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Florian Rivero, E.M. Tropical bird assemblages in coffee agroforestry systems: exploring the
relationships between landscape context, structural complexity and bird communities in the
Turrialba — Jiménez Biological Corridor, Costa Rica. Thesis Mag. Sc. CATIE, Turrialba, CR.
108 p.

Keywords: avifauna, biodiversity, connectivity, Cordia alliodora, Erythrina poeppigiana,

forest, fragmentation, shade coffee
Abstract

Cotfee agroforestry systems are reknown for their high species richness and complex
vegetation structure and stand out as a promising tool for conserving biodiversity within
agricultural landscapes. Shaded coffee plantations can attract a variety of birds, and have the
potential to serve as refuges for birds, however this conservation potential is likely to depend
on the structure of the coffee plantation as well as the surrounding landscape composition,
The objective of this study was to explore the relationships between the structural complexity
and the landscape context (surrounding forest cover) of coffee plantations and bird

assemblages present in these systems within the Turrialba - Jiménez Biological Corridor.

To examine the effects of structural complexity and landscape context on bird communities, a
total of 20 Erythrina poeppigina and 20 Erythrina poeppigiana — Cordia alliodora coffee
plantations and five forests were selected and georeferenced. For each coffee plantation, two
50 m x 50 m plots and twenty five 10 m x 10 m quadrats were used to characterize the
structure and floristic composition. The percent of surrounding forest cover was calculated at
a distance radius of 500, 1000 and 1500 m from each coffee plantation. Point counts were

used to characterize birds in coffee plantations and forest sites.

A total of 101 species of birds were observed in coffee plantations; the majority being
generalist species. A total of 1,064 individuals (85 species) of birds were observed in
Erythrina poeppigiana — Cordia alliodora coffee plantations and 623 individuals (56 species})
of birds observed in Erythrina poeppigina coffee plantations indicating that structurally more
complex coffee plantations contained more individuals and species of birds. The majority of

birds were insectivores and omnivores. Epiphyte cover, canopy height and the number of
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Cordia alliodora trees had a positive effect on the abundance, species richness, and diversity
of birds within coffee plantations. The presence of surrounding forest cover had a negative
effect in the overall abundance, species richness, and diversity of birds but a positive effect on

forest specialists.

This study showed that structurally more complex coffee plantations such as Erpthrina
poeppigiana — Cordia alliodora coffee plantations were able to harbor a greater abundance
and number of species of birds than Erythrina poeppigiana coffee plantations. This study also
provided evidence that the presence of forest cover around coffee plantations favored the
presence of forest dependent bird species. Therefore, conservation efforts should promote the
diversification of coffee plantations and the protection of forests around these plantations in

order to increase or restore structural and functional connectivity within the landscape.



Florian Rivero, E.M. Avifauna en sistemas agroforestales cafetaleros: relaciones entre el
contexto paisajitico, la complejidad estructural y comunidades de aves dentro del Corredor
Bioldgico Turrialba — Jiménez, Costa Rica. Tesis Mag. Sc. CATIE, Turrialba, CR. 108 p.

Palabras clave: biodiversidad, bosque, café bajo sombra, conectividad, Cordia alliodora,

Erythrina poeppigiana, fragmentacion, paisaje

Resumen

Los sistemas agroforestales cafetaleros se destacan por tener la capacidad de albergar una alta
riqueza de especies y una mayor complejidad estructural y pueden servir como una
herramienta para conservar la biodiversidad en paisajes agricolas. Las plantaciones de café
bajo sombra pueden atraer una gran variedad de aves y potencialmente pueden proveer
refugio para estos organismos. El potencial que tienen los cafetales para la conservacién
puede ser influido por la estructura de la plantacién al igual que la composicién del paisaje.
El objetivo de este estudio fue el de explorar las relaciones que existen entre el contexto
paisajistico {cobertura de bosque aledafio), la complejidad estructural y las comunidades de

aves presentes dentro de estos sistemas en el Corredor Biolégico Turrialba - Jiménez

Para examinar los efectos de la complejidad estructural y el contexto paisajistico en las
comunidades de aves, se selecctonaron y se georeferenciaron un total de 20 plantaciones con
caf¢ — Erythrina poeppigiana, 20 plantaciones de café ~ Erythrina poeppigiana — Cordia
alliodora y cinco bosques. Dentro de cada plantacion se establecieron dos parcelas de 50 m x
50 m y veinticinco cuadriculas de 10 m x 10 m para caracterizar la estructwia y composicion
floristica de cada plantacion. Adicionalmentc, sc calculd ! porcentaje de cobertura de bosque
alrededor de cada plantacion a un radio de distancia de 500, 1000 y 1500 m. Se utilizaron
puntos de conteo para caracterizar las comunidades de aves presentes en las plantaciones y

bosques.

Se observaron un total de 101 especies de aves en cafetales y la mayoria de estas aves fueron
especies generalistas. Un total de 1064 individuos (85 especies) de aves fueron registradas en
plantaciones de café - Erythrina poeppigiana — Cordia alliodora mientras que 623 individuos

(56 especies) de aves fueron registradas en las plantaciones de café — Erythrina poeppigiana
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plantaciones de café - Erythrina poeppigiana — Cordia alliodora mientras que 623 individuos
{56 especies) de aves fueron registradas en las plantaciones de café — Erythrina poeppigidﬁé
indicando una mayor riqueza y abundancia de aves dentro de los sistemas con mayor
complejidad estructural. La mayoria de las aves presentes fueron insectivoras y omnivoras,
La cobertura de epifitas, la altura del dosel, el nimero de arboles de Cordia alliodora
tuvieron un efecto positivo en la abundancia, riqueza de especies y diversidad de aves. El
contexto paisajistico (cobertura de bosque alrededor) tuvo un efecto negativo en la
abundancia, riqueza de especies y diversidad general de aves pero tuvo un efecto positivo

para aves especialistas de bosque.

Este estudio mostrd que las plantaciones con mayor complejidad estructural como las
plantaciones de café — Erythrina poeppigiana — Cordia alliodora lograron albergar una
mayor abundancia y diversidad de aves que en la plantaciones de café ~ Erpthrina
poeppigiana. Este estudio también brindd evidencia sobre la importancia de conservar la
cobertura de bosque alredor de las plantaciones para las aves dependientes de bosque, por lo
tanto, es necesario promover esfuerzos de conservacién los cuales confribuyan a la
diversificacion de sistemas agroforestales cafetaleros y la proteccién de los bosques para
incrementar y restaurar la conectividad estructural y funcional dentro del paisaje del Corredor

Biolégico Turrialba — Jiménez.
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1 INTRODUCTION

The dynamic process of natural habitat loss and fragmentation has profound implications for
the conservation of biodiversity in agricultural landscapes. The major consequences for
wildlife include the loss of species from fragments and entire landscapes, changes in the
composition of faunal assemblages, and changes in ecological processes involving animal
species. Habitat isolation, a fundamental consequence of the process of fragmentation, also
influences the status of animal populations and communities in agricultural landscapes
(Bennett 1999).

Within agricultural landscapes, coffee agroforestry systems are reknown for their high species
richness and complex vegetation structure and stand out as a promising biodiversity
conservation tool (Perfecto and Vandermeer 1994; Wunderle and Latta 1996; Perfecto et al
1997, Greenberg 1997 ab.; Moguel and Toledo 1999). Shaded coffee plantations are
agroforestry systems that have the potential to conserve diverse and abundant wildlife
(Somarriba et al. 2004). These areas can potentially play important functions by serving as
biological corridors, increasing buffer zones around key natural reserves of forest fragments
and ephancing the conservation value of forest patches (Rice and Ward 1996). When properly
managed, coffee agroforestry systems can also provide other fundamental environmental

services, such as watershed protection and carbon sequestration (Jiménez ef al. 2001).

Shaded coffee plantations can attract a variety of birds, and have the potential to serve as a
refuge for bird species in deforested landscapes These systems are also critical habitats for
large numbers of migratory birds that armive from the north at the beginning of the dry season
and are some of the most important agricultural habitats for migratory birds in the tropics
(Wunderle and Latta 1994, 1996; Greenberg et al 1997). According to Greenberg et al
(1997), in some cases, the abundance of migratory birds in shade coffee can even be higher

than that found in the primary forest.

The ability of coffee plantations to harbor avifauna depends heavily on the floristic and
structural complexity of vegetation and the presence of food resources, nesting and foraging

sites, shelter, and habitat. Coffee plantations that have low structural complexity and provide
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few resources for organismns are only of limited habitat value for some species (Perfecto et al.
1996). According to Somarriba et al. (2004}, the diversity of fauna in coffee plantations may
be related to the food that is available to them. For example, the presence of flowers in shade
species is likely to attract to the plantations nectar feeding birds (Somarriba et al 2004).
Coffee plantations with greater structural complexity can also contain high densities of fruit-
producing trees that are likely to support high numbers of frugivorous bird species (Greenberg
et al. 1997 ab). In addition to the trees themselves, the occasionally diverse communities of
epiphytes on tree trunks and branches also provide additional shelter, nest sites and food

resources (Cruz- Angon 2004).

Farm management practices such as tree pruning, elimination of epiphytes and agrochemical
use may also influence the presence of avifauna in coffee plantations. Prunning of shade trees
at different times of the year can affect the seasonal distribution of foliage and flowers in
coffee farms (Calvo and Blake 1998). Distribution and abundance of foliage and flowers can
influence foraging patterns of birds, abundance and nesting success (Pearson 1975; Martin
1693 cited in Calvo and Blake 1998). The toxicity and the amount of agrochemicals applied in
intensively managed systems is likely to negatively affect the populations of organisms
present in coffee plantations (Perfecto and Vandermeer 1994; Perfecto et al. 1997; Somarriba
et al. 2004).

The location of coffee agroforestry systems within the landscape may also affect bird
assemblages. The size and distribution of forest fragments in the surrounding landscape, the
distance from coffee agroforestry systems to forest remnants, the presence of live fences,
windbreaks, dispersed trees and remnant vegetation and the degree of connectivity to nearby
forests are factors likely to influence the fauna present in coffee agroforestry systems
(Somarriba ef al. 2004). Birds visiting or using coffee plantations probably move across the
landscape and this movement and dispersal of species is likely to be influenced by the
available resources and habitats present inside and outside coffee plantations. The abundance,
distribution and quality of other habitats in the landscape and their proximity to coffee
plantations (Somarriba er al 2004) are also important factors determining the survival,

reproduction and dispersion of species across the landscape (Bennett 1999).
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Most studies of birds in coffee plantations have shown a clear relationship between the
diversity and abundance of bird comumnunities and the structural and floristic complexity of
coffee plantations (Wunderle and Latta 1998). Those coffee plantations that are more
structurally and floristically diverse have a greater avian diversity than less complex
plantations (Martinez and Peters 1996; Wunderle and Latta 1998; Moguel and Toledo 1999).
However, very few studies have examined the influence of forest cover around the coffee
plantation) on the abundance and diversity of avifauna within individual coffee plantations.
There are similarly no studies that relate the presence of avifauna to management practices in
coffee plantations although it is expected that coffee plantations that are more intensively
managed and use greater quantities of agrochemicals would have a lower bird abundance and

lower species richness than those that are less intensively managed (Somarriba et al. 2004).

1.1 Research objectives

1.1.1 General objective

The general objective was to examine the effect of the structural complexity of coffee
agroforestry systems and forest cover around coffee plantations on tropical bird communities

present in the Turrialba-Jiménez Biological Corridor, Costa Rica

1.1.2 Specific objectives

1. To characterize the diversity and composition of birds observed in coffee plantations

2. To compare the diversity and composition of birds in coffee farms with different

structural complexities

3. To determine how the surrounding forest cover was related to the bird communities

observed in coffee plantations.



4, To provide recommendations for the management and conservation of birds present in
coffee agrorestry systems within the Turrialba-Jiménez Biological Corridor, Costa
Rica

1.2 General hypotheses

¢ Greater structural complexity of coffee plantations will increase the abundance and

diversity of birds present in coffee plantations

¢ The amount of forest cover surrounding a given coffee plantation will be positively

related with species richness and diversity of birds present in coffee plantations

1.3 Justification

The University of Idaho (Ul) in collaboration with the Tropical Agricultural Research and
Higher Education Center (CATIE), has established an interdisciplinary graduate research and
education program in conservation biology and sustainability of agricultural and forest
systems. This program is funded by the National Science Foundation Integrative Graduate
Education and Research Traineeship (IGERT) program and is based on the urgent need to
create interdisciplinary integration for biodiversity conservation and sustainable production in
anthropogenically fragmented landscapes in Costa Rica. One area of research interest is to
look at the potential compatibility between agricultural production and the conservation of
biodiversity of coffee agroecosystems in the Twrialba region. This investigation serves as a
pilot project for this program and generates information for the IGERT research coffee team
on the implications of structural complexity and forest cover around coffee plantations for the

conservation and management of avifauna in fragmented agricultural landscapes.



2 LITERATURE REVIEW

2.1 Fragmentation and landscape transformation

Habitat loss and fragmentation have been recognized throughout the world as key issues
threatening the conservation of biological diversity (IUCN 2004). As the global population
increases, less and less of the Earth’s surface remains free from human interference. Human
activities have modified the environment to the extent that the most common landscape
patterns are mosaics of human settlements, farmland and scattered fragments of natural
ecosystems. Most conservation reserves, even large reserves, are becoming increasingly
surrounded by intensively modified environments and in the long term appear destined to

function as isolated natural ecosystems (Bennett 1999).

Habitat fragmentation 1s a dynamic process that results in the reduction of natural habitat
through time. According to Bennett (1999), the term “fragmentation” is generally used to
describe changes that occur when naturally contiguous habitats are broken into multiple small
and scattered remnants that are separated from each other. Fragmentation begins with “a gap
formation or perforation of the vegetative matrix. At the beginning, the matrix (the most
cominon habitat type) remains as natural vegetation, and species composition and abundance
patterns may be little affected. But when the gaps become bigger and more numerous, these
gaps become the predominant land-use type in the matrix and the connectivity to the original

vegetation is reduced “(Meffe and Carroll 1994).

The process of fragmentation is characterized by the following processes: a) overall loss of
habitat in the landscapes, b} reduction in the size of the habitat, ¢) isolation of habitat
fragments and, d) increased intensification and use of the matrix swrounding the isolated
natural habitat fragments (Meffe and Carroll 1994; Bennett 1999). These changes in landscape
patterns arising from fragmentation can be readily identified and described by measuring
attributes such as the total remaining area of natural habitat, the size-frequency distribution of
fragments, the shapes of fragments, the mean distance between fragments, and the level of
contrast between habitats and adjacent land uses. Spatial patterns and arrangement of habitat

also result in a series of other changes such as the modification of ecological processes in
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response to the changing habitat geometry (Bennett 1999). Such changes can have far-
reaching effects on the flora and fauna, the soil and water resources, and on human ecology
(Saunders et al. 1991; Forman 1995).

2.2 Ecological consequences of forest fragmentation

Forest fragmentation affects tropical species and ecosystems in many ways. There are a
variety of important consequences and interactions of fragmentation that commonly occur in

human-dominated landscapes.

2.2.1. Area effects

The primary impact of fragmentation is the loss of species because of habitat loss and
reduction in fragment size. Habitat reduction and fragmentation have impacts at different
scales for different organisms (Lord and Norton 1990). Large habitat fragments usually
contain more species overall (greater species richness), a higher density of species per unit
area and a wider range of habitats than smaller fragments (Brown and Hutchings 1997).
Therefore, there is a direct relation between the richness and abundance of species and the size
of the fragment (Bennett 1999). Connor and McCoy (1979) cited by Bennett (1999) proposed
three explanations for this relationship:

1) “Small fragments contain small samples of original habitat; therefore, it is likely that
they will contain a lower diversity compared to the larger fragments due to habitat
reduction;

2) With a decreasing area there is reduced diversity of habitats for diverse species survival;

and

3) Smaller areas support smaller population sizes which can affect the population viability

of many species in a fragment.”

When a species is confined to a fragment, its persistence will depend on the size of the
fragment and the dynamic of the population; therefore smaller populations will be more

vulnerable to extinction (Bennet 1999),



2.2.2 Degree of isolation

Habitat isolation is another consequence of habitat fragmentation. Species that are restricted to
certain kinds of habitat will depend on a range of habitat patches in relatively close proximity
in order to move, if no single patch is large enough to meet the needs of the organisms.
Clearings and degraded land might be considered impenetrable barriers of movement for some

species since they might be constrained by their morphology, physiology and behaviour.

The viability of metapopulations may depend on movement of individuals between these
patches in order to balance species extirpation from the local patches. Many species require a
mix of different habitats with distinct resources — for example, food patches, roost sites, and
breeding sites- in order to meet their life history requirements. If these critical areas become
separated, populations may decline rapidly to extinction (Meffe and Carroll 1994). The
consequences of isolation vary with time, distance to the nearest forest fragment or between
fragments and the degree of connectivity between the required habitats (Saunders et al 1990)

which affect the movement of animals and plant propagules between fragments.

2.2.3 Edge effects

One inevitable consequence of habitat fragmentation is the creation of edges or abrupt
transitions between the natural vegetation and the adjacent modified habitat which marks a
contrast in the structure and floristic composition of vegetation as a result of changes in the
physical and ecological processes that occur in fragments as well as towards the matrix
(Mesquita ef al. 1999; Kattan 2002). As fragmentation occurs, the amount of edge found in the
natural vegetation increases, because small pieces of habitat have more edge relative to the
entire surface than the larger blocks of natural vegetation. Populations of some forest species
have experienced declines in smaller fragments as well as in edges and disturbed areas
(Laurance 1994) but these changes may favor other species that are likely to live in edge

conditions (Faarborg 2002).

The impact of edge effects can be measured by 1) the intensity or magnitude of the change
(for example, changes in microclimatic conditions) and 2) its penetration, which is defined as

the maximum distance that the edge effect is detected, measured from the edge towards the



“center” of the forest fragment (Kattan 2002). The impact of the edge effect is directly related
to the size and shape of the forest fragment, since the relation between total area of the
fragment and the perimeter determines the proportion of area that is exposed to the border

effects.

The reduction in spatial continuity, together with edge effects, increases the vulnerability of
fragmented vegetation to extrinsic disturbances such as windstorms, fire and flooding. The
impacts of extrinsic disturbances vary with the nature of fragment dispersion. Finer scales of
fragmentation may not only increase the vulnerability of vegetation to disturbance but may
also lead to occurrence of disturbance regimes that would not occur in equivalent intact

vegetation.

Landscape management should be focused on the development of a matrix of non-hostile
habitats for wildlife use in order to increase connectivity between forest fragments and reduce
the extinction vulnerability of species. In order to achieve this, it will be necessary to reduce
edge effects through land uses that facilitate a gradual transition between forest types across

which organisms may readily move.

2.2.4 Matrix effects

The matrix is composed of a mosaic of modified habitats, such as pastures, crops, plantations,
and secondary forest that surround forest fragments. Different matrix habitats can have major
influences in the ecology of fragmented forests. The matrix is an important component in the

evolution of the dynamics of the fragment for various reasons (Gascon ef al. 1998):

1) “The matrnix can act as a selective filter for the movement of organisms across the
landscape. The type of vegetation in the matrix will determine the type of species that
will be able to move through that filter;

2) The matrix can exert a strong influence over the dynamics of biological communities
within the forest fragment; and

3) Different types of matrix can influence forest fragment edge effects. If the vegetation
in the matrix is structurally similar to the original habitat the ecological and physical

impacts of edge effects can be drastically reduced.”



Fragmented landscapes are composed of modified habitats of different qualities for the
species. Increased connectivity of forest fragments within the matrix can prevent a reduction
in abundance and/or the extinction of local species. In general, generalist species tend to be
less affected by larger scales of fragmentation than specialist species. Specialist species often
require “interior” habitat to live and reproduce. When this type of habitat is reduced,
populations will not be able to be sustained no matter how close the fragments are, and they
will be also less likely to utilize areas of fragmented vegetation as corridors between the intact

vegetation fragments (Lord and Norton 1990).

2.2.5 Changes in species assemblages

Different species of animals respond to habitat fragmentation in different ways. Differences in
home range area, body size, food resources and foraging patterns, nesting and shelter
requirements, as well as tolerance to habitat distwrbance and sensitivity to altered
microclimates, influence the response of each species to fragmentation. The outcome is that
after isolation, the composition of faunal assemblages found in fragments differs from that in

large intact forest habitats (Bennett 1999).

Edge effect studies show that species composition and abundance change in fragmented
landscapes. For example, forest interior bird species may not be able to maintain their
populations in landscapes where edge is abundant and will be displaced by species that are
adapted to live in edge habitats. Species composition will tend to change as species become
more vulnerable to habitat reduction, isolation and edge effects and competition associated

with landscape fragmentation (Meffee and Carroll 1994).

The addition of species to fragmented landscapes (due to species invasion) is an important
aspect to consider when establishing conservation strategies to reduce the loss of species.
Many of the species that invade fragmented landscapes are exotics. Increases in the number of
species at a local scale due to the invasions of exotic species are often accompanied by
declines in diversity as sensitive native species are progressively lost, even though overall

species richness may remain the same or even increase (Meffe and Carroll 1994).



2.3 Habitat configurations to enhance connectivity

According to Noss (1991), “the concept of connectivity implies the connection of habitats,
species, communities and ecological processes at multiple spatial and temporal scales”. This
concept is used to describe how the spatial arrangement and the quality of the elements that
compose the landscape affect the movement of organisms between the habitat patches
(Bennett 1999). On a landscape scale, connectivity can be defined by “the degree in which the
landscape facilitates or prevents the movement of organisms between patches” (Taylor et
al 1996, cited by Bennett 1999).

[t is important to recognize that the landscape is perceived in different ways by different
organisms and the importance and level of connectivity will therefore vary between the
different species (Bennett 1999). The movement and dispersion of species is influenced by the
structural component of the landscape and the behaviour of the species (Bennett 1999). The
structural component is determined by the spatial arrangement of the different types of
habitats present in the landscape and is influenced by the continuity of appropriate habitats,
distance between habitats and the presence of alternative pathways or networks between
suitable habitats. The behavioral component is related to the response behavior of the
individuals and species to the physical structure of the landscape and is influenced by factors
such as the scale at which the species perceive and move in the environment, habitat

requirements and degree of specialization and tolerance to habitat disturbance (Bennett 1999).

Animal species vary in their tolerance to habitat disturbance and change. Some species are
tolerant of human disturbance and are able to adapt and move through the mosaic of modified
habitats. Such species generally do not require a high degree of habitat connectivity in order to
move from one place to the other. Nevertheless, there are also organisms that are sensitive to
habitat changes and require connectivity in order to move across a disturbed landscape
(Bennett 1999). For example, Newmark (1991) showed that bird species found in forest
interior habitats can have limited tolerance to disturbed habitats. He found that for some
species cleared land was an impenetrable barrier for bird movement. For these species, the
population viability and connectivity in landscapes depend on the availability of suitable

habitat.
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Landscape connectivity can be achieved by promoting the movement of organisms and
ensuring its population continuity through the management of the landscape mosaic or by
managing specific habitats in order to maintain the connectivity for species, biological
communities and ecological processes (Bennett 1999). Restoring ecological connectivity
through private landholdings between protected areas may also be critical to ecoregional
conservation efforts. One possible way to mitigate the effects of fragmentation is to create
continuous corridors between fragments. Stepping stones (small patches that facilitate the
movement of individuals from one fragment to the other through the matrix) that consist of
forest fragments or agroforestry parcels provide temporary habitats for species while they
move along the heterogeneous landscape. These alternatives contribute to the genetic flux of
many species and reduce inbreeding depression and demographic and genetic stochasticity in

fragmented populations (Gerlach and Musolf 2000; Somarriba et al. 2004).

2.3.1 Landscape management for conservation

Human dominated landscapes can be managed in a manner that benefits conservation. A basic
knowledge of the ecology of the species or assemblages for which connectivity is the goal is
an important foundation for managing habitats at a landscape level. Knowledge of the
dynamic interactions between organisms and the landscape elements as well as the spatial
scale of a species movement is of particular value. How far is the home range or territory?
How far do animals regularly move? Do they undertake seasonal or nomadic movements?

How far do animals regularly move? And which habitats to organisms normally use?

Landscape links such as biological corridors, forest fragments, stepping stones and
agroforestty systems are alternatives that may contribute to the provision of year-round
resources for feeding, breeding and shelter. Knowing the behavioural and ecological attributes,
such as the the level of tolerance for disturbed habitats, the role of dispersal in life-history, the
age and sex of the dispersing individuals, and dispersal behaviour of organisms will help to
determine the most effective type of linkage in order to facilitate the movement and the ability

of species to effectively use such links (Harrison 1992).
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Establishing adequate linkages throughout the landscape is critical for maintaining animal
populations in reserve areas and evaluating regions suwrrounding the reserves, all for the
purpose of mitigating the threats to biodiversity. A better understanding of the patterns and
processes of ecosystems across different landscapes will allow more accurate prediction of
impacts of human activity on landscape structure and the possibility of mitigation through

implementation of more sustainable land use practices.

2.4 The conservation value of agroecosystems

In most of the tropics, agroecosystems dominate the landscape, but some remnant primary
forest is found in patches distributed throughout the agricultural landscape (Pimentel er al.
1992; Perfecto and Vandermeer 1994; Estrada et al. 1997; Gascon et al. 2004). Most species
that survive in forest remnants also interact with the swrounding agricultural landscape
therefore it is essential to understand the interactions of organisms with the agricultural
systems in order to understand how the organisms within these patches function and how these

funetions shape the ecological processes that occur within preserved and forested areas.

It is undeniable that agricultural practices impact wildlife in several ways, including among
others, babitat loss and disturbance, reduced water quality and quantity, and pesticide toxicity.
Intensification practices also diminish agroecosystem biodiversity by reducing the space
allotted to hedgerows, copses, or wildlife corridors (Alkorta et al 2003). Nevertheless, these
systems can be improved in order to increase productivity and biodiversity value through the
incorporation of more sustainable agricultural practices such as fallow periods, intercroppings,

and agroforestry systems (McNeely and Scherr 2001).

Besides offering some secondary habitat to organisms, agroforestry systems can be used as an
indirect conservation tool to protect natural areas from exploitation. Agroforestry systems can
be integrated in corridors where they could play a conservation role by producing timber and
non timber forest products thereby minimizing the exploitation of protected areas and helping
mitigate biodiversity losses (Gascon 2004) and can also reduce edge effects. The incorporation
of agroforestry systems in buffer zones around protected natural areas is an attractive

alternative for many farmers that can be compatible with conservation interests.
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Coffee is a crop that is emerging as one of the agricultural and/or agroforestry systems with
the greatest potential to preserve biodiversity since it is often grown in areas of high
biodiversity. In the New World, for example, coffee is grown in Mexico, Ecuador, Peru,
Brazil, Colombia and Costa Rica, all of which are considered as centres of megadiversity
(Mittermeir and Mittermeir cited in Botero and Baker 2001). Colombia is regarded as having
the world’s richest diversity of birds and amphibians and is second only to Brazil in plant
diversity. Equally, although smaller in size, Costa Rica is another coffee producing country
noted for its high biodiversity (Botero and Baker 2001). Nevertheless, during the past 20 to 30
years these areas have undergone a substantial transformation due to increased intensification
of coffee production involving the use of high-yielding coffee varieties, high agrochemical
inputs and the reduction or complete elimination of shade trees (Rice and Ward 1996). This
phenomenon has been very profound in Costa Rica, where more than 40% of the coffee farms
have experienced a high degree of shade reduction (Perfecto et al. 1996). Associated with this
transformation from traditional to non-shaded coffee cultivation, has been the dramatic loss of

biodiversity.

2.5 Coffee production systems in Costa Rica

Coffee is cultivated under different production systems in Latin America. These systems
conform a continuum that range from traditional coffee production systems with higher
diversity in the structure and composition of the shade canopy, to those with reduced shade
and intense management (Moguel and Toledo 1996; Perfecto er al 1996; Somarriba er al
2004). Based on vegetational structure and management intensity (Somarriba ef al. 2004),
coffee production systems can be classified as:
¢ “Traditional rustic coffee plantations. These production systems are established in
areas of natural forest. This system removes only the lower strata of the forest. As a
result the original tree cover is maintained, under which coffee plants are inserted. The

canopy is also thinned to regulate the shade.

¢ Traditional polyculture systems. Coffee is introduced under the cover of the original

natural vegetation and is grown with numerous useful plant species.
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¢ Commercial polyculture system. This system involves the total removal of the original
forest canopy trees and the introduction of a set of shade trees which are appropriate

for coffee cultivation.

+ Coffee plantations with two shade strata typically composed by Erythrina poeppigiana
and Cordia alliodora which are commonly found in coffee systems of middle elevation
in Costa Rica. The shade of E poeppigiana is regulated by heavy prunning; and C.
alliodora is mostly managed for timber. Other variations of the system consists

replacing Erythrina poeppigiana with bananas or other perennial crops.

¢ Coffee plantations with one shade stratum composed mainly of one shade species. The

vertical structure is simple and it is managed intensively.

¢ Coffee plantations with shade canopy species that are distributed in a linear pattern

along field borders and roads.

¢ Sun grown coffee monocultures with no shade canopy”.

The architectural, vegetational, and structural complexity of these systems and their
corresponding systematic and ecophysiological features have different ecological
consequences, not only on a microenvironmental scale (Jimenez- Avila 1981; Nestel 1995) but
also on a regional ecosystemic scale. For instance, the presence or absence of shade in coffee
plantations not only has implications in the ecology and economy of coffee agroecosystems
but may also play an important role in the maintenance of populations of organisms at a
landscape level. Scientific evidence has linked the complete elimination of tree cover with a
less stable physical environment because of increased soil and air temperature, lowered soil
water content, decreased abundance and diversity of soil microorganisms, and decreased soil
fertility. The presence of shade also provides a greater variety of habitats for macrofauna and
microfauna (Nestel 1995). Consequently, the different coffee systems, representing different

ecological designs and degrees of ecosystem manipulation, affect in different ways and to
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varying degrees ecological and biological processes such as hydrologic balance, soil quality,

forest cover and biological diversity (Moguel and Toledo 1999).

2.6 Coffee and biodiversity

In the last few years, coffee plantation systems have been widely studied for their potential to
conserve biodiversity. Studies in traditional shaded coffee plantations have demonstrated that
structurally diverse agroecosystem have potential as a refuge for biodiversity (Perfecto et al
1996; Moguel and Toledo 1999). These studies have been carried out independently with a
variety of taxa, primarily with birds (Wunderle and Latta 1996; Estrada er al. 1997, Greenberg
et al. 1997a, 1997b; Wunderle 1999; Johnson 2000) and arthropods (Nestel and Dickschen
1990; Perfecto and Vandermeer 1994, 2002; Perfecto and Snelling 1995; Perfecto et al. 1997;
Johnson 2000).

Polyspecific shaded coffee plantations have a high structural complexity and can provide food
resources, nesting, mating, and foraging sites, shelter, or habitat to many organisms. In
contrast, monospecific shade coffee plantations have low structural complexity therefore, it
provides fewer resources to organisms and is of only limited habitat value for a few species
(Perfecto er al 1996). In addition to the trees themselves, the occasionally diverse
communities of epiphytes on tree trunks and branches may offer a wider variety of

microhabitats for both plants and animals.

2.7 Avifauna diversity in tropical coffee agroecosystems

Various studies show that shade coffee plantations provide a valuable refuge for birds and
other organisms in heavily deforestated agricultural regions (Perfecto er al 1996; Greenberg et
al. 1997 a,b; Wunderle and Latta 2000). For example, studies conducted by Botero and Baker
(2001), found 170 bird species in shaded coffee plantations which represent an estimated 10%
of the avifauna present in Colombia. Shade coffee plantations can also support high densities
of species that are dependent on closed canopy forest (Wunderle and Waide 1993; Wunderle
and Latta 2000). Greenberg et al. (1997) found that forest habitats in Central Guatemala
contained the greatest diversity of birds, followed by shaded the coffee plantations and sun
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coffee plantations. Greenberg also showed that shade coffee plantations can support an even
higher number of forest migrants species (generalists and specialists) compared to other
modified habitais and often with higher densities than in the natural forests. The diversity of
avifauna present in these production systems includes the presence of forest specialists, forest
generalists, scrub/second growth species and edge species which belong to the frugivorous,

insectivorous, and nectarivorous guilds (Greenberg er al. 1997; Moguel and Toledo 1999).

Shaded coffee plantations are also critical habitats for migratory birds that spend their time in
the tropics during the winter season. In some cases, the species abundance of migratory birds
in shade coffee can be higher than in primary forest (Greenberg et al. 1997). The migrant birds
appear to be better adapted to live in shaded coffee plantations because they adopt more
flexible habitat needs compared to the resident birds that breed in the area (Perfecto et al.
1996) Wundele and Latta (1994) also found that migratory species in shade coffee plantations

survived the winter at a rate comparable with those birds found in the natural habitats.

However, not all shade coffee plantations may be equivalent in their attractiveness to birds, as
variation in canopy structure and composition influence avian abundance and diversity in
some plantations (Greenberg ef al. 1997 a; Johnson 2000), Demonstration of the potential
value of shade coffee to birds requires identification of particular habitat characteristics of the
plantations with which various bird species are associated. Avian distribution might also be
influenced by the area of the plantation in shade coffee plantations, based on other studies of
species — area effects on birds. Although most species-area studies have been conducted in the
temperate region, few tropical studies indicate that many tropical resident species are sensitive
to habitat patch size (Lovejoy et al. 1986). Plantation size and degree of isolation might affect
the number of bird species. It is assumed that small isolated shade coffee plantations are more

likely to support fewer species per unit area of habitat than larger plantations.

2.8 Factors affecting avifauna diversity in coffee plantations

Avifauna diversity in coffee plantations may differ due to differences in vegetation

composition and structural complexity, plantation management such the use of agrochemicals
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and pruning intensity of shade trees, and the composition and structure of the surrounding

landscape (Somarriba et al. 2004).

2.8.1 Structural complexity of the plantation

The diversity of avifauna present in shaded coffee plantations is directly related to their
structural and floristic complexity (Wunderle and Latta 1998), therefore coffee plantations that
are more structurally and floristically diverse have a greater diversity than low diversity coffee
plantations. For example, Moguel and Toledo (1999) found up to 184 bird species in shaded
coffee plantations compared to 6-12 bird species in sun-grown coffee plantations (Martinez
and Peters 1996).

Food availability may be a factor that accounts for the differences in the avifauna present in
different types of coffee plantations. The diversity and abundance of nectarivorous,
frugivorous and omnivorous bird species in coffee plantations will depend on the species of
plant that is flowering or fruiting (Greenberg et al. 1997, Wunderele and Latta 2000;
Somarriba ef al. 2004); in addition, to the wide variety of insects that can be found in these

systems which makes them key foraging sites for insectivorous species (Wunderle and Latta
2000).

2.8.2 Plantation management

Agricultural practices such as thinning or pruning shade trees can affect the presence of
avifauna. Prunning of shade trees at different times of the year can affect the seasonal
distribution of foliage in coffee farms (Calvo and Blake 1998). Distribution and abundance of
foliage can influence foraging patterns of birds, abundance and nesting success (Pearson 1975;
Martin 1993 cited in Calvo and Blake 1998). Severe pruning of large branches may even

affect cavity nesters such as woodpeckers in finding suitable sites for nest construction.

The use of agricultural chemicals can affect the presence of avifauna in coffee plantations.
Chemicals potentially harmful to birds include insecticides, herbicides and fertilizers.
Agricultural chemicals probably affect birds both directly via toxic effects and indirectly by

changes in food availability and habitat. The effects of pesticides, particularly herbicides, are a
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major concern. Herbicides are of major concern because they simplify the vegetation structure
and species composition of the plantation. Intensive use of herbicides can potentially reduce
the ground cover of a coifee plantation and change avian community structure or reproductive
success through loss of suitable habitat or declines in prey abundance (Gard and Hooper 1995;
Rodenhouse ef al. 1995). It is to be expected that coffee plantations that are more intensively
managed or use greater quantities of pesticides would have lower populations and lower
species richness (Perfecto and Vandermeer 1994; Perfecto ef al. 1997) than less intensively

managed plantations.

2.8.3 Effects of landscape structure on avifauna diversity

Birds are one of the most studied groups of organisms at a landscape level. Birds are highly
mobile organisms and consequently their movements cannot be easily followed. What we
know of avian movement is limited primarily to data from recapture birds and movements of
birds on discrete study areas (Haas 1995). Between the data that can be collected on distance
dispersal on single study areas and Jarge scale movements, there is a gap of knowledge in the
frequency and importance of different lengths of dispersal and resource use within the
landscape. Behavioural avoidance, rather than physical inability to traverse distances, is
probably one of the reasons why many forest-interior birds are inhibited by forest gaps.
According to Stouffer and Bierregaard (1995), approximately 20% of tropical forest birds at
diverse sites in southern Brazil and eastern Tanzania are reported to be incapable of crossing

gaps wider than several hundred meters.

Species richness and abundance of avifauna in coffee agroforestry systems are likely to be
influenced by the landscape context such as patch size and frequency of adjacent forest
patches, interpatch distance, degree of isolation and connectivity with respect to other similar
coffee plantations and nearby forests, the diversity of patch types as well as by the presence of
live fences, dispersed trees, and other remnant vegetation (Van Dorp and Opdam 1987;
Forman 1995; Somarriba ef al. 2004).
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Several studies have shown that local species richness is reduced in smaller habitat patch size
and in habitats located at greater distance from forest fragments (Dorp and Opdam 1987;
Boulinier et ol 1998; Zannette ef al 2000). Martinez and Peters (1996) reported a total of 184
bird species in traditional coffee fields adjacent to a tropical forest when compared to 82
species in coffee plantations isolated from forest remnants; suggesting the importance of
forest habitat to the persistence of many bird species in agricultural areas. Habitat patch
isolation can also restrict the movement of certain of birds which can in turn lead to higher
probabilities of local extinction. For example, Dunning et al/. 1995 showed that linear
landscapes and isolated patches of habitat were less likely to be colonized by Bachman’s
sparrows (Aimophila aestivalis). The amount of matrix relative to habitat fragment and the
degree of contrast between edge effects might also influence exposure to brood parasitism and
predation. If conditions favor predators and parasites then the reproductive success of some
species of birds will decrease. Even in habitats with “natural” conditions nest predation rates
often approach 50% but in forest fragments nest predation rates can be greater than 90%
(Faaborg 2002).

Adjacent forest patches provide food and nesting resources for birds, Zannette et al (2000)
showed that birds experienced greater food shortage during breeding season in smaller
fragments than in large fragments. This is influenced by the lower prey biomass present in
smaller fragments. Differences in the microclimatic conditions due to edge effects could

explain the variation of food abundance.

Kurosawa and Askins (2003) showed that a number of forest-interior species of birds were
significantly affected by the density of connecting elements mainly because connecting areas
can provide additional feeding habitat for the birds in the adjacent forest patches, both during

the breeding season and during winter and facilitates the movement and dispersal of birds.

Structurally more complex diverse coffee plantations near natural forests can serve as buffer
zones and thereby can contribute to increase the habitat area for some species. At the same
time, the presence of trees in coffee plantations may help increase the overall landscape
connectivity, thereby facilitating animal movement to and from isolated forest patches in the

coffee farm matrix.
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3 METHODS

3.1 Description of the study site

The study was conducted in the Turrialba-Jiménez Biological Corridor (TJBC), Costa Rica.
The Biological Corridor is located in the counties of Turrialba and Jiménez in the Province of
Cartago, in the eastern part of Costa Rica (9°73° N, 83°43° W), and covers an extension of
71,386 ha (Figure 1).

The TIBC is part of the Central Volcanic Mountain Range Conservation Area. The TIBC
borders with a nucleus of protected areas that fall under different management categories.
These include the Turrialba Volcano and Irazu Volcano National Parks on the northern side,
the Pacuare River Forest Reserve and Cabecar de Chirripo (Duchi) Indigenous Reserve to the
east, the Macho River Forest Reserve to the southeast, and the Tuis River Watershed Protected
Zone, La Marta Wildlife Refiige and the Tapanti-Macizo de la Muerte National Park to the
south. Forty percent of the area within the corridor is covered by forest. This forest cover is
made up of a mixture of old-growth fragments, riparian forests and secondary forest or
abandoned agricultural land. The largest tracts of forest are located on the southern and eastern

side of the corridor (Figure 1).
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Figure 1. Location of the Turrialba — Jiménez Biological Corridor (TTBC), Costa Rica and the

remaining forest cover (in green).



The area is topographically diverse, with elevations ranging from 500 m in river valleys to
over 3328 m on ridges. The climatic conditions are influenced by the Northeast trade winds
that bring moisture from the Carribean side to the Central Volcanic Mountain Range of Costa
Rica.

According to the Holdrige Life Zone classification system (Holdrige 1978), the TIBC
represents seven life zones and four transition zones. The most representative life zones are:
tropical premontane wet forest (53%), tropical premontane rainforest (22%) and lower
montane wet forest (5%) (Canet 2003). The climate and volcanic soil characteristics present in
the region permit various agricultural activities primarily cattle pastures (21% of the corridor),
coffee (14%) and sugar cane plantations (5.8%), macadamia, fruits and vegetables (2.5%).
Land use is diverse and divided among many small landholdings (Appendix 1)m. A number
of communities are found in this area, of which the town of Turrialba constitutes the most

important urban centre in the region with a population of 32,000 people (Canet 2003).

A total of 10,213 hectares of conventional and organic coffee is produced in the Turrialba
region. The majority of it is grown at an altitudinal range from 600 — 1300 meters above sea
level (ICAFE 2003). Coffee production currently represents 14% of the total area of the TIBC.
Despite this large area, coffee production has experienced a reduction of 14.3% in the past

four years, mainly due to the impact of the global coffee crisis (Moya 2005).

There are two main types of coffee production systems in the region: conventional and organic
production. Conventional coffee production generally requires high levels of external inputs
and has been linked to soil degradation, environmental pollution, and human health problems
(Fernandez and Muschler 1999), particularly for small and medium scale producers. These
farmers rely on purchased inputs and a single source of income from coffee monocultures can
create serious economic risks due to increasing costs and unstable world market prices for

coffee.

In contrast, organic coffee production systems, based on diversity, recycling, biological

processes, and mimicry of natural habitats (IFOAM 1996; Figueroa - Zevallos ef al. 1996 cited
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in Lyngbak et al. 2001), can generate multiple products for the farmers with fewer external
impacts compared to conventional coffee systems. Since the 1990’s, the Association of
Organic Producers of Turrialba (APOT) has produced coffee using more environmentally
friendly practices. There are 115 active members in APOT of which a total of 68 members are
organically certified coffee producers; 50 of them are located within the TIBC (Hidalgo 2003).
Environmentally - friendly practices include the incorporation and diversification of shade tree
cover, the use of organic fertilizers, the diversification of crops produced in the farm and
reduced pesticide use. The Twurrialba region therefore provides a good setting to study the
impact of various farm management practices, both conventional and organic, on the

biodiversity present in coffee agroforestry systems.

3.2 Coffee farm selection

In order to explore the relationship between the landscape context and structural complexity of
coffee agroforestry systems and birds observed, of the 86 APOT’s organic farms and a sample
of 115 randomly selected conventional coffee farms located within the TIBC were selected
and georeferenced with the aid of the APOT and ICAFE data bases. These data bases
contained contact information of the property owners and the location of each farm. For each
farm, the following information was compiled: dominant shade species, number of strata,
altitude and homogeneity in the spatial arrangement of the dominant shade species for each
farm. Based on these criteria, the most common coffee plantation types found in the region

were identified.

Aproximately 89.1% of the coffee plantations present in the TIBC had a shade canopy and
only 10.9% of the coffee area was planted with no shade. The majority of the coffee
plantations that were surveyed (including both organic and conventional farms) had one or
two canopy layers indicating the predominance of low diversity shade coffee systems in this
region. Coffee plantations with a single tree layer were mostly dominated by Erythrina
poeppigiana although some farmers have also incorporated crops that have commercial value
such as Musa spp. into these plantations. Plantations with two shade strata were dominated by

Erythrina poeppigiana and Cordia alliodora. Very few multistory coffee polycultures (three
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canopy layers or more) were found in the region, and most of these farms with this type were

organic.

The most common coffee farm types found in the region were Erythrina poeppigiana and
Erythrina poeppigiana — Cordia alliodora coffee plantations. EC plantations were
characterized by having a high density and a homogeneous distribution of Erythrina
poeppigiana. On the other hand, ECC plantations were characterized by having a
homogeneous distribution and high density of Erythrina poeppigiana and Cordia alliodora. In
these plantations, Erythrina poeppigiana conformed the lower tree canopy layer whereas
Cordia alliodora was the tree species that conformed the upper canopy layer in this type of

coffee plantation.

For this study, the two most common coffee plantation types that showed clear structural
differences between them were selected: Erythrina poepiggiana (EC) and Erythrina
poepiggiana - Cordia alliodora (ECC) coffee plantations. A total of 40 farms (20 EC and 20
EC plantations) were selected for this study from which 36 farms were conventional and 6
were organic. Farms were randomly selected based on the following criteria: an altitudinal
range of 650-1000 meters above sea level corresponding to the tropical premontane wet forest
life zone, homogeneous distribution of the dominant tree shade species and a minimum area of

2.5 hectares of land.

3.3 Distribution of study plantations within the landscape of the Turrialba

Jiménez Bielogical Corridor

The forty selected coffee plantations were distributed along the TIBC in 14 different
communities: Santa Teresita (6 farms), Aquiares (2), Santa Rosa (1), Azul (2), Alto Varas (1),
Turrialba (1), Atirro (2), La Suiza (11), Tuis (2), Javillos (2), Chitaria (1), Pavones (2) San
Pablo de Tres Equis (2), Tayutic (2), Bajo Pacuare (2) and Grano de Oro (1). The sizes of
coffee plantations ranged from 2.5 to 40 ha with a mean of 9.2 ha. Additionally five forest
sites were selected as reference sites. The size of these forests varied between 120 and 232 ha.
The selected forests were Guayabo National Monument with 232 ha, La Isabel (150 ha),
Chitaria (150 ha), La Marta Wildlife Refuge (120 ha) and Bajo Pacuare (125 ha). These sites
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georeferenced with Global Positioning System (GPS) and located in the TJBC map (Figure 2).

had a mixture of secondary and old-growth forest. Each coffee plantation and forest was
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Figure 2. Distribution of the 20 Erythrina poeppigiana (EC), 20 Erythrina poeppigiana-Cordia

alliodora {ECC) coffee plantations and five forest sites within the TIBC, Costa Rica, where bird

communities were characterized. Forest cover is represented in green.



3.4 Characterization of bird communities and coffee plantations

3.4.1 Selection of plots for bird characterization and characterization of coffee plantations

For each of the 40 coffee plantations two 25 m fixed-radius circular plots were established for
bird counts. The first circular plot was placed 50 m from the center point of each plantation.
Each circular plot was located at 100 m from each other and at least 20 m from the edge or
tarm house. These circular plots were used as point counts (Hutto er al 1986; Ralph et al.
1996) for the characterization of the bird communities. In addition, two 50 m x 50 m
vegetation plots were established around each point count or bird observation area to

determine the structural and floristic composition of each of the coffee plantations.

3.4.2 Structural and floristic composition

Within each 50 m x 50 m vegetation plot, all trees with a diameter at breast height > 10 cm
were registered. Additional measurements taken included: the number of trees, the estimated
canopy diameter of shade trees, height and epiphyte cover. Plants that produced flowers or
fruits at the time of the survey were also recorded. In addition, ten coffee plants were
randomly selected for each plot. For each coffee plant, the height was measured and an
average height of all the coffee plants per plot was obtained. The number of shade trees with a
dbh = 10 c¢m, and the percent of shade trees and coffee plants that were pruned (partially or

completely) at the time of the survey were also quantified.

In order to further characterize coffee management, each vegetation plot was subdivided into
10 m x 10 m quadrats. Within the center of each of the 25 quadrats, structural hetereogeneity
of the coffee plantation, the percent of canopy cover, percent of herbaceous cover and weed

height were assessed. The values obtained for these variables were averaged for each farm

(Figure 3).
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Figure 3. Quadrats used to compile management data in vegetation plots. The white circle represents
the center of the point count area and black circles represent the center of the 10 m x 10 m quadrats.
The circle dotted circle represents the area in which birds were surveyed.

The structural heterogeneity of each coffee plantation was assessed using Thiollay’s (1992)
methodology (in the center of each 10 m x 10 m quadrat). The percent of vegetation cover in
each of four main strata (0-2, 2-9, 10-20, and > 20 m) was visually estimated by using a
simple index of 1 to 3 (1-33, 34 — 66, and 67-100%) at the center of each individual quadrat.
Foliage cover scores were obtained for each strata based on visual estimations. The sum of the
four indices in each stratum was used as an index of vertical heterogeneity for each coffee

farm.

Canopy cover was measured with a spherical densiometer. A total of four densiometer
readings were recorded in each of the four cardinal directions at 1 m above ground in the
center of each quadrant and an average reading was calculated for each plot. Herbaceous
ground cover was estimated by placing a 0.5 m x 0.5 m frame on the ground in the center of
each of the 25 quadrats per plot. Herbaceous cover was estimated by visually using an index
from0t0 3 (0=0~25%, 1 =25~50%,2 =50~ 75% and 3 = 75 - 100%). An average value
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was calculated for each plot. Table 1 presents a summary of the structural, composition and

management variables compiled for each coffee plantation.

Table 1. Structural, vegetation and management information compiled from each of the 50 m x 50 m
vegetation plots.

Structure Management Cemposition
Height of shade trees (m) | % of pruned shade trees Species present
Canopy diameter of shade
trees {m) Coffee plant height # of species of shade trees
% of epiphyte cover Coffee plant density # of shade trees per species
# of fruiting trees % of herbaceous cover
# of flowering trees Weed height
Index of vertical
heterogeneity % of shade

3.4.3 Landscape context surrounding coffee plantations

The interpretation and digitalization of the forest cover around the coffee plantations was done
with ArcView 3.1 (Environmental Systems Research Institute) on a 2003 infra-red photograph
provided by the Costa Rican National Center of High Technology (CENAT) at a working
scale of 1: 15000. The percent of forest cover surrounding each coffee plantation was
calculated by placing each coffee plantation at the center of overlaying concentric circles with
a radii of 500, 1000 and 1500 m which corresponded to circular plots with an area of 78.5,
314.2 and 706 ha respectively. The percent of forest cover was calculated separately within
each circular plot. Forest cover measurements were considered as co-variables in analysis of
Co-variance (ANCOVA).
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Figure 4. Forest cover surrounding coffee plantations within a radius of 500, 1000 and 1500 m. The
yellow circle represents the individual coffee plantation placed at the center of each concentric circle.

3.4.4 Avifauna community assessment

In order to characterize avifauna communities within the coffee plantations, two 25 m fixed-
radius point counts were established in each of the 40 caff'eé plantations (ie. 80 point counts
total). This method is a standard technique for bird surveys in tropical habitats and is a fast
method that allows sampling in a large number of sites (Hutto er al 1986; Ralph et al. 1996).
The first point count was placed at the center of each farm. The second point count was
located at least 100 m from the other, and at a minimum distance of 20m from the edge or

farm house (Figure 5).

Figure 5. Circular plots used to characterize avifauna communities in coffee plantations

29



Additionally, two point counts plots were established in each of five forest sites distributed
across the TIBC to characterize and compare bird communities present in forest habitats. All
of the 80 point count plots in the cotfee plantations and the 10 point counts in forest fragments

were visited during two periods (April- May 2005 and June-August 2005).

At each point, observations were made for a period of 10 minutes between 06:00 and 08:00
and for another 10 minutes between 13:30 and 17:50. In each time period, each point count
was visited once in the morning and and once in the afternoon in order to obtain data from
each count station for each type of farm and forest throughout the day. The total observation
time per point count site was 40 minutes (10 minutes x 2 times/day x 2 point counts) and the
total observation time for each farm was 80 minutes per farm. For each 10 minute point count
the following information was collected: species, sex (where possible), location or strata of
occuirence, and activity in each of the plots. Only birds observed within the point counts were
recorded. Individuals that flew over or flew through the plantations were recorded separately
during the observation period and were not included in the analysis. Analyses were restricted
to counts of birds detected only within the 25 m radius point counts. No surveys occurred

during rainy days since precipitation typically affected bird activity.

To investigate the relationships of birds with the structural complexity of coffee agroforestry
systems, species were classified into guilds. The guild classifications were based on
observations in the field and information presented in Stiles and Skutch (1985, 1989). Species
were categorized into strata of occurrence based on the habitat in which they were most
commonly observed: ground (birds that forage on the ground or leaf litter), understory (birds
that forage in shrubbery under trees), trunk (birds that occur on trunks or branches at all
levels) and canopy (birds that forage in the crowns of trees). Species were also classified by
diet using Stiles and Skutch (1989): insectivores (species that feed almost exclusively on small
invertebrates), frugivores (birds that feed more than half the time on fruit or on the seeds of
fruit while on trees, e.g. parrots), nectarivores (birds that feed more than half the time on
nectar), omnivores (birds that feed on a mixed diet of arthropods, fiuit, nectar, or seeds) and

granivores (birds that feed more than half time on seeds).
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Birds were also classified by its degree of forest dependence using Stiles and Skutch (1985)
and Sekercioglu ef al. (2002). Each bird was categorized into a forest dependence class: high
(class 1), intermediate (class 2) and low (class 3) which corresponded to forest specialist,
forest generalist and non forest species respectively (Table 2). Intermediate class assignations
were used for those species that did not fit neatly into a single class (for example, 1.5, 2.5).
This information was useful for determining the conservation value of coffee plantations and
the sensitivity of individual bird species that were present in coffee plantations to landscape

fragmentation.

Table 2. Classification of bird species into three levels or classes of forest dependence (based on Stiles
and Skutch 1985; Sekercioglu et al. 2002).

Class Criteria

1 (Forest specialist) Species requires at least 50 percent cover with

large interconnected forest patches.

2 (Forest generalist) Species can persist in the persistence of forest
fragmentation (50% or less forest cover). These

are also forest edge species.

3 (Forest independent) Species requires no forest and can persist in
second growth, scrub and agricultural lands.

3.5 Data Analysis

3.5.1 Structural and floristic composition

Data on plantation structure (height of shade trees, canopy diameter, % of epiphyte cover, # of
fruits, # of flowers, index of hetereogeneity), management (% of pruned trees, coffee plant
height,coffee density, % of herbaceous cover, weed height and % of shade cover) and floristic
composition (species present, # of species and # of shade trees) were compiled from each of
the two 50 m x 50 m vegetation plots. The data on structural, management and floristic
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composition variables were combined from each vegetation plot to obtain the information for

each farm.

3.5.2 Avifauna composition and diversity within each coffee plantation

A total of 3,200 minutes of observation was completed in coffee plantations and 400 minutes
in forest sites (Table 3). Data from bird observations in April — May 2005 and June —~ August
2005 were combined for all analysis, The information compiled for the two point counts per
farm were combined and added to obtain the total number of bird species and individuals for

each coffee plantation.

Table 3. Sampling effort measured in observation time (minutes) for a each point count, each coffee
plantation, plantation type, each forest and all the forests. Observation time for each point count was
measured as 2 times/day x 10 min/period x 2 days

Observation
Sampling level time (min)
Point count 40
One plantation (2 point counts) 80
EC plantations (2 point counts x 20 farms) 1600
ECC plantations (2 point counts x 20 farms) 1600
One forest (2 point counts) 80
All the forests (2 point counts x 5 forests) 400
Total sampling effort 3600

For each coffee plantation I calculated species richness (S), evenness (E), Shannon-Wiener
Diversity Index (H), Simpson Index (D) and Margaleff Index (D). All the values for these
indices were calculated by using the program ESTIMATES 6.0 (Colwell 2001). The formulas

and explanations of these indices are found in Table 4.
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Table 4. Formulas and explanations of diversity indices used to characterize the bird communities in

coffee plantations within the TIBC, Costa Rica.

Diversity Index

Formula

Explanation

Shannon — Wiener (H”}

=~ mlnp,

Accounts for the abundance and evenness of species
present. The proportional abundance of species i or the
number of individuals of species / divided by the total
number of individuals in the sample {p,) is calculated and
multiplied by the natural logarithm of this proportion
{Inp,). The values of H' range between 0 and log S.

Evenness (E)

E=1/Spl
0<E<1

Shows the relationship between the abundance of each
species and how evenly these individuals were distributed
among species. When the value of E is close to zero, it
means that one species dominated the same community
and when it is close to 1, all the species shared similar

abundances.

Simpson Index (D)

A=Y pd

Shows the probability that two individuals randomly
selected in a sample corresponded to the same species. It
takes into account the representativeness of species with a
higher importance value without evaluating its

contribution to the rest of the species.

Margaleff Index (D)

Dy =S ~-1)In(N)

Shows the relationship between the number of species and
the number of individuals. The index will varied with the

number of individuals, Values closer to zero mean that

there are fewer species.

Rank-abundance curves were also generated for each type of coffee plantation in order to have

a sense of the composition and dominance of species in each type of coffee plantation.

2.5.3 Comparison of avifauna richness and abundance between coffee plantations

T-tests were used to compare bird abundance, species richness, diversity indices (H’, D, Dnme

and E’), feeding guilds and forest dependence between EC and ECC plantations. An analysis

of co-variance (ANCOVA) was also used to determine if the co-variables (forest cover around

each farm at distances of 500m, 1000, 1500 m and the variables for structure, management and
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composition) affected differences in the bird abundance, species richness and diversity across
the different types of coffee plantations. Statistical analysis were conducted using with the

statistical program InfoStat/Professional 1.1 (Robledo ef al. 1998).

Additionally, the Jaccard Index (I) was used to compare the degree of similarity of bird
communities between the different types of coffee plantations and the forest fragments. The
Jaccard Index is a similarity index that indicates how similar two sites were based on the
number of species that these sites share. The similarity coefficient of Jaccard was calculated

by using the following formula:

Where:

a = number of species present in site A

b = number of species present in site B

¢ = number of species present in both sites A an B
Most similarity indices range from 0 — 1; the closer to 1, the similar the two communities.
Additionally, the Serensen Index was also calculated with the following formula:

L=_2¢c
atb

This index relates the number of species found in each site with the number of species found
in both sites. The closer to 1 the more similar the communities are with respect to their relative

abundances.

A species accumulation curve was generated in order to show differences in species richness
between the different types of coffee plantations and determine sampling efficiency for each
treatment, The data were generated using ESTIMATES 6.0 (Colwell 2001). Species
accumulation curves were done with SigmaPlot (2000). A cluster analysis was conducted to

differentiate groups of coffee plantations based on differences found in the composition of
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bird communities that were present in coffee agroforestry systems. The farms were grouped
using the Sorensen (Bray-Curtis) distance measure and flexible beta as the linkage method in
order to generate a dendrogam that showed the degree of association between the different
groups of farms (Gauch 1982). Once the cluster analysis was done, an Indicator Species
Analysis (Dufrene and Legendre 1997) was performed in order to identify indicator species
for each cluster group. The method combined information on the species abundance and the
probability of occurrence of a species in a particular group. The indicator values for each
species were tested for statistical significance using the Monte Carlo technique. Cluster
analysis and the Indicator Species Analysis was performed in the program PcOrd (McCune
and Mefford 1999).

3.5.4 Relationship between vegetation characteristics, landscape context and bird

abundance and species richness in coffee plantations

A simple linear regression was performed between each of the variables of forest cover (500,
1000 and 1500 m) with abundance and species richness of birds per farm in order to explore
the relationship between the landscape context and bird communities. A cluster analysis with
the variables of structure (height of shade trees, canopy diameter, # of fruits, # of flowers,
index of heterogeneity), management (% of pruned shade trees, coffee plant density, % of
herbaceous cover index, weed height and % of canopy shade) and composition (# of species of
shade trees, # of shade trees with a DBH 2 10 ¢m) was performed with the average linkage
method and a distance of 1 minus the absolute value of Pearson correlation coefficient to find
the degree of correlation between the various variables. Variables that were grouped by more
than 0.55 were considered to be correlated (Johnson and Wichern 1998). The variables that
were selected were: number of fruits, percent of pruned shade trees, the number of Cordia
alliodora tress, canopy diameter of shade trees, height of shade trees, percent of surrounding
forest cover at a distance of 1000 m, percent of epiphyte cover, herbaceous cover index,

number of trees with a dbh < 10 ¢m and the number of shade trees with a dbh > 10 cm.

Once the dendrogram was generated, I then proceeded to select only variables that were not
correlated for the multiple regression analysis. The multiple regression analysis was used to

explore the relationship of the structural and floristic characteristics of the coffee plantations
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and forest cover around individual plantations with the abundance and species richness of bird
communities. A step wise multiple regression analysis was performed to find the variables that
had a degree of significance at 0.05. This analysis helped to determine which variables
influenced the most in the abundance and species richness of birds that were present in coffee

plantations

4. RESULTS
4.1 Characterization of coffee plantations

4.1.1 General structural and floristic composition

A total of 3,202 shade trees (dbh > 10 cm) from 25 species (14 families) were registered in
coffee plantations (Appendix 3). The most common species in these agroforestry systems were
Erythrina poeppigiana with 73% of all the individuals, followed by Cordia alliodora (17%).

The rest of the species were represented by 10 individuals or less.

An average of 80 individuals of plant species with dbh 2 10 cm and a mean of 3.0 species
were found in each of the 50 m x 50 m plots in the forty coffee farm plantations (Table 5), The
average diameter at breast height (DBH) for shade species was 25.4 cm with an average height
of 7.3 m. The average shade cover was 47.3%. The mean number of Erythrina poeppigiana
was 60.2 individuals, which extrapolates to a average density of 306 trees ha”. The mean
number of Cordia alliodora was 13.50 + 2.88 trees which extrapolates to an average density
of 93 trees ha’. Approximately 22.6% of the shade trees were pruned in coffee plantations.
The mean herbaceous cover index was 0.74 and the average height of the herbaceous layer

was 16.3 ¢cm.
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Table 5. Mean values (+ standard of error) of structural, management and floristic characteristics of
coffee plantations (n = 40) within the TIBC, Costa Rica. The information was compiled from the two
50 m x 50 m vegetation plots. Data represent means per coffee plantation. The herbaceous cover index
was calculated by averaging the index values obtained from the twenty five 10 m x 10 m quadrats.
Index values were classified as: 0= 0-25%; 1 = 25 — 50%; 2= 50-75%; 3= 75-100% herbaceous cover.

Stracture Mean +SE Management Mean & SE Composition Mean + SE
% of pruned shade # of trees. 210 cm
Height (m) 7.27£0.56 { spps. 22.59 % 4.69 dbh 80.00£ 5.8
# of spp. 2 10 cm
Canopy diameter 1,95+ 0.15 { Density of coffee ha-1 6,313+ 270 dbh 3.03+0.25
dbh > 10 em 2.15% 027 | Coffee plant height 1.69 +0.03 # of Erythrina spp.  60.20 + 4.86
% of epiphyte Herbaceous cover
cover 13.43:+2.93 | index 16.34 + 2.49 #t of Cordia spp. 13.50+2.88
# of trees £ 10 cm
# of fruits 0.18+0.11 | % of shade cover 4728 + 2,68 dbh 1245+ 2.12
# of spp. <10 cm
it of flowers 0.38 £ 0.26 dbh 2.15£0.27

4.1.2 Structural and floristic composition in coffee plantations

A total of 1,610 individuals of plants with a dbh= 10 cm were registered in vegetation plots of
EC plantations. These individuals belonged to 18 species (14 plant families). The most
common shade species in this type of coffee plantation was Erythrina poeppigiana with 1380
individuals, followed by Musa spp. (107 individuals). ECC plantations registered a greater
number of shade trees (1,728) which represented 19 species (12 families) compared to EC
plantations. The most common shade species however, were also Erythrina poeppigiana
(1,043 individuals), followed by Cordia alliodora (532 individuals). Trees in ECC plantations
had a significantly greater mean height (p = 0.0464), structural heterogeneity index (p =
0.0001} and epiphyte cover (p=0.0165) compared to EC plantations (Figure 12). There were
no significant differences in the number of trees (p=0.2756), number of species (p=0.1426),
DBH (0.3739) and canopy diameter (p=0.474) between both types of coffee plantations {Table
6).
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Table 6. Structural and floristic characteristics of Erythrina poeppigiana (EC) and Erythrina
poeppigiana - Cordia alliodora (ECC) coffee plantations. Data include information on mean number
of trees, species, diameter at breast height (DBH), percent of epiphyte cover and structural
heterogeneity index. Mean canopy diameter was measured with the following index: 0=0-~1m; 1 =
0-3m;2=0~6m;3=0-10m; 4>=+10 m. Index values were added and averaged for each coffee
plantation. Except where specified otherwise, all data are means + SE.

Vegetation variables EC +SE ECC+SE p-value
Total # of trees 1474 1728

Total # of species 18 17

# of trees/plot* 73.6+901a 864£727a  0.1426
# of species/plot* 265+039a 34+£031a 0.2756
Dbh (cm) 2446+ 1.83a 2629+08%a 03739
Height (m) 6.15+086b 838+066a  0.0464
Canopy diameter Index 1.84£022a 205+02a 0.474
% of epiphyte cover 6.52+335b 20.33+437a 0.0165
Heterogeneity Index 444+0.09b 566+£0.13a  0.0001

*Plots=50mx50m

The two types of coffee plantations had distinct diameter distributions (Figure 6). Most of
Erythrina poeppiggina in EC plantations had diameters between 10 — 20 cm. Only eight
Cordia alliodora trees were registered in EC plantations and most of them had diameters
between 30-40 cm. In contrast, Erythrina poeppigiana in ECC plantations had larger
diameters that ranged between 20-30 cm and a mean dbh of 25.51 + 1.18 cm. Most of the
Cordia allliodora trees in ECC plantations also had diameters in this range but the mean was

18.31 £ 2.42, a smaller mean dbh than that of the Erythrina poeppigiana trees (Figure 6).
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Figure 6. Diameter distributions of Erythrina poeppigiana and Cordia alliodora trees in (a) Erythrina
poeppigiana (EC) and (b) Erythrina poeppigiana — Cordia alliodora (ECC) coffee plantations in the
TIBC, Costa Rica.

The two types of coffee plantations also varied in tree height (Figure 7). The majority of
Cordia alliodora trees in ECC plantations had canopies taller than 15 m and the mean height
was 10.61 £ 1.49 m. In the EC plantations, the canopy was dominated by Erpthring
poeppigiana and most of these trees were found in the 0 ~ 5 m range with a mean height of

5.17 £ 0.52 m. Most of the Ervthrina poeppigiana trees in ECC plantations were found in the
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0-5 m range. Frequent pruning of Erythrina poeppigiana for shade regulation might explain

the presence of trees with large diameters (Figure 6) yet short heights (Figure 7).
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Figure 7. Height distribution of Eryvthrina poeppigiana and Cordia alliodora trees in (a) Erythrina
poeppigiana (EC) and (b) Erythrina poeppigiana — Cordia alliodora (ECC) coffee plantations.

EC plantations contained a significantly greater density of Erythrina poeppigiana (349 +
40.85 trees ha’; p= 0.0523) compared to ECC plantations (264 + 25.61 trees ha™). ECC

plantations contained significantly greater densities of Cordia alliodora (136 % 20.34 trees
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% of forest cover ot 1009 m

ha™; p=0.0001 ) compared to EC plantations (2 + 0.92 trees ha™'). Cordia alliodora also had a
significantly greater mean canopy diameter index (3.46; p= 0.0001) in ECC plantations than
EC plantations. No significant differences were found in coffee density (p=0.6899),
herbaceous cover index (p= 0.741), mean height (p = 04103) and canopy diameter of
Erythrina poeppigiana (p=0.4105) between the two types of coffee plantations.

4.1.3 Surrounding landscape context

The mean percent of forest cover around the 40 coffee plantations at a radius of 500 m was
17.7 % £ 2.81 and ranged between 0 and 70 %. The mean percent of forest cover at 1000 m
was 21.9 % % 2.59 ranging from 2.5 to 72.9 % and finally for the 1500 m, the mean forest
cover was 17.7 % ranging from 5.9 to 70.6 %. The distribution of forest cover varied across all
the coffee plantations (Figure 8). The results also showed that the mean percent of forest cover
did not vary significantly between the two types of coffee plantations. At 500 m, the mean
percent of forest cover was 17.8 % + 3.1 in EC and 17.5 % * 4.79 in ECC plantations. At
1000 m, the mean percent of forest cover was 23.1 % + 3.42 in EC and 20.6 % + 3.96 in ECC
plantations and at 1500 m, the mean percent of forest cover was 26.3 % + 3.42 in EC and 22.8

% *+ 3.46 in ECC plantations.

a) b)

% of feznst covnt a2 1080 m

Coffoe plantations

Figure 8. Distribution of forest cover around a) Erythrina poeppigiana (EC) and b) Erythrina
poeppigiana — Cordia alliodora coffee plantations at 1000 m radii within the TIBC, Costa
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Rica. Locations of individual coffee plantations and their abbreviations can be found in

Appendix 2.

4.2 Characterization of tropical bird communities

4.2.1 General structure and composition of the community

A total of 1780 birds belonging to 35 families and 185 species were registered in coffee
plantations and in five forest sites inside the Turrialba — Jiménez Biological Corridor
(Appendices 4 and 5). Most of the species that were recorded were resident species, except for
12 species which were long distance migrants. Most of the migrant species were in the

Parulidae and Vireonidae families.

Tyrannidae was the family that registered the most species (16 species), followed by
Thraupidae (12 species) and Emberizadae (12 species). A total of 25 families were represented

by only 5 species or fewer and 11 families were represented only by one species (Figure 9).
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[ Cthers M Tyrannidae 8 Thraupidae B Emberizidae
A Trochilidae B Formicariidae & Parulidae B Troglodytidae
B Dendrocolaptidae  Qicteridae A Picidae

Figure 9. Composition of bird families (N = 35) based on number of species found in coffee
plantations and forests in the TIBC, Costa Rica
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Bird species with high conservation value that were recorded in coffee plantation point counts
were the olive-sided flycatcher (Contopus borealis) and the white-crowned parrot (Pionus
senilis). The crimson-fronted parakeet (dratinga finschi) and the red-lored parrot (dmazona
autumnalis) were also observed in coffee plantations but were not registered inside the point
counts. The olive- sided flycatcher is a long distant migrant and according to the TUCN Red
list (Bird Life International 2004) this species is considered as “near threatened” since its
experiencing population declines throughout the range of this species. The white-crowned
parrot (Pionus senilis), the crimson-fronted parakeet (Adratinga finschi) and the red-lored
parrot (dmazona autumnalis) are listed in CITES and the official list of threatened wildlife
species for Costa Rica (UICN 1997) White-crowned parrots (Pionus senilis), crimson fronted
parakeets (Aratinga finschi) and red-lored parrots (dmazona autumnalis) were frequently seen
in coffee plantations of this region nevertheless they are experiencing declines mainly because
these birds are considered pests for some agricultural crops and people poach them to sell
them or keep them as house pets (INBIO 2004).

4.2.2 Avifauna structure in coffee agroforestry systems

A total of 1,687 birds of 101 species (30 families) were registered in the 80 point counts in
coffee plantations (Appendix 4). Tyrannidae was the bird family with the greatest species
richness (15.8% of species) followed by Emberizadae (11.9% of species) and Thraupidae
(11.9% of species). The common-tody flycatcher (Todirostrum cinereum) was the most
common species in the Tyrannidae family. The Emberizadae family registered the greatest
number of birds (19.1%), followed by Thraupidae (18.7%) and Tyrannidae (10.7%) (Table 7).

The most abundant species in the Emberizadae family was Sporophilla aurita.
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Table 7. Abundance and species richness of the 12 most common bird families found in coffee
plantations in the TIBC, Costa Rica, organized by descending abundance. Data represent the totals
(and %) for 80 pont counts; 40 in Erythrina poeppigiana (EC) and 40 in Erythrina poeppigiana —
Cordia alliodora (ECC) coffee plantations.

# of % of # of % of
Family species species individuals individuals
Emberizidae 12 11.9 322 19.1
Thraupidae 12 11.9 316 18.7
Tyrannidae 16 15.8 181 10.7
Turdidae 2 0.02 157 9.3
Troglodytidae 7 6.9 131 7.8
Trochilidae 5 5.0 104 6.2
Sylviidae 0 0.0 101 6.0
Parulidae 5 5.0 60 3.6
Ieteridae 6 5.9 51 3.0
Columbidae 3 3.0 49 2.9
Picidae 5 5.0 49 2.9
Dendrocolaptidae 3 3.0 24 1.4
Others 26 257 213 12.6

The rank-abundance curve (Figure 10) shows the composition and dominance of the bird
species in the 40 coffee plantations. The most abundant species were the variable seedeater
(Sporophila aurita, 11.6 % of all the birds) followed by the clay-colored robin (Turdus grayi,
8.1 %), blue-gray tanager (Thraupis episcopus, 6.8 %), tropical gnatcatcher (Polioptila
plumbea, 5.9 %), rufous-tailed hummingbird (dmazilia tzacatl, 5.6 %), golden-hooded tanager
(Tangara larvata, 4.2 %), common-tody flycatcher (Todirostrum cinereum, 3.9 %), yellow-
faced grassquit (Tiaris olivacea, 3.6 %) and the plain wren (Thryothorus modestus, 3.6 %).

Each of these species was represented by more than 50 individuals (Figure 10).
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Figure 10. Rank-abundance curve of the 25 most abundant bird species registered in the 80 point count
plots in coffee plantations in the TIBC, Costa Rica

Coffee plantations were dominated by the presence of granivorous bird species such as

Sporophila aurita and omnivorous bird species such as Turdus grayi and Thraupis episcopus.

The majority of the species were generalist species that showed an affinity for nonforest
habitats (Class 3) (Table 8). Some forest generalists that have an affinity to forest edge and
nonforest habitats were also observed (Class 2.5) such as Thraupis episcopus and Todirostrum
cinereum. Only seven individuals (of five species) of birds that were observed were forest
specialists. These were: Sclerurus mexicanus, Henicorhina leucosticta, Tolmomyias assimilis,

Mornasa morphoeus and Piculus simplex.
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Table 8. The 10 most abundant bird species present in coffee plantations, in decreasing order of
abundance. Feeding guilds (FG), preferred habitat (PH) and forest dependence (FD) classification are
from Stiles and Skutch (1985 and 1989) and personal observations: G = Granivorous; | =
Insectivorous; N = Nectarivorous; O = Omnivorous; NF = Nonforest; FE = Forest edge; FC = Forest
canopy; 1 = Needs almost continous forest; 2 = Needs at least patchy forest; 3 = Does not need forest.

# of coffee
farms where
# of % of found

Species individuals individuals (n = 40) FG PH FD
Sporophila aurita 195 11.6 36 G NF.FE 3
Turdus grayi 137 81 37 0 NF,FE 3
Thraupis episcopus 115 6.8 27 O | NFFEFC | 25
Polioptila plumbea 100 59 32 I FC,FE 2
Amazilia izacat! 95 5.6 36 N NF,FE 3
Tangara larvara 71 4.2 19 O | FENFFC 3
Todirostrum cinereum 66 39 22 i FENF,FC | 2.5
Thryothorus modestus 60 36 26 I NF,FE 3
Tiaris olivacea 60 3.6 25 0 NF 3
Troglodytes aedon 57 3.4 26 I NF 3

The majority of individuals (85.6 %) and species (66.3 %) observed in the coffee plantations
were generalist species and were not dependent on the forest habitat (Table 9). However, 13.7
% of the individuals and 27.7 % of the bird species were forest generalists. Very few species
and individuals and species were forest specialists (Table 9). However, when we combined
species abundance and species richness for the forest specialist and forest generalists birds, we
found that up to 14.4 % of individuals and 33.6 % of the bird species are dependent upon the

forest habitat to some degree (Classes 1, 1.5 and 2).
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Table 9. Abundance and species richness for forest specialist, forest generalist and generalist birds
observed in 40 coffee plantations within the TJBC, Costa Rica. Forest dependency Class 1 and 1.5
were considered as forest specialists, Class 2 as forest generalists and Class 2.5 and 3 as generalist

birds.

Abundance Species
Forest dependency # Yo # %o
Forest specialist 12 0.7 6 59
Forest generalist 231 13.7 28 27.7
Generalist 1444 85.6 67 66.3

Generalist birds (Class 3) had the highest mean number of individuals (23.78 * 1.71) and
species (8.38 + 0.49) per plantation followed by forest generalist bird species (Class 2 and
2.5). Very few forest specialist birds (Class 1 and 1.5) were found in coffee plantations (Table

10).

Table 10. Mean number of individuals and species + standard of error (SE) of birds of different forest
dependencies observed for each coffee plantation (n = 40) in the TIBC, Costa Rica. Dependency
classes include: (1) Needs continous forest, (1.5) Needs continous forest and patchy forest, (2) Needs
patchy forest, (2.5) Can persist in patchy forest and nonforest areas, (3) Does not need forest to persist.

Class of forest dependence
Birds 1 1.5 2 2.5 3
Individuals 0.08+006 0.2+£0.1 5784057 | 1243+£15 ] 23.78£1.71
Species 0.05 £0.03 G.15x0.07 | 25+021 ] 495£037 8.38+0.49

In terms of species richness, 51.5% of all the bird species were insectivorous, the majority of
which were in the Tyrannidae family. A high proportion of bird species were also omnivorous
{24.8%). In terms of the number of individuals the majority of birds were omnivores (38.6%)

followed by insectivores (Table 11).
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Table 11. Feeding guild composition of birds in coffee plantations within the TIBC, Costa Rica. Mean
number of individuals and species of birds * standard of error (SE) was measured per plantation (n =
40). Feeding guilds were compiled from Stiles and Skutch (1989).

Individuals Species

Feeding guild N Mean + SE Yo N Mean = SE %o

Carnivorous 6 .15+ 0.09 04 1 0.08  0.04 1.0
Frugivorous 49 1.23:+036 259 9 063012 89
Granivorous 250 6+ 069 148 10 1.55+0.14 9.9
Insectivorous 629 15.68 + 1.39 373 54 7.25 + 0.51 535
Nectarivorous 102 2,55+ 038 6.0 5 1.08 4 0.08 5.0
Omnivorous 651 16.38 + 1.39 38.6 22 5.683 03] 21.8

4.2.3 Comparison of bird communities in Erythrina poeppigiana and Erythrina poeppigiana

- Cordia alliodora coffee plantations

A total of 623 individuals of 56 species (21 families) of birds were observed in EC plantations
farms compared to 1064 individuals from 85 different species (29 families) in ECC
plantations. ECC plantations had a significantly greater mean number of birds per farm (t-test,
t=4.81; p = 0.0001) and mean species per farm (t-test, t = 4.73; p = 0.0001) than EC
plantations (Figure 11).
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Figure 11. Comparison of the mean number of birds and bird species found per coffee plantation in EC
and ECC farms (n=40 point counts/plantation type). Different letters indicate significant differences
between coffee plantations (p<0.05).

The species accumulation curve of the observed bird species did not reach an asymptote
suggesting that more species could be registered with an increased sampling effort. Species
accumulation curves also indicated clear differences in bird species richness between EC and
ECC plantations (Figure 12), with ECC accumulating bird species more rapidly than EC
plantations. Total bird species richness per coffee plantation varied between 12 and 66 bird

species for EC plantations and between 20 and 99 bird species for ECC.
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Figure 12. Species accumulation curves for birds in Erythrina poeppigiona (EC) and Eryrthrina
poeppigiana — Cordia alliodora (ECC) coffee plantations in the TIBC, Costa Rica.

Although the species accumulation curve did not level off, the majority of the expected
number of species were found in EC and ECC. The sampling efficiency for EC plantations
was 61.4 % and 70 % in ECC plantations when observed species and the expected number of

species were compared using species richness estimators ACE, ICE and CHAO (Table 12).
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Table 12. Parametric and non-parametric estimates of the total-specigs richness present in Erythring
poeppigiana (EC) and Erythrina poeppigiana ~ Cordia alliodora (ECC}) coffee plantations, Percent of
sampling efficiency was calculated from the observed number of species and the mean number of
expected species.

Expected species richness
Coffee Observed Mean # of % Sampling
plantation species | ACE | ICE CHAOL | expected species | efficiency
EC 56 77.58 | 106.01 92.1 91.2 61.4
ECC 85 116.08 | 113.41 } 135.06 121.5 70

ECC plantations had a significantly greater Shannon-Wiener (p=0.0001) and Margaleff
(p=0.0001) indices than in EC coffee plantations. The Simpson Index (D) was significantly
greater (p=0.0094) in EC plantations than in ECC plantations. There were no significant
differences (p= 0.2953} in eveness (E) between both types of plantations (Table 13).

Table 13. Abundance, species richness, mean values (+ SE) of Shannon-Wiener, Simpson, Eveness
and Margaleff indices for bird communities present in Erythrina poeppigiana (EC) and Erythrina
poeppigiana ~ Cordia alliodora (ECC) coffee plantations. Letters indicate significant differences
across EC and ECC plantations (p<0.03)

EC ECC
Diversity Index (n=20 farms) (v=20 farms) T-value P-value
Abundance 31.15+£243b  53.204+38%a 4.81 0.0001
Species richness 13.15£0.78b 1965+ 1.13a 4.73 0.0001
Shannon- Wiener (H) 2281006b 2.68+0.06a -4.36 0.0001
Simpson (D) 0.12+001a 0.09x0.01b 217 0.0094
Evenness (E) 09+001a 091+£001a -1.06 0.2953
Margalef (Dug) 354£017b  471+021a -4.37 0.0001

The composition of bird families present in the two types of coffee plantations were very

similar. In both cases, most of the species (17.9% in EC plantations and 15.9% in ECC

plantations) belonged to the Tyrannidae family. Other common families in the plantation were
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Emberizadae (14.3 % in EC, 11.8 % in ECC plantations) and Thraupidae (12.5 % in EC an
14.1 % in ECC plantations). Two forest generalist families that were present in ECC
plantations but not in EC plantations were the Dedrocolaptidae (woodcreepers) and Picidae

(woodpeckers) families (Table 14).

Table 14. Composition of bird families based on the number (n) and percent of species and individuals
of birds observed in Erythrina poeppigiana (EC) and Erythrina poeppigina - Cordia alliodora (ECC)
coffee plantations within the TIBC, Costa Rica. Data present the total number of species and
individuals observed in 40 point counts per coffee plantation type.

CE CEC

Family Species | Individuals | Species Individasals

N % N Y% | N Yo N Yo

Columbidae 3 54122 35 3 35 27 2.5
Dendrocolaptidae | 0 0.0 | 0 00 1] 3 35 22 2.1
Emberizidae 8 143|154 247410 118§ 169 159
Icteridae 3 54 9 1.4 5 59 42 39
Parulidae 3 54134 55 3 3.5 25 2.3
Picidae 0 00 0 00 ] 5 59 28 2.6
Sylviidae 2 361 50 8.0 0 0.0 51 4.8
Thraupidae 701251 74 119 {12 141 ] 242 227
Trochilidae 0 001} 34 55 5 59 70 6.6
Troglodytidae 5 89171 114 4 47 62 5.8
Turdidae 2 36| 8 13810 0.0 71 6.7
Tyrannidae 10 179 52 83 p13 153} 108 102
Others 13 23.0] 38 6.0 [ 22 259 | 147 139
TOTAL 56 100 1624 100 | 85 100 | 1,064 100

Both types of coffee plantations shared the same dominant species: Sporophila aurita. Other
abundant species observed in EC plantations included Turdus grayi (68 individuals) and
Polioptila plumbea (49 individuals) while in ECC plantations Thraupis episcopus (91
individuals) and Turdus grayi (69 individuals) were also common. Of the 25 most common
species, Elaenia flavogaster and Melozone biarcuatum were the only two species present in
EC and not ECC plantations whereas Pionus senilis and Myiodynastes luteiventris were two

abundant species present in ECC and not EC plantations.
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Figure 13. Rank — abundance curves of the most abundant species (N=25) and number of individuals
observed in a) Erythrina poeppigiana coffee (EC) plantations and b) Erythrina poeppigiana — Cordia
alliodora (ECC) coffee plantations. Data represent the total number of individuals from 40 point
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counts in 20 farms for each coffee farm type. Common species that were observed only in one type of
coffee plantation are circled in red.

There were some differences in the composition of bird feeding guilds in the two types of
plantations. Both EC and ECC plantations were dominated by insectivorous and omnivorous
bird species. There was a significant greater abundance of frugivorous (p = 0.0145),
insectivorous (p= 0.0064) and nectivorous (p=0.0328) birds in ECC plantations than in EC
plantations. No significant differences were found in granivorous bird abundance (p = 0.7231)

between both types of coffee plantations (Table 15).

The t-tests also showed greater species richness of frugivorous (p=0.0038), insectivorous (p=0.0006)
and omnivorous (p= 0.0006) birds in ECC compared to EC plantations. No significant differences were

found with granivorous (p=0.3002) and nectarivorous (p=0.1344) birds between both types of coffee

plantations.

Table 15. Feeding guild composition in terms of (a} mean number of individuals and (b) mean species
richness per farm observed in Erythrina poeppigiana coffee (EC) plantations and Erpthrina
poeppigiana - Cordia alliodora coffee (ECC) plantations coffee plantations. Feeding guilds was
compiled from Stiles and Skutch (1982) Different letters represent significant differences across the
two types of coffee plantations (p<0.05).

a) Abundance of individuals

EC plantation ECC plantation

Feeding guild N Mean+SE Yo N  Mean+SE Yo

Canivores 0 Oa 0 6 030+0.18a 0.6
Frugivores 7 035%£021a 1.1 42 210063 b 3.9
Granivores 115 575+102a 18.5 127 625+096a 119
Insectivores 239 1195+1.17a 384 390 1944£225b 367
Nectarivores 36 1.75£034a 58 70 335£063b 6.7
Omnivores 225 11.30+£1.15a  36.1 429  2145+:199b 403
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b) Species richness

EC plantation ECC plantation
Feeding guild N Mean £ SE Yo N Mean + SE %o
Camivores 0 O0a 0 I 0.13+0.08a 1.1
Frugivores 4 02£0.09a 7.1 9 105£0.18b 10.6
Granivores 6 1.7+£0.19a 10.7 6 14+£021a 7.1
Insectivores 28 555%03%9a 500 4] 895£0.79b 482
Nectarivores 2 095£0.09a 3.6 5 1.2+ 014 b 59
Omnivores 16 465+036a 286 23 67041 b 27.1

Strata use by birds differed between the coffee plantations (Figure 14). In EC plantations the
majority of individuals (13.1 + I per farm) and species (6.45+ 0.41 per farm) of birds used the
coffee strata where in ECC plantations the majority of individuals (36.55 £ 14.24 per farm)
and species (13.65 * 4.42 per farm) used the upper canopy strata of Cordia alliodora (= 15
m). A significantly greater mean number of individuals and species used the middle (p=0.019
for individuals, p= 0.0024 for species), tunk (p = 0.0021 for individuals, p=0.0001 for
species) and canopy strata (p =0.0001 for individuals, p=0.0001 for species) in ECC

plantations compared to EC plantations (Figure 14).
No significant differences were found in terms of mean number of individuals and species for

birds found in ground (p=0.8169 for individuals, p = 0.9999 for species) and coffee strata
(p=0.0681 for individuals, p= 0.3165 for species) between both types of plantations.
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Figure 14. Mean number of individuals (a) and (b) species of birds per farm observed at different
strata levels: ground, coffee, middle, trunk and canopy in Erythrina poeppigiana (EC) and Erythrina
poeppigiana — Cordia alliodora (ECC) coffee plantations. Different letters represent significant
differences between EC and ECC plantations with a given strata (p<0.05).
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The most common bird activity was perching (47.6% of all the individuals) followed by
singing (45.5% of all the birds observed) (Table 16). The black-cheeked woodpecker
(Melanerpes pucherani) was the only bird species that was observed copulating and the black-
striped sparrow {Arremonops conirostris), yellow-faced grassquit (Tiaris olivacea), blue-gray
tanager (Thraupis episcopus), rufous-tailed hummingbird (4mazilia tzacatl), clay-colored
robin (Turdus grayi) and the common pauraque (Nyctidromus albicollis) were the only species

observed nesting in coffee plantations.

Table 16. Main bird activities that were registered in coffee plantations within the TJBC, Costa Rica
(n= 1687 birds).

Activity # of birds %

Copulating 4 0.2
Nesting 9 0.5
Feeding 75 4.4
Singing 768 45.5
Perching 803 47.6

ECC plantations registered a significantly greater mean number of individuals (p=0.0027) and
species (p=0.0023) that were singing than in EC plantations. A greater number of individuals
{p=0.0001) and species (p=0.0001) that perched were also found in ECC coffee plantations.
However, there were no significant differences in the number of individuals (p=0.4180) and
species (p=0.2957) that were feeding and birds that were nesting (p= 0.32 mean number of
individuals, p=0.2678 mean number of species).

There were significant differences in bird forest dependency between the two types of coffee

plantations (Table 17). Most of the birds observed in coffee plantations were generalist birds
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(Class 3). ECC plantations had a significantly greater number of individuals and species
richness of generalist (Class 3) and forest generalist (Class 2) birds than EC plantations (Table
15). They also had a high species richness (p=0.0085) of forest specialist birds (Class 1),
however, no significant differences were found in the abundance of forest specialists

individuals (p=0.7011).

Table 17. Mean number of a) individuals and b) species (+SE) of birds of different forest dependencies
observed in each Erythrina poeppigiana (EC) and Erythrina poeppigiana - Cordia alliodora (ECC)
coffee plantation in the TJBC, Costa Rica. Dependency classes include: (1) Needs continous forest and
forest specialist, (2) Needs patchy forest and forest generalist, (3) Does not need forest to persist and
generalist. Different letters represent significant differences (p < 0.05).

a) Abundance

EC plantations | ECC plantations
n =20 n =20
Forest dependency Mean £ SE Mean:+ SE
Class 1 0.15+008a 0.10x0.1a
Class 2 450+£069b 7.00 +0.84a
Class 3 1945+182b 2800+261a

b) Species richness
EC plantations ECC plantations
o =20 n =20
Forest dependency Mean +SE Mean + SE
Class | 605 £0.05b 04£0.11a
Class 2 1.70£0.21 b 350£034a
Class 3 745+4£051b 9.60+£0.78 a
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A hierarchical cluster analysis was performed to define groups of farms based on the
composition and relative abundance of bird species in the coffee plantations. The analysis was
done by using Sorensen (Bray-Curtis) distance measure and Flexible beta as the linkage
method. Farms were separated in two distinct groups. Most of the birds in in EC plantations
were associated with group 1, while most of the birds in ECC plantations were associated with
group 2. A few EC and ECC plantations were associated together in group 1 which shows that
variables other than structural complexity of coffee agroforestry systems might also play a role
in defining the structure of bird communities (Figure 15).
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Figure 15. Hierarchical cluster analysis performed to define groups of farms based on composition and
relative abundance of bird species that were observed in Erythrina poeppigiana (CE) and Erythrina
poeppigiana — Cordia alliodora (CEC) coffee plantations. Cluster analysis was performed with the
program PC Ord (McCune et al. 1999). Codes refer to individual coffee farms. A list of the farms is
found in Appendix 2.
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The Indicator Species Analysis by Dufrene and Legendre’s method was used to identify the
most characteristic species present for each of the farm clusters. Species with the highest
indicator values (IV) and p<0.05 were considered the most representative species for each of
the groups. The results of this analysis showed that the most characteristic species found in EC
coffee plantations (Group 1) was Basileuterus rufifons. A total of twelve indicator species
were found for group 2 (ECC coffee plantations). These included: Thraupis episcopus,
Lepidocolaptes souleyetii, Cyanocorax morio, Contopus cinereus, Tangara larvata,
Psarocolius Montezuma, (Table 18). Thraupis episcopus was considered as the most

characteristic species for this group and had the highest IV value (IV = 53,3; p = 0.003).

Table 18. Indicator species associated with different clusters of coffee farms. Higher indicator values
(IV) indicates most characteristic species found in a single cluster or group.

Species Common name Group v p-value
Basileuterus rufifons Rufous-capped warbler 1 55.7 0.01
Thraupis episcopus Blue-gray tanager 2 653 0.002
Lepidocolaptes souleyetii | Streak-headed woodcreeper 2 57.2 0.00t1
Cyanocorax morio Brown jay 2 522 0.003
Contopus cinereus Tropical pewee 2 51.7 0.02
Tangara larvata Golden-hooded tanager 2 50.9 0.011
Psarocolius montezuma Montezuma oropendola 2 49.4 0.003
Pionus senilis White-fronted parrot 2 354 0.012
Thraupis palmarum Palm tanager 2 34.9 0.032
Tityra semifasciata Masked tityra 2 31.6 0.033
Melanerpes hoffmani Hoffmann's woodpecker 2 312 0.007
Tyrannus melancholicus Tropical kingbird 2 294 0.034
Melanerpes pucherani Black-cheeked woodpecker 2 25 0.027
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4.2.4. Comparison of bird communities in coffee plantations and forest fragments

A total of 93 individuals and of 40 different species (17 families) were registered in the 10
points that were located in the forests of Guayabo National Monument, La Isabel, Chitaria, La
Marta and Pejibaye. This list was complemented with additional bird species that were
observed outside of the point counts, for a total of 143 species (Appendix 5). The mean

number of bird species in each forest sites was lower (12 + 0.55) compared to ECC (20 + 1.13)

and EC (13 + 0.78) cotfee plantations (Figure 16).
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Figure 16. a) Mean number of bird species and b) bird abundance observed in Erpthrina
poeppigina (EC), Erythrina poeppigiana — Cordia alliodora (ECC) coffee plantations and
forest sites (FR).

The species accumulation curve showed differences in bird species richness between the forest
sites and the two types of coffee plantations. A much lower sampling efficiency was obtained
for the forests (56%) compared to EC (61.4%) and ECC (70%) coffee plantations due to a
lower sampling effort in forests. However, it is clear that the rate of species accumulation in

forests is greater than that in EC and ECC plantations. There is a need to increase sampling
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much more than for each of the two types of coffee plantations to reach the stabilization point
(Figure 17).
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Figure 17. Species accumulation curves for birds in Erythrina poeppigiana (EC) and Eryrthrina
poeppigiana — Cordia alliodora (ECC) coffee plantations and forest sites,

Of the 184 species of birds observed in coffee plantations and forest sites, 20 species were
observed only in ECC plantations, 12 of them only in EC plantations and 83 species only in
forest sites. A total of 29 species were shared between all the three sites and 10 of them were
shared between EC and ECC coffee plantations (Figure 18). ECC plantations shared more
species (26 species) with forest than EC plantations (5).
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Figure 18. Venn diagram showing the number of shared species between Erythrina poeppigiana (EC),
Erythrina poeppigiana - Cordia alliodora (ECC) coffee plantations and forest sites. Data represent the
total number of bird species observed in each habitat and include data from point counts and

observations outside point counts.

Forest sites were also dominated by insectivorous and omnivorous birds, nevertheless, the
abundance and species richness of frugivorous and nectarivorous birds were greater in forest

sites than in EC and ECC plantations (Table 19).

Table 19. (a) Abundance and (b) species richness of bird feeding guilds observed in Erythrina
poeppigiana coffee (EC) plantations, Erythrina poeppigiana ~ Cordia alliodora coffee (ECC)
plantations and forest sites. Feeding guilds were compiled from Stiles and Skutch (1982).

a)} Abundance of individuals

EC plantation | ECC plantation | Forest sites
Feeding guild N Y N % N %
Carnivores 0 0 6 0.6 0 0
Frugivores 7 1.1 42 3.9 11§ 11.8
Granivores 115 18.5 127 119 0 0
Insectivores 239 384 390 36.7 43 | 46.2
Nectarivores 36 58 70 6.7 18 | 194
Omnivores 225 36.1 429 403 21 | 226
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b) Species richness

EC plantation ECC plantation | Forest sites
Feeding guild N Yo N Y N Y
Carnivores 0 0 I 1.1 0 0
Frugivores 4 7.1 9 10.6 6 15
Granivores 6 10.7 6 7.1 0 0
Insectivores 28 50 41 48.2 I8 45
Nectarivores 2 3.6 5 5.9 6 15
Omnivores 16 28.6 23 27.1 10 25

The most common bird species observed in forest fragments were the white-breasted
woodwren (Henicorhina leucosticta), the green hermit (Phaethornis guy) and the black-faced
anththrush (Formicarius analis). Of the 143 species observed in forest fragments, seven of
them are currently classified as threatened species because their populations have been
reduced by habitat reduction, poaching and hunting (IUCN 1997; INBIO 2004). These
threatened species were: the semiplumbeous hawk (Leucopternis semiplumbea), the crested
guan (Penelope purpurascens), the sunbittern (Eurypyga helias), the orange-bellied trogon
(Trogorn aurantiventris), the crimson-fronted parakeet (Aratinga finschi), the white-crowned
parrot (Pionus senilis) and the gray-headed manakin (Piprites griseips). Of these species, the
crimson-fronted parakeet (Arafinga finschi) and the white-crowned parrot (Pionus senilis)

were also found in coffee plantations.

The composition of bird communities that were present in forest fragments and coffee
plantations was very different. The Jaccard similiarity coefficient for coffee plantations and
forests was only 0.11. When comparing each type of coffee plantation with forests, the Jaccard
similiarity coefficient was higher in ECC plantation (0.23) compared to EC plantations (0.02).
Low Jaccard similiarity coefficients indicated that relatively few species were shared with the
forest fragments. A similar pattern was shown with the results of the Sorensen similiarity

coefficient. The Sorensen similiarity coefficient for coffee plantations and forest was 0.23; for
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ECC coffee plantations and forest was 0.22 and for EC coffee plantations the Sorensen

similiarity coefficient was 0.05.

4.3 Relationship between the surrounding landscape and species diversity

and abundance in coffee plantations

A Pearson correlation analysis was performed to examine relationships between the spatial co-
variables of 500, 1000 and 1500 m with species richness and abundance. Significant
correlations were found between percent of forest cover at 500 and 1000 m (p=0.90), 500 and
1000 m (p=0.78) and 1000 and 1500 (p =0.95). Since correlations were significant, each co-
variable was analyzed separately for the analysis of co-variance (ANCOVA) and multiple

linear regressions.

The analysis of co-variance (ANCOVA) showed that the plantation type (factor) had a
significant effect in overall bird abundance and species richness at 500, 1000 and 1500 m. The
% of surrounding forest cover at 500 m significantly affected bird abundance (F=7.46; p =
0.0096) and the Shannon Diversity Index (F = 4.51; p = 0.0405) and differences for species
richness were close to significance (F = 3.71; p = 0.0619). Forest cover at 1000 m also
affected bird abundance (F = 5.32; p = 0.0268), species richness F = 4.47; p = 0.0412) and in
the Shannon Diversity Index (F = 7.07; p=0.0115). However, the % of forest cover at 1500 m
did not significantly affected bird abundance (F = 2.91; p = 0.0964) There were also
significant differences in species richness (F = 4.35; p = 0.044) and Shannon diversity Index

(F=7.81; p = 0.0082) (Table 20).

‘Table 20. Analysis of co-variance (ANCOVA) between overall bird abundance, species richness and
Shannon Diversity Index with surrounding forest cover at a distance of a) 500, b) 1000 and ¢)}1500 m.

ay Forest cover at 500 m

Bird abundance Species richness | Shannon
Model 0.0001* 0.0001* | 0.0001*
Plantation type (factor) 0.0001* 0.0001* | 0.0001*
% forest cover (co-variabie) 0.0096* 0.0619 { 0.0405%
Slope -0.33 -0.07 -0.01

* Significant differences { p< 0.05)
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b) Forest cover at 1000 m

Bird abondance | Species richness | Shannon
Model 0.6001* 0.0001* | 0.0001*
Plantation type (factor) ¢.0001* 0.0001% { 0.0001*
% forest cover (co-variable) 0.0268%* 0.0412% | 0.0115%
Slope -0.31 -0.09 0.0115
* Significant differences ( p< 0.05) :
¢) Forest cover at 1500 m
Bird abundance | Species richness | Shannon
Model 0.0001* 0.0001* { 0.0001*
Plantation type (factor) 0.0001* 0.0001* | 0.0001*
% forest cover (co-variable) 0.0964 0.044* | 0.0082*
Slope -0.25 -0.09 -0.01

* Significant differences ( p= 0.035)

Bird abundance and species richness for the different bird forest dependency classes were also

compared with surrounding forest cover at distances of 500, 1000 and 1500 m.

The results of the ANCOVA showed that for forest specialist birds the type of plantation did

not have a significant effect in bird abundance and species richness but the % of forest cover

had a significant effect in bird abundance and species richness. Bird abundance increased

significantly with increasing surrounding forest cover at 500 m (F = 13.59; p=0.007), 1000 m
(F=9.62; p=0.0037) and at 1500 m (F = 8.9; p=0.005). Species richness also increased with
increasing surrounding forest cover at 500 m (F = 12.11; p =0.0013), 1000 m (F = 9.25; p
=().0043) and 1500 m (F = 9.78; p =0.0034) (Table 21).
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Table 21. Analysis of co-variance (ANCOVA) of forest specialist birds between bird abundance and
species richness with surrounding forest cover at a distances of 500, 1000 and 1500 m.

% of forest cover at 500 m %o of forest cover at 1000 m %o of forest cover at 1500 m

Abundance | Species richness Abundance | Species richness | Abundance  Species richness
Mode! 0.0028* 0.0053* 0.0126* 0.0161%* .0168* 0.0131#
Plantation type
(factor) 0.6089 0.9999 0.6233 0.999% 0.626 0.9999
% forest cover
{co-variable} 0.0007+ 0.0013% 0.0037% 0.0043* 0.005* 0.0034*
Slope 0.0} 0.01 0.01 0.01 0.0% 0.01

* Significant differences { p< 0.05)

In the case of forest generalist birds (Table 22) the plantation type had a positive effect only
for species richness with surrounding forest cover at 500, 1000 and 1500 m. There were also
no significant differences in bird abundance with surrounding forest cover at 500 m (F = 0.14;
p =0.7056), at 1000 m (F = 0.06; p =0.8064) and at 1500 m (F = 0.06; p =0.8031). Species
richness was also not significant with forest cover at 500 m (¥ = 0.01; p =0.9247), at 1000 m
(F = 0.45; p=0.5062) and at 1500 m (F= 0.54; p =0.4664).

Table 22. Analysis of co-variance (ANCOVA) of forest generalist birds between bird abundance and
species richness with surrounding forest cover at a distances of 500, 1000 and 1500 m.

Forest cover at 500 m Forest cover at 1000 m Forest cover at 15(0m

Abundance ; Species richness | Abundance } Species richness Abundance | Species richness
Model 0.2566 0.006* 02676 0.0048* 0.2682 0.0046*
Plantation type
(fuctor) 0.1102 0.0015% ¢.1106 0.0014* 01106 0.0014*%
% forest cover
(co-variable) 0.7056 ¢.9247 {8064 0.5062 08131 0.4664
Slope 0.01 -0.0009 -0.01 -0.01 -0.01 -0.01

* Significant differences ( p< 0.05)

Finally for generalist bird species (Table 23) the plantation type had a negative effect in the
bird abundance and species richness. Bird abundance also decreased with increasing
surrounding forest cover at 500 m (F = 7.72; p =0.0085) and at 1000 m (F = 4.9; p =0.0331)
but there were no significant differences at 1500 m (F = 3.44; p =0.0715). Species richness
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also significantly decreased with increasing surrounding forest cover at 500 m (F = 7.41;
p=0.0154) and at 1000 m (F = 3.93; p =(0.0538) but no significant differences were found with
surrounding forest cover at 1500 m (F = 2.92; p =0.0957).

Table 23. Analysis of co-variance (ANCOVA) of generalist birds between bird abundance and species
richness with surrounding forest cover at a distances of 500, 1000 and 1500 m.

Forest caver af 500 m Forest cover at 1000 m Ferest cover at 1500 m

Abundance | Species richness § Abundance | Species richness | Abundance | Species richness
Maodel G.001 0.0027 0.0034 0.0083 0.0065 0.0131
Plantation type
(factor) 00048 0.0097 0.0062 0.0118 0.0071 00128
% forest cover
(co-variable) 0.0085 0.0154 0.0331 0.0548 0.0715 0.0957
Slope -0.22 -(.06 -0.2 -0.05 -0,18 -0.0%

* Significant differences ( p< 0.03)

Simple linear regressions was performed on bird abundance and species richness with percent
of forest to compare differences between the overall bird community and forest birds (forest
specialists) that were present in coffee plantations. The results showed a significant negative
relationship between surrounding forest cover at 500 m and bird abundance for all birds
(r’=0.15; p=0.0136) and a positive relationship with forest specialist birds (1*=0.26;
p=0.0007). Species richness of all birds also decreased significantly with surrounding forest
cover at 500 m (*=0.09, p=0.0630) but increased significantly for forest specialists (1°=0.25;
p=0.00011) (Figure 19).
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Figure 19. Simple linear regressions showing the distribution in a) the number of birds and b) species
richness observed for all the birds and forest specialist birds in Erythrina poeppigiana (EC) and
Erythrina poeppigiana - Cordia alliodora (ECC) coffee plantations with percent of surrounding forest
cover at 500 m.

A significant negative relationship was also present between swrrounding forest cover at 1000
m and overall bird abundance (+*=0.15; p=0.0126) and a positive relationship with forest
specialist birds (1*=0.19; p=0.0045). Species richness of all birds also decreased significantly
with surrounding forest cover at 1000 m (rzm().ll, p=0.0367) but increased significantly for
forest specialists (*=0.20; p= 0.0042) (Figure 20).

69



a) Al birds Forest specialists

2 _ B 2 - =3
a0 r'=0.15,p=00136 300 r'= 026, p = 0.0007
-] k4
3 g 225]
2 B
=
g B 41504
2]
£ E
= 2 @
o = 0.75]
5 8
bt =
G T T T 1 B X O o
1) 20 40 60 80 o 20 40 60 80
I+
% of forestcover at 1000 m % of forest cover at 1000
b) All birds Forests specialists
a0, £=0.15p=0.0136 £=0.15, p= 0.0136
o 2.00,

23
o 1.504

15 @9
<] 1.064 o ]

0.50

Total number of specias
aga
8o
23
3 -]
/
Total number of spacies

0 20 40 60 80

% of forest cover at 1000 m % of forest cover at 1000 m

Figure 20. Simple linear regressions showing the distribution in a) the number of birds and b) species
richness observed for all the birds and forest specialist birds in Erythrina poeppigiana (EC) and
Erythrina poeppigiana — Cordia alliodora (ECC) coffee plantations with percent of surrounding forest
cover at 1000 m.

The same negative association was also present between surrounding forest cover at 1500 m
and overall bird abundance (r2=0.14; p=0.0182) as well as a positive association with forest
specialist birds (1*=0.17; p=0.0076). Species richness of all the birds also decreased
significantly with surrounding forest cover at 1500 m (1*=0.12, p=0.0312) but increased

significantly for forest specialists (rzﬂ(},?.O; p= 0.0037) (Figure 21).
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Figure 21. Simple linear regressions showing the distribution in a) the number of birds and b) species
richness observed for all the birds and forest specialist birds in Erpthrina poeppigiana (EC) and
Erythrina poeppigiana — Cordia alliodora (ECC) coffee plantations with percent of surrounding forest
cover at 1500 m.

4.4 Relationship between bird communities and structural and floristic

composition of coffee plantations

The cluster analysis showed a high degree of correlation between some of the variables of
structure, management and composition. A total of 12 from the 26 different variables were
selected for the multiple regression analysis. The variables that were selected to perform the

mutltiple linear regressions were: number of fruits, % of pruned shade trees, number of Cordia
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alliodora (CA) tiees, canopy diameter for shade trees > 10 cm DBH, mean height of shade
trees, % of surrounding forest cover at a distance of 1000 m, % of epiphyte cover, herbaceous

cover index, number of trees with a DBH< 10 cm and number of trees with a DBH = 10 cm

(Figure 22).
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Figure 22. Cluster analysis with all the variables of structure, management and composition measured
in the vegetation plots of coffee plantations. Variables selected for multiple linear regressions are
circled in red.

Variables that showed a positive significant effect on overall bird abundance were epiphyte
cover {(p = 0.0457) and the height of shade trees with a DBH > 10 cm. There were no
significant effects of the number of Cordia alliodora (p =0.1862), # of trees with a DBH = 10

cm and the number of fruits present in the shade trees on bird abundance (Table 24).
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Table 24. Multiple linear regressions of vegetation charactereristics with the number of individuals of
birds observed in coffee plantations within the TIBC, Costa Rica.

Variable Estimator T p-value ¥’
% epiphyte cover 0.45 2.8 0.0457* 0.58
# of Cordia alliodora 0.20 1.35 0.1862

Height of trees with dbh = 10 ecm  1.57 2.19 0.0358*

# of trees with dbh 2 10 cm 0.11 1.58  0.1230

# of fruits 4.68 1.44  (.1589

* Significant differences ( p< 6.05)

Variables that showed a positive effect on species richness were epiphyte cover (p=0.0207),
the number of Cordia alliodora present in coffee plantations (p=0.0104) and the height of
shade trees that had a DBH = 10 cm (Table 25). Coffee density (p=0.1799) had no impact on

bird species richness.

Table 25. Multiple linear regressions of vegetation characteristics with bird species richness in coffee
plantations present within the TIBC, Costa Rica.

Variable Estimator T p-value r
Epiphyte cover 0.10 2.42 0.0207%  0.51
# of Cordia alliodora 0.11 271 0.0104*
Height of trees 210 cm DBH 0.54 2.43 0.0205*
Coffee density ha’ ~0.92 -1.37 0.1799

*Significant differences ( ps 0.05)

The number of Cordia alliodora and the height of shade trees with a DBH 2 10 ¢m had a
significant positive effect whereas coffee density had a significant negative effect on the bird

diversity. Epiphyte cover and the % of pruned trees had no effect on bird diversity (Table 26).
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Table 26. Multiple linear regressions of vegetation characteristics with Shannon Diversity Index in
coffee plantations present in the TIBC, Costa Rica.

Variable Estimator T p-value ?
Epiphyte cover 0.0047 1.83  0.0756 0.51
# of Cordia alliodora 0.012 223 00327

Height of trees = 10 cm DBH  0.04 246  0.0190%

Coffee density ha™ -0.09 =213 0.0406*

% of pruned shade trees -0.02 -0.98 0.3317

* Significant differences ( p< 0.03)

S. DISCUSSION

Coffee plantations in the Turrialba ~ Jiménez Biological Corridor have diverse bird
communities and contribute to the conservation of avifauna present in the Corridor. The study
registered 101 species of birds within coffee systems, roughly representing 12% of the overall
avifauna diversity found Costa Rica, and it is estimated that as many as 135 species can be
found in these systems, However, most of the species that were present in these systems were
generalist species and only five species were forest interior species. A total of 83 species were
observed in forest sites and the majority of these species found in these sites were not

observed in coffee plantations.

5.1 Comparison of floristic, structural and landscape characteristics

between plantation types

Erythrina poeppigiana (EC) and Erythrina poeppigiana ~ Cordia alliodora (ECC) coffee
plantations were the two types of plantations commonly found in the region, Both types of
coffee plantations showed differences in structure and composition of dominant shade tree

species but both were managed in similar ways,

EC plantations contained only one canopy layer dominated by Erythrina poeppigiana. Shade

trees in EC plantations had smaller diameters, shorter mean canopy heights, fewer epiphytes,
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lower floristic diversity and a greater density of planted Erythrina poeppigiana than ECC
plantations. The overall structural complexity for this type of coffee plantation was also low.
The dominant shade species was the leguminous tree Eryihrina poeppigiana which is used
mainly as a service tree that fixes nitrogen and is a species easy to propagate and manage for

shade regulation (Beer et al. 1998; Muscler 2000; Somarriba et. al. 2004).

ECC plantations, on the other hand, contained two canopy layers: an overstory canopy layer
dominated by Cordia alliodora and a lowere canopy layer dominated by Erythrina
poeppigiana. ECC plantations presented greater canopy diameters, heights and epiphyte cover
than EC plantations. The density of planted Erythrina poeppigiana was lower in ECC
plantations compared to EC plantations due to the presence of Cordia alliodora trees.
However, the shade of the Erythrina poeppigiana seemed to be managed more intensively
than in EC plantations in order to maintain an acceptable level of shade (approximately 50%)
for coffee production (Muschler 1995; Somarriba et. al. 2004). Cordia alliodora is chosen by
farmers because it is a fast growing species which naturally regenerates quickly, has a narrow
and open canopy and has a high commercial value which may be important for supplementing

farmer’s income when coffee prices are low (Beer et al. 1998; Muschler 2000).

The majority of the EC and ECC plantations were managed intensively. Both types of
plantations presented a low tree species richness, coffee was planted in very high densities
(4000 — 6000 plants per hectare) and agrochemicals were used intensively. The low mean

herbaceous cover observed in these plantations also indicated intensive use of herbicides.

EC and ECC coffee plantations were located in a highly fragmented landscape dominated by a
matrix of pastures and coffee plantations. The forests patches retained within this matrix
represent 40 % of the total area within the TIBC. Forest cover around the plantations ranged
from 0 — 68% at a distance radius of 500 m, 3 — 75% at 1000 m and 6 — 70% at 1500 m, but
did not vary significantly between the two types of coffee plantations. Despite the wide range
of percent of surrounding forest cover, the mean percent of forest cover around coffee
plantations was only 18 — 21% indicating the high fragmentation in the forest landscape
around coffee plantations within the TIBC. The reduction of forest cover in the landscape can

lead to the reduction and loss of habitat particularly for forest dependent bird species,
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increased isolation of habitat fragments and a reduction in bird movement and dispersal across
the landscape. The type of matrix can also influence in the composition (Meffee and Carroll
1994; Bennett 1999) and dynamics of bird communities either inside and/or outside forest

fragments.

5.2 Bird communities in coffee plantations

A total of 101 bird species were observed in coffee plantations of which 56 bird species were
observed in EC plantations and 85 in ECC plantations. On the basis of species accumulation
curves, it is estimated that that as many as 92 bird species can be found in EC plantations and
135 bird species in ECC plantations. Most of the species that were found in coffee plantations
were insectivorous and omnivorous, probably because very few fruits and flowers were found

in coffee plantations.

Most of the birds observed in coffee plantations were generalist species that are adapted to
live in open habitats and do not require forest. Forest specialists, on the other hand, are bird
species that require at least 50 % forest cover with large interconnected forest patches (Stiles
and Skutch 1985). Only 4.9 % of all the species observed in coffee plantations were forest
specialists. Many species (83 of them) observed in forests were not observed in coffee
plantations, indicating that the coffee plantations selected for this study did not provide

sufficient resources to attract forest species.

5.3 Effects of plantation structure on birds

There were significant differences in the bird communities present in EC and ECC plantations.
A total of 56 species of birds were registered in EC plantations. This relatively low bird
diversity has also been documented in other coffee plantations with a single canopy layer
dominated by either /nga or Gliricida shade species in Guatemala (Greenberg et al. 1997a).
Together these results suggest that coffee plantations with one canopy layer particularly
dominated by Eryirhina poeppigiana provide a poor habitat for birds. This may be due to the
frequent pruning of Erythrina poeppigiana for shade regulation can affect the distribution of
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foliage, flowers and fruits and therefore influence the foraging patterns, abundance and nesting
success of birds (Calvo and Blake 1998)

In contrast, ECC plantations had a greater abundance and number of bird species (with 85
species total). The presence of additional shade tree species such as Cordia alliodora in ECC
plantations provided additional structural complexity to the coffee plantation which in tum
appears to provide habitat and additional resources to birds for feeding, nesting and mating
(Greenberg ef al. 1997a,b; Somarriba ef al. 2004). Epiphyte cover present in Cordia alliodora
had a strong positive influence on the abundance, species richness and diversity of birds.
Epiphytes create a variety of microhabitats, add considerable biomass and surface area to the
tree crown (Nadkami et af. 1989; Sillet 1996) and provide nest sites, refuge, nest materials
and food in the form of flowers, nectar, fiuits, water, small vertebrates and invertebrates
(Somarriba er al. 2004; Cruz-Angon and Greenberg 2005). Epiphytes can also be a critical
food source in coffee plantations when host trees like Cordia alliodora and Eryrthrina

poeppigiana are not flowering or fruiting (Williams et al. 2002).

The feeding guild composition of bird communities was very similar between the two types of
coffee plantations. The majority of bird species found in coffee plantations were insectivores
and omnivores. The dominance of these two guilds has similarly been reported in shade coffee
plantations elsewhere (Wunderle and Latta 1996; Greenberg et al. 1997b). Food availability in
coffee plantations influences bird feeding guild composition in coffee plantations. For
example, the presence of flowers and fruits in coffee plantations influences the abundance and
diversity of nectarivorous, frugivorous and omnivorous bird species (Greenberg et al. 1997a.;
Wuderle and Latta 2000; Somarriba et al. 2004). In the case of EC plantations, very few
flowers and fruits were observed in the field and this lack of forest resources limited the

presence of nectarivorous and frugivorous birds.

The presence of insectivorous birds in EC and ECC plantations might be related to the
availability of arthopods in coffee plantations. Monterrey et al (2001) showed that the
incidence of certain insect pests such as leaf miners (Leucoptera coffeella L.) is influenced by
the intensity of the shade management. Coffee plantations that have a very intensive shade

management might mfluence the populations of certain arthropods that are important food
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sources for certain species of birds. Johnson (2000) also observed a predominance of
insectivorous birds in monospecific shade coffee plantations and also found that dense areas
of the coffee plantation particularly such as unpruned coffee plants and the upper canopy
layers can also contain disproportionaly high abundances of flying arthropods. A wide variety
of insects can be found in these systems which makes them key foraging sites for

insectivorous bird species.

Several studies show that omnivorous and frugivorous birds have been frequently seen in
coffee plantations that have greater structural complexity (Perfecto et al. 1996; Greenberg et
al. 1997 a) which tends to support the high abundance of these species observed in EC and
ECC plantations. The presence of omnivorous birds might be influenced by the presence of
fruits and insects available in the upper canopy of the Cordia alliodora trees. In EC and ECC

plantations fruits were found m some vines that grew around the coffee plants.

The findings of this study also showed that the variable seedeater (Sporophila aurita),
granivorous species, was one of the most abundant bird species observed in both types of
coffee plantations probably because of the presence of high herbaceous cover in some coffee
plantations and the presence of other surrounding landuses provided adequate habitat for this
particular species (e.g. sugar cane plantations and early forest regeneration areas among

others).

Most of the bird species observed in coffee plantations included species characteristic of open
agricultural habitats (generalists) or forest generalists; on the other hand, there were few forest
specialists. These results are consistent with other studies that demonstrated the same pattern
(Greenberg et al. 1997a,b; Moguel and Toledo 1999), however very few studies have reported
the presence of specialist forest bird species in coffee plantations (Wunderle and Latta 1996;
Greenberg et. al. 1997a.). Most of the forest generalist and forest specialist bird species were
observed in the structurally more complex ECC plantations indicating the importance of more

structurally complex plantations for these species.
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5.4 Relationship between bird abundance and diversity and landscape

context

The landscape context is considered an important factor that can affect bird species
composition and abundance (Askins 1995; McGarigal and McComb 1995). In this study, bird
abundance, species richness and diversity in coffee plantations were influenced by the amount
of swrounding forest cover. The overall diversity of birds decreased with increased
surrounding forest cover at a radius of 500, 1000 and 1500 m. Overall bird abundance also
decreased at distances of 500 and 1000 m and species richness decreased at distances of 1000
and 1500 m. These findings appears to contradict previous studies that have shown that
surrounding forests can exert a positive influence in species richness in coffee (Aguilar- Ortiz
1982; Martinez and Peters 1996). Increased species richnesss has been shown in other
agricultural systems close to forest remnants partly because there is an increased level of
connectivity and proximity that allows species to move from forest remnants and also because
certain agricultural systems have the ability to provide additional resources that can attract

open and forest habitat species in a highly deforestated matrix (Luck and Daily 2003).

The unexpected negative relationship between the percent of forest cover and species richness
and abundance might be due to the fact that most of the species observed in the coffee
plantations were composed of generalist species. Generalist species do not require forest to
survive, therefore the presence of open agricultural habitats around these coffee plantations
would probably be a better habitat than forest for these bird species. Species abundance and
richness of generalist species might also be influenced by the overall landscape patchiness,
measured most directly as the number of patches in the landscape (Forman 1995). It would
also be expected that habitat generalists are better suited to exist in patchy landscapes where
the amount of edge and number of patches are high compared to forest species that generally
uses fewer types of habitats (Forman 1995; Gutzwiller 2005).

On the other hand, species richness, abundance and diversity of forest birds observed in coffee
plantations increased with increased surrounding forest cover at distances of 500, 1000 and
1500 m, though this relationship was weak. These results are consistent with the previous

studies which shows that forest interior species in particularly have a positive association with
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the density of forest surrounding agricultural matrices (Van Dorp and Opdam 1987, Forman
1995). Birds that are forest specialist species often require “forest interior” habitat to live and
reproduce and often are sensitive to landscape fragmentation (Lord and Norton 1990). They
also require large extension of continous forest or large interconnected forest patches to
survive. Structurally more complex coffee plantations near natural forests can serve as buffer
zones by creating an environment adjacent to forest fragments that is structurally more similar
to forest habitats and appopiate as habitat for some of the forest dependent species. The
presence of trees in coffee plantations may also help increase landscape connectivity by

facilitating the movement of birds between forest patches across the agricultural landscape.

6. CONCLUSIONS

A total of 101 species of birds were found in the agricultural landscape of the Turrialba-
Jiménez Biological Corridor, indicating that coffee plantations have a potential to harbor and
conserve the diversity of birds. However, most of the bird species found were peneralist
species belonging mostly to the insectivorous and omnivorous feeding guilds. The more
structurally complex coffee plantations (ECC) harbored a greater abundance and diversity of
birds and more forest dependent birds than EC plantations. Conservation efforts should
therefore promote the diversification or conversion of EC plantations to more structurally
diverse plantations. Improving the structural quality of the coffee plantations will play an
important role in providing additional resources, habitat and connectivity to different

organisms (Perfecto and Vandermeer 2002) including birds.

The abundance and diversity of bird communities were influenced by a variety of factors that
operate at different spatial scales. Broad-scale factors such as the landscape context also
played an important role in the defining the abundance and diversity of bird communities that
were present in coffee plantations. Coffee plantations with little surrounding forest cover
tended to be dominated by generalist species that live in open agricultural habitats where as
plantations with high swrrounding forest cover tended to favor more the presence of forest

dependent bird species.
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However, additional research is needed to examine in greater detail the effect of landscape
structure and composition in the abundance and diversity of birds present in coffee plantations.
Further research should be aimed at evaluating the influence of coffee patch size distribution,
density, landscape patchiness and connectivity to forest fragments in bird communities. This
information would help to identify key areas within the Turrialba- Jimenez Biological
Corridor that are critical for the conservation and management of birds in coffee production

systems.

7. RECOMMENDATIONS FOR THE CONSERVATION AND
MANAGEMENT OF BIRDS IN COFFEE PLANTATIONS
WITHIN THE TJBC, COSTA RICA

Structural more complex coffee plantations have the potential to maintain a high abundance
and species richness of birds within the Turrialba-Jiménez Biological Corridor therefore it is
important to find alternative ways to incorporate additional species of trees to improve the
structural quality of coffee plantations and attract other species of birds. Very few frugivorous
and nectarivorous birds were found in these systems therefore the incorporation of fruit trees
such as Psidium guajava, Persea americana, Cifrus spp, Bactris gasipaes, Musa spp.
Cecropia spp. and trees with nectar producing flowers such as Gliricidia sepium, Inga spp.

among others, might attract some of these bird species.

Forest cover around coffee plantations favors the presence of forest dependent bird species
suggesting the importance of forest habitat of the persistence of these species in a landscape
that is dominated by an agricultural matrix. Structural more complex coffee plantations can
provide habitat and resources for some of these bird species. In addition, these systems can
also increase the overall connectivity, by facilitating the dispersal of birds to and from isolated

forest patches across the coffee farm matrix.

It would be useful to explore the possibility of using payments for environmental services
(PES) and/or other incentives that help promote more complex structure of coffee agroforestry
systems the favors the presence of birds. The National Fund for Forestry Finance

(FONAFIFO) is a Costa Rican government organization that provides economic incentives for
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PES to small and medium scale farmers for forests and agroforestry systems. Payments for
agroforestry systems should contemplate spatial and temporal configurations of shade trees
and their location relative to landscape features (such as water bodies or forest fragments),
species selection (preferably native species), density and management. These incentives
should also take into account the protection and proper management of forests present around

these coffee plantations.

Coffee plantations, in general, should have the greatest structural and floristic diversity and at
the same time provide economically viable returns to the coffee farmers. It is important these
trees have a commercial value and identify the markets for the commercialization of these
alternative products e.g. fruits and timber products. The promotion of these multi-strata coffee
production systems will lessen the dependence of small farmers on a single cash crop and have
the secondary effect of improving coffee farms as habitat for birds and other organisms. The
adoption of these types of agroforestry systems could present a viable economic solution
particularly to small-scale coffee farmers are suffering the most the impact of the global coffee
crisis. The Association of Organic Producers of Turrialba (APOT) should encourage their
members to diversify the coffee production by incorporating native species of timber and fruit
trees that have high commercial and wildlife value as well as finding alternative markets to
comunercialize these value added products and contribute to improve the livelihoods of coffee

farmers in the region.

It will be important to explore alternatives of biodiversity — friendly coffee certification
programs as a market-based strategy to promote the conservation of diverse coffee
agroforestry systems or the restoration of sun grown coffee plantations to shade plantations.
Some example of coffee certification schemes that could be implemented are: organic coffee,
fair trade, shade coffee, Smithsonian Bird Friendly label, rainforest alliance Eco-OK label.
Many of these certification schemes favors the incorporation of additional species which in
turn contribute to increase the structural complexity of these coffee plantations This study
showed that the structural complexity of coffee plantations is a key factor in certification
schemes, many of their principles are valid and can have a positive impact in the biodiversity

present within these coffee agroforestry systems.
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In the case of the SMBC Bird Friendly Coffee program, planted-shade plantations generally
consist of a backbone of trees which are the predominant species planted to provide the
optimal shade environment for the coffee plant. These species cannot comprise more than 60
% canopy cover. The remaining 40 % of shade trees should comprised of 10 or more species.
It is common to find in coffee systems common backbone trees such as Inga spp. and, at
lower elevations and latitude sites Erpthrina spp. and Gliricidia sepium From the
consideration of biodiversity conservation, Erythrina and Gliricidia are considered under this
scheme as unacceptable backbone species because they are deciduous during the dry season
leaving the "shade" plantation shadeless during a time of the year when canopy cover for both
migrant and resident birds may be most critical. It is recommended that farmers incorporate
species that are not decidous, are native to the region and can reach a minimum height of 12
meters (SMBC 1998). The incorporation of species like Cordia alliodora in coffee systems
coniributes to increasing the structural complexity of coffee plantations and therefore attract a
wide variety of birds. It is also a native fast growing timber species widely used in the TIBC

therefore it could be used as a potential backbone shade tree in many coffee plantations.

This study also provided new evidence about the importance of retaining the forest cover
around coffee plantations for the conservation and management of forest dependent bird
species. Certification schemes should include criteria that favor the restoration and protection
of forests in order to ensure the survival and facilitate the movement of birds across the TIBC

landscape.
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APPENDIX 2. List of the selected Erythrina poeppigiana (EC) and Erythrina poeppigiana —
Cordia alliodora coffee farms, location, property owner and GPS position within the Turrialba —
Jiménez Biological Corridor, Costa Rica

Erythrina poeppigiana (EC) coffee plantations

Farm Property
Code District Community owner Coordinate X Coordinate Y
CEl Tayutic Tayutic Jorge Fallas 548332 1086298
CE2 Tayutic-Platanillo | San Antonio Gerardo Mata 548329 1083787
CE3 La Suiza Eslabon Toméas Guardia 540216 1091439
CE4 La Suiza Juray-Atirro Zonex inter. 535194 1087004
CE5 La Suiza Atirro-Centro Marcos Quirds 537932 1086190
CEb6 La Suiza Atirro Zonex Inter. 539893 1090062
CE7 Pavones Centro FRANCOSTA 539770 1095650
Scott Paper
CES8 Pavones Celulosa S.A. 541967 1097171
CE9 La Suiza I.a Cristina Finca Belgravia 543474 1087784
CEID Tuis Cien Manzanas Ricardo Fallas 548104 1089952
CEll Santa Teresita Colima Volcafé 539906 1103627
CE12 Santa Teresita Colima Volcaté 539406 1103617
CE13 Santa Teresita Guayabo Abajo | Ferpande Paéz 539441 1098890
CEl4 Turrialba Centro - Azul Carlos Mora 534720 1096013
Cafetalera
CEl5 Santa Rosa Aquiares Aquiares 530413 1099187
Cafetalera
CEle Santa Rosa Aquiares Aquiares 531411 1098096
CEl17 Turralba La Isabel Rolando Picado 535644 1098746
Arnoldo
CEIB Turnalba Alto Varas Gonzalez 537247 1099044
CEI9 Chimmipo Bajo Pacuare Victor Hugo 553896 1086243
CE20 Chirripd Grano de Oro Alvaro Rojas 559765 1084829




Erythrina poeppigiana — Cordia alliodora (ECC) coffee plantations

Farm Property

cade District Community owner Coordinate X  Coordinate Y
Alexander

CEC} Pavones Javillos Quirds 542313 1097422

CEC2 Pavones Javillos Carlos Cortés 542449 1097320

CEC3 Tres Equis San Pablo Volcafé 547716 1096559

CEC4 Tres Equis Sau Pablo Volcafé 547689 1097203

Evangelista
CECS Tres Equis Chitaria Gonzilez 545285 1098469
CEC6 La Suiza Eslabon Volcafé 538983 1092461
Rodrigo

CEC7 La Suiza La Crstina Guevara 543513 1088435

CEC8 Tuis Tuis-Centro Fehpe Falla 546238 1087824

CEC9 La Suiza El Carmen Sergio Salas 541536 1090405

CECIO | Santa Teresita Colima Volcafé 540543 1103039

CECI1 Santa Teresita Colima Volcafé 541109 1103857

CEC12 | Santa Teresita Corralon Volcafé 539222 1103058

CECI3 | Tumalba Azul Jorge Mora 5379386 1095763

Beneficio Santa
CECIi4 | Santa Rosa Centro Rosa 533040 1097800
Pekin

CECI15 La Suiza El Carmen Fernandez 541171 1090319
Rolando

CEC16 | Turmalba La Isabel Picado 534881 1097654
Bonifacio

CEC17 | Tayutic Bajo Pacuare Acufia 554228 1084542

José Joaquin

CEC18 | LaSuiza La cruzada Moya 541181 1091261

CEC19 | La Suiza Eslabon Mario Aguilar 540325 1091774
Claudino

CEC20 | Pavones Chitaria Camacho 544501 1098856




APPENDIX 3. Species of shade trees registered in Erythrina poeppginana (EC) and
Erythrina poeppigiana — Cordia alliodora (ECC) coffee plantations.

SCIENTIFIC NAME SPANISH NAME EC | ECC
Bombacaceae

Ochroma lagopus Balsa X
Boraginaceae

Cordia alliodora Laurel X X
Cecropiacea

Cecrapia pittieri Guarumo X X
Fabaceae

Erythrina poepigiana Pord X X
Gliricidia sepium Madero negro X
Inga edulis Inga X
Lauraceae

Persea americana Aguacate X
Ocotea spp- Quizarra X
Liliacea

Dracaena masagiana Cafia India

Yucca elephantipes Itabo x X
Meliaceae

Cedrela odorata Cedro amargo X X
Melastomataceae

Conostegia spp Lengua de vaca X
Mimosaceae

Samanea saman Cenizaro X
Moraceae

Artocalpus artilis Fruta de pan X
Ficus spp. Matapalo X X
Musaseae

Musa spp. Banano X X
Myrtaceae

Eucaliptus deglupta Eucalipto X
PBsidium friedrichthalianum Cas X X
Psidium guayava Guayaba X




SCIENTIFIC NAME SPANISH NAME EC | ECC
Palmae

Bactris gasipaes Pejibaye X

Rutacea

Citrus aurantifolia Limén acido X X
Citrus reticulata Mandarina X
Citrus sinencis Naranja X X
Sterculiaceae

Theobroma cacao Cacao X
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