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Introduction

Many traditional agricultural practices
replace natural vegetation with crop or pasture
production systems, which directly reduce diver-
sity (Swift et al. 2004). Among the agricultural
practices, monocultures are more damaging to
the environment than polycultures, which make
agricultural ecosystems more complex and,
therefore, more similar to the natural environ-
ment. Agroforestry systems are polyculture sys-
tems that have trees as one of the managed crops
in the agricultural system (Nair et al. 1995).
Incorporating agroforestry into monocultures
could ameliorate the disturbing characteristics of
conventional agriculture (Nair et al. 1995).

Agroforestry practices vary depending on
the objectives and characteristics of the region
(Nair et al. 1995). Agroforestry, a science that
has been studied for a few decades (ICRAF
2004), employs systems that are able to gener-
ate a wide range of environmental services. The
services include secondary benefits lauded by
conservation biologists, such as integration of
natural resources management and biodiversity

conservation (Perfecto et al. 1996).
As the fragmentation of natural land-

scapes continues, greater biodiversity losses are
expected. Since the trend for tropical forest
areas is conversion into agricultural fields, the
agricultural matrix determines the decline or
preservation of the remaining natural areas and
the associated wildlife. Replacing conventional
agriculture with agroforestry is a suggested
approach that could conserve biodiversity in
the landscape (Schroth et al. 2004).

The ecological value of silvopastoral sys-
tems and the role of live fences for biodiversity
conservation are still under examination. Live
fences consist of live vegetation, their primary
purpose is to divide, separate, and protect agri-
cultural plots or livestock. However, they are
also attractive to farmers because they offer fuel
wood, fruits, shade, soil enrichment, and fod-
der for livestock, in addition to promoting bio-
diversity (Budowski 1987; Bennett 1999;
Alonso et al. 2000; Zahawi 2005).

Live fences are thought to contribute to
ecosystem function by increasing landscape
connectivity through vegetative coverage and
enhancing biodiversity by supplying habitat to
wildlife and plants in the landscape (Figure 1).
Because live fences create tree networks and
divide open agricultural fields into smaller units,
they allow for more interactions on the land-
scape, including interactions between forest
fragments. Depending on the species composi-
tion and the intrinsic physical characteristics of
the trees, these fences have the potential to pro-
vide refuge and habitat for wildlife while they
move across the landscape (Harvey et al. 2003).
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Site Description

The study took place in Esparza, a cattle
grazing region in Costa Rica located at
9°58’60”N and 84°40’0”W and at altitudes of
between 400 and 1,000 meters above sea level.
The hilly topography of the area creates riparian
forests at lower elevations. Precipitation is 1,500
to 2,500 mm per year and the mean annual
temperature is 27°C, conditions that place
Esparza’s climate as tropical sub-humid
(Camargo 2003).

As a developing country, Costa Rica

depends on agriculture, including the export of
products such as coffee, pineapples, bananas,
and beef. In recent decades, population growth
and the need for economic expansion has
expanded this industry, resulting in an
increased conversion of unprotected forest
habitats into agricultural lands. In fact, the
export-oriented cattle industry of the 1960s
and 1970s is responsible for most of the coun-
try’s deforestation (Sequeira 1984). Beef pro-
duction is more sustainable today because sil-
vopastoral systems have spread throughout the
country, especially among smallholder farms.

Five farms in the San Carlos and San
Jeronimo districts were selected based on their
live fence network designs and surrounding
habitats. The natural vegetation can be defined
as dry tropical forest, and the region is charac-
terized by an abundance of flora and fauna. In
general, the landscape is rich and colorful, and
the hilltops of these districts provide a view of
the Pacific Ocean. 

Methods

Living fence networks of five silvopastoral
farms were analyzed in this study. Three live

Eumomota superciliosa (turquiose-browed motmot) 
Source: Stiles and Skutch 2003

Figure 1. Function of Live Fences for the Conservation of Biodiversity in the Land-
scape
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fences at each farm were classified into three
different treatments: living fences connected,
intermediate, and distant from secondary forest
patches. Distance from the fences to the forest
patch was 0 m to 125 m, 125 m to 250 m, and
250 m to 375 m, respectively.

Bird presence was observed in fences and
at a control site in the nearest riparian forest.
Point counts were used to perform the observa-
tions, using modifications based on Santivanez
for live fences (2005). Five consecutive point
counts were performed at each live fence, and
these were located along the transect 25 meters
from each other (Santivanez 2005). A total of
667 individuals of 75 species were observed at
the live fence sites. 

The selected live fences and control site
were visited four times in four weeks during
July and August. This is the rainy season and
migrating birds are absent in the region. Bird
presence was registered during each point count
at 10-minute intervals from 6:00 am to 11:00
am, which are the hours of highest bird activity

(Santivanez 2005). The order of observations at
the sites was altered during the study to avoid
any bias, as bird activity decreases with increas-
ing temperature. 

Live fence vegetative cover was characterized
based on the methodology used by Lang et al.
(2003). Number of trees within the point count
area was recorded. Live fence and remnant pas-
ture trees were identified and measured for vege-
tative structure and species composition.
Measurements of total tree height, trunk height,
diameter at breast height (dbh), and crown diam-
eter (taken using instruments such as clinometer,
tape measurer, and diameter measuring tape)
were used later to compare the vegetative charac-
teristics of each fence. The dominant tree species
in most fences was Indio Desnudo (Bursera
simaruba), and secondary species include Pochote
(Pachira quinata) and Roble Sabana (Tabebuia
rosea). Other less frequent species were also
found, indicating fence-tree diversity. 

Distance of each point count to the ripar-
ian forest was measured using a Geographic

Satellite image of one of the silvopastoral farms used for the study. The farm, owned by Napoleon Gonzales, is located in the district of
Peñas Blancas in Esparza, Costa Rica.
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Positioning System (GPS) unit and satellite
images of the farms. The Tropical Agricultural
Research and Higher Education Center
(CATIE), a collaborator in this project, had pre-
viously manipulated the satellite images using
Arc View 3.2 Geographic Information Systems
(GIS) software, to depict living fence networks
on each farm. This made the selection of the
farms and fences easier, as well as the visualiza-
tion of the study’s design.

Conclusions

Based on our finding we can conclude that
living fences promote biodiversity. Living fences
are used by forest, generalist and savanna special-
ist bird species. The presence of birds in living
fences could also be improved. After comparing
the fence characterization variables against the
number of bird individuals and species, we
found that crown diameter, tree diversity, and

Figure 2. Species
composition in living
fences
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dbh values are significant variables that can be
manipulated to affect bird species diversity and
abundance. High values for these variables should
result in fences that are more attractive to birds.

The effectiveness of living fences to con-
nect the fragmented landscape is a dependent
factor. Living fences have the capability to
attract forest species and facilitate the movement
of wildlife across the fragmented landscape, but
all living fences are not equally effective. There
is much variability in the design, structure, and
composition of fences, which makes their evalu-
ation very difficult. According to my results, for
a live fence to be successful at connecting the
fragmented landscape, the fence needs to con-
tain trees with broad crowns, large dbh values,
and various species (Table 1). 

Distance to the forest patch affects the
number of species present in living fences. Only
few forest specialist species venture out of the
forest areas and into the agricultural scenery. The
number of forest species present in living fences

decreases as we move away from the forest habi-
tat. According to our results, living fences could
potentially counteract the effect of distance to
patches if the fences contain high values of the
significant variables identified. 

Differences in bird observation between
the farms (Figure 2, left column) can be
explained by the variability between silvopas-
toral systems. Besides the differences in struc-
ture and composition of the fences, some other
factors that could lead to variability are the live
fence network design and the number of fences
on a farm. For the purposes of this study, we
only compared the structure and composition
of the selected fence segments, but future stud-
ies should consider the spatial design of the
fences in the pasture.

Discussion

An important characteristic of living fences
is tree management by farm owners. Since the

Table 1. SPSS MANOVA analysis. Multivariate test between tree characteristics
and bird observations (df= degrees of freedom, F=test statistic)
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main priority in silvopastoral systems is pasture
availability for grazing purposes, trees in living
fences are subjected to pruning. Large crowns
are not a desirable feature in silvopastoral sys-
tems because they limit pasture growth, so prun-
ing is done once or twice per year to improve
pasture growth as well as use as fodder, fuel
wood, and stem production for new live fences
(for species with vegetative growth capability).
For these reasons, farm owners have little incen-
tive to allow full crowns to develop. In turn, this
practice lowers the potential for living fences to
be attractive to generalist or forest specialist
species.

It is recognized that a farmer’s choice to
use living trees instead of dead post for fences
increases landscape connectivity. Better yet,
when the trees in those fences are large and
diverse, they provide greater benefits to the
ecosystem and to the farmer. In the same line
of thought, fences that provide greater land-
scape connectivity are better at providing
refuge to a higher number of bird species and
individuals. Based on the results, crown area,
tree diversity, and dbh are significant variables
associated to the bird species composition in
living fences. In addition, living fences could
be effective at connecting the fragmented land-
scape, allowing some forest species to be able to
move across the pasturelands to distant forest
patches, but only if those fences contain the
tree characteristics identified as significant. 

Among the environmental services provid-
ed by living fences, landscape connectivity and
biodiversity conservation are proposed as sec-
ondary services of these agroforestry systems.
This is a true assumption but the contributions
from living fences vary depending on the char-
acteristics of their tree composition. Living
fences are effective at providing habitat to
savanna specialist and generalist species, though
they do no seem very effective at providing
refuge for forest species unless the fence is man-
age to allow a few trees to develop naturally.

The application of these findings could be

used to modify management techniques of liv-
ing fences. Either by altering pruning cycles or
by performing selective pruning, modifications
to pruning techniques can be done to allow the
best bird hosting trees to continue providing
landscape connectivity, which promotes
wildlife conservation. Farmers usually appreci-
ate greater biodiversity on their farms and are
aware of the benefits of birds to disperse seeds
and prey on parasites.  I believe they would be
interested in improving their living fence man-
agement practices, to enhance the conservation
of wildlife.
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