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Abstract: Understanding the persistence mechanisms of tropical forest species in human-dominated land-
scapes is a fundamental challenge of tropical ecology and conservation. Many species, including more than
half of Costa Rica’s native land birds, use mostly deforested agricultural countryside, but how they do so is
poorly known. Do they commute regularly to forest or can some species survive in this human-dominated land-
scape year-round? Using radiotelemetry, we detailed the habitat use, movement, foraging, and nesting patterns
of three bird species, Catharus aurantiirostris, Tangara icterocephala, and Turdus assimilis, by obtaining 8101
locations from 156 individuals. We chose forest birds that varied in their vulnerability to deforestation and
were representative of the species found both in forest and human-dominated landscapes. Our study species did
not commute from extensive forest; rather, they fed and bred in the agricultural countryside. Nevertheless, T.
icterocephala and T. assimilis, which are more habitat sensitive, were highly dependent on the remaining trees.
Although trees constituted only 11% of land cover, these birds spent 69% to 85% of their time in them. Breeding
success of C. aurantiirostris and T. icterocephala in deforested habitats was not different than in forest remnants,
where T. assimilis experienced reduced breeding success. Although this suggests an ecological trap for T. assimilis,
higher fledgling survival in forest remnants may make up for lower productivity. Tropical countryside has high
potential conservation value, which can be enhanced with even modest increases in tree cover. Our findings
have applicability to many human-dominated tropical areas that have the potential to conserve substantial
biodiversity if appropriate restoration measures are taken.

Keywords: avian ecology, countryside biogeography, home range, landscape ecology, Neotropical communities,
radio tracking, restoration ecology

Persistencia de Aves en el Paisaje Agŕıcola de Costa Rica

Resumen: El entendimiento de los mecanismos de persistencia de especies de bosques tropicales en paisaje
dominados por humanos es un aspecto fundamental de la ecoloǵıa y conservación tropical. Muchas especies,
incluyendo más de la mitad de las especies de aves terrestres nativas de Costa Rica, principalmente utilizan
campos agŕıcolas deforestados, pero se conoce poco sobre como lo hacen. ¿Se mueven regularmente al bosque
o algunas especies pueden sobrevivir todo el año en este paisaje dominado por humanos? Utilizando radio
telemetŕıa, detallamos los patrones de uso de hábitat, movimiento, forrajeo y anidación de tres especies de
aves, Catharus aurantiirostris, Tangara icterocephala, y Turdus assimilis, mediante la obtención de 8101 locaciones
para 156 individuos. Seleccionamos especies de aves que variaban en su vulnerabilidad a la deforestación
y que fueron representativas de las especies encontradas tanto en bosques como en paisajes dominados por
humanos. Nuestras especies de estudio no se mov́ıan desde bosque extenso, sino se alimentaban y reprodućıan
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en el paisaje agŕıcola. Sin embargo, T. icterocephala y T. assimilis, que son más sensibles al hábitat, dependı́an
estrechamente de los árboles remanentes. Aunque los árboles sólo constituı́an 11% de la cobertura de suelo,
estas aves pasaban entre 69 y 85% del tiempo en ellos. El éxito reproductivo de Catharus y Tangara en habitats
deforestados no fue diferente al de los remanentes de bosques, en donde Turdus experimentó disminución en
el éxito reproductivo. Aunque esto sugiere una trampa ecológica para Turdus, la campiña tropical tiene un
valor de conservación potencialmente alto, que se puede reforzar aun con modestos incrementos de cobertura
arbórea. Nuestros hallazgos son aplicables en muchas áreas tropicales que son dominadas por humanos y
que tienen el potencial de conservar la biodiversidad si se toman las medidas de restauración apropiadas.

Palabras Clave: biogeograf́ıa rural, comunidades de Neotropical, ecoloǵıa aviar, ecoloǵıa de la restauración,
ecoloǵıa de paisaje, radio telemetŕıa, rango de hogar

Introduction

Tropical forests worldwide are being reduced to biolog-
ically impoverished remnants (Laurance & Bierregaard
1997) embedded in the agricultural countryside (here-
after “countryside”; Daily et al. 2001)—human-dominated
and mostly deforested areas consisting of croplands, pas-
ture, gardens, open second growth, and a scattering of
forest fragments, riparian strips, and remnant trees. Even
though human-dominated areas are the preferred habi-
tat of <1% of the world’s nearly 10,000 avian species
(Sekercioglu et al. 2004), about one-third make some use
of such habitats (Sekercioglu 2003). Given the high rate
of tropical deforestation, the extent and ecological quali-
ties of the heavily deforested countryside will determine
whether some tropical forest species can persist in the
absence of extensive forests. That, in turn, will affect the
future of much biodiversity.

Unfortunately, protected areas alone are inadequate to
protect the majority of tropical biodiversity and ecosys-
tem services (Liu et al. 2001; Dirzo & Raven 2003).
Ecological management of the countryside is essential
for connecting, buffering, and reducing the pressure on
protected areas (Schroth et al. 2004; Castellón & Siev-
ing 2006). Thus, perhaps the most important questions
in conservation ecology today are (1) to what degree
can tropical forest organisms persist in human-dominated
countryside? and (2) what can be done to make the coun-
tryside habitats more hospitable to forest species?

Previous studies have shown that many species of trop-
ical forest birds use the countryside (e.g., Greenberg et
al. 1997a; Gascon et al. 1999; Daily et al. 2001; Sodhi
et al. 2005; Peh et al. 2006). Seventy-five percent of Costa
Rica’s native land birds also use heavily deforested areas
to some extent, provided that some canopy trees and
forest patches remain (Stiles 1985). Nevertheless, there
have been few detailed and mechanistic investigations
of the habitat use and movements of forest species in
human-dominated tropical landscapes (e.g., Rappole et
al. 1989; Graham 2001; Cohen & Lindell 2004; Powell &
Bjork 2004; Castellón & Sieving 2006), and the ecological
requirements of such species living in the countryside are

virtually unknown. For example, certain seed-dispersing
tropical bats can forage in mostly deforested habitats, but
have to “commute” to mature forest for roosting (Evelyn
& Stiles 2003). Similar behavioral traits can limit the abil-
ity of birds to persist far from such forests. Therefore, we
addressed two key questions: (1) What habitat elements
are essential for maintaining native forest birds found in
deforested countryside? and (2) Do these birds mostly
rely on extensive forest, commuting to the countryside
only for opportunistic foraging?

Methods

Study Area

Our study was centered around the Las Cruces Biological
Station of the Organization for Tropical Studies (8◦47′N,
82◦57′W) in the Coto Brus province of Costa Rica
(map available from http://www.naturalphotos.com/
sekercioglu/science/SekerciogluAppendix1.doc). This
previously forested region of southern Costa Rica is
now dominated by sparsely shaded coffee plantations
and pasture, and is representative of human-dominated
tropical areas that retain a substantial portion of their
original biodiversity (Hughes et al. 2002). The area
consists of fragments of Pacific premontane humid forest
surrounded by pastures, plantations of sun coffee, other
crops, and human settlements. Coffee plants (Coffea
arabica L.) were 2–3 m tall, partially shaded by banana
plants (Musa spp.), poro trees (Erythrina poeppigiana
Walpers), and scattered remnant trees that did not form
a continuous canopy. The forest fragments have been
isolated since the mid-1950s, and Las Cruces forest is
the largest midelevation fragment in the region (235 ha).
Mean annual temperature is 22◦ C, and the yearly average
rainfall is around 3500 mm.

We radio tracked birds from 6 June to 15 September
2002 (wet season) and from 27 January to 10 April 2003
(dry season, main breeding period) near the towns of San
Bosco, San Francisco, San Gabriel, and Santa Teresa. To
investigate the importance of tree cover, we chose four 1-
km2 study sites (elevations 980–1080 m) that exhibited a
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range of typical arboreal cover (forest fragments, riparian
strips, and remnant trees). Arboreal cover was higher at
more-forested sites San Bosco (11.5%) and Santa Teresa
(14.2%) than in less-forested San Francisco (5.1%) and San
Gabriel (9.2%), which, unlike the more-forested sites, did
not include any forest fragments >1 ha. Because we were
studying forest birds that are now frequently found in the
countryside, all birds were captured in partially shaded
coffee plantations, the most prevalent form of agriculture
in the region.

Study Species

Nearly half of the bird species native to this area presently
occur in deforested countryside (Hughes et al. 2002).
In order to have large sample sizes, we chose three fo-
cal species that are common in both extensive forest
and the countryside. According to Stiles (1985), Orange-
billed Nightingale-Thrushes (Catharus aurantiirostris,
hereafter Catharus) have low dependence on forest and
prefer forest edge, second growth, thickets, plantations,
and gardens (Stiles & Skutch 1989). Silver-throated Tan-
agers (Tangara icterocephala, hereafter Tangara) are in-
termediately dependent on forest (Stiles 1985) and are
found in forest canopy, forest edge, and agricultural ar-
eas around Las Cruces. White-throated Thrushes (Turdus
assimilis, hereafter Turdus) are highly dependent on for-
est (Stiles 1985), but although they prefer forests, also use
bordering thickets, riparian corridors, secondary growth,
pastures, and coffee plantations (Stiles & Skutch 1989; Co-
hen & Lindell 2004).

Capturing and Marking Birds

At each site, we operated 16 to 20, 12 × 2.7 m, 30- to
36-mm mesh mist nets between 0500–1100 hours. We
placed the nets between rows of coffee and checked
them every half hour. We rotated daily between sites to
minimize the drop in capture rate as a result of birds
learning and avoiding net locations. Captured individu-
als of the study species were weighed, measured, banded
with a steel numbered band and a unique combination of
color bands, and fitted with a BD-2 model radio transmit-
ter (Holohil Systems, Carp, Ontario). We glued a piece of
silk to each transmitter to improve adhesion and attached
the transmitter to the interscapular area of each bird with
skin-compatible eyelash glue. We trimmed the feathers in
the way and glued some of the surrounding feathers to
the transmitter so as to maximize adhesion and mobility
of the bird (Kenward 2001). The transmitters weighed
0.7 g, 1.0 g, and 1.5 g, respectively for Tangara (21 g),
Catharus (28 g), and Turdus (64 g) and were <3.6% of
the mean body mass of each study species.

To check for any behavioral changes, we observed the
birds for a few hours after release. Additionally, we did not
collect data for 2 days after release to allow habituation to
the transmitter. After some preening in the first half hour

following placement of the transmitter, the birds resumed
their usual behavior, flew and fed normally, and were ap-
parently not hindered by the transmitters. Results of previ-
ous studies on transmitter effects on passerines show that
transmitters have negligible effects (Wells et al. 2003). In
2003 we recaptured 31 of the birds we had tagged in
2002, and except for their leg bands, none showed any
sign of having carried a radio tag.

Radio Tracking

We located birds between 0500–2200 hours (sunrise:
0515–0545, sunset: 1730–1800) with R-1000 receivers
(Communications Specialists, Orange, California) and
RA-14 (Telonics, Mesa, Arizona), 3-element Yagi, 5-
element Yagi, and vehicle-mounted omnidirectional an-
tennas (Wildlife Materials International, Murphysboro,
Illinois). We radio tracked birds continuously except dur-
ing episodes of heavy rain when birds ceased activity and
sought shelter. Our objective was to observe an individual
regularly every 30 minutes, and we were mostly within
15 minutes of this objective. Each bird was tracked for an
average of 45 hours distributed across an average of 10
days. Each day we rotated among sites and birds as evenly
as possible. We confirmed 63% of our radio-tracking loca-
tions visually and confirmed the rest with containment
and short-distance triangulation. For example, we sur-
mised that a bird was in a tree by going around the tree,
observing that all the signals pointed to the center, and
seeing substantial and irregular signal change, which in-
dicates an attached tag on a moving bird. We did not use
long-distance triangulation because average error was too
large compared with home range sizes. We lost only 5 of
156 birds before expected battery death, likely because
of premature tag failure (Rappole et al. 1989).

The tracking procedure differed slightly based on the
species. Continuous tracking was almost impossible for
Catharus because they prefer dense thickets and are hard
to approach without flushing. Even when it was possible
to follow them, we sometimes were flushing them rather
than observing their natural movements. Therefore, we
rotated between the tagged Catharus in an area, getting
a location from a bird and then finding the next one. Be-
cause each site had 4–7 tagged Catharus at any one time,
we returned to the same bird within 90 to 120 minutes
and did not appear to affect its behavior excessively. For
Tangara and Turdus, we conducted continuous tracking
and behavioral monitoring (Altmann 1974).

When a bird was observed, we noted time, GPS loca-
tion (waypoint) with a Garmin 12 global positioning de-
vice (Garmin International, Olathe, Kansas), bird’s height
above ground, behavior, vegetation type, food type if pos-
sible, topography, and direction and distance of any move-
ment. The GPS location error was almost always under 10
m, and frequently under 5 m. When we could not see the
bird (or we could see a bird, but not its color bands) but
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were confident that the bird was within 10 m, we noted
most of the variables except behavior and occasionally
height above ground. In the rare cases when we could not
get GPS coverage under dense vegetation cover, we noted
location of the bird, walked away until there was cover-
age, measured direction with a compass and distance with
a Bushnell Yardage Pro laser rangefinder (Bushnell Perfor-
mance Optics, Overland Park, Kansas), and were able to
assign a waypoint to the initial location.

Vegetation categories were coffee (<3 m plant height,
including shade coffee, which was negligible), pasture
(<1 m), second growth (<5 m, little or no canopy cover),
riparian strips (10–25 m, consisting of trees along rivers),
remnant trees (5–30 m), forest (15–30 m, regenerating
forest and original forest fragments), and other human
use (<3 m, including gardens, corn, yucca, beans, settle-
ments, and roads). At times we refer collectively to coffee,
pasture, and other human use as “agricultural” cover and
pool riparian strips, remnant trees, and forest fragments
into “arboreal” cover. We divided vegetation height into
four categories: 0–2 m, 2–5 m, 5–15 m, and >15 m. To-
pography categories were flat, hilly, and steep.

Nest Monitoring

During March–July 2004 and March–June 2005, we mon-
itored 73 Catharus, 52 Tangara, and 60 Turdus nests. In
addition to monitoring the nests of birds with radio trans-
mitters, we also searched suitable nesting sites intensively
and observed all individuals of the study species for any
signs of nesting. We used established protocol (Ralph et
al. 1993), marked and monitored nests so as to minimize
disturbance, and visited them every 3–4 days as recom-
mended. We did not monitor the 20 nests we found as a
result of radio tracking in 2002 and 2003 and report only
on their habitat associations in the section on habitat use.

Vegetation Surveys

Ninety-one percent of all bird locations were within 500
m of the mist-net lanes. Therefore, at each of the four study
sites, we surveyed the vegetation in a 1-km2 grid centered
on mist-net locations. We divided each survey grid into
50 × 50 m plots (21 × 21 plots in each grid, 1764 plots
at all sites) and uploaded the coordinates for the center
of each plot to a GPS unit. We then visited each plot
and recorded the dominant vegetation types, using the
same criteria we used for classifying vegetation for bird
observations. We then compared vegetation preferences
of our study species with the survey results.

Microclimate Data

We placed Hobo Pro temperature and humidity data log-
gers (Onset Corporation, Pocasset, Massachusetts) in cof-
fee plantations, forest fragments, riparian strips, and sec-
ond growth at each site. By recording these data every

minute, we were able to assign habitat temperature and
humidity values to bird observations that occurred in
those vegetation types. In the wet season we collected
data only from coffee plantations and riparian strips. In
the end, 4760 radio-tracking locations had associated tem-
perature and humidity data from the same site, habi-
tat, and minute. We used these data to calculate aver-
age habitat temperature and humidity values for the three
species.

Data Analyses

We used ArcView 7.0 and the extension Animal Move-
ment 2.0 (Hooge & Eichenlaub 1997) to calculate 95%
fixed kernel and 95% minimum convex polygon (MCP)
home range sizes (Kenward 2001). Even though kernel
estimators are superior in general (Kernohan et al. 2001),
in highly fragmented landscapes, they often exclude po-
tentially important areas between high concentrations of
activity (Riley et al. 2003). In addition, MCP is the most fre-
quently reported type of home range in telemetry studies
(Kenward 2001), and we included them to enable com-
parisons with other studies.

We used compositional analysis (Aebischer et al. 1993),
based on the log-ratio analysis of compositions (Aitchison
1986), to compare radio locations with the habitat com-
position of the surveyed areas where 91% of bird obser-
vations took place. Compositional analysis, which calcu-
lates the proportion of an animal’s trajectory contained
within each habitat it visited, corrects for the noninde-
pendence of proportional data that result from continu-
ous radio tracking (Aebischer et al. 1993).

We first subtracted, for each vegetation pair, the natural
log of the ratio of those vegetation types’ percent cover of
the study area (e.g., ln[% coffee cover/%pasture cover])
from the natural log of the ratio of radio locations in those
vegetation types in each individual’s home range (e.g.,
ln[% locations in coffee/% locations in pasture]). We then
calculated the mean of this difference for all individuals
to create and transform the matrices necessary for calcu-
lating � (Aebischer et al. 1993). Lambda is used to test
whether habitat use is significantly nonrandom because
χ2 = N ∗ ln (�), where N is the number of radio-tracked
animals. Then t tests are used to determine the habitat
types where nonrandom use occurs. If � shows habitat
use is nonrandom, Aebischer et al. (1993) recommends
using standard significance levels of t values rather than
Bonferroni corrections.

The unit of replication was the number of individuals
with >25 locations because the observation curves for
home range area reached asymptotes around 25 locations.
We obtained 26 dry-season, 14 wet-season, and 31 total
home ranges for Catharus; 29, 21, and 43 home ranges
for Tangara; and 22, 6, and 28 home ranges for Turdus,
respectively, that met this criterion. We compared habi-
tat preferences among species and between sexes and
seasons (dry [breeding] vs. wet [nonbreeding]).
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To test for the differences in habitat preferences, re-
source use, movements, home range sizes, and microcli-
matic preferences, we used analysis of variance (ANOVA),
binomial, Wilcoxon (Mann-Whitney U), Tukey-Kramer
HSD, t, and chi-square tests as appropriate (Zar 1999).
We calculated nest survivorship with the Mayfield method
(Mayfield 1975) and used the Z test (Nur et al. 1999) to
compare the daily mortality rates of nests between differ-
ent habitats.

Results

Between June–September 2002 (wet season) and
January–April 2003 (dry season), mist nets were deployed
for 13,300 net hours. We caught, radio tagged, and fol-
lowed 58 Catharus (21 females, 24 males, 3 immatures,
and 10 birds of unknown sex or age), 61 Tangara (22,
28, 10, and 1, respectively), and 37 Turdus (9, 15, 4,
and 9, respectively) during 6960 hours of radio tracking.
We obtained 2137 (52% visual), 3814 (78% visual), and
2150 (53% visual) locations, respectively (Fig. 1). We had
enough locations to calculate home range sizes for 31
Catharus (median = 53 locations, range = 25–171), 43
Tangara (median = 74, range = 25–211), and 28 Turdus

Figure 1. Examples of 95% kernel (contours) and 95%
minimum convex polygon (black lines) home ranges
of radio-tracked birds in Las Cruces area, excluding
5% outliers. Some points represent multiple locations.
Dark gray squares represent arboreal cover ( forest
fragments, riparian strips, and remnant trees), gray is
scrub and second growth, and white is human-
dominated habitats (coffee plantations, pastures, other
agriculture, and towns). Resolution is 30 × 30 m.

(median = 78, range = 30–148). Home range size stabi-
lized beyond 25 locations and was not correlated with
the number of locations (all r < 0.16, all p > 0.206).

Habitat Use

Catharus preferred coffee plantations and second
growth, whereas Tangara and Turdus spent more time in
arboreal remnants, forest fragments, riparian strips, and
single trees, and less time in coffee plantations and other
open habitats (Fig. 2; Table 1). Unlike T. assimilis 40 km
away (Cohen & Lindell 2005), Las Cruces Turdus almost
never visited pastures. Despite equal effort, at the more-
forested sites we caught significantly more Turdus than
at the less-forested sites (31 vs. 6, respectively; binomial
test, p < 0.001), confirming the high forest dependence
of Turdus (Stiles 1985). Captures of the two other species
did not differ (p > 0.10). All three species exhibited strong
habitat selection and were found in vegetation types out
of proportion to their landscape cover (Fig. 2 and Table
1; compositional analysis test of radio locations vs. to-
tal study area: � = 0.025–0.126; goodness-of-fit test for
vegetation types, subscript indicates degrees of freedom:
χ2

5–42 = 21–156, all p < 0.001), except for Catharus in
the wet season (� = 0.285; χ2

13 = 17.6, p > 0.1). Habitat
use differed significantly among species (all χ2 > 49.7,
all p < 0.0001) and between seasons within each species
(all χ2 > 31.7, all p < 0.0001).

Sedentary Catharus mostly inhabited coffee plan-
tations, although females preferred dense secondary
growth during the breeding season (Fig. 2a; Table 1).
In contrast, arboreal patches were more important for
Tangara and Turdus, which frequently moved between
these patches. Both Tangara (Fig. 2b; Table 1) and Tur-
dus (Fig. 2c; Table 1) spent 69% to 85% of their time in
11% arboreal cover, especially in the dry season when
many remnant trees were fruiting and birds were breed-
ing. Tangara (χ2

1 = 38.2, p < 0.0001) and Turdus (χ2
1 =

25.3, p < 0.0001) also preferred to nest in trees (of 20
nests of radio-tracked individuals, 70% were in the 11%
of the land covered by trees), despite the abundance of
coffee and banana plants. Catharus sample size was insuf-
ficient to allow us to draw any conclusions (three nests in
coffee; χ2

1 = 2.07, p > 0.11). Compared with Tangara or
Turdus, most of which spent >60% of their time in trees,
Catharus showed more variation in habitat use (Fig. 3).

Key Resources

None of the species consumed resources in the same
proportion they occurred in the landscape. Each species
also differed from the other two in its resource use (all
χ2 > 120, all p < 0.0001; top 10 resources can be seen
on http://www.naturalphotos.com/sekercioglu/science/
SekerciogluAppendix1.doc). Catharus, observed forag-
ing on 14 plant taxa, was mainly insectivorous and mostly
foraged on or near the soil. Catharus often fed on rotting
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Figure 2. Habitat use of study species (a, b, c)
compared with land cover of available vegetation
types. All birds were caught and radio tagged in coffee
plantations. White bars are the percentage of
vegetation survey plots that belong to the respective
land cover. Dry season is also the nesting season for
the study species. See “Methods” for the descriptions of
vegetation types.

bananas, but might have been eating invertebrates feed-
ing on bananas. Tangara and Turdus mostly consumed
fruits and foraged on 71 and 45 taxa, respectively. Fruits
of Cecropia peltata L., Ficus spp., and Syzygium mala-
canse Merr. & Perry, among others, were significantly fa-
vored by both species (binomial test; all p < 0.0001).

Movement

Our study species’ movements were mostly local, and
none of them regularly moved (“commuted”) between
study sites and large (>10 ha), distant (>1 km) forest
patches. Of daily movements, 97% were <500 m and 74%
were <100 m. Movements of Catharus were the smallest
(mean = 75.4 ± 3.4 m, range = 0–1186 m, n = 1998),
followed by Tangara (mean = 101 ± 3.7 m, range =
0–3027 m, n = 3655) and Turdus (mean = 126 ± 10
m, range = 0–5809 m, n = 2057). These values were
significantly different (Wilcoxon test, all p < 0.0001).
Catharus movements were greater (ANOVA: F1999 = 3.73,
p = 0.024) at more-forested sites (84.6 m; n = 854) than
those with less tree cover (72.3 m; n = 1146). In con-
trast, shorter movements at more-forested sites were ob-
served for Tangara (95.9 m vs. 118 m; F3654 = 4.99, p =
0.007) and Turdus (122 m vs. 127 m; F2056 = 3.44, p =
0.032). Catharus, being mostly terrestrial, moved less
in areas with steeper topography (F1972 = 3.44, p <

0.0001), whereas there was no difference for the other
species.

Home Range Size

Both kernel and MCP home ranges of Catharus were sig-
nificantly smaller than those of Tangara or Turdus (all
Z > 3.44, all p < 0.001; Fig. 4), whose average kernel
home range sizes did not differ from each other (Z =
1.253, p = 0.21), but MCP home range sizes did (Z =
2.27, p = 0.024). Home range sizes did not differ between
the sexes of any species (Wilcoxon test: all Z < 1.32, all
p > 0.187; see “Data Analyses” for n). The MCP home
range sizes differed between seasons for all the species,
whereas kernel home range size differences were more
varied (Fig. 4). There was no correlation between kernel
or MCP home range size and percent arboreal cover for
any species (all r2 < 0.063, all p > 0.1; Fig. 3). Average
kernel home ranges of Tangara in less-forested sites (n =
19) were significantly larger than those in more-forested
sites (n = 24; 24.5 ha vs. 9.3 ha; Z = 2.14, Wilcoxon
test, p = 0.032), however, there were no differences for
Catharus or Turdus.

Breeding Success

Neither clutch size nor the number of per nest (Table 2)
differed between Catharus nesting in deforested (coffee,
pasture, second growth without trees) versus forested
(Las Cruces forest, forest fragments, riparian strips)
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Table 1. Matrix of ranked habitat preferences of Catharus aurantiirostris, Tangara icterocephala, and Turdus assimilis individuals radio
tracked during the study.a

Vegetationb Coffee Pasture Other S.G. Forest Riprn. Remnt.

Catharus aurantiirostris
coffee plantation 5 D: +++ D: +++ D: −−− D: +++ D: ++ D: +

W: +++ W: +++ W: +++ W: +++ W: + W: +
cattle pasture F: −−− 0 D: − D: −−− D: + D: −−− D: −−−

M: −−− W: ++ W: −−− W: ++ W: −−− W: −−−
other agriculture F: −−− F: + 1 D: −−− D: +++ D: −−− D: −−−

M: −−− M: − W: − W: − W: −−− W: −
second growth F: +++ F: +++ F: +++ 6∗ D: −−− D: −−− D: −−−

M: + M: +++ M: +++ W: −− W: + W: +
forest fragment F: −−− F: − F: − F: +++ 2 D: −−− D: −−−

M: −−− M: − M: + M:+++ W: −−− W: −−−
riparian strip F: − F: +++ F: +++ F: +++ F: ++ 4 D: +

M: − M: +++ M: +++ M: + M: +++ W: −
remnant tree F: − F: +++ F: +++ F: +++ F: +++ F: + 3∗

M: − M: +++ M: +++ M: + M: +++ M: −
Tangara icterocephala

coffee plantation 3∗ D: +++ D: +++ D: + D: − D: −−− D: −−−
W: +++ W: +++ W: +++ W: + W: −−− W: −−−

cattle pasture F: −−− 0 D: −−− D: −−− D: −−− D: −−− D: −−−
I: −−− W: −−− W: −−− W: −−− W: −−− W: −−−
M: −−−

other agriculture F: −−− F: +++ 1∗ D: −−− D: −−− D: −−− D: −−−
I: −−− I: + W: −−− W: −− W: −−− W: −−−
M: −−− M: +++

second growth F: ++ F: +++ F: + 2∗ D: − D: −−− D: −−−
I: − I: +++ I: + W: − W: −−− W: −−−
M: + M: +++ M: +++

forest fragment F: − F: +++ F: +++ F: + 4 D: −−− D: −−−
I: +++ I: +++ I: +++ I: ++ W: − W: −−−
M: + M: +++ M: +++ M: +

riparian strip F: +++ F: +++ F: +++ F: +++ F: +++ 5∗ D: −−−
I: − I: ++ I: + I: − I: − W: −−−
M: +++ M: +++ M: +++ M: +++ M: +++

remnant tree F: +++ F: +++ F: +++ F: +++ F: +++ F: +++ 6∗

I: +++ I: +++ I: +++ I: +++ I: +++ I: +++
M: +++ M: +++ M: +++ M: +++ M: +++ M: +++

Turdus assimilis
coffee plantation 2∗ D: +++ D: +++ D−−− D: −−− D: −−− D: −−−

W: +++ W: +++ W: − W: −−− W: −−− W: −−
cattle pasture F: −−− 0 D: −−− D: −−− D: −−− D: −−− D: −−−

I: − W: − W: −−− W: −−− W: −−− W: −−−
M: −−−

other agriculture F: −−− F: + 1∗ D: −−− D: −−− D: −−− D: −−−
I: − I: − W: −−− W: −−− W: −−− W: −−−
M: −−− M: +

second growth F: + F: +++ F: +++ 3∗ D: − D: −−− D: −−−
I: ++ I: ++ I: ++ W: − W: −− W: −
M: +++ M: +++ M: +++

forest fragment F: +++ F: +++ F: +++ F: + 4 D: −−− D: −−−
I: ++ I: +++ I: +++ I: ++ W: + W: +
M: +++ M: +++ M: +++ M: +

riparian strip F: +++ F: +++ F: +++ F: ++ F: + 5∗ D: −−−
I: +++ I: ++ I: ++ I: +++ I: − W: +
M: +++ M: +++ M: +++ M: +++ M: ++

remnant tree F: +++ F: +++ F: +++ F: +++ F: ++ F: ++ 6
I: +++ I: ++ I: ++ I: ++ I: + I: ++
M: +++ M: +++ M: +++ M: +++ M: + M: −

aAbove the diagonal are dry- (D) and wet- (W) season preferences and below are differences between males (M), females (F), and immatures
(I) for both seasons combined. A plus (+) indicates row vegetation is preferred over the column vegetation. A minus (−) indicates avoidance.
Three signs, p < 0.05; two signs, 0.05 < p < 0.10; one sign p > 0.10. Numbers on the diagonal indicate the overall order of preference; higher
numbers indicate greater affinity, and an asterisk (∗) indicates a significant preference over the lower-ranked vegetation types (S.G., second
growth; riprn., riparian; remnt., remnant tree).
bVegetation types are listed from most to least land cover.
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Figure 3. Variation in home range composition with
respect to the home range sizes of the study species (a,
b, c) in southern Costa Rica. For each individual, three
different symbols that sum up to 100% represent
percentages of that individual’s locations in respective
vegetation types. Three Catharus home ranges >5.8 ha,
two Tangara ranges > 130 ha, and one 240-ha Turdus
home range were excluded for purposes of clarity.

Figure 4. Mean (±SE), dry season, and wet season
kernel and minimum convex polygon (MCP) sizes of
home ranges of Catharus aurantiirostris, Tangara
icterocephala, and Turdus assimilis radio tracked
around Las Cruces, southern Costa Rica: (a) kernel =
1.7 ± 0.4 ha, range = 0.3–6.2 ha, wet versus dry
Wilcoxon test, Z = 0.55, p = 0.58; MCP = 3.6 ± 0.6 ha,
range = 0.6–8.1 ha, wet versus dry Z = 3.53, p =
0.0004; (b) kernel = 16.7 ± 5.3 ha, range = 0.4–174
ha, wet versus dry Z = 1.68, p = 0.091; MCP = 21.8 ±
4.3 ha, range = 1.3–121 ha, wet versus dry Z = 2.13,
p = 0.033; (c) kernel = 29.9 ± 10.0 ha, range =
0.5–240 ha, wet versus dry Z = 1.93, p = 0.053; MCP
= 72.9 ± 29.9 ha, range = 3.5–363 ha, wet versus dry
Z = 2.44, p = 0.015. Mean home range size is based
on all home ranges from both seasons.
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Table 2. Comparative breeding success measures for C. aurantiirostris, T. icterocephala, and T. assimilis based on monitored nests in deforested
(coffee plantation, pasture, and second growth) and forested (Las Cruces forest, riparian strips, and small fragments) habitats.

Eggs and hatching successa Nestlings and fledging successa Fledglings/nestb

Species deforested forested deforested forested deforested forested

Catharus 30/45 (457) 6/13 (120) 21/41 (319) 4/6 (69) 0.61 0.54
1.90 ± 0.09 1.86 ± 0.14 1.85 ± 0.08 1.75 ± 0.25 0.65 ± 0.13 (48) 0.62 ± 0.24 (13)

Tangara 14/27 (230) 1/3 (18) 20/32 (124) 1/2 (7) 0.56 0.17
1.79 ± 0.11 2 1.65 ± 0.11 1 0.48 ± 0.17 (25) 0 (2)

Turdus 15/28 (309) 6/16 (71.5) 18/21 (217) 6/11 (62) 0.80 0.31
1.93 ± 0.15 1.33 ± 0.21 1.72 ± 0.14 1.50 ± 0.22 0.77 ± 0.16 (30) 0.24 ± 0.14 (18)

Total (%)c 59/100 (59) 13/32 (41) 59/94 (63) 11/19 (58) 0.64 ± 0.09 (103) 0.38 ± 0.13 (32)

aFirst line for each species: number of nests that successfully hatched eggs or fledged nestlings/the total number of nests with eggs and nestlings
(nest days of observation); second line for each species: average number of eggs or nestlings per nest ± SE.
bFirst line for each species: fledglings/nest calculated by multiplying hatching success, fledging success, and average number of eggs per nest;
second line for each species: fledglings/nest ± SE based on all the nests that were monitored from before the eggs hatched until the nest fate was
known (sample size).
cAll species combined. Columns 2–5: successful nests/all nests (% success); columns 6–7: fledglings per nest (sample size).

habitats (clutch: Z = 0.138, p = 0.89; fledgling: Z = 0.420,
p = 0.68). Turdus clutch size in deforested habitats was
higher (clutch: Z = 1.99, p = 0.046; nestlings: Z = 0.770,
p = 0.44). We could not do these comparisons for Tan-
gara because we only recorded one successful nest in
forested habitats. Percentages of Catharus nests that suc-
cessfully hatched (χ2

1 = 0.80, p = 0.37) or fledged (χ2
1

= 0.66, p = 0.42) young in deforested habitats were not
different than those of nests in forest remnants (Table 2).
This was also the case for the daily survival rates of eggs
(97% in deforested vs. 95% in forested, Z = 0.80, p > 0.05)
and nestlings (93% vs 97%, Z = −1.5, p > 0.05). The Tan-
gara nests did not have higher hatching (χ2

1 = 0.45, p =
0.50) or fledging success (χ2

1 = 0.13, p = 0.72) in defor-
ested habitats (Table 2). Daily survival rates of Tangara
eggs (94% in deforested vs. 89% in forested, Z = 0.72, p
> 0.05) or nestlings (90% vs. 86%, Z = 0.34, p > 0.05)
also did not differ. Although hatching success (Table 2)
of Turdus nests did not differ between deforested and
forested habitats (χ2

1 = 0.83, p = 0.36), fledging success
of nests in forest remnants was lower (χ2

1 = 3.74, p =
0.053). This was also the case for daily egg survival (96%
in deforested vs. 86% in forested, Z = 2.30, p = 0.014)
and nearly so for daily nestling survival (99% vs. 92%, Z =
1.88, p = 0.078). Turdus productivity (average number
of fledglings per nest; Table 2) was three times lower in
forest remnants (z = 2.08, p = 0.037).

Microclimate

Catharus individuals were found in the hottest and dri-
est microclimate (daily average temperature 23.0◦ C, hu-
midity 85.7%), followed by Turdus (22.2◦ C and 89.9%)
and Tangara (22.0◦ C and 91.1%). All differences were
significant (Tukey-Kramer HSD test: all q∗ > 2.43, all p <

0.04), except average habitat temperatures of Turdus and
Tangara (q∗ = 1.24, p = 0.42). Coffee was the hottest
and driest vegetation type in general, especially during

midday (1000–1459 hours; average midday temperature
27.6◦ C, average noon humidity 63.6%), followed by sec-
ond growth (27.0◦ C and 72.7%), riparian strips (23.5◦ C
and 85.9%), and forest fragments (23.1◦ C and 85.8%; all
q∗ > 4.38, all p < 0.0001, except between forest and ripar-
ian humidity, q∗ = 1.30, p = 0.99). When we compared
average habitat temperature and humidity values of birds
using the same vegetation type, Tangara locations had
consistently lower habitat temperature and higher habi-
tat humidity than Catharus locations for each vegetation
type (all t > 2.33, all p < 0.01). There were no consistent
differences between Turdus and other species. Especially
in the dry season, all three species, particularly Tangara,
used cooler vegetation types (such as forest fragments and
riparian strips) than coffee plantations during hot and dry
midday, and vice versa during cool and humid mornings
(all χ2 > 3.86, all p < 0.05; Table 3). Pasture and other
agricultural areas were avoided all together.

Discussion

Remnant trees, riparian strips, and small forest patches in
the mostly deforested Costa Rican agricultural country-
side provided essential dietary, microclimatic, and nesting
resources for our focal species, which exhibited a range
of sensitivity to deforestation. Arboreal remnants were fa-
vored for nesting and foraging, especially during the dry
season, perhaps because of their cooler and more hu-
mid microclimates (Karr & Freemark 1983). Additional
habitat use data from radio tracking the same species
in 2004 and 2005 conformed to the pattern we found
here (C.H.S., unpublished data). These species persisted
in human-dominated countryside on a multiannual time
scale without regular recourse to large forest patches,
and arboreal remnants played more important roles than
their percent land cover would indicate. These birds ex-
hibited two fundamentally different ways of dealing with
the loss and fragmentation of their native forest habitat:
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Table 3. Habitat preferences of radio-tracked birds in major vegetation types, based on time of day and season (dry/wet).∗

Catharus aurantiirostris Tangara icterocephala Turdus assimilis

Habitat morning midday morning midday morning midday

Coffee +/+ −/− +/+ −/− +/0 −/0
Second growth −/0 +/0 0/0 0/0 0/0 0/0
Forest 0/0 0/0 −/− +/+ −/0 +/0
Riparian 0/− 0/+ −/− +/+ 0/0 0/0
Remnant tree +/0 −/0 0/0 0/0 0/0 0/0

∗Morning is between 0500–0959 hours, and midday is between 1000–1459 hours. All χ2 > 3.86, all p < 0.05. For dry season/wet season: +,
significant preference; –, significant avoidance; 0, neither preference nor avoidance.

sedentary usage of agricultural areas and high mobility
among arboreal remnants.

Forest dependence of our study species (Stiles 1985)
positively correlated with home range size and move-
ment distance. By using coffee plantations extensively,
Catharus, an edge and second-growth species, despite
being sedentary and mostly insectivorous (http://www.
naturalphotos.com/sekercioglu/science/Sekercioglu
Appendix1.doc), fared better in the countryside (Fig. 2a)
than most insectivorous forest birds, which have dis-
appeared from this habitat (Sekercioglu et al. 2002).
Although most tolerant of deforestation, this species
was the least mobile and least frugivorous, traits that
limit its function as a seed disperser (Sekercioglu 2006).
The more forest-dependent Tangara and Turdus spent
most of their time in arboreal remnants and moved
between trees on a regular basis. These birds consumed
the fruits of dozens of taxa, likely dispersing the seeds of
keystone plants such as Cecropia, Inga, and Ficus spp.
(Peres 2000). Probably due to their diverse frugivorous
diets and the highly heterogeneous distribution of
fruiting trees, these two species showed much greater
variation in home range size than did Catharus (Fig. 3).
Furthermore, Tangara home ranges were larger at sites
with lower forest cover, potentially increasing seed
dispersal in these areas, but likely raising birds’ energetic
costs and exposure to predators. There were few Turdus
at less-forested sites, confirming that most T. assimilis do
not use countryside far from sizable forest patches (Luck
& Daily 2003), possibly due to reduced fledgling survival
in coffee plantations (Cohen & Lindell 2004).

Because of the scarcity of trees in the area, 69% to 85%
of Tangara and Turdus activity was concentrated in 11%
of the landscape that consisted of trees. Even if the defor-
ested countryside around Las Cruces has adequate dietary
resources for birds, reduced arboreal cover may increase
nest (Robinson et al. 1995), fledgling (Cohen & Lindell
2004) or adult (Gotmark & Post 1996) predation of for-
est birds. That only 5 out of 156 birds we radio tracked
were preyed upon (one Catharus in a pasture, two Tan-
gara in riparian strips, one Tangara, and one Turdus in
remnant trees) suggests that adult predation is not a ma-
jor source of mortality. Although some Catharus nests

in coffee plantations experienced parasitism by Bronzed
Cowbirds (Molothrus aeneus), nest predation rates and
overall breeding success of Catharus or Tangara did not
differ between forested and deforested habitats (Table 2).
Possibly because some forest nest predators decline in
agricultural areas with increased human activity (Tewks-
bury et al. 1999), breeding success of Turdus was lower
in forested habitats, which Snow and Snow (1963) also
observed for T. fumigatus in Trinidad. That radio-tracked
T. assimilis preferred nesting in forest remnants where
these birds experienced higher nest predation suggests
that these remnants may be “ecological traps” (Schlaepfer
et al. 2002). Nevertheless, benefits of higher breeding
success in coffee plantations may be negated by lower
fledgling survival in this habitat, as observed 40 km away
from our study side (Cohen & Lindell 2004) and sup-
ported by our pilot study in 2006 (C.H.S., unpublished
data).

If nest or fledgling predation rates are high enough,
some populations of forest birds in the countryside might
not be viable in the long term without regular dispersal
from source populations in more extensive forests. Even
though we did not observe long-distance movements on
a regular basis, these birds can cover 1.2 km (Catharus),
3.0 km (Tangara), and 5.8 km (Turdus) in <2 hours, sug-
gesting that recolonization events are possible. Therefore,
even if deforested habitats comprise population sinks for
one or more of these species, these sinks can still be bene-
ficial by providing a steady stream of dispersers that colo-
nize vacant territories in forested habitats (Murphy 2001),
by increasing the regional population size (Foppen et al.
2000; Murphy 2001), and by increasing the stability and
resilience of populations in source patches (Foppen et al.
2000).

The heterogeneous nature of this landscape and the
high diversity of fruiting trees are important factors in the
persistence of Turdus and Tangara in the countryside.
Because forest bird species also use trees extensively as
stepping stones between forest patches (Graham 2001),
remnant trees and forest patches are important in increas-
ing landscape connectivity and improving avian survival
(Rappole et al. 1989; Taylor et al. 1993; Powell & Bjork
2004; Peh et al. 2006).
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In addition to providing food, sheltering birds from
predators, and increasing landscape connectivity, Las
Cruces arboreal remnants were also microclimatic refuges
(Table 3), particularly in the dry season (Greenberg et al.
1997a). In our study area 10- to 20-m-wide riparian strips
embedded in hot coffee plantations had the same tem-
perature and humidity profile as the forest interior >100
m from the edge, likely due to the year-round presence
of water in these riparian strips. Not only did Tangara
and Turdus prefer microclimates similar to those of for-
est patches and riparian strips, Tangara individuals were
consistently tracking lower temperatures and higher hu-
midity levels, differing from Catharus even in identical
vegetation types.

Arboreal remnants in the countryside connect bigger
forest fragments and serve as important habitats in their
own right, enabling some mobile or habitat opportunist
forest bird species, at least in the medium term, to persist
in human-dominated areas. If managed effectively, these
remnants can provide many resident and migrant species
with additional territories (Greenberg et al. 1997b) and
connect the populations of more sedentary, specialized,
and forest-restricted species (Powell & Bjork 1994; Siev-
ing et al. 2000; Renjifo 2001; Sekercioglu et al. 2002; Har-
vey et al. 2005). Although the protection of extensive nat-
ural vegetation is essential for the preservation of major
elements of biodiversity (Bruner et al. 2001; McKinney
2002), particularly habitat specialists with limited mo-
bility (Owens & Bennett 2000; Sekercioglu et al. 2002;
Sekercioglu et al. 2004), protected areas alone are not ad-
equate in the face of humanity’s growing demands (Liu et
al. 2001; Dirzo & Raven 2003).

The crucial question remains whether arboreal re-
sources can be maintained or augmented sufficiently to
ensure the long-term survival of diverse tropical coun-
tryside avifaunas. In our study region, already heavily
deforested, remnant trees are regularly cut for timber
or firewood, valuable tree species in fragments are ex-
tracted as needed, and riparian strips and forest frag-
ments are frequently degraded by cattle. Our results sug-
gest that the conservation value of working landscapes
in the tropics can be boosted significantly with relatively
little investment and conflict because remnant trees, ri-
parian strips, forest fragments, and their residents also
supply people and domestic animals with fruits, shade,
clean water, crop pollination, and other ecosystem ser-
vices (Daily 1997; Ricketts et al. 2004; Harvey et al. 2005;
Sekercioglu 2006). A good example can be seen in Mon-
teverde, Costa Rica, where a combination of conserva-
tion easements, local education, reforestation, and eco-
nomic incentives for landowners, including birdwatching
ecotourism (Sekercioglu 2002), has successfully recon-
nected and expanded the habitat of Resplendent Quet-
zals (Pharomacrus mocinno) in the countryside (Powell
& Bjork 1994). Similar initiatives are urgently needed to
restore tropical countrysides with ecological approaches

(Lamb et al. 2005), such as agroforestry schemes (Schroth
et al. 2004). These will reduce the pressures on re-
serves, maintain essential ecosystem services, improve
the biodiversity-carrying capacity of agricultural land-
scapes, and help integrate them with protected areas. We
recommend that significantly more conservation effort
be directed at enhancing the conservation value of tropi-
cal countryside, thus providing disappearing species with
more options.
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for allowing us to do research on their properties. M.
Evelyn, C. Gillies, C. Lindell, and D. Stiles provided help-
ful advice about radiotelemetry techniques. We value the
feedback of everyone at the Center for Conservation Bi-
ology, particularly J. Fay’s GIS support. Comments of K.
Al-Khafaji, G. Ceballos, K. Chan, M. Einaudi, C. Field, M.
Hauber, J. Jones, E. Main, H. Mooney, K. Sieving, P. Vi-
tousek, an anonymous referee, and particularly C. Graham
were invaluable in improving the manuscript.

Literature Cited

Aebischer, N. J., P. A. Robertson, and R. E. Kenward. 1993. Composi-
tional analysis of habitat use from animal radio-tracking data. Ecology
74:1313–1325.

Aitchison, J. 1986. The statistical analysis of compositional data. Chap-
man and Hall, London.

Altmann, J. 1974. Observational study of behavior—sampling methods.
Behaviour 49:227–267.

Bruner, A. G., R. E. Gullison, R. E. Rice, and G. A. B. da Fonseca. 2001.
Effectiveness of parks in protecting tropical biodiversity. Science
291:125–128.

Castellón, T. D. and K. E. Sieving. 2006. An experimental test of ma-
trix permeability and corridor use by an endemic understory bird.
Conservation Biology 20:135–145.

Cohen, E. B. and C. A. Lindell. 2004. Survival, habitat use, and move-
ments of fledgling White-Throated Robins (Turdus assimilis) in a
Costa Rican agricultural landscape. Auk 121:404–414.

Cohen, E. B. and C. A. Lindell. 2005. Habitat use of adult White-throated
Robins during the breeding season in a mosaic landscape in Costa
Rica. Journal of Field Ornithology 76:279–286.

Conservation Biology
Volume 21, No. 2, April 2007



Sekercioglu et al. Forest Birds in Tropical Countryside 493

Daily, G. C., editor. 1997. Nature’s services: societal dependence on
natural ecosystems. Island Press, Washington, D.C.

Daily, G. C., P. R. Ehrlich, and G. A. Sanchez-Azofeifa. 2001. Countryside
biogeography: use of human-dominated habitats by the avifauna of
southern Costa Rica. Ecological Applications 11:1–13.

Dirzo, R., and P. H. Raven. 2003. Global state of biodiversity and loss.
Annual Review of Environment and Resources 28:137–167.

Evelyn, M. J., and D. A. Stiles. 2003. Roosting requirements of two fru-
givorous bats (Sturnira lilium and Arbiteus intermedius) in frag-
mented Neotropical forest. Biotropica 35:405–418.

Foppen, R. P. B., J. P. Chardon, and W. Liefveld. 2000. Understanding
the role of sink patches in source-sink metapopulations: Reed War-
bler in an agricultural landscape. Conservation Biology 14:1881–
1892.

Gascon, C., T. E. Lovejoy, R. O. Bierregaard, J. R. Malcolm, P. C. Stouffer,
H. L. Vasconcelos, W. F. Laurance, B. Zimmerman, M. Tocher, and S.
Borges. 1999. Matrix habitat and species richness in tropical forest
remnants. Biological Conservation 91:223–229.

Gotmark, F., and P. Post. 1996. Prey selection by sparrowhawks, Ac-
cipiter nisus: relative predation risk for breeding passerine birds in
relation to their size, ecology and behaviour. Philosophical Transac-
tions of the Royal Society of London B 351:1559–1577.

Graham, C. H. 2001. Factors influencing movement patterns of Keel-
billed Toucans in a fragmented tropical landscape in southern Mex-
ico. Conservation Biology 15:1789–1798.

Greenberg, R., P. Bichier, and J. Sterling. 1997a. Acacia, cattle and migra-
tory birds in southeastern Mexico. Biological Conservation 80:235–
247.

Greenberg, R., P. Bichier, and J. Sterling. 1997b. Bird populations in rus-
tic and planted shade coffee plantations of eastern Chiapas, Mexico.
Biotropica 29:501–514.

Harvey, C. A., et al. 2005. Contribution of live fences to the ecologi-
cal integrity of agricultural landscapes. Agriculture Ecosystems and
Environment 111:200–230.

Hooge, P. N., and B. Eichenlaub. 1997. Animal movement extension to
Arcview, 2.0. Alaska Science Center, Biological Science Office, U. S.
Geological Survey, Anchorage.

Hughes, J. B., G. C. Daily, and P. R. Ehrlich. 2002. Conservation of tropical
forest birds in countryside habitats. Ecology Letters 5:121–129.

Karr, J. R., and K. E. Freemark. 1983. Habitat selection and environ-
mental gradients: dynamics in the stable tropics. Ecology 64:1481–
1494.

Kenward, R. E. 2001. A manual for wildlife radio tagging. Academic
Press, London.

Kernohan, B. J., R. A. Gitzen, and J. J. Millspaugh. 2001. Analysis of
animal space use and movements. Pages 125–166 in J. J. Millspaugh
and J. M. Marzluff, editors. Radio tracking and animal populations.
Academic Press, San Diego, California.

Lamb, D., P. D. Erskine, and J. A. Parrotta. 2005. Restoration of degraded
tropical forest landscapes. Science 310:1628–1632.

Laurance, W. F., and R. O. Bierregaard Jr. 1997. Tropical forest remnants:
ecology, management, and conservation of fragmented communi-
ties. University of Chicago Press, Chicago.

Liu, J., M. Linderman, Z. Ouyang, L. An, J. Yang, and H. Zhang. 2001.
Ecological degradation in protected areas: the case of Wolong Nature
Reserve for giant pandas. Science 292:98–101.

Luck, G. W., and G. C. Daily. 2003. Tropical countryside bird assem-
blages: richness, composition, and foraging differ by landscape con-
text. Ecological Applications 13:235–247.

Mayfield, H. 1975. Suggestions for calculating nest success. Wilson Bul-
letin 87:456–466.

McKinney, M. L. 2002. Effects of national conservation spending and
amount of protected area on species threat rates. Conservation Bi-
ology 16:539–543.

Murphy, M. T. 2001. Source-sink dynamics of a declining Eastern King-
bird population and the value of sink habitats. Conservation Biology
15:737–748.

Nur, N., S. L. Jones, and G. R. Geupel. 1999. A statistical guide to data
analysis of avian monitoring programs. U.S. Department of the Inte-
rior, Fish and Wildlife Service, Washington, D.C.

Owens, I. P. F., and P. M. Bennett. 2000. Ecological basis of extinction
risk in birds: Habitat loss versus human persecution and introduced
predators. Proceedings of the National Academy of Sciences (USA)
97:12144–12148.

Peh, K. S.-H., N. S. Sodhi, J. de Jong, C. H. Sekercioglu, C. A. M. Yap, and
S. L.-H. Lim 2006. Conservation value of degraded habitats for forest
birds in southern Peninsular Malaysia. Diversity & Distributions. 2:
572–581.

Peres, C. A. 2000. Identifying keystone plant resources in tropical
forests. Journal of Tropical Ecology: 287–317.

Powell, G. V. N., and R. D. Bjork. 1994. Implications of altitudinal mi-
gration for conservation strategies to protect tropical biodiversity: a
case study of the Resplendent Quetzal (Pharomacrus mocinno) at
Monteverde, Costa Rica. Bird Conservation International 4:161–174.

Powell, G. V. N., and R. D. Bjork. 2004. Habitat linkages and the conser-
vation of tropical biodiversity as indicated by seasonal migrations of
Three-wattled Bellbirds. Conservation Biology 18:500–509.

Ralph, C. J., G. R. Geupel, P. Pyle, T. E. Martin, D. F. DeSante. 1993. Hand-
book of field methods for monitoring landbirds. Pacific Southwest
Research Station, Albany, California.

Rappole, J. H., M. A. Ramos, and K. Winker. 1989. Wintering
Wood Thrush movements and mortality in southern Veracruz. Auk
106:402–410.

Renjifo, L. M. 2001. Effect of natural and anthropogenic landscape ma-
trices on the abundance of subandean bird species. Ecological Ap-
plications 11:14–31.

Ricketts, T. H., G. C. Daily, P. R. Ehrlich, and C. Michener. 2004. Eco-
nomic value of tropical forest to coffee production. Proceedings of
the National Academy of Sciences (USA). 101:12579–12582.

Riley, S. P. D., R. M. Sauvajot, T. K. Fuller, E. C. York, D. A. Kamradt, C.
Bromley, and R. K. Wayne. 2003. Effects of urbanization and habi-
tat fragmentation on bobcats and coyotes in southern California.
Conservation Biology 17:566–576.

Robinson, S. K., F. R. Thompson, T. M. Donovan, D. R. Whitehead, and
J. Faaborg. 1995. Regional forest fragmentation and the nesting suc-
cess of migratory birds. Science 267:1987–1990.

Schlaepfer, M. A., M. C. Runge, and P. W. Sherman. 2002. Ecological and
evolutionary traps. Trends in Ecology & Evolution 17:474–480.

Schroth, G., G. A. B. Da Fonseca, C. A. Harvey, C. Gascon, H. L. Lascon-
celos, and A.-M. N. Izac, editors. 2004. Agroforestry and biodiversity
conservation in tropical landscapes. Island Press, Washington, D.C.

Sekercioglu, C. H. 2002. Impacts of birdwatching on human and avian
communities. Environmental Conservation 29:282-289.

Sekercioglu, C. H. 2003. Causes and consequences of bird extinctions.
Ph.D. dissertation. Stanford University, Stanford, California.

Sekercioglu, C. H. 2006. Increasing awareness of avian ecological func-
tion. Trends in Ecology & Evolution 21:464–471.

Sekercioglu, C. H., G. C. Daily, and P. R. Ehrlich. 2004. Ecosystem con-
sequences of bird declines. Proceedings of the National Academy of
Sciences (USA) 101:18042–18047.

Sekercioglu, C. H., P. R. Ehrlich, G. C. Daily, D. Aygen., D. Goehring, and
R. Sandi. 2002. Disappearance of insectivorous birds from tropical
forest fragments. Proceedings of the National Academy of Sciences
(USA) 99:263–267.

Sieving, K. E., M. F. Willson, and T. L. Santo. 2000. Defining corridor
functions for endemic birds in fragmented south-temperate rainfor-
est. Conservation Biology 14:1120–1132.

Skutch, A. F. 1966. A breeding bird census and nesting success in Central
America. The Auk 108:1–16.

Snow, D. W., and B. K. Snow. 1963. Breeding and the annual cycle in
three Trinidad thrushes. Wilson Bulletin 75:27–41.

Sodhi, N. S., L. P. Koh, D. M. Prawiradilaga, I. Tinulele, D. D. Putra, and T.
H. T. Tan. 2005. Land use and conservation value for forest birds in
Central Sulawesi (Indonesia). Biological Conservation 122:547–558.

Conservation Biology
Volume 21, No. 2, April 2007



494 Forest Birds in Tropical Countryside Sekercioglu et al.

Stiles, F. G. 1985. Conservation of forest birds in Costa Rica: problems
and perspectives. Pages 141–170 in A. W. Diamond, and T. E. Lovejoy,
editors. Conservation of tropical forest Birds. International Council
for Bird Preservation, Cambridge, United Kingdom.

Stiles, F. G., and A. F. Skutch. 1989. A guide to the birds of Costa Rica.
Comstock, Ithaca, New York.

Taylor, P. D., L. Fahrig, K. Henein, and G. Merriam. 1993. Connectivity
is a vital element of landscape structure. Oikos 68:571–573.

Tewksbury, J. J., S. J. Hejl, and T. E. Martin. 1998. Breeding produc-
tivity does not decline with increasing fragmentation in a western
landscape. Ecology 79:2890–2903.

Wells, K. M. S., B. E. Washburn, J. J. Millspaugh, M. R. Ryan, and M. W.
Hubbard. 2003. Effects of radio-transmitters on fecal glucocorticoid
levels in captive dickcissels. The Condor 105:805–810.

Zar, J. H. 1999. Biostatistical analysis. Prentice Hall, Upper Saddle River,
New Jersey.

Conservation Biology
Volume 21, No. 2, April 2007


