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ABSTRACT 

 

 

 

THE BIOLOGICAL AND ECONOMIC BENEFITS OF SHADE COFFEE 

PLANTATIONS IN THE BLUE MOUNTAIN, JAMAICA W.I 

 

Herlitz Alphonso Davis, Ph.D. 

 

George Mason University, 2013 

 

Dissertation Director: Dr. Larry L. Rockwood 

 

 

 

Although many studies have touted the conservation value of coffee 

agroecosystems for migratory and resident birds, gaps do still exist in our knowledge 

about the suitability for birds and the economic benefit of fruit trees as shade in coffee 

agroecosystem.  In this study I examine the habitat specific abundance, foraging ecology 

and performance of birds as well as the economic benefit of fruit trees as shade in coffee 

agroecosystems in Jamaica.  Research was conducted on six shade coffee plots and in 

adjacent forested habitats in two distinct rainfall zones within the Yallahs River valley on 

the south-eastern slopes of the Blue Mountains, Jamaica.  While shade coffee had higher 

or similar abundance for many bird species groups such as granivores and frugivores as 

compared to that of adjacent forest habitats, ecologically sensitive groups like forest 

restricted species were more abundant in adjacent forest habitats.  Understory 

insectivorous and omnivorous bird species also exploited the shade canopy more than the 



   

 

coffee trees for the arthropod and nectar resources it provided.  Results also suggest that 

rainfall, which influences arthropod biomass and quality but not the quantity of shade, are 

important to ensure that birds maintain overwinter body condition, depart early on 

migration, and return the following season.  Results of a survey of local farmers suggests 

that they can reap additional economic rewards when fruit trees are utilized for shade on 

coffee farms, although this depends on management and marketing of shade tree 

products.  Overall, this work suggests that although rainfall influences arthropod food for 

birds, optimizing the shade diversity where rainfall is low will benefit the bird 

community as well as the coffee farmers. 

 



 

1 

 

 

 

 

 

CHAPTER 1: INTRODUCTION 

 

 

 

Human agency upon the Earth has resulted in extensive modification, conversion, 

and destruction of natural areas.  The continued maintenance and growth of this 

population is dependent on the expansion of agricultural systems to provide enough food 

to sustain this predicted exponential population growth (Rosenzweig and Liverman 

1992).  It is therefore foreseeable that many more natural areas will be converted to 

expansive areas of mono-specific crops such as coffee.  This loss of native forests to 

agricultural landscapes has contributed in a marked way to the decline in avian 

populations (Perfecto et al. 1996, Greenberg et al. 1997, Wunderle and Latta 1998, 

Johnson 2000a, Smith et al. 2001, Mas and Dietsch 2004, Philpott et al. 2008a). 

With more than 25 million acres under cultivation throughout the tropics, coffee 

is among the most traded commodities in the world and coffee agroecosystems are one of 

the most prominent agricultural habitats in mid-elevation, species-rich forested areas of 

the tropics, including the Caribbean (Rice and Ward 1996, Rice 1999, Rice 2003).  As a 

result, coffee can leave behind a considerable environmental footprint.  Recently, 

however, much attention has been given to the value of shade coffee agroecosystems for 

the conservation of migratory and resident birds in the tropics (Robbins et al. 1992, Rice 

and Ward 1996, Wunderle and Latta 1996, Greenberg et al. 1997, Perfecto et al. 2004, 

Van Bael et al. 2008). 
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With diminishing opportunities to protect large intact habitats that provide no 

immediate or tangible economic opportunities to neighboring human populations, it 

becomes necessary to move beyond the establishment of preserves and instead seek 

innovative and novel methods to conserve essential ecological processes within 

landscapes actively used by humans for commodity production (Pimentel et al. 1992, 

Perfecto et al. 1996, Moguel and Toledo 1999).  It is critical to bring about sustainability 

within the coffee industry, not only because of its environmental footprint, but also 

because coffee provides the main source of exports and foreign exchange earnings for 

many developing countries, often accounting for more than 75 % of their export earnings 

(World Resource Institute 1994, Rice 2003, Fischer et al. 2005).  

The benefits of agroecosystems are many.  Products obtained from the planting of 

shade trees among agricultural crops can be an important additional economic resource 

and the system itself can add beneficial ecological functions such as the mitigation of 

microclimate variability (Ewel 1999, Rice 2008).  Leaf litter from the shade component 

enriches the soil and, in conjunction with the canopy, protects it from erosion.  Trees play 

an important role in soil conservation and watersheds maintenance (Ewel 1999), and their 

role as sequesters of carbon can be explored as a source of income for coffee farmers 

(Leakey and Tchoundjeu 2001).  Furthermore, the socioeconomic potential of the 

agroecosystem tree products as an additional economic resource for farmers in Latin 

America and the Caribbean has gone largely unrecorded (Rice 2008).  In an era where the 

trend is for coffee agroecosystems to become more simplified,  research that 

demonstrates the added economic benefit of planting trees with coffee (Beer et al. 1997, 
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Dietsch et al. 2004) could encourage farmer buy-in, while improving soil conservation 

and watershed maintenance without impacting the quality of the product (Dietsch et al. 

2004). 

In shade coffee agroecosystems, coffee plants grow under the shading canopy of 

larger trees.  In this type of agriculture, the tree canopy and the coffee understory mimic 

natural ecosystems and provides important habitat for a variety of bird species 

(Greenberg et al. 1997, Jones et al. 2002, Komar 2006).  Evidence of this comes from 

research by Greenberg et al. (1997) and Jones et al. (2002) in Central and South America, 

where 74% and 66% of bird observations in shade coffee were from the canopy, 

respectively.  Similarly, Jedlicka et al. (2006) found that avian predation reduced 

arthropod density in a Mexican shade coffee plantation by 47-79 % in the canopy and 4-7 

% in the understory.  Such observations have important implication for the biological 

control of insect pests such as the coffee berry borer (Hypothenemus hampei) in the 

coffee understory (Kellermann 2007), since they are consumed by Neotropical migrants 

in coffee agroecosystems (Johnson 2000a). 

The structural and floristic diversity that results, and the often correlated diversity 

and abundance of birds in coffee agroecosystems, have been a major motivating force 

behind efforts to identify and certify such systems for their value to migrant and resident 

birds (Perfecto et al. 2005, Rice 2010).  The general consensus is that the diversity and 

abundance of birds increases with floristic (tree species richness in each stratum) and 

structural (number of different strata occurring) diversity in coffee agroecosystems 

(Perfecto et al. 2003, Carlo et al. 2004).  Yet, the specific mechanisms behind the 
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relationship between floristic and avian diversity in such ecosystems are not well 

understood (Dietsch et al. 2007). 

Shade coffee systems also form important refugia for a variety of animal groups 

like insects, amphibians, reptiles, and small mammals (Wunderle and Latta 1996, Mas 

and Dietsch 2004, Pineda et al. 2005).  Very often these shade trees are native species 

commonly found in surrounding natural forests or are commercially valuable trees that 

can be used to supplement the coffee farmer’s income (Wunderle and Latta 1996, 

Greenberg et al. 1997, Rice 2008). 

Sun coffee plantations, by contrast, are monocultures of coffee plants without a 

canopy of trees.  Sun coffee enjoys higher yields, but results in increased production 

costs, promotes environmental degradation, and suffers a decline in the quality of the 

coffee produced (Soto-Pinto et al. 2000, Dietsch et al. 2004).  These plantations do not 

provide habitat or ecological services as do shade coffee agroecosystems (Wunderle and 

Latta 1996, Greenberg et al. 1997), and require high inputs of fertilizers and pesticides 

(Rice and Ward 1996, Greenberg et al. 1997).  Though converting sun coffee plantations 

to shade can decrease yields by as much as 26% (Escalante 1995), shaded plantations 

increase the size and quality of the beans produced and long-term economic viability for 

farmers (Soto-Pinto et al. 2000, Dietsch et al. 2004, Rice 2008).  This conversion from 

sun to shade may also help regulate microclimates, thus allowing coffee agroecosystems 

and the associated wildlife to withstand the impacts of changing temperature and 

precipitation. 
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Understanding these benefits requires that we first ascertain how natural processes 

such as temperature and precipitation are affected by human activities and, consequently, 

how these processes influence the persistence of biodiversity.  More research on target 

bird species is needed to understand better coffee–bird ecology and evaluate whether and 

how certain coffee agroecosystems contribute to the conservation of avian diversity 

(Komar 2006). 

Precipitation, an important factor behind both agro- and natural ecosystems, is 

changing with global warming (Rind et al. 1990, Foster 2001, Neelin et al. 2006).  In fact, 

multiple independent climate change models predict significant drying trends over the 

next 50 years in the Caribbean and Central American region (Neelin et al. 2006).  

Previous research indicates that seasonal and annual precipitation can have direct and 

indirect effects on the structure and function of ecosystems, plant productivity, and thus 

insect abundance (Dewar and Watt 1992, Buse and Good 1996, Walther and Hackett 

2002, Nemani et al. 2003, Parmesan and Yohe 2003, Root et al. 2003, Parry et al. 2004, 

Lin 2007) – which in turn may determine avian survival.  Consequently, research directed 

at disentangling how individual species and biodiversity respond to change in floristic 

structure, diversity, precipitation, and declines in arthropod abundance, is critical for the 

implementation of informed mitigation measures.  

Songbirds, despite their varied form and diversity, share several life-history traits: 

1) they have relatively short generation times; 2) they are widely distributed; 3) they are 

highly mobile; and 4) their annual cycles hinge on seasonal phenological cues.  Such 

traits make them well suited for evaluating the consequences of changing climate (Bibby 
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et al. 1992, Studds and Marra 2007).  Climate can have direct and indirect effects on bird 

abundance, foraging ecology, and survival in many ways (Faaborg et al. 1984, Moller 

1989, Sillett et al. 2000, Root et al. 2003, Dugger et al. 2004, Gordo et al. 2005).  Climate 

may directly influence the mortality of adult birds though natural disasters, egg exposure 

and the starvation of young birds, all leading to nest failure (Rodenhouse 1992).  For 

migratory and resident birds on tropical islands, storms can also have significant direct 

impacts on adult mortality or indirect impacts on migration and performance via poor 

winter conditions (Faaborg et al. 1984, Wunderle et al. 1992, Wiley and Wunderle 1993, 

Root et al. 2003, Dugger et al. 2004).  Poor winter conditions influence bird performance 

indirectly through the abundance and availability of food (Rodenhouse and Holmes 1992, 

Dugger et al. 2004, Sherry et al. 2005) and the synchrony of settlement patterns and 

subsequent spatial distribution of individuals among sites that differ in suitability (Marra 

2000a). 

Significance of the Research. —This research on migrant and resident birds in 

coffee agroecosystems provides insight into how predicted drying trends for the 

Caribbean (Neelin et al. 2006) may impact avian survivorship in these agricultural 

landscapes.  The results provide information regarding the synergies between bird 

diversity, floristic and structural diversity, arthropod food availability, foraging behavior, 

and precipitation along the “intervention gradient” from human modified to natural 

ecosystems.  Such data are needed for the development of effective management 

programs to conserve migrant and resident bird species and the ecosystem services they 

provide in such agricultural landscapes (Komar 2006, Kellermann 2007).  These results 
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can be instrumental in encouraging the addition of shade trees by farmers to sun coffee 

farms.  Such changes will benefit the environments as well as the farmers in the Blue and 

John Crow Mountain National Park (BJCMNP) (Robinson 2006), by providing 

alternative income (Beer et al. 1997, Dietsch et al. 2004) to growers.  Studies show that 

planting timber species in shaded agriculture can bring significant economic benefits to 

farmers, especially when the price of coffee is low (Somarriba 1990, Ramirez et al. 

2001).  Recent studies indicate that coffee agroecosystems are economically feasible 

ways of protecting crops in areas that will suffer from extremes in climate (Lin 2007) and 

for farmers to realize significant economic benefits (Kellermann 2007, Rice 2011).  But 

few of these studies have examined the added economic benefits to farmers of including 

fruit trees in their shade system (Albertin and Nair 2004, Rice 2011) and none have 

examined the economic benefits of fruits from trees utilized as shade in Blue Mountain 

coffee agroecosystems . 

Thus, the continued dependence of the world's population on agricultural 

activities, the magnitude and rapid decline in rainfall regimes, and the need to better 

manage and conserve biodiversity collectively make this a timely and critical study.  

Furthermore, given that much of the tropical landscape has been or will be converted to 

agriculture, understanding the impacts such landscape conversion will have on birds 

should arguably be a conservation priority (Rosenzweig and Liverman 1992, Komar 

2006).  Finally, this research builds on long-term and current research efforts in Jamaica 

to assess the role of climate as a mechanism driving migratory and resident bird 
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performance and survival in coastal dry forest ecosystem (Marra et al. 1993, Strong and 

Sherry 2000, Studds and Marra 2005, Brown and Sherry 2006, Studds and Marra 2007). 

Study System. — The Blue Mountains are where the world famous Blue Mountain 

Coffee is grown and is the location of Jamaica first national Park, the Blue and John 

Crow Mountain National Park (BJCMNP).  The area stretches across the parishes of 

Portland, St. Thomas, and St. Andrew, and attains a maximum elevation of 2,290 m.  The 

approximately 810 km
2
 of the park comprises one third of the remaining closed broadleaf 

forest of Jamaica and is broadly influenced by the northeast trade winds that affect the 

island’s rainfall.  The eastern sections of the park receives 1300-5000 mm of rain per year 

and have daily average temperatures that range from 27°C in the lowlands to 13°C and 

below at higher elevations in the Blue Mountains (Asprey and Robbins 1953, Lack 1976, 

Downer and Sutton 1990).  Forest types on Jamaica follow rainfall patterns, with dry 

limestone forest in the southern lowlands, wet limestone forest at middle elevations and 

very wet and montane forest at higher elevations in the Blue Mountains (Asprey and 

Robbins 1953, Lack 1976, Stattersfield et al. 1998).  

I used two primary study sites for this research: Abbey Green and Ramble.  Both 

are located in the Southeastern corner of the BJCMNP within the Yallahs River 

watershed, where there is a natural gradient in precipitation with elevation (Fig.1).  

Abbey Green has large coffee estates, occurring at approximately 1300 m elevation, in a 

mosaic of mostly sun coffee fields with variable amounts of shade adjacent to native 

forest and woodland (Robinson 2006).  Ramble is at approximately 500 m, with a number 

of small coffee farm holdings with variable amounts of shade grown coffee.  Farmers at 
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this elevation do not plant pure sun coffee.  For this study, I chose coffee farms that had 

similar cultivation techniques and acreage of planted coffee while differing in the 

amounts of the shade overstory on farms.  I established a total of six alpha-numerically 

gridded coffee study plots, three at high (Abbey Green) and three at low (Ramble) rain 

zone areas, ranging in size from 3 to 5 hectares. 

Study Species. —The Jamaican avifauna includes 28 extant endemic species, 

approximately 74 migratory wintering and breeding species, and an additional 75 species 

of vagrant or rare winter visitors (Downer and Sutton 1990, Raffaele et al. 1998).  Many 

of the winter migrants are insectivorous Parulid warblers (Downer and Sutton 1990) that 

nearly double the island's native avifauna diversity every winter (Stattersfield et al. 

1998).  These Neotropical migrants are present in Jamaica from mid-August through 

mid-May.  Resident and endemic species begin to sing in March and continue breeding 

activity from April through June (Downer and Sutton 1990).  Breeding birds become less 

vocal from July to September (Downer and Sutton 1990).   

This research focused on a breeding summer resident, the Black-whiskered Vireo 

(Vireo altiloquus) and a non-breeding winter resident, either the American Redstart 

(Setophaga ruticilla) or Black-throated Blue Warbler (Setophaga caerulescens).  Black-

whiskered Vireos, American Redstarts and Black-throated Blue Warblers are generalist 

insectivores and are relatively abundant across elevations and over a wide range of 

natural habitats (i.e. mangrove, dry and wet limestone forests) as well as in agricultural 

landscapes such as citrus and coffee (Lack 1976, Johnson 2000a, Marra and Holmes 

2001, Johnson et al. 2006, Kellermann 2007). 
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The American Redstart and Black-throated Blue Warbler are well-suited for the 

proposed research because individuals can be easily sexed and aged (Pyle et al. 1997) and 

birds show strong fidelity to winter territories (Holmes et al. 1989, Holmes and Sherry 

1992, Marra 2000a).  Birds are also easily surveyed and can be captured multiple times 

during the non-breeding season.  Such characteristics allow for the assessment of bird 

diversity and the impact of habitat quality on individual condition and survival (Sillett 

and Holmes 2002). 

I examined how habitat occupancy, species diversity, annual survival, and a bird’s 

physical condition interact with climate and habitat to affect long-term survivorship and 

persistence of migratory and resident birds in coffee agroecosystems in the BJCMNP.  In 

light of predicted drying trends for the Caribbean and Central American (Neelin et al. 

2006), such studies of bird performance in agricultural landscapes is essential for the 

development of appropriate management techniques that ensure agricultural viability and 

biodiversity conservation in this region.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 11  

 

 

 

 

 

 

 

 

 

 

Figure 1.  Map showing the Yallahs River watershed and the study sites Abbey Green 

(high rain zone) and Ramble (low rain zone) and their corresponding study plots (S1, S2, 

S3) and the rain zones in which they occur in the south eastern Blue Mountains are 

emphasized. 
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CHAPTER 2: THE INFLUENCE OF HABITAT QUALITY AND RAINFALL ON 

BIRD PERFORMANCE IN COFFEE AGROECOSYSTEMS IN SOUTH-EASTERN 

BLUE MOUNTAINS, JAMAICA, W.I. 

 

 

 

INTRODUCTION 

The continued growth and expansion of human populations has led to the 

conversion of many tropical forests into biologically depauperate landscapes of mono-

specific agriculture that contribute in a marked way to the decline of avian populations 

(Perfecto et al. 1996; Greenberg et al. 1997; Wunderle and Latta 1998; Johnson 2000; 

Smith et al. 2001; Mas and Dietsch 2004; Philpott et al. 2008).  The problem is further 

compounded by the increasingly complex and changing patterns of seasonal and annual 

precipitation driven by global warming (Rind et al. 1990, Foster 2001, Neelin et al. 

2006). 

Although agriculture is a necessity for the survival of humans it can be done in 

such a way to minimize the negative consequences.  The emerging field of agro-ecology 

clearly demonstrates that some agricultural crops can be grown under situations in which 

the impacts on local biodiversity are minimal.  For example, several studies indicate that 

agroecosystems, such as shade coffee plantations, can support healthy migratory and 

resident bird communities (Robbins et al. 1992, Rice and Ward 1996, Wunderle and Latta 



13 

 

1996, Greenberg et al. 1997, Perfecto et al. 2004, Van Bael et al. 2008).  Coffee grown 

under the canopy of shade trees mimics natural ecosystems and provides important 

habitat for a variety of frugivorous and insectivorous bird species (Greenberg et al. 1997, 

Jones et al. 2002, Komar 2006).  Shade trees are also important for soil conservation, 

watershed maintenance (Ewel 1999) and can add significant economic benefit to farmers 

(e.g., income from harvestable shade products or habitat for predators of invertebrate 

pests) without impacting the quality of the product (Dietsch et al. 2004, Kellermann 

2007, Philpott et al. 2008b, Rice 2011).  Studies also indicate that shade coffee 

agroecosystems are environmentally feasible ways of protecting crops in areas that will 

suffer from extremes in climate (Lin 2007).  Protecting crops from climate extremes is a 

critical issue, both because of the important role that climate can play in limiting and 

regulating various aspect of biodiversity, but also because climate is changing and 

becoming more variable in both temperate and tropical latitudes (Neelin et al. 2006). 

Previous research has demonstrated that seasonal and annual precipitation can 

have direct and indirect effects on the structure and function of ecosystems including 

plant primary productivity, insect abundance (Dewar and Watt 1992, Buse and Good 

1996, Walther and Hackett 2002, Nemani et al. 2003, Parmesan and Yohe 2003, Root et 

al. 2003, Parry et al. 2004, Lin 2007), and diminished avian survival and site persistence 

(Dugger et al. 2004, Studds and Marra 2007).  Evidence supports the idea that climate 

can influence the abundance and availability of insects and this, in turn, impacts bird 

performance (Rodenhouse and Holmes 1992, Dugger et al. 2004, Sherry et al. 2005, 

Studds and Marra 2007).  Food availability, then, is thought to be a central determinant 
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for the maintenance of overwinter body mass of individuals and site persistence patterns 

among habitats (Sherry et al. 2005, Brown and Sherry 2006, Johnson et al. 2006). 

Additionally, habitat selection can have demographic consequences for birds such 

as age and sex segregation, where older birds occupy high quality habitat, forcing 

younger birds to select poorer quality habitat (Sherry and Holmes 1996, Marra 2000b).  

Research in Jamaican mangrove and scrub habitats show that behaviorally dominant 

American Redstarts (Setophaga ruticilla) exclude subordinate females and males from 

higher quality mangrove habitats, forcing them to occupy lower quality scrub habitat 

(Marra et al. 1998, Marra and Holmes 2001). This has consequences for individual 

condition and survival, which could drive population structure and dynamics ( Marra and 

Holmes 2001, Studds and Marra 2005).  

Although many studies have touted the conservation value of coffee 

agroecosystems for migratory and resident birds, and have demonstrated the suitability of 

such systems to support migratory bird populations during the non-breeding season 

(Wunderle and Latta 1996, Johnson and Sherry 2001, Johnson et al. 2006, Bakermans et 

al. 2009), gaps still exist in our knowledge about the habitat specific performance of birds 

in this agroecosystem.  Furthermore, when coupled with a projected decline in rainfall in 

tropical areas such as the Caribbean basin (Neelin et al. 2006), a better understanding of 

how agro-ecosystems, such as coffee, might act as a buffer for birds against the effects of 

declining precipitation and the concomitant effects of declining insects is critical.  Studds 

and Marra (2007) demonstrated the consequences that declining rainfall, food 

availability, and their interactions can have for migratory birds in natural mangrove and 



15 

 

scrub habitats in Jamaica.  But no research has yet been directed at disentangling how 

rainfall, habitat quality, and food impact bird performance in agroecosystems.  

In this chapter, I test the hypothesis that reduced tree cover and decreasing rainfall 

along a natural elevation gradient will have negative consequences for bird performance 

in coffee agroecosystems in the south-eastern Blue Mountains, Jamaica.  I predict that 

arthropod resources and measures of bird performance– changes in body mass, body 

condition, and departure date –will decline with decreasing rainfall and loss of tree cover 

in coffee agroecosystems.  Since rainfall and the quantity of shade can affect food 

availability, I also predict that greater vegetative cover and plant diversity of shade can 

act as a buffer for birds when precipitation declines.  

STUDY SPECIES, AREA AND METHODS 

Study species. —This research focuses on a breeding summer (months in Jamaica 

March to October) resident, the Black-whiskered vireo (Vireo altiloquus) and two non-

breeding winter residents the American Redstart and the Black-throated Blue Warbler 

(Setophaga caerulescens).  Black-whiskered Vireos, American redstarts and Black-

throated Blue warblers are generalist insectivores that can be found in a variety of 

habitats including agricultural landscapes such as citrus and coffee (Lack 1976, Johnson 

2000b, Marra and Holmes 2001, Johnson et al. 2006, Kellermann 2007).  Redstart and 

Black-throated Blue Warblers are well-suited for the proposed research because 

individuals can be easily sexed and aged (Pyle et al. 1997) and birds show strong fidelity 

to winter territories (Holmes et al. 1989, Holmes and Sherry 1992, Marra 2000b).  Such 
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characteristics make it feasible to assess the impact of habitat quality on individual 

condition and survival (Sillett and Holmes 2002). 

Study area. — The Blue Mountains stretch across the parishes of Portland, St. 

Thomas, and St. Andrew, and attains a maximum elevation of 2,290 m and make up the 

Blue Mountain John Crow National Park (BMJCNP).  The approximately 810 km
2
 of the 

park comprises one third of the remaining closed broadleaf forest of Jamaica and is 

broadly influenced by the northeast trade winds that affect the island’s rainfall.  The 

eastern sections of the park receives 1300-5000 mm of rain per year and have daily 

average temperatures that range from 27°C in the lowlands to 13°C and below at higher 

elevations in the Blue Mountains (Asprey and Robbins 1953, Lack 1976, Downer and 

Sutton 1990).  Forest types on Jamaica follow rainfall patterns, with dry limestone forest 

in the southern lowlands, wet limestone forest at middle elevations and very wet and 

montane forest at higher elevations in the Blue Mountains (Asprey and Robbins 1953, 

Lack 1976, Stattersfield et al. 1998).  

I used two primary study sites for this research: Abbey Green and Ramble.  Both 

are located in the Southeastern corner of the BJCMNP within the Yallahs River 

watershed, where there is a natural gradient in precipitation with elevation (Fig.1).  

Abbey Green has large coffee estates, occurring at approximately 1300 m elevation, in a 

mosaic of mostly sun coffee fields with variable amounts of shade adjacent to native 

forest and woodland (Robinson 2006).  Ramble is approximately at 500 m, with a number 

of small coffee farm holdings with variable amounts of shade grown coffee.  Farmers at 

this elevation do not plant pure sun coffee.  For this study, I chose coffee farms that had 
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similar cultivation techniques and acreage of planted coffee while differing in the 

amounts of the shade overstory on farms.  I established a total of six alpha-numerically 

gridded coffee study plots, three at high (Abbey Green) and three at low (Ramble) rain 

zone areas, ranging in size from 3 to 5 hectares. 

Climate measurements. —A six-year time series for monthly precipitation 

measurements for Abbey Green was obtained from a permanent rainfall station located at 

Whitifield Hall (18
0
 02

’
 N, 76

0
 37

’
 W).  Rainfall measurements for Ramble were obtained 

from the Meteorological services of Jamaica for the period 1996 to 2001.  We 

supplemented these precipitation data at both sites with temperature and relative humidity 

measurements taken using HOBO RH/ Temp (2x External Sensor Logger H08-007-02) 

data loggers at fixed points approximately two meters off the ground.  

Habitat measurements. —Vegetation was measured at five randomly selected 

points from an alpha-numeric grid networks I established on each coffee study plot using 

a modified point-centered quarter method (Mueller-Dombois and Ellenberg 1974).  At 

each point location, canopy cover was quantified using hemispherical photography at 

two-meter height above coffee shrubs along the north – south and east – west axes at 5-m 

radius from the center of each point, for a total of four pictures per point.  Coffee was 

moved aside if necessary to permit a clear view of the coffee overstory.  The percent 

coffee shrub cover was estimated within the imaginary 5 m radius circle (approximately 

80 m
2
) using the quadrants established by the north, south, east and west axes as a guide.  

In each quarter, the distance from the center of the point and the DBH (≥ 4 cm) at 1.2 m 
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height above the ground of the nearest tree contributing to the coffee overstory was 

measured and recorded. 

Arthropod sampling. —The biomass of arthropod prey available to insectivorous 

birds on each study plot was estimated during the “winter” (01 February – 20 February) 

and “spring” (20 March – 15 April) periods on all coffee study plots in 2009 and 2010.  I 

followed methods from Studds and Marra (2007) and (Whyte 2010) to sample arthropod 

prey abundance in the canopy and the coffee shrub layer, respectively, on all coffee study 

plots. Samples were taken at five randomly selected points from the alpha-numeric grid 

networks on each coffee study plot. 

For canopy arthropods, I fastened a sweep net to a 5 m extension pole and 

sampled arthropods in the coffee overstory by making 20 passes of the sweep net over 

green vegetation while walking a spiral route around the grid point.  The contents of the 

sweep net were then overturned into a plastic bag and carbon dioxide pumped in to knock 

down captured insects. 

In the coffee shrub layer, arthropod prey was sampled on two randomly selected 

individual coffee plants on the east-west axis around the grid point.  Samples were 

collected by quickly closing a transparent plastic bag over a leafed coffee branch, which 

was then also filled with carbon dioxide and let stand for five minutes.  The bag was then 

removed and the number of leaves counted and checked for arthropods that did not fall 

into the bag.  All arthropod samples were sorted to order, preserved in 70 per cent 

ethanol, and later dried at 50
0
 C for 24 hours.  All arthropods between 2 and 20 mm in 
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length were weighed (0.1 mg) to yield a measure of total prey biomass in the canopy and 

coffee shrub layer on each shade coffee study plot per season. 

Measures of Bird Performance. —I captured target species in mist nets, marked 

all individuals with a unique combination of plastic colored and USFWS aluminum leg 

bands. Individuals were measured (body mass to the nearest 0.1g, wing and tarsus 

length), and aged and sexed using criteria from Pyle (1997) and (Marra et al. 1993).  To 

assess the body condition of each bird captured, I also estimated the size of the breast 

muscle on a scale from 0-3 (0 = muscle concave with prominent sternum, 1 = muscle not 

concave but sternum is visible, 2 = muscle is rounded at the sternum, and 3 = muscle 

bulges over sternum to form a “V”), estimated subcutaneous fat deposition (0-7, MAPS 

protocol).  All Neotropical migrants were captured with the assistance of a song playback 

from 01 February – 20 February and again from the 20 March – 15 April.  Black-

whiskered Vireos are breeding residents that arrive in Jamaica in mid- March (Raffaele et 

al. 1998) and were captured from 20 March – 15 April and during subsequent banding 

efforts to capture individuals known to be breeding on study plots.  Overwinter site 

persistence and density of American Redstarts and Black-whiskered Vireos were 

determined on each study plot by following individually color-banded American 

Redstarts for a maximum of 15 minutes at each encounter.  Individual territories were 

mapped for a minimum of three person hours (Studds and Marra 2005).  Color-banded 

Black-whiskered Vireos were followed to determine nest site locations and to estimate 

the density of nesting pairs per hectare.  Black throated Blue Warblers are highly mobile 

arthropod consumers (Kellermann et al. 2008) and several birds banded on coffee study 
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plots were observed foraging in adjacent habitats on several occasions.  As a 

consequence, birds included in subsequent analyses were determined to be “coffee birds” 

if they were re-sighted or re-captured on coffee study plots within and between years.  

The departure dates of American Redstarts were determined to the nearest 3 days from 01 

April to 15 May 2009 and 2010 by re-sighting color-banded birds at 3-day intervals 

across all six study plots (Studds and Marra 2007).  

Statistical Analyses. — The vegetative characteristics of coffee study plots and 

temperature and relative humidity data were compared across shade and precipitation 

gradients using one-way ANOVA.  I used two-way ANOVA to examine how 1996 to 

2001 mean monthly (January – June) rainfall varied across rain zones (high and low).  

I used a general linear model (GLM) to examine the relationship between 

arthropod biomass, year (2009 versus 2010), rain zone (high versus low), time of season 

(winter versus spring), and levels of shade (S1, S2, and S3). Chi-squared analysis was 

then used to compare the arthropod community composition within time of season 

(winter versus spring) for each substrate type (coffee shrubs and canopy trees) and rain 

zone (high and low). 

I estimated American Redstart, Black-throated Blue Warbler, and Black-

whiskered vireo body condition (body mass corrected for body size) by first calculating 

scores of a principal component analysis (PCA) based on unflattened wing chord and 

tarsus length, and then regressing body mass on the PCA scores; the residuals from which 

were taken as an estimate of corrected body mass (Studds and Marra 2007).  Corrected 

body mass for Black-throated Blue Warblers was analyzed using a GLM that included 
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time of season (winter versus spring), rain zone (high versus low), shade (S1, S2, and 

S3), and sex (male versus female) as factors.  A GLM, including the factors time of 

season (winter versus spring), rain zone (high versus low), and sex (male versus female) 

was used to analyze the corrected body mass of American Redstarts.  Because of 

inadequate sample size of redstarts from high rain zone study plots, a separate GLM was 

used to test the effect of the factors shade (S1, S2, and S3) and sex (male versus female) 

on the corrected body mass for low rainzone study plots where sample size were 

adequate.  The corrected body mass for Black-whiskered Vireos was analyzed using a 

GLM that included sex (male versus female) and rain zone (high versus low) as factors.  

Like redstarts, the sample size of Black-whiskered Vireos was inadequate on high rain 

zone study plots to test the effect of shade.  This necessitated the use of a separate GLM 

that included the factors shade (S1, S2, and S3) and sex (male versus female) for low 

rainzone study plots.  I then used Mann-Whitney U-test to compare fat and muscle scores 

between rain zones (high versus low) as a surrogate measure of body condition for Black-

whiskered Vireos and between rain zones (high versus low) and time of season (winter 

versus spring) for Neotropical migrants.  Finally, I used standard least-square regression 

to examine the relationship between corrected body mass and spring departure dates of 

American Redstarts.  All data were tested for normality and where not normal, non-

parametric tests were applied.  Data presented are mean ± 1SE unless otherwise stated.  

All statistical analyses were carried out using JMP (v9.0.2, SAS Institute Inc. 2010) and 

STATISTICA (v10.0, Stat Soft, Inc. 2011). 
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RESULTS 

Habitat Measurements. — The three shade coffee plots differed significantly 

across the rain zone in slope (F1,118 = 8.44, P = 0.0044), aspect (F1,118 = 40.38, P  < 

0.0001), and percent shade (F1,118 = 19.67, P  < 0.0001).  However, no significant 

difference was detected in the percent coffee shrub coverage and height of overstory trees 

(ANOVA for percent coffee shrubs: F1,118 = 0.03, P  = 0.8591; for overstory tree height: 

F1,118 = 0.63, P  = 0.4286, Table 1).  Species richness and overstory basal area of shade 

trees did not differ significantly among or between the shade and rain zone gradients, 

respectively, except for high rain zone study plot S1, where the basal area was less than 

50 % of any other high rain zone study plot (Table 1).  The species/ floristic composition 

of the shade coffee study plots differed between high and low rain zones.  Results 

indicate that high rain zone plots were characterized by low diversity and abundance of 

overstory trees, where the most frequent were Prunus sp., Grevillea robusta, Alchornia 

latifolia, and Musa sp. (banana and plantain).  Eucalyptus globulus and Citrus sp. were 

the only other trees contributing meaningfully to the overstory (Appendix 1).  

Conversely, results show low rain zone shade coffee plots had higher diversity and 

abundance of overstory trees with the most frequent being Cedrela odorata, Mangifera 

indica, Cordia alliodora, Leucaena leucocephala), Samanea saman, and Blighia sapida 

(Appendix 1).  Also contributing substantially to the overstory were Catalpa longissima, 

Artocarpus altilis and Simaruba glauca . 

Climate Measurements. —The average temperature (high rain zone: 17.83 ± 0.07 

ºC, low rain zone: 22.99 ± 0.06 ºC; F1,7683 = 3071.21, P < 0.0001) and relative humidity 
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(high rain zone: 77.24 ± 0.31 %, low rain zone: 74.75 ± 0.26 %; F1,7683 = 37.47, P < 

0.0001) during the months February to June differed significantly between the high and 

the low rain zones in the Yallahs River valley.  Though the six year mean monthly 

rainfall for January to June in high and low rain zones (F5,60 = 0.7916, P = 0.3752) did 

not differ significantly, the average rainfall for each month was greater in high than low 

rain zone (Fig. 2).  Nonetheless, from 1996 to 2001, high elevation rainfall from January 

to June revealed a noticeable decline between late winter and early spring, whereas low 

rain zone rainfall was consistent between late winter and early spring for the same period 

in the Yallahs River watershed. 

Arthropod Biomass. —The biomass of arthropods in the canopy of shade coffee 

farms in the Yallahs River watershed was higher in spring than winter.  Arthropod 

biomass in the shade overstory on coffee study plots was significantly greater in spring 

than winter in both rain zones (GLM for time of season: F12,107 = 21.04, P < 0.0001; for 

rain zone: F12,107 = 4.02, P = 0.0474).  The interaction between rain zone and time of 

season had a marginally significant effect on arthropod biomass in the canopy (GLM for 

rain zone × time of season: F12,107 = 3.19, P < 0.0767; Fig. 3A).  There were no effects of 

year (GLM for year: F12,107 = 2.35, P = 0.1283), shade level (GLM for shade level : 

F12,107 = 0.54, P = 0.5859),  nor any other significant interaction between rainzone and 

shade levels or time of season and shade levels (all GLM: F12,107 < 2.35, P > 0.1283).  

Arthropod biomass in the coffee shrub layer did not vary significantly by year, time of 

season, rain zone, shade level, or their interactions (all GLM: F12,227 < 1.22, P > 0.2971; 

Fig. 3B). 
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The arthropod community composition did not vary meaningfully among 

substrates (coffee versus canopy trees) or rain zone.  Orthoptera (e.g., crickets and 

grasshoppers), Hemiptera (e.g., leafhoppers), Coleoptera (beetles), Diptera, Hymenoptera 

(e.g., ants and wasps), and Aranae (spiders) accounted for more than 90 % of all 

arthropods sampled from coffee plants and overstory canopy trees (Appendix 2).  In the 

coffee plant layer, Hymenoptera (primarily ants) often comprised more than 70 % of all 

arthropods sampled.  On low rain zone study plots, the proportional composition of the 

arthropod community in the coffee shrub layer did not vary significantly in winter or 

spring (for winter: χ
2
 = 8.47, df = 20, P = 0.9883; for spring: χ

2
 = 16.6, df = 20, P = 

0.6763).  But there were significant differences in the proportional composition of the 

arthropod community inhabiting the coffee shrub layer on high rain zone study plots in 

winter and spring (for winter: χ
2
 = 43.9, df = 20, P = 0.0015; for spring: χ

2
 = 336.7, df = 

20, P < 0.0001).  Conversely, there were no significant differences in the proportional 

composition of the arthropod community in the canopy of low rain zone study plots 

during winter or spring (for winter: χ
2
 = 21.9, df = 20, P = 0.3448; for spring: χ

2
 = 13.6, 

df = 20, P = 0.8496).  However, the proportional composition of the arthropod 

community in the canopy of high rain zone study plots varied significantly in winter but 

not spring (for winter: χ
2
 = 35.0, df = 20, P = 0.0199; for spring: χ

2
 = 14.2, df = 20, P = 

0.8216). 

Bird Age Distribution and Density. — The mean number of birds for high and 

low rain zones coffee agroecosystems, respectively, was 6.9 ± 1.1 and 32.2 ± 5.6 

individuals/10 ha.  Of 18 American redstarts with defended territories on high rain zone 
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shade coffee study plots for 2009 and 2010, 89 % were aged as after second year (ASY) 

and 11% as second year (SY), with 56 % being females but only 44 % were males.  The 

number of birds with defended territories on low elevation plots was much greater; of 88 

territorial birds, 60 % were aged as ASY and 40 % aged as SY, with 53 % being females 

and 47 % males.  Of 152 Black-throated Blue warblers determined to be from shade 

coffee plots in high rain zone during 2009 and 2010, 39 % were aged as ASY and 61% as 

SY, with 54 % females and 46 % males.  From 75 birds on low rain zone study plots for 

the same period, 40 % were aged as ASY and 60 % SY of which 32 % were females and 

68 % were males.  The mean number of Black-whiskered Vireo nesting pairs on Blue 

Mountain shade coffee farms were 8.5 ± 0.9 and 19.4 ± 1.8 nesting pairs/10 ha. on high 

and low rain zones, respectively. 

Bird Performance. — For American redstarts, in a GLM that included time of 

season, rain zone, and sex, there were no effects of time of season or sex (all GLM F1,98 < 

0.14, P > 0.7099), nor any significant interaction between time of season and rain zone 

(GLM for time of season  × rain zone: F1,98 = 0.27, P = 0.6014) on body condition.  

However, rain zone and the interaction rainzone × sex had a marginally significant effect 

on the body condition of redstarts (GLM for rain zone: F1,98 = 3.80, P = 0.0540; for rain 

zone × sex: F1,98 = 3.82, P = 0.0540; Fig. 4A).  There is evidence for significant seasonal 

variation in redstart body condition, where males were larger than females in winter and 

spring on low rainzone shade coffee habitats, but the results less clear in high rainzone 

shade coffee habitats due to small sample size (GLM for time of season × sex: F1,98 = 

10.26, P = 0.0018; Fig. 6).  Though the body condition of redstarts showed a tendency to 
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increase with greater quantity of shade, neither shade nor the interaction shade × sex had 

any significant effect on the body condition of redstarts occupying low rain zone shade 

coffee plot (GLM for shade: F2,82 = 0.03, P = 0.9714; for shade × sex: F2,82 = 0.63, P = 

0.5347).  The effect of shade on the body condition of redstarts on high rain zone study 

plots was not examined due to small sample size. 

When corrected for their body size, the body condition of Black-throated Blue 

Warblers varied significantly by sex, an effect that was consistent between seasons, rain 

zones, and across shade levels (GLM for sex: F1,206 = 50.39, P < 0.0001; for sex × time of 

season: F1,206 = 0.07, P = 0.7938; for sex × rain zone: F1,206 = 0.86, P = 0.3544; for sex × 

shade: F2,206 = 0.96, P = 0.3843).  There was evidence of seasonal variation in male and 

female Black-throated Blue Warbler body condition, an effect that was consistent 

between rain zones and shade gradient (GLM for time of season: F1,206 = 4.16, P = 

0.04127; Fig. 4B; for time of season × rain zone: F1,206 = 0.39, P = 0.5317; for time of 

season × shade: F2,206 = 1.60, P = 0.2049; Fig. 5).  Black-throated Blue Warblers had 

greater corrected body condition as the quantity of shade increased in the low rain zone, 

however, this effect differed by rain zone (GLM for shade: F2,206 = 3.63, P < 0.0281; for 

shade × rain zone: F1,206 = 3.72, P = 0.0260). 

The body condition of Black-whiskered Vireos varied by sex, an effect that was 

consistent between rain zones (GLM for sex: F1,147 = 20.57, P < 0.0001; for sex × rain 

zone: F1,147 = 0.41, P = 0.5229; Fig. 7).  There was no significant effect of rain zone on 

the body condition of vireos (GLM for rain zone: F1,147 = 0.04, P = 0.8353).  Like 

redstarts, due to small sample size, the effect of shade on corrected body mass of Black-
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whiskered Vireos on high rain zone study plots was not examined.  Though the body 

condition of birds increased with increasing shade cover on low rain zone shade coffee 

habitats, the difference was not statistically significant (GLM for sex: F2,112 = 1.34, P = 

0.2671).  But Black-whiskered Vireo body condition varied significantly by sex, an effect 

that was consistent but opposite for males and females across the shade gradient (GLM 

for sex: F1,112 = 32.87, P < 0.0001; for sex × shade: F2,147 = 2.75, P = 0.0683). 

Other Bird Condition Indices. —Fat scores did not differ between redstarts 

captured on high or low rain zone shade coffee farms (high: 0.66 ± 0.18 (18) and low: 

0.61 ± 0.10 (88); mean ± SE (n), z = 0.56, P = 0.5729), nor were fat scores different for 

birds sampled on shade coffee plots in winter versus spring within both rain zones 

(winter: 0.60 ± 0.10 (40) and spring: 0.63 ± 0.13 (66); mean ± SE (n), z = 0.61, P = 

0.5223).  Black-throated Blue Warblers captured on high rain zone study plots had higher 

fat scores than low rain zone birds.  However, this difference was only marginally 

significant (high rain zone: 1.18 ± 0.08 (153) and low rain zone: 0.99 ± 0.14 (77); mean ± 

SE (n), z = 1.89, P = 0.0593).  There was no significant difference between the fat scores 

for birds captured on low rain zone study plots between winter or spring (winter: 0.95 ± 

0.19 (21) and spring: 1.00 ± 0.18 (56); mean ± SE (n), z = 0.63, P = 0.5293).  Similarly, 

fat scores were not significantly different for birds on high rainzone study plots between 

winter and spring (winter: 1.35 ± 0.14 (55) and spring: 1.09 ± 0.11 (98); mean ± SE (n), z 

= 1.55, P = 0.1208).  Fat scores did not differ significantly between Black-whiskered 

Vireos captured on high and low rain zone study plots (high rain zone: 0.94 ± 0.11 (33) 

and low rain zone: 0.98 ± 0.07 (118); mean ± SE (n), z = 1.11, P = 0.2691). 
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Scores for redstart breast muscle shape were significantly greater on high 

compared to low rain zone coffee plots (high: 2.27 ± 0.14 (18) and low: 1.57 ± 0.07 (88); 

mean ± SE (n), z = 3.56, P = 0.0004) and, while birds captured on high rain zone shade 

farms exhibited a non-significant increase in breast muscle score from winter to spring 

{(winter: 2.10 ± 0.18 (10) and spring: 2.50 ± 0.19 (66); mean ± SE (n), z = 1.20, P = 

0.2303)}, birds on low rainzone farms showed a significant increase for the same period 

{(winter: 1.30 ± 0.09 (30) and spring: 1.72 ± 0.09 (58); mean ± SE (n), z = 2.59, P = 

0.0094)}.  The breast muscle scores of Black-throated Blue Warblers captured on high 

rain zone study plots was significantly greater in spring than winter {(winter: 2.09 ± 0.07 

(55) and spring: 2.45 ± 0.06 (98); mean ± SE (n), z = -3.28, P = 0.0010)}, but there was 

no significant difference in breast muscle scores for birds on low rain zone study plots for 

the same period {(low rain zone: 1.76 ± 0.14 (21) and high rain zone: 2.09 ± 0.08 (56); 

mean ± SE (n), z = -1.77, P = 0.0772)}.  The breast muscle of Black-throated Blue 

Warblers received significantly greater scores on high than low rain zone study plots 

{(high rain zone: 2.32 ± 0.05 (153) and low rain zone: 2.00 ± 0.07 (77); mean ± SE (n), z 

= 3.18, P = 0.0014)}.  However, no significant difference was found between the breast 

muscle scores of vireos captured on high and low rain zone study plots {(high rain zone: 

2.52 ± 0.14 (33) and low rain zone: 2.65 ± 0.05 (118); mean ± SE (n), z = 0.16, P = 

0.8758)}.    

Departure Date and Return Rate. —Notwithstanding the small sample size of 

male and female American Redstarts on high rain zone shade coffee plots for 2009 and 

2010, birds with higher corrected body mass had a tendency to depart earlier on spring 
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migration than birds with lower corrected body mass (high rain zone: r
2
 = 0.24, P = 

0.0629, n = 15; Fig. 8A).  Conversely, there was no clear relationship between the 

corrected body mass of male and female redstarts on low rain zone shade coffee plots and 

dates of departure on spring migration from (low rain zone: r
2
 = 0.00, P = 0.7438, n = 51; 

Fig. 8B). 

Between season return rates for redstarts in 2009 to 2010 were 0 and 36 % for 

high and low rain zone shade coffee plots, respectively, and between season return rates 

for 2010 to 2011 were 60 and 32 % for high and low rain zone shade plots, respectively.  

Percent return rate for 2010 to 2011 was computed from birds re-sighted on coffee study 

plots over three weeks during December 2010 and January 2011.   

DISCUSSION 

Based on percent overstory shade and species richness, the coffee management 

systems in the Yallahs River valley can be characterized as a mixture of commercial 

(high rain zone) and traditional and rustic (low rain zone) polyculture (Perfecto et al. 

2005).  Growing coffee in the lower reaches of the Blue Mountains requires greater 

amounts of shade since this area receives less rainfall (Fig. 2) and has many more days 

and hours of sunshine (Robinson 2006).  This difference in climate appears to have led to 

the installation of coffee habitats that can support migrant and resident bird communities.  

Though several studies have demonstrated the capacity of coffee agroecosystems to act as 

a suitable habitat for Neotropical migrants during the non-breeding season (e.g., 

Wunderle and Latta 1996, Greenberg et al. 1997, Perfecto et al. 2004, Van Bael et al. 

2008), few have examined how the quality of such systems (Dietsch et al. 2007, 
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Bakermans et al. 2009) or the interaction between habitat and rainfall can help to buffer 

the bird communities they support from the deleterious effects of future climate change. 

A number of studies have demonstrated that floristic composition and diversity 

are significant factors that determine bird presence and utilization of shade coffee 

agroecosystems (Perfecto et al. 2004, Dietsch et al. 2007).  Study plots in the high rain 

zone had primarily non-native plant species such as Grevillea robusta, the flowers of 

which were visited by several Neotropical migrant and resident bird species that were 

observed drinking nectar on several occasions (see Chapter 3).  G. robusta was shown to 

be an important and preferred nectar source for suburban birds in Australia (French et al. 

2005).  That a wide variety of insectivorous, frugivorous, and nectarivorous birds 

consumed nectar from G. robusta flowers suggests that this tree species provides an 

important food supplement for a large part of the bird community on shade coffee farms 

in the high rainzone.  The contribution of this and other shade tree species that could 

serve as a food supplement for insectivorous bird diets may warrant further investigation, 

as this could have implications for the condition indices of birds residing in shade coffee 

agroecosystems.  G. robusta was also utilized as part of the shade overstory on some low 

rain zone study plots, where the flowers were also exploited by several migrant and 

resident bird species. 

Most of the arthropod taxons sampled in this study have been reported in the diets 

of Neotropical migrants, especially the more abundant groups (Johnson 2000b).  That the 

taxonomic community occurring in the overstory canopy was more or less the same as in 

the coffee shrub layer, suggests that the residual effects of insecticide use on the coffee 
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farms had minimal impact on the vertical stratification of the arthropod community when 

samples were taken.  The greater quantity of arthropods available as food on study plots 

in the high rain zone is likely due to the greater total amount of mean monthly rainfall the 

area receives.  These results are similar to that of Studds and Marra (2007), where 

arthropod prey available to American Redstarts was greater in wetter mangrove than 

adjacent drier scrub habitats.  The proportional shifts in the arthropod community within 

and between seasons and within and between rain zones are not altogether clear.  It is 

unknown whether the observed patterns are due to preferential predation by birds, other 

interactions within the arthropod community or to some un-assessed environmental 

variable (Johnson et al. 2009).  Results show that the average temperature on low rain 

zone study plots was about 5 ºC higher than the average temperature on high rain zone 

plots.  This difference in temperature may enable birds in lower quality coffee habitats to 

have energy gains that are comparable to birds in better quality coffee habitats, since 

these birds may have lower over-night thermoregulation cost, thus confounding the 

results and any clear differences between the habitats under investigation.  Seewagen and 

Slayton (2008) demonstrated that increased densities of arthropods may be attributed to 

warmer microclimate in urban areas, and indeed this may facilitate greater energy gains 

by birds in these warmer than cooler climates (Wikelski et al. 2003).  Further, the floristic 

diversity within and between rain zones, though not examined in detail in this study, was 

different enough that it may also have influenced the observed spatial and temporal 

patterns in arthropod abundance.  Research demonstrates that floristic diversity can 
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influence resource availability that in turn can affect avian foraging behavior and space 

use patterns (Johnson 2000a, Dietsch et al. 2007). 

During this study the predominantly canopy foraging Black-whiskered Vireo and 

understory foraging American Redstart had higher densities (5 and 2×, respectively) on 

shade coffee plots in low than in high rain zones.  Though not a specific question during 

this study, both species seemed to exhibit less intra and inter-specific aggressive 

interactions, and also appeared to utilize larger foraging territories than birds occupying 

low rain zone shade farms.  Additionally, during simulations of territorial intrusion with a 

stuffed decoy accompanied by vocalization playback to actively capture some 

individuals, American Redstarts on high rain zone study plots also seemed to exhibit 

diminished response to the simulations of territorial intrusion, suggesting that neither 

space nor resource might be limiting.  These observations find merit in a study by Marra 

(2000), where results suggest that inter and intra-specific aggressive response of redstarts 

can be more intense where birds have higher levels of testosterone, habitats are of higher 

suitability, older returning birds show prior returning advantage, or birds that may have 

been involved in frequent previous interactions.  The density estimates for shade coffee 

farms in the high rain zone seem to suggest the latter as the most parsimonious 

explanation for the observed redstart behavior and space use on shade farms in the high 

rain zone.  A further possible explanation for the observed density distribution patterns of 

redstarts and vireos on shade coffee farms in high and low rain zones is the food value 

theory of territoriality, which predicts an inverse relationship between territory size and 

food density.  Although, the mechanisms driving this inverse relationship are not well 
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understood, Marshall and Cooper (2004) demonstrated that the territory volumes of Red-

eyed Vireo (Vireo olivaceus) were smaller where foliage density was greater.  Hence, the 

density and territory size observed for redstarts and vireos in this study may be due to 

intrinsic differences in overstory foliage density on shade coffee farms within the two 

rain zones. 

Examination of the age and sex ratios of Neotropical migrants reveal some 

evidence of age and sex segregation on shade coffee farms in the Yallahs River valley.  

Redstarts exhibited no sexual segregation in high and low rain zone shade coffee, but 

older birds were more abundant then young birds.  For Black-throated Blue Warblers, 

young birds seemed to dominate in shade coffee habitat, but males were more abundant 

than females in low than high rain zone shade coffee.  Segregation in birds is often driven 

by habitat quality, where birds in female-biased habitats, which are often poor in quality, 

will often show decline in condition indices (Marra 2000, Marra and Holmes 2001, Latta 

and Faaborg 2002, Studds and Marra 2005). 

Body condition indices for Neotropical migrants in this study show significant 

declines between winter and spring.  Although the results were variable between species 

and sex within a species, they are altogether consistent with previous studies in shade 

coffee and other habitats where birds show significant declines in body condition 

between early and late winter (Strong and Sherry 2000, Studds and Marra 2005, Johnson 

et al. 2006).  The condition of birds, whether estimated from mass adjusted for body size, 

amount of subcutaneous fat stores, or breast muscle shape can reveal much about the 

quality of the habitat they occupy.  While the index, mass adjusted for body size is more 
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widely used and is a better condition estimate (Sherry and Holmes 1996, Marra et al. 

1998, Strong and Sherry 2000, Latta and Faaborg 2002, Johnson et al. 2006, Studds and 

Marra 2007), fat and muscle scores can give relatively accurate estimates of body 

condition (Conway et al. 1994, Seewagen and Slayton 2008).  The results from this study 

show that some Neotropical migrants retained subcutaneous fat in their furcular hollow (0 

– 33 %), and would thus suggest that the shade coffee plots were low quality habitat 

where food was variable.  But all Neotropical migrants showed an increase in muscle 

mass between winter and spring and within high and low rain zones.  This result, on the 

contrary, suggests that in this study shade coffee plots represent high quality habitats for 

birds where food was stable (Latta and Faaborg 2002).  These contrasting results point to 

complexities within shade coffee habitats and the difficulties that may be encountered 

when trying to disentangle and understand how factors such as rainfall and vegetative 

diversity contribute to avian persistence in agroecosystems.  Indeed, birds occupying high 

quality habitat, which provide consistent food resources will carry little or no fat (Strong 

and Sherry 2000), while those birds in low quality habitat where food is variable carry on 

average higher mean levels of subcutaneous fat (Rappole et al. 1989).  That birds had 

better body condition on study plots with greater overstory shade is an indication that the 

quantity of shade may also be important.  But, not all birds exhibited the same response 

to shade quantity, suggesting that floristic composition and quality of shade may also be 

an important consideration when optimizing shade coffee agroecosystem for bird 

conservation (Dietsch et al. 2007, Johnson et al. 2009). 
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Linking changes in body condition of breeding birds to habitat quality can be 

difficult because space use strategies are often linked to a myriad of factors (e.g., spatial 

and temporal variation in habitat and resources and energy, nutritional demands 

associated breeding) other than to promote survival probability (Sillett and Holmes 2002, 

Johnson 2007).  Nonetheless, the results in this study suggest that Black-whiskered 

Vireos were able to maintain and improve body and muscle mass on shade coffee farms 

in high and low rain zones.  It is difficult to determine whether this is directly linked to 

arthropod resources as is the case with Neotropical migrants.  Despite the observation 

that vireos do consume some of the arthropod taxon sampled in this study (Cruz 1980), 

the majority of arthropod types within the taxons collected were likely too small to have 

been consumed by vireos.  But on several occasions during May and June (peak breeding 

for Black-whiskered Vireos), birds were observed provisioning young with and 

consuming annual cicadas (Odopoea dialata).  The annual cicada emergence appears to 

be synchronized with the onset of the May and June rains (Wolda 1988) on Jamaica.  A 

further consideration that makes it difficult to interpret Black-whiskered Vireo body 

condition indices is their propensity to include large quantities fruits in their diet (Cruz 

1980).  Fruit availability was not assessed in this study, but vireos were observed on 

several occasions consuming fruit of various tree species (e.g., Fagara sp. and Bursera 

simaruba) during foraging observations. 

The results in this study found that redstarts on high rain zone shade farms 

departed earlier on spring migration, where birds in better condition departed earlier than 

birds in poor condition, suggesting that arthropod food availability during this period 
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remained strong and consistent.  Research demonstrate that Neotropical migrants in better 

quality habitats depart for their breeding grounds earlier and have much greater survival 

rates than birds in poor quality habitat (Marra et al. 1998, Studds and Marra 2005, Studds 

and Marra 2007).  In the low rain zone, however, no relationship between the timing of 

departure and bird condition was found; suggesting that arthropod food may have been 

inconsistent and/ or unavailable to birds during the departure period (20 March to the 15 

April).  However, the data on arthropod biomass during this period suggests otherwise; 

where arthropod biomass on low rain zone shade farms was 50 to 100 % greater in coffee 

shrubs and overstory canopy, respectively, compared to high rain zone shade farms. 

Habitat quality, and by extension the condition of birds has been correlated with 

site fidelity and survival probability (Marra et al. 1998, Johnson et al. 2006, Studds and 

Marra 2007).  The 60 % between-year return rate for redstarts from 2010 to 2011 on high 

rain zone shade farms was comparable to site fidelity estimates from other studies 

(Holmes and Sherry 1992, Latta and Faaborg 2002, Bakermans et al. 2009).  That no 

birds returned during 2009 to 2010 may be explained by several possibilities: the small 

sample of birds to begin with, birds succumbing to hazards on migration, or birds 

returning and relocating elsewhere and therefore were not detected.  Given the 

observation for 2010 to 2011, the more parsimonious explanation is that birds succumbed 

to hazards during migration.  The between-year return rates during 2009 to 2010 and 

2010 to 2011 in the low rain zone are typical for birds occupying low quality habitats 

(Studds and Marra 2005).  Nonetheless, the density of migrants and the lone breeding 

resident utilizing these shade coffee systems in the low rain zone seem to suggest a trade-



37 

 

off for these birds: if the food value theory of territory size holds true, Neotropical 

migrants choose coffee habitats with warmer temperatures for lower overnight 

thermoregulation cost and the greatest to foliage density secure consistent supply of food 

that will ensure fitness and survival, but these coffee habitats are in areas where habitat 

moisture levels are less predictable.  The trade-off, however, could be tipped in the birds 

favor if farmers optimize the overstory floristic diversity using planned and unplanned 

crops that can benefit both the farmers and the birds (Chapter 4, Johnson et al. 2009). 

CONCLUSION 

The results from this study indicate that coffee agroecosystems in the Yallahs 

River valley of Jamaica’s Blue Mountains can play an important role in the conservation 

of migratory and resident bird species.  The precise mechanisms that determine how the 

quality of agroecosystem habitats coupled with rainfall work to influence bird 

performance are not altogether clear from this study, and it appears the elevation/ 

precipitation gradients to confound the results.  Thus, long-term studies are needed to 

better understand the influence of precipitation gradients on the quality of agroecosystem 

habitats to determine their effectiveness for bird or wildlife conservation, especially in 

view of future climate change predictions.  Further, no simultaneous assessment was 

made of bird condition in adjacent forest and woodland habitats.  Such assessment of 

neighboring habitats can be crucial to understanding the mechanisms behind changes in 

body condition and the spatiotemporal distribution of birds (Bakermans et. al. 2009).  

Future research should concurrently assess in shade coffee and adjacent habitats to 

determine their contribution to bird performance.  Despite these limitations, however, 
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results from this study suggest that the shade coffee systems in the Blue Mountains can 

provide suitable habitat that can support and maintain bird populations. 

Results also suggests that, though rainfall influences arthropod biomass and 

abundance along the rainfall gradient, optimizing the shade overstory can benefit both the 

bird populations they support and the coffee farmers (see Chapter 4).  Research in 

Mexico suggest that highly diverse shade coffee systems can support a suite of many bird 

species since they provide an array of nectar, fruit and arthropod resources (Dietsch et al. 

2007).  This study adds to our bank of knowledge that the confluence of overstory shade 

and rainfall can buffer birds from the negative impacts of climate change.  Based on body 

condition of birds, the age and sex ratios, and site fidelity estimates, Blue Mountain 

agroecosystems in the Yallahs River valley are high quality habitats for birds. 



 

 

 

3
9 

 

 

Table 1. Characteristics of Blue Mountain shade coffee study plots within high and low rain zones of the Yallahs River 

watershed, South-eastern Jamaica. Values are mean ± SE where appropriate. The number of vegetation assessment plots on 

each farm was N = 5. Coffee plots are arranged in order of decreasing shade levels. 

 

  High rain zone
a
   Low rain zone

a
 

  S3 S2 S1   S3 S2 S1 

% Shade overstory* 68.2 ± 2.5 59.8 ± 2.3 42.6 ± 3.1 

 

89.0 ± 

0.8 

72.3 ± 

2.4 

51.1 ± 

2.9 

Overstory tree height (m) 12.5 ± 4.0 9.4 ± 1.7 8.4 ± 0.8 

 

9.9 ± 1.8 8.9 ± 1.1 7.5 ± 1.3 

%  Coffee shrub cover
b
 42.0 ± 7.5 36.5 ± 6.0 43.0 ± 8.0 

 

34.8 ± 

6.3 

42.3 ± 

6.3 

47.5 ± 

7.4 

Slope* 35.3 ± 8.6 33.7 ± 6.5 54.7 ± 5.9 

 

53.6 ± 

8.1 

78.8 ± 

5.4 

44.7 ± 

7.6 

Aspect* -18.7 ± 3.8 -8.5 ± 2.1 

-10.9 ± 

3.0 

 

3.7 ± 3.0 1.4 ± 1.4 5.5 ± 4.3 

Overstory basal area (m
2
/ha) 10 10 4.4 

 

9.6 11.6 11.4 

Specie s richness 10 9 11   10 7 9 
a
High rain zone shade plots (S1, S2, and  S3) and low rain zone (S1, S2, and S3). 

b
Per 5-m radius vegetation sampling plot (0.0079 ha). 

*Indicates P ≤ 0.05. 
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Figure 2. Six year (1996 to 2001) monthly (January to June; mean ± SE) rainfall within 

high (filled circle) and low (open circle) rain zones of the Yallahs River watershed, south 

eastern Blue Mountain, Jamaica. Data are from the Jamaica Meteorological Services and 

Whitifield Hall coffee farm. 
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Figure 3. Biomass (mean ± SE) of arthropods available as prey during winter (01 

February – 20 February) and spring (20 March – 15 April) 2009 and 2010, in the canopy 

(A) and coffee shrub layer (B) of high (filled circles) and low (open circles) rain zone 

shade study plots in the Yallahs River watershed, south-eastern Blue Mountain, Jamaica. 
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Figure 4.  The relationship between high and low rain zone and corrected body mass 

(mass adjusted for unflattened wing chord and tarsus; mean ± SE) of male (filled circles) 

and female (open circles) American Redstarts (A) and Black-throated blue Warbler (B) 

captured on shade coffee study plots within the Yallahs River watershed, south eastern 

Blue Mountains, Jamaica during winter and spring 2009 and 2010. 
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Figure 5. Setophaga ruticilla.  The relationship between time of season (winter: 01 

February – 20 February and spring: 20 March – 15 April) and corrected body mass (mass 

adjusted for unflattened wing chord and tarsus; mean ± SE) of male (filled circles) and 

female (open circles) American Redstarts captured on high and low rain zone shade 

coffee study plots from 2009 and 2010 within the Yallahs River watershed, south eastern 

Blue Mountains, Jamaica. 
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Figure 6. Setophaga caerulescens. The relationship between time of season (winter: 01 

February – 20 February and spring: 20 March – 15 April) and corrected body mass (mass 

adjusted for unflattened wing chord and tarsus; mean ± SE) of male (filled circles) and 

female (open circles) Black-throated blue Warblers captured on high and low rain zone 

shade coffee study plots from 2009 and 2010 within the Yallahs River watershed, south 

eastern Blue Mountains, Jamaica. 
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Figure 7. Vireo altiloquus. The relationship between high and low rain zones and 

corrected body mass (mass adjusted for unflattened wing chord and tarsus; mean ± SE) of 

male (filled circles) and female (open circles) Black-whiskered Vireos captured on shade 

coffee study plots from 2009 and 2010 within the Yallahs River watershed, south eastern 

Blue Mountains, Jamaica. 
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Figure 8. Setophaga ruticilla. The relationship between spring departure date and 

corrected body mass (mass adjusted for wing chord and tarsus length) of male (filled 

circles) and female (open circles) American Redstarts on high (A) and low (B) rain zone 

shade coffee farms within the Yallahs River watershed, south eastern Blue Mountains, 

Jamaica. 
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CHAPTER 3: THE FORAGING ECOLOGY AND ABUNDANCE OF BIRDS ALONG 

PRECIPITATION AND SHADE GRADIENTS IN BLUE MOUNTAIN COFFEE 

AGROECOSYSTEMS, JAMAICA, W.I. 

 

 

 

INTRODUCTION 

Loss of native forests to agricultural landscapes is known to contribute in a 

marked way to the decline of avian populations (Perfecto et al. 1996, Greenberg et al. 

1997, Wunderle and Latta 1998, M. D. Johnson 2000a, Smith et al. 2001, Mas and 

Dietsch 2004, Philpott et al. 2008).  With more than 25 million acres under cultivation 

throughout the tropics, coffee is among the most traded commodities in the world.  

Coffee can also leave behind a considerable negative footprint on the environment when 

grown under certain conditions.  Coffee agroecosystems, however, when grown under the 

shade of native canopy species can also make up some of the most prominent, species-

rich agricultural habitats in mid-elevation tropical areas such as the Caribbean (Rice and 

Ward 1996, Wunderle and Latta 1996, Rice 1999, 2003, Borkhataria et al. 2006).  Shade 

coffee agroecosystems have been shown to support ant, butterfly, amphibian, reptile, 

bird, and epiphytic diversity, though not at the same levels as neighboring forest habitats 

(Moguel and Toledo 1999, Mas and Dietsch 2003, Cruz-Angon and Greenberg 2005).  

The vast majority of research, however, has been done with bird communities in shade 
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coffee agroecosystems (Robbins et al. 1992, Rice and Ward 1996, Wunderle and Latta 

1996, Greenberg et al. 1997, Mas and Dietsch 2003, Perfecto et al. 2004, Van Bael et al. 

2008, Bakermans et al. 2009). 

Coffee agroecosystems are designed to mimic natural ecosystems by providing 

habitat for a wide variety of bird species (e.g., frugivores, nectarivores, and insectivores; 

Greenberg et al. 1997, Jones et al. 2002, Komar 2006).  The structural (tree species 

richness in each stratum) and floristic (number of different strata occurring) diversity that 

results, and the often correlated diversity and abundance of birds in coffee 

agroecosystems have been a major motivating force behind efforts to identify and certify 

such systems for their value to migrant and resident birds (Perfecto et al. 2005, Rice 

2010).  Although the general pattern of increasing diversity and abundance of birds with 

increasing floristic and structural diversity in coffee agroecosystems is confirmed 

(Perfecto et al. 2003, Carlo et al. 2004), the specific mechanism behind the relationship 

between floristic and avian diversity in such systems are not well understood (Dietsch et 

al. 2007).   

Studies in shade coffee agroecosystems demonstrate that insectivorous birds 

spend a significant portion of their time foraging in the resource rich shade overstory and 

rarely use the coffee understory itself which is reported to be depauperate in arthropod 

food resources (Greenberg et al. 1997, Wunderle and Latta 1998, Wunderle 1999, 

Johnson 2000b, Jones et al. 2002, Jedlicka et al. 2006).  The abundance of arthropods in 

the shade layer is thought to provide important resources for insectivorous and 

nectarivorous birds while the paucity of arthropods in the coffee layer is thought to limit 
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understory forest-restricted species (Wunderle and Latta 1996, Greenberg et al. 1997, 

Wunderle 1999, Carlo 2004).  But how foraging behavior and the resources used by birds 

in Blue Mountain coffee agroecosystems and adjacent forest habitats are affected by 

floristics is largely unknown.  Additional research on the details of what aspect of the 

floristics and structural diversity of coffee farms benefit birds in these systems could help 

park and farm managers better manage farm productivity and sustainability while 

benefiting avian populations. 

To further complicate the relationship between floristic and structural diversity 

and the use of these habitats by birds, several studies indicate that seasonal and annual 

precipitation can have direct and indirect effects on plant primary productivity and 

arthropod resources (Buse and Good 1996, Walther et al. 2002, Nemani et al. 2003, 

Parmesan and Yohe 2003, Root et al. 2003, Parry et al. 2004, Lin 2007).  Decreased 

primary plant productivity in natural systems can affect herbivore (e.g., arthropods) 

populations that can in turn negatively affect predator (e.g., birds) populations, which 

consume both plant resources and arthropods (Hunter and Price 1992).    Therefore, 

research in coffee agroecosystems across a precipitation and floristic diversity gradient 

will contribute to our knowledge regarding coffee-bird ecological relationships and 

contribute to conservation efforts in these managed landscapes.  Research by Dietsch et 

al. (2007) suggests that coffee agroecosystems with high plant species diversity will have 

sufficient food resources (e.g., fruits, nectar and arthropods) that can support the 

coexistence of many bird species.  Determining how birds respond to habitat types can be 

complex.  So, research could be directed at specific responses such as foraging behavior.  
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Alternatively or additionally, one could measure more comprehensive patterns such an 

index that captures a community response. 

The index of biological integrity (IBI) concept, first developed by Karr (1981) 

and later refined (O’Connell et al. 1998, Karr and Chu 1999), integrates many easy to 

measure and interpret biological variables that provide information on ecological 

conditions at the individual, population or landscape scales (Guilfoyle 2009).  Songbirds, 

despite their varied forms and diversity, share several life-history traits –including 

relatively short generation times; are widely distributed; highly mobile; and their annual 

cycles hinge on seasonal phenological cues – that make them well suited for use as 

indicators of the health of coffee agroecosystems (Bibby et al. 1992). An index of bird 

community integrity (IBCI) – based on multiple bird traits such as conservation status, 

and foraging and nesting behavior, can provide a snapshot of the biological integrity of a 

habitat under investigation for birds (DeLuca et al. 2004, Guilfoyle 2009). O’Connell et 

al. (1998) assigned scores to bird traits to reflect a “high”, “intermediate” and “low”, 

integrity condition.  For example, the high integrity condition indicates structural, 

functional, and compositional elements typical of undisturbed habitats (O’Connell et al. 

1998, Guilfoyle et al. 2009).  The kind of metric scoring used to develop the final IBCI 

ensures statistical compatibility, despite any differences in the original measurement units 

(Karr and Chu 1999), and allows the metrics to more precisely reflect any differences 

among natural and disturbed habitats (O’Connell et al. 2000).  The scores for each 

biological metric are summed to calculate individual species and eventually site specific 

IBCI values, which can be used repeatedly to assess the ecological integrity of individual 
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sites or to monitor changes in resources over time (Guilfoyle et al. 2009).  In the context 

of coffee agroforestry, I developed an IBCI to assess functional attributes of these 

managed systems to identify areas within the system that may be in need of management 

action or evaluate the effects of any management effort, and improve our understanding 

of how floristic and structural diversity within coffee agroecosystems affect ecological 

functions. 

  To date, no studies have simultaneously examined how precipitation and habitat 

quality gradients influence foraging behavior, bird abundance, and the overall biotic 

integrity of coffee agroecosystems in the Caribbean.  Evaluating avian diversity and 

behavior along environmental gradients where conditions vary in a predictable ways can 

provide important insights into the habitat – bird relationship and this variation can be a 

consequence of changes in vegetation (Loiselle and Blake 1991, Rodenhouse 1992). 

In this chapter I examine how precipitation and habitat quality gradients influence 

bird abundance and foraging behavior in coffee agroecosystems and adjacent forest 

habitats in the Yallahs River watershed, south-eastern Blue Mountains, Jamaica.  I tested 

the hypothesis that precipitation and structural and floristic diversity can influence avian 

abundance, foraging behavior and biotic integrity.  The results presented here are an 

initial assessment of the capacity of Blue Mountain shade coffee agroecosystem to 

provide suitable habitat for birds, and in a changing climate.  

STUDY SPECIES, AREA, AND METHODS 

Study Species. — Foraging observations were focused on the breeding summer 

resident, the Black-whiskered vireo (Vireo altiloquus) and two non-breeding winter 
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residents, the American Redstart (Setophaga ruticilla) and the Black-throated blue 

Warbler (Setophaga caerulescens).  Black-whiskered Vireos, American redstarts and 

Black-throated blue warblers are generalist insectivores that can be found in a variety of 

habitats including agricultural landscapes such as citrus and coffee (Lack 1976; Johnson 

2000; Marra and Holmes 2001; Johnson et al. 2006; Kellermann 2007). 

Study Area. — The Blue and John Crow Mountain National Parks (BJCMNP) are 

in eastern Jamaica, are located within the parishes of Portland, St. Thomas, and St. 

Andrew, and attain a maximum elevation of 2,290 m.  The approximately 810 km
2
 area 

comprises one third of the remaining closed broadleaf forest of Jamaica and is broadly 

influenced by the northeast trade winds that affect the island’s rainfall.  The eastern 

sections of the park receive 1300-5000 mm of rain per year and have daily average 

temperatures that range from 27°C in the lowlands to 13°C and below at higher 

elevations in the Blue Mountains (Asprey and Robbins 1953, Lack 1976, Downer and 

Sutton 1990).  Forest types on Jamaica follow rainfall patterns, with dry limestone forest 

in the southern lowlands, wet limestone forest at middle elevations and very wet and 

montane forest at higher elevations in the Blue Mountains (Asprey and Robbins 1953, 

Lack 1976, Stattersfield et al. 1998).  

I used two primary locations within BJCMNP for this research.  Abbey Green and 

Ramble are in the southeastern corner of the BJCMNP within the Yallahs River 

watershed, where there is a natural gradient in precipitation with elevation (Fig.1).  

Abbey Green has large coffee estates, occurring at approximately 1300 m elevation, that 

are a mosaic of mostly sun coffee fields with variable amounts of shade adjacent to native 
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forest (Robinson 2006).  All farms in this area were adjacent to native secondary lower 

montane forest.  Ramble is a collection of small coffee farm holdings with variable 

amounts of shade grown coffee at a lower elevation, approximately at 500 m, but farmers 

do not plant sun coffee.  All farms in this area were adjacent to disturbed forested 

woodlands.  For this study, I chose coffee farms that had similar cultivation techniques 

and acreage of planted coffee but differing in the amounts of shade overstory.  I 

established six total alpha-numerically gridded coffee study plots, three at high (three at 

Abbey Green) and three at low (three at Ramble) rain zone areas, each ranging in size 

from 3 to 5 hectares. 

Climate Measurements. —A six-year time series for monthly precipitation 

measurements for Abbey Green was obtained from a permanent rainfall station located at 

Whitifield Hall (18
0
 02

’
 N, 76

0
 37

’
 W) while rainfall measurements for Ramble were 

obtained from the Meteorological services of Jamaica for the period 1996 to 2001.  We 

supplemented these precipitation data with temperature and relative humidity 

measurements taken using HOBO RH/ Temp (2x External Sensor Logger H08-007-02) 

data loggers at fixed points approximately two meters off the ground at Ramble and 

Abbey Green during the study. 

Habitat measurements. —Vegetation was measured at five randomly selected 

points from alpha-numeric grid networks I established on each coffee study plot using a 

modified point centered quarter method (Mueller-Dombois and Ellenberg 1974).  At each 

point location, canopy cover was quantified using hemispherical photography on a tripod 

at two-meter height above coffee shrubs at the north, south, east, and west axes formed 
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by the imaginary 5-m radius circle around the center of each point, for a total of four 

pictures per point.  Coffee was moved aside if necessary to permit a clear view of the 

coffee overstory.  The percent coffee shrub cover was estimated within the imaginary 5 m 

radius circle (approximately 80 m
2
) using the quadrants established by the north – south 

and east – west axes as a guide.  In each quarter, the distance from the center of the point 

and the DBH (≥ 4 cm) at 1.2 m height above the ground of the nearest tree contributing to 

the coffee overstory was measured and recorded.  The vegetation characteristics of 

neighboring forest sites were not assessed, but these sites were structurally and 

floristically more complex than the most shaded coffee site based on personal 

observations in the field.  Nonetheless, Asprey and Robbins (1953) describes the remnant 

low land forests around Ramble as thin canopied and dominated by trees such as 

Mangifera indica, Samanea saman, Theobroma cacao, Ceiba pentandra, Bursera 

simaruba, and Spondias purpurea while lower montane forest around Abbey Green were 

closed canopied and characterized by trees such as Alchornea latifolia, Psidium 

montanum, Nectandra antillana, Ficus suffocans, Prunus occidentalis, and Sapium 

jamaicansis. 

Bird Abundance. —I used a fixed radius 10-minute point count survey technique 

with 25 m radius to sample the bird community.  Four survey points were randomly 

selected in each coffee plot using the intersections of the alpha-numeric grid network.  

Additional census points in nearby forests and woodlands were established along existing 

trails.  Survey points in all habitats were spaced at least 100 m apart and the distance and 

location of each bird detected was marked on survey data sheets to minimize double 
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counting individuals.  I conducted all point count surveys between 0630 hrs. and 1030 hrs 

and no point count was conducted in inclement weather.  All points were censused 

between February and March 2009 and 2010 for a total of 40 (n = 4 point surveys in each 

shade coffee habitat and 16 in forest habitats) and 56 (n = 4 point surveys in each shade 

coffee habitat and 32 in forest habitats) point survey circles, respectively.  I calculated the 

mean number of birds detected within 25 m (1963.75 m
2
) across all habitats and rain 

zones for both years and used this abundance estimate for data analysis. 

Foraging Observations. —Observations on the foraging ecology of two 

understory specialists, American Redstart (Setophaga ruticella) and Black-throated blue 

Warbler (Setophaga caerulescens), and one canopy specialist Black-whiskered Vireo 

(Vireo altiloquus) were conducted from February to May 2009 and 2010 at Abbey Green 

and Ramble during the mornings (0600 hrs. to 1030 hrs.) and afternoons (1500 hrs to 

1800 hrs.) at most two days per week on each coffee study plots and adjacent forests and 

woodlands.  To standardize results among myself and assistant observers, observations of 

individual foraging birds were made simultaneously by observers and the resulting 

descriptions of foraging maneuvers compared to ensuring observer agreement.  We 

rotated through each coffee study plot and forest sites to equalize efforts across habitats.  

Foraging observations in forest and woodland habitats were conducted along an existing 

trail network.  Foraging observations were made by conducting slow patrols throughout 

each coffee study plot until a target species was located visually or audibly and its 

foraging behavior noted using a protocol adapted from Cruz (1980).  When a foraging 

individual was encountered, it was followed for as long as it remained in sight for up to a 
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maximum of 10-minutes.  I recorded foraging height, zones, substrates, and maneuvers 

used for initial and secondary foraging bouts each time a bird moved approximately one 

or more meters, since during foraging bouts several foraging maneuvers may be 

performed (defined below; Greenberg et al. 1999).  

Foraging height intervals used were (0-2 m), (2-6 m), (6-12 m), (12-25 m), and 

(>25 m). These height intervals were chosen to reflect the major change in vegetation 

profiles of coffee agroecosystems (ground and coffee shrub layer, low trunks and small 

trees, middle canopy, upper canopy, and above the emerging canopy).  The foraging 

zones were identified as ground, shrubs, trees and aerial with the tree-zone divided into 

trunks, inner branches, and outer branches.  Foraging maneuvers, based on Cruz (1980) 

and Remsen and Robinson (1990), were classified as glean (leaves, fruits, flowers, or 

branches), aerial jump (hovering while gleaning leaves, fruits, flowers, or branches), 

sallying (hawking, flycatching, or snatching), probing (inserting bill into substrate), and 

pecking (tapping on substrate). 

IBCI Estimation. — The IBCI in this study was adapted from DeLuca et al. 

(2004).  In developing the IBCI, birds were assigned to behavioral and physiological 

response guilds determined from literature reviews (Lack 1976, Downer and Sutton 1990, 

Raffaele et al. 1998, Haynes-Sutton et al. 2009, Kennedy et al. 2010).  I scored the 

following species traits: (1) geographic range, (2) altitudinal range, (3) diet guild, (4) 

foraging strata, and (5) habitat association (Appendix 3).  I included diet guild, foraging 

strata, and habitat association because traits associated with resource use best predicted 

bird species response to vegetation cover and land use change (DeLuca et al. 2004, 
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Kennedy et al. 2010).  I selected geographic and altitudinal range because species with 

limited ranges may have reduced capacity to respond to disturbance (DeLuca et al. 2008).  

I ranked bird species traits on a scale of 1 to 3 (Table 2) and the sum of the five 

ranked traits used to calculate species IBCI score (SIBCI; Appendix 4) for all birds 

detected in this study: 

   SIBCI  = ∑ Ls     (1) 

Where Ls is the score of all ranked species traits. Now that all species scores were 

known, habitat index of bird community integrity (HbIBCI) scores for each habitat was 

calculated as: 

  HbIBCI  = {(∑SIBCI/SN) + FRN} – 6    (2) 

Where SN is the total number of bird species and FRN is the number of forest 

restricted species detected in each habitat.  I subtract six while determining the HbIBC to 

ensure a scoring scale that is constant.  The HbIBCI were then used as a surrogate estimate 

of the biotic integrity for each coffee and forest habitats. 

Statistical Analyses — The vegetative characteristics of coffee study plots and 

temperature and relative humidity data were compared across habitat and precipitation 

gradients using a one-way ANOVA.  To determine if bird abundance was different 

between coffee agroecosystems and neighboring forest habitat in high and low rain 

zones, I used t-tests for unequal variances to compare the abundance of birds in three 

guilds: diet guild (insectivores, nectarivores, frugivores, granivores; carnivore excluded 

because of small sample size), foraging strata (canopy, understory, ground, and multiple), 

and habitat association (forest restricted, open associated, and generalist).  Though guild 
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level analyses may mask interesting patterns at the species level, such analyses may 

prove more valuable in elucidating ecological impacts on the overall bird community 

(Dietsch et al. 2007).  Kruskal-Wallis H-test was used to examine the effect of overstory 

vegetative complexity on bird abundance.  The HbIBCI scores computed were compared 

between and among shade coffee agroecosystems and neighboring forest habitats to 

assess their biotic integrity. 

For foraging data, the frequency of levels within each categorical variable (e.g., 

foraging height and maneuver) was compared between forest and coffee agroecosystems 

within each rain zone using χ
2
 –test. Multi-nomial logistic regression was used to assess 

the overall effects of categorical variables describing American Redstart, Black-throated 

blue Warbler, and Black-whiskered Vireo foraging ecology.  Categorical variables were 

grouped by similarity where the number of observations in a category was inadequate to 

permit meaningful statistical analyses.  All statistical analyses were carried out using 

JMP (v9.0.2, SAS Institute Inc. 2010) and STATISTICA (v10.0, Stat Soft, Inc. 2011).  

Data presented are mean ± 1 SE unless otherwise stated.  The species level analyses 

presented here may help to decipher interesting patterns in the data and aid our 

understanding of the resource limitations faced by individual species and the factors that 

may aid their persistence in agroecosystems (Dietsch et al. 2007). 

RESULTS 

Climate Measurements. — The average temperature (high rain zone: 17.83 ± 0.07 

ºC, low rain zone: 22.99 ± 0.06 ºC) and relative humidity (high rain zone: 77.24 ± 0.31 

%, low rain zone: 74.75 ± 0.26 %) during the months February to June differed 
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significantly (temperature: F1,7683 = 3071.21, P < 0.0001 and relative humidity: F1,7683 = 

37.47, P < 0.0001) between the high and the low rain zones in the Yallahs River valley.  

Though the six year mean monthly rainfall for January to June in high and low rain zones 

(F5,60 = 0.7916, P = 0.3752) did not differ significantly, the average rainfall for each 

month was greater in high than low rain zone (Fig. 2). 

Habitat Measurements. —Shade coffee study plots (S1, S2, and S3) differed 

significantly across the rain zone in slope (F1,118 = 8.44, P = 0.0044), aspect (F1,118 = 

40.38, P  < 0.0001), and percent shade (F1,118 = 19.67, P  < 0.0001).  However, no 

significant differences were  detected for percent coffee shrub coverage and height of 

overstory trees (ANOVA for percent coffee shrubs: F1,118 = 0.03, P  = 0.8591; for 

overstory tree height: F1,118 = 0.63, P  = 0.4286, Table 1).  Species richness and overstory 

basal area of shade trees did not differ significantly among or between the shade and rain 

zone gradients, respectively, except for high rain zone study plot S1, where the basal area 

was less than 50 % of any other high rain zone study plot (Table 1).  The floristic 

composition of the shade coffee study plots was different between high and low rain 

zones.  High rain zone plots were characterized by low diversity and abundance of 

overstory trees, where the most frequent were Prunus sp., Grevillea robusta, Alchornia 

latifolia, and Musa sp. (banana and plantain).  Eucalyptus globulus and Citrus sp. were 

the only other trees contributing meaningfully to the overstory (Appendix 1).  

Conversely, low rain zone shade coffee plots had higher diversity and abundance of 

overstory trees with the most frequent being Cedrela odorata, Mangifera indica, Cordia 

alliodora, Leucaena leucocephala), Samanea saman, and Blighia sapida (Appendix 1).  
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Also contributing substantially to the overstory were Catalpa longissima, Artocarpus 

altilis and Simaruba glauca . 

Bird Abundance. — A total of 65 bird species was recorded, including 43 and 40 

species from high rain zone shade coffee and forest habitats, respectively, and 49 and 42 

bird species from low rain zone shade coffee and forest habitats, respectively.  In the high 

rain zone, the bird groups granivore, omnivore, ground, open associated, and generalist 

were more abundant in shade coffee than lower montane forest habitats, with granivores 

and open associated bird group having significantly greater abundance (Table 3).  The 

abundance of the bird groups insectivore, nectarivore, frugivore, canopy, understory, 

multiple, and forest restricted species were greater in forest than in coffee habitats, with 

significantly greater abundance of forest restricted species.  In the low rain zone, all bird 

groups, except forest restricted species, were more abundant in coffee than forest habitats 

and only open associated species had greater abundance in coffee than forest habitats 

(Table 3).  The mean rank of bird abundance per bird group was not significantly 

different across the gradient in vegetative complexity between and among shade coffee 

and forests habitats (df = 3, H ≤ 6.22, P ≥ 0.1013), except for forest restricted species in 

the high rain zone where the mean rank of abundance in forest habitats was significantly 

different than that in shade coffee habitats (df = 3, H = 14.78, P = 0.0020). 

Foraging Observations. — A total of 1011 foraging observations were made from 

the months of February to May 2009 and 2010.  Multi-nomial logistic regression found 

that habitat and rain zone and their interaction had significant effects on the height at 

which Black-throated Blue Warblers foraged (mlogit rainzone: df = 2, χ
2
 = 32.53, P < 
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0.0001; habitat: df = 2, χ
2
 = 12.10, P = 0.0024; interaction: df = 2, χ

2
 = 21.35, P < 

0.0001). Proportionately, Black-throated Blue Warbler foraged more frequently in the 

canopy of high than low rain zone habitats (Fig. 9A; df = 2, χ
2
 = 11.97, P = 0.0025).  

Similarly, habitat and rainzone and their interaction had a significant effect on the height 

at which American redstarts foraged (mlogit rainzone: df = 2, χ
2
 = 39.81, P < 0.0001; 

habitat: df = 2, χ
2
 = 30.69, P < 0.0001; interaction: df = 2, χ

2
 = 6.67, P = 0.0357).  More 

American redstarts were observed foraging in the overstory canopy (83 %) than in the 

coffee shrub layer (17 %) in the high rain zone; and while more redstarts (58 %) also 

foraged in the overstory canopy of low rain zone habitats, considerably more  birds (42 

%) were observed foraging in the coffee shrub layer (Fig. 9B; df = 2, χ
2
 = 30.65, P < 

0.0001).  Neither habitat, rain zone nor their interactions had any significant effect on the 

heights at which Black-whiskered Vireo foraged (mlogit rainzone: df = 2, χ
2
 = 0.01, P = 

0.9955; habitat: df = 2, χ
2
 = 1.05, P = 0.5906; interaction: df = 2, χ

2
 = 1.58, P = 0.4548).  

Proportionate analyses were not carried out because of too few observations within some 

foraging height levels.  Nonetheless, though the majority of the foraging height 

observations were from the overstory canopy across all habitats and rain zones, some 

birds (5 %) were observed utilizing the coffee shrub layer in the low rain zone (Fig. 9C). 

There were significant differences in the foraging maneuvers used by Black-

throated blue Warblers across rain zones, habitats, and their interaction (mlogit rainzone: 

df = 3, χ
2
 = 80.00, P < 0.0001; habitat: df = 3, χ

2
 = 7.35, P < 0.0615; interaction: df = 3, 

χ
2
 = 30.61, P < 0.0001). Proportionately, the type of foraging maneuvers used differed 

significantly between rain zones, with most birds (59 %) gleaning arthropods from 



 

62 

 

various substrates in the high rain zone while primarily sallying (45 %) to catch arthropod 

prey in the low rain zone (Fig. 10A; df = 3, χ
2
 = 80.02, P < 0.0001).  Birds were also 

observed probing more fruits and flowers in high (22 %) than low (8 %) rain zone 

habitats.  While rain zone did not have any significant effect on the foraging maneuvers 

used by American Redstarts, habitat and the interaction of habitat and rain zone 

significantly affected the foraging maneuvers redstarts used to catch arthropod prey 

(mlogit rainzone: df = 3, χ
2
 = 6.60, P < 0.0858; habitat: df = 3, χ

2
 = 18.60, P = 0.0003; 

interaction: df = 3, χ
2
 = 13.67, P = 0.0034).  While proportionate analyses were not 

carried out because of too few observations for some maneuvers, it is clear that sallying 

(40 %) and gleaning (51 %) arthropods from various surfaces was a favorite maneuver in 

high rain zone habitats, but sallying (65 %) to capture arthropod prey was the clear 

favorite of redstarts in low rain zone habitats (Fig. 10B).  For Black-whiskered Vireos, 

rain zone and the interaction of rain zone and habitat had a significant effect on foraging 

behavior, but habitat by itself had no significant effect (mlogit rainzone: df = 3, χ
2
 = 

12.55, P < 0.0056; habitat: df = 3, χ
2
 = 6.59, P = 0.0876; interaction: df = 3, χ

2
 = 12.93, P 

= 0.0048).  The type of foraging maneuvers employed by Black-whiskered Vireos were 

significantly different between high and low rain zone, with birds typically gleaning food 

resources in high (66 %) and low (47 %) rain zones and pecking branches, bark, fruit, and 

dead leaves more often in low (25 %) than high (5 %) rain zones (Fig. 10C; df = 3, χ
2
 = 

17.39, P = 0.0006). 

In the high rain zone, Black-throated Blue Warbler use of substrate types were 

significantly different between coffee and forest habitats (Fig. 11A; df = 3, χ
2
 = 25.01, P 



 

63 

 

< 0.0001), but there was no significant difference in the type of substrate used by birds in 

the low rain zone (Fig. 11A; df = 3, χ
2
 = 5.11, P = 0.1642).  Birds primarily obtained 

arthropod resources from leaf surfaces across all habitat and exploited fruit and nectar 

resource in coffee habitats in high and low rain zones.  A statistical analysis of redstart 

substrate use in the high rain zone was not carried out because of too few observations in 

many substrate categories.  But, birds appear to access much of their food resource from 

the surface of leaves in shade coffee (79 %) and forest (64 %) habitats.  In the low rain 

zone, there was a significant difference in redstart substrate use between shade coffee and 

forest habitats (Fig. 11B; df = 3, χ
2
 = 10.48, P = 0.0149).  Redstarts also obtained food 

resources from leaf surfaces in shade coffee (49 %) and forest (53 %) habitats.  Too few 

observations in many of the substrate use categories for Black-whiskered Vireos in the 

high rain zone did not permit statistical analyses.  Nonetheless, aside from primarily 

obtaining arthropod prey from leaves, birds were also observed exploiting a variety of 

fruits in high and low rain zone shade coffee habitats (Fig. 11C).  In the low rain zone, 

there were no significant differences in the type of substrates used by birds between 

shade coffee and forest habitats (Fig. 11C; df = 3, χ
2
 = 5.29, P = 0.0711).  Birds obtained 

arthropod prey 56 % and 44 % of the time from branches in low rain zone coffee and 

forest habitats, respectively; while 17 % of the substrates used by Black-whiskered 

Vireos to obtain food resources on high rain zone shade coffee habitats was from 

branches. 

Biotic integrity. — The IBCI of forested habitats was greater than that of coffee 

agroecosystem habitats in both high and low rain zones of the Yallahs River watershed 
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(Fig. 12).  Among shade coffee habitats, study plots with the least amount of shade had 

the highest biotic integrity (Fig. 12).   

DISCUSSION 

Based on percent overstory shade and species richness, the coffee management 

systems in the Yallahs River valley can be characterized as a mixture of commercial 

(high rain zone) and traditional and rustic (low rain zone) polyculture (Perfecto et al. 

2005).  Growing coffee in the lower reaches of the Blue Mountains requires greater 

amounts of shade since this area receives less rainfall (Fig. 2) and has many more days of 

sunshine (Robinson 2006).  This difference in climate has led to the installation of a 

number of high quality coffee habitats that are capable of supporting a diverse bird 

community.  Though several studies have demonstrated the capacity of coffee 

agroecosystems to act as a sanctuary for birds (Wunderle and Latta 1996; Greenberg et 

al. 1997; Perfecto et al. 2004; Van Bael et al. 2008), few have examined how the quality 

of such systems (Tejeda-Cruz and Sutherland 2004, Dietsch et al. 2007, Bakermans et al. 

2009) or their interaction with precipitation can support bird communities.  In this study 

bird composition and abundance was greatest in forest (secondary or degraded) than 

coffee habitats and foraging behavior suggests that Blue Mountain shade coffee provide 

suitable habitats for birds through abundant arthropod and nectar resources. 

Bird composition and abundance varies with elevation (Wunderle and Latta 

1996).  Because this was especially the case in this study, bird abundance comparisons 

between shade coffee and forest habitats were confined within the rain zones.  The 

abundance of several bird groups based on diet guild, foraging strata, and habitat 
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association, suggests that shade coffee habitats in the Yallahs River valley may be 

provide suitable habitat to generalist species, but less not for forest restricted species.  

The results of this study show that diet generalists, species that use multiple strata, and 

habitat generalists were more abundant in coffee habitats than nearby forest habitats, 

irrespective of the rain zone (Table 3).  It has been demonstrated that generalists, more 

than specialists benefit from disturbed habitats such as found in shade coffee 

agroecosystems (Vázquez and Simberloff 2002, Tejeda-Cruz and Sutherland 2004, 

Philpott et al. 2008).  This greater abundance of all bird groups except forest restricted 

species, suggests that shade coffee habitats in the low rain zone was more beneficial for 

the overall bird community than adjacent modified lowland forest habitats.  The greater 

abundance of bird species found in low rain zone traditional and rustic shade coffee 

habitats may be explained by the floristic and structural complexity found in these 

systems.  Deitsch et al. (2007) demonstrated that increased floristic and structural 

diversity in the overstory shade in coffee agroecosystems can provide birds with 

significant resources.  The extensive use of fruit trees such as M. indica, B. sapida, and 

citrus sp. as part of the shade overstory can provided additional food resources for 

insectivores, omnivores, and frugivores that were, on many occasions, observed utilizing 

fruit resources from these trees.  Similarly, the use of G. robusta on high rain zone shade 

coffee habitats as an important shade species provided valuable food resource for many 

nectarivores (e.g., Coreba flaveola, and Eunornis campestris), frugivores (e.g., Euphonia 

jamaica, and Spindalis negricephalus), omnivores (e.g., Setophaga caerulescens, 

Setophaga tigrina, and Turdus jamaicansis) and insectivores (e.g., Setophaga ruticilla, 
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Icterus leucopteryx, and Oreothlypis ruficapilla).  Indeed, fruit and nectar resources are 

generally more available in shade coffee than forest habitats (Vannini 1994, Greenberg et 

al. 1997, Johnson 2000a). 

Most foraging maneuvers displayed by Black-throated blue Warblers, American 

redstarts and Black-whiskered Vireos occurred in the tree canopy, irrespective of rain 

zone and habitat type (Fig. 10).  The results from this study suggest that arthropod food 

resources were more abundant in the canopy of shade coffee habitats (Chapter 2) and 

like-wise in adjacent forest habitats.  The structurally less complex shade coffee habitats 

may have provided flycatching insectivores with more flying arthropod prey (e.g., 

Diptera and Hymenoptera; Chapter 2), and better opportunities for food acquisition 

because the habitat was less dense (Johnson 2000).  This view finds support in the greater 

number of sally-pursue maneuvers performed by redstarts and Black-throated Blue 

Warblers in low rain zone habitats.  Black-throated blue Warblers also performed 

proportionately more probing maneuvers on high than low rain zone shade coffee habitat.  

On numerous occasions, these omnivorous birds were observed probing the flowers of G. 

robusta while exploiting the trees abundant nectar resource.  Studies in Australia 

demonstrated that G. robusta was a very important nectar source for a variety of birds in 

residential areas (French et al. 2005).  The presence of such tree species in shade coffee 

habitats, provide opportunistic food resource and can be important for birds during the 

drier winter months when arthropod resources can be scarce (Johnson 2000a) and also 

provide resources for resident birds that breed in shade coffee habitats. 
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The use of diversity indices alone to determine biological integrity in shade coffee 

agroecosystems can lead to ineffective and unintended conservation actions (Tejeda-Cruz 

and Sutherland 2004).  The IBCI approach demonstrated here suggests a clear contrast 

between the biotic integrity of shade coffee and forest habitats.  Although the biotic 

integrity indices of shade coffee agroecosystems were relatively similar to that of forest 

habitats, forest habitats, whether secondary or degraded, are ecologically better for 

conservation.  The approach used in this study, however, did not adequately differentiate 

biotic integrity among shade coffee habitats and suggests that less shaded systems offer 

better biotic integrity for birds.  Further refinement of the index could improve the IBCI 

as in the case of Deluca et al. (2008) where disturbance tolerant species were weighted on 

their presence rather than abundance.  The IBCI is here also applied over a small 

geographic area and limited number of sites (2 forest and 6 shade coffee habitats), though 

the method works best over large geographic areas (O’Connell et al. 2000, Guilfoyle 

2009).  Nonetheless, the approach shows promise and could be utilized to assess and 

monitor the biotic integrity and ecological changes in the larger Blue Mountain coffee 

bioregion.  Such approach to conservation, could lead to the implementation of more 

focused and effective conservation measures that can bring ecological and economic 

benefits to the region (Chapter 4). 

CONCLUSION 

The shade coffee and forest habitats in high and low rain zones differed greatly in 

their complement of trees, shade canopy and vegetative complexity which were mediated 

by differences in the climate of both rain zones.  In this study bird abundance and 
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foraging behavior were variable between rain zones and shade coffee and forest habitats.  

Some bird groups, such as granivores and open associated species benefited from the 

more open nature of coffee habitats, while other specialist bird groups like forest 

restricted species, insectivores, and frugivores had greater abundance in forest habitats, 

though the pattern was not uniform across rain zones.  The heterogeneous and vegetative 

complexity of forest habitats offered better overall biological integrity for the bird 

community. Though the use of shade coffee habitats as buffer zones around forests could 

be a worthwhile conservation strategy, particularly in low rain zone areas where shade 

coffee habitats support all members of the bird community. 

The foraging dynamics observed for the three species in this study suggest that 

increased vegetative and structural complexity in shade coffee habitats may provide birds 

with a variety of food resources, similar to that of adjacent heterogeneous forested 

habitats.  Though these food resources are moderated by the precipitation gradient, the 

results suggest that birds are able to shift their foraging strategies to exploit these 

resources.  When compared to adjacent forest habitats, shade coffee habitats in the 

Yallahs River valley, particularly in the low rain zone areas, can conserve wild bird 

communities.  The patterns observed suggest that no one factor can be used to explain 

bird abundance, foraging behavior in shade coffee and forest habitats.  But the biological 

integrity of these habitats should be determined through the detailed examination of a 

cadre of biotic and abiotic factors. 
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Table 2. Bird species attributes (Lack 1976, Sutton et al. 2009, Kennedy et al. 2010) and scoring criteria used to develop 

index of bird community integrity used in this study. 

 

  

 

 Scores     

 

Generalist 

  

Specialist 

Species Attribute 1 1.5 2 3 

Geographic Range Temperate Tropical Neotropical Caribbean Jamaica 

Altitudinal Range Low to Mid to High Low to Mid 

 

Mid to High 

Diet Guild Omnivore Carnivore 

 

Frugivore, Nectarivore, 

Granivore, Insectivore 

Foraging Strata Multiple Understory 

 

Canopy, Ground 

Habitat 

Association Generalist Open Associated 

 

Forest restricted 
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a Lower montane secondary forest (high rain zone) and modified remnant lowland forest (low rain zone). 

* Significant difference at P ≥ 0.05. 

+Marginal significance at P ≥ 0.05. 

 

Table 3.  Abundance of birds {Mean ± SE (n)} in coffee agroecosystems and adjacent forest habitats in 
high and low rain zone areas of the Yallahs River valley, south-eastern Blue Mountains, Jamaica W.I. 
 

Rain 
Zone Bird Guild Bird Group Coffee Foresta t d.f. P 

 
Diet Insectivores 0.07 ± 0.01 (93) 0.12 ± 0.02 (31) 1.63 39.81 0.1100 

 
Guild Nectarivores 0.62 ± 0.13 (15) 0.71 ± 0.26 (5) 0.31 6.14 0.7651 

  
Granivores 0.10 ± 0.05 (21) 0.01 ± 0.01 (7) -1.93 20.37 0.0677+ 

  
Omnivores 0.24 ± 0.07 (27) 0.13 ± 0.07 (9) -1.25 25.21 0.2219 

High 
 

Frugivores 0.14 ± 0.04 (24) 0.24 ± 0.08 (8) 1.04 11.10 0.3200 

        

 
Foraging Canopy 0.09 ± 0.03 (42) 0.11 ± 0.05 (14) 0.35 19.07 0.7241 

 
Strata Understory 0.12 ± 0.03 (57) 0.14 ± 0.04 (19) 0.37 42.77 0.7131 

  
Ground 0.11 ± 0.04 (42) 0.05 ± 0.03 (14) -1.08 44.48 0.2868 

  
Multiple 0.28 ± 0.06 (45) 0.37 ± 0.11 (15) 0.77 22.47 0.4507 

        

 
Habitat Forest Restricted 0.06 ± 0.01 (90) 0.16 ± 0.03 (30) 2.84 37.62 0.0072* 

 
Association Open Associated 0.10 ± 0.03 (33) 0.01 ± 0.01 (11) -2.67 34.10 0.0114* 

    Generalist 0.31 ± 0.05 (63) 0.27 ± 0.08 (21) -0.42 33.92 0.6748 

        

 
Diet Insectivores 0.14 ± 0.03 (93) 0.12 ± 0.03 (31) 0.43 73.10 0.6613 

 
Guild Nectarivores 0.75 ± 0.18 (15) 0.46 ± 0.20 (10) 1.06 11.57 0.3117 

  
Granivores 0.11 ± 0.04 (21) 0.07 ± 0.03 (7) 0.88 25.65 0.3884 

  
Omnivores 0.19 ± 0.06 (27) 0.08 ± 0.04 (9) 1.58 33.17 0.1237 

Low 
 

Frugivores 0.22 ± 0.07 (24) 0.15 ± 0.04 (8) 0.89 29.06 0.3829 

        

 
Foraging Canopy 0.12 ± 0.04 (42) 0.11 ± 0.05 (14) 0.32 30.82 0.7540 

 
Strata Understory 0.15 ± 0.04 (57) 0.10 ± 0.04 (19) 0.79 63.01 0.4349 

  
Ground 0.12 ± 0.03 (42) 0.06 ± 0.02 (14) 1.59 53.32 0.1181 

  
Multiple 0.40 ± 0.07 (45) 0.28 ± 0.08 (15) 1.07 41.93 0.2890 

        

 
Habitat Forest Restricted 0.07 ± 0.02 (90) 0.08 ± 0.02 (30) -0.10 70.06 0.9203 

 
Association Open Associated 0.12 ± 0.03 (33) 0.04 ± 0.02 (11) 2.37 41.99 0.0223* 

    Generalist 0.42 ± 0.06 (63) 0.28 ± 0.06 (21) 1.57 63.75 0.1223 
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Figure 9. Proportion of foraging observations of Black-throated blue Warbler (A), American Redstart (B), and Black-

whiskered Vireo (C) occurring in each vegetation layer for each study habitat in each rainfall zone during this study.  Study 

habitats are arranged in order of increasing vegetative complexity and total numbers of observations in each level are inset. 

A 

C 

B 



 

 

 

7
2 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 10. Proportion of foraging maneuvers used by Black-throated blue Warbler (A), American Redstart (B), and Black-

whiskered Vireo (C) within each study habitat in each rainfall zone during this study.  Study habitats are arranged in order of 

increasing vegetative complexity and total numbers of observations in each level are inset. 
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Figure 11. The number of foraging observations for Black-throated blue Warbler (A), American Redstart (B), and Black-

whiskered Vireo (C) showing substrates use within each study habitat type in each rain zone. “Forest” means lower montane 

and highly modified remnant lowland forests habitats in high and low rain zones, respectively. 
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Figure 12. Comparison of Habitat index of bird community integrity (HIBCI) scores for 

forest (F) and coffee agroecosystem (S3, S2, S1) habitats in south-eastern Blue 

Mountains, Jamaica, W.I. Habitats are arranged in order of decreasing vegetative 

complexity. 
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CHAPTER 4: THE ECONOMIC POTENTIAL OF FRUIT TREES AS SHADE IN 

BLUE MOUNTAIN COFFEE AGROECOSYSTEMS OF THE YALLAHAS RIVER 

WATERSHED, JAMAICA W.I. 

 

 

 

INTRODUCTION 

Coffee is among the most traded commodities in the world, and coffee 

agroecosystems are some of the most prominent habitats in mid-elevation, species-rich, 

forested areas of the tropics, including the Caribbean (Rice and Ward 1996, Rice 1999, 

2003).  Increasing economic opportunities for growing coffee in the tropics has led to a 

shift from traditional and sustainable coffee production under shade to unsustainable and 

habitat-degrading—but high-yielding—sun coffee agriculture (Beer et al. 1997, Philpott 

and Diestch 2003).  Consequently, considerable research has been dedicated to the study 

of shade coffee agroecosystems as landscapes for the conservation of biodiversity such as 

migratory and resident birds (Robbins et al. 1992, Rice and Ward 1996, Wunderle and 

Latta 1996, Greenberg et al. 1997, Perfecto et al. 2004, Van Bael et al. 2008) and the use 

of shade tree products for the economic benefit of coffee farmers in places such as 

Central and South America (Rice 2008, 2011), Africa and Asia (Philpott et al. 2008b, 

Elliott 2009).  In addition, the role of shade trees in microclimate, soil and watershed 

management in coffee agroecosystems has been well documented (Nair 1989, Lin 2007). 
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A study by Rice (2008) showed Guatemalan and Peruvian coffee farmers 

obtaining a full 19% and 28% of the coffee agroecosystem value, respectively, from 

shade tree products that included fruits.  Studies in Guatemala, Peru, Costa Rica, and 

Kenya found musaceous species to be important in agroecosystems with much of the fruit 

value coming from these species (Albertin and Nair 2004; Elliot 2009; Rice 2011).  In 

Costa Rica musaceous species were grown by 59 % of coffee farmers and were among 

the top eight species reported, while at least 58 % and at most 39 % of farmers reported 

using these species in Peru and Guatemala, respectively.  Thus, the contribution of shade 

tree products can be significant for coffee producers with small holdings (≤ 2 ha) in a 

marketplace where coffee prices do not guarantee farmers the opportunity to recover farm 

operating costs (Bacon 2005).  Additionally, since shade coffee agroecosystems focus on 

sustainability and economic benefit to farmers, they can be used as an important tool for 

habitat restoration efforts in areas such as the Yallahs River watershed, where intensive 

coffee growing practices have resulted in severe habitat degradation (Barker and 

McGregor 1988). 

Despite increased interest in the socioeconomics of sustainable coffee, studies that 

examine the economic value of shade tree products in coffee agroecosystems are lacking 

(Albertin and Nair 2004).  Specifically needed are studies of the agro-economics in 

coffee-producing areas such as Jamaica’s Blue Mountains to determine the economic 

value of shade trees and their products in coffee agricultures.  To understand which tree 

species could be of economic benefit to coffee farmers or be important in habitat 

rehabilitation efforts, I evaluated the socioeconomics of fruits derived from trees grown 
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in coffee agroecosystems within the Yallahs River watershed in the southeastern Blue 

Mountains.  Though several studies have acknowledged the importance of fruit trees and 

their contribution to the overall economics in shade agroecosystems (Moguel and Toledo 

1999, Philpott et al. 2007), what is needed is an assessment of the actual economic value 

shade derived products provide (Rice 2011) that will encourage farmer buy-in and lead to 

more sustainability within the system.  Except for the studies in Asia, Africa, and Central 

America (Philpott et al. 2008b, Elliott 2009, Rice 2011), and an economic analysis of 

conservation coffee production in the Blue Mountains (Robinson 2006), to date no study 

has evaluated the economic benefit of fruit trees that provide critical shade to coffee 

farms in the Caribbean.   

STUDY AREA AND METHODS 

Study area. —The Blue and John Crow Mountains are located within the parishes 

of Portland, St. Thomas, and St. Andrew and attain a maximum elevation of 2,290 m.  

The 810 km
2
 area comprises one third of the island’s remaining closed broadleaf forest 

on hilly terrain and is largely influenced by the northeast trade winds that deliver the 

island’s rainfall.  The eastern sections of the Blue and John Crow Mountains National 

Park (BJCMNP) receive 1,300-5,000 mm of rain per year (Fig.1) and have daily average 

temperatures that range from 27°C in the lowlands to 13°C and below at higher 

elevations (Asprey and Robbins 1953, Lack 1976, Downer and Sutton 1990).  Forest 

types on Jamaica reflect rainfall patterns, with dry limestone forest in the southern 

lowlands, wet limestone forest at middle elevations and very wet and montane forest at 

higher elevations in the Blue Mountains (Asprey and Robbins 1953, Lack 1976, 
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Stattersfield et al. 1998).  In many areas of the Blue Mountains, forest habitat below 1000 

m elevation is severely denuded from years of slash-and-burn agriculture and numerous 

abandoned agricultural plantations, save a few vegetated ravines that provide 

connectivity between montane and lowland areas (Barker and McGregor 1988). 

The Blue Mountain area produces the world-famous Blue Mountain coffee and 

harbors Jamaica’s first national park, the Blue and John Crow Mountain National Park. 

Coffee producers interviewed for this study operate farms ranging between 300 and 1000 

m elevation, form part of the Yallahs River watershed, and fall within the boundaries of 

the national park in the southeastern Blue Mountains where coffee covers a broken 

terrain on slopes that often exceed 50° (Chai et al. 2009). 

Farmer surveys. — Assessments are based on a structured survey, along with a 

series of open-ended questions posed to coffee farmers during March and April 2010 

(Appendix 5).  The questionnaire was field tested initially via 5 interviews with farmers 

in 2009, which allowed for some modifications to create a questionnaire better suited for 

this study.  The data gathered provide general characteristics and location of coffee 

farms, the amount and value of the coffee harvested, and the species, quantity, and value 

of all fruits harvested from trees providing shade in the coffee agroecosystem.  The 

information presented and analysis area based on the responses from a total of 40 

interviewed farmers.  

Data analysis. —Farm-level summaries were made of all data from the 

questionnaires. These data include the size of the coffee farms holdings, the percent area 

within a farm planted with trees, the average gross coffee income per box coffee berries, 
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the quantity of fruits harvested from the shade layer, and the price received if fruits were 

sold.  Coffee farmers provided the farm gate price whenever fruits were sold or taken to 

market.  The retail value of all fruits was determined from informal assessment of market 

fruit prices during 2010.  Each coffee farm was designated as high (≥ 800 m) or low (≤ 

799 m) based on elevation location.  The horticultural makeup of the farms determined 

this categorization.  Some tropical fruit trees (e.g., Mangifera indica, Blighia sapida, 

Cocos nucifera) were not utilized or did not produce well above 800 m elevation.  

Temperate and subtropical fruit trees (e.g., Citrus sp., Prunus sp., Annona cherimola) 

were primarily grown by coffee farmers for shade above 800 m (Janick 2003).  This 

designation also facilitated the determination of any difference in the contribution of 

fruits from the overstory trees to farmer incomes during data analysis.  The data farmers 

provided on the quantity, type, and value of fruits harvested from the coffee 

agroecosystem were used to compute total coffee, gross fruit and farm incomes for data 

analysis.  The number of fruit trees reported for each farm was used to calculate the 

Simpson’s index of diversity for low and high elevation coffee farms.  Software program 

Jump 9.0.2 (SAS Institute Inc. 2010) was used to perform t-tests for unequal variances to 

determine any significant difference in farm characteristics and coffee and fruit incomes 

at high and low elevations. 

RESULTS 

Table 4 shows the number of fruit tree species found in the survey, as well as the 

degree to which farmers make use of these species, and how important each species is to 

farmers’ income.  The sample size of 40 farmers (13 and 27 in high and low elevation, 
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respectively) is rather small, especially for higher elevations, due to the reluctance of 

several coffee farmers to participate in the study.  These farmers’ concern focused on 

how the data were to be used.  Nonetheless, the farm-level analysis was helpful in 

identifying the fruit trees most important to coffee farmers and the degree to which these 

trees contributed to farm income.  Farmers reported growing a total of 24 species of 

tropical, subtropical, and temperate fruit trees as part of the shade overstory (Table 4).  

Mangoes (Mangifera indica), bananas (Musa sp.), avocado (Persea Americana), ackee 

(Blighia sapida), and otaheite apple (Syzygium samarangense) accounted for 87% and 

88% of all fruit trees managed at high and low elevations, respectively, and were the top 

5 species used by farmers in this study.  Ackee trees were not planted on coffee farms at 

higher elevations.  Higher-elevation coffee farms were characterized by cherimoya 

(Annona cherimola), peach (Prunus sp.), and lemons (Citrus sp.) while farms at lower 

elevations were characterized by ackee (B. sapida), breadfruit (Artocarpus altilis), and 

star apple (Chrysophyllum cainito).  

Many coffee farmers (23 to 69 %) reported using the top 5 fruit trees (bananas, 

avocado, ackee, and otaheite apple) for shade (Table 1).  In addition, 30 to 46 % of coffee 

farmers also reported other species such as orange (Citrus sp.), grapefruit (Citrus sp.), 

and soursop (Annona muricata), but their relative numbers on the farms were low (Table 

4).  The 5 most important tree species contributed more than 80 % of the fruit incomes of 

coffee farmers; a further 13 % was contributed by Musa sp. (plantains), oranges and 

grapefruits and, although a relatively large number of coffee farmers utilized these fruit 

trees for shade, their relative numbers on the farms were low (Table 4).  
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There was no significant difference in coffee farm characteristics at high versus 

low elevations in the Yallahs River watershed, and farmers at high and low elevations 

produced the same number of boxes of coffee per ha. per year and planted a comparable 

total number of fruit trees on their farms (Table 5).  Similarly, there was no significant 

difference in the income derived from the sale of ripe coffee fruits.  However, farmers at 

low elevations reported significantly greater fruit incomes and had twice the diversity of 

fruit trees as coffee farms at higher elevations (Table 5).  The percentage of gross farm 

income that fruits represent at low elevations was twice that at high elevations. 

Coffee farmers also gave information regarding several non-fruit tree species that 

formed part of the coffee overstory, although this information was sparse and insufficient 

for any rigorous analysis.  Nonetheless, the 5 species reported from high elevation coffee 

farms were Cedrela odorata, Grevillea robusta, Hibiscus elatus, Nectandra sp., and 

Pinus caribbea.  In addition to these 5 species, low elevation coffee farmers also reported 

using Cordia alliodora, Cordia gerscanthusa, Ficus sp., Gliricidia sepium, elatus, 

Leucaena leucocephala, Samanea Saman, Simaruba glauca, and Spathodia companulata 

as part of the coffee overstory.  

DISCUSSION 

The results of this study shed light on the use, importance, and economic value 

associated with fruit trees grown on coffee agroecosystems, which have the double 

purpose of providing shade, within the Yallahs River watershed in Jamaica.  Management 

of the complement of fruit trees used as part of the overstory tree complement changed 

with elevation.  Coffee farmers planted 24 fruit tree species as part of the overstory tree 
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complement, the fruits of which were harvested for personal use or sold to supplement 

their incomes.  Musaceous species (bananas and plantains) play a very important role in 

the Blue Mountain coffee system, as evidenced by the percentage of on-farm presence, 

85.27 % and 70.25 % at high and low elevations, respectively (Table 4).  The use of these 

large, herbaceous, and succulent shrubs that are often mistakenly referred to as “trees” 

(Morton 1987) for shade is considered a necessity to protect young coffee plants from 

direct sun, guard against drought, and ensure sustainable coffee production from the poor 

soils in coffee agriculture (Albertin and Nair 2004, Robinson 2006).  This large quantity 

and their 25.07% contribution to coffee producers’ gross fruit income is clear indication 

that these species remained economically important after coffee shrubs reached maturity 

and began berry production.  The results from this study point not only to the diversity 

and shade value of these species, but also to their economic importance in tropical coffee 

agriculture. 

Other fruit trees contributing to the incomes of coffee farmers at low but not high 

elevations in the Yallahs River Valley were mango, avocado, ackee, and otaheite apple, 

all non-native tropical and subtropical fruit trees (Morton 1987, Janick 2003).  These fruit 

trees, taken together, contributed 62.02 % of the total fruit income reported by coffee 

farmers, with mangoes alone contributing 33.63 % (Table 1).  Except for guava (Psidium 

guajava) and the 2 musaceous species, coffee farmers at lower elevations used more of 

each fruit tree type on their farms as part of the coffee overstory than coffee farmers at 

higher elevations (Table 4).  This difference in coffee husbandry is realized in 

significantly greater gross fruit incomes for lower-elevation coffee farmers (Table 5).  
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Though no statistical comparison was made between gross fruit income (income from 

direct fruit sales reported by farmers) and gross potential fruit income (estimated from the 

quantity of fruits farmers reported each tree produces) within or between rain zones, it is 

clear from that coffee farmers can net much more if farmers invested in marketing fruits 

(Table 5).  

The results emphasize the importance of geography in Blue Mountain coffee 

agriculture.  High elevation coffee farmers had larger farms, but produced similar 

quantities of boxes of coffee per year, and consequently had similar incomes from the 

sale of ripe coffee fruits to that of low elevation coffee farmers.  Meanwhile, low 

elevation coffee farmers also utilized a more diverse complement of fruit trees as part of 

the coffee overstory, which resulted in significantly greater fruit income (Table 5).  This 

dynamic is not always consistent, however, since coffee prices have a tendency to 

fluctuate from one year to the next (Collinder 2010, 2011), leading to a decrease in the 

total income from the sale of ripe coffee fruits and causing farmers to turn to alternative 

income generating activities such as the fruits from coffee overstory trees. 

The number of non-fruit tree species reported by coffee farmers was similar to the 

number of fruit tree species planted by coffee farmers at high and elevations.  This is not 

surprising and is typical in Blue Mountain coffee agriculture where farmers, particularly 

at high elevations, plant fewer trees for shade because the ever-present mist cover 

provides “shade” enough for the coffee shrubs, and planting more trees can increase leaf 

spot symptoms and reduce yields (Robinson 2006, Kellermann et al. 2008, Johnson et al. 

2009).  The list of non-fruit tree species reported by farmers at high elevation was 
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incomplete, however, missing obvious trees such as Eucalyptus elatus and Alchornia 

latifolia, which are prominent features on many higher elevation Blue Mountain coffee 

farms (see Chapter 2). 

The results of this study show that Blue Mountain coffee farmers forego 

fortuitous opportunities for significant economic gain from the fruit trees they use as 

shade on coffee farms (Table 5).  A possible reason for this is that farmers see the use of 

the fruit trees for their environmental (shade, soil conservation, and microclimate 

regulation) and personal benefits, and not necessarily for their income generating 

potential.  Further hindrances to the farmers’ ability to market shade tree products include 

the lack of transport and well-maintained roads that are often washed out or impacted by 

landslides in this rugged terrain.  As such, the fruit products from the coffee overstory are 

not taken to market and generally sold opportunistically at some negotiated farm-gate 

price.  Robinson (2006) alluded to this when she reported that Blue Mountain coffee 

farmers interviewed demonstrated enthusiasm, for and a general recognition, of the need 

to implement conservation measures and alternative measures to ensure environmental 

protection and secure future profitability and sustainability. 

CONCLUSION 

This study demonstrates that Blue Mountain coffee farmers can reap additional 

economic rewards from fruit trees already being used for shade on coffee farms, if only 

with better management and marketing of these products, as well as access to an 

improved road network.  The benefits are not uniform across the elevations gradient, 

however, and will depend on the type of horticulture best suited to the climates in the 
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Blue Mountains.  Farmers must choose or be advised on which tropical, subtropical or 

temperate fruit trees will be most productive to climatic conditions on coffee farms.  

The Yallahs River watershed, and by extension the BJCMNP, suffers from 

widespread forest cover loss due primarily to unsustainable agricultural practices that 

clear and remove forest through slash-and-burn agriculture.  Information is needed on the 

most appropriate trees to employ in any forest rehabilitation programs that would bring 

economic and environmental benefits to coffee farmers and the area generally.  Several 

candidate fruit tree species emerged from this study that could be useful in such 

reforestation efforts and at the same time bring economic benefits to coffee farmers.  

Long term research is needed to better understand how fruits and other types of products, 

such as timber, from the shade coffee systems contribute to the farmer and overall 

community incomes during periods of robust or weak revenue streams. 
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Table 4. Fruit tree species, the percentage of all fruit trees reported by elevation, the percentage of farmers reporting each 

species, and the percentage each fruit tree contributed to reported farmer income in the Yallahs River watershed, 

southeastern Blue Mountains, Jamaica W.I., 2010. 

  

    % of All Fruit Trees 
% of farmers reporting 

each species 

% contribution to fruit 

income Scientific name Local name High
a
 Low

b
 

Mangifera indica Mango 1.23 8.50 69.23 33.63 

Musa sp. Banana 85.27 70.25 43.59 19.50 

Persea americana Avocado 0.34 2.13 30.77 12.13 

Blighia sapida Ackee NA 5.97 33.33 9.38 

Syzygium samarangense Otaheite apple 0.38 1.23 23.08 6.88 

Musa sp. Plantains 3.94 1.84 17.95 5.56 

Citrus sp. Orange 1.16 2.41 41.03 5.19 

Citrus sp. Grapefruit 1.44 2.00 46.15 2.31 

Artocarpus altilis Breadfruit NA 1.51 15.38 1.88 

Chrysophyllum cainito Star Apple NA 0.25 5.13 1.00 

Annona muricata Soursop 0.03 2.17 30.77 0.95 

Pimenta dioica Pimento 0.41 NA 2.56 0.63 

Citrus sp. Lemons 1.23 NA 12.82 0.40 

Artocarpus heterophyllus Jackfruit 0.10 0.29 12.82 0.38 

Prunus sp. Peach 2.29 NA 10.26 0.18 

Psidium guajava Guava 0.75 0.25 7.69 0.01 

Theobroma cacao Cacao NA 0.82 2.56 0.00 

Annona cherimola Cherimoya 1.30 NA 10.26 0.00 

Cocos nucifera Coconut NA 0.04 2.56 0.00 

Spondias dulcis June plum NA 0.12 2.56 0.00 

Citrus sp. Lime NA 0.16 5.13 0.00 
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Table 4. Fruit tree species, the percentage of all fruit trees reported by elevation, the percentage of farmers reporting each 

species, and the percentage each fruit tree contributed to reported farmer income in the Yallahs River watershed, 

southeastern Blue Mountains, Jamaica W.I., 2010. 

  

    % of All Fruit Trees 
% of farmers reporting 

each species 

% contribution to fruit 

income Scientific name Local name High
a
 Low

b
 

Myristica fragrans Nutmeg NA 0.04 2.56 0.00 

Carica papaya Papaya 0.10 NA 2.56 0.00 

Citrus sp. Tangerine NA 0.04 2.56 0.00 

a Elevation ≥ 800 m.      

b Elevation ≤ 799 m.      
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Table 5. Comparison of coffee farm characteristics and coffee and fruit incomes at high and low elevations in the Yallahs 

River Watershed, South-eastern Blue Mountains, Jamaica W.I. In parentheses are the standard errors and sample size where 

applicable. 

 

Variable High Low t-test results 

Number of farmers surveyed 13 27 n/a 

Farm size (ha) 3.14 (1.40) (n = 13) 2.02 (0.97) (n = 27) ns 

Number of boxes of coffee/ha/year 76.88 (9.41) (n = 13) 76.09 (10.13) (n = 24) ns 

Coffee yield (kg/ha) 2091.06 (255.94) (n = 13) 2069.51 (275.40) (n = 24) ns 

% of farm with trees 47.3 (6.58) (n = 13) 54.07 (4.57) (n = 27) ns 

Number of fruit tree types 3.76 (0.55) (n = 13) 4.48 (0.38) (n = 27) ns 

Number of fruit trees/ha 2.13 (0.52) (n = 13) 2.01 (0.37) (n = 27) ns 
a
Simpson’s index of diversity (1 – 

D) 0.27 0.49 n/a 

Gross coffee income (US$/ha/year) 

2984.64 (365.31) (n = 

13)   2953.88 (393.09) (n = 24) ns 

Gross fruit income (US$/ha/year) 151.08 (65.31) (n = 13) 351.49 (84.10) (n = 27) 

t = -1.54 (d.f. = 37.37) P = 

0.0181 

Gross potential fruit income 

(US$/ha/year) 443.23 (217.79) (n = 13) 1485.28 (360.80) (n = 27) 

t = -1.91 (d.f. = 37.58) P = 

0.0676 

Fruit value as % of gross farm 

income 7.5 (n = 8) 14.0 (n = 20) n/a 
 

a Diversity of fruit trees  
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Appendix 1. Tree species occurring on coffee agroecosystem study plots in low and high 

rain zones in the south eastern Blue Mountains. Relative frequency values were 

determined from point centered quarter (PCQ) sampling tech. Species indicated by ‘x’ 

were not encountered during PCQ sampling but were observed on study plots in the rain 

zones indicated. 

 

  Relative Frequency (%) 

Tree Species Low High 

Cedar (Cedrela odorata) 18.60 7.89 

Mango (Mangifera indica) 11.63 

 Spanish Elm (Cordia alliodora) 9.30 

 Lucena (Leucaena leucocephala) 9.30 

 Guango (Samanea saman) 6.98 

 Ackee (Blighia sapida) 6.98 

 Water Oak (Catalpa longissima) 4.65 

 Breadfruit (Artocarpus altilis) 4.65 

 Bitter Damson (Simaruba glauca) 4.65 

 Grow Stake (Gliricidia sepium) 4.65 

 Soursop (Annona muricata) 2.33 2.63 

Guava (Psidium gujava) 2.33 2.63 

Avocado (Persea americana) 2.33 

 Trumpet Tree (Cecropia peltata) 2.33 

 Lychee (Litchi chinensis) 2.33 

 Break-and-Sharpen (Dendroponax 

arboreus) 2.33 

 June Plum (Spondias dulcis) 2.33 

 Plum Tree (Spondias purpurea) 2.33 

 Peach (Prunus sp.) 

 

13.16 

Silky Oak (Grevillea robusta) x 10.53 

Dove-wood (Alchornia latifolia) 

 

10.53 

Plantain (Musa sp.) x 10.53 

Chrrymoya (Annona cherimola) 

 

5.26 



 

90 

 

  Relative Frequency (%) 

Tree Species Low High 

Eucalyptus (Eucalyptus globulus) 

 

5.26 

Citrus (Citrus sp.) x 5.26 

Pittosporum (Pittosporum undulatum) 

 

5.26 

Banana (Musa sp.) x 2.63 

Pruan (Prunus sp.) 

 

2.63 

Blue mahoe (Hibiscus elatus) 

 

2.63 

Wild ackee (Cupania glabra) 

 

2.63 

Macadamia Nut (Macadamia integrifolia) 

 

2.63 

Pine (Pinus sp.) 

 

2.63 

Coconut (Cocos nucifera) x 

 Otaheite Apple (Syzygium samarangense) x 

 Jackfruit (Artocarpus heterophyllus) x 

 Cacao (Theobroma cacao) x 

 Fig (Ficus sp.) x 

 Naseberry (Manilkara zapota) x 

 Papaya (Carica papaya) x x 

Sweetwood (Nectandra sp.) x 

 Pimento (Pimenta dioica) x 

 Red birch (Bursera simaruba) x 

 Cedar (Cedrus atlantica) 

 

x 

Sandbox tree (Hura crepitan) x 

 Neem (Azadirachta indica) x   
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Appendix 2. Percentages of arthropods sampled from coffee shrubs and canopy trees on 

high and low rain zone Blue Mountain coffee study plots in winter (01 February - 20 

February) and spring (20 March - 15 April) 2009 and 2010  in the Yallahs River valley, 

south eastern Blue Mountains, Jamaica. “nd” indicates taxon not detected. 

 

  Coffee   Canopy 

  

Low rain 

zone High rain zone   Low rain zone High rain zone 

Taxon 

Winte

r 
Spring 

Winte

r 

Sprin

g  

Winte

r 

Sprin

g 

Winte

r 
Spring 

Ephemeroptera nd nd nd nd 
 

<1 nd <1 nd 

Odonata nd nd nd <1 
 

<1 <1 <1 <1 

Plecoptera nd nd nd nd 
 

nd nd nd <1 

Grylloblattode

a 
nd nd nd 2 

 
nd nd nd nd 

Orthoptera <1 2 4 13 
 

1 <1 2 3 

Phasmida nd nd nd nd 
 

0 nd <1 nd 

Dictyoptera <1 nd nd nd 
 

<1 <1 <1 nd 

Isoptera nd nd nd <1 
 

<1 nd <1 <1 

Psocoptera nd nd nd nd 
 

nd nd nd <1 

Anoplura nd nd nd <1 
 

nd nd <1 <1 

Hemiptera 5 8 13 36 
 

23 26 17 18 

Thysanoptera nd nd nd <1 
 

<1 nd <1 <1 

Neuroptera <1 nd <1 nd 
 

<1 <1 1 <1 

Coleoptera 12 11 3 12 
 

22 23 9 11 

Strepsiptera nd nd nd nd 
 

<1 nd nd nd 

Siphonoptera nd nd nd 2 
 

nd nd nd nd 

Diptera <1 4 2 3 
 

23 23 25 34 

Lepidoptera <1 <1 nd nd 
 

<1 <1 <1 <1 

Trichoptera nd nd nd nd 
 

<1 nd <1 <1 

Hymenoptera 77 69 75 17 
 

22 21 31 24 

Aranae 5 6 3 13 
 

7 4 12 7 

Total number 

of arthropods 
599 305 199 126 

 
780 1256 588 1453 
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Appendix 3. Definitions, codes, and data sources used to categorize bird traits in this study. 

 

 

Common Name Scientific Name 

Geographic 

Range
a
 

Altitudinal 

Range
b
 

Diet 

Guild
c
 

Foraging 

Strata
d
 

Habitat 

Association
e
 

Arrowhead Warbler 

Setophaga 

pharetra J M-H I M FR 

American Kestrel Falco sparvertus TT L-M-H Cr M OA 

American Redstart Setophaga ruticilla TT L-M-H I U G 

Bananaquit Coereba flveola N L-M-H N M G 

Black-and-white Warbler Mniotilta varia TT L-M-H I M FR 

Black-faced Grassquit Tiaris bicolor N L-M-H Gr G OA 

Blue mountain Vireo Vireo osburni J M-H I U FR 

Black-throated blue 

Warbler 

Setophaga 

caerulescens TT L-M-H O U G 

Black-throated green 

Warbler Setophaga virens TT L-M-H I C FR 

Black-whiskered Vireo Vireo altiloquus N L-M-H I C G 

Chestnut-bellied Cuckoo Hyetornis pluvialis J M-H Cr M FR 

Common ground Dove Columba passerina N L-M Gr G G 

Cape May Warbler Setophaga tigrina TT L-M-H O C G 

Common Yellowthroat Geothlypis trichas TT L-M-H I U OA 

Crested quail Dove 

Geotrygon 

versicolor J M-H G G FR 

Greater Antillean Bullfinch Loxigilla violacea C L-M-H Fr U FR 

Greater Antillean Elaenia Elaenia fallax C M-H I C FR 
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Appendix 3. Definitions, codes, and data sources used to categorize bird traits in this study. 

 

 

Common Name Scientific Name 

Geographic 

Range
a
 

Altitudinal 

Range
b
 

Diet 

Guild
c
 

Foraging 

Strata
d
 

Habitat 

Association
e
 

Greater Antillean Grackle Quiscalus niger C L-M I G OA 

Gray Kingbird 

Tyrannus 

dominicensis N L-M-H I M OA 

Hooded Warbler Setophaga citrina TT L-M-H I U FR 

Indigo Bunting Passerina cyanea TT L-M-H O U OA 

Jamaican Becard 

Pachyramphus 

niger J M-H I C FR 

Jamaican Blackbird 

Nesopsar 

nigerrimus J M-H Cr C FR 

Jamaican Elaenia Myiopagis cotta J L-M-H I C FR 

Jamaican Euphonia Euphonia jamaica J L-M-H Fr M G 

Jamaican Mango 

Anthracothorax 

mango J L-M N U OA 

Jamaican Oriole Icterus leucopteryx C L-M-H I M G 

Jamaican Pewee Contopus pallidus J M-H I U FR 

Jamaican Tody Todus todus J L-M-H I M FR 

Jamaican Woodpecker 

Melanerpes 

radiolatus J L-M-H I M G 

Jamaican Lizard Cuckoo Saurothera vetula J L-M I U FR 

Jamaican Spindalis 

Spindalis 

nigricephalus J L-M-H Fr C FR 

Jamaican white-eyed Vireo Vireo modestus J L-M-H I U FR 
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Appendix 3. Definitions, codes, and data sources used to categorize bird traits in this study. 

 

 

Common Name Scientific Name 

Geographic 

Range
a
 

Altitudinal 

Range
b
 

Diet 

Guild
c
 

Foraging 

Strata
d
 

Habitat 

Association
e
 

Loggerhead Kingbird 

Tyrannus 

caudifasciatus C L-M-H O M OA 

Louisiana Waterthrush Parkesia motacilla TT L-M-H I G FR 

Nashville Warbler 

Oreothlypis 

ruficapilla TT L-M-H I U FR 

Northern Mockingbird Mimus polyglottos TT L-M-H O G OA 

Northern Parula Parula americana TT L-M-H I C G 

Nutmeg Manikin 

Lonchura 

punctulata TT L-M Gr U OA 

Orangequit 

Euneornis 

campestris J L-M-H N M G 

Olive-throated Parakeet Aratinga nana N L-M Fr M G 

Ovenbird 

Seiurus 

aurocapillus TT L-M-H I G FR 

Prairie Warbler Setophaga discolor TT L-M-H I U G 

Red-billed Streamertail Trochilus polytmus J L-M-H N M G 

Rufous-tailed Flycatcher Myiarchus validus J L-M-H I C FR 

Ringtail Pigeon Columba caribaea J M-H Fr C FR 

Rufous-throated Solitaire 

Myadestes 

genibarbis C M-H Fr C FR 

Ruddy quail Dove Geotrygon montana N M-H G G FR 

Sad Flycatcher 

Myiarchus 

barbirostris J M-H I U G 
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Appendix 3. Definitions, codes, and data sources used to categorize bird traits in this study. 

 

 

Common Name Scientific Name 

Geographic 

Range
a
 

Altitudinal 

Range
b
 

Diet 

Guild
c
 

Foraging 

Strata
d
 

Habitat 

Association
e
 

Smooth-billed Ani Crotophaga ani N L-M O G OA 

Stolid Flycatcher Myiarchus stolidus C L-M I U FR 

Vervain Hummingbird Mellisuga minima C L-M-H N M G 

White-bellied Dove 

Leptotila 

jamaicensis C L-M Gr G G 

White crown Pigeon 

Patagioenas 

leucocephala N L-M Fr C FR 

White-chinned Thrush Turdus aurantius J L-M-H O G G 

White-eyed Thrush Turdus jamaicensis J M-H O M FR 

Worm-eating Warbler 

Helmitheros 

vermivorus TT L-M-H I U FR 

White-winged Dove Zenaida asiatica N L-M Gr G OA 

Yellow-billed Parrot Amazona collaria J L-M Fr C FR 

Yellow-bellied Sapsucker Sphyrapicus varius TT L-M-H I U FR 

Yellow-faced Grassquit Tiaris olivacea N L-M Gr G G 

Yellow-rumped Warbler 

Setophaga 

coronata TT L-M-H I U G 

Yellow-shouldered 

Grassquit 

Loxipasser 

anoxanthus J L-M-H I U G 

Yellow-throated Warbler 

Setophaga 

dominica TT L-M-H I C FR 

Zenaida Dove Zenaida aurita N L-M Gr G OA 
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a N –Neotropical, C – Caribbean, J – Jamaica, TT – Temperate Tropical (Kennedy et al. 2010). 

b L-M – Low to Mid, M-H – Mid to High, L-M-H – Low to Mid to High (Lack 1976, Kennedy et al. 2010) 

c Based on primary food type. Fr – Frugivore, N – Nectarivore, I – Insectivore, O – Omnivore, G – Granivore, Cr – Carnivore (Lack 1976, 

Degraaf and Chadwick 1984, Kennedy et al. 2010) 

d G - Ground, U - Understory, C - Canopy, M – Multiple (Degraaf and Chadwick 1984, Kennedy et al. 2010). 

e FR - Forest Restricted, G - Generalist, OA - Open Associated (Sutton et al. 2009, Kennedy et al 2010) 
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Appendix 4.  List of species detected during point census surveys in the Yallahs River watershed, south-eastern Blue 

Mountain.  Included are the score of each species attribute used in computing the total species scores in IBCI 

development. 

 

 

Common Name Scientific Name 

Geographic 

Range 

Altitudinal 

Range 

Diet 

Guild 

Foraging 

Strata 

Habitat 

Association SIBCI 

Arrowhead Warbler Setophaga pharetra 3 3 3 1 3 13 

American Kestrel Falco sparvertus 1 1 1.5 1 1.5 6 

American Redatart Setophaga ruticilla 1 1 3 1.5 1 7.5 

Bananaquit Coereba flveola 1.5 1 3 1 1 7.5 

Black-and-white Warbler Mniotilta varia 1 1 3 1 3 9 

Black-faced Grassquit Tiaris bicolor 1.5 1 3 3 1.5 10 

Blue mountain Vireo Vireo osburni 3 3 3 1.5 3 13.5 

Black-throated blue 

Warbler 

Setophaga 

caerulescens 1 1 1 1.5 1 5.5 

Black-throated green 

Warbler Setophaga virens 1 1 3 3 3 11 

Black-whiskered Vireo Vireo altiloquus 1.5 1 3 3 1 9.5 

Chestnut-bellied Cuckoo Hyetornis pluvialis 3 3 1.5 1 3 11.5 

Common ground Dove Columba passerina 1.5 1.5 3 3 1 10 

Cape May Warbler Setophaga tigrina 1 1 1 3 1 7 

Common Yellowthroat Geothlypis trichas 1 1 3 1.5 1.5 8 

Crested quail Dove 

Geotrygon 

versicolor 3 3 3 3 3 15 

Greater Antillean 

Bullfinch Loxigilla violacea 2 1 3 1.5 3 10.5 
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Appendix 4.  List of species detected during point census surveys in the Yallahs River watershed, south-eastern Blue 

Mountain.  Included are the score of each species attribute used in computing the total species scores in IBCI 

development. 

 

 

Common Name Scientific Name 

Geographic 

Range 

Altitudinal 

Range 

Diet 

Guild 

Foraging 

Strata 

Habitat 

Association SIBCI 

Greater Antillean Elaenia Elaenia fallax 2 3 3 3 3 14 

Greater Antilllean 

Grackle Quiscalus niger 2 1.5 3 3 1.5 11 

Gray Kingbird 

Tyrannus 

dominicensis 1.5 1 3 1 1.5 8 

Hooded Warbler Setophaga citrina 1 1 3 1.5 3 9.5 

Indigo Bunting Passerina cyanea 1 1 1 1.5 1.5 6 

Jamaican Becard Pachyramphus niger 3 3 3 3 3 15 

Jamaican Blackbird 

Nesopsar 

nigerrimus 3 3 1.5 3 3 13.5 

Jamaican Elaenia Myiopagis cotta 3 1 3 3 3 13 

Jamaican Euphonia Euphonia jamaica 3 1 3 1 1 9 

Jamaican Mango 

Anthracothorax 

mango 3 1.5 3 1.5 1.5 10.5 

Jamaican Oriole Icterus leucopteryx 2 1 3 1 1 8 

Jamaican Pewee Contopus pallidus 3 3 3 1.5 3 13.5 

Jamaican Tody Todus todus 3 1 3 1 3 11 

Jamaican Woodpecker 

Melanerpes 

radiolatus 3 1 3 1 1 9 

Jamaican Lizard Cuckoo Saurothera vetula 3 1.5 3 1.5 3 12 
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Appendix 4.  List of species detected during point census surveys in the Yallahs River watershed, south-eastern Blue 

Mountain.  Included are the score of each species attribute used in computing the total species scores in IBCI 

development. 

 

 

Common Name Scientific Name 

Geographic 

Range 

Altitudinal 

Range 

Diet 

Guild 

Foraging 

Strata 

Habitat 

Association SIBCI 

Jamaican Spindalis 

Spindalis 

nigricephalus 3 1 3 3 3 13 

Jamaican white-eyed 

Vireo Vireo modestus 3 1 3 1.5 3 11.5 

Loggerhead Kingbird 

Tyrannus 

caudifasciatus 2 1 1 1 1.5 6.5 

Louisiana Waterthrush Parkesia motacilla 1 1 3 3 3 11 

Nashville Warbler 

Oreothlypis 

ruficapilla 1 1 3 1.5 3 9.5 

Northern Mockingbird Mimus polyglottos 1 1 1 3 1.5 7.5 

Northern Parula Parula americana 1 1 3 3 1 9 

Nutmeg Manikin 

Lonchura 

punctulata 1 1.5 3 1.5 1.5 8.5 

Orangequit 

Euneornis 

campestris 3 1 3 1 1 9 

Olive-throated Parakeet Aratinga nana 1.5 1.5 3 1 1 8 

Ovenbird Seiurus aurocapillus 1 1 3 3 3 11 

Prairie Warbler Setophaga discolor 1 1 3 1.5 1 7.5 

Red-billed Streamertail Trochilus polytmus 3 1 3 1 1 9 

Rufous-tailed Flycatcher Myiarchus validus 3 3 3 3 3 15 
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Appendix 4.  List of species detected during point census surveys in the Yallahs River watershed, south-eastern Blue 

Mountain.  Included are the score of each species attribute used in computing the total species scores in IBCI 

development. 

 

 

Common Name Scientific Name 

Geographic 

Range 

Altitudinal 

Range 

Diet 

Guild 

Foraging 

Strata 

Habitat 

Association SIBCI 

Ringtail Pigeon Columba caribaea 3 3 3 3 3 15 

Rufous-throated Solitaire 

Myadestes 

genibarbis 2 3 3 1.5 3 12.5 

Ruddy quail Dove Geotrygon montana 2 3 3 3 3 14 

Sad Fycatcher 

Myiarchus 

barbirostris 3 1 3 1.5 1 9.5 

Smooth-billed Ani Crotophaga ani 1.5 1.5 1 3 1.5 8.5 

Stolid Flycatcher Myiarchus stolidus 2 1.5 3 1.5 3 11 

Vervain Hummingbird Mellisuga minima 2 1 3 1 1 8 

White-bellied Dove 

Leptotila 

jamaicensis 2 1.5 3 3 1 10.5 

White crown Pigeon 

Patagioenas 

leucocephala 1.5 1.5 3 3 3 12 

White-chinned Thrush Turdus aurantius 3 1 1 3 1 9 

White-eyed Thrush Turdus jamaicensis 3 3 1 1 3 11 

Wormeating Warbler 

Helmitheros 

vermivorus 1 1 3 1.5 3 9.5 

White-winged Dove Zenaida asiatica 1.5 1.5 3 3 1.5 10.5 

Yellow-billed Parrot Amazona collaria 3 1.5 3 3 3 13.5 

Yellow-bellied Sapsucker Sphyrapicus varius 1 1 3 1.5 3 9.5 
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Appendix 4.  List of species detected during point census surveys in the Yallahs River watershed, south-eastern Blue 

Mountain.  Included are the score of each species attribute used in computing the total species scores in IBCI 

development. 

 

 

Common Name Scientific Name 

Geographic 

Range 

Altitudinal 

Range 

Diet 

Guild 

Foraging 

Strata 

Habitat 

Association SIBCI 

Yellow-faced Grassquit Tiaris olivacea 1.5 1.5 3 3 1 10 

Yellow-rumped Warbler Setophaga coronata 1 1 3 1.5 1 7.5 

Yellow-shouldered 

Grassquit 

Loxipasser 

anoxanthus 3 1 3 1.5 1 9.5 

Yellow-throated Warbler Setophaga dominica 1 1 3 3 3 11 

Zenaida Dove Zenaida aurita 1.5 1.5 3 3 1.5 10.5 
.
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Appendix 5. Questionnaire used to collect qualitative and quantitative farm statistics in 

Yallahs River Valley during  2010 

 

 

 

Project Title: 

The response of Jamaican bird communities within agro-forestry systems to climate 

change. 

 

QUESTIONNAIRE FOR FARMERS 

Objective: 

 

To evaluate the socioeconomic potential of fruit trees to coffee farmers in the South-

eastern Blue Mountains, Jamaica. 

 

1. Owner:______________________________________ 

 

2. Person interviewed:______________________________________________ 

 

3. Contact Number:________________________________________________ 

 

4. Location:_____________________________________________________________

_____________________________________________________________________

____________ 

 

5. Approximate elevation:____________________________________ 

 

6. What is the acreage of the farm? __________________ 

 

7. Approximately how many boxes of coffee does the farm produce each 

year?_____________ 

 

8. What percentage of the farm is covered with trees? 

 

< 10%     10-20% 20-30% 30-40% 40-50% 50-70% 70-

100% 

 

9. Are any of these fruit trees?   Yes:_________ No:________ 
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If no, go to question 17. 

 

10. What fruit trees are on your farm and approximately how many of each? 

 

Tree(s) Number 

A.  

B.  

C.  

D.  

E.  

F.  

G.  

H.  

I.  

J.  

 

11. Are any of the fruits Harvested?   Yes:__________ No:_________ 

 

12. What is the approximate number of fruits harvested from the trees? 

 

Fruits(s) Number Weight 

A.   

B.   

C.   

D.   

E.   

F.   

G.   

H.   

I.   

J.   

 

13. What quantity is harvested for personal use? 

 

Fruits(s) % Weight 

A.   

B.   

C.   

D.   

E.   

F.   

G.   

H.   

I.   
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J.   

 

14. What is the cost of each fruit (farm-gate price)? 

 

Fruits(s) Cost ($) 

 Unit Doz. Lbs. 

A.    

B.    

C.    

D.    

E.    

F.    

G.    

H.    

I.    

J.    

 

15. What is the commercial cost of each fruit? 

 

Fruits(s) Cost ($) 

 Unit Doz. Lbs. 

A.    

B.    

C.    

D.    

E.    

F.    

G.    

H.    

I.    

J.    

 

16. What is the income from harvesting fruits? 

 

Fruits(s) Income ($) 

A.  

B.  

C.  

D.  

E.  

F.  

G.  

H.  

I.  

J.  
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17. Are there other trees of economic value on your farm? Yes______ No_______ 

 

18. If yes, what types of trees and approximately how many of each? 

 

Tree(s) Number 

A.  

B.  

C.  

D.  

E.  

F.  

G.  

H.  

I.  

J.  

 

19. Do you harvest any of these trees? Yes_________ No________ 

 

20. If yes, what are the products, approximate quantity, and approximate value? 

 

Product(s) Quantity Unit 

Value 

A.   

B.   

C.   

D.   

E.   

F.   

G.   

H.   

I.   

J.   

 

 

 

Interviewer:……………………………….  Date:………………………… 
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