resources. A 
similar definition for MBF was used in other studies (e.g., 
Morse, 1977; Develey and Stouffer, 1999; Maldonado-
Coelho and Marini, 2000; Ippi and Trejo, 2003; Tubelis et 
al., 2006). The differentiation of the MBFs from another 
kind of birds groups, like frugivorous birds foraging in 
trees, is straightforward due to the conspicuousness of 
MBFs being enhanced by the fact that they tend to remain 
continually on the move (Morse, 1977).

MBFs in the Andes and other areas of South America 
seem to be loosely structured, presenting turnover of 
individuals and lacking territoriality (Poulsen, 1996; 
Aleixo, 1997; Herzog et al., 2002). A similar result was 
reported for MBFs in Asia (Kotagama and Goodale, 2004). 
It is suggestive that the same MBF is not maintained for 
a long time. However, to avoid taking data from the same 
MBF repeatedly we used 3 different strategies. First, we 
checked the direction of movement of each MBF and 
compared that with the next MBF detected, assuring 
that it was coming from a different direction. Second, 
we conducted observations in each section for only 3 
hours daily, avoiding prolonged continuous observations 
in the same place. For this reason we divided each day 
into sampling periods as follows: (1) 06:00–09:00 hours; 
(2) 09:00–12:00 hours; and 3) 14:30–17:30 hours. Third, 
there were at least 10 days between each pair of field trips.

We carried out observations along the main trail 
present in each section (see above). We detected MBFs 
by observations through binoculars, since there was 
extreme multi species bird activity. Once a MBF was 
located, it was followed and observed as long as possible, 
noting the time of detection and the species composition. 
Other information on agonistic interactions among 
constituent members, predator attacks upon them, and the 
number of co-specific individuals was observed when the 
opportunity arose. For some MBFs we did not document 
the species composition; these cases were excluded from 
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the analyses dealing with the number of species. For the 
species observed, we followed the taxonomic treatment 
of Remsen et al. (2010), and classified them according 
to their occurrence in MBFs as: regular (present in 25 % 
or more of the MBFs), common (10–24.9%), uncommon 
(3–9.9%), and rare (< 2.9 %) following Machado (1999). 
Data analyses. To verify if the set of species recorded 
joining MBFs were well represented in our observations, 
we used EstimateS 7.5 (Colwell, 2005) to construct a 
species accumulation curve, considering each MBF as a 
sample unit. Additionally, we used the following analyses 
performed in PAST 3 (Hammer et al., 2001) and XLSTAT 
to test specific hypotheses. First, we checked for variation 
in the number of MBFs and for changes in the occurrence 
of frequent species throughout the study using a χ² test 
comparing data from our 4 field trips. Second, we tested 
whether agonistic interactions among individuals in one 
flock were related with species number using a Fisher’s 
exact test and grouping MBFs in 2 categories: <10 species 
and ≥10 species. Third, we evaluated differences in the 
number of MBFs and in the number of species per MBF 
among the 3 sections by using Kruskal–Wallis ANOVAs, 
considering observations from each 3 hour periods as 
a single sample. It was followed by a Mann Whitney 
pairwise comparison. We used these non-parametric tests 
because our data were not normally distributed (Shapiro-
Wilk test W < 0.91 p < 0.003). Furthermore, to test for 
differences in the activity of MBFs during the day we 
used a χ² test to compare the number of MBFs observed 
in each hour of the day. Finally, we used 2 different 
approaches to test if species joined MBFs on a random 
basis. On one hand, we tested the effect of facilitation 
among species in the cohesion of MBFs, as a whole using 
CoOccur version 1.0 (Ladau et al., 2008). This program 
uses null models to analyze a matrix of species presence/
absence in different sites (MBFs in our case), and tests 
hypotheses about facilitation and competition among a 
set of given species. For this analysis we grouped the 
species by family following Remsen et al. (2010). On the 
other hand, we conducted multiple χ² and Fisher’s exact 
tests to detect which species pairs co-occurred in MBFs 
more than expected by chance. These comparisons were 
carried out only for species present in 4 or more MBFs. 
This last approximation and some variants have been used 
previously to test association among species in MBFs (e.g. 
Jones, 1977; Hutto, 1994; Latta and Wunderle, 1996). 
Although those 2 analyses test hypotheses related with 
the association of species in MBFs, they are conducted 
at 2 different, but complementary, levels: in a general 
level of the study zone MBFs as a whole in the case of 
CoOccur and at a particular level of species pairs in the 
case of χ² and Fisher’s tests.  

Results

We detected a total of 104 MBFs. Of these, 71 were 
observed under conditions that allowed us to document 
their species composition, and were included in the 
analyses that consider the number of species. We recorded 
a total of 75 species joining MBFs (Appendix). The species 
accumulation curve did not reach an asymptote. However, 
the number of new species decreased with sample effort, and 
the singleton curve peaked and began to decline, indicating 
that our sample is representative of the species that join 
MBFs in this area (Figure 1). A great proportion of the 
recorded species did not join flocks regularly. According 
to the species occurrence in the MBFs we classified 12 
as regular, 13 as common, 26 as uncommon, and 24 as 
rare (Appendix). A total of 4 Neartic-Neotropical migrant 
species were recorded in MBFs; 2 of which, Dendroica 
fusca and Mniotilta varia, were regular in the flocks. 

In general MBFs were conspicuous and noisy. We 
followed each MBF for periods ranging from 5 to 45 min. 
The individuals in the MBF were moving principally up in 
the trees, although some species (e.g., Synallaxis azarae, 
Atlapetes albinucha, and Cinnycerthia unirufa) were seen 
in shrubs. The number of species per MBF varied from 4 to 
21 (mean= 9.43, s.d.=  4.1, n=  71; Figure 2). We observed 
that some species like Aulacorhynchus prasinus, Andigena 
nigrirostris, and Turdus fuscater followed some MBFs, but 
did not join them in a consistent manner. These species were 
observed moving behind the MBF, exhibiting more pauses, 
and proceeding slower than the other species in the flock. 
On the other hand, we managed to observe monospecific 
pairs or groups of species (e.g., Anisognathus somptuosus, 
Tangara heinei, T. vassorii, T. nigroviridis, Chlorospingus 
ophthalmicus, Dendroica fusca, and Atlapetes schistaceus) 
in several MBFs. Likewise, we observed, on 8 occasions, 
squirrels (Sciurus sp.) joining MBFs. Among the regular 
species only the migrant Mniotilta varia presented 
variation in its number throughout the duration of this 
study (χ²= 13.3, 3 d.f. 3, p<0.01). We failed to observe this 
species on the first field trip, but it was a regular in the 
following 3 surveys. Although this study was conducted 
during 5 months, the number of MBFs did not change 
significantly through time (χ²= 2.3; 3 d.f.; p= 0.51, n= 
104). In addition, around 13 % of the MBFs were observed 
during rainy periods in which constituent individuals 
did not decrease their activity. We witnessed 2 predator 
attacks upon MBFs and several agonistic interactions 
among members of MBFs. During the 2 predator attacks, 
we observed that different individuals in the MBF gave 
simultaneous alarm calls from different places followed by 
an evasive behavior. In the first case, a raptor (possibly 
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Buteo magnirostris) was involved. In the second instance, 
a group of 5 Cyanocorax yncas approached a MBF, which 
elicited an evasive behavior by the members of the MBF 
after one of the jays vocalized. We detected 16 agonistic 
interactions among individuals in 10 MBFs, but we only 
identified the involved species on 9 occasions. Ten species 
were involved in agonistic behaviors, and 4 interactions 
were intraspecific among individuals of: Dendrocolaptes 
picumnus, Chlorospingus ophthalmicus, Dendroica fusca, 
and Atlapetes schistaceus. Although the majority of 
agonistic interactions were recorded within MBFs with 10 
or more species, our analysis did not indicate an association 
between the number of species and the occurrence of 
agonistic events (Fisher’s exact test, p= 0.12, n= 16).

We detected significant differences in the number of 
MBFs among the 3 sections surveyed (Kruskal-Wallis 
ANOVA, H= 7.49, p= 0.024, n= 104; Figure 3). The 
Mann-Whitney pairwise comparisons indicated that the 
differences were significant among section A and B (p= 
0.018) and section A and C (p= 0.024). However, the 
number of species per MBF did not show significant 
differences among sections (Kruskal-Wallis ANOVA, H= 
0.15, p= 0.93, n= 71; Figure 4). In addition, the number 
of MBFs did not change along the hours of the day (χ²= 
6.25, 8 f.d., p= 0.62, n= 104; Figure 5), but 2 activity peaks 
were observed: 1 in the middle of the morning (9-10 h) 
and another at the end of the afternoon (16:30–17:30 h). 
The results of the co-occurrence/facilitation test received a 
p-value of 0, with a maximum power of 1; suggesting that 
the co-occurrence pattern between MBFs species is affected 
by interspecific facilitation interactions. We obtained 
additional evidence for non-random co-occurrences of 
species pairs in MBFs using a set of χ² and Fisher’s exact 
tests. Of the 1275 species pair comparisons performed; 
17 were significant (p < 0.01) (Table 1). And of these 
co-occurrences, 15 were positive and 2 negative. However, 
because of the multiple comparisons conducted and an α= 
0.01, 12 associations could be deemed significant only by 
chance. Several tanager species (family Thraupidae) were 
found in the positive co-occurrences. The only 2 negative 
co-occurrences were between Myioborus miniatus and 2 
Tangara species.

Discussion

Our data indicate that around 43% of the total species 
known from the studied region participated in MBFs. 
Similar proportions of species joining MBFs have been 
reported for other South American avian communities in 
the Bolivian Andes (Remsen, 1985), the Atlantic forest 

Species pairs P value

P. cayana* - E. laniirostris* 0.003

E. bourcierii* - T.ruficervix 0.006

M. squamiger - T. arthus 0.002

C. nigrirrostris *- T. nigrovoridis 0.009

T. solstitialis* - Z. capensis* 0.003

B. coronatus* - Hemispingus sp.* 0.005

T. cyanocephala - D. cyanea* 0.002

T. cyanocephala - C. canigularis 0.009

A. somptuosus - T. ruficervix 0.007

T. arthus - T. ruficervix 0.001

T. arthus - T. heineii 0.006

T. xantocephala - T. ruficervix 0.003

T. vitriolina - D. albilatera* 0.002

T. ruficervix - T. heineii 0.002

T. nigroviridis - T. heineii 0.005

T. nigroviridis - M. miniatus     0.004**

T. vasorii* - M. miniatus     0.003**

Table 1. Statistically significant (p < 0.01) co-occurrences of 
species pairs in MBFs 

(Aleixo, 1997), and the Cerrado (Tubelis et al., 2006; 
Tubelis, 2007). Comparing our results with other studies 
from the Neotropics, which report the participation of 10 to 
120 species (mean= 60 species) (Davis, 1946; Moynihan, 
1979; Powell, 1979; Ewert and Askins, 1991; Hutto, 1994; 
Latta and Wunderle, 1996; Poulsen, 1996; Aleixo, 1997; 
Machado, 1999; Montero, 1999; Develey and Peres, 2000; 
Herzog et al., 2002; Bohórquez, 2003; Brandt et al., 2009), 
the number of species joining MBFs in our study area is 
among the highest. These results follow the general pattern 
that the number of species joining MBFs in one zone is a 
reflection of the local species pool (Hutto, 1994; Latta and 
Wunderle, 1996; Bohórquez, 2003; Brandt et al., 2009; 

* depicts species observed in few mixed bird flocks (4 to 6). 
Their occurrence in these statistically significant associations 
could be due to chance.
** depicts statistically significant values of negative 
co-occurrences. In these cases the species co-occurred less than 
expected by chance.
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Figure 1. Species accumulation curve (black) constructed using the observed values (sobs). The curve of singletons is also illustrated 
(gray).

Figure 2. Number of MBFs with different number of species.

670.indd   6 14/06/2011   04:45:18 p.m.



645Revista Mexicana de Biodiversidad 82: 639-651, 2011

Figure 5. Total number of MBFs plotted against the hours of the day.

Figure 3. Box diagram of the number of MBFs observed in each 
section.

Figure 4. Box diagram of the number of species per MBF 
observed in each section.
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Perón and Crochet, 2009). Additionally, the frequency of 
MBFs and the mean number of species per MBF in our 
study zone are among the highest documented for the Andes 
(Moynihan, 1979; Herzog et al, 2002; Montero, 1999; 
Bohórquez, 2003; Poulsen, 1996), a region that apparently 
contains MBFs composed of more species than other 
regions in South America (e.g. Cerrado, Tubelis, 2007). 
All these data lead us to conclude that MBFs represent a 
biologically important feature of the bird community in 
this region of the Colombian Andes.

Among the bird species recorded joining MBFs, we 
noticed a consistent participation of 2 migrants, a pattern 
documented by other studies in different Neotropical 
regions (Ewert and Askins, 1991; Hutto, 1994; Latta 
and Wunderle, 1996). This pattern could be explained 
as a result of migrant individuals joining MBFs in order 
to obtain local information about foraging resources or 
predators (Smith, 1975). We also detected variation in 
the association with MBFs over time only for the migrant 
Mniotilta varia. Variation in yearly species composition 
and richness of MBFs may be a result of seasonal presence 
or absence of these migrant species in the zone (e.g., 
Develey and Peres, 2000).

Concerning the singular joining of large birds and 
squirrels to MBFs, the inconsistent participation of T. 
fuscater and A. prasinus in MBFs could be caused by 
their abrupt movements and large body size, which 
promotes a break-up of small species groups (Moynihan, 
1979). However, we do not exclude the possibility that 
the evasion of toucanets (Aulacorhynchus sp.) is because 
they are occasional predators of small birds (Moynihan, 
1979; E. Arbeláez-Cortés, pers. obs.). Our observation of 
squirrels following MBFs contributes additional data to 
the documentation of this phenomenon around the world 
(Chapin, 1932; McClure, 1967; Partridge and Ashcroft, 
1976; Moynihan, 1979; Paschoal and Galetti, 1995; 
Kotagama and Goodale, 2004; Buitrón-Jurado and Toba, 
2007; Sridhar and Sankar, 2008). In the Neotropics some 
squirrel species such as Sciurus granatensis, S. ingrami, 
and Mycrosciurus flaviventer exhibit a tendency to develop 
different interspecific relationships (Moynihan, 1979; 
Paschoal and Galetti, 1995; Buitrón-Jurado and Toba, 
2007). All this evidence together with some data on tree 
shrews, monkeys, and coatis joining MBFs (Stresemann, 
1917; Kotagama and Goodale, 2004; Beisiegel, 2007), 
lead us to believe that heterospecific groups of birds and 
mammals are a general phenomenon.

Documented predator attacks on MBFs are rather 
scarce (e.g., Morse, 1970; Powell, 1985; Herzog et 
al., 2002; Ippi and Trejo, 2003; Tubelis, 2007), but the 
behavioral response that we witnessed of MBFs members 
to predators was similar to the one documented in 

many flocking species that call while sitting motionless 
subsequent to being alerted (Morse, 1970; Morse, 1977). 
These vocalizations are generally believed to confuse their 
predators by virtue of being given simultaneously from 
many locations (Morse, 1977). We consider it noteworthy 
that one predatory attack involved a jay and not a raptor. 
Although there exists at least one other report of a response 
of MBFs to jays (Cyanocorax cristatellus, Silva, 1980 cited 
in Tubelis, 2007), and some jays are predators of small 
birds (Moynihan, 1979), C. yncax has not been previously 
reported as a predator (H. Álvarez-López pers. com.). As 
such, this positive response of the flock members to the 
presence of C. yncax could be considered as derived from 
an “inappropriate stimulus” (Morse, 1970). However, our 
2 observations support the idea that species joining MBFs 
have mechanisms of alert and reaction against potential 
predators.

 Temporal variation in the activity of MBFs has been 
reported at different scales in many localities (e.g., Powell, 
1979; Machado, 1999; Herzog et al., 2002; Farley et al., 
2008). However, we found that the number of MBFs did 
not change during the 5 months of our study. Although a 
similar pattern has been found in other Neotropical sites 
(Munn, 1985; Bohórquez, 2003), many studies indicate 
variation in MBFs in relation to reproductive season 
or fluctuation in resources (Davis, 1946; Powell, 1979; 
Dean, 1990; Machado, 1999; Develey and Peres, 2000). 
Therefore, it is possible that some variation could occur 
in the frequency of MBFs in the region throughout the 
year, but our data were not suitable to detect this pattern. 
Additionally, our data indicate that the number of MBFs 
did not vary throughout the day. This same pattern has 
been documented in other studies (Partridge and Ashcroft, 
1976; Dean, 1990), and could be regarded as evidence for 
the hypothesis that advantages obtained by species joining 
MBFs do not change during the day. We did not conduct 
systematic observations around noon, but occasional 
observations showed that MBFs were active at these 
hours too. In contrast with our data, many studies have 
detected variation in the number of MBFs throughout the 
day (Eguchi et al., 1993; Poulsen, 1996; Machado, 1999; 
Montero, 1999, Bohórquez, 2003; Farley et al., 2008; 
Herzog et al., 2002). This contrast suggests that in different 
regions a diverse number of issues are involved in the 
formation and maintenance of MBFs. Finally, we observed 
MBFs during the rain. Other authors also have recorded 
MBFs in rainy periods (Morse, 1970; Moynihan, 1979; 
Montero, 1999). This phenomenon has been explained 
as a strategy to offset the diminution of insect biomass 
(Montero, 1999; Bohórquez, 2003).

Although we did not detect variation in the number 
of species found per MBF among the 3 different sections 
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we surveyed, habitat differences affect MBFs richness 
in other localities around the world (Maldonado-Coelho 
and Marini, 2000; Lee et al., 2005). For example, in the 
Amazonas region, MBF richness is lower in areas in 
early regeneration stages (Maldonado-Coelho and Marini, 
2000). Also, significant changes in the number of species 
per flock among different habitats have been documented 
in Asia (Lee et al., 2005), but the latter study was conducted 
under different conditions (an escalating gradient of 
anthropogenic modification, including forest and urban 
areas) than those presented in our study area. The stability 
in the number of species per MBF in our study region could 
be due to the fact that scrubby second growth harbors some 
groves and is near to larger forest patches (see Methods). 
Likewise, MBFs could be promoting the use of open areas 
by forest birds (Dolby and Grubb, 2000; Tubelis et al., 
2006; Péron and Crochet, 2009). These factors potentially 
are precluding the decrease in number of species per MBF 
in the scrubby second growth in our study area.

In contrast with our species richness results, the 
number of MBFs was affected by the vegetation stage 
in the sections studied. The number of MBFs was low in 
sections B and C, while it was significant in section A. It 
is known that in Neotropical lowlands, understory MBFs 
tend to avoid open areas with low vegetation (Develey 
and Stouffer, 2001); while the canopy MBFs prefer to 
stand in continuous canopy, thus avoiding dangers and 
energetic consumption associated with flying through 
discontinuous vegetation (Munn, 1985). In the scrubby 
second growth area (section B), we observed MBFs 
traveling principally in the tallest trees and bushes. 
Something similar has been observed in Brazil where 
the effect of secondary growth on MBFs seems to be 
related with the kind of vegetation present, and the 
MBFs have been observed using secondary areas near 
the forest fragments (Stouffer and Bierregaard, 1995; 
Borges and Stouffer, 1999). We consider this a plausible 
explanation for the slight decrease of MBFs documented 
between sections A and B, representing different habitats. 
However, our results are somewhat puzzling, as the 
differences were also between section A and C, both with 
forest habitats, and not between sections B and C, which 
represent different habitats. 

We are aware that some concerns could arise because the 
study area was small (e.g., results did not show differences 
among habitats because MBFs can move through the 
entire zone). However as we have said in the methods this 
study is not centered on documenting differences related 
to spatial separation. To deal with this issue it is necessary 
to consider that the home range of MBFs in different 
localities has been reported to vary from 0.8 to 15.4 ha 
(mean= 7 ha, n= 12) (Morse, 1970; Buskirk et al, 1972; 

Munn and Terborgh, 1979; Poulsen, 1996), which could be 
used to indicate that in the study zone a single MBF does 
not move through the entire area. Finally, the study area is 
not isolated; it is connected with other larger continuous 
forests (e.g., Santuario de Fauna y Flora Otun-Quimbaya). 
As a result the MBFs could be moving in a greater area 
where they could be “choosing” the habitats.

In general, our results indicate that MBFs forage and 
travel through secondary growth habitats with bushes 
and scattered trees in a similar manner as they do in old 
growth forests. It seems to be evidence for another kind 
of advantage gained by individuals joining MBFs. which 
is the greater use of adjacent vegetation patches (Tubelis 
et al, 2006). This result could have implications for bird 
conservation in landscape mosaics like the ones found in 
the Colombian Andes. In these landscapes MBFs could 
cross areas with early vegetation stages, allowing several 
species, including those of special conservation concern, 
to reach other forests or forest patches. MBFs traveling 
through secondary forest or narrow forest corridors have 
been witnesses in other localities in this same region of the 
Colombian Andes (Arbeláez-Cortés obs. pers). However, 
specially designed studies would be necessary to test the 
relation of MBFs and conservation biology issues in the 
Andes, as has been studied in other regions of the world 
(e.g., Sridhar and Sankar, 2008).

Although the benefits that a species get from 
participating in MBFs could come from being with the 
flock as a whole, not being with a particular species in 
the flock (Goodale and Beauchamp, 2010), our results 
do not support this hypothesis. Conversely, this study 
supports the idea that the MBFs are cohesive groups where 
some species are present because others are present too. 
However, previous studies have reported higher numbers 
of positive associations between species pairs than the 
number found in our study (Jones, 1977; Eguchi et al., 
1993; Hutto, 1994; Latta and Wunderle, 1996; Bohórquez, 
2003; Péron and Crochet, 2009). Principally, species in the 
family Thraupidae, the tanagers, were found in the positive 
associations. This could have some kind of biological 
meaning such as a role of these species in the cohesion of the 
MBFs in the study area. We avoid characterizing the kind 
of role of any of these species (e.g., nuclear, core, leader) 
because we did not obtain data to that extent. However, 
we found that several tanagers were frequent in the MBFs, 
and on many occasions were observed in pairs or in small 
groups. Furthermore, other studies in the Colombian 
Andes (Moynihan, 1979; Bohórquez, 2003) and Brazilian 
Cerrado (Tubelis, 2007) indicated that Thraupidae species 
are characteristic of MBFs and could have a nuclear 
role. It is known that tanagers form groups synchronized 
in movement, speed, and direction around which other 
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species can join, conforming a MBF (Moynihan, 1979; 
Munn, 1985; Machado, 1999). Likewise, Anisognathus 
somptuosus, Tangara nigroviridis, T. heineii, T. arthus, and 
T. ruficervix meet some characteristics of nuclear species 
(sensu Moynihan, 1979) such as colorful plumage and the 
formation of mono-specific groups. Some of these species 
have been reported also as nuclear in a different region 
of the Colombian Andes (Moynihan, 1979; Bohórquez, 
2003). All this information indicates that tanagers have an 
important role in the formation and maintenance of MBFs 
in the Andes. Additionally, we consider that other species, 
such as Chlorospingus ophthalmicus, C. canigularis, and 
Atlapetes albinucha, could have similar roles in MBFs. 
These species were usually seen in pairs or groups in 
MBFs where tanagers were absent. 

In conclusion, our study documents that MBFs of this 
part of the Andes meet some general patterns described in 
other regions. Examples of these are: (1) the number of 
species joining MBFs in the area reflects the local species 
pool; (2) MBFs are cohesive groups where some species 
pairs co-occurrences are not driven by chance; (3) squirrels 
occasionally follow MBFs; (4) MBFs have alert and 
reaction mechanisms targeted against potential predators. 
However, our results also differ from the general pattern 
reported in previous studies; for example, (1) different 
habitats do not affect the number of species per MBF; 
(2) MBFs can use early secondary growth in a similar 
manner as more mature forest habitats; (3) the number of 
MBFs did not show significant differences throughout the 
day. Additionally, a few aspects pertinent to the number 
and kind of species that make up MBFs in our study 
area differed from observations of previous studies. We 
hope that this study will enrich the understanding of this 
biological phenomenon and contribute to the knowledge 
of the overwhelming biodiversity of the Colombian Andes.
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Taxon Occurrence

CUCULIDAE

Piaya cayana Uncommon

CAPITONIDAE

Eubucco bourcierii Uncommon

RAMPHASTIDAE

Aulacorhynchus prasinus Uncommon

Andigena nigrirostris Rare

PICIDAE

Piculus rubiginosus Uncommon

Piculus rivolii Uncommon

Veniliornis  dignus Rare

FURNARIIDAE

Synallaxys azarae Rare

Synalaxys brachyura Rare

Appendix. Bird species observed joining mixed bird flocks in 
La Patasola natural reserve, Salento, Quindío, Central Andes 
of Colombia. “Occurrence” column indicates the occurrence in 
MBFs of each species (see Methods). Migratory status is indicated 
where appropriate for Neartic-Neotropical migrants with a super 
index M. Species considered as of special conservation concern 
are in bold type.

Appendix.  Continues

Premnornis guttuligera Uncommon

Premnoplex brunnescens Rare

Margarornis squamiger Common

Syndactyla subalaris Rare

Anabacerthia striaticollis Common

Thripadectes holostictus Rare

Glyphorynchus spirurus Rare

Dendrocolaptes picumnus Uncommon

Xiphorhynchus triangularis Uncommon

Lepidocolaptes lacrymiger Regular

Campylorhamphus pusillus Rare

TYRANNIDAE

Phyllomyias uropygialis Common

Phyllomyias plumbeiceps Uncommon

Phylloscartes poecilotis Uncommon

Phylloscartes ophthalmicus Uncommon

Mionectes striaticollis Rare

Poecilotriccus ruficeps Rare
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Zimmerius chrysops Regular

Leptopogon rufipectus Rare

Myiophobus flavicans Uncommon

Myiarchus cephalotes Regular

Pyrrhomyias cinnamomeus Regular

Contopus fumigatus Rare

COTINGIDAE

Pipreola riefferii Uncommon

TITYRIDAE

Pachyramphus versicolor Rare

VIREONIDAE

Cyclarhis nigrirostris Uncommon

Vireo olivaceus Rare

TROGLODYTIDAE

Troglodytes solstitialis Rare

TURDIDAE

Turdus fuscater Uncommon

THRAUPIDAE

Creurgops verticalis Uncommon

Hemispingus sp. Uncommon

Tachyphonus luctuosus Rare

Thraupis cyanocephala Common

Anisognathus somptuosus Regular

Pipraeidea melanonota Rare

Chlorochrysa nitidissima Uncommon

Tangara ruficervix Common

Tangara heinei Regular

Tangara vitriolina Common

Tangara cyanicollis Rare

Tangara vassori Common

Tangara nigroviridis Regular

Tangara gyrola Rare

Tangara xanthocephala Common

Tangara arthus Common

Diglossa albilatera Uncommon

Diglossa cyanea Common

INCERTAE SEDIS

Chlorospingus ophthalmicus Regular

Chlorospingus canigularis Common

Saltator cinctus Rare

EMBERIZIDAE

Zonotrichia capensis Uncommon

Atlapetes albinucha Common

Atlapetes schistaceus Uncommon

CARDINALIDAE

Piranga rubra   M Rare

Piranga rubriceps Uncommon

PARULIDAE

Parula pitiayumi Common

Dendroica fusca M Regular

Mniotilta varia  M Regular

Wilsonia canadensis  M Uncommon

Myioborus miniatus Regular

Myioborus ornatus Regular

Basileuterus coronatus Uncommon

Basileuterus tristiatus Uncommon

FRINGILLIDAE

Euphonia laniirostris Uncommon

Euphonia xanthogaster Rare

Chlorophonia cyanea Rare

Appendix.  Continues Appendix.  Continues
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