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ABSTRACT

Forest fragmentation and habitat loss may disrupt the movement or dispersal of forest-dwelling birds. Despite much interest in the
severity of these effects and ways of mitigating them, little is known about actual movement patterns in different habitat types. We
studied the movement of wintering resident birds, lured by playbacks of mobbing calls, to compare the willingness of forest birds to
travel various distances in continuous forest, along narrow corridors (fencerows), and across gaps in forest cover. We also quantified
the willingness of Black-capped Chickadees (Poecile atricapillus) to cross gaps when alternative forested detour routes were available.
All species were less likely to respond to the calls as distance increased to 200 m, although White-breasted Nuthatches (Sitta
carolinensis) and Hairy Woodpeckers (Picoides villosus) were generally less likely to respond than chickadees and Downy Woodpeckers
(P. pubescens). Chickadees were as likely to travel in corridors as in continuous forest, but were less likely to cross gaps as the gap
distance increased. The other species were less willing to travel in corridors and gaps relative to forest, and the differences among
habitats also increased with distance. For chickadees, gap-crossing decisions in the presence of forested detours varied over the range
of distances that we tested, and were primarily influenced by detour efficiency (the length of the shortcut relative to the available
detour). Over short distances, birds used forested detours, regardless of their efficiency. As absolute distances increased, birds tended
to employ larger shortcuts in the open when detour efficiency was low or initial distance in the open was high, but they limited their
distance from the nearest forest edge to 25 m. Thus, chickadees were unwilling to cross gaps of > 50 m when they had forested
alternatives, yet they sometimes crossed gaps as large as 200 m when no such choice existed. Our results suggest that the presence of
corridors enhanced the movement of some, but not all, forest birds, and that even chickadees, which were less sensitive to gap width,
preferred not to venture far from forest cover.

KEY WORDS: Black-capped Chickadee, corridor, detour trials, dispersal, Downy Woodpecker, forest fragmentation, gap
width, Hairy Woodpecker, movement, Poecile atricapillus, Picoides pubescens, Picoides villosus, Sitta carolinensis, White-
breasted Nuthatch.

INTRODUCTION

Habitat fragmentation is increasing throughout the forested regions of the world and confers a variety of negative effects for forest-
dwelling birds (see reviews by Wilcove et al. 1986, Saunders et al. 1991, Opdam et al. 1994, Robinson et al. 1995). Beyond the
associated and more severe effect of habitat loss (McGarigal and McComb 1995, Fahrig 1997), fragmentation alters population structure
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in remaining habitat patches by impeding the movement of birds among them (Lens and Dhondt 1994, Matthysen et al. 1995,
Matthysen and Currie1996). Unfortunately, it has been difficult to quantify the levels and configurations of habitat fragmentation that
constrain the movement of individuals, particularly for vagile species like birds. To date, most of the emphasis in the burgeoning
literature on habitat fragmentation concerns patterns of occupancy and abundance in habitat patches for which dispersal mechanisms
are largely assumed or ignored (Wiens et al. 1993, Ims 1995). The factors that have long been recognized to shape animal movement
decisions in behavioral ecology (e.g., learning, predation risk, travel costs) still have no counterpart in the parlance of metapopulations
and landscape ecology (see also Wiens et al. 1993, Lima and Zollner 1996).

Because metapopulations are, by definition, connected by the movements of individuals (Gilpin and Hanski 1991, Opdam 1991), a
detailed knowledge of the movement of organisms between habitat patches (i.e., through the matrix) is essential for predicting the
population effects of fragmentation. The extent to which a matrix impedes movement will depend largely on its spatial configuration
(Taylor et al. 1993, Fahrig and Merriam 1994, Ims1995) which, in turn, is perceived by animals at different and highly specific spatial
scales (Kotliar and Wiens1990, Keitt et al. 1997). At a coarse scale, a given animal may circumvent an inhospitable matrix only with the
help of physical connections or corridors among patches. Such corridors have been shown indirectly to increase movement by diverse
species among habitat patches (e.g., Wegner and Merriam 1979, Dunning et al. 1995, Haas 1995, Machtans et al. 1996), although
much debate surrounds their utility (see reviews by Simberloff and Cox 1987, Saunders and Hobbs 1991, Hobbs1992, Simberloff et al.
1992, Beier and Noss 1998). At a finer scale, individuals may still perceive sufficient connectivity in the matrix to permit movement
among patches (Wiens 1994, 1995, Ims 1995), which may also be described as perceptual range (Lima and Zollner 1996, Zollner and
Lima 1997) or gap-crossing abilities (Desrochers and Hannon 1997). Whether or not an animal will cross gaps between patches can be
expected to vary among species, patch habitat types, matrix types, and a host of factors not normally associated with landscape
ecology, such as weather variables, season, the presence of alternative routes, and associated costs (e.g., perceived predation risk,
detour length).

Quantifying the movements of forest species in corridors and gaps has been difficult partly because investigators frequently can neither
identify nor provide the motivation for animals to move between patches. Taped playbacks of bird songs or calls offer particular
promise for providing this motivation in avian studies. For example, species-specific territorial songs have been used to quantify the
willingness of forest birds to enter different matrix types (Sieving et al. 1996) and to cross gaps of open area up to 100 m adjacent to
their territories (Rail et al. 1997). Desrochers and Hannon (1997) generalized this method to nonterritorial situations by using
recordings of the mobbing calls of Black-capped Chickadees (Poecile atricapillus) to study the postbreeding dispersal of several forest
species. By inducing birds to either cross or take detours around gaps in forest cover, they found that most species showed resistance
to gaps as narrow as 50 m, and that birds generally preferred woodland routes even when these detours were three times as long as
their gap alternatives. Although all three studies imply that habitat gaps pose problems for forest birds that might be alleviated by
corridors, a direct comparison of corridor to matrix use is still needed (Nicholls and Margules1991, Inglis and Underwood 1992,
Simberloff et al. 1992). Better resolution of the factors that determine whether or not birds will cross gaps is also needed. Such factors
may include the configuration of habitat edges, spatial scale, and the influence of other individuals.

Here, we combine two data sets that address these needs by describing the movements of wintering resident birds responding to
playbacks in three habitat types: continuous forest, gaps, and corridors. Both studies assumed that forest birds associate open areas
with a higher risk of predation, and both studies focused on resident species in winter for three reasons: resident species may be more
sensitive to the effects of habitat fragmentation (Bierregaard et al. 1992, Wiens 1994); winter may constrain behavior when
environmental and food stresses are presumably greatest (Ekman 1984, Desrochers et al. 1988, McNamara and Houston 1990); and
the effects of winter site fidelity may further limit resident movement. We address the following questions: (1) How does the
willingness of birds responding to mobbing calls differ when the intervening habitat is continuous forest, corridors of forest, or gaps
between forested patches? (2) How do these responses differ among species? (3) What factors influence the size of gaps that birds will
cross when they have the option of traveling exclusively under forest cover?

METHODS

We studied the movement patterns of forest birds between 10 January and 9 March of 1996 and 1997 in two agricultural-dominated
landscapes, one at the southern edge of the boreal forest in north-central Alberta (54°37' N, 113°20' W) and one in the mixed-wood
remnants of the St. Lawrence lowlands near Québec City (46°45' N, 71°20' W). Both were comprised of approximately 20% forest
cover with the remainder devoted to crops, grazing, and housing. In Alberta, these forests are dominated primarily by poplar (Populus
tremuloides and P. balsamifera) and white spruce (Picea glauca); in Québec, by sugar maple (Acer saccharum), yellow birch (Betula
alleghaniensis), beech (Fagus grandifolia), and balsam fir (Abies balsamea).

At both locations, we used playbacks of the mobbing calls of Black-capped Chickadees and Red-breasted Nuthatches (Sitta canadensis)
to attract winter forest birds to a target destination. Chickadee mobbing calls appear to be highly effective for attracting diverse species
in several forest types and seasons (Hurd 1996, Desrochers and Hannon 1997). To allow comparisons among studies, we used the
same recording and followed the same broadcasting methods as in Desrochers and Hannon (1997). The calls were broadcasted from a
single 5-W speaker connected to a portable tape player, and could be heard by human listeners from approximately 225 m. Responses
to the playbacks were considered to occur when birds flew within 10 horizontal meters of the broadcasting speaker. We conducted no
trials during gusting or moderate to heavy winds, when temperatures were below -30°C, or during moderate to heavy precipitation.

Habitat trials

In Alberta, we conducted habitat trials in which we compared the willingness of birds to travel in three habitat types: continuous forest;
corridors of aspen-dominated forest <10 m wide (fencerows); and gaps in forest cover between patches (Fig. 1). For a more detailed
description of the study area, see Hannon and Cotterill (1998). During each trial, we played the mobbing calls at a designated origin for
a maximum of 6 min or until at least two birds had arrived and no new birds had arrived for 1 min. The purpose of the origin tape was
to give a known starting point for the trial. When the origin tape was stopped, a second observer began a tape at the destination and
played it for 6 min or until all of the origin birds had responded. Both observers watched the path of the birds to determine the number
and species of birds responding to the destination tape. We scored trials as positive for a given species when one or more individuals
from the origin responded (responses were typically the same within chickadee flocks and nuthatch or woodpecker pairs). Responses
were scored as negative for a species when no individual detected at the origin also appeared at the destination. For each trial, we also
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recorded the time, temperature (+ 5°C), and relative measures (on two- or three-point scales) of cloud cover (overcast, partial cloud,
sunny), wind speed (no wind, light breeze, steady breeze), and precipitation (none, light rain or snow). The distances between origins
and destinations were measured on 1:20 000 aerial maps (gaps) or by pre-calibrated pacing with an accuracy of 5 m. Trials were
divided randomly among the three habitat types and approximately evenly among 20-m distance categories ranging from 20 m to 200
m. Trials were conducted between 0900 and 1600. Identical sites with a positive response at the origin were not reused and all trials
were separated by at least 400 m spatially or 2 weeks temporally to avoid habituation effects. Origin sites for corridors and both origin
and destination sites for gaps consisted of forest patches that were at least 0.5 ha in size.

Fig. 1. Schematic representation of a habitat trial indicating the location of origin (circle) and destination
(triangle) speakers in three habitat types. Trial distances ranged from 25 m to 200 m.

Detour trials

We conducted detour trials in Québec that were designed to provide a finer resolution of the decision rules made by birds presented
with gaps in forest cover. Here, we focused on Black-capped Chickadees and used forest edge configurations in which birds had to
choose between a direct route to the destination via a gap (i.e., shortcut), or a longer route under forest cover (Fig. 2; see also
Desrochers and Hannon 1997). Mobbing calls were played at the destination site only for 10 min while two observers watched for birds
appearing within 10 m of the forest edge. We did not attract birds to predetermined origins, as they could easily be seen as they
arrived at the forest edge. During the playback, the path of as many birds as possible was then followed visually until they reached the
destination or the trial ended. Using visual landmarks and a laser range finder (accuracy 1 m), we subsequently mapped these paths for
each responding individual. To limit interference in crossing decisions, observers were at least 30 m from both the origin edge and the
destination throughout the trial. Distances between the destination site and the nearest origin forest edge were chosen
opportunistically, but approximately regularly, between 10 and 200 m. By varying these distances, we created variation in the initial
distances available in the open, and corresponding variation in detour length (Fig. 2). Trials were conducted between 0800 and 1600.
Trial sites were used only once and were separated by at least 500 m.

Fig. 2. Schematic representation of a detour trial indicating a typical forest edge configuration. The
triangle indicates the location of the speaker and circles indicate the locations of focal birds (#1 and 2) at
first sight. For each focal bird, we recorded the initial shortest distance that the bird would have to travel
in the open to reach the speaker (DOi), the distance of the route available under forest cover, and the

number of conspecifics present. Actual paths taken by birds were recorded as the sum of segments in the
open (DOa) and under forest cover (DFa). Note that trials were conducted in both u-shaped (e.g., Bird #1)

and v-shaped (Bird #2) situations. Dependent variables included the proportion of the actual path that
occurred in the open (Epsilon DOa / (Epsilon DOa + Epsilon DFa)), the risk area defined between the bird's

path and adjacent forest, and the forest edge distances (FED) describing the maximum distances from
forest edges that a chickadee ventured during a given shortcut.
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Variation in forest edge configuration (Fig. 2) generated three independent variables that were used in subsequent analyses: the initial
distance in the open between a bird's detection point on the origin edge and the destination (DOi , a scale factor); the ratio between the

initial distance in the open and the length of the detour route available through the adjacent forest (DOi / DFi , the detour ratio); and

the interaction between these two terms (DOi x DOi / DFi ). For simplicity, we consider the detour ratio (DOi / DFi ) to be an index of

detour efficiency. Low values for detour ratios therefore correspond to long detour lengths relative to initial distances in the open
(efficient shortcut), whereas high values indicate that both routes are similar in length (inefficient shortcut). Finally, we recorded
conspecific group size (the number of individuals observed during the trial) as an additional independent variable. We used three
continuous dependent variables as plausible measures of the trade-off birds made between a costly (in terms of time and energy), but
safer, route in the forest compared to a shortcut in the open for which lower travel costs may be attended by a greater risk of
predation. (1) The proportion of the path length that the bird made in the open indicates the relative use of one or more shortcuts. (2)
The size of the risk area formed by the divergence of the bird's path from the adjacent forest integrates two important measures, the
length of the path in the open and the distance from that path to the forest edge. (3) The maximum distance that the bird ventured
from forest edges (forest edge distance) measures its perceived distance to safety.

Statistical analyses

We used stepwise logistic regression with backward elimination to measure the effects of independent variables in the habitat trials.
The entry and removal thresholds of variables into these models were set at alpha = 0.05 and alpha = 0.10, respectively. We used
Wald statistics with reference categories to test the significance of multiple comparisons among the categorical variables of habitat type
and species, and report R values, which are analogous to partial regression coefficients in linear regression, to describe the direction
and strength of these relationships (Norusis 1994). Because we expected that the probability of response would decrease with distance,
and would be greater for corridors relative to gaps and for forests relative to corridors in the habitat trials, we report one-tailed
probabilities for these variables. For the continuous dependent variables of the detour trials, we used multiple linear regression with
variable transformation when variances were heterogeneous. Some independent variables were centered on their means to reduce
collinearity (Kleinbaum et al. 1988). Confounding scale effects in detour trials that might originate from the correlation between the DOi
/ DFi ratio and DOi (rs = 0.13, P = 0.09, n =158) were removed as the regression evaluated the contribution of each independent

variable after controlling for the contribution of the other independent variables (Type III sums of squares).

The potential effects of conspecific attraction, which would limit the independence of movement decisions among group members
(Smith and Peacock 1990, Reed and Dobson 1993, Romey 1996), were addressed in two ways. In the habitat trials, each species was
considered to have responded positively if one or more individuals appeared at the destination, generating a single response per
conspecific flock. This undoubtedly overestimated positive responses, but avoided confounding habitat type with ease of individual
detection, which was more difficult in forest trials. In the detour trials, the paths of individual birds were recorded separately and were
given a statistical weight equal to the inverse of the number of paths recorded during the same trial (i.e., each trial was given one
degree of freedom and the bird paths making up that trial were analyzed with some fraction of one degree of freedom).

RESULTS

Habitat trials

In the habitat trials, birds were successfully attracted to the origin on 92 occasions involving 408 individuals of 11 species. All but two
trials included Black-capped Chickadees, and the majority (61%) of trials were limited to this species. Only three other species occurred
in seven or more trials and are included in subsequent analyses: White-breasted Nuthatch (Sitta carolinensis, n = 10), Downy
Woodpecker (Picoides pubescens, n = 8), and Hairy Woodpecker (P. villosus, n = 7). We used logistic regression to examine the effect
of distance, habitat type, the interaction between distance and habitat type, and species (n = 115). The probability of response
decreased with increasing distance (chi-square = 8.0, df = 1, P = 0.003), and was significantly influenced by both species (chi-square =
16.6, df = 3, P = 0.0009) and the interaction between habitat type and distance (chi-square = 19.5, df = 2, P < 0.0001). Further
examination of the interaction revealed that as distance increased, birds were less likely to respond in gaps than in forest (Wald = 13.8,
R = -0.30, df = 1, P = 0.0001), but responses in corridors and forests were indistinguishable (Wald = 0.6, R = 0.0, df = 1, P = 0.2). In
comparison to chickadees, nuthatches and Hairy Woodpeckers were less likely to respond to the playbacks (Wald = 12.1, R = -0.27, df
= 1, P = 0.0005; Wald = 3.7, R = -0.11, df = 1, P = 0.06, respectively), but Downy Woodpeckers were indistinguishable from
chickadees (Wald = 0.5, df = 1, R = 0.00, P = 0.5). None of the time or weather variables reached the criteria for entry into the
model. Because the overall sample was heavily biased by chickadee responses, we tested the effect of distance, habitat type, and the
distance x habitat type interaction for the nuthatch and woodpeckers alone (n = 25). Again, responses were negatively influenced by
distance (chi-square = 4.8, df = 1, P = 0.03) and the interaction term (chi-square = 8.4, df = 2, P = 0.01). Relative to forests,
responses were less likely in gaps (Wald = 4.1, R = -0.25, df = 1, P = 0.02) and corridors (Wald = 3.2, R = -0.19, df = 1, P = 0.04),
but corridors and gaps did not differ (Wald = 0.2, R = 0.0, df = 1, P = 0.5).

We repeated this analysis with chickadees only (n = 90) to derive a predictive model of their responses. Again, the probability of
response decreased with distance (chi-square = 6.0, df = 1, P = 0.01) and the interaction between distance and habitat type
(chi-square = 13.8, df = 2, P = 0.001). As for the first model, the distance x habitat type interaction was strong for forest compared to
gaps (Wald = 9.3, R = 0.29, df = 1, P = 0.002), but not for forest compared to corridors (Wald = 0.02, R = 0.0, df = 1, P = 0.5).
Predicted values generated by this model suggest that chickadees are about four times more likely to travel 200 m in a forest, and 3.5
times more likely to travel that far in a corridor, than they are to cross a similar-sized gap (Fig. 3).

Fig. 3. Probability that Black-capped Chickadees respond to chickadee mobbing calls from increasing
distances in forest, corridor, and gap habitats. Predicted probabilities were calculated by logistic regression
(n = 90).
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Detour trials

We conducted 151 trials in which we described 297 paths made by individual chickadees. Forest edge configuration influenced the path
choices made by chickadees primarily through the detour ratio (DOi / DFi ), which accounted for most of the variance in all three

continuous response variables (Table 1). The proportion of path length that chickadees actually made in the open [EpsilonDOa /

(EpsilonDOa + EpsilonDFa)] increased with DOi and decreased with increases in the detour ratio (Table 1). However, the effect of the

detour ratio was not constant, as indicated by a significant negative interaction between the two independent variables (DOi / DFi and

DOi; Table 1). This means that detour efficiency influenced the proportion of path length made in the open at large distances, but had

little effect at small distances, when chickadees tended to use the detour regardless of its length. For instance, when the detour ratio
exceeded 0.7 and DOi was < 115 m, the detour ratio had little predictive value and the proportion of path length that chickadees made

in the open was quite variable, ranging from 0 to 1. By contrast, the detour ratio was very important when the DOi was > 150 m, and

the length of shortcuts increased most steeply as the ratio decreased from 0.85 to 0.75. The size of risk area(s) and forest edge
distance(s) gave similar results (Table 1), also indicating that chickadees chose longer shortcuts when the detour ratio declined and the
initial distance in the open increased. The negative interaction between the independent variables is perhaps best illustrated with the
response variable of forest edge distance; the detour ratio had a larger effect on the distance chickadees ventured from the forest edge
as DOi increased (Fig. 4). Thus, chickadees take the largest shortcuts when they are faced with large initial distances in the open and

relatively inefficient alternative routes in the forest.

Fig. 4. The combined effect of the detour ratio (DOi / DFi) and the initial distance in the open (DOi) on forest edge

distance, the distance that chickadees ventured from forest edges. Lower detour ratios represent less efficient detour
routes under forest cover. Predicted values were calculated by multiple linear regression (n = 151).
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Table 1. Results of multiple linear regressions (Type III sums of squares) investigating the influence of
forest edge configuration and conspecific group size on three response variables describing aspects of the
paths made by Black-capped Chickadees in detour trials (n = 151; see Fig. 2 for variable definitions).

Response variable
Independent

variablea
Beta

1 SE
(Beta)

Partial
r

Partial
F P

Proportion of path length traveled in the open
(m)

EpsilonDOa/(EpsilonDOa+EpsilonDFa)
b

DOi / DFi -126.4 12.5 -0.64 101.8 <0.0001

DOi (m) 1.04 0.21 0.39 25.3 <0.0001

DOi x DOi/ DFi -2.04 0.29 -0.50 49.1 <0.0001

Group size 0.33 0.44 0.06 0.6 0.5

Constant 90.1 14.8 - 37.3 <0.0001

Risk area (m2)
(square-root transformed)

DOi / DFi -68.4 6.3 -0.67 116.7 <0.0001

DOi (m) 0.09 0.03 0.25 9.9 0.002

DOi x DOi/ DFi -0.14 0.16 -0.07 0.8 0.4

Group size -0.32 0.27 -0.10 1.4 0.2

Constant 22.1 2.1 - 109.7 <0.0001

Forest edge distance (m) DOi / DFi -35.5 4.04 -0.59 77.2 <0.0001

DOi (m) 0.07 0.02 0.33 17.4 0.0001

DOi x DOi/ DFi -0.26 0.10 -0.21 6.8 0.01

Group size -0.17 0.17 -0.08 1.0 0.3

Constant 13.3 1.3 - 98.1 <0.0001

a DOi (80.4 + 33.3 m, mean + 1 SD) and DOi/ DFi (0.67 + 0.17) were centered on their means to reduce

collinearity. Group size averaged 7.3 + 3.3 individuals and ranged between 1 and 18 individuals.

b To avoid confounding multiple response variables in the analysis, the response variable was, in fact,
Epsilon DOa and the model included the total path length (Epsilon DOa + Epsilon DFa) as a covariable.

Because the effects of the covariable are held constant in the analysis, the model can be interpreted as
investigating the influence of the other independent variables on the proportion of path length traveled in
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the open.

The importance of forest edge distance is further illuminated by the emergence of a threshold distance of approximately 25 m, beyond
which chickadees would not venture (Fig. 5A and B; 95% of the observed paths included forest edge distances less than or equal to 24
m). This threshold equates to a 50-m gap size, and was not an artifact of site configuration; the actual forest edge distances were
highly variable, but typically smaller than the largest distances that birds would have reached if they had crossed in the open along a
path defined by DOi (Fig. 6A). The relationship between forest edge distance and risk area further underlines a threshold, as chickadees

were willing to define relatively large risk areas in U-shaped sites as long as the forest edge distance did not exceed 25 m (Fig. 6B).
None of the response variables was influenced by conspecific group size (Table 1).

Fig. 5. Maximum distance from forest edges (forest edge distance) that Black-capped Chickadees
ventured as a function of (A) the efficiency of the initial forested detour option DOi / DFi, and (B) the

length of the initial distance in the open, DOi. The 314 data points shown originate from 151 independent

detour trials.
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Fig. 6. Forest edge distances exhibited by Black-capped Chickadees taking shortcuts expressed as a
function of (A) the hypothetical maximum distance from forest edges that birds would have reached if
they crossed in the open along a path defined by the initial distance in the open, DOi, and (B) the risk

area formed by the divergence of the bird's path from the adjacent forest edges. The slope of the
relationship in (A) was significantly less than one (H0: beta less than or equal to 1, t = -13.3, df = 149, P

< 0.0001) and 95% of the actual values were below 24 m (solid line). The 314 data points shown
originate from 151 independent detour trials.
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DISCUSSION

Our results show that corridors as narrow as simple fencerows did facilitate movement for some winter birds, and that these corridors
were as effective in promoting short-distance (< 200 m) movement by chickadees as was continuous forest cover. Habitat gaps, in
contrast, began to impede movement between patches at relatively short distances; by 100 m, chickadees were 25% less likely to
cross a gap than they were to respond to the mobbing call in a forest or corridor, and this probability was diminished by >80% at 200
m (Fig. 3). Chickadees undoubtedly do cross gaps this large and larger (personal observation), but our results quantify their willingness
to do so.

Although all species were less willing to cross habitat gaps, responses varied among the four winter residents we studied. Chickadees
and Downy Woodpeckers generally exhibited more positive responses than did White-breasted Nuthatches and Hairy Woodpeckers,
although all four species share similar life history and habitat characteristics and are often observed traveling together. All responded
negatively to gaps, but nuthatches and woodpeckers exhibited a similarly reduced response to corridors relative to forest trials. For
these species, corridor width may be critically important (e.g., Tischendorf and Wissel 1997), and fencerows alone might be too narrow
to provide adequate cover. Species differences in corridor use may also stem from differing home range sizes or flocking behavior
tendencies, both of which tend to be greater for chickadees. Such species differences have important consequences for the way in which
these species deal with habitat fragmentation. Our findings strengthen the assertion that results quantifying corridor use cannot easily
be generalized across species or habitats (Lynch and Saunders 1991, Lindenmayer 1994). Roland and Taylor (1997) found that, within a
guild of parasitoids, the response to habitat fragmentation may occur at different spatial scales depending, in part, on body size. Other
spatial, ecological, and behavioral attributes are also likely to influence the reliance of individual species on corridors. We examined
these attributes in the context of one species, the Black-capped Chickadee, with the aim of providing a baseline for quantifying and
comparing species responses.

Our analyses of chickadee responses to detours suggest that forest edge configuration, an attribute of fragmented landscapes, was
important. In all cases, detour efficiency explained the greatest variance in response variables, but our results also suggested that
responses were potentially dependent on scale. More specifically, we found that the distance birds traveled in the open generally
increased as detours became less efficient (i.e., lower detour ratios), and increased with the initial distance in the open. These results
suggest that there are linear components in responsiveness, yet responses were actually highly variable when detours were economical
and open distances were < 115 m. Birds clearly respond to detour efficiency and absolute distances in the open, but their sensitivity to
both appears to change with the absolute distances involved. Yet, a host of other variables must also influence their decision rules
about path choices. Factors such as boldness, dominance, conspecific group size, and internal state have been shown to influence the
distance from forest cover at which forest birds will feed, as an index of forager sensitivity to predation risk (e.g., Lima and Dill 1990,
Todd and Cowie 1990, Slotow and Paxinos1997). Given these effects and the potential importance of environmental conditions
(McNamara and Houston 1990), we were surprised by the consistent absence of conspecific group size and weather effects in our
results.

The importance of spatial scale was further underlined by the response variables of risk area and forest edge distance, where the
interaction between the initial distance in the open and detour efficiency was again apparent. Both response variables decreased with
detour efficiency (i.e., higher detour ratios), but increased with the initial distance in the open. Thus, the maximum distance chickadees
ventured from forest edges (forest edge distance) depended on detour efficiency only at large initial distances, and birds typically chose
the forest path, regardless of its efficiency at smaller distances. These results suggest that detour options appear to be important
determinants of path choices only when a certain gap threshold is reached. The fact that chickadees used detours indiscriminately at
short distances suggests that they prefer to travel under forest cover unless their options are economically or spatially constrained.

Perhaps the most interesting result from our analyses of detours was the clear emergence of a threshold distance from forest edges
beyond which birds would not venture. This threshold, occurring at about 25 m, was apparent in all treatments of the forest edge
distance variable and was not caused by spurious limits in the potential distance from forest edges that birds could venture at the outset
of trials. Thus, it appears that chickadees, given the choice of detouring under forest cover, were unwilling to cross gaps of > 50 m
(i.e., the gap size when they were 25 m from an edge), a value in accordance with the findings of Desrochers and Hannon (1997) from
late summer. Similar gap thresholds have been detected for other species (see Andreassen et al. 1996, Zollner and Lima 1997).
Comparing our threshold effect of forest edge distance to the much greater variation in risk area provides some information about the
way in which chickadees perceive predation risk. Because birds were more affected by the distance to cover than by increases in the
area in which predators may occur, they may equate a relatively constant risk of predation to any open area and rely on the proximity
of forest alone to mitigate its effect. Avoidance of gaps at small spatial scales further suggests that chickadees attach a categorical risk
to open areas.

The perceptual range (Lima and Zollner 1996) that dictates whether an animal is likely to perceive a landscape as continuing on the
other side of a gap, or not, is likely to differ seasonally and regionally. In winter, this distance may either be enhanced, when birds are
freed from the requirements of defending a territory or feeding young, or it may decrease with the disappearance of ephemeral (e.g.,
fruiting) food sources that encourage exploration (Lynch and Saunders 1991). Regional variation in the degree of habitat fragmentation
might be expected to influence perceptual range through habituation and possibly even evolutionary changes. Black-capped Chickadees
without detour options almost never crossed gaps as large as 100 m in Québec during the late summer (Desrochers and Hannon 1997),
but the probability of crossing gaps this large was reduced by only 25% in Alberta during winter. This difference may stem from a
greater willingness to cross gaps in winter, from regional differences affecting fragmentation responses, or from differences in the
classification of successful crosses (see Methods) that would tend to overestimate crossing propensity in Alberta.

Our results have a variety of implications for the management of forest birds in fragmented landscapes. First, we found direct evidence
that Black-capped Chickadees are as willing to travel in corridors (fencerows) as in continuous forest over relatively short (200 m)
distances. By contrast, fencerows do not appear to facilitate the movement of nuthatches and woodpeckers, although the importance of
corridor width should be investigated before their importance is dismissed for these species. Willingness to cross gaps declined
precipitously with increasing gap width for all four species. Clearly, the movement of forest birds in winter is negatively affected by
large gaps in forest cover, but this may be ameliorated for some species through the maintenance or creation of habitat corridors.
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Chickadees presented with an option of taking shortcuts in the open when a forested detour was available showed a clear preference to
travel under forest cover. When detours were relatively costly and the initial open distance was large, chickadees used shortcuts, but
avoided gaps > 50 m. Thus, chickadees were most likely to use shortcuts under intermediate conditions when absolute distances were
neither trivial nor in excess of an apparent threshold in the distance from forest cover. Other residents, apparently more sensitive to
gaps than are chickadees, would be expected to behave even more conservatively. In regions where many larger gaps already exist
(e.g., agricultural fields), the creation of forested stepping stones (sensu Simberloff et al. 1992) might facilitate movement. The
usefulness of this technique merits exploration.

RESPONSES TO THIS ARTICLE

Responses to this article are invited. If accepted for publication, your response will be hyperlinked to the article. To submit a comment,
follow this link. To read comments already accepted, follow this link.
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