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Abstract 

 

In the face of continued loss and fragmentation of Andean forests, shade agroforestry is a 

promising approach where agricultural production and conservation can co-occur to support 

environmental and socioeconomic needs.  Agroforestry provides habitat for a diverse avifauna, 

including several migratory species of concern, and thus may significantly contribute to 

biodiversity conservation in tropical regions.  Yet a variety of social and economic pressures have 

accelerated the conversion of certain agroforestry systems to land uses that are less compatible 

with conservation.  Such is the case with shade-coffee, which continues to be converted to sun 

coffee and pastures for cattle grazing, which provide fewer ecosystem services, reduce habitat 

complexity, and support less biodiversity.  These changing practices challenge the conservation 

community to identify alternative practices that can maintain some ability to support biodiversity.  

For example, silvopastoral systems, which combine grazing pastures and trees, have been 

increasingly recognized for their ability to restore degraded pasturelands and contribute more to 

biodiversity than conventional pastures. 

 Birds are an excellent focal group that can be used to evaluate the contributions of 

agroforestry systems to conservation.  In the Andes, birds often congregate in large foraging 

flocks comprised of several species of resident and migratory birds.  These mixed-species flocks 

can serve as useful indicators of the relative value of different agroforests because they contain 

diverse species representing several foraging guilds, are easily studied, and can be sensitive to 

anthropogenic disturbances.  In addition, most Neotropical migratory birds join mixed-species  
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foraging flocks during the overwintering period, with >75% of observed migrants participating in 

flocks.  Thus, studying flocks attended by migratory birds is essential to understanding wintering 

ecology of these species.  Given that agroforestry systems can provide critically important 

overwintering habitat for flocking migrants where little forest cover remains, my dissertation 

research aimed to inform management decisions for conservation of Andean flocks. 

 In my dissertation research, I examined habitat use and behavior of mixed-species 

foraging flocks and Neotropical migratory bird species among different agroforestry systems to 

better understand (1) relative conservation value of the systems, (2) physiognomic features that 

are associated with high avian use of shade-coffee and silvopastures, and (3) sensitivity of birds 

to characteristics of the surrounding landscape.  I studied mixed-species foraging flocks in shade-

coffee, shade-cardamom, secondary forest, and silvopasture in the northern Andes of Colombia.  

The study areas were located in Antioquia Department (5°49'N, 75°49'W) near the towns of 

Andes, Betania, Ciudad Bolívar, Jericó, Monserrate, Palermo, Salgar, and Támesis in the western 

chain and Fredonia in the central chain.  In January and February of 2011-2013, I recorded 

species composition and size of flocks along with individual foraging heights for species within 

446 flocks.  For each flock, I also measured vegetative structure at flock and random locations 

within each habitat and quantified the composition and configuration of the surrounding 

landscape. 

 Results showed that agroforestry systems differed in their ability to support migratory 

birds and mixed-species flocks.  Compared to other shade agroforestry systems, silvopastures 

were least used by resident forest specialists and Neotropical migratory birds, as indicated by 

patterns of occurrence and sex ratios.  Less structurally-complex silvopastures supported smaller, 

less diverse flocks with fewer Neotropical migrants and resident forest specialists.  Not a single 

migrant species reached its greatest abundance in silvopasture flocks relative to other habitats, 
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although patterns varied by species.  Overall migrant abundances in flocks tended to be highest in 

shade-cardamom and shade-coffee, although overall flock size and richness were greater in 

secondary forest.  Further, fewer male Blackburnian Warblers flocked in silvopastures compared 

to other habitats, which is consistent with other studies showing that overwintering male migrants 

tend to occupy the highest quality habitats.  Although forest birds may be better served by 

silvopastures than conventional treeless pastures, my findings suggest that silvopastoral systems 

are less suitable for flocking birds than other secondary forest and other shade-agroforestry.  

However, agroforestry remains an important complementary approach to other strategies to 

maintain Andean forests and improve the conservation potential of degraded land. 

 Despite marked differences in flock use among habitat types, there remains trouble in 

generalizing the effects of any single habitat type given the high variation in management 

practices within agroforestry systems.  This variability necessitated the generation of habitat-

specific recommendations within these systems to improve suitability for flocking birds.  My 

examination of habitat use of Neotropical migrants in diverse mixed-species flocks was restricted 

to vegetative features within two agroforestry systems: shade-coffee (n=44 plots) and silvopasture 

(n=40 plots) plots.  My results indicate that increasing canopy cover and tree density are 

important for use of both shade-coffee and silvopastoral systems by foraging flocks.  Basal area 

and structural complexity measures were positively associated with abundance of several 

migratory bird species within flocks, suggesting that complex agroforests with a mid-range of 

canopy cover will provide the most suitable habitat for flocks with migrants.  This study suggests 

that suitability of shade-coffee and silvopastoral systems can be improved for overwintering 

migrants by increasing canopy cover to 25%-40% and incorporating emergent shade trees to 

reach a basal area of >5 m2/ha, especially if by using tree species known to have multiple 

benefits. 
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 Although my work showed how habitat features within agroforestry were important to 

flocking birds, the literature shows that attributes of the surrounding landscape can mediate bird 

habitat use – something that has been largely unexplored in agroforestry systems.  Thus, I aimed 

to identify how landscape composition and configuration influenced use of agroforests by mixed-

species foraging flocks, declining species of Neotropical migrants, and sensitive forest resident 

specialists.  I used an information theoretic approach to determine which landscape metrics, at 

multiple spatial scales, had most support in explaining bird use of agroforestry habitats.  

Landscape composition and configuration mediated avian species richness and abundance within 

agroforestry systems.  Specifically, resident forest specialists and several migrant species 

increased with woodland cover within 1 km.  Forest connectivity also proved to be positively 

related to abundance of forest resident specialists across all habitats surveyed.  The negative 

relationship between patch density and abundance of two species of concern, Cerulean Warbler 

and Canada Warbler suggests that migrants may be sensitive to fragmentation, but only in shade-

coffee and forest plots, respectively.  This study suggests that efforts to improve the quality of the 

landscape matrix, particularly by increasing tree cover and connectivity (e.g., forested corridors) 

will improve the suitability of agroforestry habitats for flocking and migratory birds. 

My research advances our understanding of the ecology of mixed-species flocks in 

agroforestry systems, especially little studied silvopastures, and the response of birds to both 

microhabitat and landscape features in different agroforestry habitats.  Overall, I have 

demonstrated the potential conservation value of silvopastures to mixed-species flocks, although 

they may be less suitable for some groups of Andean birds.  Fine scale vegetation features, 

especially canopy cover, vegetative complexity, and overstory tree basal area, appear to be 

important to predict bird use of agroforestry farms, while elements in the surrounding landscape 

may influence use by resident forest specialists and flocking Neotropical migrant birds.  I show 
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the potential for these agroforestry systems to contribute to conservation of Andean birds by 

enhancing structural heterogeneity within farms and woodland connectivity in the surrounding 

landscape.  This study provides support for agroforestry as an important complementary strategy 

for conservation of flocking Andean forest birds, and demonstrates the need to consider the 

landscape context for management of agroforestry habitats. 
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Chapter 1:  Introduction 

 

 

 The Northern Andes are paradoxical in being a global hotspot for biological diversity 

and endemism (Rodríguez-Mahecha et al., 2004), while at the same time having one of the 

greatest rates of tropical deforestation.  This combination has made the Andes a major focus for 

conservation efforts (Whitmore, 1997).  Consequences of land use change and intensification of 

agroecosystems continue to plague conservation efforts, particularly as native forest and shade 

agroforestry systems are rapidly converted to more structurally simple land uses such as pasture 

for cattle grazing and sun coffee.  Market pressures can provoke conversion from more to less 

environmentally-friendly practices, usually a quick transformation that can take decades to 

reverse.  For example, in Colombia >60% of all shade coffee plantations have been converted to 

structurally simple sun coffee (Perfecto et al., 1996; Rice and Ward, 1996), and rangelands 

doubled from 1960-1995 (Murgueitio et al., 2011). 

Although there are no easy solutions to the land use challenges facing developing and 

tropical regions, agroforestry systems have been increasingly recognized as having a number of 

ecological and social advantages.  Shade agroforestry systems can contribute to biodiversity 

conservation while maintaining agricultural production (Harvey et al., 2008).  In addition to the 

economic importance of crops grown under shade, e.g., over 23 million people worldwide are 

employed or otherwise reliant upon the coffee industry for their livelihood (O’Brien and  
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Kinnaird, 2003), shade agroforestry contributes to a broad range of supporting ecosystem 

services, including carbonsequestration, soil conservation, and water protection (Daily, 1997).  

Shade crops, especially shade-coffee and cacao, are grown on a small proportion of agricultural 

land, but vast pasturelands have great potential to be developed into sustainable systems 

incorporating trees and shrubs, known as silvopastoral systems. 

One relatively new form of agroforestry that is receiving worldwide attention is the 

silvopastoral system, which is a more eco-friendly alternative to conventional cattle grazing 

(Murgueitio et al., 2011; Cubbage et al., 2012).  Planting trees in rangelands may partially 

mitigate negative environmental impacts of grazing such as deforestation, erosion, and water 

pollution and provide more ecosystem services such as increased nutrient recycling, soil fertility, 

and carbon sequestration compared to conventional pastures (Nair, 1989; Murgueitio and Calle, 

1999; Chará and Murgueitio, 2005; Ibrahim et al., 2006; Haile et al., 2010).  Furthermore, the 

shade trees in silvopastures provide marketable saw-timber, firewood, fruits, and seeds 

(Bellefontaine et al., 2002).  Although they exhibit less structural complexity compared to many 

other agroforestry systems, silvopastures provide perches, shelter, foraging, and corridors for a 

wide variety of resident and migratory birds (Harvey et al., 2005; Fajardo et al., 2009; Rice and 

Greenberg, 2004).  Though not as biodiverse as forests, silvopastures support many species and 

individual birds (Greenberg et al., 1997; Fajardo et al., 2009), but little is known of the relative 

value of silvopastures to Neotropical migrants and other Andean birds. 

Shade agroforestry systems, especially coffee and cacao plantations, are widely known to 

support diverse bird communities, including migratory birds that are more numerous in shaded 

crops than large-scale commercial agriculture (Perfecto et al., 1996; Moguel and Toledo, 1999; 

Rice and Greenberg, 2000; Roberts et al., 2000; Pomara et al., 2003; Harvey et al., 2006; Komar, 

2006; Sáenz et al., 2006; Bhagwat et al., 2008; Borkhataria et al., 2012).  Agroforestry systems 
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can support a diverse group of resident bird species, many of which associate closely with 

Neotropical migrants in mixed-species foraging flocks.  Mixed-species flocks are important 

features of Andean forest ecosystems, and in agricultural landscapes as many as 85% of species 

within the local bird community may participate when migrants are present.  Although shade 

plantations may lack resident forest specialists, they usually harbor diverse and abundant 

populations of migrant species (Greenberg et al., 1997a; Greenberg et al., 2000; Wunderle and 

Latta, 2000).  In fact, abundance of many Neotropical migrants is often greater in shade-coffee 

compared to primary forest (Greenberg et al., 1997c; Petit et al., 1999; Johnson and Sherry, 2001; 

Tejeda-Cruz and Sutherland, 2004; Bakermans et al., 2009).  Thus, trends in agroforestry 

conversion may have serious consequences for many Neotropical migrants such as the Cerulean 

Warbler (Setophaga cerulea), whose steady population decline may be linked to loss of forest 

cover in the Andean coffee-growing region.  Further, as many migratory species forage almost 

exclusively in flocks, overwinter survival may be greatly influenced by these flocking systems. 

Mixed-species foraging flocks commonly occur in shade coffee plantations (Roberts et 

al., 2000; Pomara et al., 2003), where flocking may be beneficial as a result of possible increased 

presence of predators in these habitats (Cruz-Angón et al., 2008), but only few (e.g., Colorado, 

2011) have documented their use of silvopastures.  Neotropical migrants such as the Cerulean 

Warbler are known to be sensitive to structural characteristics such as the amount of shade, 

canopy height, and tree density on their wintering grounds (Greenberg et al., 1997b; Reitsma et 

al., 2001; Gordon et al., 2007; Philpott and Bichier, 2012), but structural features that support 

mixed-species flocks also must be identified, especially in silvopastures.  As we know, shade-

coffee can be grown under a wide range of management regimes, from rustic systems of native 

forest tree cover (>70% shade) to shaded monocultures which may have <10% shaded canopy 

(Moguel and Toledo, 1999).  This variation in management intensity affects the ecosystem 
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services provided, and differences in habitat structure impact the bird community and its value to 

biodiversity.  For instance, bird diversity tends to be higher in less intensively managed systems 

with more structural heterogeneity of the vegetation (Greenberg et al., 1997a; Cruz-Angón and 

Greenberg, 2005; Dietsch et al., 2007; Gordon et al., 2007; Philpott and Bichier, 2012), and 

unshaded sun systems, essentially devoid of wildlife, have scant conservation value.  Thus, there 

is a need to generate specific recommendations to contribute to bird conservation within these 

systems. 

 In addition to habitat features within agroforestry systems, the effects of the surrounding 

landscape are also likely to influence the conservation value of agroforestry.  Neotropical bird 

species are known to be sensitive to landscape fragmentation and composition of the landscape 

matrix (Restrepo and Gomez, 1998, Renjifo, 1999, Renjifo, 2001).  Isolated shade-plantations 

tend to support fewer forest residents (Parrish and Petit, 1996; Moguel and Toledo, 1999; Clough 

et al., 2009) and fewer total species (Tejeda-Cruz and Sutherland, 2004).  Habitat loss and 

fragmentation also affect species composition and persistence of mixed-species foraging flocks 

(Maldonado-Coelho and Marini, 2004; Peters et al., 2008; Brandt et al., 2009), as well as habitat 

suitability for overwintering Neotropical migrants (Renjifo, 2001; Colorado, 2011).  Thus, 

tropical agroforestry use by birds may be greatly influenced by the surrounding landscape, with 

the quality depending on proximity to extensive forest (Petit et al., 1999) or the quality of the 

surrounding landscape (Restrepo and Gomez, 1998).   

My research addresses critical gaps in our knowledge of the value of shade-coffee and 

silvopastoral systems to mixed-species flocks and overwintering Neotropical migratory birds, 

relative to other habitats and in complex landscape settings.  In particular, this dissertation 

addressed the following questions: 1) How do flocks and migrants use different agroforestry 

systems, what is their relative value, and how do vegetation features differ among Andean 
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habitats?  2) Which vegetative characteristics are associated with flock and migrant use of shade-

coffee and silvopastures? and 3) What is the importance of the landscape-scale for predicting 

flocking bird use of agroforestry systems?   To achieve these objectives, I studied mixed-species 

flocks and overwintering migratory birds in the Colombian Andes during January and February 

of 2011-2013. 

My dissertation is organized such that chapters 2 through 4 represent separate 

manuscripts intended for publication.  In chapter 2, I compared the relative value of silvopasture, 

shade-coffee, shade-cardamom, and secondary forest to mixed-species flocks and overwintering 

migratory birds.  Specifically, I examined how vegetative structure and flocking bird 

communities differed among these habitats.   In chapter 3, I evaluated which vegetative 

characteristics were associated with mixed-species flock use of the two habitats and determined 

which structural characteristics were important within each habitat for influencing Neotropical 

migrant abundance within a flock.  In chapter 4, I examined how the surrounding landscape 

influenced use of agroforests by mixed-species flocks, declining species of Neotropical migratory 

birds, and resident forest specialists.  This chapter also compared the relative usefulness of 

metrics calculated at two spatial resolutions, and two different measures of configuration- patch 

density, an estimate of habitat fragmentation, and an area-weighted patch connectivity index, 

which shows the extent to which the landscape surrounding an occupied patch facilitates 

movement.   

My research makes an important contribution to the knowledge of the ecology of mixed-

species flocks in agroforestry systems, especially little studied silvopastures, by demonstrating 

how flocking Neotropical migrant birds respond to both microhabitat and landscape features in 

different agroforestry habitats.  I show the potential for these systems to contribute to 

conservation of Andean birds by enhancing structural heterogeneity within farms and woodland 
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connectivity within the landscape.  This study provides support for agroforestry as an important 

complementary strategy for conservation of flocking Andean forest birds, and demonstrates the 

need to consider the landscape context for management of agroforestry habitats. 
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Chapter 2: Conservation value of silvopastures to Neotropical migrants in Andean forest 

flocks 

 

 

Abstract 

In the face of continued loss of Andean forests, shade agroforestry is a promising 

approach where agricultural production and conservation can co-occur to support environmental 

and socioeconomic needs.  Agroforestry systems provide habitat for a diverse avifauna, including 

several migratory species of concern.  Unfortunately, shaded crops continue to be converted to 

sun monocultures and pastures which provide fewer ecosystem services, reduce habitat 

complexity, and support less biodiversity.  Silvopastoral systems, which combine grazing 

pastures and trees, have recently been drawing worldwide attention.  In an effort to evaluate the 

conservation value of little-studied silvopastures to Andean birds, I compared mixed-species 

flock communities associated with different forested habitats.  In Jan-Feb of 2011-2013, species 

composition, flock size, and individual foraging heights were recorded for 446 flocks at 9 study 

areas in Antioquia, Colombia.  I sampled shade-coffee, shade-cardamom, secondary forest, and 

silvopasture at ~1,150-1,850 m elevation and measured vegetative structure in each habitat.  Less 

structurally-complex silvopastures supported smaller, less diverse flocks with fewer Neotropical 

migrants and resident forest specialists.  Further, fewer male Blackburnian Warblers flocked in 

silvopastures compared to other habitats, which is consistent with other studies showing that 

overwintering male migrants tend to occupy the highest quality habitats.  Although forest birds  
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may be better served by silvopastures than conventional treeless pastures, my findings suggest 

that silvopastoral systems are less suitable for flocking birds than other forested habitats.  

However, agroforestry remains an important complementary approach to other strategies to 

maintain Andean forests and improve the conservation potential of degraded land. 

 

Keywords: Agroforestry, Cerulean Warbler, Colombia, Habitat, Mixed-species flock, Shade-

coffee  

 

Introduction 

With ever-growing demands on the environment, society is challenged to find ways that 

conservation can occur within working landscapes.  This is especially true in biodiversity hot 

spots such as the northern Andes Mountains of South America, where deforestation and 

agriculture have left little forest intact.  Agroforestry is a strategy that can reduce habitat loss for 

forest species while producing high yields and supporting rural livelihoods (Perfecto and 

Vandermeer, 2010).  However, not all approaches are comparable in terms of ecological value.  

Market pressures can provoke conversion from more to less environmentally-friendly practices, 

usually a quick transformation that can take decades to reverse.  For example, in Colombia >60% 

of all shade coffee plantations were converted to structurally simple sun coffee (Perfecto et al., 

1996; Rice and Ward, 1996), and rangelands doubled from 1960-1995 (Murgueitio et al., 2011).  

The conversion of shaded agroforestry systems to lower complexity land uses, such as 

silvopasture for cattle, is one example where socioeconomic pressures, including a volatile coffee 

market and changing demographics, may diminish the ability of land to meet conservation needs 

(Camargo et al., 2005). 
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Shade agroforestry is widely known to support diverse bird communities, including 

migratory birds that are more numerous in shaded crops than large-scale commercial agriculture 

(Perfecto et al., 1996; Moguel and Toledo, 1999; Rice and Greenberg, 2000; Roberts et al., 2000; 

Pomara et al., 2003; Komar, 2006; Bhagwat et al., 2008).  Although shade plantations may lack 

resident forest specialists, they usually harbor diverse and abundant populations of migrant 

species (Greenberg et al., 1997a; Greenberg et al., 2000; Wunderle and Latta, 2000).  In fact, 

abundance of many Neotropical migrants is often greater in shade-coffee compared to primary 

forest (Greenberg et al., 1997c; Petit et al., 1999; Johnson and Sherry, 2001; Tejeda-Cruz and 

Sutherland, 2004; Bakermans et al., 2009).  Thus, trends in agroforestry conversion may have 

serious consequences for many Neotropical migrants such as the Cerulean Warbler (Setophaga 

cerulea), whose steady population decline may be linked to loss of forest cover in the Andean 

coffee-growing region.   

Among the most striking features of shaded crops is their ability to  support a diverse 

group of resident birds, many of which associate closely with Neotropical migrants in mixed-

species foraging flocks.  This phenomenon is particularly common and widespread in the Andes, 

where flocks are distinctive because of the participation of diverse foraging guilds using multiple 

strata, the high representation of tanagers (Thraupidae), and for being among the largest recorded 

mixed-species flocks frequently with 10-20 species and upwards of 30 individuals (Moynihan, 

1979; Remsen, 1985; Bohórquez, 2003; Arbeláez-Cortés et al., 2011).  Mixed-species flocks are 

important features of Andean forest ecosystems, and in agricultural landscapes as many as 85% 

of species within the local bird community may participate when migrants are present (pers.  

obs.).  As many migrant species forage almost exclusively in flocks, overwinter survival is 

thought to be influenced by these flocking systems. 
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Silvopastures, an alternative to conventional cattle grazing where trees and shrubs are 

incorporated, may have the ability to support diverse bird communities (e.g., Rice and Greenberg, 

2004; Harvey et al., 2005; Fajardo et al., 2009) but are little studied.  Silvopastoral systems are 

receiving worldwide attention for their economic and conservation potential in agricultural 

landscapes, including Andean regions (Murgueitio et al., 2011; Cubbage et al., 2012).  Planting 

trees in rangelands may partially mitigate negative environmental impacts of grazing such as 

deforestation, erosion, and water pollution and provide more ecosystem services such as 

increased nutrient recycling, soil fertility, and carbon sequestration compared to conventional 

pastures (Nair, 1989; Murgueitio and Calle, 1999; Chará and Murgueitio, 2005; Ibrahim et al., 

2006; Haile et al., 2010).  Furthermore, the shade trees in silvopastures provide marketable saw-

timber, firewood, fruits, and seeds (Bellefontaine et al., 2002).  Although they exhibit less 

structural complexity compared to many other agroforestry systems, silvopastures provide 

perches, shelter, foraging, and corridors for a wide variety of resident and migratory birds 

(Harvey et al., 2005; Fajardo et al., 2009).  Greenberg et al. (1997b) found that Acacia pennatula 

groves used for grazing in Mexico had the highest density and diversity of many migratory bird 

species compared to other habitats.  Though not as biodiverse as forests, silvopastures in 

Colombia support many species and individual birds (Fajardo et al., 2009), but little is known of 

the relative value of silvopastures to foraging flocks and migrant birds. 

In this study I compared the relative value of silvopasture, shade-coffee, shade-

cardamom, and secondary forest to mixed-species flocks and overwintering migratory birds, with 

the ultimate aim of informing agroforestry practices in the Andes.  Specifically, I examined how 

vegetative structure and flocking bird communities differed among these habitats.  Reductions in 

habitat complexity resulting from land conversion, such as forest loss to pasture or silvopasture, 

are likely to render habitat less suitable for flocks by impacting resource availability.  
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Simplification of habitat and loss of floristic diversity diminishes wintering migrant diversity 

(Rappole and Morton, 1985; Lynch, 1992) and can reduce functional diversity of the avian 

community, such as fewer forest understory specialists (Sekercioglu, 2012).  Loss of vegetative 

strata reduces foraging substrates, which could reduce the likelihood of certain species occurring 

and/or joining flocks.  Therefore, I predicted that complex secondary forest would have the 

largest and most diverse flocks showing greater vertical distribution of individuals compared to 

structurally simple silvopastures, which were expected to have the least diverse flocks.  Because 

sex segregation can indicate habitat quality, with males occupying the best habitats on the 

wintering grounds (Sherry and Holmes, 1996; Latta and Faaborg, 2002), I hypothesized that 

proportion of males of migrant species would be greatest in the most structurally-complex 

habitats and lowest in silvopastures. 

   

Methods  

Study Areas 

 Mixed-species foraging flocks were studied in the northern Andes of Colombia, 

Antioquia Department (5°49'N, 75°49'W).  The Colombian Andes are comprised of three 

mountain chains which divide near the Ecuadorian border: the Cordillera Occidental, or western 

chain, Cordillera Central in the center, and Cordillera Oriental, the eastern chain.  The study areas 

were located near the towns of Andes, Betania, Ciudad Bolívar, Jericó, Monserrate (Jardín 

municipality), Palermo (Támesis municipality), Salgar, and Támesis in the western chain and 

Fredonia in the central chain.  The nine study areas are premontane moist forest in the Cauca 

River Valley between ~1,150-1,800 m in elevation (Holdridge, 1967).  Annual temperature 

fluctuates between 19-23° C.  The landscape was a heterogeneous mix of native forest remnants 
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and ravines, shaded and open crops, developed areas, and pastures.  The primary land uses are 

cattle grazing, cultivation of coffee, plantain, and smaller amounts in other crops. 

In each study area, I established replicate study plots approximately 10 ha in size.  Study 

plots were delineated by visually identifiable boundaries and hard transitions between habitat 

types.  I studied the most common forms of tree cover available to birds in the region: secondary 

forest (n = 31 plots), shade-coffee (n = 44), shade-cardamom (n = 11), and silvopasture (n = 40).  

Secondary forest plots were typically remnants in riparian areas or ravines.  Shade-coffee 

plantations in the study area were highly-managed with a homogeneous overstory of shade trees 

such as Inga spp., Tabebuia spp., Cordia alliodora, Albizia spp., and Persea spp.  Cardamom, a 

highly-shaded agroforestry system, was grown on moist slopes and often in ravines with a near-

closed canopy.  Cardamom is a low-growing, leafy plant that grows in the understory of a diverse 

canopy of native forest trees.  Silvopastures were represented by fence rows, scattered overstory 

trees, and clumps (some former shade-coffee trees) in pasture grazed by cattle.  Composition of 

remnant trees in silvopastures was similar to shade trees found in coffee plantations. 

 

Flock Surveys 

 During January and February 2011-2013, transects were systematically walked in each 

plot to search for flocks from 0700-1200 and 1500-1700 hrs COT, which are known to be peak 

activity periods.  Transects were not used to estimate density of birds at a site, but rather to 

standardize efforts to encounter flocks.  Transect length (0.5-1.0 km) necessarily varied among 

survey sites based on site area and topography.  To facilitate our ability to observe flocks, 

transects were established in areas relatively easy to traverse, such as on an established trail, 

secondary road, or path through each farm.  Each plot contained 1-2 transects (n = 164 transects 

total) such that the total area traversed was comparable among sites.  Surveys were conducted in 
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favorable weather (e.g., no rain, heavy fog, or strong wind) under conditions not expected to 

affect flock behavior or observation ability.  Each study area was visited 1-2 times each year 

depending on logistical constraints.  Two observers typically conducted the surveys; I attempted 

to minimize the potential for observer bias by having a 1-2 week training period prior to the 

season initiation to standardize the collection of species composition data and height estimates. 

A mixed-species flock was defined as ≥ 3 individuals comprised of at least two species 

foraging and moving in a similar direction with flock members less than 10 m apart (Morse, 

1970).  Upon encountering a flock, I recorded abundance of each species, foraging height (m 

above ground) for each individual, and sex and age of each individual when possible.  Due to 

visual limitations, flocks were typically recorded within 10 m of transects, and never distances 

greater than 50 m.  Foraging heights were recorded at the first sighting of each individual bird and 

standardized with a hypsometer.  Resident or migrant status of each species was noted, and 

resident forest specialists (species confined to one forest stratum and that tend to avoid edges) 

were denoted using Restall et al. (2006). 

I noted individuals within a flock as they were first observed, keeping track of individual 

flock members encountered in 5-min intervals (previously encountered flock members were not 

recorded again).  Composition metrics were derived from the full sample period.  I observed each 

flock for as long as possible or until the rate of new individuals tapered off (typically >30 min; on 

average, 80% of flock members were observed by 20 min). Spatial coordinates were recorded at 

the central location where each flock was first detected.  I resumed walking the transect to search 

for flocks after vegetation data were collected. 
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Vegetation surveys 

 At each initial flock location vegetative structure was measured to provide a descriptive 

comparison of features used by flocks in the different habitat types.  Vegetation sampling 

occurred immediately after the flock data were collected.  Tree basal area was recorded with a 10-

factor wedge prism at the initial flock location and subsequently converted to m2/ha.  In 2013 

abundance of tree genera in each prism plot were identified and used to calculate an index of 

diversity.  Nearly all plots were visited in 2013, so these data are representative of flock locations.  

Vertical structure and an index of snag abundance were estimated by measuring vegetative cover 

and dead branches at the height intervals 0-0.5m, >0.5-3m, >3-6m, >6-9m, >9-12m, >12-15m, 

>15-18m, >18-24m, and >24m at 2-m intervals along 10-m-long transects from the plot center in 

the four cardinal directions (n = 20 estimates per plot).  These hits were recorded directly along 

the linear transect using a pole to record presence or absence of vegetation or dead branches up to 

2 m, and an ocular tube to estimate cover over head.  I also noted the presence of herbaceous 

matter in the understory at each reading (<3 m). 

I calculated several additional variables from the original measurements.  Tree species 

diversity reflected the number of unique tree genera in each basal area prism plot.  From data 

collected along the 10-m transects, I calculated a snag index as the sum of all recorded dead 

matter readings in six categories (120 possible hits).  The herbaceous index was the sum of 

herbaceous hits in the understory (the maximum of either 0-0.5 or 0.5-3 m; 20 possible hits).  I 

calculated the total vertical complexity, understory, midstory, and high canopy indices by totaling 

the hits from all vertical categories (180 possible hits), from categories <3 m, from categories 3-

12 m, and from categories >12 m, respectively.  Percent canopy cover was determined from 

presence or absence of overstory tree vegetation at each reading (generally >6 m; total readings 

with overstory hits/20). 
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Statistical analyses 

I compared habitat structure and bird flock metrics among habitat types using linear 

mixed models (PROC MIXED) in SAS, version 9.3 (SAS Institute, Cary, North Carolina).  

Habitat type, year, and habitat × year interaction terms were included as predictors of avian 

variables.  All flock-level analyses incorporated study area and plot random effects as well as an 

exponential spatial covariance structure using longitude and latitude for each flock to control for 

potential non-independence (spatial autocorrelation).  In the models, plot was nested within study 

area, and in most study areas I surveyed at least three of the four habitat types.  I considered each 

flock as independent because Andean flocks are known to have high turnover of individuals 

(Poulsen, 1996; Greenberg, 2000; Colorado, 2011).  A likelihood-based procedure for generalized 

linear mixed models (GLIMMIX) was used to fit models with proportion data (e.g., sex ratios) 

and to accommodate data with a Poisson distribution (zero-skewed species abundance).  Tukey’s 

multiple comparison procedure was performed a posteriori to determine the differences of least 

square means between habitat pairs for each response variable with a significant habitat effect.  

Tests were considered significant at the 0.05 level. 

In terms of avian response variables, flock size and richness were calculated as the total 

number of birds (total abundance) and species (species richness), respectively, encountered per 

flock.  Abundance and richness of Neotropical migrants were also calculated for each flock, and 

migrant proportion was the percentage of migrant birds per flock.  Similarly, I determined the 

percent of flocking individuals that were resident forest specialists.  I analyzed abundance of 

individual Neotropical migrant species present in ≥15% of flocks to avoid unbalanced samples 

among habitats and ensure an adequate sample size.  Species-specific sex proportions were 

calculated as a ratio of total number of males to the number of known-sex birds for each flock 
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which had sexed individuals for a particular species.  This ratio was calculated for migrant 

species for which I had determined the sex of ≥75% of all individuals observed and sexed birds in 

all four habitats.  Foraging height distribution (maximum - minimum) and mean foraging height 

were calculated for each flock which had height information on >60% of birds (363 flocks).  

There was no directional habitat bias in flocks that were omitted. 

 

Results 

In three seasons a total of 136 species were recorded in 446 flocks, comprised of 111 

residents and 24 Neotropical migrants.  One species, the Red-eyed Vireo (Vireo olivaceus), could 

not be classified as either because it has both resident and migrant populations in Colombia.  Data 

were collected on 166 flocks in shade-coffee, 135 in silvopastures, 82 in shade-cardamom and 63 

in secondary forest, and the total number of species observed in flocks in each habitat type was 

121, 115, 105, and 116, respectively.  Seven species occurred in >50% of flocks including two 

Nearctic-Neotropical migrants: Blackburnian Warbler (Setophaga fusca) and Tennessee Warbler 

(Oreothlypis peregrina).  Mean species richness per flock was 18.4 (± 0.36 SE) and mean flock 

size was 28.2 (± 0.59). 

 

Habitat attributes 

Vegetative cover and complexity differed among habitats and were typically lowest in 

shade-coffee and silvopasture (Table 2.1).  Pooling over all height intervals, total vertical 

complexity was greatest in forest, and progressively lower in cardamom, shade-coffee, and 

silvopasture, respectively.  Mean high canopy cover was highest in forest and cardamom and 

lowest in silvopasture, and midstory cover was lowest in coffee and silvopasture, while 

silvopastures had less understory cover than the other three habitats.  Percent canopy cover in 
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shade-cardamom and forest flock locations averaged ~20% greater than mean canopy cover in 

shade-coffee and silvopastures.  As expected, mean herbaceous index was highest in 

silvopastures, with generally 3x the herbaceous cover of shade-coffee and 1.5x more than forest 

and shade-cardamom.  Shade-cardamom was distinguished by having both the greatest tree basal 

area and tree diversity, the latter of which was nearly 2x that of other habitats (Table 2.1).  Snag 

occurrence did not vary among habitats. 

 

Flock attributes 

Species richness and size of flocks differed among habitats with silvopastures generally 

supporting smaller, less diverse flocks (and fewer Neotropical migrants in both number and 

proportion (Figure 2.1, Table 2.2).  Shade-cardamom flocks had the highest mean proportion of 

migrants, nearly 40% per flock, whereas silvopasture flocks averaged 20% per flock.  Percent 

resident forest specialists, which are those species most sensitive to forest fragmentation and 

degradation, was low in all habitats, but especially in the shade-coffee and silvopasture flocks 

which had an average of 1/3 to about 1/8 the number of forest specialists compared to the other 

habitats (Table 2.1). There were annual differences in flock size, richness, and migrant 

abundance, likely because additional sites were added each year.  However, no habitat × year 

interactions were found at the 0.05 alpha level. 

Eleven migrant species were present in ≥15% of flocks, none of which reached their 

greatest abundance in silvopastures (Figure 2.2).  Two species had the lowest number per flock in 

silvopastures compared to the other three habitats: Black-and-white Warbler (Mniotilta varia) and 

Rose-breasted Grosbeak (Pheucticus ludovicianus; Table 2.2).  Migrants were most abundant in 

forest and/or shade-cardamom, lower in coffee, and lowest in silvopastures, particularly for 

Canada Warblers (Cardellina canadensis), Cerulean Warblers, and Yellow-throated Vireos 
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(Vireo flavifrons).  Abundance of Acadian Flycatchers (Empidonax virescens) and Swainson’s 

Thrushes (Catharus ustulatus) was highest in forest and shade-cardamom, while few individuals 

were found in shade-coffee or silvopasture flocks.  Finally, three species were most common in 

shade crop flocks (coffee and cardamom): American Redstart (Setophaga ruticilla), Blackburnian 

Warbler, and Tennessee Warbler.  Summer Tanager (Piranga rubra) abundance within a flock 

did not differ among habitats, but trended lowest in silvopastures.  Only two species for which I 

analyzed sex ratios showed a significant difference: Black-and-white Warbler and Blackburnian 

Warbler (Table 2.3).  The lowest proportion of male Blackburnian Warblers in flocks was in 

silvopastures; males comprised 27% of individuals of this species vs. 40-51% in the other three 

habitats (Figure 2.3).  Black-and-white Warblers showed the highest proportion of males in the 

most and least structurally-complex habitats (forest and silvopasture). 

Flock members differed significantly among habitats for in terms of foraging height and 

vertical distribution.  The vertical distribution of foraging birds within a flock was greatest in 

forest and shade-cardamom, where individuals used 2-3 m more vertical space compared to 

shade-coffee and silvopasture flocks (Table 2.3).  Mean foraging height was 1.3 m higher in 

shade-cardamom compared to silvopasture flocks; mean height in flocks from the other two 

habitats did not differ. 

 

Discussion 

This study suggests that silvopastoral systems provide less suitable habitat to flocking 

birds than other Andean forested habitats.  Flocks in silvopasture were smaller, less diverse and 

comprised of fewer forest-associated residents and Neotropical migrants than those using shade-

coffee, shade-cardamom, or secondary forest.  In addition, for one common migratory species, the 

Blackburnian Warbler, fewer males used silvopastures, which is consistent with other studies 
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showing that males tend to occupy the highest quality habitats in winter (Sherry and Holmes, 

1996; Latta and Faaborg, 2002). 

Although the factors that define habitat quality during the non-breeding season are poorly 

understood, the patterns reported here are likely related, to at least some extent, to structural 

differences among the habitats.  Silvopastures were least complex, having less trees and shade on 

average, more herbaceous understory, and fewer vertical substrates for foraging birds.  

Silvopastures, along with shade-coffee, also had lower tree species richness than other habitats, 

probably reflective of deliberate selection and planting of overstory trees.  In contrast, shade-

cardamom farms, which typically were embedded within forest remnants, were the most 

structurally complex and similar to sampled forest remnants in terms of overall complexity, basal 

area, and canopy cover. 

Variation in flock composition relative to habitat specificity of individual bird species 

may reflect differences in the amount of foraging strata and substrates as well as distance between 

trees within a habitat.  Most notably, silvopasture flocks in my system had the fewest forest 

specialists and migrants and were comprised of many generalist and open-area specialist 

residents.  Habitats with more canopy complexity and shade were associated with larger and more 

diverse flocks, with greater numbers of species, migrants, and forest specialists than silvopasture 

flocks, consistent with other studies of bird communities in shade agroforestry (Greenberg et al., 

1997a; Cruz-Angón and Greenberg, 2005; Gordon et al., 2007; Philpott and Bichier, 2012).  The 

most highly-shaded and complex habitats, forest and shade-cardamom, also had the highest 

vertical breadth of use among flock members, indicating that more niches may be available.  

Indeed, increasing the diversity of strata in agroforestry plantations can augment the abundance 

and richness of avifauna, accommodating more niches and microhabitats (Nájera and Simonetti, 
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2010), and structural heterogeneity of habitats is a key driver of biodiversity (MacArthur and 

MacArthur, 1961). 

As in other studies, I showed that overwintering Neotropical migrants are well-

represented in agroforestry habitats and generally outnumbered forest specialists, which are likely 

more sensitive to habitat alterations (Wallace et al., 1996; Mas and Dietsch, 2004; Reid et al., 

2008).  Indeed, forest specialists are often absent from agroforestry (Greenberg et al., 1997a; 

Greenberg et al., 2000; Armbrecht and Perfecto, 2003; Tejeda-Cruz and Sutherland, 2004), 

possibly as a result of breeding requirements or poor dispersal capabilities (Sekercioglu et al., 

2002).  Although not explicitly studied, my personal observations suggested that the differences 

among habitats were even more striking for non-flocking species, especially forest specialists.  

On the other hand, two endemic and endangered species which are not forest specialists, Red-

bellied Grackle (Hypopyrrhus pyrohypogaster) and Turquoise Dacnis (Dacnis hartlaubi), as well 

as several other Colombian endemics (often participating in flocks) were found to use shade-

coffee and silvopastures, thus providing evidence that agroforests can support species of 

conservation concern. 

Three lines of evidence suggest that silvopastures are of lower quality than other forested 

habitats to most Neotropical migratory birds.  First, not even one species of Neotropical 

migratory bird was more abundant in silvopasture flocks relative to flocks in other habitats, 

especially shade-cardamom.  Second, the habitats with the most migrants (shade-cardamom, and 

to a lesser extent second growth forest and shade-coffee) also had the highest flock numbers 

(flocks encountered per km2), suggesting that species densities may be considerably higher there 

than relative flock abundances would suggest, particularly relative to silvopastures.  Third, the 

proportion of male Blackburnian Warblers was significantly lower in silvopastures.  A 

nonrandom distribution of sexes among habitats suggests that individuals compete for prime 
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habitat, and that subordinates (e.g., young birds or females; Catry et al., 2004) may be relegated 

to lower quality habitats.  Male songbirds on their wintering grounds tend to be competitively 

dominant for resources and exclude females (Campos et al., 2011) or outcompete them to the 

extent that females in lower-quality habitat are in better condition (Townsend et al., 2012).  

Although this evidence is based on the assumption that habitat quality is related to abundance or 

density, many studies of overwintering migrants have found direct correlations between 

abundance and other more reliable indicators of habitat quality, such as seasonal mass gain, 

territory size, sex ratios, and site fidelity (Sherry and Holmes, 1996; Murphy et al., 2001; Brown 

et al., 2002; Latta and Faaborg, 2002). 

Future studies in these shade-agroforestry habitats should assess habitat quality using 

demographic or physiological indicators, such as body condition, seasonal mass change, and 

overwintering survival, which can determine carryover effects on the breeding grounds.  Several 

Neotropical migrant species have shown improvements in body condition over the wintering 

season within shade agroforestry in the study area (Colorado, 2011), but clear associations in 

silvopastures are needed to determine their true value to migratory birds.   

Conclusions 

My findings are consistent with previous studies showing that agroforestry approaches, 

including silvopastures, support diverse and abundant bird communities, including species of 

conservation concern, and to a greater extent than reported for conventional pasture and sun 

coffee plantations (Greenberg et al., 1997a; Petit et al., 1999, Tejeda-Cruz and Sutherland, 2004 

Harvey et al., 2006; Sáenz et al., 2006; Borkhataria et al., 2012).  That said, my results illustrate 

well that caution must be taken before widely generalizing the effects of any agroforestry 

approach to birds.  For example, compared to other shade agroforestry systems, silvopastures 

seemed to provide poorer habitat to resident forest specialists and Neotropical migratory birds, as 
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indicated by patterns of occurrence and sex ratios.  I also note that few shade plantations 

supported forest specialists, but I contend that agroforestry systems remain an important approach 

to conservation and environmental protection in working landscapes (Harvey et al., 2006, 

Bhagwat et al., 2008).  Agroforestry systems are probably best viewed as complementary 

approaches to other strategies aiming to maintain remnant forests in the northern Andes.  The 

potential of silvopastures to support forest bird communities is only beginning to be considered.  

Adoption of silvopastoral practices might be encouraged through financial incentives such as 

payments for ecosystem services and technical assistance.  This approach can make tropical 

rangelands more conservation-friendly and improve degraded land while maintaining 

socioeconomic benefits for ranchers (Garbach et al., 2012). 
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Table 2.1  Habitat structure at flock locations in four habitat types in the Colombian Andes.  Means are presented ± SE.  Different letters indicate 
habitat pairs that were significantly different according to Tukey multiple comparison post-hoc tests. 
 

  

n forest n cardamom n coffee n silvopasture F p
Canopy cover (%) 63 85.8 ± 1.9 A 77 87.3 ± 1.4 A 155 67.0 ± 1.6 B 135 65.5 ± 1.5 B 32.4 <0.0001
Herbaceous Index (0-20) 37 10.9 ± 0.9 B 20 11.4 ± 1.5 B 87 6.1 ± 0.8 C 134 17.3 ± 0.4 A 31.6 <0.0001
Snag index (0-120) 63 0.6 ± 0.2 81 0.5 ± 0.1 160 0.6 ± 0.1 135 0.6 ± 0.1 0.3 0.8212
Tree basal area (m2/ha) 63 8.8 ± 0.5 AB 78 10.8 ± 0.4 A 159 8.2 ± 0.3 BC 135 7.5 ± 0.3 C 9.1 <0.0001
Tree diversity (# genera) 34 1.8 ± 0.1 B 12 2.8 ± 0.2 A 61 1.7 ± 0.1 B 54 1.6 ± 0.1 B 6.8 0.0005
Vertical complexity  (0-180) 63 72.6 ± 2.2 A 78 68.2 ± 1.7 B 159 55.0 ± 1.2 C 135 44.0 ± 0.9 D 74.9 <0.0001
   Understory index (0-40) 63 28.7 ± 0.9 A 78 25.5 ± 0.8 A 159 27.1 ± 0.6 A 135 20.2 ± 0.4 B 7.5 <0.0001
   Midstory index (0-60) 63 30.4 ± 1.5 A 78 27.1 ± 0.9 B 159 18.2 ± 0.8 C 135 19.0 ± 0.6 C 37.2 <0.0001
   High canopy index (0-80) 63 13.5 ± 1.5 A 78 15.7 ± 1.3 A 159 9.8 ± 0.8 B 135 4.7 ± 0.6 C 23.0 <0.0001

habitat effect
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Table 2.2  Mixed-species flock metrics reported from all flocks in four habitat types in the Colombian Andes during Jan-Feb of 2011-2013.  
Means are presented ± SE.  Different letters indicate habitat pairs that were significantly different according to Tukey multiple comparison post-
hoc tests.  Neotropical migratory bird (NTMB) species occurring in <15% of flocks were not analyzed: Mourning Warbler (Geothlypis 
philadelphia), Western Wood-Pewee (Contopus sordidulus), Bay-breasted Warbler (Setophaga castanea), Yellow Warbler (Setophaga petechia), 
Baltimore Oriole (Icterus galbula), Golden-winged Warbler (Vermivora chrysoptera), Black-throated Green Warbler (Setophaga virens), Olive-
sided Flycatcher (Contopus cooperi), Northern Waterthrush (Parkesia noveboracensis), Eastern Wood-Pewee (Contopus virens), Great Crested 
Flycatcher (Myiarchus crinitus), Gray-cheeked Thrush (Catharus minimus), Scarlet Tanager (Piranga olivacea). 
 

           

forest    (n =63)
cardamom 

(n =82) coffee (n =166)
silvopasture 

(n =135) F p
Flock size 31.5 ± 1.5 A 27.6 ± 1.4 AB 29.0 ± 1.0 A 26.0 ± 1.0 B 6.0 0.0005
Flock richness (# species) 21.4 ± 0.9 A 18.6 ± 0.8 A 18.6 ± 0.6 A 16.7 ± 0.6 B 9.1 <0.0001
NTMB abundance 7.8 ± 0.5 A 9.7 ± 0.5 A 8.5 ± 0.4 A 5.1 ± 0.3 B 33.6 <0.0001
NTMB richness 5.4 ± 0.2 A 5.7 ± 0.2 A 5.0 ± 0.2 A 3.3 ± 0.2 B 35.1 <0.0001
Proportion NTMB 26.2 ± 1.3 B 37.8 ± 1.5 A 32.3 ± 1.4 B 19.8 ± 0.9 C 24.9 <0.0001
Proportion forest specialist residents 6.0 ± 0.7 A 5.1 ± 0.5 A 1.7 ± 0.2 B 0.8 ± 0.2 B 55.4 <0.0001
Species abundance
   Acadian Flycatcher 0.76 ± 0.09 A 0.66 ± 0.07 A 0.27 ± 0.04 B 0.16 ± 0.03 B 14.6 <0.0001
   American Redstart 0 ± 0 B 0.22 ± 0.06 A 0.30 ± 0.04 A 0.08 ± 0.03 B 13.5 <0.0001
   Black-and-white Warbler 0.46 ± 0.07 A 0.68 ± 0.08 A 0.55 ± 0.05 A 0.28 ± 0.05 B 6.1 0.0005
   Blackburnian Warbler 1.9 ± 0.2 AB 2.7 ± 0.2 A 2.5 ± 0.1 A 1.8 ± 0.1 B 11.0 <0.0001
   Canada Warbler 0.56 ± 0.10 A 0.61 ± 0.08 A 0.28 ± 0.05 B 0.02 ± 0.01 C 22.1 <0.0001
   Cerulean Warbler 0.65 ± 0.11 B 1.28 ± 0.14 A 0.58 ± 0.07 B 0.30 ± 0.06 C 21.1 <0.0001
   Rose-breasted Grosbeak 0.75 ± 0.13 A 0.79 ± 0.17 A 0.66 ± 0.10 A 0.27 ± 0.07 B 3.9 0.0091
   Summer Tanager 0.65 ± 0.08 0.67 ± 0.09 0.72 ± 0.07 0.47 ± 0.06 1.7 0.175
   Swainson's Thrush 0.56 ± 0.12 A 0.61 ± 0.09 A 0.12 ± 0.03 B 0.04 ± 0.02 B 17.4 <0.0001
   Tennessee Warbler 0.79 ± 0.12 B 0.94 ± 0.11 B 1.36 ± 0.11 A 0.96 ± 0.09 B 5.9 0.0006
   Yellow-throated Vireo 0.24 ± 0.06 A 0.13 ± 0.04 AB 0.22 ± 0.03 A 0.11 ± 0.03 B 3.0 0.032

habitat effect
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Table 2.3  Mixed-species flock metrics reported from a subset of all flocks in four habitat types in the Colombian Andes during Jan-Feb of 2011-
2013.  Means are presented ± SE.  Different letters indicate habitat pairs that were significantly different according to Tukey multiple comparison 
post-hoc tests.  
 

   

n forest n cardamom n coffee n silvopasture F p
Proportion male
   Black-and-white Warbler 21 0.64 ± 0.10 A 39 0.40 ± 0.07 B 66 0.55 ± 0.05 AB 28 0.66 ± 0.08 A 3.76 0.0137
   Blackburnian Warbler 45 0.51 ± 0.05 A 75 0.42 ± 0.03 A 153 0.40 ± 0.02 AB 107 0.27 ± 0.03 B 5.86 0.0007
   Cerulean Warbler 30 0.75 ± 0.07 53 0.68 ± 0.05 58 0.69 ± 0.05 26 0.70 ± 0.08 0.19 0.906
   Rose-breasted Grosbeak 26 0.59 ± 0.09 26 0.59 ± 0.08 51 0.66 ± 0.05 18 0.63 ± 0.10 0.22 0.8842
   Summer Tanager 28 0.73 ± 0.08 29 0.72 ± 0.07 66 0.64 ± 0.05 33 0.70 ± 0.07 0.62 0.6064
Height distribution 46 13.8 ± 0.8 A 57 13.1 ± 0.7 A 149 11.5 ± 0.3 B 111 10.5 ± 0.3 B 7.24 0.0001
Mean foraging height 46 7.8 ± 0.3 AB 57 8.9 ± 0.4 A 149 8.4 ± 0.3 AB 111 7.6 ± 0.2 B 3.65 0.0132

habitat effect
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Figure 2.1  Neotropical migratory bird (NTMB) mean abundance per flock, mean richness 
(number of species) per flock, and percent of Neotropical migrants per flock in four habitat types 
(secondary forest, n = 63; cardamom, n = 82; shade-coffee, n = 166; silvopasture, n = 135) in the 
Colombian Andes, Jan-Feb 2011-2013.
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Figure 2.2  Mean abundance per flock for Neotropical migrant species present in >15% of flocks 
in four habitat types (secondary forest, n = 63; cardamom, n = 82; shade-coffee, n = 166; 
silvopasture, n = 135)  in the Colombian Andes, Jan-Feb 2011-2013. 
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Figure 2.3  Percent of Blackburnian Warbler males per flock in four habitat types in the 
Colombian Andes, Jan-Feb 2011-2013. 
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Chapter 3: Use of silvopastures and shade-coffee by flocking migratory birds: 

implications for tropical agroforestry management 

 

 

Abstract 

Agroforestry systems have great potential to conserve biodiversity in deforested tropical 

landscapes.  Although much is known of the ability of shade-coffee and cacao to provide habitat 

for birds, such as declining species of Neotropical migrants, little is known of bird use of tropical 

silvopastures.  Further, physiognomic relationships are needed to tailor recommendations for 

supporting Neotropical migrants in diverse mixed-species bird flocks, important Andean 

ecological units.  I surveyed two common agroforestry systems, shade-coffee plantations and 

silvopastures, in the Colombian Andes from 2011-2013 to determine use of physiognomic 

features by mixed-species flocks and migratory birds.  Flock activity increased with increasing 

canopy cover and tree density in both shade-coffee and silvopastoral systems.  Likewise, 

abundances of several migratory bird species within flocks were positively associated with tree 

basal area and structural complexity, indicating that complex agroforests with a mid-range of 

canopy cover will provide most suitable habitat for flocks with migrants.  This study suggests that 

suitability of shade-coffee and silvopastoral systems can be improved for overwintering migrants 

by increasing canopy cover to 25%-40% and incorporating emergent shade trees to produce basal 

area of >5 m2/ha, using tree species known to have multiple benefits. 

 

Keywords: agroforestry, Andes, Cerulean Warbler, Colombia, mixed-species flock, silvopastoral 
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Introduction 

Forest conversion and agricultural intensification are the main drivers of rapid 

biodiversity loss in tropical regions (Lambin et al., 2003).  In the northern Andes Mountains, 

where agriculture and pasture dominate the landscape, centuries of human habitation and 

deforestation have resulted in loss of >70% forest cover (Etter et al., 2008).  Shade agroforestry is 

recognized for its ability to support sustainable livelihoods while yielding a wide variety of 

ecosystem services (Jose, 2009).  Thus, shade agroforestry systems have tremendous potential to 

link conservation of biodiversity with human needs in these highly-modified landscapes.  

Globally, coffee and cacao agroforestry systems support higher species richness for a variety of 

taxa compared to plantations lacking tree cover (De Beenhouwer et al., 2013).  Agroforestry’s 

importance for bird conservation, and particularly, for many Neotropical migratory bird species 

whose elevational ranges overlap with the coffee-growing zone, is well known relative to non-

shaded plantations (Perfecto et al., 1996; Moguel and Toledo, 1999; Rice and Greenberg, 2000; 

Roberts et al., 2000; Pomara et al., 2003; Komar, 2006; Bhagwat et al., 2008). 

Because specific agroforestry practices can be highly variable, the development of 

specific management recommendations will likely improve the ability of farms to conserve birds.  

For example, shade-coffee can be grown under a wide range of management regimes, from rustic 

systems of native forest tree cover (>70% shade) to shaded monocultures which may have <10% 

shaded canopy (Moguel and Toledo, 1999).  This variation in management intensity and thus, 

habitat structure, impacts the bird community and its value to biodiversity and associated 

ecosystem services.  For instance, bird diversity tends to be higher in less intensively managed 

systems with more structural heterogeneity of the vegetation (Greenberg et al., 1997a; Cruz-

Angón and Greenberg, 2005; Dietsch et al., 2007; Gordon et al., 2007; Philpott and Bichier, 

2012), and unshaded sun systems, essentially devoid of wildlife, have scant conservation value.  
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Thus, there is a need to generate specific recommendations to contribute to bird conservation 

within these systems. 

Not only are agroforestry systems quite variable among plantations, but crop and farm 

types (e.g., silvopasture, coffee, cacao, tea, banana, rubber, palm, etc.) may be distinct from a 

conservation perspective.  Therefore, to assume that the same recommendations will apply to 

different agroforestry practices is unwise; key vegetative features or thresholds can vary between 

types.  Agroforestry practices often support bird communities that differ in their diversity and 

functional ecology (Harvey and Villalobos, 2007; Van der Wal et al., 2012; Chapter 2), and in 

their ability to provide habitat for migratory birds and forest specialists (Greenberg et al., 1997a; 

Gordon et al., 2007; Philpott and Bichier, 2012; Chapter 2).  Knowledge of bird-habitat 

associations is especially limited for silvopastures, a common agroforestry type where trees and 

shrubs are incorporated into grazing regimes (Murgueitio et al., 2011).  Research focusing on 

physiognomic relationships with migratory bird habitat use is needed comparing agroforestry 

systems to determine how to manage vegetation between different systems. 

Despite numerous studies evaluating the contributions of agroforestry to bird community 

biodiversity, recommendations tailored to migratory species are few (e.g., Bakermans et al., 

2012).  Declining species of Neotropical migrants such as the Cerulean Warbler (Setophaga 

cerulea) are known to be sensitive to structural characteristics such as the amount of shade, 

canopy height, and tree density on their wintering grounds (Greenberg et al., 1997b; Reitsma et 

al., 2001; Gordon et al., 2007; Philpott and Bichier, 2012).  During this overwintering period, 

many Neotropical migrant birds are regular participants of large, diverse mixed-species foraging 

flocks, which are important features of Andean forest ecosystems (Moynihan, 1979; Arbeláez-

Cortés et al., 2011).  As many migrant species forage almost exclusively in flocks, overwinter 

survival may be greatly influenced by these flocking systems (Thiollay and Jullien, 1998; 
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Sridhar et al., 2009).  The structure and composition of mixed-species flocks are sensitive to 

habitat degradation (Tellería et al., 2001; Maldonado-Coelho and Marini, 2004; Matthysen et al., 

2008; Sridhar and Sanka, 2008), so certain structural features may be limiting to their occurrence 

and diversity, and whether migrants participate. 

Studies linking specific vegetative features of silvopastures to mixed-species flocks or 

Neotropical migrants are lacking, and few have compared these relationships between 

agroforestry practices.  Furthermore, important vegetative data such as tree density are missing 

from many agroforestry intensification studies (De Beenhouwer et al., 2013).  My research fills 

these gaps by identifying and comparing within-farm characteristics to promote use by mixed-

species flocks and Neotropical migrant bird species in two agroforestry practices: shade-coffee 

and silvopastoral systems.  These two agroforestry systems may provide critically important 

overwintering habitat for flocking migrants (Johnson et al., 2006; Bakermans et al., 2009), 

particularly where little forest cover remains.  The first objective of this study was to evaluate 

which vegetative characteristics were associated with mixed-species flock use of the two habitats 

and uncover potential limits to flock occurrence in these systems.  Second, I determined which 

structural characteristics were important within each habitat for influencing migrant abundance 

within a flock.  Finally, I used the results of these two approaches to recommend practice-specific 

variables to manage for increasing suitability for flocking Neotropical migrants in agroforestry 

systems. 

 

Methods 

Study Area 

Mixed-species foraging flocks were studied in the northern Andes of Colombia, 

Antioquia Province (5°49'N, 75°49'W) near the towns of Andes, Betania, Ciudad Bolívar, Jericó, 
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Monserrate (Jardín municipality), Palermo (Támesis municipality), Salgar, and Támesis in the 

western chain and Fredonia in the central chain.  The nine study areas are premontane moist 

forest in the Cauca River Valley between ~1,150-1,800 m in elevation (Holdridge, 1967).  Annual 

temperature fluctuates between 19-23° C.  The landscape was a heterogeneous mix of forest 

remnants, shaded and open crops, developed areas, and pastures.  The primary land uses were 

cattle grazing, cultivation of coffee, plantain, and smaller amounts in other crops. 

In each study area, I established replicate study plots approximately 10 ha in size.  The 

habitats I surveyed were common agroforestry systems used by flocking birds in the region: 

shade-coffee (n=44) and silvopasture (n=40).  Study plots were delineated by linear breaks along 

habitat transitions.  Shade-coffee plantations in the study area were highly-managed with a 

homogeneous overstory of shade trees such as Inga spp., Tabebuia spp., Cordia alliodora, 

Albizia spp., and Persea spp.  Silvopastures were represented by fence rows, scattered overstory 

trees, and clumps (some former shade-coffee trees) in pasture grazed by cattle.  Composition of 

remnant trees in silvopastures was similar to shade trees found in coffee plantations.  

 

Flock surveys   

During January and February of 2011-2013, I systematically walked transects searching 

each plot for flocks during peak flock activity from 0700-1200 and 1500-1700 hrs COT.  Surveys 

were conducted when weather did not deter flocking behavior or impair bird observations (e.g., 

no rain, heavy fog or heavy wind).  Each study area was visited 1-2 times each year depending on 

logistical constraints.  A mixed-species flock was defined as ≥3 individuals comprised of at least 

two species foraging and moving in a similar direction with flock members <10 m apart (Morse, 

1970).  Upon encountering a flock, I recorded the frequency of each species, foraging height (m 
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above ground) for each individual, and sex and age of each individual when possible.  Resident or 

Neotropical migrant status of each species was noted.       

 

Vegetation surveys  

At each initial flock location, I measured vegetative structure and topography, including 

elevation (masl), aspect (º), and dominant slope (º).  Tree basal area was recorded with a 10-factor 

prism and subsequently converted to m2/ha.  In 2013, I identified the frequency of tree genera in 

each prism plot and used these data to calculate an index of richness.  I estimated vertical 

structure and an index of snag abundance by measuring vegetative cover and dead branches at the 

height intervals 0-0.5m, >0.5-3m, >3-6m, >6-9m, >9-12m, >12-15m, >15-18m, >18-24m, and 

>24m at 2-m intervals along 10-m-long transects from the plot center in the four cardinal 

directions (n = 20 estimates per plot).  I also noted the presence of herbaceous matter in the 

understory at each reading (<3 m). 

Topographic and vegetation variables were derived as follows.  Aspect was transformed 

to a continuous variable providing weight to northern and eastern slopes (Beers et al., 1966).  

Tree diversity was the number of unique tree genera in each basal area prism plot.  The snag 

index was the sum of all recorded dead matter readings in six categories (120 possible hits).  The 

herbaceous index was the sum of herbaceous hits in the understory (the maximum of either the 0-

0.5 m or 0.5-3 m height categories; 20 possible hits).  I calculated the total vertical complexity, 

understory, midstory, and high canopy indices by totaling the hits from all vertical categories 

(180 possible hits), from categories <3 m, from categories 3-12 m, and from categories >12 m, 

respectively.  Percent canopy cover was determined from presence or absence of overstory tree 

vegetation at each reading (generally >6 m; total readings with overstory hits/20). 
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Random vegetation plots were established in each habitat type (~1 random vegetation 

sampling location per habitat plot).  The chosen centroid for each sampling plot was 50-100 m in 

a random direction from a flock location, in the same habitat as the initial flock location.  The 

random plots represented the full range of each habitat that was surveyed for flocks. 

 

Data Analysis 

All environmental and bird variables were averaged per plot prior to analysis.  Pairwise 

correlation comparisons were used to identify associated variables and to reduce number of 

environmental variables used in the discriminant function and regression analyses.  For those 

pairs of variables with a Pearson correlation coefficient r ≥ 0.5 (Cohen, 1988), one variable was 

selected to eliminate (the variable that had more high correlations with other pairs). 

 

Discriminant function analysis 

I performed two-sample t-tests to examine differences (at the α=0.05 level) between 

random and flock use locations for all environmental variables in each habitat type.  I 

subsequently used stepwise discriminant function analysis (DFA; PROC STEPDISC) in SAS, 

version 9.3 (SAS Institute, Cary, North Carolina) to compare flock locations and random plots in 

shade-coffee and silvopasture habitats, separately.  Discriminatory habitat variables entered into 

the stepwise models were chosen based on the following characteristics.  First, those variables 

which did not significantly differ between random and flock locations according to t-tests were 

excluded.  Next, variables were reduced as per correlation results described above.  Finally, those 

variables with >10% missing values (i.e., measured on <90% of plots) were excluded from DFA 

models since data points with missing values are omitted from DFA.  Although DFA is an 
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exploratory analysis given that model variables were prescreened, many of the test assumptions 

were met, rendering the results more robust. 

Four variables were retained in the DFA models for both shade-coffee and silvopastures: 

in shade-coffee, the variables entered into the stepwise models were percent canopy cover, tree 

basal area, high canopy cover, and slope; in silvopasture, the variables entered were percent 

canopy cover, tree basal area, high canopy cover, and herbaceous ground cover.  The final sample 

sizes were n=43 flock and n=40 random (4 plots excluded) for shade-coffee and n=40 flock and 

n=49 random (no plots excluded) for silvopasture.  Variables were ranked by relative importance 

according to standardized discriminant function coefficients. 

 

Quantile regression 

I performed quantile regression analysis on shade-coffee and silvopasture data separately 

to analyze the relationships between migrant abundance within a flock and habitat features.  

Quantile regressions can capture relationships that would otherwise be obscured by traditional 

linear regression analysis, as species may be responding differently to habitat variables depending 

on the response level (Cade and Noon, 2003), in this case, the particular abundance of migrants 

within flocks.  This approach is ideal for ecological datasets that may display unequal variation in 

distributions, so multiple slopes can be estimated.  Quantiles are appropriate for analyzing flock 

data, in which membership of individuals depends on multiple factors, not all of which are able to 

be measured.  Relationships, especially limiting ones, may be missed by looking at mean 

responses alone, and some assumptions can be relaxed with quantile regression; thus, more 

insight is typically gained by using quantiles instead of ordinary least squares regression. 

The following response variables were examined:  total abundance of Neotropical 

migrants (the sum of all migrants per flock) and relative abundance for the 5 most common 



40 
 

migrant species (i.e., present in >35% of plots in each habitat type), Blackburnian Warbler 

(Setophaga fusca), Tennessee Warbler (Oreothlypis peregrina), Black-and-white Warbler 

(Mniotilta varia), Summer Tanager (Piranga rubra) and Cerulean Warbler.  I employed a 

reduced set of explanatory environmental variables, using those that were meaningful from a 

management perspective, were measured in all plots and at most flock locations, and were not 

highly correlated at the flock or plot level.  The final quantile regression model variables were 

percent canopy cover, tree basal area, midstory index, and high canopy index. 

I analyzed 4 quantiles (0.2, 0.4, 0.6, 0.8) for all species except Cerulean Warbler, for 

which I used 3 (0.25, 0.5, 0.75) because of lower frequency of observations but high management 

interest for this species.  Finally, I compared results between the two habitat types. 

 

Results 

Neotropical migrants comprised on average 24% of individuals in shade-coffee flocks 

and 20% in silvopasture flocks.  In 38 shade-coffee plots, flocks averaged 30.0 individuals (± 7.8 

SE) and 19.2 species (± 5.0 SE), while migrant abundance was 7.0 (± 3.4 SE) and migrant species 

richness was 4.0 (± 1.8 SE).  In comparison, in 40 silvopasture plots, mean flock size (26.5 ± 6.7 

SE), species richness (17.0 ± 4.1 SE), migrant abundance (5.3 ± 2.7 SE), and migrant richness 

(3.3 ± 1.6 SE) tended to be lower.  Blackburnian Warblers were the most frequently detected 

migrants, occurring in flocks in 98% of shade-coffee plots and 80% of silvopasture plots. 

 

Flock habitat use 

Most habitat variables differed between flock plots and random habitat plots, with the 

exception of percent coffee ground cover (in coffee plots), snag index, understory index, 

transformed aspect, slope, and elevation.  Similar differences were found in shade-coffee and 
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silvopasture tests, including the direction of each significant difference, although slope only 

differed in shade-coffee (Table 3.1).  Canopy cover was on average 24% and 43% greater at flock 

locations in shade-coffee and silvopastures, respectively (Fig. 3.1).  Herbaceous cover trended 

lower at flock locations.  Tree basal area was 40% and 100% higher at flock than random 

locations in shade-coffee and silvopastures, respectively (Fig. 3.1), and the magnitudes of 

differences were similar for genus-level tree diversity.  Differences in overall vertical complexity 

and complexity at the canopy and midstory levels were evident, as flocks were found in more 

complex locations compared to random plots.  Slope was the only topographic difference; flock 

locations tended to be steeper relative to random locations, especially in shade-coffee. 

Both stepwise DFA models revealed habitat differences between flock locations and 

random plots (shade-coffee, Wilks’ λ  F2,80=21.17, p<0.0001; silvopasture, Wilks’ λ  F2,76=70.15, 

p<0.0001).  The DFA model for shade-coffee plots included two discriminatory variables, percent 

canopy cover and slope, and for silvopasture plots included percent canopy cover and tree basal 

area (ranked first and second; Table 3.2). 

 

Quantile regression 

Percent canopy cover was not significantly related, at any quantile, to pooled migrant 

abundance or for any particular species.  Tree basal area was consistently related to all response 

variables except Summer Tanager flock abundance (Fig. 3.2).  Total migrant abundance and 

Cerulean Warbler abundance were positively related to basal area throughout their distributions in 

both habitats (Fig. 3.2)  Midstory index was significantly related to flock variables in lower 

quantiles, for Neotropical migrants (in coffee), as well as abundance of Black-and-white Warbler 

(both habitats) and Tennessee Warbler (in coffee).  High canopy index was positively associated 

with the abundance of migrants in flocks, except for Tennessee Warbler.  Canopy cover seemed 
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to be most important, and positively related to, migrant numbers only when they were already 

quite numerous.  In contrast, Black-and-white Warblers had a uniformly positive response to high 

canopy complexity only in silvopastures; in shade-coffee plots, Black-and-white Warblers had a 

negative relationship with this variable at the highest abundances, indicating that foliage density 

of canopy trees may be a cue for occurrence (Fig. 3.3). 

Most estimates of migrant abundance (pooled and by species) were correlated with at 

least one of the four habitat variables tested.  Flocks in coffee plots showed a greater signal of 

habitat relationships by quantile than those in silvopasture plots, but the direction of these 

relationships was always the same (Table 3.3).  Slopes significant at the α = 0.1 level consistently 

showed positive relationships between migrant abundance and the four habitat variables, 

particularly for the 0.4 and 0.6 quantiles.  For silvopastures, the direction and strength of 

relationships were more variable across the habitat characteristics.  In general, trends with 

environmental variables were uniform across entire distributions (low to high abundance of 

migrants within flocks), signifying that there are no strong limits to high abundances (as indicated 

by strong relationships in the upper quantiles), or limits to occurrence (as indicated by different 

slopes in the lower quantiles). 

 

Discussion  

The ability of shade agroforestry to support high levels of biodiversity and many 

overwintering migratory birds is well established, but recommendations are needed to improve 

habitat suitability within these systems.  This is one of the first studies to address relationships 

between Neotropical migrants and structural characteristics in silvopastoral systems, and 

particularly, using a comparative framework.  The apparent affinity of migrants for microhabitats 

with more trees and mid to canopy-level vegetative complexity was common across most species 
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and consistent between habitat types, suggesting that similar management approaches may benefit 

migratory birds in both agroforestry systems. 

Percent canopy cover, tree basal area, and slope best predicted flock use of shade-coffee 

and silvopastures.  No other environmental variables were strongly correlated with slope, but the 

positive relationship with flock use in shade-coffee, and to a lesser extent, in silvopastures, 

suggests that slope is an important physiographic feature for flock use.  Topographic slope had a 

weak positive correlation with understory complexity (r=0.33), which indicates that the type of 

second growth vegetation or proximity to ravines could underlie this relationship with slope. 

Canopy cover was most important for identifying used flock locations but was less 

reliable for determining migrant abundance.  Mixed-species flocks were not observed in shade-

coffee or silvopasture with <25% shade cover (Fig. 3.1).  Thus, the 40% shade requirement for 

Bird-Friendly and Rainforest Alliance coffee certification is likely to meet the needs of many 

mixed-species flocks (Philpott et al., 2007), but may not be sufficient for species such as Cerulean 

Warbler, Canada Warbler (Cardellina canadensis), and Golden-winged Warbler (Vermivora 

chrysoptera) that may be more sensitive to canopy cover (Colorado, 2011).  The DFA results 

showed a potential limit of canopy cover to flock occurrence, but beyond this limit, increased 

canopy cover may not influence the abundance of migrants.  Most studies show a general positive 

association between avian abundance and shade cover in coffee plantations (Parrish and Petit, 

1996; Greenberg et al., 1997b; Raman, 2006; Gordon et al., 2007), but like Bakermans et al. 

(2012), I found that the relationship with canopy cover was not straightforward for Neotropical 

migrants.  In my study plots, canopy cover did not prove significant for any migrant species, 

which may be an artifact of the plot sampling unit or because the regressions with only flock 

locations sampled a more narrow range of canopy coverage with less variance, compared to the 

entire flock and random vegetation dataset (Fig. 3.1).  The lack of strong association between 
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canopy cover and individual migrant species may be further explained by preference for 

disturbance, edges, and canopy gaps on wintering grounds by species like Cerulean Warbler, 

Blackburnian Warbler, and American Redstart (Setophaga ruticilla)(Hutto, 1980; Petit et al., 

1995; Colorado, 2011).  Still, canopy cover may be quite useful at a coarse scale for predicting 

use by mixed-species flocks within both agroforestry systems. 

Tree basal area, a surrogate for tree density, positively influenced both flock use and 

migrant abundance for every species.  Tree density has been found to positively affect bird use of 

agroforestry systems in terms of both richness and abundance (Harvey and Villalobos, 2007; 

Harvey et al., 2008; Bakermans et al., 2012).  Oddly, there were fewer strong relationships in 

silvopastures with basal area, but that may be an artifact of lower occurrence of many migrants in 

this habitat.  Previous findings show that use of pasture trees by some tropical birds such as 

frugivores may not be influenced by tree density (Harvey et al., 2006; Lasky and Keitt, 2012); 

however, isolated trees do not appear to support the large flocks in which Neotropical migrants 

tend to participate.  The minimum basal area needed to support a flock may depend on the tree 

species composition, but a minimum of >5 m2/ha, or at least 10-20 mature trees per ha, would be 

most suitable to flocking migrants in both shade-coffee and silvopastures (Fig. 3.1). 

In my agroforestry plots, numbers of Neotropical migrants (overall), and especially 

Cerulean Warblers and Blackburnian Warblers (two canopy foraging species), were associated 

with canopy foliage density >12 m (high canopy index).  These positive relationships were 

evident in shade-coffee for these two species, suggesting an affinity for large trees, as has been 

reported by others (Bakermans et al., 2012).  Black-and-white Warbler and Summer Tanager 

abundance were the only two species associated with high canopy vegetation at the plot level in 

silvopastures.  Increases in midstory complexity (foliage density at 3-12 m) were associated with 

abundance of Tennessee Warblers and Black-and-white Warblers, two species that tend to forage 
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lower than other flocking migrants.  A similar positive relationship between migrant abundance 

and habitat complexity (as related to overstory trees) was reported in both silvopastures and 

shade-coffee throughout the northern Andes (Colorado, 2011).  Colorado (2011) observed that 

small increases in habitat complexity greatly increased Neotropical migrant abundance.  

Neotropical migrant species are thought to select non-breeding habitat to optimize foraging 

opportunities (Johnson and Sherry, 2001; Chandler and King, 2011).  Thus, associations with tree 

density and complexity of the mid and high canopy vegetation (foliage density) are likely tied to 

resource requirements for these species, and thus, important for management considerations.  The 

importance of vertical complexity (of shade strata) is indicated in Bird-Friendly criteria, which 

require that at least three shade strata be present in certified farms.  An analysis of finer-scale 

microhabitat associations at the species-level, such as specific foraging tree relationships, would 

likely reveal stronger associations with habitat complexity, especially in silvopastures. 

Previous research in shade-coffee systems identified the importance of floristic 

composition, especially Inga spp. and Erythrina spp., to migratory birds (Greenberg et al., 1997b; 

Johnson, 2000; Johnson and Sherry, 2001; Colorado, 2011; Bakermans et al., 2012) and is 

reflected in shade-coffee certification criteria (Philpott et al., 2007).  Although there was not 

sufficient diversity in shade tree species to examine floristics, flocks used areas with greater 

numbers of tree genera than at random locations in both habitats.  Inga spp., one of the most 

commonly used shade trees, is thought to be especially valuable to birds.  For example, Newell et 

al. (in press) found that foliage gleaning migrants, including Blackburnian Warblers and Cerulean 

Warblers, actively selected Inga trees, on which birds captured a greater proportion of large prey 

compared to other shade trees.  Indeed, flocking Neotropical migrants were abundant in Inga 

trees (pers. obs).  The similarity of overstory trees, especially Inga and Cordia spp., between 
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shade-coffee and silvopastures in my study system may have contributed to similar patterns of 

habitat use emerging between habitats (Colorado, 2011). 

The results of this study indicate that the suitability of both shade-coffee and 

silvopastures for flocking Neotropical migrants can be improved by increasing canopy cover, tree 

density, and structural complexity.  When managing habitat at the plot level, suitability for 

overwintering migrants can be improved by increasing canopy cover or maintaining at least 25% 

(40% should still allow for substantial production yields; Steffan-Dewenter et al., 2007), 

incorporating emergent shade trees to produce basal area of >5 m2/ha, and using trees known to 

have multiple benefits (Rice and Greenberg, 2004).  Complexity can be increased by integrating 

shrubs and small trees such as banana and citrus and diversity of emergent tree species that 

clearly provide resources for frugivorous, nectivorous, and insectivorous residents and migrants 

in both coffee plantations as well as in silvopastures (e.g., Inga, Cordia, Acacia, and Erythrina 

spp.; this study; Rice and Greenberg, 2004). 

Perhaps the greatest challenge to agroforestry management is incentivizing tree retention 

in complex agroforestry systems and promoting habitat heterogeneity and vegetative diversity to 

less complex systems, given current overstory removal trends by landowners to increase short-

term income, as shade can negatively affect crop yields and productivity (Rice and Greenberg, 

2000; Perfecto et al., 2005).  The recommendations presented here are best considered the 

minimum levels needed to support migratory birds, which tend to be generalists on wintering 

grounds in terms of their use of diverse agroforestry habitats, occurring in all forested habitat 

types (Chapter 2).  Further, agroforestry practices introduced at the expense of native forest, 

would be less beneficial overall to biodiversity conservation, as is evidenced by many studies 

showing a lack of resident forest specialists in agroforestry (Greenberg et al., 1997a; Armbrecht 

and Perfecto, 2003; Tejeda-Cruz and Sutherland, 2004; Van der Wal et al., 2012 ).  Additionally, 
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site-specific effects of shade need to be considered in relation to local microclimate and soils; as 

steep slopes appear to be associated with flock use, and trees with diverse root systems reduce 

erosion (Chará and Murgueitio, 2005), they should especially be retained in the steepest areas.  

This study provides evidence that habitat simplification in both silvopastures and shade-coffee 

can be detrimental to bird diversity and flocking migrants, and introduces some basic guidelines 

for managing silvopastures for mixed-species flocks which support diverse overwintering 

Neotropical migrant populations. 
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Table 3.1  Mean values for structural and topographical habitat variables sampled at flock and random locations in two agroforestry systems in the 
Colombian Andes, 2011-2013.  Means are presented ± SE.  Means that differed significantly between flock and random plots are in bold. 
 

        

flock (n = 44) random (n  = 43) t P flock (n = 40) random (n = 39) t P
Canopy cover (%) 64.3 ± 2.3 0.04 40.4 ± 3.6 5.63 <0.0001 63.3 ± 2.4 0.04 20.5 ± 3.1 11.14 <0.0001
Herbaceous Index (0-20) 4.5 ± 0.8 0.18 9.9 ± 1.5 -3.25 0.002 16.6 ± 0.7 0.04 19.1 ± 0.5 -3.09 0.003
Coffee (% ground cover) 61.0 ± 3.6 0.06 61.0 ± 5.7 0 1 . . . . .
Snag index (0-120) 0.3 ± 0.1 0.33 0.6 ± 0.3 -0.9 0.372 0.5 ± 0.2 0.4 0.6 ± 0.3 -0.25 0.807
Tree basal area (m2/ha) 7.1 ± 0.4 0.06 5.1 ± 0.5 3.03 0.003 6.9 ± 0.6 0.09 3.5 ± 0.6 3.91 0.0002
Tree richness (# genera) 1.6 ± 0.1 0.06 1.1 ± 0.2 2.67 0.01 1.5 ± 0.1 0.07 0.6 ± 0.1 5.77 <0.0001
Vertical complexity  (0-180) 52.7 ± 1.8 0.03 43.7 ± 1.8 3.52 0.001 43.8 ± 1.7 0.04 26.3 ± 1.2 8.64 <0.0001
   Understory index (0-40) 27.6 ± 1.0 0.04 29.8 ± 1.1 -1.54 0.127 20.0 ± 0.8 0.04 20.4 ± 0.6 -0.39 0.7
   Midstory index (0-60) 18.8 ± 1.2 0.06 10.6 ± 1.1 5.13 <0.0001 18.5 ± 1.1 0.06 4.9 ± 0.8 9.94 <0.0001
   High canopy index (0-80) 6.4 ± 1.0 0.16 3.2 ± 0.9 2.43 0.017 5.3 ± 1.1 0.21 1.0 ± 0.4 3.64 0.001

Topography
   Aspect, transformed (0-2)a 1.0 ± 0.1 0.1 1.1 ± 0.1 -0.41 0.684 1.0 ± 0.1 0.1 1.0 ± 0.1 0.18 0.859
   Elevation (m) 1547 ± 25 0.02 1513 ± 22 1.02 0.31 1459 ± 27 0.019 1452 ± 25 0.19 0.846
   Slope (º) 26.2 ± 1.6 0.06 17.7 ± 2.0 3.45 0.001 17.6 ± 1.9 0.108 13.0 ± 1.8 1.79 0.077

a Aspect was transformed to a continuous variable giving weight to northern and eastern slopes (Beers et al. 1966).

Shade-coffee Silvopasture
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Table 3.2  Average squared canonical correlation coefficients from stepwise discriminant function analysis (DFA) to choose the variables that best 
discriminate between flock and random locations within each habitat type in the Colombian Andes, 2011-2013. 
 

         

  

  

Shade coffee coefficient order F P Silvopasture coefficient order F P
Canopy cover (%) 0.256 1 27.9 <0.0001 Canopy cover (%) 0.617 1 124 <0.0001
Slope (º) 0.121 2 11 0.0014 Tree basal area (m2/ha) 0.083 2 6.84 0.011
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Table 3.3  Slope estimates at four quantiles from quantile regression analysis.  Statistically significant regressions are indicated by * (P≤0.1), ** 
(P≤0.05), or *** (P≤0.01).  Slopes with no asterisk had regressions with 0.1 < P < 0.2.  

                       

Flock abundance metric 0.2 0.4 0.6 0.8 0.2 0.4 0.6 0.8
  Neotropical migrants Canopy cover 0.075

Tree basal area *0.1000 **0.1608 0.1 0.0686 ***0.1200
Midstory index **0.1625
High canopy index 0.1667 0.1737 ***0.2436 0.1786

  Black-and-white Warbler Canopy cover 0.0089 0.0105 0.0172
Tree basal area **0.0154 *0.0162 *0.0189
Midstory index **0.0250
High canopy index ***0.0404 0.0261 **0.0586

  Blackburnian Warbler Canopy cover -0.02
Tree basal area 0.025 **0.0432 0.0344 0.0267
Midstory index -0.0357 -0.0588
High canopy index **0.0860

  Cerulean Warblera Canopy cover n/a n/a
Tree basal area ***0.0286 n/a ***0.0093 n/a
Midstory index n/a n/a
High canopy index **0.0216 ***0.0556 n/a n/a

  Summer Tanager Canopy cover 0.0091 0.0118
Tree basal area 0.0143 0.0129
Midstory index 0.0172
High canopy index ***0.0142 0.0293 **0.0357

  Tennessee Warbler Canopy cover 0.0182
Tree basal area ***0.0376
Midstory index *0.0452 0.0541 *0.0560
High canopy index -0.0909

a Cerulean Warbler was analyzed with 3 quantiles because of a lower frequency of occurrence in plots

shade-coffee (n=44) silvopasture (n=41)
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A.      B.  

C. D.  
 
 

Figure 3.1  Comparison of mean percent canopy cover (A, B) and tree basal area (C, D; m2/ha) 
between flock and random plots in shade-coffee (black boxes) and silvopastures (white boxes) in 
the Colombian Andes, 2011-2013.  Means are presented as dots. 
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A. B.  

 

C. D.  

Figure 3.2  Tree basal area quantile fit for the abundance of all migrants per plot in shade-coffee 
(A), silvopasture (B) and Cerulean Warbler abundance in shade-coffee (C) and silvopasture (D) 
in the Colombian Andes, 2011-2013. 
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A.  

B. C.   

 

Figure 3.3  High canopy index (structural complexity of high canopy vegetation) quantile fit for 
the abundance of all migrants per plot in silvopasture (A) and Black-and-white Warbler 
abundance in shade-coffee (B) and silvopasture (C) in the Colombian Andes, 2011-2013.   
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Chapter 4: Is the use of agroforestry by flocking Andean birds landscape-dependent? 
 

Abstract 

Despite a wealth of studies examining biodiversity in tropical agroforestry systems, the 

effects of agricultural landscape fragmentation on habitat use remain poorly understood.   

Agroforestry systems are widely recognized for their social and ecological benefits, but most 

studies have failed to consider how landscape context may affect their conservation value.  This 

research examined how landscape composition and configuration influenced use of agroforestry 

systems by mixed-species flocks, declining species of Neotropical migratory birds, and forest 

specialists.  From Jan-Feb 2011-2013, mixed-species flocks were surveyed in 103 plots in four 

habitats in the Colombian Andes.  To quantify habitat use of agroforestry systems, I took a multi-

resolution approach embedded in a mixed model framework to determine how landscape 

conditions influence species patterns.  Species richness and abundance within flocks were 

mediated by both landscape composition and configuration.  Specifically, resident forest 

specialists and several migrant species positively responded to percent woodland cover within 1 

km.  Landscape configuration metrics were included in top models (ΔAICc < 2) for 3 of 6 species, 

forest specialists, and richness of flocks and migrants.  There was evidence for a strong positive 

effect of forest connectivity on abundance of forest resident specialists in all habitats surveyed.  

In addition, negative relationships between patch density and number of migrant species within a 

flock as well as abundance of two species of concern, Cerulean Warbler and Canada Warbler, 

suggests they may be sensitive to habitat fragmentation, but only in shade-coffee and 

forest/cardamom plots, respectively.  This study suggests that landscape composition and  
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configuration, especially as related to the surrounding extent and connectivity of woodlands, 

influence suitability of habitats for flocking migrants.  Thus, landscape-scale factors should be 

considered when managing Andean agroforestry systems for bird conservation.  Increasing the 

overall woodland cover surrounding agroforestry habitats, and particularly in such a way as to 

maximize connectivity, e.g., through use of forested corridors, should be a management priority. 

            

Introduction 

In tropical regions worldwide, human population growth and development have resulted 

in highly modified agricultural landscapes where available habitat has been lost and fragmented 

at the expense of biodiversity (Gardner et al., 2009).  For example, ~70% of Andean forests in 

Colombia have been cleared for agricultural and pastoral land uses (Etter et al., 2008), 

contributing to the impoverishment of local bird communities.  Within these fragmented tropical 

landscapes, strategies are needed to conserve biodiversity while supporting local communities 

and livelihoods. 

Agroforestry has been widely touted as one land use that can meet both social and 

ecological needs (Rey Benayas and Bullock, 2012), as a growing number of studies have 

demonstrated that a rich variety of flora and fauna can persist in agroforests (Schroth, 2004; 

Bhagwat et al., 2008; De Beenhouwer et al., 2013).  Agroforestry systems such as shade-coffee, 

shade-cacao, and silvopastures can mitigate the effects of habitat fragmentation and loss by 

offering resources, facilitating movement via corridors, and providing additional habitat (Cassano 

et al., 2009; Redondo-Brenes and Montagnini, 2010; Ramírez et al., 2013).  These types of 

forested elements in agricultural landscapes may contribute to biodiversity conservation 

(Mendenhall et al., 2011), e.g., by facilitating migration and thus, connectivity, among patches 

(Perfecto and Vandermeer, 2008).  However, most agroforestry studies have focused on small-
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scale (i.e., patch-level) habitat attributes and fail to account for possible landscape-scale 

influences on bird habitat use. 

 The conservation value of agroforestry may be landscape dependent, as we know that 

composition and spatial configuration of landscapes affect species occurrence and persistence 

(Fahrig 2003; Fahrig et al., 2011), and in tropical landscapes, species richness is often positively 

related to forest cover (Radford et al., 2005; Pardini et al., 2010; Martensen et al., 2012).  

Moreover, many Neotropical bird species are known to be sensitive to landscape fragmentation 

and composition of the landscape matrix (Restrepo and Gomez, 1998; Renjifo, 1999; Renjifo, 

2001).   Habitat loss and fragmentation also affect species composition and persistence of mixed-

species foraging flocks (Maldonado-Coelho and Marini, 2004; Peters et al., 2008; Brandt et al., 

2009), important ecological units in tropical forests, as well as habitat suitability for 

overwintering Neotropical migrants, common participants in mixed-species flocks (Renjifo, 2001, 

Colorado, 2011).  Isolated shade-plantations tend to support fewer forest residents (Parrish and 

Petit, 1996; Moguel and Toledo, 1999; Clough et al., 2009) and fewer total species (Tejeda-Cruz 

and Sutherland, 2004).  Likewise, systems adjacent to forest may attract greater numbers of 

forest-associated species (Estrada et al., 1997, Petit et al., 1999; Roberts et al., 2000).  Thus, use 

of tropical agroforestry systems by birds may be greatly influenced by the surrounding landscape, 

with the quality depending on proximity to extensive forest (Petit et al., 1999) or the quality of 

the surrounding landscape (Restrepo and Gomez, 1998).   

 Additional research is needed to determine the influence of not only landscape 

composition, but also the configuration of landscape elements on sensitive species in tropical 

foraging flocks in habitats of agricultural landscapes.  This study examined how landscape 

composition and configuration affected use of agroforests by mixed-species flocks, declining 

species of Neotropical migrants, and forest resident specialists.  Specifically, I hypothesized that 
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flocks in agroforestry habitats within landscapes that were more forested and less isolated (i.e., 

higher connectivity among forest patches) would have greater numbers of species, and greater 

relative abundances of forest specialists and Neotropical migrants.  Because spatial resolution can 

strongly affect patterns detected, I also compared results from coarse data (Moderate Resolution 

Imaging Spectroradiometer; MODIS; 250-m), which are easily accessible and have wide 

coverage, with fine data of high spatial resolution (QuickBird data from Google Earth), which 

take more time to process and have a less reliable coverage both spatially and temporally.  I 

expected that finer-resolution remotely-sensed data would be more precise, therefore explaining 

more variation and producing stronger relationships with flock variables than coarse-resolution 

data.  This study is one of the first to use fine-scale Google Earth images to map detailed land 

cover (Hu et al., 2013) and provides a landscape perspective of how patterns of flocking Andean 

birds associate with broader patterns of forest composition and configuration. 

 

Methods 

Study areas 

Mixed-species foraging flocks were studied in the northern Andes of Colombia, 

Antioquia Province (5°49'N, 75°49'W) near the towns of Andes, Betania, Ciudad Bolívar, Jericó, 

Monserrate (Jardín municipality), Palermo (Támesis municipality), Salgar, and Támesis in the 

western chain and Fredonia in the central chain.  The nine study areas are premontane moist 

forest in the Cauca River Valley between ~1,150-1,800 m in elevation (Holdridge, 1967).  Annual 

temperature fluctuates between 19-23° C.  The primary land uses were cattle grazing, cultivation 

of coffee, plantain, and smaller amounts in other crops. 

In each study area, I established replicate plots approximately 10 ha in size.  The habitats 

I surveyed were common agroforestry systems used in the region: shade-coffee (n=44) and 
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silvopasture (n=40), as well as secondary forest (n=31), and shade-cardamom (n=11).  Study 

plots were delineated by linear breaks along habitat transitions.  Shade-coffee plantations in the 

study area were highly-managed with a homogeneous overstory of shade trees such as Inga spp., 

Tabebuia spp., Cordia alliodora, Albizia spp., and Persea spp.  Silvopastures were represented by 

fence rows, scattered overstory trees, and clumps (some former shade-coffee trees) in pasture 

grazed by cattle.  Composition of remnant trees in silvopastures was similar to shade trees found 

in coffee plantations.  Secondary forest plots were typically remnants in riparian areas or ravines.  

Cardamom, a highly-shaded agroforestry system, was grown on moist slopes and often in ravines 

with a near-closed canopy.  Cardamom is a low-growing, leafy plant that grows in the understory 

of a diverse canopy of native forest trees.  There were few vegetative differences between shade-

cardamom and forest (Chapter 2), and plots of these two habitats were often adjacent.  Thus, they 

were combined for analyses. 

  

Flock surveys 

 During January and February of 2011-2013, I systematically walked transects searching 

each plot for flocks during peak flock activity from 0700-1200 and 1500-1700 hrs COT.  Surveys 

were conducted when weather did not deter flocking behavior or impair bird observations (e.g., 

no rain, heavy fog or heavy wind).  Each study area was visited 1-2 times each year depending on 

logistical constraints.  A mixed-species flock was defined as ≥3 individuals comprised of at least 

two species foraging and moving in a similar direction with flock members <10 m apart (Morse, 

1970).   

 Upon encountering a flock, I recorded the frequency of each species, foraging height (m 

above ground) for each individual, and sex and age of each individual when possible.  Resident or 

migrant status of each species was noted, and resident forest specialists (species confined to one 
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forest stratum and that tend to avoid edges) were denoted using Restall et al., (2006).  To control 

for potential spatial dependence of flocks, all flock data were averaged over the habitat plot, to 

make inference at the patch level. 

 

Landscape metrics 

 For this study I used the Moderate Resolution Imaging Spectroradiometer (MODIS – 

250-m/pixel) vegetation continuous fields product MOD44B (hereafter, coarse woodland cover).  

The derived data were taken from the percent tree cover layer of the 2010 composite.  Although 

the spatial resolution is rather coarse, the primary advantage of using MODIS data was the 

extensive coverage for Colombia, encompassing the entire study area with minimum cloud 

interference due to time composites.  Percent woodland cover was estimated over a 1-km buffer 

around each flock, corresponding to linear distance of possible daily movements of a flock 

(Colorado, 2011) location using zonal statistics in ArcGIS 10.0 (ESRI, Redlands, CA, USA) and 

then averaged over the habitat plot to arrive at the sample unit for the predictor variables.  When 

cloud cover exceeded 35%, these plots were removed; as the variable was area-weighted, 65% 

was sufficient coverage for estimation. 

 To complement the coarse data, I also obtained high-resolution images from Digital 

Globe’s QuickBird satellite (spatial resolution ~2.5 m/pixel, hereafter fine woodland cover).  

Scenes from Google Earth reference imagery, taken in 2007, were imported into ArcGIS for a 

subset of sites where coverage was available.  A minimum of 8 training points from known 

landmarks were used to georectify each image in geographic space.  The high spatial resolution of 

the Google Earth imagery is superior to most other remotely sensed data, allowing detailed 

mapping of land cover.  However, the drawbacks include a patchy distribution of QuickBird 

scenes (i.e., the entire study area did not have coverage) and the time-intensive process of 
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delineating land cover from these images.  The following land cover types were delineated within 

1 km of each flock location: bare, cloud, crop, developed or residential, forest, pasture, riparian, 

shade crop, shrub, and silvopasture.  Proportions for each were calculated at the flock and plot 

level.  As with the coarse imagery, data for plots with >35% cloud cover were omitted.  The 

remote nature of the study areas meant that I was not able to validate classifications in the field.  

Thus, to reduce potential bias in classification accuracy, I summed forest, riparian and shape-crop 

cover classes to define fine woodland cover, which were at times difficult to distinguish due to 

the limited spectral resolution (3 color bands).  Further, this metric afforded a more direct 

comparison with coarse woodland tree cover (250-m resolution), which may be less biologically 

relevant from a flock perspective because of the scale of habitat use. 

 Configuration of woodland habitats was derived from two perspectives that can provide 

unique insights to landscape effects.  First, for each habitat plot, the number of total patches 

within 1 km was calculated and averaged over 100/ha, rather than taken absolutely, due to 

slightly different coverage of QuickBird scenes and cloud interference.  This patch density metric 

provides a broad assessment of habitat fragmentation due to forest loss (Trani and Giles, 1999). 

 Second, I used an incidence function model (Prugh, 2009) to calculate patch connectivity 

as an additional configuration metric that focuses specifically on each habitat plot’s position and 

isolation within the focal landscape.   This patch connectivity index shows the extent to which the 

landscape surrounding an occupied patch facilitates movement.  I calculated the distance-

weighted area metric, which takes into account all surrounding forest patches within 1 km of each 

surveyed plot, and has shown to be superior to other connectivity measures in predicting 

occupancy (Moilanen and Nieminen, 2002).  The boundaries of adjacent forest patches were 

dissolved, and the area was calculated in hectares.  Subsequently, I generated a table with 
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distances to all forest patches from each plot within 1 km of the plot boundary.  The equation to 

calculate the patch connectivity metric follows: 

 

� exp�−∝ 𝑑𝑖𝑗� 𝐴𝑗 × 𝑘
𝑗≠𝑖

 

 

Where i = plot where flocks were surveyed, j = patch (any forest patch in the landscape), Aj = area 

of patch j, dij = distance between each plot i and patch j, k = occupancy of the plot (constant = 1), 

and α = 1/average migration distance or half of the radius of the analyzed area (constant = 500 

m).  Pairwise correlation comparisons were used on the four landscape-level variables to verify 

that they represented different metrics.  A Pearson correlation coefficient of >0.5 is considered 

high, and >0.7 is especially strong (Cohen, 1988).  All landscape variables were averaged over 

the habitat plot.   

 

2.3 Statistical analyses 

 I first examined how coarse woodland cover related to flock and migrant variables.  This 

approach was included because data were available for all study areas and plots.  I used linear 

mixed models (PROC MIXED) in SAS, version 9.3 (SAS Institute, Cary, North Carolina), 

including a random effect of site and an exponential spatial covariance structure using longitude 

and latitude for each flock in each model to control for spatial non-independence of plots.  

Habitat and habitat by woodland cover effects were included, and when the interaction term 

was significant, each explanatory variable was analyzed by habitat type.  Separate tests 

were run for the following response variables: flock species richness, resident forest bird 

abundance, Neotropical migrant species richness and abundance of the most common Neotropical 
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migrants.  I analyzed two species of concern, Cerulean Warbler (Setophaga cerulea) and Canada 

Warbler (Cardellina canadensis) as well as all other migratory species detected at >40% of plots: 

Blackburnian Warbler (Setophaga fusca), Tennessee Warbler (Oreothlypis peregrina), Summer 

Tanager (Piranga rubra), Rose-breasted Grosbeak (Pheucticus ludovicianus), Black-and-white 

Warbler (Mniotilta varia), and Acadian Flycatcher (Empidonax virescens). 

 Second, to evaluate models for each of these response variables with the landscape 

composition and configuration metrics, I used an information theoretic approach of model 

selection (Burnham and Anderson, 2002).  Although I was only able to use a subset of the data, 

this analysis allowed me to compare models using all four landscape variables.  I modeled the 

effects of each landscape metric, habitat type (forest/shade-cardamom, shade-coffee, and 

silvopasture), and their interaction on the same response variables as detailed above were 

examined in separate analyses.  The composition and configuration metrics were mean percent 

woodland cover at a coarse resolution, percent woodland cover at a fine resolution (QuickBird-

derived), patch density, and the patch connectivity index; following the mixed model structure as 

in the first analysis.  I selected a set of seven candidate models (Table 4.1) that were evaluated for 

all response variables, as all had possible ecological justification.  Parameter estimates were 

obtained using maximum likelihood estimation to allow for comparing models with different 

fixed effects.  I selected the most parsimonious model using Akaike’s Information Criterion 

adjusted for small sample size (AICc), ranked according to the top model as ΔAICc.  Models with 

ΔAICc <2 were considered equally plausible in light of the data (Burnham and Anderson, 2002). 
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Results 

Characterization of the coffee zone landscape of Antioquia 

Of the plots surveyed, 103 had coarse resolution coverage (i.e., 250-m pixels) with <35% 

cloud cover and 54 plots had fine resolution coverage (i.e., 2.5-m pixels).  Percent woodland 

cover within 1 km averaged 50.8% based on coarse resolution data (the entire dataset), and 

differed from the subset of plots for both coarse (52.9%) and fine (49.9%) resolution 

classification (Table 4.2).  Bare cover, shrub and developed land comprised the least area (in sum, 

4% on average), while shade crop (32%) and forest (19%) were most prevalent land cover types 

in the study area.  Among the landscape metrics, only the connectivity index and fine woodland 

cover were highly correlated (r = 0.56), with all other pairwise correlations <0.3.   

 

Full dataset analyses 

Percent woodland cover at a coarse grain was not significantly related to overall species 

richness or migrant species richness within flocks (Table 4.3).  With these coarse data (entire 

study area), only numbers of Acadian Flycatcher were significantly related to woodland cover, 

although the interaction effect revealed this positive relationship only for forest/cardamom plots 

(where this species was most common).  Habitat by woodland interaction effects were also 

significant for abundances of resident forest birds, Cerulean Warbler, and Rose-breasted 

Grosbeak (Table 4.3).  Numbers of Cerulean Warblers within a flock were negatively related to 

woodland cover in shade-coffee, but positively related to woodland cover in the other two 

habitats, and Rose-breasted Grosbeaks trended these same relationships.  Resident forest 

specialist abundance increased with increasing woodland cover in forest/cardamom habitats, but 

decreased in the other two habitat types. 
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Reduced dataset analyses 

When comparing competing models with woodland cover, both coarse and fine 

resolution woodland cover had limited support for explaining Neotropical migratory species 

abundances.  Models including coarse woodland cover had the most support for both 

Blackburnian Warbler (w = 0.69) and Tennessee Warbler (w = 0.98) (Table 4.4), but confidence 

intervals overlapped zero for both species for this reduced data set (Table 4.5) mirroring the 

results from the entire dataset.  An interaction between coarse woodland cover and habitat was 

present for both species, indicating a positive association in shade-coffee, but no relationship for 

birds in the other two habitat types.  Percentage fine woodland cover was in the best model for 

Acadian Flycatcher (w = 0.78; weak positive relation) and second best for Canada Warbler (w = 

0.33, but a weak relationship).  Additionally, the interaction between habitat and fine woodland 

cover in the Canada Warbler models indicated this relationship was negative only in 

forest/cardamom plots (Table 4.5). 

Models including the patch connectivity index had the most support for forest resident 

specialists (w = 0.96), flock species richness (w = 0.35), Neotropical migrant richness (w = 0.53), 

and abundance of Black-and-white Warbler (w = 0.89; Table 4.4).  Patch connectivity was 

strongly positively related to forest specialists (Fig. 4.1), but weakly positive for overall flock 

richness, and weakly negative for migrant richness (Table 4.5).  Black-and-white Warbler had a 

habitat interaction, showing a negative relation with patch connectivity in forest/ cardamom, but a 

positive in silvopastures. 

Patch density received some evidence in top candidate models.  The second ranked model 

with patch density for migrant species richness had little support (w = 0.28), with confidence 

intervals for the patch density parameter estimate overlapping zero.  However, patch density was 

in the top model for Cerulean Warbler (w = 0.82; Fig. 4.2) and Canada Warbler (with fine 
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woodland cover, w = 0.64).  Both of these relationships with patch density were negative, 

indicating a sensitivity to habitat fragmentation, but there were habitat interaction effects for both 

migrant species (Table 4.5); abundance of Cerulean Warbler was negatively related to patch 

density particularly in shade-coffee (Fig. 4.2) but negatively for Canada Warbler in 

forest/cardamom plots. 

 The null model received most support for Summer Tanager and Rose-breasted Grosbeak, 

indicating that no landscape variables adequately explained abundance of these two species in 

flocks. 

 

Discussion     

 Despite the high conservation potential of agroforestry systems, their value to birds may 

be more dependent on landscape context than previously thought.  My results show that the value 

of agroforestry habitats is, to some extent, dependent on both landscape composition and 

configuration. 

Although number of species participating in flocks did not seem to be highly sensitive to 

landscape metrics, landscape context likely plays an important role in determining which species 

attend mixed-species flocks, especially in terms of migrants and resident forest specialists.  Many 

resident species in the tropics face dispersal barriers, such as gaps between quality habitat, that 

can impede their participation in flocks (Develey and Stouffer, 2001), especially when the 

landscape is primarily pasture (Stouffer and Bierregaard, 1995).  Forest understory insectivores in 

particular tend to be more sensitive to fragmentation as a result of comparatively narrow niches 

and physiological tolerances, as well as low dispersal capabilities (Bregman et al., 2014).  In 

addition, small isolated habitat patches may be unsuitable for flocks, impeding flock occurrence 

or flocking propensity by certain species, or resulting in local extinctions of flock participants that 
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suffer negative demographic consequences (Rappole and Morton, 1985; Fernández-Juricic, 2002; 

Korfanta et al., 2012).  As a result, avian assemblages in highly fragmented landscapes may be 

dominated by disturbance-adapted species (e.g., edge species and generalists) and flocks lacking 

sensitive forest-dependent species (Tabarelli et al., 2010).  Habitat or patch-level effects were 

more informative than landscape in my study system in terms of explaining total species 

participating in flocks, and certainly, flocks throughout the study areas were dominated by 

generalist species. 

I found that the importance of landscape composition was often dependent on habitat 

type; thus, use of specific habitats may depend on the surrounding landscape.  Colorado (2011) 

showed that Andean flocks were larger and more diverse as forest cover increased  in the 

landscape, except when the flocks were in a forest patch.  The more limited spatial extent of my 

study may explain why I did not find this pattern in my system.  Composition, in terms of percent 

woodland cover affected migrant species differently.  Certain migratory species of concern such 

as Cerulean Warbler, Canada Warbler and Golden-winged Warbler (Vermivora chrysoptera) are 

known to occur only in landscapes with >20% forest cover in the Andes (Colorado, 2011).  

Further, the relationship with Neotropical migrants was habitat-dependent, as these species 

exhibited less sensitivity to changes surrounding forest compared to shade agroforestry.  In terms 

of percent woodland cover, I found no strong patterns, except for Acadian Flycatchers, which 

were positively influenced at both spatial resolutions by the extent of surrounding tree cover.  For 

flocks in forest/cardamom, increases in woodland cover positively influenced abundances, 

whereas for shade-coffee especially, the opposite pattern occurred, indicating that for some 

species such as Cerulean Warbler, individuals were perhaps more dispersed when woodland 

cover was high in the surrounding landscape.  However, for other migrants such as Blackburnian 

Warblers and Tennessee Warblers, increased abundances with increasing surrounding woodland 
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cover were only evident in shade-coffee.  Habitat use in the surrounding landscape is important 

data that, although logistically challenging, would help clarify the effects of landscape 

composition for migratory birds. 

This study shows that, in some cases, patterns of landscape configuration may be more 

important than the extent of tree cover in the landscape.  The forest connectivity index, and to a 

lesser extent, number of land cover patches, appeared to better explain flock habitat use than 

overall percent woodland cover.  Most strikingly, while forest resident specialists seemed to 

respond positively to both percent woodland cover, the relationship with connectivity of forest 

patches in the surrounding landscape was even stronger.  In general, connectivity of forest 

patches to habitat plots I surveyed was positively related to flock features, and patch density, 

when important, was negatively related.  The negative relationships between patch density and 

abundance of these species suggest they may be sensitive to habitat fragmentation, but the 

relationships were only strong in shade-coffee for Cerulean Warbler, and forest/cardamom plots 

for Canada Warbler.  It appears that proximity of agroforestry habitats to fewer, larger, forest 

patches, will encourage their use by flocking migrants, and connectivity of these habitats is 

conducive to the diversity of sensitive forest species in mixed-species flocks. 

 Finally, the impacts of the two spatial resolutions used to assess forest composition 

effects on bird habitat use were indistinguishable.  Yet, using fine resolution QuickBird data was 

required for generating the configuration metrics, as they occur at a resolution fine enough to 

delineate ecologically relevant patch sizes, as opposed to coarse 250-m pixels that obscure 

important land cover transitions.  Lack of clear or strong patterns resulting from my modeling 

efforts may indicate limited evidence for landscape effects relative to other spatial scales, but 

could be a reflection of sample size, the way these variables were described and delineated, which 
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may not represent how they are perceived by flocking species, or mismatches in scale for certain 

groups or species. 

Improving the suitability of the landscape surrounding agroforestry systems will likely 

advance bird conservation efforts.  Thus, management plans need to consider larger spatial scales 

- beyond the individual farm (Tscharntke et al., 2005).  This study provides further evidence that 

improving the extent and connectivity of woodland habitats surrounding agroforestry systems can 

have positive conservation outcomes.  While the importance of the landscape makes management 

more complex, it creates opportunities to improve the value of agroforests by increasing 

suitability of the landscape matrix (Perfecto and Vandermeer, 2008).  Additionally, the use of 

shade-coffee plantations and silvopastures in the landscape can potentially facilitate movement of 

forest fauna between natural habitat patches (Pagiola et al., 2004; Harvey et al., 2006). 

For species of concern (e.g., endemic forest specialists and declining species of 

migrants), increasing the overall tree cover surrounding management units, and particularly in 

such a way as to maximize connectivity, e.g., through use of forested corridors through use of 

watershed protection programs or reforestation efforts to connect habitat patches, should be a 

management priority.  For example, the Cerulean Warbler Conservation Corridor is a 10-km long 

forested corridor recently established in Santander, Colombia to connect forest reserves and 

agroforestry habitat patches.  Future research is needed to determine the functional use of 

landscape elements, specifically as corridors and how agroforestry systems play a part in overall 

forest bird diversity throughout the landscape.  Finally, demographic response and movement 

data for Andean species of both resident and migrant birds in agroforestry habitats will clarify 

whether reproductive and survival rates are dependent on landscape-scale effects, thus 

determining true suitability in landscape context. 
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Table 4.1   Set of candidate models to test for relationships between flocking species metrics and 
landscape elements.  Models 2-7 included a habitat term as well as an interaction between each of 
the three habitat types and the landscape metric(s).  K is the number of parameters estimated. 
     

 

  

Model K Ecological justification

1 Null
4

No relationship. Predictor variables do not 
explain variation any better than a constant.

2 Coarse woodland cover x habitat
11

Coarse grain (250 m resolution) woody cover in 
the landscape is sufficient to explain flock 
metrics.

3 Fine woodland cover x habitat 
11

The amount of tree cover in the landscape 
affects flock metrics.

4 Patch density x habitat
11

Flocking species are sensitive to broad 
fragmentation.

5 Patch connectivity x habitat
11

Flocking species are affected by isolation of 
patches.

6 Habitat x (fine woodland cover + patch density)
15

Flocking species are sensitive to broad 
fragmentation and the amount of woody cover in 
the landscape.

7 Habitat x (fine woodland cover + patch connectivity)
15

Flocking species are affected by patch isolation 
and the amount of woody cover in the 
landscape.
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Table 4.2   Summary of landscape variables within 1 km of plots surveyed for mixed-species bird 
flocks in the Colombian Andes, 2011-2013. 
    

n min max mean ± SE
Coarse % woodland cover 103 22.3 72.5 50.8 ± 1.4
    Subset with fine resolution overlap 54 27.8 72.5 52.9  ± 1.9
Fine % land cover
    Forest/shade crop (woodland) 54 11.3 83.0 49.9 ± 2.0
    Shade crop 54 7.0 71.1 31.9 ± 1.7
    Forest 54 3.4 45.2 19.4 ± 1.6
    Silvopasture 54 1.6 32.0 14.9 ± 0.9
    Pasture 54 0.6 48.0 14.0 ± 1.8
    Cloud 54 0.0 34.7 11.1 ± 1.7
    Crop 54 0.4 26.8 4.7 ± 0.7
    Developed 54 0.1 15.1 2.1 ± 0.3
    Shrub 54 0.0 4.4 1.3 ± 0.2
    Bare 54 0.0 4.9 0.6 ± 0.1
Patch density (patches/100 ha) 54 10.6 79.7 32.0 ± 2.4
Patch connectivity index 54 8.9 220.8 69.3 ± 8.4
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Table 4.3  The effects of coarse percent woodland cover within a 1-km buffer derived from Moderate Resolution Imaging Spectroradiometer 
(MODIS) imagery, habitat, and their interaction effect on abundance of forest residents within a flock and abundance of Neotropical migratory 
bird species in the northern Andes of Colombia, 2011-2013.  When the interaction was significant, percent woodland cover effects were analyzed 
by habitat type.  An asterisk indicates a negative relationship with woodland cover; a lack of asterisk when p≤0.10 indicated a significant positive 
relationship.  There were no significant effects of these coarse data or habitat type at the plot level on flock species richness, Neotropical migrant 
species richness, or abundance of the following species: Black-and-white Warbler, Blackburnian Warbler, Summer Tanager, and Tennessee 
Warbler.  Therefore, those results are not presented. 

    

 

        

F p F p F p F p F p F p

Resident forest bird abundance 0.57 0.45 4.00 0.02 7.60 <0.001 4.48 0.04 *4.93 0.03 *3.39 0.07
Abundance within flock
  Acadian Flycatcher 7.38 0.01 1.73 0.18 4.42 0.01 10.48 <0.001 0.25 0.62 1.95 0.17
  Canada Warbler 0.83 0.36 4.59 0.01 1.63 0.20 n/a n/a n/a n/a n/a n/a
  Cerulean Warbler 0.01 0.92 3.30 0.04 2.65 0.07 3.11 0.09 *2.82 0.10 4.55 0.04
  Rose-breasted Grosbeak 0.35 0.56 4.07 0.02 3.75 0.03 0.40 0.53 2.41 0.13 2.19 0.15

Silvopasture 
(n=40)

By habitat

Habitat Interaction% Woodland
Forest/cardamom  

(n=25)
Shade-coffee 

(n=38)

n=103
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Table 4.4    Top mixed models relating mixed-species flock and migrant attributes to landscape 
factors.  Statistics included are the number of estimated parameters (K), the second-order Akaike 
information Criterion (AICc), AIC differences (ΔAICc), and Akaike weights (wi).  Models with 
ΔAICc < 2 are presented. 
 

 

  

Response Variable Model K AICc ΔAICc w i

Resident forest specialists Patch connectivity x habitat 11 337.4 0.0 0.96

Flock species richness Patch connectivity x habitat 11 355.3 0.0 0.35
Null model 4 356.4 1.1 0.20
Fine woodland cover x habitat 11 357.1 1.8 0.14
Coarse woodland cover x habitat 11 357.1 1.8 0.14
Patch density x habitat 11 357.1 1.8 0.14

Neotropical migrant species richness Patch connectivity x habitat 11 229 0.0 0.53
Patch density x habitat 11 230.3 1.3 0.28

Blackburnian Warbler Coarse woodland cover x habitat 11 168.5 0.0 0.69

Tennessee Warbler Coarse woodland cover x habitat 11 154 0.0 0.98

Summer Tanager Null model 4 96.9 0.0 0.41
Patch connectivity x habitat 11 97.6 0.7 0.29
Fine woodland cover x habitat 11 97.8 0.9 0.26

Cerulean Warbler Patch density x habitat 11 51.2 0.0 0.82

Rose-breasted Grosbeak Null model 4 137.6 0.0 0.97

Black-and-white Warbler Patch connectivity x habitat 11 65.3 0.0 0.89

Acadian Flycatcher Fine woodland cover x habitat 11 18.6 0.0 0.78

Canada Warbler Habitat(fine woodland cover + patch density) 15 72.7 0.0 0.64
Fine woodland cover x habitat 11 74 1.3 0.33
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Table 4.5  Parameter estimates for fixed effects (β), standard error (SE), and lower and upper 
95% confidence levels (LCL, UCL, respectively) from top models (ΔAICc < 2) in mixed linear 
models relating mixed-species flock variables to landscape characteristics.  No models are 
reported that had less support than the null model. 

 

Response variable Model rank Parameter Habitat β SE LCL UCL
Flock species richness 1 Intercept 14.829 1.795 10.438 19.221

Connectivity 0.035 0.021 -0.008 0.077
Habitat Forest/cardamom 9.014 2.925 3.111 14.916
Habitat Shade-coffee 4.613 2.566 -0.565 9.791
Habitat Silvopasture 0.000 . . .
Connectivity*Habitat Forest/cardamom -0.030 0.033 -0.096 0.036
Connectivity*Habitat Shade-coffee -0.033 0.028 -0.090 0.024
Connectivity*Habitat Silvopasture 0.000 . . .

Neotropical migrant richness 1 Intercept 3.377 0.557 2.014 4.740
Connectivity -0.007 0.007 -0.020 0.006
Habitat Forest/cardamom 3.040 0.908 1.208 4.873
Habitat Shade-coffee 1.053 0.796 -0.554 2.661
Habitat Silvopasture 0.000 . . .
Connectivity*Habitat Forest/cardamom -0.002 0.010 -0.022 0.019
Connectivity*Habitat Shade-coffee -0.003 0.009 -0.020 0.015
Connectivity*Habitat Silvopasture 0.000 . . .

2 Intercept 3.734 0.676 2.079 5.388
Patch density -0.028 0.020 -0.067 0.012
Habitat Forest/cardamom 2.937 1.297 0.321 5.554
Habitat Shade-coffee 0.714 1.154 -1.615 3.043
Habitat Silvopasture 0.000 . . .
Patch density*Habitat Forest/cardamom 0.002 0.037 -0.072 0.076
Patch density*Habitat Shade-coffee 0.007 0.031 -0.057 0.070
Patch density*Habitat Silvopasture 0.000 . . .

Resident Forest/cardamom spe 1 Intercept 9.207 2.640 2.748 15.666
Connectivity 0.159 0.021 0.117 0.201
Habitat Forest/cardamom -0.883 2.258 -5.439 3.673
Habitat Shade-coffee -0.715 2.062 -4.877 3.446
Habitat Silvopasture 0.000 . . .
Connectivity*Habitat Forest/cardamom 0.013 0.024 -0.035 0.062
Connectivity*Habitat Shade-coffee -0.018 0.021 -0.062 0.025
Connectivity*Habitat Silvopasture 0.000 . . .

Blackburnian Warbler 1 Intercept 1.906 1.143 -0.890 4.702
Coarse woodland cover -0.015 0.023 -0.062 0.032
Habitat Forest/cardamom 2.263 2.594 -2.972 7.498
Habitat Shade-coffee -1.592 1.293 -4.201 1.018
Habitat Silvopasture 0.000 . . .
Coarse woodland cover*Habitat Forest/cardamom -0.028 0.046 -0.120 0.065
Coarse woodland cover*Habitat Shade-coffee 0.049 0.025 -0.002 0.100
Coarse woodland cover*Habitat Silvopasture 0.000 . .

Tennessee Warbler 1 Intercept 1.334 0.828 -0.691 3.359
Coarse woodland cover -0.013 0.017 -0.047 0.022
Habitat Forest/cardamom 1.686 2.282 -2.919 6.292
Habitat Shade-coffee -3.407 1.164 -5.756 -1.057
Habitat Silvopasture 0.000 . . .
Coarse woodland cover*Habitat Forest/cardamom -0.023 0.040 -0.104 0.058
Coarse woodland cover*Habitat Shade-coffee 0.076 0.023 0.031 0.122
Coarse woodland cover*Habitat Silvopasture 0.000 . . .

Continued 
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Table 4.5  continued 

  

Response variable Model rank Parameter Habitat β SE LCL UCL
Cerulean Warbler 1 Intercept 0.177 0.184 -0.273 0.628

Patch density -0.004 0.005 -0.013 0.005
Habitat Forest/cardamom 0.172 0.230 -0.291 0.635
Habitat Shade-coffee 0.694 0.202 0.287 1.102
Habitat Silvopasture 0.000 . . .
Patch density*Habitat Forest/cardamom 0.003 0.007 -0.010 0.017
Patch density*Habitat Shade-coffee -0.011 0.006 -0.023 0.000
Patch density*Habitat Silvopasture 0.000 . . .

Black-and-white Warbler 1 Intercept -0.094 0.178 -0.529 0.342
Connectivity 0.005 0.002 0.002 0.008
Habitat Forest/cardamom 0.683 0.189 0.302 1.064
Habitat Shade-coffee 0.552 0.172 0.206 0.898
Habitat Silvopasture 0.000 . . .
Connectivity*Habitat Forest/cardamom -0.008 0.002 -0.012 -0.004
Connectivity*Habitat Shade-coffee -0.004 0.002 -0.008 -0.001
Connectivity*Habitat Silvopasture 0.000 . . .

Acadian Flycatcher 1 Intercept -0.094 0.155 -0.472 0.284
Fine woodland cover 0.005 0.003 -0.001 0.011
Habitat Forest/cardamom 0.289 0.501 -0.722 1.300
Habitat Shade-coffee -0.109 0.260 -0.634 0.416
Habitat Silvopasture 0.000 . . .
Fine woodland cover*Habitat Forest/cardamom 0.008 0.009 -0.011 0.026
Fine woodland cover*Habitat Shade-coffee 0.002 0.005 -0.008 0.012
Fine woodland cover*Habitat Silvopasture 0.000 . . .

Canada Warbler 1 Intercept 0.081 0.258 -0.551 0.714
Patch density -0.001 0.004 -0.010 0.007
Fine woodland cover 0.000 0.005 -0.010 0.010
Habitat Forest/cardamom 4.655 0.794 3.050 6.260
Habitat Shade-coffee -0.070 0.426 -0.932 0.793
Habitat Silvopasture 0.000 . . .
Fine woodland cover*Habitat Forest/cardamom -0.061 0.014 -0.090 -0.033
Fine woodland cover*Habitat Shade-coffee 0.005 0.008 -0.010 0.021
Fine woodland cover*Habitat Silvopasture 0.000 . . .
Patch density*Habitat Forest/cardamom -0.022 0.008 -0.038 -0.006
Patch density*Habitat Shade-coffee -0.002 0.007 -0.016 0.012
Patch density*Habitat Silvopasture 0.000 . .

2 Intercept -0.006 0.277 -0.683 0.671
Fine woodland cover 0.000 0.006 -0.011 0.012
Habitat Forest/cardamom 3.722 0.835 2.036 5.408
Habitat Shade-coffee -0.055 0.425 -0.913 0.803
Habitat Silvopasture 0.000 . . .
Fine woodland cover*Habitat Forest/cardamom -0.056 0.016 -0.088 -0.025
Fine woodland cover*Habitat Shade-coffee 0.005 0.008 -0.012 0.021
Fine woodland cover*Habitat Silvopasture 0.000 . . .
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Figure 4.1  Relationship between resident forest specialist abundance in flocks and connectivity 
of forest patches within a 1-km landscape in the Colombian Andes, 2011-2013, with 95% 
confidence intervals (n=54). 
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Figure 4.2  Relationship between abundance of Cerulean Warblers in flocks and density of 
habitat patches per 100 ha within a 1-km landscape in the Colombian Andes, 2011-2013, with 
95% confidence intervals (n=54). 
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Appendix A – General Characteristics and Locations of Study Sites 

 

 

Table A.1   Location and mean elevation of study areas sampled for mixed-species foraging 
flocks in the Colombian Andes. 
 

 
  

Longitude Latitude Elevation Municipalities
Andes -75.8807 5.7117 1202 Andes, Betania
Betania -75.9616 5.7567 1382 Betania, Hispania
Ciudad Bolívar -75.9982 5.8597 1604 Ciudad Bolívar
Fredonia -75.6586 5.9250 1624 Fredonia
Jericó -75.7975 5.8154 1430 Jericó, Tarso
Monserrate -75.8572 5.6007 1582 Jardín
Palermo -75.7032 5.7510 1590 Támesis
Salgar -75.9487 5.9502 1473 Salgar
Támesis -75.7101 5.6531 1503 Támesis
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Table A.2  Location and mean elevation of study plots sampled for mixed-species foraging flocks 
in the Colombian Andes. 

          

Plot Study area Elevation Latitude Longitude
ANCF1 Andes 1180 5.7167 -75.8869
ANCF2 Andes 1187 5.7177 -75.8837
ANP1 Andes 1363 5.66262 -75.8705
ANP2 Andes 1206 5.72021 -75.8912
ANP3 Andes 1177 5.71306 -75.8857
BCF1 Betania 1654 5.74903 -75.9825
BCF2 Betania 1500 5.74212 -75.9701
BCF3 Betania 1331 5.74817 -75.9716
BCF4 Betania 1260 5.74871 -75.9649
BCF5 Betania 1220 5.75264 -75.9642
BCF6 Betania 1504 5.76837 -75.9481
BCF7 Betania 1523 5.78486 -75.9321
BCF8 Betania 1475 5.78257 -75.9256
BP1 Betania 1228 5.75485 -75.9643
BP2 Betania 1312 5.75946 -75.9649
BP3 Betania 1173 5.74623 -75.9603
BP4 Betania 1457 5.78192 -75.9356
BSG1 Betania 1739 5.74798 -76.0021
BSG2 Betania 1367 5.76001 -75.9598
BSG3 Betania 1292 5.7459 -75.9572
BSG4 Betania 1251 5.74239 -75.9512
CBCF1 Bolivar 1379 5.80063 -76.0368
CBCF2 Bolivar 1613 5.87394 -75.9662
CBCF3 Bolivar 1766 5.8872 -75.9723
CBCF4 Bolivar 1836 5.90215 -75.9571
CBCF5 Bolivar 1707 5.87748 -75.996
CBCF6 Bolivar 1775 5.90011 -76.0014
CBP1 Bolivar 1403 5.87051 -76.0377
CBP2 Bolivar 1576 5.85259 -75.9626
CBP3 Bolivar 1815 5.89981 -75.9619
CBSG1 Bolivar 1335 5.84867 -75.9941
CBSG2 Bolivar 1396 5.85825 -75.9845
CBSG3 Bolivar 1825 5.9007 -75.9639
CBSG4 Bolivar 1726 5.88799 -76.0028
FCF1 Fredonia 1640 5.96315 -75.6586
FCF2 Fredonia 1769 5.95719 -75.6606
FCF3 Fredonia 1649 5.9386 -75.6567
FCF4 Fredonia 1576 5.93582 -75.6548
FCF5 Fredonia 1572 5.93624 -75.653
FCF6 Fredonia 1592 5.93604 -75.65
FCF7 Fredonia 1527 5.88775 -75.6586
FCF8 Fredonia 1588 5.87787 -75.6632
FP1 Fredonia 1636 5.9659 -75.6559
FP2 Fredonia 1626 5.95029 -75.6618
FP3 Fredonia 1592 5.93949 -75.6689
FP4 Fredonia 1653 5.93939 -75.6591
FP5 Fredonia 1681 5.934 -75.6678
FP6 Fredonia 1747 5.92655 -75.6673
FP7 Fredonia 1524 5.88216 -75.6613 Continued 
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Table A.2  Continued 

             

Plot Study area Elevation Latitude Longitude
FP8 Fredonia 1665 5.87904 -75.6656
FSG1 Fredonia 1637 5.96295 -75.6581
FSG3 Fredonia 1584 5.93914 -75.6471
FSG5 Fredonia 1522 5.88103 -75.6641
JCD1 Jerico 1269 5.82598 -75.7928
JCD2 Jerico 1607 5.80922 -75.7933
JCD3 Jerico 1472 5.81189 -75.7929
JCD4 Jerico 1498 5.80942 -75.7955
JCD5 Jerico 1532 5.80857 -75.7989
JCD6 Jerico 1496 5.81122 -75.8012
JCD7 Jerico 1453 5.81328 -75.8037
JCD8 Jerico 1435 5.81453 -75.8021
JCD9 Jerico 1409 5.81386 -75.7965
JCF1 Jerico 1429 5.81571 -75.8024
JP1 Jerico 1422 5.81647 -75.8005
JP2 Jerico 1430 5.81848 -75.8014
JP3 Jerico 1428 5.81877 -75.7993
JP4 Jerico 1411 5.82097 -75.7997
JP5 Jerico 1373 5.82194 -75.7977
JP6 Jerico 1352 5.82106 -75.7946
JP7 Jerico 1297 5.82492 -75.7949
JP8 Jerico 1400 5.81352 -75.8012
JP9 Jerico 1360 5.81849 -75.7949
MCF1 Monserrate 1616 5.60139 -75.857
MCF2 Monserrate 1582 5.59969 -75.8566
MCF3 Monserrate 1587 5.60031 -75.8554
PCD1 Palermo 1630 5.74678 -75.6944
PCF1 Palermo 1662 5.74723 -75.6987
PCF2 Palermo 1654 5.7491 -75.7049
PCF3 Palermo 1635 5.74859 -75.7027
PCF4 Palermo 1574 5.74943 -75.7016
PCF5 Palermo 1530 5.75142 -75.7019
PP1 Palermo 1654 5.75095 -75.7074
PP2 Palermo 1578 5.75207 -75.7059
PP3 Palermo 1493 5.75336 -75.7041
PP4 Palermo 1467 5.75488 -75.7033
PSG1 Palermo 1657 5.74908 -75.7069
PSG2 Palermo 1660 5.75062 -75.7051
PSG3 Palermo 1486 5.75282 -75.7026
SCF1 Salgar 1483 5.96042 -75.9506
SCF2 Salgar 1488 5.95867 -75.9475
SCF3 Salgar 1496 5.95699 -75.9463
SCF4 Salgar 1558 5.95656 -75.9436
SCF5 Salgar 1713 5.95633 -75.937
SCF6 Salgar 1750 5.96045 -75.9331
SP1 Salgar 1162 5.94324 -75.9494
SP2 Salgar 1317 5.93706 -75.953
SSG1 Salgar 1389 5.93632 -75.9502
SSG2 Salgar 1230 5.93991 -75.9551
SSG3 Salgar 1373 5.9625 -75.9533
SSG4 Salgar 1630 5.95503 -75.9385
TCF1 Tamesis 1425 5.64882 -75.7091
TP1 Tamesis 1568 5.65853 -75.7105
TP2 Tamesis 1509 5.65394 -75.7111
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Figure A.1  Location of study areas in Antioquia, Colombia. 
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A        B  

C  D      

Figure A.2  Habitats surveyed in the Colombian Andes.  A – secondary forest, B – shade-
cardamom, C  - shade-coffee,      D- silvopasture 
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Appendix B – Supplement to Chapter 2 

Table B.1  Species occurring in mixed-species foraging flocks and their frequency of occurrence 
in the Colombian Andes from Jan-Feb 2011-2013.  Neotropical migratory bird species are 
identified with * and resident forest specialists with ⱡ. 
 

Common name Scientific name % of flocks  

* Blackburnian Warbler Setophaga fusca 89
Golden-faced Tyrannulet Zimmerius chrysops 74
Scrub Tanager Tangara vitriolina 64
Blue-gray Tanager Thraupis episcopus 63

* Tennessee Warbler Oreothlypis peregrina 59
Tropical Parula Setophaga pitiayumi 58
Streak-headed Woodcreeper Lepidocolaptes souleyetii 55

* Summer Tanager Piranga rubra 47
Guira Tanager Hemithraupis guira 45
Streaked Flycatcher Myiodynastes maculatus 40

* Black-and-white Warbler Mniotilta varia 39
Sooty-headed Tyrannulet Phyllomyias griseiceps 39

* Cerulean Warbler Setophaga cerulea 38
Bananaquit Coereba flaveola 38
Palm Tanager Thraupis palmarum 35
White-winged Becard Pachyramphus polychopterus 35
Red-eyed Vireo Vireo olivaceus 34
Southern Beardless Tyrannulet Camptostoma obsoletum 34

* Acadian Flycatcher Empidonax virescens 33
Yellow-backed Oriole Icterus chrysater 33
Yellow-olive Flycatcher Tolmomyias sulphurescens 32
Red-crowned Woodpecker Melanerpes rubricapillus 32
Blue-necked Tanager Tangara cyanicollis 31
Thick-billed Euphonia Euphonia laniirostris 31
Squirrel Cuckoo Piaya cayana 30

* Rose-breasted Grosbeak Pheucticus ludovicianus 30
Black-billed Thrush Turdus ignobilis 30

ⱡ Slaty-capped Flycatcher Leptopogon superciliaris 26
Bay-headed Tanager Tangara gyrola 25
Grayish Piculet Picumnus granadensis 25
Yellow-bellied Elaenia Elaenia flavogaster 23

* Canada Warbler Cardellina canadensis 23
Common Tody Flycatcher Todirostrum cinereum 21
Golden-crowned Warbler Basileuterus culicivorus 20
Golden-olive Woodpecker Colaptes rubiginosus 19

* Swainson's Thrush Catharus ustulatus 18
Flame-rumped Tanager Ramphocelus flammigerus 17
Red-headed Barbet Eubucco bourcierii 17
Rusty-margined Flycatcher Myiozetetes cayanensis 16
Streaked Saltator Saltator striatipectus 16

* Yellow-throated Vireo Vireo flavifrons 16 Continued 
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Table B.1  Continued 

 

Common name Scientific name % of flocks  

Ochre-bellied Flycatcher Mionectes oleagineus 16
Crimson-backed Tanager Ramphocelus dimidiatus 15

* American Redstart Setophaga ruticilla 15
Tropical Gnatcatcher Polioptila plumbea 15
Hepatic Tanager Piranga flava 14
Slate-throated Redstart Myioborus miniatus 13

ⱡ Rufous-naped Greenlet Hylophilus semibrunneus 13
* Mourning Warbler Geothlypis philadelphia 12

Bar-crested Antshrike Thamnophilus multistriatus 11
* Western Wood-Pewee Contopus sordidulus 11

Tropical Kingbird Tyrannus melancholicus 11
* Bay-breasted Warbler Setophaga castanea 10

White-lined Tanager Tachyphonus rufus 10
Clay-colored Thrush Turdus grayi 9
Golden-rumped Euphonia Euphonia cyanocephala 9
Green Honeycreeper Chlorophanes spiza 9
Cinereous Becard Pachyramphus rufus 9
Yellow-throated Brush Finch Atlapetes gutturalis 8
Black-capped Tanager Tangara heinei 8
Red-faced Spinetail Cranioleuca erythrops 7
Linneated Woodpecker Dryocopus lineatus 7
Mouse-colored Tyrannulet Phaeomyias murina 7

* Yellow Warbler Setophaga petechia 7
Acorn Woodpecker Melanerpes formicivorus 6
Golden Tanager Tangara arthus 6

ⱡ Streaked Xenops Xenops rutilans 5
* Baltimore Oriole Icterus galbula 4

Lesser Goldfinch Spinus psaltria 4
ⱡ Smoky-brown Woodpecker Veniliornis fumigatus 4

Spectacled Parrotlet Forpus conspicillatus 4
Andean Motmot Momotus aequatorialis 4
Orange-bellied Euphonia Euphonia xanthogaster 4

* Golden-winged Warbler Vermivora chrysoptera 3
House Wren Troglodytes aedon 3

ⱡ Moustached Puffbird Malacoptila mystacalis 3
Great Kiskadee Pitangus sulphuratus 2
Great Antshrike Taraba major 2
Tropical Pewee Contopus cinereus 2
Blue-naped Chlorophonia Chlorophonia cyanea 2
Buff-throated Saltator Saltator maximus 2

ⱡ Golden-crowned Flycatcher Myiodynastes chrysocephalus 2
Greenish Elaenia Myiopagis viridicata 2

ⱡ Western Slaty Antshrike Thamnophilus atrinucha 2
* Black-throated Green Warbler Setophaga virens 2
* Olive-sided Flycatcher Contopus cooperi 2

Blue Dacnis Dacnis cayana 2
* Northern Waterthrush Parkesia noveboracensis 2 Continued 
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Table B.1  Continued 

 

Common name Scientific name % of flocks  

Piratic Flycatcher Legatus leucophaius 2
Slate-headed Tody Flycatcher Poecilotriccus sylvia 2
Yellow-bellied Seedeater Sporophila nigricollis 2

ⱡ Pale-vented Thrush Turdus obsoletus 1
Turquoise Dacnis Dacnis hartlaubi 1
Slate-colored Seedeater Sporophila schistacea 1
Yellow-faced Grassquit Tiaris olivaceus 1

ⱡ Buff-rumped Warbler Phaeothlypis fulvicauda 1
ⱡ Dusky-capped Flycatcher Myiarchus tuberculifer 1

Olivaceous Piculet Picumnus olivaceus 1
Saffron Finch Sicalis flaveola 1

ⱡ Streak-necked Flycatcher Mionectes striaticollis 1
Apical Flycatcher Myiarchus apicalis 1

* Eastern Wood-Pewee Contopus virens 1
* Great Crested Flycatcher Myiarchus crinitus 1

Green Jay Cyanocorax yncas 1
ⱡ Parker's Antbird Cercomacra parkeri 1

Pale-breasted Spinetail Synallaxis albescens 1
ⱡ Immaculet Antbird Myrmeciza immaculata 0.4
ⱡ Plain-brown Woodcreeper Dendrocincla fuliginosa 0.4
ⱡ Plain Antvireo Dysithamnus mentalis 0.4
ⱡ Rusty-winged Barbtail Premnornis guttuligera 0.4

Saffron-crowned Tanager Tangara xanthocephala 0.4
Shiny Cowbird Molothrus bonariensis 0.4

ⱡ Black-capped Tyrannulet Phyllomyias nigrocapillus 0.2
Brown-capped Vireo Vireo leucophrys 0.2
Blue-headed Parrot Pionus menstruus 0.2
Black Phoebe Sayornis nigricans 0.2
Black-striped Sparrow Arremonops conirostris 0.2
Blue-winged Mountain Tanager Anisognathus somptuosus 0.2
Bronze-winged Parrot Pionus chalcopterus 0.2

ⱡ Black-winged Saltator Saltator atripennis 0.2
ⱡ Chestnut-capped Brush Finch Arremon brunneinuch 0.2
ⱡ Crimson-rumped Toucanet Aulacorhynchus haematopygus 0.2
ⱡ Checker-throated Antwren Epinecrophylla fulviventris 0.2

Glossy-backed Thrush Turdus serranus 0.2
* Gray-cheeked Thrush Catharus minimus 0.2

Jet Antbird Cercomacra nigricans 0.2
Metallic-green Tanager Tangara labradorides 0.2
Pale-edged Flycatcher Myiarchus cephalotes 0.2
Plain Xenops Xenops minutus 0.2
Red-bellied Grackle Hypopyrrhus pyrohypogaster 0.2
Rufous-collared Sparrow Zonotrichia capensis 0.2
Red-rumped Woodpecker Veniliornis kirkii 0.2

* Scarlet Tanager Piranga olivacea 0.2
Spot-breasted Woodpecker Colaptes punctigula 0.2
Striped Cuckoo Tapera naevia 0.2
Vermillion Flycatcher Pyrocephalus rubinus 0.2
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Table B.2  Mean and standard error of flock size (total individual birds in a mixed-species foraging flock) by site, habitat, and year  
in the Colombian Andes from Jan-Feb 2011-2013.  
 
                

      
 
 

Site 2011 2012 2013 2011 2012 2013 2011 2012 2013 2011 2012 2013
Andes . . . . . . . 35.0 (7.08) 30.6 (3.93) . 28.8 (4.15) 25
Betania . 48 35.8 (5.06) . . . . 20 28.5 (1.80) . . 31.6 (2.03)

Bolívar . . 28.1 (1.61) . . . . . 30.4 (4.45) . . 20.0 (2.65)

Fredonia . 43.0 (1.00) 29.8 (6.40) . . . 18.5 (3.08) 37.3 (2.59) 46.2 (3.35) . 22.3 (1.35) 30.0 (2.98)

Jericó 22.9 (2.99) 36.1 (4.21) 31.3 (1.44) 22.4 (2.09) 32.8 (2.04) 33.3 (2.93) 23.2 (4.27) 25.5 (4.67) 22 18.6 (1.97) 29.9 (3.24) 34.75 (2.05)

Monserrate . . . . . . . 27.4 (1.85) 28.8 (3.92) . . .

Palermo 16.7 (3.71) 37.0 (1.73) 35.0 (0) . 32.3 (6.93) . 20.5 (1.93) 37.0 (7.65) 45.0 (10.50) 15.6 (1.67) 23.1 (2.77) 29.3 (2.20)

Salgar . . 38.0 (4.28) . . . . . 32.4 (2.80) . . 24.7 (3.28)

Támesis . . 33 . . . . . 27 . . 28.0 (2.89)

Secondary forest (n=63) Shade-cardamom (n=82) Shade-coffee (n=166) Silvopasture (n=135)
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Table B.3  Mean and standard error of flock species richness (total bird species in a mixed-species foraging flock) by site, habitat, 
and year  in the Colombian Andes from Jan-Feb 2011-2013. 
 

       

Site 2011 2012 2013 2011 2012 2013 2011 2012 2013 2011 2012 2013
Andes . . . . . . . 21.0 (2.74) 19.4 (2.48) . 17.0 (3.08) 13
Betania . 30 23.6 (3.30) . . . . 15 17.7 (1.27) . . 20.4 (1.33)

Bolívar . . 19.4 (1.07) . . . . . 18.1 (1.74) . . 12.3 (0.88)

Fredonia . 25.5 (0.50) 19.2 (3.76) . . . 12.5 (1.95) 22.9 (1.56) 29.2 (2.27) . 13.9 (0.99) 20.0 (2.15)

Jericó 16.7 (1.87) 24.1 (2.70) 21.5 (0.87) 15.5 (1.23) 21.7 (1.22) 22.7 (1.83) 15.8 (2.71) 17.2 (3.03) 19 13.0 (0.98) 17.9 (1.76) 22.1 (1.31)

Monserrate . . . . . . . 17.2 (1.15) 19.1 (2.34) . . .

Palermo 12.3 (2.85) 25 24.0 (2.00) . 18.8 (3.33) . 13.9 (1.25) 21.7 (4.08) 27.7 (6.17) 11.3 (1.16) 14.9 (1.83) 19.1 (1.36)

Salgar . . 26.8 (3.30) . . . . . 20.9 (1.86) . . 17.0 (2.31)

Támesis . . 23 . . . . . 18 . . 17.0 (2.0)

Secondary forest (n=63) Shade-cardamom (n=82) Shade-coffee (n=166) Silvopasture (n=135)
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Table B.4   Mean and standard error of percent Neotropical migrants within a mixed-species foraging flock by site, habitat, and 
year  in the Colombian Andes from Jan-Feb 2011-2013. 
 

        

Site 2011 2012 2013 2011 2012 2013 2011 2012 2013 2011 2012 2013
Andes . . . . . . . 24.3 (2.4) 24.1 (2.8) . 16.2 (5.6) 16
Betania . 30 18.1 (3.0) . . . . 25 15.0 (2.5) . . 8.8 (2.7)

Bolívar . . 20.3 (3.2) . . . . . 20.5 (2.4) . . 15.7 (4.2)

Fredonia . 31.4 (0.4) 25.6 (2.9) . . . 50.2 (6.3) 28.2 (2.7) 31.3 (2.9) . 21.6 (4.1) 21.7 (4.4)

Jericó 33.8 (3.3) 26.5 (1.1) 20.2 (3.3) 40.9 (2.3) 34.6 (2.1) 33.8 (2.9) 27.7 (4.0) 24.4 (2.3) 27.3 19.3 (2.1) 23.4 (2.7) 20.6 (1.8)

Monserrate . . . . . . . 27.4 (2.9) 23.8 (3.1) . . .

Palermo 40.1 (6.2) 35.2 (1.5) 30.0 (10.0) . 36.9 (7.4) . 50.8 (3.9) 41.5 (2.4) 23.0 (4.2) 22.0 (2.2) 23.8 (3.7) 17.8 (3.1)

Salgar . . 19.2 (2.2) . . . . . 23.3 (2.2) . . 16.2 (6.2)

Támesis . . 24.2 . . . . . 7.4 . . 10.9 (3.6)

Secondary forest (n=63) Shade-cardamom (n=82) Shade-coffee (n=166) Silvopasture (n=135)
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Table B.5  Mean and standard error of total Neotropical migrants within a mixed-species foraging flock by site, habitat, and year  
in the Colombian Andes from Jan-Feb 2011-2013. 
 

       
  

Site 2011 2012 2013 2011 2012 2013 2011 2012 2013 2011 2012 2013
Andes . . . . . . . 9.0 (2.5) 7.2 (1.0) . 4.8 (2.1) 4
Betania . 9 6.0 (1.0) . . . . 5 4.4 (0.8) . . 3.0 (1.0)

Bolívar . . 5.6 (0.8) . . . . . 6.1 (0.9) . . 3.3 (1.3)

Fredonia . 13.5 (0.5) 7.2 (1.3) . . . 8.8 (1.7) 10.4 (1.1) 14.5 (1.8) . 5.0 (1.0) 6.0 (0.7)

Jericó 7.8 (1.4) 9.1 (1.4) 6.3 (0.9) 8.4 (0.7) 10.9 (0.8) 10.9 (1.2) 5.8 (0.9) 6.0 (1.1) 6 3.6 (0.5) 6.6 (0.8) 7.4 (0.8)

Monserrate . . . . . . . 7.2 (0.5) 6.4 (0.8) . . .

Palermo 6.7 (1.8) 13.0 (0.6) 10.5 (3.5) . 11.8 (2.7) . 8.9 (0.7) 15.5 (3.3) 10.7 (3.5) 3.5 (0.6) 5.5 (1.1) 5.5 (1.2)

Salgar . . 7.7 (1.6) . . . . . 7.7 (1.2) . . 4.0 (1.5)

Támesis . . 8 . . . . . 2 . . 3.0 (1.0)

Silvopasture (n=135)Shade-coffee (n=166)Shade-cardamom (n=82)Secondary forest (n=63)
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Table B.6  Mean and standard error of total Neotropical migrant species within a mixed-species foraging flock by site, habitat, and 
year  in the Colombian Andes from Jan-Feb 2011-2013. 
 

      
  

Site 2011 2012 2013 2011 2012 2013 2011 2012 2013 2011 2012 2013
Andes . . . . . . . 4.5 (0.6) 5.6 (0.9) . 3.0 (1.0) 4
Betania . 8 4.8 (0.7) . . . . 4 2.4 (0.3) . . 2.3 (0.7)

Bolívar . . 4.9 (0.6) . . . . . 3.4 (0.5) . . 1.7 (0.7)

Fredonia . 6.5 (0.5) 4.4 (0.8) . . . 5.6 (1.0) 6.1 (0.7) 8.1 (0.8) . 2.9 (0.5) 4.2 (0.5)

Jericó 5.4 (0.7) 5.9 (0.6) 4.0 (0.4) 5.0 (0.3) 6.2 (0.4) 6.8 (0.6) 4.1 (0.6) 3.8 (0.9) 5 2.7 (0.4) 3.8 (0.4) 4.4 (0.5)

Monserrate . . . . . . . 4.3 (0.4) 4.1 (0.4) . . .

Palermo 5.3 (1.5) 7.0 (0.6) 7.0 (1.0) . 6.0 (0.7) . 5.3 (0.4) 7.7 (1.5) 5.0 (1.2) 2.7 (0.4) 3.2 (0.6) 3.8 (0.7)

Salgar . . 5.7 (1.1) . . . . . 4.0 (0.7) . . 2.7 (1.2)

Támesis . . 6 . . . . . 1 . . 1.3 (0.3)

Secondary forest (n=63) Shade-cardamom (n=82) Shade-coffee (n=166) Silvopasture (n=135)
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Table B.7  Mean and standard error of total Cerulean Warblers per mixed-species foraging flock by site, habitat, and year  in the 
Colombian Andes from Jan-Feb 2011-2013. 
 

       

Site 2011 2012 2013 2011 2012 2013 2011 2012 2013 2011 2012 2013
Andes . . . . . . . 0 0 . 0 0
Betania . 1 0.22 (0.15) . . . . 0 0.36 (0.23) . . 0

Bolívar . . 0.14 (0.14) . . . . . 0 . . 0

Fredonia . 1 0.20 (0.20) . . . 0.91 (0.31) 0.88 (0.29) 0.85 (0.32) . 0.13 (0.13) 0

Jericó 1.08 (0.38) 1.25 (0.31) 0.25 (0.25) 1.02 (0.21) 1.38 (0.21) 1.54 (0.27) 0.20 (0.13) 0.17 (0.17) 0 0.11 (0.11) 0.71 (0.19) 0.50 (0.24)

Monserrate . . . . . . . 0.33 (0.17) 0.18 (0.12) . . .

Palermo 0.33 (0.33) 1.33 (0.33) 1.00 (1.00) . 2.50 (0.87) . 1.03 (0.17) 1.33 (0.33) 1.33 (1.33) 0.31 (0.12) 0.20 (0.13) 0.50 (0.22)

Salgar . . 0.33 (0.21) . . . . . 0.09 (0.09) . . 0

Támesis . . 1 . . . . . 0 . . 0

Silvopasture (n=135)Shade-coffee (n=166)Shade-cardamom (n=82)Secondary forest (n=63)
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Table B.8  Mean and standard error of habitat variables measured at flock locations by 
site and habitat in the Colombian Andes from Jan-Feb 2011-2013. 
 

 

Site Forest Cardamom Coffee Silvopasture
Canopy cover (%) Andes . . 73.3 (6.3) 76 (10.7)

Betania 76 (5.2) . 67.1 (5.5) 66.5 (4.8)
Bolivar 85.7 (6) . 63.8 (8.4) 51.7 (8.8)
Fredonia 87.1 (4.1) . 66.2 (3.3) 57.9 (3.7)
Jerico 93.3 (1.5) 87.3 (1.4) 67.8 (5.7) 70.1 (2.1)
Monserrate . . 78 (3.5) .
Palermo 90 (6.1) 87.5 (4.3) 63.4 (2.6) 63.8 (3.2)
Salgar 65.8 (4.9) . 67.5 (5.9) 55 (2.9)
Tamesis 80 . 40 43.3 (3.3)

Herbaceous Index (0-20) Andes . . 5.4 (1.6) 9 (2.2)
Betania 9.9 (1.9) . 2.7 (0.9) 17.7 (0.9)
Bolivar 8.4 (2.3) . 6.1 (1.6) 15 (2.5)
Fredonia 10.7 (1.4) . 5.7 (1.6) 18.1 (0.7)
Jerico 14.8 (2.7) 10.3 (1.7) 15.1 (2.8) 17.1 (0.7)
Monserrate . . 10.1 (2.3) .
Palermo 12.3 (4.3) 16 (2.2) 2.6 (1.7) 18.7 (0.5)
Salgar 13.7 (0.8) . 0.5 (0.3) 16.3 (2)
Tamesis 3 . 2 17 (2.1)

Snag index (0-120) Andes . . 0.6 (0.3) 0.2 (0.2)
Betania 0.3 (0.2) . 0 1.5 (0.5)
Bolivar 1.1 (0.6) . 0 0
Fredonia 0.3 (0.3) . 1.1 (0.4) 0
Jerico 0.7 (0.3) 0.6 (0.1) 1.1 (0.3) 0.7 (0.2)
Monserrate . . 0.1 (0.1) .
Palermo 0.1 (0.1) 0 0.6 (0.2) 0.6 (0.2)
Salgar 0.5 (0.3) . 0.3 (0.2) 0.7 (0.7)
Tamesis 6 . 1 0

Tree basal area (m2/ha) Andes . . 37.8 (7.6) 29 (11)
Betania 37.5 (6.8) . 26.4 (4.8) 28 (6.8)
Bolivar 21.4 (5.5) . 27.5 (3.7) 18.3 (1.7)
Fredonia 40.7 (9.7) . 36.4 (2.8) 24.4 (2)
Jerico 46.7 (2.8) 47.4 (1.6) 34.7 (2.5) 37.8 (2.1)
Monserrate . . 40 (3.4) .
Palermo 37.5 (3.8) 41.3 (9.2) 40.1 (2) 33.5 (2.4)
Salgar 21.7 (3.1) . 31 (1.8) 15 (5)
Tamesis 60 . 10 18.3 (1.7)

Habitat 

Continued 
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Table B.8 continued 

 

Site Forest Cardamom Coffee Silvopasture
Tree diversity (# genera) Andes . . 1.2 (0.2) 1

Betania 2.4 (0.2) . 1.8 (0.2) 1.5 (0.3)
Bolivar 1.3 (0.3) . 1.6 (0.3) 1.3 (0.3)
Fredonia 1.6 (0.5) . 1.3 (0.3) 1.6 (0.2)
Jerico 1.5 (0.3) 2.8 (0.2) 2 1.8 (0.2)
Monserrate . . 2.3 (0.4) .
Palermo 2.5 (0.5) . 1 (0) 1.6 (0.2)
Salgar 1.7 (0.3) . 2.1 (0.2) 1.3 (0.3)
Tamesis 2 . 1 1 (0)

Vertical complexity  (0-180) Andes . . 55.5 (4.2) 43.4 (10.9)
Betania 66.1 (4.7) . 55.8 (3.4) 44.9 (2.9)
Bolivar 71.3 (6.2) . 55.6 (7.8) 45.3 (5.4)
Fredonia 70.1 (10.7) . 52.8 (2.6) 44.1 (2.9)
Jerico 76.8 (2.5) 68.9 (1.7) 54.1 (3.7) 44.9 (1.4)
Monserrate . . 63.8 (5.1) .
Palermo 80.5 (7.8) 56.5 (7.4) 53.8 (1.6) 42.9 (1.8)
Salgar 60.2 (6.5) . 52.9 (4.3) 42.7 (2.9)
Tamesis 73 . 48 36.3 (1.7)

   Understory index (0-40) Andes . . 30.4 (2.8) 10 (2)
Betania 31.4 (2) . 27.4 (2.9) 21.1 (1.8)
Bolivar 30.9 (1.6) . 29.8 (2.5) 25 (3.8)
Fredonia 24.3 (4.5) . 25.3 (1.4) 21.4 (1)
Jerico 28.4 (1.1) 25.6 (0.8) 28.8 (1.9) 19.8 (0.7)
Monserrate . . 22.8 (1.2) .
Palermo 26.1 (1.8) 24.3 (4.2) 28.2 (0.9) 20.7 (0.5)
Salgar 33 (2.1) . 27.7 (2.1) 25.7 (2.6)
Tamesis 18 . 35 21.3 (0.9)

   Midstory index (0-60) Andes . . 15.6 (1.5) 21.4 (6.8)
Betania 28.8 (3.6) . 18.1 (2.4) 15.6 (2)
Bolivar 32 (5) . 24 (5.6) 16.7 (4.5)
Fredonia 28.1 (5.7) . 18.9 (1.2) 19 (1.7)
Jerico 32.8 (2.4) 27 (1) 16.8 (1.8) 21.5 (1)
Monserrate . . 28.2 (2.4) .
Palermo 34.7 (4.5) 28.8 (3.1) 12.5 (1.1) 16.7 (1.1)
Salgar 18.7 (2.6) . 22 (2.4) 15.3 (1.2)
Tamesis 31 . 12 14 (0.6)

   High canopy index (0-80) Andes . . 9.5 (2.8) 12 (6.6)
Betania 5.9 (3.1) . 10.4 (3.7) 8.2 (4.1)
Bolivar 8.4 (3.3) . 1.9 (1.6) 3.7 (3.7)
Fredonia 17.7 (6.2) . 8.5 (1.6) 3.7 (1.4)
Jerico 15.6 (2.2) 16.4 (1.4) 8.5 (2) 3.7 (0.6)
Monserrate . . 12.9 (3.3) .
Palermo 19.7 (5.3) 3.5 (1.2) 13.1 (0.9) 5.5 (1.3)
Salgar 8.5 (4) . 3.2 (1.5) 1.7 (1.7)
Tamesis 24 . 1 1 (1)

Habitat 
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Table B.9  Mean and standard error of migrant bird abundance per flock by study area in the Colombian Andes from Jan-Feb 
2011-2013.  
 

         

Species Andes Betania Bolivar Fredonia Jerico Monserrate Palermo Salgar Tamesis
   Acadian Flycatcher 0.14 (0.09) 0.37 (0.1) 0.31 (0.1) 0.28 (0.06) 0.49 (0.04) 0.7 (0.19) 0.22 (0.04) 0.4 (0.11) 0 (0)
   American Redstart 0.35 (0.16) 0 (0) 0 (0) 0.18 (0.05) 0.13 (0.02) 0 (0) 0.41 (0.06) 0 (0) 0 (0)
   Baltimore Oriole 0.07 (0.07) 0 (0) 0 (0) 0.14 (0.05) 0.04 (0.01) 0 (0) 0.03 (0.01) 0.05 (0.05) 0 (0)
   Bay-breasted Warbler 0.21 (0.15) 0.05 (0.03) 0.21 (0.12) 0.35 (0.07) 0.07 (0.02) 0.05 (0.05) 0.04 (0.02) 0 (0) 0 (0)
   Black-and-white Warbler 0.5 (0.17) 0.17 (0.06) 0.26 (0.1) 0.54 (0.08) 0.55 (0.05) 0.55 (0.15) 0.53 (0.07) 0.15 (0.08) 0.2 (0.2)
   Blackburnian Warbler 1.21 (0.36) 1.11 (0.18) 1.42 (0.3) 2.54 (0.19) 2.33 (0.09) 2.3 (0.24) 2.84 (0.17) 1.45 (0.3) 2.2 (0.2)
   Black-throated Green Warbler 0 (0) 0.02 (0.02) 0.05 (0.05) 0 (0) 0.01 (0) 0.05 (0.05) 0.04 (0.02) 0 (0) 0 (0)
   Canada Warbler 0 (0) 0.14 (0.07) 0.21 (0.12) 0.37 (0.07) 0.33 (0.04) 0.4 (0.18) 0.32 (0.07) 0.15 (0.1) 0.2 (0.2)
   Cerulean Warbler 0 (0) 0.22 (0.1) 0.05 (0.05) 0.6 (0.11) 0.84 (0.08) 0.25 (0.09) 0.83 (0.1) 0.15 (0.08) 0.2 (0.2)
   Eastern Wood-Pewee 0 (0) 0 (0) 0 (0) 0 (0) 0.01 (0) 0 (0) 0.01 (0.01) 0 (0) 0 (0)
   Golden-winged Warbler 0.07 (0.07) 0 (0) 0 (0) 0.06 (0.03) 0.01 (0) 0 (0) 0.07 (0.02) 0 (0) 0 (0)
   Gray-cheeked Thrush 0 (0) 0 (0) 0 (0) 0 (0) 0.01 (0) 0 (0) 0 (0) 0 (0) 0 (0)
   Great Crested Flycatcher 0 (0) 0 (0) 0 (0) 0 (0) 0.01 (0) 0 (0) 0 (0) 0 (0) 0 (0)
   Mourning Warbler 0 (0) 0.05 (0.03) 0.26 (0.1) 0.25 (0.07) 0.1 (0.02) 0.1 (0.06) 0.09 (0.03) 0.25 (0.09) 0 (0)
   Northern Waterthrush 0.21 (0.15) 0.05 (0.03) 0 (0) 0.01 (0.01) 0.01 (0) 0 (0) 0.01 (0.01) 0 (0) 0 (0)
   Olive-sided Flycatcher 0 (0) 0 (0) 0 (0) 0 (0) 0.03 (0.01) 0 (0) 0.02 (0.01) 0 (0) 0 (0)
   Rose-breasted Grosbeak 0.14 (0.09) 0.88 (0.29) 0.52 (0.2) 0.59 (0.13) 0.55 (0.09) 0.75 (0.27) 0.42 (0.11) 1.25 (0.26) 0 (0)
   Scarlet Tanager 0 (0) 0 (0) 0 (0) 0 (0) 0.01 (0) 0 (0) 0 (0) 0 (0) 0 (0)
   Summer Tanager 0.85 (0.23) 0.48 (0.11) 0.31 (0.15) 1.09 (0.13) 0.61 (0.05) 0.7 (0.17) 0.38 (0.06) 0.7 (0.19) 0.2 (0.2)
   Swainson's Thrush 0 (0) 0.25 (0.11) 0.21 (0.09) 0.21 (0.05) 0.36 (0.05) 0.05 (0.05) 0.11 (0.05) 0.3 (0.12) 0 (0)
   Tennessee Warbler 0.85 (0.25) 0.51 (0.14) 1.31 (0.27) 1.59 (0.2) 0.98 (0.08) 0.8 (0.24) 1.04 (0.1) 1.7 (0.36) 0.8 (0.58)
   Western Wood-Pewee 0.07 (0.07) 0.25 (0.08) 0.15 (0.08) 0.14 (0.04) 0.09 (0.02) 0 (0) 0.16 (0.04) 0.25 (0.12) 0 (0)
   Yellow Warbler 1.92 (0.26) 0.05 (0.03) 0.05 (0.05) 0.15 (0.04) 0 (0) 0 (0) 0 (0) 0.25 (0.12) 0 (0)
   Yellow-throated Vireo 0.14 (0.09) 0.02 (0.02) 0.1 (0.07) 0.32 (0.06) 0.14 (0.02) 0 (0) 0.26 (0.04) 0.1 (0.06) 0 (0)
Number of flocks 14 35 19 64 177 20 92 20 5

Study area
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Table B.10  Mean and standard error of resident bird abundance per flock by study area in 
the Colombian Andes from Jan-Feb 2011-2013. 
 

 

Species Andes Betania Bolivar Fredonia Jerico Monserrate Palermo Salgar Tamesis
Acorn Woodpecker 0 (0) 0.06 (0.04) 0.05 (0.05) 0.19 (0.07) 0.04 (0.02) 0.20 (0.12) 0.10 (0.05) 0.35 (0.17) 0 (0)
Andean Motmot 0 (0) 0.11 (0.07) 0 (0) 0.05 (0.03) 0.02 (0.01) 0.25 (0.12) 0.03 (0.02) 0.05 (0.05) 0 (0)
Apical Flycatcher 0 (0) 0.03 (0.03) 0 (0) 0 (0) 0.01 (0.01) 0 (0) 0 (0) 0.05 (0.05) 0 (0)
Bananaquit 1.21 (0.30) 1.17 (0.23) 0.58 (0.22) 0.73 (0.15) 0.55 (0.07) 1.35 (0.23) 0.21 (0.05) 0.70 (0.18) 1.00 (0.32)
Black-billed Thrush 0.93 (0.35) 1.31 (0.20) 0.95 (0.24) 0.78 (0.14) 0.21 (0.05) 1.10 (0.28) 0.21 (0.09) 1.05 (0.28) 1.00 (0.63)
Bar-crested Antshrike 0.36 (0.20) 0.23 (0.08) 0.47 (0.18) 0.64 (0.13) 0.04 (0.02) 0 (0) 0.07 (0.03) 0.20 (0.14) 0.20 (0.20)
Black-capped Tanager 0 (0) 0.20 (0.09) 0.16 (0.09) 0.22 (0.08) 0.04 (0.02) 0 (0) 0.24 (0.09) 0.15 (0.11) 0.20 (0.20)
Black-capped Tyrannulet 0 (0) 0 (0) 0 (0) 0 (0) 0.01 (0.01) 0 (0) 0 (0) 0 (0) 0 (0)
Brown-capped Vireo 0.07 (0.07) 0 (0) 0 (0) 0 (0) 0 (0) 0 (0) 0 (0) 0 (0) 0 (0)
Blue-gray Tanager 2.93 (0.60) 2.11 (0.26) 1.16 (0.42) 1.78 (0.17) 0.99 (0.09) 2.40 (0.35) 1.14 (0.13) 1.80 (0.27) 1.80 (0.49)
Blue-headed Parrot 0 (0) 0 (0) 0 (0) 0 (0) 0.01 (0.01) 0 (0) 0 (0) 0 (0) 0 (0)
Bay-headed Tanager 0.21 (0.15) 0.46 (0.13) 0.58 (0.16) 0.39 (0.11) 0.32 (0.05) 0.35 (0.13) 0.34 (0.07) 0.40 (0.15) 0.60 (0.40)
Blue Dacnis 0 (0) 0.03 (0.03) 0 (0) 0 (0) 0.06 (0.03) 0 (0) 0 (0) 0 (0) 0 (0)
Black Phoebe 0 (0) 0 (0) 0 (0) 0.02 (0.02) 0 (0) 0 (0) 0 (0) 0 (0) 0 (0)
Blue-naped Chlorophonia 0 (0) 0.06 (0.06) 0 (0) 0.02 (0.02) 0.01 (0.01) 0 (0) 0.10 (0.04) 0 (0) 0 (0)
Blue-necked Tanager 0.50 (0.23) 0.60 (0.15) 0.42 (0.21) 0.38 (0.09) 0.59 (0.06) 0.25 (0.12) 0.27 (0.06) 0.25 (0.10) 1.40 (0.40)
Buff-rumped Warbler 0 (0) 0 (0) 0 (0) 0.02 (0.02) 0.01 (0.01) 0 (0) 0.01 (0.01) 0 (0) 0.20 (0.20)
Black-striped Sparrow 0 (0) 0.03 (0.03) 0 (0) 0 (0) 0 (0) 0 (0) 0 (0) 0 (0) 0 (0)
Buff-throated Saltator 0 (0) 0 (0) 0.05 (0.05) 0.03 (0.03) 0.03 (0.01) 0.15 (0.11) 0 (0) 0.10 (0.07) 0 (0)
Blue-winged Mountain Tanager 0 (0) 0.06 (0.06) 0 (0) 0 (0) 0 (0) 0 (0) 0 (0) 0 (0) 0 (0)
Bronze-winged Parrot 0 (0) 0 (0) 0 (0) 0 (0) 0.01 (0.01) 0 (0) 0 (0) 0 (0) 0 (0)
Black-winged Saltator 0 (0) 0.06 (0.06) 0 (0) 0 (0) 0 (0) 0 (0) 0 (0) 0 (0) 0 (0)
Crimson-backed Tanager 0.29 (0.13) 0.34 (0.12) 0.16 (0.12) 0.30 (0.08) 0.14 (0.03) 0.30 (0.13) 0.21 (0.06) 0.10 (0.07) 1.00 (0.45)
Chestnut-capped Brush Finch 0 (0) 0 (0) 0.05 (0.05) 0 (0) 0 (0) 0 (0) 0 (0) 0 (0) 0 (0)
Clay-colored Thrush 0.21 (0.11) 0.20 (0.09) 0.32 (0.13) 0.09 (0.04) 0.07 (0.02) 0.10 (0.07) 0.02 (0.02) 0.55 (0.20) 0 (0)
Cinereous Becard 0 (0) 0.09 (0.05) 0.05 (0.05) 0.02 (0.02) 0.17 (0.03) 0.20 (0.12) 0.04 (0.02) 0 (0) 0 (0)
Crimson-rumped Toucanet 0 (0) 0.06 (0.06) 0 (0) 0 (0) 0 (0) 0 (0) 0 (0) 0 (0) 0 (0)
Checker-throated Antwren 0 (0) 0 (0) 0 (0) 0 (0) 0 (0) 0 (0) 0 (0) 0.05 (0.05) 0 (0)
Common Tody Flycatcher 0.50 (0.20) 0.37 (0.11) 0.05 (0.05) 0.28 (0.07) 0.27 (0.04) 0.05 (0.05) 0.24 (0.06) 0.40 (0.13) 0.80 (0.37)
Dusky-capped Flycatcher 0 (0) 0 (0) 0 (0) 0 (0) 0.02 (0.01) 0 (0) 0 (0) 0.15 (0.11) 0 (0)
Flame-rumped Tanager 0.14 (0.10) 0.60 (0.14) 0.68 (0.23) 0.23 (0.08) 0.14 (0.04) 0.35 (0.17) 0.22 (0.06) 1.05 (0.27) 0.60 (0.40)
Glossy-backed Thrush 0 (0) 0 (0) 0.05 (0.05) 0 (0) 0 (0) 0 (0) 0 (0) 0 (0) 0 (0)
Golden-crowned Warbler 0 (0) 0.29 (0.13) 0.95 (0.31) 0.25 (0.07) 0.39 (0.06) 0 (0) 0.23 (0.07) 0.65 (0.20) 0.40 (0.40)
Golden-faced Tyrannulet 0.64 (0.23) 1.06 (0.16) 0.84 (0.16) 1.48 (0.11) 1.10 (0.07) 1.80 (0.19) 1.41 (0.10) 1.10 (0.18) 1.60 (0.24)
Golden-crowned Flycatcher 0 (0) 0.09 (0.05) 0.11 (0.07) 0.05 (0.03) 0.02 (0.01) 0 (0) 0 (0) 0 (0) 0 (0)
Golden Tanager 0 (0) 0.20 (0.11) 0.21 (0.14) 0.06 (0.04) 0.14 (0.04) 0.05 (0.05) 0.04 (0.03) 0.05 (0.05) 0 (0)
Golden-olive Woodpecker 0 (0) 0.31 (0.11) 0.37 (0.11) 0.42 (0.08) 0.10 (0.03) 0.45 (0.14) 0.21 (0.05) 0.60 (0.22) 0 (0)
Greenish Elaenia 0.14 (0.14) 0.03 (0.03) 0 (0) 0 (0) 0.05 (0.02) 0 (0) 0.01 (0.01) 0 (0) 0 (0)
Golden-rumped Euphonia 0.07 (0.07) 0.09 (0.06) 0 (0) 0.20 (0.07) 0.14 (0.04) 0 (0) 0.12 (0.04) 0.05 (0.05) 0.40 (0.40)
Green Honeycreeper 0 (0) 0.17 (0.08) 0.11 (0.11) 0 (0) 0.16 (0.03) 0.20 (0.14) 0.15 (0.05) 0 (0) 0 (0)
Green Jay 0 (0) 0.11 (0.08) 0 (0) 0.03 (0.03) 0 (0) 0 (0) 0 (0) 0 (0) 0 (0)
Great Kiskadee 0.07 (0.07) 0.06 (0.04) 0 (0) 0.03 (0.03) 0.04 (0.02) 0 (0) 0.03 (0.02) 0 (0) 0 (0)
Great Antshrike 0 (0) 0.03 (0.03) 0 (0) 0.03 (0.03) 0.05 (0.02) 0 (0) 0.03 (0.02) 0.05 (0.05) 0 (0)
Grayish Piculet 0.29 (0.13) 0.29 (0.11) 0.21 (0.12) 0.45 (0.09) 0.46 (0.05) 0 (0) 0.12 (0.04) 0.40 (0.15) 0 (0)
Guira Tanager 1.14 (0.31) 0.46 (0.13) 0.32 (0.17) 1.09 (0.17) 1.13 (0.09) 1.00 (0.26) 0.66 (0.11) 0.75 (0.19) 0.40 (0.40)
Hepatic Tanager 0 (0) 0.11 (0.05) 0.21 (0.10) 0.27 (0.07) 0.07 (0.02) 0.60 (0.15) 0.15 (0.04) 0.15 (0.11) 0.60 (0.24)
House Wren 0.14 (0.14) 0.11 (0.07) 0 (0) 0.06 (0.04) 0.02 (0.01) 0.05 (0.05) 0.02 (0.02) 0.05 (0.05) 0 (0)
Immaculet Antbird 0 (0) 0 (0) 0.16 (0.12) 0 (0) 0 (0) 0 (0) 0 (0) 0 (0) 0 (0)
Jet Antbird 0.07 (0.07) 0 (0) 0 (0) 0 (0) 0 (0) 0 (0) 0 (0) 0 (0) 0 (0)
Lesser Goldfinch 0 (0) 0.29 (0.23) 0.11 (0.11) 0.17 (0.08) 0.01 (0.01) 0.15 (0.08) 0.03 (0.02) 0.10 (0.07) 0 (0)
Linneated Woodpecker 0 (0) 0.11 (0.05) 0.05 (0.05) 0.14 (0.05) 0.07 (0.02) 0.05 (0.05) 0.05 (0.02) 0.05 (0.05) 0 (0)
Mouse-colored Tyrannulet 0 (0) 0.20 (0.08) 0 (0) 0.09 (0.04) 0.07 (0.02) 0.05 (0.05) 0.05 (0.02) 0.10 (0.10) 0 (0)
Metallic-green Tanager 0 (0) 0 (0) 0 (0) 0.02 (0.02) 0 (0) 0 (0) 0 (0) 0 (0) 0 (0)

Continued 
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Table B.10  continued 

 

Species Andes Betania Bolivar Fredonia Jerico Monserrate Palermo Salgar Tamesis
Moustached Puffbird 0 (0) 0.03 (0.03) 0.16 (0.12) 0 (0) 0.07 (0.03) 0 (0) 0 (0) 0 (0) 0 (0)
Orange-bellied Euphonia 0 (0) 0.06 (0.06) 0 (0) 0.03 (0.03) 0.15 (0.04) 0 (0) 0 (0) 0 (0) 0 (0)
Ochre-bellied Flycatcher 0.14 (0.10) 0.14 (0.06) 0.16 (0.09) 0.08 (0.04) 0.20 (0.03) 0.35 (0.13) 0.16 (0.04) 0.25 (0.10) 0 (0)
Olivaceous Piculet 0.07 (0.07) 0.06 (0.04) 0 (0) 0 (0) 0.01 (0.01) 0 (0) 0 (0) 0 (0) 0 (0)
Parker's Antbird 0 (0) 0 (0) 0.11 (0.11) 0 (0) 0 (0) 0 (0) 0 (0) 0.20 (0.14) 0 (0)
Palm Tanager 0.50 (0.20) 1.23 (0.22) 1.00 (0.40) 0.72 (0.12) 0.49 (0.09) 0.80 (0.26) 0.62 (0.11) 1.25 (0.28) 1.40 (0.40)
Pale-breasted Spinetail 0 (0) 0.03 (0.03) 0 (0) 0 (0) 0.02 (0.01) 0 (0) 0 (0) 0 (0) 0 (0)
Plain-brown Woodcreeper 0 (0) 0 (0) 0 (0) 0 (0) 0.01 (0.01) 0 (0) 0 (0) 0 (0) 0 (0)
Pale-edged Flycatcher 0 (0) 0 (0) 0.05 (0.05) 0 (0) 0 (0) 0 (0) 0 (0) 0 (0) 0 (0)
Piratic Flycatcher 0 (0) 0.09 (0.06) 0.37 (0.22) 0.09 (0.05) 0.01 (0.01) 0.10 (0.07) 0.03 (0.02) 0.10 (0.07) 0 (0)
Plain Antvireo 0 (0) 0 (0) 0 (0) 0 (0) 0.01 (0.01) 0 (0) 0 (0) 0.05 (0.05) 0 (0)
Plain Xenops 0 (0) 0 (0) 0 (0) 0 (0) 0.01 (0.01) 0 (0) 0 (0) 0 (0) 0 (0)
Pale-vented Thrush 0 (0) 0.06 (0.04) 0 (0) 0 (0) 0.02 (0.01) 0 (0) 0.01 (0.01) 0 (0) 0 (0)
Red-bellied Grackle 0 (0) 0 (0) 0 (0) 0.06 (0.06) 0 (0) 0 (0) 0 (0) 0 (0) 0 (0)
Rufous-collared Sparrow 0 (0) 0 (0) 0 (0) 0.02 (0.02) 0 (0) 0 (0) 0 (0) 0 (0) 0 (0)
Red-crowned Woodpecker 0.71 (0.19) 0.49 (0.12) 0.11 (0.07) 0.39 (0.08) 0.45 (0.05) 0.45 (0.15) 0.24 (0.05) 0.35 (0.13) 0.20 (0.20)
Red-eyed Vireo 0.86 (0.23) 0.63 (0.14) 0.32 (0.11) 0.58 (0.09) 0.47 (0.05) 0.40 (0.13) 0.10 (0.03) 0.35 (0.13) 1.20 (0.37)
Red-faced Spinetail 0 (0) 0.03 (0.03) 0 (0) 0.39 (0.11) 0.03 (0.01) 0.10 (0.10) 0.18 (0.06) 0 (0) 0 (0)
Red-headed Barbet 0 (0) 0.40 (0.12) 0.16 (0.12) 0.09 (0.04) 0.29 (0.04) 0.15 (0.11) 0.21 (0.05) 0.20 (0.09) 0 (0)
Rusty-margined Flycatcher 0.50 (0.23) 0.94 (0.22) 0.26 (0.18) 0.41 (0.10) 0.19 (0.04) 0.15 (0.11) 0.12 (0.04) 0.10 (0.07) 0.40 (0.40)
Rufous-naped Greenlet 0 (0) 0.06 (0.06) 0 (0) 0.30 (0.09) 0.27 (0.04) 0 (0) 0.09 (0.03) 0 (0) 0 (0)
Red-rumped Woodpecker 0 (0) 0 (0) 0 (0) 0 (0) 0.01 (0.01) 0 (0) 0 (0) 0 (0) 0 (0)
Rusty-winged Barbtail 0 (0) 0 (0) 0 (0) 0 (0) 0.01 (0.01) 0 (0) 0 (0) 0 (0) 0 (0)
Saffron Finch 0 (0) 0 (0) 0 (0) 0 (0) 0.02 (0.02) 0 (0) 0 (0) 0 (0) 0.80 (0.58)
Saffron-crowned Tanager 0 (0) 0 (0) 0 (0) 0 (0) 0.02 (0.01) 0 (0) 0 (0) 0 (0) 0 (0)
Southern Beardless Tyrannulet 0.64 (0.17) 0.23 (0.07) 0.16 (0.12) 0.30 (0.07) 0.39 (0.04) 0.30 (0.13) 0.57 (0.07) 0.50 (0.15) 0.20 (0.20)
Smoky-brown Woodpecker 0.14 (0.10) 0.06 (0.04) 0.05 (0.05) 0.02 (0.02) 0.04 (0.01) 0.10 (0.07) 0.01 (0.01) 0.10 (0.07) 0 (0)
Slaty-capped Flycatcher 0.21 (0.11) 0.29 (0.08) 0.26 (0.13) 0.36 (0.09) 0.41 (0.05) 0.65 (0.15) 0.13 (0.04) 0.30 (0.13) 0.20 (0.20)
Scrub Tanager 1.14 (0.36) 1.29 (0.20) 2.11 (0.33) 1.11 (0.13) 1.06 (0.07) 0.50 (0.17) 0.95 (0.10) 1.65 (0.21) 1.40 (0.40)
Slate-colored Seedeater 0 (0) 0 (0) 0.05 (0.05) 0.02 (0.02) 0.01 (0.01) 0 (0) 0.02 (0.02) 0 (0) 0 (0)
Shiny Cowbird 0.07 (0.07) 0.03 (0.03) 0 (0) 0 (0) 0 (0) 0 (0) 0 (0) 0 (0) 0 (0)
Slate-headed Tody Flycatcher 0 (0) 0.03 (0.03) 0 (0) 0 (0) 0 (0) 0 (0) 0.08 (0.03) 0 (0) 0 (0)
Sooty-headed Tyrannulet 0.29 (0.16) 0.26 (0.09) 0.05 (0.05) 0.88 (0.10) 0.58 (0.06) 0.70 (0.18) 0.61 (0.09) 0.35 (0.15) 0.20 (0.20)
Streak-headed Woodcreeper 0.64 (0.23) 0.80 (0.14) 0.32 (0.15) 0.70 (0.10) 1.09 (0.06) 0.35 (0.15) 0.57 (0.08) 0.55 (0.15) 0 (0)
Streak-necked Flycatcher 0 (0) 0 (0) 0 (0) 0 (0) 0.02 (0.01) 0.05 (0.05) 0.01 (0.01) 0 (0) 0 (0)
Spot-breasted Woodpecker 0 (0) 0 (0) 0 (0) 0 (0) 0.01 (0.01) 0 (0) 0 (0) 0 (0) 0 (0)
Spectacled Parrotlet 1.29 (0.88) 0.29 (0.14) 0 (0) 0.09 (0.07) 0.04 (0.02) 0 (0) 0.08 (0.04) 0.10 (0.10) 0 (0)
Squirrel Cuckoo 0.21 (0.15) 0.46 (0.12) 0.58 (0.21) 0.39 (0.09) 0.45 (0.05) 0.25 (0.12) 0.28 (0.06) 0.80 (0.17) 0.20 (0.20)
Striped Cuckoo 0 (0) 0 (0) 0 (0) 0.02 (0.02) 0 (0) 0 (0) 0 (0) 0 (0) 0 (0)
Streaked Flycatcher 0.57 (0.20) 0.69 (0.13) 0.26 (0.15) 0.67 (0.10) 0.56 (0.06) 0.20 (0.12) 0.63 (0.08) 0.55 (0.20) 0.80 (0.49)
Slate-throated Redstart 0.07 (0.07) 0.26 (0.10) 0.63 (0.33) 0.14 (0.05) 0.24 (0.04) 0.25 (0.12) 0.01 (0.01) 0.15 (0.08) 0.20 (0.20)
Streaked Saltator 0.64 (0.23) 0.71 (0.14) 0.37 (0.14) 0.25 (0.07) 0.04 (0.02) 0.05 (0.05) 0.17 (0.05) 0.55 (0.17) 0.60 (0.40)
Streaked Xenops 0 (0) 0 (0) 0 (0) 0 (0) 0.11 (0.03) 0 (0) 0.09 (0.03) 0 (0) 0 (0)
Thick-billed Euphonia 1.43 (0.40) 0.63 (0.15) 0.68 (0.30) 0.41 (0.10) 0.44 (0.07) 0.40 (0.20) 0.58 (0.09) 0.65 (0.22) 0.80 (0.37)
Tropical Gnatcatcher 0.86 (0.31) 0.03 (0.03) 0.11 (0.07) 0.31 (0.09) 0.37 (0.06) 0 (0) 0 (0) 0.10 (0.07) 0 (0)
Tropical Kingbird 0 (0) 0.34 (0.10) 0.42 (0.19) 0.20 (0.06) 0.06 (0.02) 0.15 (0.11) 0.10 (0.04) 0.25 (0.14) 1.00 (0.45)
Tropical Parula 0.57 (0.25) 0.31 (0.10) 0.42 (0.16) 0.86 (0.09) 0.79 (0.05) 0.70 (0.16) 0.76 (0.08) 0.70 (0.13) 0.60 (0.40)
Tropical Pewee 0.07 (0.07) 0.03 (0.03) 0 (0) 0.02 (0.02) 0.03 (0.01) 0.05 (0.05) 0.02 (0.02) 0 (0) 0 (0)
Turquoise Dacnis 0 (0) 0 (0) 0 (0) 0 (0) 0.01 (0.01) 0 (0) 0.04 (0.02) 0 (0) 0 (0)
Vermillion Flycatcher 0 (0) 0 (0) 0 (0) 0.02 (0.02) 0 (0) 0 (0) 0 (0) 0 (0) 0 (0)
White-lined Tanager 0.14 (0.10) 0.46 (0.13) 0.37 (0.16) 0.13 (0.05) 0.04 (0.02) 0.05 (0.05) 0.13 (0.04) 0.20 (0.12) 0 (0)
Western Slaty Antshrike 0.14 (0.14) 0.09 (0.06) 0.21 (0.12) 0 (0) 0.03 (0.02) 0 (0) 0 (0) 0 (0) 0 (0)
White-winged Becard 0.57 (0.27) 0.46 (0.12) 0.53 (0.19) 0.30 (0.07) 0.58 (0.06) 0.60 (0.18) 0.42 (0.07) 0.65 (0.15) 0.40 (0.24)
Yellow-bellied Elaenia 0.57 (0.20) 0.83 (0.17) 0.42 (0.16) 0.56 (0.10) 0.34 (0.06) 0 (0) 0.07 (0.03) 0.70 (0.18) 1.00 (0.45)
Yellow-backed Oriole 0.14 (0.10) 0.60 (0.12) 1.05 (0.22) 0.36 (0.09) 0.28 (0.05) 1.20 (0.22) 0.46 (0.07) 0.80 (0.17) 0.60 (0.40)
Yellow-bellied Seedeater 0.29 (0.22) 0 (0) 0 (0) 0 (0) 0.02 (0.02) 0 (0) 0.03 (0.02) 0.10 (0.07) 0 (0)
Yellow-faced Grassquit 0 (0) 0.03 (0.03) 0 (0) 0.02 (0.02) 0 (0) 0 (0) 0 (0) 0.35 (0.20) 0 (0)
Yellow-olive Flycatcher 0.29 (0.13) 0.51 (0.11) 0.53 (0.21) 0.27 (0.06) 0.37 (0.04) 0.45 (0.14) 0.32 (0.06) 0.75 (0.14) 0.20 (0.20)
Yellow-throated Brush Finch 0 (0) 0.23 (0.13) 0.47 (0.19) 0.17 (0.06) 0.06 (0.02) 0.25 (0.14) 0.08 (0.04) 0.15 (0.08) 0 (0)
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Figure B.1  Species accumulation as a function of mixed-species flock size in four habitats 
sampled in the Colombian Andes, 2011-2013.
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Appendix C – Supplement to Chapter 4 

 

Table C.1  Mean and standard error of landscape variables, measured within 1 km from plots (N) 
surveyed for mixed-species foraging flocks, by site in the Colombian Andes from Jan-Feb 2011-
2013. 

 

Variable Site N Mean (±SE)
Fine grain % woodland cover Andes 4 13.96 (2.32)

Betania 13 63.75 (2.61)
Bolivar 8 52.59 (3.91)
Fredonia 3 60.57 (1.18)
Palermo 11 45.29 (0.79)
Salgar 12 48.94 (1.32)
Tamesis 3 40.92 (3.91)

Coarse grain % woodland cover Andes 4 32.56 (2.02)
Betania 13 44.63 (2.55)
Bolivar 8 58.51 (1.73)
Fredonia 3 60.9 (1.8)
Palermo 11 54.45 (0.42)
Salgar 12 65.1 (1.47)
Tamesis 3 35.55 (4.52)

Patch density (patches/100 ha) Andes 4 20.11 (1.8)
Betania 13 25.72 (2.16)
Bolivar 8 34.47 (6.13)
Fredonia 3 43.77 (0.69)
Palermo 11 13.3 (0.58)
Salgar 12 45.25 (2.22)
Tamesis 3 72.12 (4.67)

Patch connectivity index Andes 4 14.2 (3.56)
Betania 13 134.08 (16.62)
Bolivar 8 71.22 (18.6)
Fredonia 3 161.12 (0.55)
Palermo 11 13.48 (0.42)
Salgar 12 42.68 (3.15)
Tamesis 3 75.89 (15.06)
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Table C.2  Full list of candidate regression models to relate flock attributes and environmental 
variables. Model selection was based on biased-adjusted Akaike’s Information Criterion (AICc). 
Statistics include the number of estimated parameters (K), the second-order Akaike information 
Criterion (AICc), AIC differences (ΔAICc), and Akaike weights (wi). Models are listed in 
descending order of wi. 
 

 

Response Variable Model K AICc ΔAICc w i

Resident forest specialists Patch connectivity x habitat 11 337.4 0.0 0.96
Habitat(fine woodland cover + patch connectivity) 15 343.6 6.2 0.04
Null model 4 387.4 50.0 0.00
Fine woodland cover x habitat 11 389.6 52.2 0.00
Coarse woodland cover x habitat 11 393.3 55.9 0.00
Patch density x habitat 11 397.1 59.7 0.00
Habitat(fine woodland cover + no. patches) 15 398.4 61.0 0.00

Flock species richness Patch connectivity x habitat 11 355.3 0.0 0.35
Null model 4 356.4 1.1 0.20
Fine woodland cover x habitat 11 357.1 1.8 0.14
Coarse woodland cover x habitat 11 357.1 1.8 0.14
Patch density x habitat 11 357.1 1.8 0.14
Habitat(fine woodland cover + patch connectivity) 15 362.5 7.2 0.01
Habitat(fine woodland cover + no. patches) 15 365.2 9.9 0.00

Neotropical migrant species richness Patch connectivity x habitat 11 229 0.0 0.53
Patch density x habitat 11 230.3 1.3 0.28
Coarse woodland cover x habitat 11 232.7 3.7 0.08
Fine woodland cover x habitat 11 232.8 3.8 0.08
Habitat(fine woodland cover + patch connectivity) 15 235 6.0 0.03
Null model 4 238.2 9.2 0.01
Habitat(fine woodland cover + no. patches) 15 238.8 9.8 0.00

Blackburnian Warbler Coarse woodland cover x habitat 11 168.5 0.0 0.69
Null model 4 171.9 3.4 0.13
Patch density x habitat 11 172.5 4.0 0.09
Patch connectivity x habitat 11 173.6 5.1 0.05
Fine woodland cover x habitat 11 174.2 5.7 0.04
Habitat(fine woodland cover + patch connectivity) 15 180.7 12.2 0.00
Habitat(fine woodland cover + no. patches) 15 181 12.5 0.00

Tennessee Warbler Coarse woodland cover x habitat 11 154 0.0 0.98
Patch connectivity x habitat 11 162.8 8.8 0.01
Null model 4 163.1 9.1 0.01
Fine woodland cover x habitat 11 167.4 13.4 0.00
Habitat(fine woodland cover + patch connectivity) 15 167.8 13.8 0.00
Patch density x habitat 11 169.7 15.7 0.00
Habitat(fine woodland cover + no. patches) 15 174.3 20.3 0.00

Continued 
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Table C.2  Continued

 

Response Variable Model K AICc ΔAICc w i

Summer Tanager Null model 4 96.9 0.0 0.41
Patch connectivity x habitat 11 97.6 0.7 0.29
Fine woodland cover x habitat 11 97.8 0.9 0.26
Habitat(fine woodland cover + patch connectivity) 15 102.5 5.6 0.02
Patch density x habitat 11 104.6 7.7 0.01
Coarse woodland cover x habitat 11 105.4 8.5 0.01
Habitat(fine woodland cover + no. patches) 15 105.5 8.6 0.01

Cerulean Warbler Patch density x habitat 11 51.2 0.0 0.82
Null model 4 55.5 4.3 0.10
Coarse woodland cover x habitat 11 57.6 6.4 0.03
Habitat(fine woodland cover + no. patches) 15 58.1 6.9 0.03
Patch connectivity x habitat 11 59.6 8.4 0.01
Fine woodland cover x habitat 11 60 8.8 0.01
Habitat(fine woodland cover + patch connectivity) 15 67.4 16.2 0.00

Rose-breasted Grosbeak Null model 4 137.6 0.0 0.97
Coarse woodland cover x habitat 11 145.1 7.5 0.02
Patch connectivity x habitat 11 148.1 10.5 0.01
Fine woodland cover x habitat 11 148.4 10.8 0.00
Patch density x habitat 11 151.7 14.1 0.00
Habitat(fine woodland cover + patch connectivity) 15 154.5 16.9 0.00
Habitat(fine woodland cover + no. patches) 15 159.9 22.3 0.00

Black-and-white Warbler Patch connectivity x habitat 11 65.3 0.0 0.89
Null model 4 70.5 5.2 0.07
Habitat(fine woodland cover + patch connectivity) 15 72.5 7.2 0.02
Fine woodland cover x habitat 11 73.8 8.5 0.01
Coarse woodland cover x habitat 11 77.7 12.4 0.00
Patch density x habitat 11 78.8 13.5 0.00
Habitat(fine woodland cover + no. patches) 15 84.1 18.8 0.00

Acadian Flycatcher Fine woodland cover x habitat 11 18.6 0.0 0.78
Patch density x habitat 11 23.6 5.0 0.06
Habitat(fine woodland cover + no. patches) 15 23.9 5.3 0.06
Patch connectivity x habitat 11 24.5 5.9 0.04
Habitat(fine woodland cover + patch connectivity) 15 25.1 6.5 0.03
Coarse woodland cover x habitat 11 25.2 6.6 0.03
Null model 4 60.2 41.6 0.00

Canada Warbler Habitat(fine woodland cover + patch density) 15 72.7 0.0 0.64
Fine woodland cover x habitat 11 74 1.3 0.33
Patch connectivity x habitat 11 80 7.3 0.02
Habitat(fine woodland cover + patch connectivity) 15 81.8 9.1 0.01
Patch density x habitat 11 82.1 9.4 0.01
Coarse woodland cover x habitat 11 83.1 10.4 0.00
Null model 4 91.1 18.4 0.00
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