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Abstract 

 

Mixed-species flocks are groups consisting of different bird species which travel and forage 

together. Species in a flock can be divided in nuclear species, which act as a leader or 

sentinel and attendant species, which follow the nuclear species. In the tropics, their main 

habitat, flocks are all year round. Tropical forests are threatened by many problems such as 

invasive settlements, roads and conversion into pastures/agricultural land. These 

disturbances can affect flocks in various ways. 

The aim of the present study was to investigate the effects of disturbance on mixed-

species flocks. It was investigated how flocks in three habitats (mountain rain forest, forest 

edge, cattle fields) in North-west Ecuador differ from each other with respect to 

composition in niches, number of individuals and species, stability, nuclear and core 

species. The forest lies in the Chocó eco-region, ranging from Panama to northwest Peru, 

which is known for its exceptional high biodiversity and endemism. Trails in forest, edge 

and in cattle fields were walked on working days. When a flock was encountered, all 

species and number of individuals per species were recorded. Further it was recorded if a 

bird was calling and which species was going first (to identify the nuclear species). Also a 

description of the vegetation was made in the three areas. 

Vegetation in the areas differed in composition of tree type (primary forest tree, 

secondary forest tree, primary and secondary tree, planted). Density of trees differed 

significantly between the forest and the cattle fields.   

 Flocks in the forest and in cattle fields did not differ in diversity, but their 

composition in niches was altered: significantly more fruit eaters, seed eaters and 

omnivores were seen in cattle fields, but warblers and vireos were less diverse and 

abundant. Further, flocks in the forest seemed to be more stable and cohesive than in the 

cattle fields, reflected in a higher number of core species (species that are present in 50% of 

flocks or more), a much higher flocking propensity (percentage of individuals of a species 

which are seen in a flock foraging) and more calling. Edge flocks had a significant higher 

average number of species and individuals per flock than forest and cattle field flocks. 

Nuclear species were difficult to identify, as no species fitted all the characteristics. 

However, the One-colored Becard was at the edge and in the cattle fields the most 

frequently seen species and in the forest only exceeded by Wedge-billed Woodcreeper. It 

was also seen leaving first more than others. Overall, the flocking system in this area was 

highly dynamic with much turnover of species over the days and on one day. Number of 

species and individuals per flock were highly correlated in all habitats.  
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Introduction 

 

Animals can form groups consisting of different species. These groups can consist of 

closely related species to species of different orders. Mixed species groups vary a lot in 

their duration, frequency, activity and structure. In mammals these groups are mainly 

investigated in primates, ungulates on the African savannas and cetaceans in the ocean. For 

example two species of tamarin monkeys (genus Saguinus) form very stable mixed-species 

groups in Brazilian Amazonia (Peres 1992), striped dolphins, short-beaked common 

dolphins and Risso’s dolphins join each other in the Mediterranean Sea (Frantzis and 

Herzing 2002) and Thomson’s and Grant’s gazelles mix in Serengeti National Park 

(Fitzgibbon 1990). In North America, coyotes and badgers hunt together in groups on 

ground squirrels (Stensland et al. 2003). Mixed-species groups occur even in fish, for 

example groups of parrotfish and surgeonfish (Wolf 1984).  

By forming groups of different species, each with their specialization, animals have 

the advantage of a large group without the costs of competition with conspecifics 

(Stensland et al. 2003): in a large group, the chance that an animal gets eaten by a predator 

is smaller. This is due to different mechanisms like the selfish-herd effect (group members 

try to ‘hide’ themselves in the middle of the group), the dilution effect, the encounter effect, 

the confusion effect and the many-eyes effect (increased chance that a predator is being 

detected because there are a lot of individuals). Further, the different species may be 

different in the way they scan predators, thereby increasing detection efficiency (Stensland 

et al. 2003). Mixing also has the advantages that the species can cooperate in finding food 

or that they can utilize the food resources more efficiently and further it may have social 

and reproductive benefits (Stensland et al. 2003). Not all the participating species may 

receive the same amount of benefits. 

Birds also form groups of different species; these are called mixed-species flocks or 

simply flocks. Mixed-species flocks are defined by Hutto (1987) as ‘groups of two or more 

bird species occurring within 25 meter of each other and moving in same direction for 

minimal 5 minutes’. Morse (1970) describes a flock as ‘any group of two or more birds, 

whose formation depends upon positive responses by individuals to members of their own 

or other species’. A flock can be distinguished from an aggregation by the fact that the 

birds travel together and that the advantages the birds have of joining the flock are 

dependent from the other flock members and not from a food source (Greenberg 2000). 

Members in flocks tend to use different food sources (Greenberg 2000), feeding heights and 

techniques (Wiley 1980). Flocks exist in all parts of the world. In temperate regions they 

can be found mainly outside the breeding season. For example in the USA, chickadees, 

titmice, wood warblers, woodpeckers, nuthatches, creepers and kinglets form mixed-

species flocks (Morse 1970). However, in tropical regions, flocks are bigger and all-year 

round and they are an important component of community structure (Powell 1989).  

Scientists have long tried to define the roles of species in a flock and terminology is 
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sometimes very confusing (Greenberg 2000). Species in flocks can be divided in at least 

two different types: leaders (‘nuclear’) and followers (‘attendant species’). By analyzing 

more than hundred flocks from all over the world, Sridhar et al. (2009) discovered that 

nuclear species are often gregarious and cooperative breeding birds. Because of this, they 

have evolved an efficient alarm system and this may be a benefit for other bird species in 

the flock. Nuclear species can also be divided in different types and a flock can contain 

more than one (type of) nuclear species (Greenberg 2000): according to Hutto (1994) 

nuclear species ‘tend to be relatively numerous, averaging a greater number of individuals 

per species than any of the other flock participants, are almost always seen in flocks (high 

‘flocking propensity’), most flocks contain this species, they are conspicuous by their 

plumage coloration, the near-continuous nature of their calls and/or their active behavior’. 

According to Jullien and Clobert (2000), nuclear species may also be sit-and-wait foragers, 

which act as sentinels for more actively foraging birds. So there are flocks were one nuclear 

species is of the sentinel kind and the other one acts as leader and is important for cohesion 

of the flock (Greenberg 2000). Greenberg also points out that nuclear species not 

necessarily are conspicuous birds and also their size differs.  Another terminology used 

sometimes is that of ‘core species’: sometimes it is used for nuclear species, but according 

to Greenberg (2000) it is ‘the set of species found in most individual flocks in a particular 

habitat or stratum’. 

As in mixed species groups of other animals, flocks must have advantages, in order 

to explain their existence. The two most important hypotheses explaining mixed-species 

flocks are improved feeding efficiency and reduced risk of predation. Birds could improve 

their feeding efficiency because of insects that are flushed by other birds. They may also 

use flock members to copy foraging behaviour, exploit new food sources or obtain 

information about the location of food resources. Reducing predation risk could be caused 

by the mechanisms mentioned above. The two hypotheses are not mutually exclusive: birds 

may benefit from an increased feeding efficiency because they can decrease their vigilance 

(Sridhar et al. 2009, Greenberg 2000).  Birds may also get advantages of flocks because 

they can forage in a larger territory than just in their own territory (Harrison and 

Whitehouse 2011). Sridhar et al. (2009) performed an analysis to discover the benefits of 

flock participation. They found out that follower species, and not leaders, increase their 

foraging rates and reduce their vigilance compared to when they are alone or with 

intraspecific group mates, thus confirming that the hypotheses are not mutually exclusive. 

They suggest that predation risk was important in the evolution of flocking; species more 

vulnerable for predation follow species that have a well-developed alarm system. Therefore 

they can reduce their own vigilance and increase their feeding efficiency (Stensland et al. 

2003). Jullien and Cobert (2000) determined survival value for different flock members and 

discovered that the survival of obligate flock members (which only forage in flocks) is 

higher than that of facultative (which forage sometimes in flocks) or non-flocking birds. 

However, this high survival of obligate members might also be caused by a low fecundity 

and not by the advantages of flocking. The survival rates of facultative members were not 
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higher than that of non-flocking birds. Besides having advantages, flocking has also 

disadvantages for the group members. Some species are dominant over others and force the 

subordinate species to forage on a restricted foraging height. If the dominant species is 

removed, the subordinate species will expand its foraging heights. Kleptoparasitism 

(stealing of food from other birds) is also a problem (Greenberg 2000). Another 

disadvantage for some species is that they might move with the flock at a non-optimal 

speed, thus reducing their feeding efficiency (Hutto 1988, Kotagama and Goodale 2008). 

Although not clear yet, some data may reveal that nuclear species do gain little or only 

receive costs from being followed, for example if the attendant species is dominant, the 

nuclear species merely has to tolerate it. Costs can be increased competition or a higher 

attraction of predators (Greenberg 2000). 

Flocks in different regions of the tropics differ in stability of composition. Poulsen 

(1996) describes flocks in a secondary forest at the slopes of the Andes, where species 

composition changes from day to day. In contrast, flocks in the Amazon are often stable 

groups that consist of probably the same individuals every day. They can have a common 

territory, as is described by Munn and Terborgh (1979). In that study, the flock members 

defended the flock territory against other flocks, and directed their aggression towards 

conspecifics in the other flock. Haven Wiley (1980) describes that a flock of Antbirds in the 

Amazon always stayed in the same range and had specific ‘turning points’ where it changed 

of direction.  

Flocks in different regions of the tropics also differ in species diversity. In the 

Ecuadorian Andes the average diversity in a flock was 21.7 species (Poulsen 1996), in an 

African lowland forest 5.6 (Peron and Crochet 2009), and in Sri Lanka 9.3 (Lee et al. 2005) 

and 10.9 (Kotagama and Goodale 2004). Minimal two types of flocks can be distinguished: 

understory and canopy flocks (Greenberg 2000). These two types of flocks might also join 

each other and form a ‘mega flock’ of understory, midstory and canopy birds, in which 

species diversity is very high, like the flocks found by Poulsen (1996). These combined 

flocks may arise primarily in secondary forests, were trees are lower, thus facilitating 

species communication between understory and canopy birds (Poulsen 1996). 

The most important habitats of mixed-species flocks, tropical forests, are threatened 

by many problems such as roads, logging and conversion into agricultural or pasture land 

etc. These threats have effects on the avian community as a whole and thus also on mixed-

species flocks. Effects of disturbance can be negative. In forest fragments after 

deforestation it has been observed that flocks disappear, even though some of the flocking 

species remain stable in the area (Stouffer and Bieregaard 1995). The effects of disturbance 

on flocks may be dependent on the type of habitat. Flocks in highly grazed tropical dry 

forest contained less species and number of individuals compared to less disturbed dry 

forest, whereas in arid scrub vegetation this effect was not seen in a study by Knowlton and 

Graham (2011). Some niches are affected more than others. Laurance (2004) found that 

understory insectivores in flocks are negatively affected by roads in diversity and 

abundance. Midstory and canopy insectivores, frugivores and omnivores remained stable 
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with decreasing distance to a road. Aleixo also found that only understory insectivores were 

affected by logging (Aleixo 1999). Develey and Stouffer (2000) studied the effects of an 

open road (with open canopy above the road) and closed road (where canopy was closed 

above the road) in an area without other major disturbances. Understory flocks saw the 

open road as a boundary and did not cross it, whereas they did cross the closed road. 

Sometimes the borders between forest and disturbed area (a logged forest, a road) 

contain as much species as in the forest or diversity is even enhanced. Effects of edges on 

species diversity and abundance are called ‘edge effects’. Edge effects are ‘the results of 

the interactions between two adjacent ecosystems, when the two are separated by an abrupt 

transition (edge)’ (Murcia 1995). Peron and Crochet (2009) studied flocks in an African 

lowland forest and at the edge between forest and cleared land and found that the flocks in 

the two habitats had little overlap in composition. Other edge effects included a higher 

diversity at the edge, changes in frequencies of species and different nuclear species. 

Aleixo (1999) discovered that a logged forest (with gaps, roads and some parts with 

plantations) near a primary forest not necessarily has a negative effect on avian diversity: it 

can act as a habitat where both forest and open species occur.  

Lee et al. (2005) studied the effects of both disturbed area (around roads) and edges 

(forest 25-100 m from the road) on mixed species-flocks. They compared flocks in the 

forest interior (minimal 250 meter away from trail or road) with edge flocks (25-100 m 

away from a trail or road) and flocks in disturbed areas (along paved roads). They 

discovered that flocks along paved roads had significantly less species than edge or forest 

interior flocks. Flocks in forest interiors and edge were more similar in composition than 

flocks along the road, but species diversity was higher in the forest. Species sensitive for 

disturbance (so absent or in low abundance along the paved road) were likely to come from 

three families, had narrow altitudinal ranges and were exclusively dependent on primary 

forest.  

The Chocó-Darien-Western Ecuador region (or simply named Chocó) is an area 

which is threatened by many problems. It reaches from southeast Panama, through west 

Colombia, west Ecuador and northwest Peru (CEPF 2001). The region is threatened by 

invasive settlements, logging and conversion of forests into pasture and agricultural land 

(CEPF 2001). In 1988 the Chocó region was pointed out as one of the hotspots of 

biodiversity. A hotspot is an area that ‘features exceptional concentrations of species with 

exceptional levels of endemism and that faces exceptional degrees of threat’ (Myers 1988). 

That high diversity and endemism in the Chocó is caused by the great variety of ecosystems 

within the region. A few studies have investigated mixed-species flocks in the Chocó 

region. A study done in a mountain rainforest (1800-2000 m) in southwest Colombia 

describes the Dusky Bush-Tanager (Chlorospingus semifuscus) as nucleus species and the 

Thraupidae (Tanagers) as the dominating family in flocks (Bohórquez 2003).  

The Ecuadorian part of the Chocó region is the most endangered, because it is least 

protected by governments in National Parks or protected areas, although several private-

owned protected areas exist. In the Ecuadorian Chocó approximately 6300 plant species 
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exist, 13-20% is endemic. Bird diversity is also very high: some 830 species exist in the 

region and about 10% is endemic. With 235 mammal species (140 species only in 

Ecuador), the region has a high mammalian diversity; endemism is 25% (CEPF 2001). No 

literature was found about mixed-species flocks in this area. A pilot study in a montane 

rainforest in the Ecuadorian Chocó, in the province of Pichincha, showed that on the edge 

between forest and cattle fields (following an unpaved road) various mixed-species flocks 

could be found. The flycatcher One-colored Becard (Tyrannidae family) was present in 

70% of the flocks, Buff-fronted Foliage gleaner (Furnariidae) in 65%, Red-eyed Vireo 

(Vireonidae) and Tropical Parula (Parulidae) in 50%. Chocó Warbler and Three-striped 

Warbler (Parulidae) were mentioned as possible core species in the forest flocks (Nicole 

Büttner, personal communication).  

The present study was conducted in the same area. The aim of this study was to investigate 

the effects of disturbed area (cattle fields) on mixed-species flocks. The flocks in disturbed 

area were compared with flocks in forest interior and forest edge. It was investigated how 

the flocks in the three areas differ from each other with respect to organization, structure, 

stability, nuclear and core species, composition, diversity and number of individuals in a 

flock. Trails in forest, edge and in cattle fields were walked daily. When a flock was 

encountered, all species were identified and the number of individuals per species was 

recorded. Further it was recorded if a bird was calling, which species was going first (as to 

identify the nuclear species), in which forest stratum (understory, midstory, canopy) the 

bird was seen, and if birds were crossing the road in case of an edge flock. Also, a 

description of the vegetation was made in the three areas: tree density, circumferences of 

trees, tree species and tree type were defined in various plots. 
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Materials and Methods 

Study site 

This study was conducted at biological station ‘Un poco del Chocó’, located in a montane 

rainforest (1200 m) at the western slopes of the Andes in Ecuador. It is situated in the 

province of Pichincha, a few kilometers northeast from San Miguel de Los Bancos, in 

Ayapi (N 00°03.229‘, W 078°50.588‘). The forest (15 ha) is private-owned and is part of a 

larger forest of more or less 100 ha. It is a secondary rainforest, due to logging activities in 

the past. Only 15 years ago, the forest bordering the road was still a cattle field. Emergents 

are scarce, but some still remain in the lower part of the forest. Bamboo is abundant at 

some points. A more detailed description of the vegetation will be given in the results. The 

terrain is steep; the forest begins at 1200 next to an unpaved road, which is used 

sporadically and ends at 950 m bordering the Pachijal River (Figure 1).  

The average temperature in the area is 18°C. Daily temperature varies between 16°C 

and 26°C. The Northwest of Ecuador has four seasons: there is a long rainy season from 

February to May and a long dry season from June to September, followed by a short rainy 

season in October and November and a short dry season in December and January. The 

rainy season is often characterized by a sunny or at least dry morning and (sometimes 

heavy) rain falls in the afternoon. Average humidity is about 90%. This study was 

conducted from 23 August till 11 November 2011, so starting in the long dry season and 

ending in the short rainy season. Nevertheless, over the whole period the mornings were in 

general sunny and dry and afternoons were cloudy and sometimes it rained. Fog occurred 

frequently in the morning and sometimes remained the whole day. There was one week of 

very bad weather with a lot of rain and fog. 

Three different habitats were defined in the area: forest, edge and open (cattle 

fields). The open area was considered as the disturbed habitat. These areas were divided 

into sections (Figure 1). On the paths in each area, reference points were established with 

GPS. Each point was at least 80 m from another point (via the road and as the crow flies). 

‘Open’ had 9, ‘edge’ and ‘forest’ 10 reference points. ‘Forest’ was situated inside the forest 

and more than 50 meters away from an edge (either the road or the river). It was the area 

surrounding the two forest trails in the reserve and around one observation point that was 

established in the neighbour’s forest (figure 1). ‘Edge’ area was situated no more than 50 

meters from a road, path or house and was bordered at least at one side by forest. ‘Edge’ 

consisted of the area (forest and cattle fields) surrounding the road coming from Ayapi and 

part of the path to the neighbours (forest and shrubs). This path starts where the road ends: 

at the owner’s house. The area surrounding the path to the neighbour’s house was bordered 

at two sides by forest, but nevertheless defined as edge and not as forest because canopy 

was open at some places above the path and the forest at one side was low with more 

shrubs than trees. This differed from the trails in the forest, which were smaller and had 

always a closed canopy above them. Only the last part of the trail to the neighbours was not 
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included, because there it is bordered on two sides by clearings. The third defined habitat 

was called ‘open’ and was situated inside a cattle field or in the cattle fields surrounding the 

road some kilometres from the volunteer house in the direction of Ayapi. The cattle fields 

were grass lands with some scattered shrubs, palms and primary trees remaining. Belts of 

trees remained in steep parts and between fields of different owners. Cattle were rotated 

among those areas more or less every three weeks, but in some parts cattle were never 

present. See figures 1 and 2. 

 

Figure 1. The area with the trails that were walked. The red trail lays in the ‘edge’ area and consists of the 

unpaved road with volunteer’s house (1) and owner’s house (2) and the path to neighbour’s house (3). It is 

divided in section 1 and 6. Light green are the forest trails (section 4 and 5) situated in the area ‘forest’. The 

orange spot was another forest observation point, in the neighbour’s forest and belonged to section 6. 

Yellow are the trails situated in the ‘open’ area (section 2 is the unpaved road to Ayapi and section 3 inside a 

cattle field). The river is longer, but its way to both sides is not clear. The map is not on scale and height 

differences are not indicated.  
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Description of vegetation 

For the description of the vegetation, different areas than with the flocks were defined: 

‘forest’ (vegetation more than 50 m of border in forest), ‘edgeforest’ (vegetation at 

reference points at the border of the forest), ‘edgecattle’ (vegetation at the other side of the 

road of edge reference points) and ‘open’ (at reference points classified as ‘open’).  

For the vegetation description, small plots of 10 x 3 meter were defined in the three areas at 

certain reference points. In the forest six plots and in the open seven plots were established. 

For the edge area, fifteen plots were measured, because at one reference point a plot was 

measured at the ‘forest’ side and at the ‘open’ side of the road or path. In general, plots 

were measured next to the road, or a few meters from the road. At some ‘open’ points along 

the road, plots were measured inside the cattle field, to be more representative of the open 

vegetation. Along the road, vegetation may be denser than in the field because of planted 

‘hedges’ of trees, and thus only measuring next to the road may give a wrong view of the 

vegetation inside the field. However, because birds in open areas occur also in the 

vegetation next to the road, at some ‘open’ points plots were measured next to the road. The 

DBH (circumference at breast height) of trees higher than breast height (1.20 m) was 

measured. Tree ferns were excluded. If possible the common name or family name and the 

tree type were defined with the help of Wilo Vaca, owner of the biological station. The 

following tree types were distinguished: Primary tree (mainly occurs in primary forests), 

Secondary tree (mainly occurs in disturbed/secondary forests), Primary and Secondary tree 

(common in both forests) and Planted trees (usually fruit trees or trees used as living 

fences). Scientific names were searched in books (Policha 2011, Lucio and Grijalva 2010, 

Gentry 1993). Not all common names were found and in that case only the family and/or 

the type of tree was written down.  
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Figure 2. Some impressions of the area. Clockwise starting left above: the river Pachijal with the studied 

forest at the ride hand, cattle fields and the road (edge area). 

 

To investigate in which strata birds in flocks occur and if there are distinct understory and 

canopy flocks in the area, forest and trees were divided in strata (See Table 1). In the forest, 

at the forest side of the edge and in the small forest strokes in the open areas the Forest 

classification was used. The Open classification (used in the open areas and at the open side 

of the edge), was defined a bit different because there is no forest so real strata are absent. 

Table 1. Classification of ‘strata’ in the different areas. The forest classification was used in the forest 

interior, at the forest side of the edge area and in the small forest belts in the open areas. The open 

classification was used in the cattle fields and in the open side of the edge area. 

 

 

 

 

 

 

 Forest classification 
Understory 0-3 m 

Midstory 3 m until canopy 

Canopy highest branches of 
highest trees 

 
 

Open classification 

Understory 0-3 m 

Midstory between ground and top 

Canopy highest branches of any 
tree 
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Mixed-species flock sampling 

In this study a mixed-species flock was defined as: a group of two or more bird species 

occurring within 25 meter of each other and moving in the same direction (Hutto 1987). On 

working days, in the morning and afternoon a section was walked. In the morning around 

9:00 AM and in the afternoon around 13:45 PM. Usually section 3 and 6 were taken 

together, because they were both small and lie in the same direction. The sections alternated 

between morning and afternoon; at the end every section was walked equally in the 

morning and afternoon and every section had received an equal number of visits. Two 

‘edge’ reference points were situated at the owner’s house and the volunteer house. 

Consequently, flocks around the houses were also recorded at lunch, in the morning before 

going out etc. The weather was frequently misty. If the first ‘rows’ of trees could still be 

seen quite well through the mist, flocks were searched and recorded. If the mist was too 

dense, the investigation was discontinued that day.  

Flocks were usually studied the first five weeks with two persons and the last six 

weeks with three persons. The path or road was walked slowly without stopping. If no flock 

was encountered, on the way back we waited at every reference point for about 5 minutes 

for flocks to come. When a flock was seen, it was recorded on a special sheet which species 

were seen and the number of individuals per species. Species were identified using the field 

guide of Ridgely and Greenfield (2001a). Additional information about the species was 

found in ‘Status, taxonomy and distribution’ of Ridgely and Greenfield (2001b). If possible 

it was recorded which bird species were calling. If only the call of a species was heard, it 

was also written down as present in the flock. Further it was noted which bird species was 

seen coming first or leaving first, in which forest stratum the bird was seen and if the birds 

crossed the road in case of an edge flock. From October 15 on, individuals of flocking 

species that were seen without a flock were also recorded. This was done to calculate 

flocking propensity (see statistical analysis). Only species and number of individuals were 

recorded. From every flock also a small drawing was made of where it was encountered 

and in which direction it went. The flocks were classified as ‘complete’ flocks when all the 

bird species in the flock were identified. In case we missed species, because of low 

visibility or because a flock was already gone partly when encountered, the flock was 

called ‘incomplete’. Flocks were followed until out of sight. Due to the difficult and steep 

terrain, flocks could not be followed outside the paths. Sometimes the same flock was 

encountered after a while (ranging from15 minutes to 2 hours). We defined it the same 

flock if a lot of species were the same and the area was near where the flock was seen first. 

The two (or three) flocks were defined as one flock, but were written down in a different 

column with the time of observation. On two days, flocks were observed on a single 

reference point: on M4 (the owner’s house) and M5 (the volunteer house). M4 was 

observed only in the morning and M5 for a whole day. This was done in order to find out 

how many flocks a day can be seen and if they are the ‘same’ flock. 
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The species were categorized in different niches based on their diet and feeding behaviour 

(Nicole Büttner, personal communication). See Table 2. 

1) Fruit eaters (mainly Tanagers) also eat insects, but all have fruit in different proportions 

in their diet. 

2) Fruit and seed eaters are from the family Cardinalidae and are finch-like birds, but 

bigger.  

3) Omnivores (fruit, nectar and insect eaters) consist of two Tanager species. 

4) Horizontal insectivores hop on branches, looking for insects underneath and on branches, 

leaves and in dead foliage. 

6) Warblers and Vireos are small insectivorous birds that also look on branches and on 

leaves, but are more active, hopping quickly from branch to branch. 

7) Vertical insectivores climb the trunk looking for insects, beginning from the ground and 

walking upwards, then flying down to the next tree. 

8) Perchers are quite big birds that sit most of the time quietly on a branch and incidentally 

catch a bird from the air or from a leaf. 

9) Seed eaters are finches. They form often flocks with several finch species.  

10) Flycatchers are from the Tyrannidae family and catch insects by sallying or hovering.  

11) Understory birds are from different families and hop on the ground or on low 

branches/shrubs, looking for insects. 

 

Table  2. Common English name, scientific name, family name, niche, size and colour of species recorded in 

mixed-species flocks in the three areas. Family: Trg=Trogonidae, Mo=Momotidae, Thm=Thamnophlidae, 

Ic=Icteridae, Fu=Furnariidae, Cu=Cuculidae, Pi=Piperidae, De=Dendrocolaptidae, Ty=Tyrannidae, 

Vi=Vireonidae, Pa=Parulidae, Thr=Thraupidae, Crd=Cardinalidae, E=Emberizidae, Tgl=Troglodytidae. Niche: 

P=Perchers, HI=Horizontal insectivores, VI=Vertical insectivores, Fl=Flycatchers, WV=Warblers and Vireos, 

O=omnivores, F=Fruit eaters, FS=Fruit and seed eaters, S=Seed eaters, U=Understory birds. Size: S=small (< 

16cm),  M=medium (16-25 cm), B=big (>25 cm). Colour: D=dull (mainly brown and gray), H=Medium dull 

(birds with some more colours, but that are not very bright, with dull colours and conspicuous patterns or 

with dark plumage with some bright accents), C=colourful and conspicuousness (birds with bright colours). 

Species Scientific name Family Niche Size Colour 

Collared Trogon Trogon collaris Trg P B C 

Rufous Motmot Baryphtengus martii Mo P B C 

      

Russet Antshrike Thamniste anabatinus Thm HI S D 

Scarlet-rumped Cacique Cacicus microrhynchus Ic HI M H 

Red-faced Spinetail Cranioleuca erythrops Fu HI S H 

Lineated Foliage-gleaner Syndactala subalaris Fu HI M D 

Scaly-throated Foliage-gleaner Anabacerthia variegaticeps Fu HI M D 

Buff-fronted Foliage-gleaner Philydor rufus Fu HI M D 

Plain Xenops Xenops minitus Fu HI S D 
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Western Woodhaunter Hyloctistes virgatus Fu HI M D 

Squirrel Cuckoo Piaya cayana Cu HI B D 

      

Smokey-brown Woodpecker Veniliornis fumigatus Pi VI M D 

Golden-olive Woodpecker Piculus rubiginosus Pi VI M H 

Plain-brown Woodcreeper Dendrocincla fuliginosa De VI M D 

Wedge-billed Woodcreeper Glyphoynchus spirurus De VI S D 

Strong-billed Woodcreeper 
Xiphocolaptes 
promeropirhynchus De VI B D 

Spotted Woodcreeper Xiphorhynchus erythropygius De VI M D 

Montane Woodcreeper Lepidocolaptes lacrymiger De VI M D 

      

Golden-faced Tyrannulet Zimmerius chrysops Ty Fl S D 

Southern Beardless-Tyrannulet Campotostoma obsoletum Ty Fl S D 

Gray Elaenia Myiopagis caniceps Ty Fl S D 

Greenish Elaenia Myiopagis viridicata Ty Fl S H 

White-tailed Tyrannulet Memocerculus poecilocercus Ty Fl S D 

Olive-striped Flycatcher Mionectes olivaeus Ty Fl S H 

Slaty-capped Flycatcher Leptopogon superciliaris Ty Fl S H 

Marble-faced Bristle-tyrant Pogonotriccus opthalmicus Ty Fl S H 

Scale-crested Pygmy-tyrant Lophotriccus pileatus Ty Fl S H 

Ornate Flycatcher Myiotriccus ornatus Ty Fl S C 

Tawny-breasted Flycatcher Myiobius villosus Ty Fl S H 

Dusky-capped Flycatcher Myiarchus tuberculifer Ty Fl M H 

Rusty-margined Flycatcher Myiozetetes cayanensis Ty Fl M H 

White-winged Becard Pachyramphus polychopterus Ty Fl S D 

Black-and-white Becard Pachyramphus albogriseus Ty Fl S H 

One-colored Becard Platypsaris homochrous Ty Fl S D 

Yellow Tyrannulet Capsiempis flaveola Ty Fl S H 

      

Red-eyed Vireo Vireo olivaceus Vi WV S H 

Brown-capped Vireo Vireo leucophrys Vi WV S H 

Lesser Greenlet Hylophilus decurtatus Vi WV S H 

Slaty-capped Shrike-vireo Vireolanius leucotis Vi WV S H 

Tropical Parula Parula pitiayummi Pa WV S C 

Slate-throated Whitestart Myioborus miniatus Pa WV S H 

Chocó Warbler Basileuterus chlorophrys Pa WV S H 

Three-striped Warbler Basileuterus tristriatus Pa WV S H 

Black-burnian Warbler Dendroica fusca Pa WV S C 

Pacific Antwren Myrmotherula pacifica Th WV S H 

Slaty Antwren Myrmotherula schisticolor Th WV S D 

Dot-winged Antwren Microropias quixensis Th WV S H 

Rufous-rumped Antwren Terenura callinota Th WV S H 
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Purple Honeycreeper Cyanerpes caeruleus Thr O S C 

Blue Dacnis Dacnis cayana Thr O S C 

      

Golden-winged Manakin Masius chrysopterus Pi F S H 

Crimson-rumped Toucanet Aulacorhynchs haematopygus Ra F B H 

Red-headed Barbet Eubucco bourcierri Ca F S C 

Orange-fronted barbet Capito squamatus Ca F M H 

Guira Tanager Hemithraupis guira Thr F S H 

Fawn-breasted Tanager Pipraeida melanonota Thr F S C 

Orange-bellied Euphonia Euphonia xanthogaster Thr F S H 

Rufous-throated Tanager Tangara rufigula Thr F S C 

Golden Tanager Tangara arthus Thr F S C 

Silver-throated Tanager Tangara icterocephala Thr F S C 

Flame-faced Tanager Tangara parzuddakii Thr F S C 

Golden-naped Tanager Tangara ruficervix Thr F S C 

Blue-necked Tanager Tangara cyanicollis Thr F S C 

Bay-headed Tanager Tangara gyrola Thr F S C 

Blue-gray Tanager Thraupis episcopus Thr F M H 

Palm Tanager Thraupis palmarum Thr F M D 

Lemon-rumped Tanager Ramphocelus icteronotus Thr F M H 

White-winged Tanager Piranga leucoptera Thr F S C 

Ochre-breasted Tanager Chlorothraupis stolzmanni Thr F M D 

White-lined Tanager Tachyphonus rufus Thr F M D 

White-shouldered Tanager Tachyphonus luctuosus Thr F S H 

Dusky Bush-Tanager Chlorospingus semifuscus Thr F S D 

Yellow-throated Bush-Tanager Chlorospingus flavigularis Thr F S D 

      

Buff-throated Saltator Saltator maximus Crd FS M H 

Black-winged Saltator Saltator atripennis Crd FS M H 

Slate-coloured Grosbeak Saltator grossus Crd FS M H 

      

Variable Seedeater Sporophila corvina E S S D 

Yellow-bellied Seedeater Sporophila nigricollis E S S D 

      

Tricolored Brush-Finch Atlapetes tricolor E U S H 

Orange-billled Sparrow Arremon aurantiirostris E U S H 

Immaculate Antbird Myrmeciza immaculata Thm U M H 

Chestnut-backed Antbird Myrmeciza exsul Thm U S H 

Slaty Spinetail Synallaxis brachyura F U S H 

Gray-breasted Wood-Wren Henicorhina leucophrys Tgl U S H 

Bay Wren Thryothorus nigricapillus Tgl U S H 
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Data analysis 

Sometimes birds were recorded in flocks, which probably just were by chance in the 

proximity of the flock. We decided to exclude these species based on various conditions: 

common species (in sense of generally common in the study area) that were seen in less 

than 2% of the flocks in an area and were not seen convincingly traveling with the flock. 

These species were only seen 1-2 times in a flock and in only one area. They are almost 

always not characterized by Ridgely and Greenfield (2001a) as flock species. Excluded 

species are: Olive-crowned Yellowthroat (Geothlypis semiflava), Swainson’s Thrush 

(Catharus ustulatus), Masked Tityra (Tityra semifasciata), Chocó Trogon (Trogon 

comptus), Tropical Kingbird (Tyrannus melancholicus), Southern Nightingale-Wren 

(Microcerculus marginatus), Band-backed Wren (Campylorhynchus zonatus), Guayaquil 

Woodpecker (Campephilus gayaquilensis), Broad-billed Motmot (Electron 

platyrhynchum), Swallow Tanager (Tersina viridus), Ruddy Pigeon (Columba subvinacea) 

and Little Cuckoo (Piaya minuta). One rare species (generally rare in the study area) was 

also excluded because it was just seen once in a flock and was not seen convincingly 

moving with the flock. That was the Bran-colored Flycatcher (Myophobus fasciatus).  

Flocks that were observed near the forest observation point located in the 

neighbouring forest (see orange dot in figure 1) were in the analysis defined as edge flocks. 

This was done because these flocks were always seen less than 50 m from the road (not 

exactly at the observation point) and edge area was defined as 0-50 m from the road. 

Total data (complete and incomplete flocks together) was used for: calls, leaves 

first, forest strata, cross road, total number of species and conflicts. Complete data was used 

for the rest of the analysis. For general data analysis, if a flock was seen various times on 

one day, only recordings from the first time a flock was seen were included (double flock 

counting’s excluded). If it was not really sure how many individuals were seen of a species 

(written down in the data base as for example 3+ or 3-4), the lowest number of individuals 

that was seen for sure was taken into account. In this example there are thus three 

individuals. In the analysis of the percentages of tree type per habitat, the point M5 was 

excluded because tree types of the trees were not recorded.  Data were analyzed using 

Microsoft Office Excel 2007 and SPSS 2.0. Variances were analyzed with a Levene’s test. 

A non-parametrical post-hoc test, which is described in the book ‘Nonparametric statistics 

for the behavioral sciences’ (Siegel and Castellan 1988, page 213) was used for data with a 

non-normal distribution. 

 Core species were defined as species occurring in 50% or more in the flocks in a 

certain area. According to Greenberg (2000) they are ‘the set of species found in most 

individual flocks in a particular habitat or stratum’. Nuclear species are defined as species 

leading the flock (or being followed by other flock members) and thus seen leaving first or 

seen in front of the flock. 
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Results    

Vegetation 

The diameter at breast height (DBH) did not differ between the four areas (Kruskall-Wallis, 

p=0.239, N=289). Density of trees differed significantly between the areas (One-Way 

Anova, df=23, p=0.003). A Hochbergen’s post-hoc test revealed that the average tree 

density in forest was significantly higher than in edgecattle (df=9, p=0.014) as well as in 

open (p=0.016). Diversity differed also between the areas (One-Way Anova, df= 22, 

p=0.01). The diversity in edgeforest was significant higher than in edgecattle 

(Hochbergen’s post-hoc test, df=11, p=0.044) and in open (Hochbergen’s post-hoc test, 

df=13, p=0.034). See Table 3.  

 Table 3. Total tree diversity, average diversity per plot, average tree density and DBH per plot per area.  Un-

 known species were excluded for tree diversity analysis. Significant differences are indicated with different 

 letters (a,b). Similar letters means there is no significant difference.  

 

 Forest Edgeforest Edgecattle Open 

Average tree 
diversity per plot 
 

10.4 +- 1.3 ab 
N=5 

12+-3.6 a 
N=6 

3.2+-0.86 b 
N=5 

3.6+-0.57 b 
N=7 

Average tree 
density per plot 
 

20.2 +-3.1 a 
N=5 

16.5+-3.8 ab 
N=7 

6.4+-1.3 b 
N=5 

7.6+-1.7 b 
N=7 

Average DBH 
(cm) 
 

35.9+-4.3 a 
N=101 

29.9+-2.5 a 
N=103 

35.3+-5.2 a 
N=32 

49.1+-9.3 a 
N=53 

 
In Figure 2 the composition in tree types of the vegetation areas is shown, based on number 

of individual trees. Percentages of tree types differed between the four vegetation areas 

(Chi-Square test, df= 12, p=0.000). In the cross table (Table 4) it was inspected per cell if 

the observed value differs significantly from the expected value (by inspecting the adjusted 

residuals). In the forest more primary trees (adj. res.=6.0, critical z-value=3.1, see Table 4*) 

and less secondary trees than expected are found (adj. res.=-4.8, critical z-value=3.1, see 

Table 4*). In edgeforest more secondary trees are found than expected (adj. res.=4.4, 

critical z-value = 3.1, see Table 4*). In edgecattle less primary trees were found (although 

slightly not significant, adj. res.=-3.0, critical z-value=3.1, see Table 4*) and more planted 

trees occur than expected (adj. res.=5.1, critical z-value=3.1, see Table 4*). In the open 

more primary + secondary trees occur than expected (adj. res.=3.9, critical z-value=3.1, see 

Table 4*).  
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Figure 2. Percentage tree types for the different vegetation areas, based on number of individual trees. P+S 

means that the tree is both present in primary and secondary forests.  

 

 

Table 4. Cross table of habitat x tree types. Significant adjusted residuals are shown in red and with an *. The critical 

z-value is 3.1 using a Bonferroni-procedure with 20 tests. 

 Habitat 

Forest Edgeforest Edgecattle Open 

Treetype 

Primary 

Count 64 29 5 12 

Expected Count 40.7 35.1 12.9 21.4 

Adjusted Residual *6.0 -1.6 -3.0 -2.9 

Secondary 

Count 5 31 12 7 

Expected Count 20.3 17.5 6.4 10.7 

Adjusted Residual *-4.8 *4.4 2.6 -1.4 

Primary+Secondary 

Count 17 16 4 22 

Expected Count 21.8 18.8 6.9 11.5 

Adjusted Residual -1.5 -.9 -1.3 *3.9 

Planted 

Count 0 0 7 5 

Expected Count 4.4 3.8 1.4 2.3 

Adjusted Residual -2.7 -2.4 *5.1 2.0 

Unknown 

Count 15 11 4 7 

Expected Count 13.7 11.8 4.3 7.2 

Adjusted Residual .5 -.3 -.2 -.1 

Total Count 101 87 32 53 
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Flocks 

Hundred and three complete flocks (in which all individuals could be identified) were 

recorded in the study area: 28 in the forest, 55 at the edge and 20 in the open. Further, 

incomplete flocks (in which not all individuals could be identified) were observed: 12 in the 

forest, 41 at the edge and 5 in the open. In the complete flocks, 85 bird species were seen 

and one mammal, which was recorded only once: the Western Dwarf Squirrel 

(Miscrosciuris mimulus). See Figure 3 for some examples. In the forest, 49 bird species 

were seen in the complete flocks, at the edge 75 and in the open 51 (Table 5). In total, 2317 

recordings of birds in flocks were made (including double counted flocks): 483 in the 

forest, 1518 at the edge and 316 in the open (Table 5). Ranges for number of individuals in 

complete flock were: 4-27 in the forest, 5-37 at the edge and 3-32 in the open. Ranges for 

number of species in complete flocks were 2-18 in the forest, 5-28 at the edge and 2-23 in 

the open. Averages of individuals and species per flock per habitat are shown in Table 5. 

Figure 3.  Left Ornate Flycatcher, a species regularly seen in edge flocks. Right Flame-faced Tanager, a 

species seen mainly in flocks at the edge and in open areas. 
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Table 5.  Per area total number of recordings, total number of species, number of flocks , average number 

of individuals and species per flock and average number of individuals per species per flock. Complete flocks 

were used. Significant differences are indicated with different letters (a, b). Same letters mean there is no 

significant difference. 

 Forest Edge Open 
Total number of 
recorded birds 

483 1518 316 

Number of species in 
total 

49 75 51 

Number of flocks 28 55 20 

Average number of 
individuals per flock 

13.1+-1.2 a 17.8 +-1.01 b 12.4 +- 1.56 a 

Average number of 
species per flock 

9.3+-0.83 a 13.6+-0.75 b 9.2+-1.22 a 

Average number of 
individuals per species 
per flock 

1.4+-0.06 a 1.3+-0.03 a 1.5+-0.19 a 

 

The average number of individuals per flock differed significantly between the habitats 

(Kruskall-Wallis p=0.002, N=103 flocks). A non-parametric post-hoc test revealed that the 

difference between forest and edge was significant (difference of mean ranks: 18.2 with a 

critical difference of 16.6 and an α value of 0.05, N=83 flocks). The average flock size of 

edge and open also differed significantly (mean rank difference: 23.29 with a critical value 

of 18.67 and an α value of 0.05, N=75 flocks). The number of individuals in a flock did not 

differ significantly between forest and open (mean rank difference: 5.09 with a critical 

difference of 20.94 and an α value of 0.05, N=48 flocks).  

 The difference in average number of species per flock was significant between the 

areas (One-way Anova, df=102, p=0.000). A post-hoc test showed that the difference 

between forest and edge was significant (Hochbergen’s post-hoc, p=0.02, N=83 flocks), as 

well as between edge and open (Hochbergen’s post-hoc, p=0.005, N=75 flocks), but not 

between forest and open (Hochbergen’s post-hoc, p=0.999, N=48 flocks). The habitats did 

not differ in the average number of individuals per species per flock (Kruskall-Wallis, 

p=0.186, N=103). 

 Flock size (number of individuals per flock) and number of species per flock are 

strongly correlated (Spearman’s r = 0.954, p=0.000, N=103). This is most true till a flock 

size of more or less 20 individuals. See Figure 4.  
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Figure 4. Scatter plot of number of species in a flock and flock size (number of individuals in a flock). Blue is 

forest, green is edge and beige is open. 

 

Core species 

In the forest the following birds were defined as core species (ranking from highest to 

lowest percentage): Wedge-billed Woodcreeper (Glyphoynchus spirurus; family 

Dendrocolaptidae), One-colored Becard; see Figure 5 (Platypsaris homochrous; 

Tyrannidae), Yellow-throated Bush-Tanager (Chlorospingus flavigularis; Thraupidae), 

Buff-fronted Foliage-gleaner (Philydor rufus; Furnariidae), Slaty Antwren (Myrmotherula 

schisticolor; Thamnophilidae) and Spotted Woodcreeper (Xiphorhynchus erythropygius; 

Dendrocolaptidae). See Figure 6. 

At the edge the core species are: One-colored Becard, Buff-fronted Foliage-gleaner, 

Spotted Woodcreeper, Yellow-throated Bush-Tanager, Scaly-throated Foliage-gleaner 

(Anabacerthia variegaticeps; Furnariidae) and the following three species with the same 

percentage: Tropical Parula (Parula pitiayummi; Parulidae), Slate-throated Whitestart 

(Myioborus miniatus; Parulidae) and Orange-bellied Euphonia (Euphonia xanthogaster; 

Thraupidae). See Figure 6. 
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In the open the core species are: One-colored Becard, Golden Tanager (Tangara arthus; 

Thraupidae) and Red-eyed Vireo (Vireo olivaceus; Vireonidae). See Figure 6. 

Figure 5. The core species in all areas: the One-colored Becard, a Tyrant Flycatcher. Left female (or juvenile) 

and right male. 

 

 

 

 

 

 

 

 

 

 

 

Figure 6. Core species (50% or more present in flocks) per area and the percentage of flocks in which the 

species were present in the three areas. 
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Number of individuals per species for core species 

One-colored Becard and Yellow-throated Bush-Tanager were the species that were seen 

most with small groups of individuals in a flock (more than two individuals). In 33.3% of 

the cases where a species was present in a forest flock with more than two individuals, this 

species was the One-colored Becard and the Yellow-throated Bush-Tanager in 40 % of the 

cases. At the edge this was 45.5% for One-colored Becard and 24% for Yellow-throated 

Bush-Tanager respectively. Tropical Parula was at the edge with more than 2 individuals in 

13% of cases and Scaly-throated Foliage-gleaner in 5%. In the open, Golden Tanager was 

present with more than 2 individuals in 8.3% and for One-colored Becard this was 58.3 % 

and 16.7% for Yellow-throated Bush-tanager. Figure 7 depicts the average number of 

individuals per species per flock. 

 

Figure 7. Average number of individuals per flock for the core species.  

 

Niches  

Figure 8 depicts per habitat per niche the percentage of flocks in which one or more of the 

members of the niche were seen. Perchers and understory birds are only present in forest 

and edge, whereas seed eaters and omnivores were only seen in the edge and open. Fruit 

eaters, Warblers and Vireos, and Flycatchers were frequently present in all areas.  
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Figure 8. Per niche the percentage presence in flocks in the three areas. 

 

The three areas differed in the composition of the percentages of niches (Chi-Square, 

df=18, p=0.000). When looking at the adjusted residuals, omnivores, seed eaters and fruit 

eaters occur more in the open areas than expected (adj. res=4.7, 4.9, 7.3 respectively, 

critical z-value=3.2, see Table 6*). Warblers and vireos occur less often than expected in 

the open (adj.res.=-3.5, critical z-value=3.2, see Table 6*). Horizontal and vertical 

insectivores occur also less often than expected in the open, but this was a trend (adj.res.=-

3.1, critical z-value=3.2, see Table 6*).  

 

Figure 9 shows the average composition of a flock in number of individuals per niche in the 

habitats. Overall, number of individuals per niche per flock is highest at the edge. Figure 10 

shows the same composition, but now in percentages. 
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Table 6. Cross table of niche x habitat. Critical z-value using a Bonferroni correction with 30 tests was 3.2 

Adjusted residuals higher than 3.2 or lower than -3.2 are indicated with a *. 

 Habitat 

Forest Edge Open 

Niche 

Flycatchers 

Count 62 231 56 

Expected Count 80.6 214.3 54.1 

Adjusted Residual -2.7 2.1 .3 

Fruit- and Seed eaters 

Count 1 13 6 

Expected Count 4.6 12.3 3.1 

Adjusted Residual -1.9 .3 1.8 

Omnivores 

Count 0 2 6 

Expected Count .8 4.9 1.2 

Adjusted Residual -1.6 -2.1 *4.7 

Fruit eaters 

Count 104 288 111 

Expected Count 116.1 308.9 77.9 

Adjusted Residual -.6 -2.3 *4.9 

Horizontal Insectivores 

Count 62 140 19 

Expected Count 51.0 135.7 34.2 

Adjusted Residual 1.9 .6 -3.1 

Vertical Insectivores 

Count 43 94 10 

Expected Count 33.9 90.3 22.8 

Adjusted Residual 1.9 .7 -3.1 

Understory Birds 

Count 12 25 0 

Expected Count 8.5 22.7 5.7 

Adjusted Residual 1.4 .8 -2.6 

Warblers and Vireos 

Count 81 180 25 

Expected Count 66.0 175.7 44.3 

Adjusted Residual 2.3 .6 *-3.5 

Perchers 

Count 3 2 0 

Expected Count 1.2 3.1 .8 

Adjusted Residual 2.0 -1.0 -1.0 

Seed eaters 

Count 0 4 14 

Expected Count 4.2 11.1 2.8 

Adjusted Residual -2.3 -*3.4 *7.3 

Total Count 368 979 247 
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Figure 9. Per habitat the average number of individuals per niche per flock 

 

 

 

Figure 10. Per habitat the average percentage of number of individuals per niche per flock 

Figure 11 shows for the three habitats the total number of flocking species per niche that 

are observed in all complete flocks. Flycatchers, fruit eaters, vertical insectivores, 

understory birds and warblers and vireos show the highest total diversity at the edge. 

Horizontal insectivores have the highest diversity in the forest. 
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Figure 11. Number of flocking species per niche per habitat 

 

Endemic bird species 

Five species area pointed out as endemic Chocó or Western Andes slope species by Ridgely 

and Greenfield (2001b). The Orange-fronted Barbet is a rare bird in the area (in flocks as 

well as in general). The other four endemic species are frequently seen in the area. The 

Chocó Warbler is mainly a forest species and reacts negatively to increasing disturbance. 

Ochre-breasted Tanager is a forest and an edge bird, but does occur frequently in open 

areas. The Rufous-throated Tanager responds positively to increasing disturbance. The 

Dusky Bush-Tanager is seen as well at the edge as in the open. See Figure 12. 
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Figure 12. Percentage of endemic bird species in flocks in the three areas. 

 

Flocking propensity 

The proportion of birds that were seen in flocks out of all observed birds (flocking 

propensity) differed between the areas (Chi-Square, df=2, p=0.000). See Figure 13. The 

adjusted residuals were compared with the critical z-value of 2.7 (see Table 7). Then, it 

appeared that in the forest and at the edge the flocking propensity was significantly higher 

than expected (adj. res.=5.9 and 8.1 respectively, critical z-value=2.7. see Table 7*) and in 

the open this was less than expected (adj. res.=-16.0, critical z-value=2.7, see Table 7*).  

 

Figure 13. Average flocking propensity per area 
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Table 7. Inflock x habitat cross table. ‘Inflock yes’ means that these birds were seen in a flock, ‘inflock no’ 

means that these birds were seen outside a flock. The critical z-value by using a Bonferroni-correction with 6 
tests is 2.7. 

 

 Habitat 

Forest Edge Open 

Inflock 

yes 

Count 419 1334 291 

Expected Count 387.0 1279.9 377.1 

Adjusted Residual *5.9 *8.1 *-16.0 

no 

Count 8 78 125 

Expected Count 40.0 132.1 38.9 

Adjusted Residual -.9 -8.1 16.0 

Total Count 427 1412 416 

 
 

Calls 

The proportion of birds that called varied between the habitats (Chi-Square, df=4, p=0.00). 

Adjusted residuals were compared to the critical z-value of 2.8 (see Table 8). In the forest, 

16.7% of the birds called and this is more than expected (ajd. res.=7.0, critical z-value=2.8, 

see Table 8*). In the edge 6.8% of the birds called and in the open 3.1% and this was less 

than expected (adj. res.=-3.4 and -3.5 respectively, critical z-value=2.8, see Table 8*). In 

the forest Three-striped Warbler, Buff-fronted Foliage-gleaner and Slaty Antwren all called 

in 13% of total calls. At the edge, the Lineated Foliage-gleaner called most (16%) and in 

the open the Yellow-throated Bush-Tanager with 22%. 

Figure 14 depicts the species that called most when present in the three habitats: it shows 

the percentage of individuals that called out of all individuals of that species recorded. 
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Table 8. Cross table calls x habitat with observed and expected counts and adjusted residual values. Critical 

z-value when applying a Bonferroni-correction with 9 tests is 2.8. Adjusted residuals >2.8 or <-2.8 are 

indicated with an *. 

 

 Habitat 

Forest Edge Open 

Calls 

yes 

Count 70 91 9 

Expected Count 34.8 111.0 24.3 

Adjusted Residual *7.0 *-3.4 *-3.5 

no 

Count 302 1198 273 

Expected Count 362.9 1157.2 252.9 

Adjusted Residual *-9.8 *5.6 *3.7 

dontknow 

Count 47 47 10 

Expected Count 21.3 67.9 14.8 

Adjusted Residual *6.4 *-4.4 -1.4 

Total Count 419 1336 292 

 

 

 

Figure 14. Percentage of calls within species in each habitat. Only species that were seen 10 or more times 

in a habitat are included. For forest and edge, only species that called in 20% are shown, and for open this is 

10%, because no species called more than 20%.  
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Figure 15 depicts the percentage of calling when a species was present with 2 or more 

individuals in a flock, out of all the times the species called. It also shows the percentage of 

presence with more 2 or more individuals in a flock out of all the times the species was 

seen in a flock. It shows that birds call more when they are with conspecifics.  

 

 

Figure 15. Blue bars: percentage of calls when present with more than one individual in a flock of all times a 

species called. Red bars: percentage of present with more than one individual in a flock of all the times a 

species is seen in a flock. 

 

Leaves first 

Unfortunately, in just a part of the flocks we could record which species was leaving first or 

seen first coming. Sometimes a species was seen at the front of the flock, but then the flock 

turned and that species was at the back. The habitats did not differ in the percentage of 

times a bird was seen leaving first (Chi-Square, df=4, p=0.723). Figure 16-18 depict the 

core species in the three habitats and their contribution to total calls and leaving first in the 

flocks. Of the core species, One-colored Becard and Yellow-throated Bush-Tanager were 

seen most leaving first in the forest. At the edge One-colored Becard was the species that 

was seen leading the flock most. In the open, this species again had the highest percentage 

but this was lower than in the forest or at the edge. 
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Figure 16. Core species in the forest and their contribution to total calls and leaves first in the forest. 

 

 

Figure 17. Core species at the edge and their contribution to total calls and leaves first at the edge. 
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Figure 18. Core species in the open and their contribution to total calls and leaves first in the open. 

 

Forest strata 

The habitats differed in the percentages of forest strata in which the birds were recorded 

(Chi-Square, df=4, p=0.000). In the forest, more birds are seen in the understory than 

expected (adj. res.=3.7, critical z-value=2.8, see Table 9*) and less in the canopy, although 

this was a trend (adj. res.=-2.7, critical z-value of 2.8, see Table 9*). In the open more birds 

are seen in the canopy than expected (adj. res.=4.4, critical z-value=2.8, Table 9*).  

 
Table 9. Cross table of forest stratum x habitat. Critical z-value by applying a Bonferroni-correction over 9 

tests was 2.8. Adjusted residuals >2.8 or < than -2.8 are indicated with an *. 
 

 Habitat 

Forest Edge Open 

Stratum 

Understory 

Count 38 64 9 

Expected Count 22.8 72.7 15.5 

Adjusted Residual *3.7 -1.8 -1.8 

Midstory 

Count 292 951 188 

Expected Count 293.9 937.4 199.6 

Adjusted Residual -.3 1.9 -2.2 

Canopy 

Count 19 98 40 

Expected Count 32.3 102.8 21.9 

Adjusted Residual -2.7 -.9 *4.4 

Total Count 349 1113 237 
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Figures 19-21 show in the habitats the niches and the percentages of times they were 

recorded in a particular forest stratum. Only niches that were seen >10 times in a habitat are 

shown 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 19. Percentages of forest strata used by birds in the forest.  

 

 

 

 

 

 

 

 

 

 

 

 

Figure 20. Percentages per niches of forest strata use in the forest. 
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Figure 21. Percentages of forest strata used by the different niches in the open. 

Cross road 

In 25% of all edge flocks, one or more birds crossed the road. Birds could cross the road 

from the forest side to the cattle fields, to forage in trees there, or they crossed the path at 

M2 to the part of the forest with lower vegetation. It was observed that they crossed the 

path at M2 where the vegetation formed a ‘roof’ over the path, so that the canopy was 

closed. In the open flocks crossed road in 16%. 

Conflicts 

No aggression was observed between flocks, because no encounter between flocks was 

seen. Interspecific aggression was observed once, when a Buff-fronted Foliage-gleaner 

chased a Scaly-throated Foliage-gleaner away and possibly another time, when a Buff-

fronted Foliage-gleaner fought with another bird, but it was not seen which species. 

Intraspecific aggression was observed several times, which included chasing and pecking: 

Buff-fronted Foliage gleaner (twice) and Yellow-throated Bush-Tanager (three times), 

Spotted Woodcreeper (once) and Lineated Foliage-gleaner (once).  

Comparison flocks 

Flocks that were seen more than once on a particular day (‘double counted flocks’) were 

compared. Niche composition was not different between the first and second time a flock 

was seen (Chi-Square, df=6, p=0.406). 

Figure 22 shows the average percentage overlap of species between flocks seen for first and 

second time in the three habitats. Average percentage overlap over all areas was 36.7%. 

Percentage overlap did not differ between the areas (One-way ANOVA, df=16, p=0.385). 

Figure 23 shows the most common species (seen more than 10 times) that were seen in the 

double counted flocks and the percentage of those flocks in which they were seen both the 

first and second time out of all double counted flocks in which they were present.  

0% 
10% 
20% 
30% 
40% 
50% 
60% 
70% 
80% 
90% 

100% 

P
er

ce
n

ta
ge

 o
b

se
rv

ed
 

Canopy 

Midstory 

Understory 



35 
 

 

Figure 22. Average percentage overlap in species of flocks that were seen more than once on a day. N in 

forest is 6, N edge is 9 and N open is 3.  

 

Figure 23.  This figure shows the percentage of double counted flocks in which a species was seen both in 

the first and second time a flock was seen out of all the double seen flocks it was seen in. Species that were 

recorded in less than 10 double counted flocks were excluded.  
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Other observations 

Several times a bird was seen feeding a chick that could already fly while in the flock: 

Scaly-throated Foliage-gleaner (once) and Golden Tanager (twice).  

Once a flock was seen that seemed to split up at the volunteer house (M5), following their 

way in different directions.  

A whole morning spent observing at M4 (the owner’s house) revealed that three, clearly 

different flocks can be seen around the house in about three hours. On a whole day at M5 

(the volunteer’s house) only two flocks were seen.  

In the open, flocks were more difficult to define, because birds were often concentrated at 

strips of trees and new species came along or left frequently those trees and then it was not 

clear if those species had joined the flock or were on their own.  

Some species observed in the flocks here, have a distribution that is described by Ridgely 

and Greenfield (2001a, b) as much lower (see Appendix Table 1), some even as low as 0-

900 or 0-600 m.  
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Discussion 

The aim of this study was to investigate the effects of disturbed area (cattle fields) on 

mixed-species flocks, in comparison with flocks in the forest and at the edge. Organization, 

structure, stability, nuclear and core species, composition, diversity and number of 

individuals in a flock were studied and compared in the three habitats.   

Vegetation 

 

First, it was investigated how the areas differed with respect to vegetation. The areas 

differed in the percentages of tree types. Primary trees have the highest percentage in the 

forest. The lowest percentage of primary trees is in edgecattle. This can be explained by the 

fact that at edgecattle we measured trees next to the road and those trees are often planted 

trees, forming living fences. Inside the cattle fields some primary trees were standing, 

which remained after the rest of the forest has been logged. Planted trees were most 

abundant at edgecattle, due to the ‘living fences’. At the forest edge more secondary trees 

were found. This could be caused by a higher disturbance and thus higher light conditions, 

which are favoured by secondary-forest species (Uriarte et al. 2012). Higher light 

conditions may also be reflected in the lower density of trees in edgecattle and open than in 

the forest. It is more difficult to explain why in the open the percentage P+S (primary and 

secondary) trees is so high in comparison with the other areas and why the percentage 

secondary trees is lower than at the edge: explanations are that it is due to chance, that P+S  

trees grow wide and provide a lot of shade for cattle or that they are less valuable for timber 

trade. 

Average diameter at breast height (DBH) differed between the areas and was 

highest in open (49.1 cm) and lowest at the edge (29.9 cm), although this difference was 

not significant. This sounds illogical, but it could make sense because when a forest is 

logged down in this area for conversion into pastures, some big trees are left behind. In the 

forest and at the edge more younger trees are found, which may be reflected in a lower 

average DBH. Diversity did not differ between forest and edgeforest, but differed between 

edgeforest and edgecattle and between edgeforest and open. This last observation could be 

an edge effect. Density was significantly different between forest and edgecattle and forest 

and open. This is also what was expected if cattle fields are taken as a disturbed area. The 

difference in density between edgeforest plots and edgecattle/open plots was big (16.4 vs 

6.4 and 7.6), but the difference was not significant. I cannot give an explanation for this 

observation and it makes no sense, because it was observed that the forest edge looks more 

like the forest interior than like a pasture. Probably more plots should have been measured 

to get more representative data.  

The definition of a forest, stated by the United Nations Framework Convention on 

Climate Change, is an area from > 0.05-1 ha with >10-30% canopy cover and trees >2-5 

meter tall at maturity. Individual countries can choose the exact values. In this study we did 
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not measure tree height and canopy cover, so I cannot give an answer on the question if the 

cattle fields are defined officially as forests, although I think they have 10% canopy 

coverage and trees were indeed more than 2 m high when mature. However, as is pointed 

out by Sasaki and Putz (2009), this definition is not very valuable because it does not 

discriminate between forest plantations and real forests and they recommend that canopy 

cover should be stated more than 40%. In conclusion, all areas may be formally called a 

forest when following the above definition. However, edgecattle and edge open were more 

similar to each other in diversity and density than they were to forest and edgeforest. 

 

Flocks in disturbed habitats 

According to various literature, disturbance has different effects on mixed-species flocks 

and these effects may depend on the niche (Laurance 2004, Lee et al. 2005), type of 

ecosystem (Knowlton and Graham 2011), or disturbance mechanism such as a road, 

grazing or logging (Lee et al. 2005, Knowlton and Graham 2011, Aleixo 1999). In this 

study some patterns can be found if we compare absolute numbers and relative percentages 

of individuals and species per flock per niche in the forest and open area: 

-More individuals of omnivores, fruit eaters, seed eaters and fruit and seed eaters in the 

open habitat. 

-Fewer individuals of warblers and vireos and less horizontal and vertical insectivores in 

the open. Understory birds and perchers are absent in the open.  

The same pattern is found when looking at percentages of flocks in which a niche is present 

in the areas. Total flocking species diversity is higher in the open than in the forest for 

flycatchers, fruit eaters and omnivores and lower for horizontal insectivores and warblers 

and vireos.  

 

The difference in average species diversity between open and forest (9.2 and 9.3 

respectively) and number of individuals per flock (12.3 and 13.1 respectively) was not 

significant. This contrasts with Lee et al. (2005), who did find a negative effect on diversity 

per flock for disturbed areas. However, disturbed areas in that study were areas near 

settlements and along paved roads. From the results in the present study it can be deduced 

that the average diversity per flock is equal in the two areas, but that there is a shift in the 

abundance and diversity of niches. Sridhar and Sankar (2008) also observed that number of 

species did not differ a lot between different types of forest fragments, due to the fact that 

in disturbed fragments the proportion of rainforest species was lower but this was 

compensated by a higher percentage of open-forest birds (species that naturally occur in 

disturbed or degraded forests).  
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The results in the present study may be explained by the fact that the cattle fields contain 

fewer trees (density is significantly lower than in forest) and no real understory. Therefore, 

less terrestrial and arboreal insects may be present, leading to less horizontal and vertical 

insectivores and the absence of understory birds. Aleixo (1999) and Laurance (2004) also 

found that insectivorous guilds (mainly understory and midstory insectivores) decline most 

in disturbed areas. Most species of these insectivorous niches are forest habitat specialists 

(Ohlsen et al. 2007). In contrast, flycatchers, which are also insectivores, have the highest 

diversity in open or semi-open habitats in the Neotropics (Ohlsen et al. 2007). This could 

explain why total flycatcher diversity in this study in the open area was higher and why 

abundance of flycatchers was not affected. 

Cattle fields probably contain more seeds (grasses) than forests and this could 

explain the higher abundance of seed eaters and fruit and seed eaters. However, although 

we found in this period relatively much fruit eaters, this may not be the case all year round. 

Fruit eaters from the forest may use adjacent (abandoned) pastures mainly in wet season, 

when fruit is abundant (Cardoso Da Silva et al. 1996). These species may then add up to 

species that are mainly found in open areas and clearings, leading to a higher diversity. It is 

not sure if the period in which the present study was conducted (end of August-mid 

November) was the fruiting season, but some indications suggest this. For example, Cock-

of-the-Rocks (a bird species) breed in September in this area, when there is probably much 

fruit (Nicole Büttner, personal communication). Further, monkeys were seen foraging in the 

trees and they also feed on fruits (Nicole Büttner, pers. comm.). In a future study, the flocks 

in this area could also be studied in other periods as the year, to see if fruit eater abundance 

and diversity is higher throughout the whole year.  

Not only flock composition was different between forest and disturbed area, but also 

the average flocking propensity: it was highest in forest (94%), followed by edge (84%) 

and open (40%). That means that in the forest, the flocking species mainly forage in flocks, 

whereas in the open they forage more on their own or with other conspecifics. However, in 

the forest it is more difficult to detect individual birds, so actual propensity may be a bit 

lower than found in this study. A possible explanation for the low flocking propensity in 

cattle fields is that the forest and edge nuclear and core species could be absent in the open, 

or present with very low abundance. This could influence flocking propensity of the other 

species. If we look at the One-colored Becard, an important core species at the edge and in 

the forest, we see that 33 individuals were recorded in the forest. In the open areas 28 

individuals were seen, so this is not a big difference. On the other hand, Wedge-billed 

Woodcreeper, the species that had the highest percentage of presence in forest flocks was 

absent in the open. Maybe this explains the lower flocking propensity. However, at the 

edge the Wedge-billed Woodcreeper was relatively seen in much less flocks than in the 

forest (30% vs 64%) and flocking propensity was still high. Another difference between the 

areas is that less flocks were seen in the open (20) compared to forest (28) and edge (55). 

This coincides with the lower flocking propensity. In forest fragments after deforestation it 

has already been observed that flocks disappear, even though some of the flocking species 
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remain stable in the area (Stouffer and Bieregaard 1995). A lower flocking propensity could 

lead to lower survival values for the flocking species. However, another possibility is that 

some of the advantages of flocking disappear in the open areas because predation pressures 

can be lower or predator detection may be easier compared to forest interior (Thiollay 1999 

cited in Sridhar and Sankar 2008). As said in the introduction, the advantages of flocking 

are increased feeding efficiency and/or reduced predation risk. If these advantages become 

lower, the cost-benefit ratio of flocking may also become too low. But why then still some 

flocks can be observed in the open? The question remains unanswered.  

Observational data of flocks in the open suggest that they are less stable and 

cohesive: species frequently joined and left the flocks. This is also reflected in a lower 

average percentage of species overlap between double counted flocks in the open, 

compared to forest and edge. The differences were not significant, but this may be caused 

by a low N of only three double counted flocks in the open. It was also observed that birds 

in flocks in the open did not stay close together or the flock seemed to split up sometimes, 

therefore it was more difficult to define which birds belonged to a certain flock. This may 

be due to the fact that in the cattle fields, trees are scarce and more scattered than in the 

forest, so birds cannot stay together close. These observations are supported by data from 

calls and core species, which will be discussed later with more detail: fewer calls are made 

in the open and there are also less core species. 

Besides flocks in forest and cattle fields, flocks at the edge between those habitats 

were studied. Different edge effects are found in those flocks. First, a lot more flocks (55 vs 

28) were found at the edge. This can be explained by various reasons. It is probably partly 

due to the fact that two edge observation points were located at houses and therefore flocks 

could be observed from there outside ‘formal’ observation hours. However, if we exclude 

those points, still 36 flocks are recorded at the edge. In the forest, the number of flocks may 

be somewhat underestimated, because especially canopy flocks are difficult to detect. So 

probably, the difference in number of flocks between edge and forest is somewhat 

overestimated. Further, at the edge, a higher average number of species per flock was 

observed (13.6 at edge, 9.3 in forest) and which refers to all niches. This could be explained 

by the fact that at an edge species from both ecosystems (forest and open areas) come 

together as well as edge-specialists. This results contrasts with Lee et al. (2005), who found 

in Sri Lanka an average of 9.3 species in the forest interior and 8.4 at the edge. However, 

Peron and Crochet (2009) did find a positive edge effect in average flock diversity (7.0 and 

4.9 at edge and in forest). Average number of individuals per flock was also higher at the 

edge in the present study than in the forest (17.8 and13.1, respectively). This can be 

explained by the higher average flock diversity: the number of individuals in a flock 

depends on the addition of more species. Other edge effects included a higher total number 

of species at the edge than in the forest (75 and 49 respectively) and changed species 

frequencies; the latter was also observed by Peron and Crochet (2009). Although the 

percentages of the niches per flock differed between forest and edge, this change in 

percentages was not as big as from forest to open: there were seen a bit more flycatchers, 
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fruit eaters, fruit and seed eaters and a bit less understory birds, warblers and vireos, 

horizontal and vertical insectivores. 

 

Organization of the flocks 

To prevent double meetings with a flock in the same area on the same day, every section 

was only walked once a day. However, they did occur sometimes and then they were 

classified as one and the same flock. From the results of these double counted flocks we 

can see that flocks are highly dynamic over a day: average percentage species overlap 

between double counted flocks is 37% (although overlap may be a bit underestimated 

because sometimes the second time a flock was seen not all species could be recorded). 

This means that species join and leave the flocks frequently during the day. The results also 

show that the core species (present in 50% or more of flocks in an area) frequently are seen 

more times on the same day in the same flock and this confirms that these species are 

important components of the flocks. Further, the composition of flocks at the same 

observation point was over the days neither stable. These results support the observations of 

Poulsen (1996), who observed that flocks in a secondary forest higher in the Ecuadorian 

Andes (2400-2500 m) are less stable than in the Amazon. Flocks in the Amazon seem to be 

stable and even have a joined territory, as described by Haven Wiley (1980) and Munn and 

Terborgh (1979). Different flocks could be seen on the same place in one morning, 

suggesting that flocks do not have a common territory in this area. 

In the highly dynamic flocking system observed in this area, one could wonder what 

the definition is of a flock. Is it a nucleus of some individuals always together, with 

following species that join and leave and which differ among days? Or can you define 

every recorded flock as independent, due to the high dynamic structure? It may be possible 

that the flocks have a certain ‘nucleus’ with individuals of core species that are (almost) 

always present. Though, this can only be known if birds would be ringed and individuals 

followed. Sridhar and Sankar (2008) considered their observed flocks as independent due to 

high dynamics in the flocking system: no flock remained together for more than 30 

minutes. Because no other good definition of a flock is present in literature, flocks in the 

present study were classified as independent, based on Sridhar and Sankar (2008). 

  Although the flocking system was dynamic, there were several core species. The 

core species in the forest (Wedge-billed Woodcreeper, One-colored Becard, Yellow-

throated Bush-Tanager, Buff-fronted Foliage-gleaner, Slaty Antwren and Spotted 

Woodcreeper) belong to different niches: vertical insectivores, horizontal insectivores, 

flycatchers, warblers and vireos and fruit eaters. They are all small to medium sized birds 

with dull plumage and have a wide distribution (Central and South America). Surprisingly, 

Yellow-throated Bush-Tanager, One-colored Becard and Wedge-billed Woodcreeper are 

core species in this study, whereas in Ridgely and Greenfield (2001a,b) they are described 

as occasional flock members. Chocó Warbler and Three-striped Warbler were not found to 



42 
 

be core species in the forest as expected by Nicole Büttner, but their percentages were high: 

46 % for both species. Dusky Bush-Tanager was not even recorded in the forest (mainly at 

edge and sometimes in open), whereas in a South-western Colombian rainforest it was a 

nuclear species (Bohórquez 2003) and indicated as an edge and forest bird by Ridgely and 

Greenfield (2001b). However, the Colombian rainforest was situated higher in the 

mountains (2000 m). The core species at the edge found in this study have an overlap with 

the core species found in the survey last year: One-colored Becard, Buff-fronted Foliage-

gleaner and Tropical Parula were found in both studies as core species. In this study also 

Spotted Woodcreeper, Yellow-throated Bush-Tanager, Scaly-throated Foliage-gleaner, 

Slate-throated Whitestart and Orange-bellied Euphonia were core species. At the edge, 

some additional core species are found, compared to the forest: Tropical Parula, Orange-

bellied Euphonia, Slate-throated Whitestart and Scaly-throated Foliage-gleaner. The first 

three are small, more colourful birds (medium colourful to colourful), the latter is dull and 

medium-sized. All are widespread. Wedge-billed Woodcreeper is no longer a core species 

at the edge, although still frequently seen in flocks (30%). Core species in the open were 

from the niches Flycatchers (One-colored Becard), Warblers and Vireos (Red-eyed vireo) 

and Fruit eaters (Golden Tanager). Red-eyed Vireo is a medium sized, colourful bird and 

Golden Tanager is small and colourful. Both are widespread. It is remarkable that one of 

the core species is from the Warblers and Vireos niche, because in general this niche is 

lower in diversity and abundance in the open. However, the Red-eyed Vireo is a generalist 

and occurs in forest, edges and in open areas (Ridgely and Greenfield 2001 a, b). 

The term ‘core species’ does not tell whether that species is a leader (nuclear 

species) or a follower (attendant species) within the flock structure. Defining the nuclear 

species was more difficult in this area. Nuclear species generally have the following 

characteristics: they are gregarious and cooperative breeding birds, they use an efficient 

alarm system, tend to be numerous in flocks, have conspicuous coloration, make 

continuously calls, behave actively and are year-round residents (Hutto 1994). According to 

Greenberg (2000) nuclear species are not necessarily colourful.  In the forest, the Wedge-

billed Woodcreeper is the species that is most present in flocks (64%). However, it is not a 

gregarious bird (Ridgely and Greenfield 2001 a,b), mostly seen without conspecifics in 

flocks, it does not have conspicuous coloration, we did not hear it calling and it was not 

seen in front of the flock (‘leaving first). The One-colored Becard (present in 60% of flocks 

in forest) has more characteristics of a nuclear species: it is seen regularly, but not always 

with conspecifics in the flocks and is seen in front of the flock more often than other 

species (28% when present and 24% of all times a bird was seen leaving first). However, it 

does not have conspicuous coloration, does seldom give calls and is not an actively 

foraging bird. Though, Jullien & Cobert (2000) and Greenberg (2000) point out that nuclear 

species may also be sit-and-wait foragers that act as sentinels for more actively foraging 

birds, for example Foliage-gleaners which sometimes put their head into dead foliage or 

look below leafs. The One-colored Becard is also a sit-and-wait forager, but we seldom 

heard it calling; maybe in the present of a predator (which was not observed) it will call. 
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Looking at the other core species, the one that is a potential nuclear species is the Yellow-

throated Bush-Tanager. This species is also often seen with conspecifics in a flock, is a 

more actively foraging bird and is seen in the front frequently (28% when present and 24% 

of total). Though, it is not seen in the majority of all forest flocks (57%), is not conspicuous 

in colour and was not heard calling a lot. However, recording tanager calls was difficult 

because species often do have more than one call and the calls of different species resemble 

each other. At the edge, the One-colored Becard is present in 78% and could be a nuclear 

species. The Yellow-throated Bush-Tanager is present in 58% of the flocks. This species 

has some characteristics of a nuclear species, as mentioned above, but is seen less often 

than Buff-fronted Foliage-gleaner and Spotted Woodcreeper at the edge. These last two 

species did neither have the nuclear characteristics. In the open the One-colored Becard 

could be a nuclear species, although it is here seen only in 65% of flocks. It is interesting 

that the One-colored Becard is not considered as a species that forages in clearings and 

open areas by Ridgely and Greenfield (2001b). Other non-core species that are observed in 

the open, like Buff-fronted Foliage-gleaner, Tropical Parula and Yellow-throated Bush-

Tanager are also considered as forest and edge species by Ridgely and Greenfield. The 

Golden Tanager, present in 55% of flocks, has some nuclear species characteristics: it is 

bright gold yellow, is gregarious according to Ridgely and Greenfield (2001a), but is only 

sometimes seen with more than one individual in a flock (average of 1.5 individuals per 

flock in the open).  

Overall, it can be concluded that it is not very evident which the nuclear species are 

in this area. In contrast, the two nuclear species in a Sri Lankan forest were present in 

almost 90% of the flocks (Kotagama and Goodale 2004): a higher percentage than any of 

the core species in this study. Further, one of the nuclear species in Sri Lanka, the Orange-

billed Babbler, had an average number of 16 individuals per flock (Kotagama and Goodale 

2004). This is much more than the 2-2.5 individuals per flock of the One-colored Becard 

and Yellow-throated Bush-Tanager in this study. However in a Colombian Chocó 

rainforest, the most common species (Dusky Bush-Tanager) was only present in 50% of 

flocks (Bohórquez 2003). Maybe in a dynamic flocking system individuals of several 

species together can form a nucleus (Greenberg 2000) or not all characteristics described by 

Hutto (1994) fit the nuclear species. 

According to Hutto (1994), calls in a flock have different functions: to promote 

group cohesion (contact calls) and to warn for predators. However, no predator attack was 

seen upon a flock in this study, so alarm calls may be infrequent. In the forest, relatively 

more calls were made than at the edge or in the open. These results may confirm that flocks 

in degraded area are less stable and less cohesive, if indeed calls are an indicator of flock 

cohesion. In the present study birds called more often when they were with conspecifics. 

Most important callers were the Lineated Foliage-gleaner and the Scale-crested Pygmy-

Tyrant, which called in 50% of cases when present in a flock. However they could be a bit 

overrepresented, because they had loud and distinct calls and could be identified easily. The 

role of calls in group cohesion might be a side-effect: Greenberg (2000) states that it is 
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likely that contact calls primarily function to attract or avoid conspecifics in a flock. 

Aggression in flocks is also more intraspecific (Greenberg 2000, Munn and 

Terborgh 1979): it was observed seven times in this study against only one case of 

interspecific aggression. Territoriality is mainly the basis of intraspecific agression 

(Greenberg 2000): when a flock travels through a territory, the owners will join the flock 

until it reaches their territorial boundary. The intolerance against conspecifics restricts the 

number of individuals of a species per flock to 1-2, depending on number of individuals per 

species per territory (Greenberg 2000). In the present study, there were indeed in general 

only 1-2 individuals per species in a flock and therefore flocksize (number of individuals 

per flock) was correlated strongly with number of species, as was also observed in 

Bohórquez (2003) and Poulsen (1996). Interspecific aggression in this study was only once 

observed, between two Foliage-gleaners (not of the same genus): the Buff-fronted Foliage-

gleaner chased the Scaly-throated Foliage-gleaner away. These species have more or less 

the same way of foraging: they hop along horizontal branches into foliage and even hang 

sometimes upside down to inspect the undersides, so competition should exist between 

them. The Buff-fronted Foliage-gleaner is bigger (18.5-19 cm) than the Scaly-throated 

Foliage-gleaner (16.5 cm) (Ridgely and Greenfield 2001a), so the first is probably 

dominant over the second. 

The birds in the flocks could be seen in different forest strata. Overall, birds from all 

niches except understory birds were seen most in the midstory (3m - canopy). However, the 

three areas differed in the percentages of forest strata where birds were recorded. In the 

forest, more birds were seen in the understory, but less in the canopy compared to edge and 

open. Forest canopy is really high and often hidden by trees and leaves, so some birds may 

be missed in the canopy. In the open, more birds were found in the canopy than in forest or 

at the edge. In the open no real forest strata exist and thus no real canopy; canopy was 

therefore defined as the top of a tree, even though it was a small tree. Therefore, the chance 

that a bird was seen in the top of a tree was higher. In the open, fewer birds were found in 

the understory. This can be explained by the fact that the ground of a cattle field is 

completely different from a forest ground and birds may not like walking in the grass 

because of the structure, because canopy cover is minimal or because there is not so much 

food to find. The flocking system in this area contrasts with that in the Peruvian Amazon, 

were distinct canopy and understory flocks can be found (Terborgh et al. 1990). Poulsen 

(1996) points out that in secondary forest, were forest stature is lower and the forest more 

open, canopy and understory flocks may come together and form one big ‘mega flock’. 

This could be caused by better communication possibilities between the canopy and 

understory species. The forest in this study was also a secondary forest, but forest interior 

canopy was still quite high and closed. Further, no literature speaks about midstory flocks 

as the ones observed here. Maybe in other studies the forest is only divided in understory 

and canopy and what was called midstory here is actually a combination of high understory 

and lower canopy.  

The average flock diversity in the forest (9.3) was the same as in mountain rain 
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forests in Sri Lanka (Lee et al. 2005) and Mexico (Gram 1988), lower than on greater 

height in the Ecuadorian Andes (21.7, Poulsen 1996) but higher than in other studies done 

in the Ecuadorian and Bolivian Andes (3.4 and 3.5 respectively, Moynihan 1962, cited in 

Harrison and Whitehouse 2011). A higher diversity could be explained by flocks were birds 

of all forest strata come together instead of separate understory and canopy flocks. Other 

explanations are a higher overall avian diversity (Knowlton and Graham 2011), differences 

in habitat structure (Hutto 1987) or influx from migrants (Poulsen 1996). Mean number of 

individuals in the forest (13.1) was higher than in the Brazilian Atlantic forest (10.9, 

Maldonado-Coelho and Marini 2003) and the Ecuadorian and Bolivian Andes (5.7 and 5.4, 

Moynihan 1962, cited in Harrison and Whitehouse 2011), but lower than in Mexican cloud 

forests and dry pine/oak forests (19.3 and 25.9 respectively, Gram 1998). Since number of 

individuals per flock is correlated with number of species per flock (Hutto 1987, Poulsen 

1996), differences in the former should go along with differences in the latter. Deviations 

can be explained by the fact that in some flocks nuclear species have a much higher average 

number of individuals compared to the other species (Kotagama and Goodale 2004, Hutto 

1987), whereas in the present study this was not the case.  

 In conclusion, species that prefer understory, midstory or canopy come together in 

the flocks in this area. The species occur mainly alone or in pairs in flocks, sometimes 

accompanied by chicks. This suggests that they are territorial species (Poulsen 1996), 

which is supported by more observations of intraspecif than interspecific agression, and 

that the ‘owners’ can join the flock when it moves through their territory, leading to a 

turnover of conspecifics in a flock. This would imply that not all individuals of a species 

are seen in flocks during a day, since only territory owners can follow a flock. This 

contrasts with the high flocking propensity that was observed in the forest and edge. No 

single nuclear species could be determined and therefore the nucleus may consist of 

individuals of different core species (Greenberg 2000). These nuclear individuals may have 

a bigger (joined?) territory than the non-core species. The territory may overlap with other 

‘nuclei’, leading to several flocks in the same small area (which was indeed observed) and 

the high flocking propensity of species. However, in the open area flocking propensity was 

lower and this could be explained by the absence of nuclear species or reduced predation 

pressure (Thiollay 1999 cited in Sridhar and Sankar 2008). Since the non-core species 

possibly do not always join the flock while moving through their territory, this leads to 

differences in species composition among the days. It would be very interesting to test 

these hypotheses in the future and the possibility to track individuals would be of great 

importance in doing that.  

 

Conservation and future research recommendations 

The rainforests in the Ecuadorian Chocó region and the higher western slopes of the Andes 

are decreasing rapidly, due to invasive settlements, deforestation and conversion into cattle 
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fields (CEPF 2001). Deforestation leads to two different phenomena, as pointed out by 

Fahrig (2003): habitat loss and habitat fragmentation. These two phenomena are often not 

distinguished by researchers. Habitat fragmentation may have - on a landscape scale - 

positive effects on diversity, due to for example edge effects, but also negative effects. In 

contrast, habitat loss has only negative effects on biodiversity and these effects are also 

stronger than those of fragmentation. Probably, effects of fragmentation were seen in this 

study, because we observed edge effects and no difference in diversity in forest and cattle 

fields. However, if deforestation would continue in this area and the forest would become 

very small, effects of habitat loss will become stronger because forest species might 

disappear from the area. On a landscape scale, edge effects will be reduced because with 

smaller forest fragments, less edge area is present. It would probably also affect endemic 

species, as already in this study 3 out of 4 frequently seen endemic flocking species were 

affected by disturbance. In this study only a small area was investigated and larger scale 

studies should be conducted to investigate effects of deforestation on flocks on a landscape 

scale.  

Deforestation continues in the tropics, therefore, in recent years there has been a 

growing interest to investigate the secondary forests and abandoned pastures in the tropics 

and their role as a foraging habitat for birds. First, because birds can help in re-colonization 

of trees by dispersing seeds from the forest into the clearings (Cardoso Da Silva et al. 

1996). Second, because the secondary forests, pastures and plantations may serve as a 

corridor between forest fragments and therefore help to maintain diversity (Pen et al. 2006). 

This study is one of the first that compares flocks in the forest with flocks in cattle fields 

and in the edge between these two areas. Edge flocks were observed to cross the road 

frequently and fly into adjacent fields, so observed flocks in the open may have come from 

the edge or forest. If they always come from the edge or forest, this can indicate that cattle 

fields are only used when a forest is nearby. The open areas studied in the present study 

were 200 m - 1 km from a forest. Cardoso Da Silva et al. (1996) found that only a narrow 

strip of 80 m from the forest was used by birds from the forest as foraging area in 

abandoned and grazed pastures. This is a smaller distance than we found in the present 

study, although at the point furthest from the forest (O9), only one flock was recorded. In 

the future, open areas with more distance to forests should be studied to see if there are still 

flocks and if cattle fields could serve as a corridor. Further research could also focus on 

tracking flocking species in the open areas to see where they go and where they have their 

territories.  

Cardoso Da Silva et al. (1996) also observed that abandoned pastures, where 

regenerating trees were present, were used more by birds than grazed pastures with only 

grass. In our study, the pastures were grazed but some trees were still standing and there 

were strips of trees in the steep areas and between different fields. It was observed that 

flocks are present mainly in these tree strips and sometimes in the big (fruiting?) trees as 

well. These factors probably determine if cattle fields will be used by flocks for foraging 

and are recommended to be implemented as a conservation measure.  
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 This study concludes that flock diversity in a disturbed area next to a mountain rain 

forest is not reduced. The presence of a disturbed area, looking at a small landscape scale, 

even enhances diversity of flocking species due to edge effects and the presence of open 

habitat specialists. However, cattle fields adjacent to a mountain rain forest, which contain 

scattered trees and belts of trees, have the potential to serve as a foraging area mainly for 

flocks containing fruit and seat eating birds and less for insectivores (except flycatchers). In 

addition, the flocking system changes in disturbed areas compared to forest: in the forest, 

flocking propensity was very high. In the cattle fields, birds forage less often in flocks 

(flocking propensity is much lower and number of flocks is lower). If more forest 

disappears, flocks may disintegrate (Stouffer and Bieregaard 1995) and survival of flocking 

species could be affected. The flocking system was in all areas dynamic with high turnover 

of species on a day and over days. 
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Appendices 

Table 1. Recorded species in mixed-species flocks, their distribution, altitudinal range, habitat and if they 

are flocking species, following Ridgely and Greenfield (2001a). Distribution: NA=North America, C=Central 

America, SA=South America, sw-USA=South West USA, Chocó=Chocó lowlands (endemic species), West 

Andes= montane regions Chocó (endemic species).  Habitat: F=forest, E=edge, O=open 

Species Distribution Altitudinal range Habitat Flock species? 

Rufous Motmot C+SA mostly below 900 m  F,E no 

Collared Trogon C+SA 0-1300 m F no 

     

Crimson-rumped Toucanet SA mostly 500-2000 m F,E,O no 

Red-headed Barbet C+SA 150-1900 m west F,E, O often 

Orange-fronted Barbet Chocó mostly below 800 m F,E, O often 

     

Smokey-brown Woodpecker C+SA mostly 600-2400 m F often 

Golden-olive Woodpecker C+SA to at least 2100 m west F,E often 

     

Squirrel Cuckoo C+SA 0-2700 whole west F,E,O no 

Slaty Spinetail C+SA 0-1500 m F,E,O no 

Red-faced Spinetail C+SA mostly 700-1500 m F,E often 

Lineated Foliage-gleaner C+SA mostly 1000-2000 m F often 

Scaly-throated Foliage-gleaner C+SA 500-1700 m F,E often 

Buff-fronted Foliage-gleaner C+SA 600-1700 m west F,E often 

Plain Xenops C+SA mostly below 900 m  F,E often 

Western Woodhaunter C+SA mostly below 1100 m  F often 

     

Plain-brown Woodcreeper SA mostly below 1100 m  F,E often 

Wedge-billed Woodcreeper C+SA 0-2000 m F,E sometimes 

Strong-billed Woodcreeper C+SA 1000-3000 m west F regularly 

Spotted Woodcreeper C+SA 0-2000 m F,E often 

Montane Woodcreeper SA 1000-3000 m F,E regularly 

     

Pacific Antwren C+SA mostly below 800 m E,O sometimes 

Slaty Antwren C+SA 400-1500  west F often 

Dot-winged Antwren C+SA mostly below 500 m F,E no 

Rufous-rumped Antwren C+SA 900-1800 m F,E yes 

Immaculate Antbird C+SA mostly below 1400 m F with ant swarms 

Chestnut-backed Antbird C+SA 0-1500 m F no 

Russet Antshrike C+SA mostly 400-1300 m F,E regularly 

     

Golden-faced Tyrannulet SA 0-1600 m west F,E,O sometimes 

Southern Beardless-Tyrannulet C+SA 0-2800  west  E,O no 
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Gray Elaenia C+SA 0-600 m F,E frequently 

Greenish Elaenia C+SA mostly below 500 m F,E no 

White-tailed Tyrannulet SA 1500-2500 m F,E,O regularly 

Rufous-winged Tyrannulet SA  mostly 700-2000 m F,E ? 

Olive-striped Flycatcher C+SA 0-2000 m F,E sometimes 

Slaty-capped Flycatcher C+SA 200-1500 m F,E often 

Marble-faced Bristle-tyrant SA 1200-2100 m F,E often 

Scale-crested Pygmy-tyrant C+SA 0-1700 m west F,E no 

Ornate Flycatcher SA mostly 800-2000 m E no 

Tawny-breasted Flycatcher C+SA mostly 1000-1700 m F regularly 

Dusky-capped Flycatcher C+SA+sw USA mostly 0-1500 m F,E,O often 

Rusty-margined Flycatcher C+SA mostly below 1000 m F,E,O no 

White-winged Becard C+SA 600-1500 m west  F,E,O no 

Black-and-white Becard C+SA mostly below 2000 m west F,E often 

Yellow Tyrannulet C+SA up to 1350 m west E no 

One-colored Becard C+SA 0-1500 m F,E sometimes 

     

Red-eyed Vireo 

N, C+SA (residents 
+ NA migrants in 
Ecuador mostly below 1300 m F,E,O regularly 

 
Brown-capped Vireo C+SA mostly 1300-2600 m F,E,O regularly 

Lesser Greenlet C+SA mostly below 1100 m F,E regularly 

Slaty-capped Shrike-vireo SA mostly below 1100 m F,E regularly 

     

Bay Wren C+SA 0-900 m F,E no 

Gray-breasted Wood-Wren C+SA mostly 1500-3000 m E,O no 

     

Tropical Parula N,C+SA 0-2000 m west  F,E often 

Slate-throated Whitestart C+SA 800-2600 m F,E,O often 

Chocó Warbler West Andes 400-1200 m F regularly 

Three-striped Warbler C+SA mostly 1000-2000 m F,E regularly 

Black-burnian Warbler NA migrant mostly 900-2800 m F,E yes 

     

Purple Honeycreeper C+SA mostly below 1200 m F,E,O regularly 

Blue Dacnis C+SA mostly below 1000 m F,E,O regularly 

Guira Tanager SA up to 1100 m F,E,O regularly 

Fawn-breasted Tanager SA mostly 1000-2800 m E,O sometimes 

Orange-bellied Euphonia C+SA mostly below 2000 m F,O often 

Rufous-throated Tanager West Andes mostly 600-1400 m F,E regularly 

Golden Tanager SA mostly 900-2000 m F,E,O often 

Silver-throated Tanager C+SA mostly 500-1350 m F,E often 

Flame-faced Tanager SA mostly 1500-2400 m F,E,O often 

Golden-naped Tanager SA mostly 1500-2400 m F,E often 
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Blue-necked Tanager SA up to 1400 m E,O regularly 

Bay-headed Tanager C+SA up to 1500 m F,E,O often 

Blue-gray Tanager C+SA mostly below 1500 m E,O regularly 

Palm Tanager C+SA mostly below 1300 m E,O regularly 

Lemon-rumped Tanager C+SA mostly below 1600 m E,O regularly 

Summer Tanager b. migrant mostly below 1500 m E,O often 

White-winged Tanager C+SA mostly 800-1800 m F,E often 

Ochre-breasted Tanager West Andes mostly 400-1500 m F,E regularly 

White-lined Tanager C+SA up to 1700 m O generally not 

White-shouldered Tanager C+SA mostly below 800 m F,E often 

Dusky Bush-Tanager West Andes mostly 1200-2200 m F,E regularly 

Yellow-throated Bush-Tanager C+SA 700-1800  m F,E sometimes 

Golden-winged Manakin SA mostly 800-2000 m F,E sometimes 

     

Buff-throated Saltator C+SA below 900 m E,O often 

Black-winged Saltator SA mostly below 1500 m F,E,O often 

Slate-coloured Grosbeak C+SA mostly below 1200 m F,E sometimes 

Variable Seedeater C+SA to 1500 m O with seed eaters 

Yellow-bellied Seedeater C+SA locally to 2400 m O with seed eaters 

Tricolored Brush-Finch SA 600-1800 m E sometimes 

Orange-billled Sparrow C+SA mostly below 1100 m F usually not 

     

Scarlet-rumped Cacique C+SA mostly below 900m E,O with other Icterids 

     
Western Dwarf Squirrel C+SA 500-1800 m F sometimes 
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Table 2. Common (local) Ecuadorian names, scientific names, family names and tree type of tree species 

found in the vegetation plots. Empty cells mean that scientific name or family name could not be found. 

Common name Scientific name Family Treetype 

Sangre de gallina Dussia spp. Leguminosae Secondary 

Colca Miconia spp. Melastomataceae P+S 

Guavo Inga spp. Leguminosae Primary 

Jigua Ocotea spp. Lauraceae P+S 

Flor de Mayo Tibouchina spp. Melastomataceae Secundary 

Copal Protium spp. Burseraceae Primary 

Nacedero Erythrina Leguminosae Planted 

Sapan de Paloma Trema Ulmaceae Secondary 

Lacre  Rubiaceae Primary 

Pigua Croton spp. Euphorbiaceae Secondary 

Pichulan Veronia spp. Asteraceae Secondary 

Cascara negra   Primary 

Teme  Lauraceae Secondary 

Pagche Nectandria spp. Lauraceae Secondary 

Pata negra   Primary 

Arayan Colorado  Myrtaceae Secondary 

Palma Visola  Palmae Primary 

Sabaleta   Primary 

Motilón Hyeronima spp.  Primary 

Caimitillo Pouteria spp. Sapotaceae Primary 

Guayaba Psidium spp. Myrtaceae Planted 

Achotillo Sloanea spp. Elaecarpaceae Primary 

Chirimoya Annona spp. Annonaceae Primary 

Pialde   Primary 

Madonyo Garcinia spp. Clusiaceae P+S 

Huevo de Tigre  Rubiaceae Primary 

Culo de Negra   Primary 

Caoba Guarea cartaguenya  Meliaceae Primary 

Tangaré Carapa spp. Meliaceae Primary 

Cafetillo  Rubiaceae Primary 

Guavillo  Mimosaceae/Leguminosae Primary 

Colorado fino Guarea kunthiana Meliaceae P+S 

Tachuelo Zanthoxylum spp. Rutaceae Primary 

Dormilón Parkia spp. Leguminosae Primary 

Uvilla Pourouma spp.  P+S 

Pulgoso   Primary 

Canillo de Venado  Melastometaceae Primary 

Igo Ficus carica Moraceae Primary 

Ceibo Ceiba spp. Bombacaceae Primary 
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Guarapo   Primary 

Limoncillo Siparuna spp. Monimiaceae Primary 

Guarumo Cecropia spp. Cecropiaceae Secondary 

Arayan Blanco Myrciantes spp. Myrtaceae Primary 

Picapica Acnistus spp. Solanaceae Secondary 

Sapote Quararibea spp. Bombaceae Primary 

Cauchin   Primary 

Cucharo   Secondary 

Cascarilla  Rubiaceae  
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