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Abstract: Because of widespread babitat fragmentation, maintenance of landscape connectivity has become
a magor focus of conservation planning, but empirical tests of animal movement in fragmented landscapes
remain scarce. We conducted a translocation experiment to test the relative permeability of three landscape
elements (open babitat, shrubby secondary vegetation, and wooded corridors) to movement by the Chucao
Tapaculo (Scelorchilus rubecula), a forest understory bird endemic to South American temperate rainforest.
Forty-one radio-tagged subjects were translocated (individually) to three landscape treatments consisting of
small release paiches that were either entirely surrounded by open habitat (pasture), entirvely surrounded by
dense shrubs, or linked to other patches by wooded corridors that were otherwise surrounded by open matrix.
The number of days subjects remained in release patches before dispersal (a measure of babitat resistance) was
significantly longer for patches surrounded by open babitat than for patches adjoining corridors or surrounded
by dense shrubs. These results indicate that open habitat significantly constrains Chucao dispersal, in accord
with expectation, but dispersal occurs equally well through wooded corridors and shrub-dominated matrix.
Thus, corridor protection or restoration and management of vegetation in the matrix (fo encourage animal
movement) may be equally feasible alternatives for maintaining connectivity.
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Una Prueba Experimental de la Permeabilidad de la Matriz y el Uso de Corredores por una Especie de Sotobosque
Endémica

Resumen: Debido a la fragmentacion de hdbitat generalizada, el mantenimiento de la conectividad en
el paisaje se ba convertido en un aspecto principal de la planificacion de conservacion, pero las pruebas
empiricas del movimiento de animales en paisajes fragmentados son escasas. Realizamos un experimento de
translocacion para probar la permeabilidad relativa de tres elementos del paisaje (habitat abierto, vegetacion
secundaria arbustiva y corredores arbolados) al movimiento del Tapaculos de Chucao (Scelorchilus rubecula),
una especie de ave de sotobosque endémica al bosque lluvioso templado de América del Sur. Translocamos
(individualmente) a 41 aves con radio transmisores a tres paisajes-tratamiento consistentes en pequerios
parches de liberacion que estaban completamente rodeados de hdbitats abiertos (pastizales), completamente
rodeados de arbustos densos o unidos a otros parches por medio de corredores arbolados que a su vez estaban
rodeados por matriz abierta. El niimero de dias en que los sujetos permanecieron en los parches de liberacion
antes de dispersarse (una medida de la resistencia al bdbitat) fue significativamente mayor para parches
rodeados por bdbitat abierto que para parches contiguos a corredores o rodeados por arbustos densos. Estos
resultados indican que la dispersion de Chucao es inbibida significativamente por el habitat abierto, de
acuerdo con lo esperado, pero ocurre igualmente bien a través de corredores arbolados y matriz arbustiva. Por
lo tanto, la proteccion o restauracion de corredores y el manejo de la vegetacion en la matriz (para estimular
el movimiento de animales) pueden ser alternativas igualmente viables para mantener la conectividad.
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Introduction

To offset effects of habitat fragmentation, maintaining
landscape connectivity has become a major focus of con-
servation planning, and providing movement corridors
is currently a favored approach (e.g., Desrochers & Han-
non 1997; Haddad 1999; Berggren et al. 2002). Research,
however, has largely ignored the degree to which ani-
mals move through the nonhabitat matrix (Beier & Noss
1998; Ricketts 2001; Hudgens & Haddad 2003). For many
species the matrix constitutes unsuitable and potentially
hostile habitat (Arendt 2004), but it is rarely a complete
barrier to dispersal. In some cases, movement through the
matrix may be sufficient for immigration to offset extinc-
tion in local (sub)populations (Witt & Huntly 2001; Hud-
gens & Haddad 2003), and distinct habitat types within
the matrix (defined by vegetative and other structural
features) may be differentially permeable to a variety of
species (Ricketts 2001; Ries & Debinski 2001; Rodriguez
et al. 2001). Understanding how habitat structure in
the matrix influences permeability to animal movement
is key to managing complex landscapes for conserva-
tion (Turchin 1998; Ricketts 2001; Vandermeer & Carvajal
2001).

Experimental methods are the most efficient means
for identifying causal mechanisms, but most experimen-
tal studies examining animal movement have used inver-
tebrate subjects, often in highly artificial experimental
landscapes (e.g., Berggren et al. 2002; Hein et al. 2003).
To date, experimental methods applied to vertebrate sub-
jects include using tape-recorded songs to provide a stim-
ulus for forest birds to enter wooded corridors or cross
open habitat gaps (e.g., Sieving et al. 1996; St. Clair et
al. 1998; Bélisle & Desrochers 2002), and translocating
small mammals and birds to assess gap-crossing deci-
sions (Bright 1998; Bowman & Fahrig 2002) and move-
ment paths in the context of homing behavior (Bright
1998; Bélisle & St. Clair 2001; Bakker & Van Vuren 2004).
Translocation has also been used to assess migration rates
among patches with and without corridors, relative to
a single high-contrast matrix type (Bowne et al. 1999),
and to assess homing time in landscapes with differing
percentages of open matrix (Bélisle et al. 2001; Gobeil &
Villard 2002). From these studies we know that a variety
of forest vertebrates are clearly averse to entering open
habitat, that wooded corridors most likely facilitate move-
ment for some species, and that homing behavior may be
impeded in landscapes dominated by open matrix.

Although these studies have contributed greatly to de-
velopment of the dispersal barriers and landscape con-
nectivity concepts, they fail to distinguish the relative
importance of corridors versus alternative matrix types
and many rely on assumptions that hinder applicability
to natural dispersal. Playback experiments, for example,
can yield detailed observations on specific movement
choices, but they may have little relevance to dispersal
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because movement in response to perceived territorial
intruders or predators may differ from dispersal. Simi-
larly, homing behavior of subjects translocated short dis-
tances misrepresents dispersal in that the landscape near
a subject’s home range is familiar, whereas dispersing in-
dividuals must respond to novel landscape mosaics and
unfamiliar risk environments (Yoder et al. 2004). In con-
trast, long-range homing studies may generate excellent
approximations of dispersal but often lack the level of
observational detail to detect specific movement choices
(e.g., the decision to cross an area of matrix or detour
through a corridor or alternative habitat type). Thus, di-
rect comparisons of movement by dispersing individuals
through corridors with alternative matrix habitats are still
needed (Nicholls & Margules 1991; Inglis & Underwood
1992; Simberloff et al. 1992).

We used radiotelemetry to monitor movements of
translocated Chucao Tapaculos (Scelorchilus rubecula)
to compare the permeability of wooded corridors rela-
tive to two common matrix habitat types (open pasture
and shrubby secondary vegetation). The experimental de-
sign avoided pitfalls associated with passive observation,
including lack of control over landscape composition and
lack of detail regarding specific movement choices. Yet
empirical realism remained high because subjects were
wild-caught individuals released into very small patches
(inadequate for breeding), stimulating dispersal typical
of birds searching for new territories (Ims 1995). Fur-
thermore, we translocated subjects far enough (5-9 km)
from their capture sites to prevent homing and eliminate
bias due to previous knowledge of the landscape (Yoder
etal. 2004). To our knowledge, this is the first study to ex-
perimentally test permeability of matrix types differing in
vegetation structure relative to movement corridors using
a vertebrate subject.

Methods

Study System

South American temperate rainforest occupies a narrow
zone between 35°S and 55°S in Chile and western Ar-
gentina and is considered a global hotspot for endemic
species loss (Balmford & Long 1994; Davis et al. 1997; Stat-
tersfield 1998). Among forest birds, endemic understory
insectivores in the family Rhinocryptidae (tapaculos) are
among the most sensitive to fragmentation in the biome
(Willson et al. 1994). Tapaculos are primarily terrestrial
species that are poor flyers and strongly associated with
dense forest understory (Reid et al. 2004). Although reluc-
tant to enter open habitat, they will use narrow wooded
strips for movement among forest patches (Sieving et al.
1996, 2000). This sensitivity to dispersal habitat makes
the group potentially valuable as focal species for plan-
ning the connectivity component of landscape design
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because a landscape that provides functional connectivity
for the group would probably meet the dispersal require-
ments of many forest species.

We selected the Chucao Tapaculo for study because it
is locally abundant and intermediate in size and vagility
among the four tapaculos (Sieving et al. 2000). Chucaos
are year-round residents that are strongly territorial and
usually retain the same breeding territory year after year
(De Santo et al. 2002; M. Willson, unpublished data). They
are poor flyers and move (even during dispersal) by walk-
ing, hopping, and flying short distances (no more than
a few meters), usually within or near dense vegetative
cover.

The study was conducted in a fragmented agricul-
tural landscape on northern Chiloé Island, Chile (41°55'S,
73°35'W). Pastures and abandoned agricultural fields
dominate the landscape, with wooded habitat covering
approximately 35% of the total study area (approx. 300
km?). At present, many forest patches remain intercon-
nected by linear vegetated strips, including fencerows,
riparian draws, and ravines. Dominant trees are broad-
leaved evergreens and a few conifers (Nothofagus ni-
tida [Phil.] Krasser, Drimys winteri J. R. et G. Forster,
Eucrypbia cordifolia Cav., and Podocarpus nubigena
Lindl.), with understory composed principally of bam-
boo (Chusquea valdiviensis Phil.) and saplings (Donoso
1993). Secondary vegetation in many abandoned agri-
cultural fields is dominated by Baccharis magellanica
(Lam.) Pers., a persistent shrubby invader of poorly
drained soils, with thick mats of Sphagnum spp. moss
covering the ground.

Experimental Design

Subjects were captured in large forest tracts, fitted with
radio transmitters and released individually (each subject
tested once) into small wooded patches at the centers
of experimental landscapes. Release patches were unoc-
cupied by conspecifics and large enough to meet the
subjects’ immediate requirements for food and shelter,
but too small (<0.30 ha) to serve as adequate breeding
territories (>1 ha; De Santo et al. 2002). This approach
provided a standardized stimulus for rapid dispersal from
release patches, allowing direct observation of movement
paths. We interpreted delayed dispersal of a subject from
the release patch as a measure of behavioral resistance
to entering and moving through the matrix elements pre-
sented.

The experimental treatments consisted of release
patches that were entirely surrounded by open habitat,
entirely surrounded by dense shrubs, or linked to other
patches by wooded corridors embedded in open matrix
(Fig. 1) but were within 150 m of at least one suitable
habitat patch. The fourth block of the experimental de-
sign, forest patches with wooded corridors embedded in
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a shrub matrix, was not included because this configura-
tion did not exist in the study landscape. The “open” and
“shrub” matrix types consisted, respectively, of pastures
and shrubby vegetation dominated by B. magellanica (1-
to 2-m tall). Wooded corridors adjoining release patches
in the corridor treatment were either continuous or had
breaks in the vegetation of <2 m and were otherwise
surrounded by open pasture. Each corridor was approxi-
mately 10 m wide, but margins were not perfectly linear
and some corridors narrowed or expanded within a range
of 2-15 m at various points. Lengths of corridors (to the
nearest adjoining patch) varied from 60 to 500 m. In gen-
eral, corridor vegetation consisted of 2- to 3-m-tall native
trees, with occasional sections of lower stature vegeta-
tion, and understory dominated by saplings and bamboo.
Corridors of these dimensions were expected to function
only as conduits for movement rather than as habitat for
long-term survival or breeding (Sieving et al. 2000).

Selection of Release Sites

Replicate release sites used in each treatment were cho-
sen from the existing landscape through assessment of
aerial photographs and site visits. We standardized repli-
cates as much as possible with regard to release patch
area, habitat quality, and landscape context. Each release
patch was surrounded by only one matrix type, with sim-
ilar ranges among treatments for potentially important
landscape-context factors (distance to the nearest patch
large enough to support a breeding territory [>1 ha],
distance to the nearest patch of any size, and the percent-
age of wooded habitat within a 100-m buffer). We used
a total of 25 sites (8-9 replicates per treatment), with a
maximum of two trials conducted at each site. Repeated
use of sites was necessary because of scarcity of locations
with appropriate characteristics. Sites were never reused,
however, until we were certain the previous subject was
no longer present. Although release patches were free of
conspecifics, all but the most isolated patches >3 ha in
the surrounding landscape were occupied (T.M.C., un-
published data).

Despite our best efforts to minimize differences among
release patches, the corridor sites available in the study
landscape tended to be less disturbed than open- and
shrub-matrix sites. Therefore, some release patches in the
corridor treatment were slightly larger and of better qual-
ity than those in other treatments. Conversely, release
patches in the open matrix (pasture) treatment were of
lowest quality because of effects of livestock. Because we
expected the stimulus for dispersal to be strongest when
habitat quality was low (e.g., Buddle & Rypstra 2003),
using lower quality release patches (stimulating quicker
dispersal) in the open matrix treatment made our analy-
sis conservative with regard to the a priori expectation of
longer dispersal delays for this group.
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Capture and Handling

Chucaos were captured during the breeding seasons
(2000-2002) with walk-in traps baited with earthworms.
We marked each subject with colored plastic leg bands
and a small radio transmitter (1.3-1.7 g, approximately
3-4% of adult body mass). We attached transmitters with
a skin-safe epoxy (ARC 5; Composite Technology, Ston-
ham, Massachusetts), formulated to cure rapidly under
low temperature, high humidity conditions. The trans-
mitters were bonded to the tops of tail feathers (rectri-
ces), at the base of the feathers near the quills, positioned
to avoid contact with the uropygial gland. Because Chu-
caos do not use long-distance flight for travel, foraging,
or predator avoidance, mounting transmitters onto tail
feathers was appropriate.

We captured subjects between sunrise and 1100 hours
and held them a maximum of 2.5 hours from the time of
capture to release. Each subject was transported individ-
ually in an opaque container that prevented visual assess-
ment of the surroundings. To minimize the influence of
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Figure 1. Schematic
representation of the three
landscape treatments
(release patches surrounded
by open matrix, adjoining a
wooded corridor; or
surrounded by a matrix of
dense shrubs), along with
aerial photographs
(1:10,000) of corresponding

translocation sites for each
treatment (one replicate
each shown) and
Dpbotograpbs of the sites
taken in the field. Test
subjects were released
(individually) into a small
wooded paich at the center
of each replicate.

stress from handling and transport on movement behav-
ior, each subject was left undisturbed inside the container
(provisioned with earthworms as food) at the release site
for 15 minutes. Additionally, the observer conducted the
release from a concealed location by pulling a long string
to remove a section of the container’s lid. Subjects exited
in an upward direction, preventing bias in the postrelease
movement path. Once the subject exited the container,
the observer left the area as quickly and quietly as possi-
ble. To prevent temporal bias among treatments, a release
was conducted in one replicate of each treatment before
conducting a subsequent release in any of the treatments.

It was not possible to standardize for sex or age among
subjects because data on plumage characteristics are not
available to readily distinguish sexes (laparoscopy was
deemed too invasive) or between older juveniles and
adults. This lack of standardization made our study con-
servative because juvenile and female birds are typically
more dispersive than adults and males (Greenwood & Har-
vey 1982; Johnson & Gaines 1990). We were also unable
to standardize among subjects that were territory holders
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versus floaters at the time of capture. Nonetheless, we ex-
pect that all subjects, regardless of their territorial status,
were strongly motivated to disperse from the unsuitably
small release patches.

Monitoring Dispersal Movements

Each corridor adjoining a release patch was monitored
continuously (during daylight hours) by a telemetry oper-
ator stationed in a nearby concealed location or by an au-
tomated receiver and data logger (models R2100 and DCC
D5041, Advanced Telemetry Systems, Isanti, Minnesota).
We placed a 25-cm omnidirectional antenna at the center
of each corridor (at the midpoint lengthwise) and set the
telemetry reception range to the corridor width by ad-
justing the receiver gain. This configuration ensured that
presence of the subject would be recorded only when
it passed through the corridor. If the subject dispersed
from the release patch but was never recorded inside the
telemetry reception area, it was assumed that dispersal
occurred through the open matrix in which the release
patch and corridor were embedded. This design was an
improvement over many previous studies that assumed
corridor use without addressing the potential for disper-
sal through the matrix (Simberloff et al. 1992; Beier &
Noss 1998).

In addition to continuous monitoring of corridors, an
observer on foot located each subject once daily with a
hand-held receiver and directional antenna. To avoid dis-
turbance to subjects, the observer approached only close
enough to identify the occupied habitat patch and then
left the area. If no movement was observed over a 3-day
period, the observer approached close enough to obtain
visual confirmation that the transmitter was attached and
the subject was alive. Dispersal was defined functionally
as movement from an occupied patch to any other land-
scape element (usually another wooded patch, but move-
ments into the shrub matrix were observed). Because
release patches in noncorridor treatments were each sur-
rounded by only one matrix type (either open habitat or
shrubs), we assumed that any subject found outside the
release patch must have crossed the associated matrix,
moving a distance equal to or greater than the minimum
distance to the nearest neighbor patch (not necessarily
the patch occupied at the time of observation). No as-
sumptions could be made about the actual travel path in
the matrix, however, because any number of routes could
have been followed to reach the observed location.

We used data from continuous monitoring of corridors
only to document corridor use, whereas the number of
days each subject remained in the release patch was deter-
mined from daily telemetry surveys. This distinction was
important because some subjects made excursions into
a corridor (detected via continuous monitoring) but re-
turned to the release patch before being observed outside
the patch during the daily survey. Under these circum-
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stances, using data from corridor monitoring to establish
time to dispersal would have been inappropriate because
noncorridor treatments were not monitored with equal
intensity, and similar exploratory movements into the ma-
trix may have been undetected. Therefore, using these
data would have biased dispersal-time estimates, making
it appear that dispersal occurred more quickly in the cor-
ridor treatment.

Once subjects dispersed outside the experimental ar-
eas (each with only one matrix type), we had no con-
trol over the landscape conditions they encountered, and
there were many factors we could not monitor that po-
tentially influenced movement decisions, including in-
traspecific interactions, territory vacancies, and habitat
quality. Thus, monitoring of dispersal movements outside
experimental areas was entirely descriptive and interpre-
tation was necessarily conservative. Given an observed
movement from one documented location to another,
our qualitative analysis addressed only the following mea-
sures: minimum distance across the matrix the subject
must have moved to reach the new location (i.e., mini-
mum distance from the occupied patch to the nearest-
neighbor patch, making no assumptions about the actual
travel path); area of each visited patch; number of times
each patch was visited by the same subject; and linear dis-
tances between observed locations. Although these mea-
sures are basic, they nonetheless provided previously un-
available anecdotal information with potential value for
conservation planning.

As constraints permitted, monitoring of each subject
continued until the transmitter failed (<30 days) or de-
tached, or until a subject settled in a new patch for >2
weeks. On a few occasions monitoring was terminated
early for subjects that dispersed into large roadless areas,
where tracking was impractical. Some signals were per-
manently lost for unknown reasons. When this occurred,
we searched intensively by driving and walking within a
search radius of several kilometers from the last known
location. We made attempts to locate the lost subject for 3
days, then searched opportunistically as time permitted.

Measurement of Landscape Metrics

We used remote sensing and geographic information sys-
tem (GIS) analysis to quantify landscape metrics. Scanned
panchromatic orthophotographs (1:20,000), taken in Jan-
uary 1993, were georeferenced and joined to create a sin-
gle digital orthophotomosaic with 2-m? pixel resolution.
We hand digitized wooded habitat cover (old growth and
secondary combined) at a minimum mapping unit of 10
m? in ArcView 3.2 (ESRI 1999). We groundtruthed photo-
interpretation extensively in the field during site visits for
telemetry monitoring and corrected significant changes
in land cover since acquisition of the photographic data
on the digital maps.

Conservation Biology
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We plotted radiotelemetry location data on the digital
map and estimated dispersal distances by measuring the
minimum straight-line distances between daily locations
for each subject and the maximum displacement of each
subject from its release patch. In addition, we measured
the orientation angle of each subject’s movement path
(from the release patch to the last recorded location) rel-
ative to the center of its capture site. Landscape context
metrics were calculated using ArcView and FRAGSTATS
(version 3.3; McGarigal et al. 2002). These included re-
lease patch area, distance to the nearest neighbor patch
(of any size and >1 ha), percentage of wooded habitat
within a 100-m buffer, and area of each visited patch. The
100-m buffer radius was selected because the hypothe-
sized relationship between landscape context and a sub-
ject’s decision to disperse presumed that the subject was
capable of evaluating the surrounding landscape. Because
we had no independent data on Chucao perceptual range
(Lima & Zollner 1996), we conducted a preliminary anal-
ysis of patch occupancy data (T.M.C., unpublished data)
and selected the smaller of the two buffer distances (100
and 300 m) wherein landscape context variables were
identified as significant predictors of Chucao occupancy.

Data Analysis

The translocation experiment assessed the number of
days birds remained in release patches before dispersal,
which was interpreted as a measure of subjects’ reluc-
tance to disperse and conversely resistance of the pre-
sented landscape elements to movement. We used Cox
regression to compare this response among treatments.
Cox regression compares survival curves (survival = time
elapsed before occurrence of a terminal event) among
treatment groups. In this experiment, dispersal of a sub-
ject from the release patch was treated as the terminal
event, whereas remaining in the patch was analogous
to survival. Survival analysis was appropriate because it
permitted use of censored (i.e., incomplete) data col-
lected on subjects that died or lost their transmitters
before dispersal. Predictor variables included the land-
scape treatment (corridor, open matrix, and shrub-matrix
treatments) and the set of landscape context variables de-
scribed in the previous paragraph. We included the inter-
action term (treatment * distance to the nearest patch >1
ha) because a more pronounced effect was expected for
the open matrix treatment, which was presumed most
resistant to movement.

Model fitting was conducted using forward-stepwise
likelihood-ratio estimation (Harrell 2001). At each step
of model building, we added the variable that produced
the most significant (p < 0.05) change in the model
chi-square (equal to the difference between the —2 log-
likelihood of the model at the previous step and the cur-
rent step). Then, to arrive at the most parsimonious set of
predictors, we independently removed variables already
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in the model and calculated the change in the chi-square.
If the change was not significant (p > 0.10), we removed
the specified variable. This iterative process was contin-
ued until no more variables could be added or removed.
We determined significance of differences among treat-
ments with linear contrasts. Alternative model-building
approaches (backward-stepwise and single-step entry of
all variables) were also tested to ensure that conclusions
were not dependent on the model selection procedure.

To assess potential loss of data independence caused
by repeated use of some release sites, we conducted a
preliminary analysis of data from those sites in which
site identity was entered as a categorical factor. Because
site identity was not a significant predictor of days to dis-
persal and each individual subject was tested only once,
each trial was treated as an independent statistical unit in
the final analysis. Before analysis we calculated Pearson
correlation coefficients for pair-wise comparisons among
landscape variables to ensure that none were strongly
correlated (i.e., » > 0.7). Finally, to identify any potential
influence of homing behavior on movement direction,
we assessed the orientation angles of movement paths
relative to subjects’ capture sites with a V test (Batschelet
1981). All statistical tests were performed at a 95% con-
fidence interval in SPSS 11.0.1 (SPSS 2001) and Oriana
2.01c (for circular statistics; Kovach Computing Services
2004).

Results

Forty-one Chucaos were translocated and 558 locations
were obtained during daily telemetry surveys. Thirteen
subjects were released into replicates of the corridor treat-
ment, and 14 subjects each were released into the open-
and shrub-matrix treatments. Of the 41 subjects, 33 (78%)
dispersed successfully from release sites, including all sub-
jects in the shrub-matrix treatment and 11 subjects in the
corridor treatment (Table 1). Data for the two remaining
subjects in the corridor treatment were censored (7-8
days after release). Results for the open-matrix treatment
were more variable. Of the 14 subjects, 7 dispersed suc-
cessfully, 4 were censored (within 5-7 days), and 3 re-
mained in the release patch for the duration of the 30-day
monitoring period.

Landscape treatment was the only significant (Wald, =
7.55, p = 0.02) factor predicting time to dispersal in the
forward-stepwise Cox regression (model fit; x%> = 8.30,
p = 0.02), and treatment was consistently identified as
the most important factor in the backward (Wald, = 8.02,
p = 0.02) and full model (Wald, = 8.47, p = 0.01) analy-
ses. Thus, we discuss only results for the forward-stepwise
method. Mean (£SD) time to dispersal was significantly
longer for subjects in the open matrix treatment (10.29
days £ 11.23, Fig. 2) than for those in the corridor (3.38
days + 2.93, Wald; = 3.75, p = 0.05) and shrub matrix
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Table 1. Summary of radiotelemetry results for translocated Chucao Tapaculos (each located once daily) and landscape characteristics of

experimental sites where birds were released.”

Site/subject Days in patch Days total Disposition Patch area (ha) N-N > 1 ba (m) N-N (m) Wooded%
Cla 1 9 lost transmitter 0.19 340 20 7.53
C1b 3 6 death

C2 8 8 lost transmitter 0.30 50 50 13.58
C3 2 30 completed 0.12 380 50 6.92
C4a 2 23 death 0.20 590 60 12.14
C4b 1 30 completed

C5a 1 30 completed 0.16 280 20 12.15
C5b 7 25 completed

C6a 8 30 completed 0.21 180 30 6.79
C6b 2 30 completed

C7a 1 3 lost transmitter 0.13 300 50 11.18
C7b 1 30 completed

C8 7 7 lost transmitter 0.12 280 130 3.95
Ola 6 6 death 0.09 130 70 3.98
O1b 30 30 completed

0O2a 30 30 completed 0.14 120 120 3.15
02b 30 30 completed

03a 1 30 completed 0.07 90 80 2.94
O3b 5 5 lost transmitter

O4a 15 25 lost transmitter 0.23 280 60 5.71
04b 5 30 completed

05 6 6 death 0.20 90 40 3.48
O6a 2 17 death 0.05 30 30 12.65
O6b 1 30 completed

O7a 2 30 completed 0.04 60 30 3.44
O7b 7 7 death

08 3 30 completed 0.03 101 100 1.11
S1 18 24 lost transmitter 0.10 280 50 12.24
S2a 2 30 completed 0.30 220 100 4.23
S2b 5 9 lost transmitter

S3a 1 6 roadless 0.25 140 60 4.44
S3b 2 30 completed

S4 4 10 death 0.09 130 920 1.80
S5a 1 16 unknown 0.02 60 60 9.15
S5b 1 23 completed

S6 2 6 lost transmitter 0.04 120 10 3.10
S7a 1 6 roadless 0.05 190 920 1.09
S7b 1 2 lost transmitter

S8 1 2 roadless 0.09 60 60 2.05
S9a 1 5 lost transmitter 0.05 120 120 0.88
S9b 1 30 completed

*The site/subject code indicates the treatment group (C, corridor; O, open; S, shrubs) and the replicate-site number. Codes ending in a or b
indicate sequential releases conducted in the specified site. Days in patch is the number of days the subject remained in the release patch
prior to dispersal, death, or transmitter loss. Days total is the duration of monitoring, and disposition indicates the conditions under which
monitoring was terminated. These included completion of monitoring, death, transmiltter loss, dispersal into roadless areas, or signal loss for
unknown reasons. Release-site characteristics included the release patch area, distance from the release patch to the nearest-neighbor (N-N) patch
> [ ba, distance to the N-N patch of any size, and the percentage of wooded babitat (wooded%) within a 100-m buffer centered on the release patch.

(2.93 days + 4.51, Wald; = 7.59, p = 0.01) treatments,
whereas time to dispersal was similarly short in the latter
two treatments (Wald; = 0.67, p = 0.41). Travel paths
were not biased toward the initial capture sites (V test,
uso = 1.40, p = 0.08).

For illustrative purposes Fig. 3 presents the dispersal
path of subject Cla, and results for the remaining sub-
jects are summarized in the following paragraphs. Subject
Cla, released at location (loc.) 1, dispersed via the corri-

dor (loc. 2) to a 0.5-ha patch (loc. 3) the day following
release. The linear distance to loc. 3 and the distance via
the corridor were approximately 90 m each. The follow-
ing morning the subject returned to the corridor (loc. 4)
but was found later the same day in a 2-ha patch (loc. 5)
that adjoined the corridor. Locations 4 and 5 were 360 m
apart, but the route via the corridor was approximately
460 m. Subsequently, the subject returned to the corri-
dor (loc. 6) but was found again the following day in the
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Figure 2. Hazard function showing likelibood (not
scaled to 100 because of censored data) of dispersal by
translocated Chucaos from release paiches as a
Sfunction of time (days).

2-ha patch (loc. 7), where it remained for 3 days. It made
a 1-day excursion to a small (<0.5-ha) linear patch (loc.
8), crossing a 20-m open-matrix gap, and then returned
to the 2-ha patch (loc. 9). Next it was found in the cor-
ridor (loc. 10) about 200 m from the previous location,
which was a 230-m path via the corridor route. Finally,
on the tenth day, the detached transmitter was found in
the 0.5-ha patch (loc. 11) that was first visited the day
after release. Based on these data it cannot be definitively
concluded that the corridor was always used as a travel
route among the adjoining patches. The subject was never
observed outside wooded habitat, however, and it was
repeatedly detected inside the corridor during periods
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Figure 3. Map (1:2000) of wooded babitat paiches
embedded in a matrix of open pasture. Numbers
(1-11) are locations of a translocated subject (Cla)
recorded over a 10-day period.
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between observations in patches. Therefore we assume
that the majority of movements occurred via the corridor,
although the subject made two documented moves >20
m across the open matrix.

Eleven of the 13 subjects in the corridor treatment dis-
persed from the release patches via corridor routes. One
of the remaining subjects (C4b) moved partially down the
corridor, within range of the receiver, then took a short-
cut across the open matrix to reach the second patch. The
minimum distance of the shortcut was approximately 50
m, whereas the corridor route was approximately 150 m.
Subject C6b also dispersed 25 m across the open matrix
instead of using the 185-m corridor but moved into the
corridor from the second patch later the same day.

The mean confirmed distance traveled (£SD) by sub-
jects through corridors was 351 m (£236), which ranged
from 1 to 9 times the lengths of the noncorridor routes.
The mean corridor-to-linear distance ratio was 2.66
(£2.22) times longer for corridor routes. Data on dis-
persal distances across the open and shrub matrix were
more uncertain because the matrix could not be moni-
tored continuously, and any number of paths could have
been taken. Thus, we could only measure minimum dis-
tances across the matrix that we knew subjects must have
crossed to reach the observed locations. Mean distances
were 56 m (£27) for the open matrix and 100 m (£45)
for the shrub matrix, although many travel paths were
probably considerably longer.

Regardless of intervening habitat, the mean linear dis-
tance traveled within a 24-hour period was 170 m (£225)
and the maximum distance was 1400 m. For subjects
tracked >20 days, the mean displacement distance from
the release patch was 674 m (£606), and the maxi-
mum displacement was 2200 m. Finally, the mean size
of wooded patches that subjects were known to have
visited was 20.94 ha (£77.00), whereas the mean patch
size for the study area as a whole was 5.85 ha (£103.15).
Subjects dispersing across the matrix frequently moved
among small stepping stone patches, sometimes making
repeated return visits. Thirty-six percent of dispersing
subjects visited at least one small patch (<1 ha), and 45%
returned at least once to a previously visited patch.

In some cases, subjects dispersing through both open
and shrub matrix failed to orient toward suitable habitat at
relatively short distances (<150 m). For example, subject
O8 failed to orient toward a 13.5-ha patch located 85 m
across the open matrix, moving instead to a tiny (<0.1-ha)
patch located 95 m across the open matrix in the opposite
direction. The subject ultimately settled on a territory in
the 13.5-ha patch, after traveling a long circuitous route to
reach the patch it initially ignored. Likewise, in the shrub
matrix, subject S4 wandered seemingly at random for 7
days before dying, apparently of starvation. This subject
failed to orient toward several wooded patches on the
periphery of the shrub field that were >130 m from the
release patch. Necropsy results showed no signs of injury
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or illness, but the digestive tract was empty at the time
of death. All other subjects that died during experimental
trials (Table 1) were found either partially consumed or
with wounds consistent with predation.

Discussion

Corridor versus Matrix Dispersal

Wooded corridors and shrubby vegetation functioned
similarly as movement habitat for dispersing Chucaos.
Thus, these elements may be similarly viable for use in
landscape management to enhance connectivity. As ex-
pected, open habitat constrained Chucao movement but
did not entirely prevent it. Open habitat gaps <20 m were
crossed routinely, but subjects appeared reluctant to cross
gaps >60 m and few crossed gaps >80 m. Although the
release of subjects into such unsuitable patches undoubt-
edly provided a strong stimulus for dispersal, the fact that
some individuals remained in the tiny release patches >30
days (rather than crossing 120-130 m of open matrix)
demonstrates the strength of their resistance to dispers-
ing in the open. This constraint may reduce immigration
into isolated forest patches, potentially influencing patch
occupancy patterns at the landscape scale. Census data
confirm that Chucaos are frequently absent from isolated
patches, suggesting population-level effects of dispersal
limitation. In contrast to open habitat, subjects regularly
traveled distances <300 m in narrow wooded corridors
and easily crossed distances >100 m in shrub-dominated
matrix. Regular use of small stepping-stone patches indi-
cates that such patches may be important for movement
in fragmented landscapes.

Generality of Results

Among forest bird species understory insectivores have
been identified repeatedly as highly sensitive to fragmen-
tation (e.g., Lovejoy et al. 1986; Recher & Serventy 1991,
Sieving & Karr 1997). In South American temperate rain-
forest, this group includes the endemic tapaculos, which
are among the most sensitive to fragmentation in the
biome (Willson et al. 1994). Four species occur in the
region—the Chucao, Ochre-flanked Tapaculo (Eugralia
paradoxa), Magellanic Tapaculo (Scytalopus magellani-
cus), and Black-throated Huet-huet (Pteroptochos tarnii).
These species are reluctant to enter open habitat (pas-
ture), but edge permeability generally increases with in-
creasing density of vegetation in the matrix (Sieving et al.
1996). Song playback can draw respondents (>40%) into
narrow (<10 m) wooded corridors (Sieving et al. 2000).

Only the smallest species, the Magellanic Tapaculo
(~11 @), readily enters sparsely vegetated matrix. This
species occupies the widest variety of habitat types, has
the largest geographic range (Sibley & Monroe 1990;
Ridgely & Tudor 1994), and is arguably the strongest flyer
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(T.M.C. & K.E.S., personal observations) among the four
species. The Ochre-flanked and Chucao Tapaculos have
intermediate body mass (25 g and 40 g, respectively) and
very small geographic ranges, whereas the largest species,
the Huet-huet (ca. 150 g), has a range that is intermediate
in size (Sibley & Monroe 1990; Ridgely & Tudor 1994).
Although the Chucao and Huet-huet respond similarly
to habitat boundaries, the Ochre-flanked Tapaculo, the
rarest and most patchily distributed of the species, ap-
pears most reluctant to enter the matrix (Sieving et al.
1996).

Similar reluctance among tapaculos (except the more
dispersive Magellanic Tapaculo) to enter open or sparsely
vegetated matrix indicates that results obtained for the
Chucao, which is intermediate in size, vagility, and habitat
specificity, may be generally applicable for planning con-
servation action to support the entire group. Although
maximum travel distances will likely differ among species,
these differences may be predictable based on differ-
ences in body mass and territory sizes (Sutherland et al.
2000; Bowman 2003). Planners should be cognizant of
autecological differences among species (e.g., bamboo
specialization of the Ochre-flanked Tapaculo [Sieving et
al. 2000], and nest-site specificity and larger home-range
sizes for the Huet-huet [De Santo et al. 2002]), however,
to ensure that habitat networks meet the requirements of
the entire species suite. Our results may also be generally
applicable for understory and shrub requiring birds else-
where (e.g., Sieving & Karr 1997) and, because tapaculos
are essentially terrestrial, their responses may be indica-
tive of many nonvolant species (e.g., Bakker &.Van Vuren
2004).

Conservation Implications

For species such as tapaculos, which are poor flyers and
cannot use sudden flight or other aerial escape tactics
for predator avoidance, behavioral resistance to entering
open areas may be due to lack of escape cover (Lima 1993;
Rodriguez et al. 2001; Sieving et al. 2004). Thus, it may
be possible to encourage movement through the matrix
by managing vegetation to increase cover and, in some
cases, fully restoring forested habitats or corridors may
not be required to restore connectivity. Chucao move-
ment was facilitated by shrubby vegetation in the matrix,
and anecdotal observations (dispersal through both low-
stature secondary forest and shrub fields dominated by
invasive B. magellanica) indicate that cover provided by
the vegetation rather than species composition was the
relevant factor.

Availability of such alternative management strategies
(i.e., management of matrix vegetation structure rather
than corridor protection/restoration) is useful because it
allows planners to optimize conservation efforts in re-
sponse to local constraints (Arendt 2004). For example,
it may be advantageous to protect or restore wooded
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corridors in regions where land area is at a premium for
economic uses (because corridors require minimal area),
whereas natural regeneration of secondary vegetation (re-
quiring little economic investment) may be adequate in
regions where land use is less intensive. Natural regener-
ation of permeable vegetation in the matrix as an alter-
native to corridor restoration may be especially benefi-
cial where local ecological constraints inhibit forest re-
generation, for example, in Chiloé, where waterlogged
soils are invaded by persistent hydrophytic assemblages
(.e., Sphagnum spp. and B. magellanica; Van Breemen
1995) that are nonetheless permeable to Chucao move-
ment (this study).

Our results clearly demonstrate that treating all nonfor-
est habitats as homogeneous and impermeable could lead
to omission of potentially useful alternatives for conser-
vation planning. Providing travel habitat in the form of
corridors or permeable matrix, however, should not be
viewed as a feasible alternative to protecting large tracts of
primary forest needed for breeding and long-term survival
(Rosenberg et al. 1997). Census data show that Chucaos
and other endemic tapaculos rarely forage or defend ter-
ritories in wooded corridors <25 m wide (Sieving et al.
2000) and are virtually never observed in fields dominated
by B. magellanica (TM.C. & K.E.S., personal observa-
tions). Predatory risk also appears greater in small patches
and corridors (where six subjects were lost to predation)
than in more extensive forested areas (see also Willson et
al. 2001). Further, the fact that some subjects had diffi-
culty orienting toward suitable forest patches while dis-
persing through shrubs (i.e., indicative of a restricted per-
ceptual range in this habitat type; Zollner & Lima 1997),
one apparently dying of starvation, indicates that exces-
sively large areas of shrub land could represent a form of
dispersal trap (Schlaepfer et al. 2002). Nonetheless, our
results are encouraging in that they support two feasible
alternatives for maintaining functional landscape connec-
tions that may allow managers to optimize conservation
efforts at local and regional scales.
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