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CORRIDORS MAY NOT IMPROVE THE CONSERVATION VALUE OF
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Abstract. Building or maintaining corridors in fragmented landscapes may be an im-
portant method to conserve gap-sensitive species that avoid crossing gaps in forest cover.
We tested the effectiveness of corridors by examining the changes in abundance of boreal
birds pre- and post-logging in experimental 10-ha and 40-ha reserves that were isolated or
connected by corridors, relative to their abundance responses in continuous forest (reference
sites). Prior to the analysis, we categorized birds as to their predicted gap sensitivity based
on two measures: their use of corridors and gap-crossing behavior in small-scale trials, and
their habitat affinities (forest species vs. habitat generalists). The abundance of forest species
as a group was consistently higher in reference reserves than in isolated or connected
reserves after harvest, except for the first year after harvest, when crowding occurred in
isolates. Habitat generalist species showed no differences in abundances across reserve
types. As a group, resident species were more abundant in reference and connected reserves
than in isolates in three of five years post-harvest, suggesting that corridors might benefit
these species. None of the single species analyzed showed consistent evidence of benefiting
from corridors. Although four species were most abundant in connected reserves after
harvest, their abundances were not significantly lower in isolates than in reference sites.
Behavioral classification (gap-crossing propensity) was not useful in classifying single
species as to how gap sensitive they would be in response to our experiment: habitat affinity
was a better predictor. We suggest that corridors may be useful to retain resident birds on
harvested landscapes, but that corridors connecting small reserves of forest are unlikely to
offset the impacts of fragmentation for most boreal birds. Assessments of the utility of
corridors must, however, be done in the context of the full plant and animal communities
that live in the boreal forest.

Key words:  boreal birds; boreal mixedwood forest; clearcuts, conservation value; corridors;
fragmentation; gap sensitivity; habitat generalists; landscape connectivity; logging; old-forest spe-
cialists; reserve size.
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retention of some species in landscapes altered by hf@s . iderably in thei ity t
itat fragmentation (Merriam 1991, Taylor et al. 1993). pecies vary considerably In tneir propensity to cross
aps in the forest canopy (Desrochers and Hannon

However, the importance of corridors in promotin .
connectivity has been controversial, and some negati 897‘ St. Clair et al. 1998, Grubb and Doherty 1999),

effects of connectedness have been identified (Sirﬁnd the gaps themselves _d_lffer enormously in vegeta-
berloff et al. 1992). In a recent review, Beier and Noslon structure and composition across landscape types.

(1998) examined over 30 studies that assessed the ufpiven the rapid rate of habitat loss and degradation in

ity of corridors for terrestrial vertebrates. Only onelorested ecosystems, we have little time to conduct

third of the studies provided evidence that corridoreS€arch on all forest species and must search for ways

enhanced landscape connectivity. Similarly, DesrochQ 9roup or rank responses to forest fragmentation

ers et al. (1999) evaluated the strengths and weaknes§d@nsen and Urban 1992, Hansen et al. 1993, Villard
of approaches used to study movement of songbirds @ Taylor 1994, Desrochers et al. 1999). A number
fragmented forests. Both reviews criticized the desigff ecent studies have attempted to quantify experi-
and interpretation of many studies and noted a lack Hentally the relat_lve propensities of _dlfferent species
experimental tests of the efficacy of corridors. Overalf© Cross gaps of different types and widths (Desrochers
carefully controlled experiments that measure the d&nd Hannon 1997, Rail etal. 1997, St. Clair etal. 1998,

mographic effects of connecting habitat fragments witR€lisle 2000). These studies may aid conservation
planning if they can be extrapolated to predict demo-
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boreal mixedwood forest of north-central Alberta, Canet al. 1996, Desrochers and Hannon 1997, Robichaud
ada to evaluate the effects of forest fragmentation kgt al., in press); and (2) habitat affinities of species
clear-cutting on forest songbirds (reviewed in Schmigold-forest specialists, forest species, habitat general-
gelow and Hannon 1999). One component of the “Callists). We test these predictions using the abundance
ing Lake Fragmentation Project” is a large-scale represponse of species to our fragmentation experiment.
licated experiment in which forest reserves of different
sizes were isolated by clear-cutting. Community com- METHODS
position and species abundances have been monitored A priori predictions as to gap sensitivity
pre- and post-harvest in forest reserves and unhar- ] ] ) )
vested reference sites (Schmiegelow et al. 1997). Re-Gap-crossing behavior.—Gap-crossing  behavior
serves are of two types: isolated (surrounded by cleg¥@s studied at Calling Lake by examining capture rates
cutting on all sides) and connected (surrounded birds in mist nets stretched across the buffer strips
clear-cutting on three sides, with the fourth side corf@t connected the reserves, relative to observations of
nected to a 100 m wide riparian forest buffer strip; sucRirds crossing the clearcuts that separated reserves
strips are left by forest companies to protect water qua{Machtans et al. 1996), or relative to capture rates in
ity in lakes). In a companion study, birds were mistmist .nets placeq in the clearcuts between reserves
netted in the buffer strips and in control areas alongRobichaud et alin press). A second study, conducted
lakes to measure whether they used the buffer strips BsQuebec, Canada, measured the propensity of species
travel corridors to avoid crossing clearcuts. Adult anfP cross forest gaps of varying widths using playback
juvenile birds of some species used the buffer strips &ZPeriments (Desrochers and Hannon 1997). We de-
corridors, but this use declined as the clearcuts regefr'f]ed gap sensitive species as those that were never or
erated (Machtans et al. 1996, Robichaud et &., yery.rarely seen crossing clgarcuts, but were captyred
press). An a priori prediction of the Calling Lake Frag- " mist nets_ln the buffer strip (Tablg_l). We als_o in-
mentation project was that if the buffer strips wer&!uded species that had50% probability of crossing
important conduits for dispersal and movement through 9aP 0f 60 m (Desrochers and Hannon 1997: Fig. 2).
the landscape, then the reserves connected by corridGi@P-neutral species were those frequently observed
should either retain more forest species or should maiff0Ssing clearcuts by Machtans et al. (1996) or captured
tain them in greater abundance than in reserves withdf}¢léarcuts by Robichaud et ain(press). , .
connections (Schmiegelow and Hannon 1993). _Hab|tat affinities.—All of the species ex_amlned in
The purpose of this paper is to report changes, L}Bls paper are commonly fqund breeding in older fo_r-
to five years post-harvest, in the breeding season ab(f!s in our area. After logging, some of these species
dance of forest songbirds in connected, isolated, ag/onized the regenerating cutblocks between the re-
reference reserves, relative to pre-harvest levels. \§8rves. We defined a clearcut colonist as a species that
assumed that clearcuts would reduce the probability &S observed=20% as frequently in clearcuts as in
movement of some species to the isolated reservé%‘?'er forest reference areas in pom_t counts conducted
resulting in lowered abundance in the isolates relatiy@ 1997 and 1998 (F. K. A. Schmiegelow and S. J.
to the pre-harvest condition and compared with refi&nnon,unpublished data). Species that did not col-
erence reserves. We predicted that connecting isolaf¥dze clearcuts were termed forest species and those
with corridors would increase the probability of birdsthat colonized clearcuts were termed habitat general-
colonizing or recolonizing them, relative to the fu”ylst.s..V.Ve further classified the forest species as to. their
isolated reserves. We assumed that if the clearcuts wétdnities for old-growth forest using data from Schieck
barriers, then fewer birds would return to isolated ret @l- (1995), who compared densities of birds in py-
serves to breed and fewer juveniles, prospecting f6P9€nic aspen forest in northern Alberta categorized as
territories in the previous summer or the current spring®ung (20-30 yr), mature (50-65 yr), and o ¥20
would cross the clearcuts to colonize the isolates. OYf)- We defined old-forest specialists as those forest
previous work indicated that resident species might biP€cies found at highest abundances in old forest and
more sensitive to fragmentation than migrants (Schmiéarely or never found in younger seral stages. The re-
gelow et al. 1997), but there have been numerous stu@@ining forest species were found in all seral stages
ies suggesting that some Neotropical migrant specié§ChIeCk et al. 1995). We predicted that oId-for_e_stspe-
may also be gap sensitive (reviewed in Desrochers @@lists and forest species would be gap sensitive, be-
al. 1999). cause the clearcuts represent nonhabitat to them, and
Here, we make explicit a priori predictions as tghat habitat ggneralists would be gap neut.ral, because
which species were more likely to be affected by iscthe regenerating clearcuts are used as habitat (Table 1).
lation (i.e., were gap sensitive) and which were likely
to be gap neutral (not affected by isolation). We use
two types of data to predict gap sensitivity: (1) behav- We conducted the study in &140-kn? block of
ioral evidence of corridor use and the propensity dboreal mixedwood forest west of Calling Lake {39,
birds to fly across gaps in the forest canopy (Machtarid3 W), in north-central Alberta, Canada. The upland

Study area and experimental design
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TaBLE 1. A priori classification of gap sensitivity of boreal birds based on gap-crossing
propensity and habitat affinity.

Gap-crossing Habitat
Gap sensitivity, by species propensity affinity t
Gap sensitive (GS)
Ovenbird, Seiurus aurocapillus GS f (GS)
Black-throated Green WarbleRendroica virens o (GS)
Western TanagePRiranga ludoviciana o (GS)
Yellow-rumped WarblerDendroica coronata GS f (GS)
American RedstartSetophaga ruticilla f (GS)
Gap neutral (GN)
Red-eyed VireoVireo olivaceus GS g (GN)
White-throated SparrowZonotrichia albicollis GN g (GN)
Mourning Warbler,Oporornis philadelphia GN g (GN)
Yellow-bellied Sapsucke§phyrapicus varius GN g (GN)
Chipping SparrowSpizella passerina g (GN)
Connecticut WarblerQporornis agilis g (GN)

T Key to abbreviations for habitat affinity: o, old-forest specialist; f, forest species; g, habitat
generalist.

mixedwood in this area consists of asp@ogulustre- landscape context), thus confounding analyses of the
muloides) mixed with white spruceRicea glauca), in  effects of connectedness. We used an experimental ap-
a larger landscape mosaic of lakes, wetlands, and tregbach with a Before-After-Control-Impact design
bogs (black spruceR. mariana, and larch,Larix lar- (Green 1979, Stewart-Oaten et al. 1986) that held patch
icina). Approximately 21% of the area is composed o$ize constant over time (i.e., pre- and post-harvest) and
natural nonforested land (lakes, wetlands). Broad-scaétered connectedness. Hence, corridor presence is not
harvesting of aspen, primarily for pulp and paper proeconfounded with patch size. Although we only had one
duction, dates back to 1992 in Alberta. Over 75% oyear of pre-harvest data and annual variability in bird
the mixedwood has been allocated for timber produ@bundance is high, we monitored reference reserves
tion. The forest is clear-cut in alternating blocks of 10-throughout the study in order to control for temporal
60 ha, with a rotation period of 40—70 yr. Timber isvariation. Our pre-harvest year controls primarily for
taken out in 2—3 passes, with the second pass occurripgssible differences in initial conditions across re-
~10 yr after the first pass. Forested buffer strips 108erves.
m wide are left around permanent lakes. The study area,We used corridors of riparian forest because rules
our experimental design, and natural and anthropogerfar forestry operation in this region dictate that these
disturbances are described in more detail in Schmieiust be left for protection of water quality. Thus, our
gelow et al. (1997) and Schmiegelow and Hannooonnected reserves were closer to riparian areas than
(1999). were isolates or reference reserves. However, we be-
Study sites were located in old (80—130 yr) aspeleve that the influence of the riparian zone was min-
stands with<20% overstory spruce and are part of thémal, as edge influence on vegetation structure and
“Calling Lake Fragmentation Project” of Schmiege-composition from lakeside riparian zones usually only
low et al. (1997) (Fig. 1). Here, we report on birdpenetrates up to 40 m (Harper 1999), and other edge
abundances in isolated, connected, and reference foreffects (increased nest predation and altered bird abun-
reserves of 10 ha and 40 ha in size, each replicatddnces) are minimal in this system, at least at clearcut
three times. Connected and isolated reserves were ceelges (Song 1998, Cotterill and Hannon 1999, Song
ated in the winter of 1993-1994 by clear-cutting a minand Hannon 1999). We controlled for differences in
imum 200-m strip on all four sides of isolates and ortree composition (age and percentage of conifers)
three sides of connected reserves. The fourth side afross our study area by stratifying across replicate
the connected reserves was continuous with a 100 gmoups and size classes within the treatments and ref-
wide forested buffer strip left along lakes (Fig. 1). Uperence sites.
to 2—3% of live trees were left in clumps in clearcuts
surrounding the reserves. Reference reserves were em-
bedded in~4000 ha of unlogged forest that runs Songbirds and woodpeckers were sampled at per-
through the center of the study area (Fig. 1). Overalinanent sampling stations set out 180—200 m apart: 10-
13% of the forest present in the study area prior to thea reserves had two stations and 40-ha reserves had
experiment was harvested in 1993-1994, and an agight stations. Stations wer100 m from the reserve
ditional 2% had been harvested in 1982. edge. Birds were sampled at each station using 5-min
Beier and Noss (1998) noted that corridor presengmint counts (Ralph et al. 1993) with a 100 m radius,
is often correlated with other variables (e.g., patch sizeisited five times, at 10-d intervals, from the third week

Bird sampling
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Fic. 1. (a) Location of the Calling Lake study area in central Alberta, Canada; the boreal mixedwood is shaded. (b)
Layout of the Calling Lake Fragmentation Study with 10-ha and 40-ha reserves hatched; 1-ha and 100-ha reserves were not
used in this study. The reference area is outlined with a dashed line. (c) Aerial view of part of the study area showing 10-
ha and 40-ha riparian connected (C) and isolated (I) reserves.
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of May through early July each year. Each survey rounshould exceed natural or background variation found
took 2-5 d. Point counts were conducted between suon reference sites (e.g., Wiens 1995). Hence, we de-
rise and 1000 h in fair weather (no rain, and windeloped a second analysis method, based on the natural
speeds<25 km/h, i.e., Beaufort level 5: small branchedackground variation in our reference reserves, to de-
move). Observers were rotated among reserves and teemine how large treatment effects should be to be
order of sampling stations was varied over each rourmbnsidered biologically significant. First, we pooled an-
to avoid biases. Sampling started in the year prior toual abundances for each species across all reference
harvesting (1993) and continued for five seasons postites. We then calculated mean abundance for each spe-
harvest (1994-1998). cies over the six years analyzed here. The background
variation in abundance over the six years was calcu-
lated by dividing the largest single deviation in annual
The relative abundance of each bird species in eaalbbundance by the mean abundance, for each species
reserve was compiled by taking the maximum numbédanalogous to a coefficient of variation). For example,
of individuals recorded in any single visit, over the fivehe mean abundance of Ovenbir&si¢usaurocapillus)
sampling rounds in each year. Data were first weighted reference reserves over six years was 44.5 birds and
using evidence of probable breeding activity (Schmiganged from 33 to 61 birds. The largest deviation in
gelow et al. 1997: Table 1). For example, a singing aany year was 16.5 (6% 44.5) birds, resulting in a 37%
countersinging male was weighted as 1.0, a callindeparture from the mean for Ovenbirds (16.5/4%.5
male or female as 0.5, a pair as 2.0, and birds observ&@d0 = 37%). The percentage deviations (background
to be nesting as 2.0. Observations were weighted t@riation) for each species are reported in Table 2. To
avoid inflating the number of breeding birds recordeduantify treatment effects, we first calculated the an-
(e.g., some singing males may be unmated) and amaal abundances of each species in each reserve type
thus a conservative estimate of abundance. We alégolated or connected). We then calculated the annual
consider our abundance estimates to be relative, hgroportional change from pre-harvest abundarice (
cause the point-count technique does not provide abh993) by dividing abundance in ygarby abundance
solute measures of abundance. in year, for each treatment. Proportional changes less
Rare or transient species<80 individuals present than 1.0 indicated a decline from pre-harvest condi-
over all reserves pooled pre-harvest) and riparian spéens; those>1.0 indicated an increase from pre-har-
cies (e.g., Red-winged Blackbird#\gelaius phoeni- vest conditions. Differences in proportional changes
ceus) were deleted from the data set. Data were pooldzetween treatments that exceeded the background var-
into two groups, forest species and habitat generalisetion in the references were considered biologically
(see Appendix), for one set of analyses. Because raglevant. We call this the effect size (ES) method. We
ident species were relatively rare, we also pooled theseport results of both analysis techniques (Table 2);
for analyses, as they were subjected to similar wintérowever, we evaluate our results using the ES method,
conditions on the study area. For single-species andlecause power was low for several species and we
yses, we deleted species with fewer than 10 individualgished to assess biological significance. To be con-
in reference reserves prior to harvesting, because wervative in our interpretations, we also noted when
planned to compare abundance changes on treatmdiiferences occurred within 5% of the ES.
reserves from pre- to post-harvest relative to changes
on reference reserves. ResuLTs

Data reduction and compilation

Data analysis A priori gap sensitivity classifications

To avoid pseudoreplication, our unit of analysis is We assigned each of the 11 species for which we
the reserve, not the sampling station. Data were an3@d sufficient data to analyze as gap sensitive or gap
lyzed in two ways. First, we used a repeated-measurBgutral according to their gap-crossing propensities and
ANOVA with year as the within-subjects factor andhabitat affinities (Table 1). There was a fairly good
treatment (reference, isolated, or connected reserve)@¥icordance between the predictions made using gap-
the between-subjects factor. Annual abundances po§foSsSing behavior and habitat affinity, except for the
harvest were compared with the pre-harvest abufR€d-eyed Vireo\ireo olivaceus).
dances, in order to test for year treatment interac-
tions. Initially, reserve size was entered as a covariate,
but because reserve sizetreatment interactions were We first compared the relative abundances of pooled
not significant, reserve size was not included in finand single species on the reference sites with those in
models. To avoid Type |l errors due to small sampléhe isolated reserves, to assess responses to isolation.
sizes and to be cautious in our interpretation of poters a group, forest species did not exceed pre-harvest
tial impacts of fragmentation, we considerBd< 0.10 levels, but their abundance was consistently higher in
to be statistically significant. reference reserves, with the exception of crowding in

To be biologically significant, treatment effectsthe isolates in the first year post-harvest (Table 2, Fig.

Abundance responses in isolated reserves
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TaBLE 2. Percentage variation and range of abundance
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in reference reserves and reserve type (C, connected; |, isolated;

R, reference) with the highest abundance, using the Effect Size (ES) method.

Reserve type

Abundance with highest
Variation (%) range in relative P for yr X trt Treatment
in reference references abundance interaction effect with
Species used in analysis reserves (ES) (n = 6yr) (no. years)t from ANOVA ES method?t

Forest species grouped 13 186-240 R (4) <0.001 yes
Habitat generalists grouped 31 109-180 = 0.32 no
Residents grouped 45 17-42 R (4) 0.91 yes
Ovenbird 37 33-61 = 0.32 no
Black-throated Green Warbler 37 11-22 R (2) 0.16 yes
Western Tanager 56 4-14 RC (2) 0.15 yes
Yellow-rumped Warbler 46 35-69 R (1) 0.05 yes (NC)
American Redstart 127 2-10 NP 0.51 no
Connecticut Warbler 40 12-27 C (2) 0.53 yes
Red-eyed Vireo 69 16-24 C (4) 0.10 yes
White-throated Sparrow 25 27-44 C (2) 0.63 yes
Mourning Warbler 26 15-22 C (3) 0.58 yes
Yellow-bellied Sapsucker 29 6-11 RI (3) 0.32 yes
Chipping Sparrow 53 10-21 NP 0.28 yes (NC)

Notes: For detailed information on annual abundance changes, see Figs. 2-5. See Appendix for scientific names.
T Reserve type with highest relative abundance using ES methetiridicates that no difference between reserve types
was detected; NP, no pattern was detected in which reserve type had higher relative abundance.

F NC, no consistent effect of treatment over years.

a) Forest birds

2a). Habitat generalists remained at pre-harvest levels
in all reserve types from 1994 to 1996, with no dif-
ference between reserve types, and then increased

12 above pre-harvestlevelsin 1997 and 1998 in all reserve
1.0 B = 1993 types (Table 2, Fig. 2b; year effect (ANOVAJ =
N " Abundance 28.9, df= 5, P < 0.001). Resident species had higher
0.8 1 R. 227 birds abundances in reference reserves than inisolates in four
1. 265 birds of five years post-harvest (Fig. 3). Resident numbers
0.6 C‘. 281 birds were highly variable over the 5-yr study period (year
effect (ANOVA), F = 10.5, df= 5, P < 0.02). Among
§ O individual species, only the Black-throated Green War-
-;E 02 1 bler (Dendroica virens) and Western TanagePiranga
2 ludoviciana) were more abundant on reference reserves
:_;‘ 0.0 1 L. m Reference than in isolates in more than one year, and this only
= ylate
E b) Habital generalists W Ieolare Resi A
5 1.8 1 O Connected esident species grouped
2 1.6 2 2.0y ;A
S 14 - = M Reference
B E 1.6 | Isolate
G U Connected
(']g 1 1993 g 2] i
-0 7 Abundance =
oy R 109birds £ 08 g Kbiryisice
- I, 182 hl_r_dsl ) | R, 22 birds
C, 155 birds 2, 0.4 1 I, 25 birds
02 1 s C, 19 birds
0.0 - " o £ 0.0 -
1994 1995 1996 1997 1998 1994 1995 1996 1997 1998
Fic. 2. Post-harvest abundances of (a) forest birds andFic. 3. Post-harvest abundances of resident bird species

(b) habitat generalists relative to pre-harvest abundances combined, relative to pre-harvest abundances on the same
the same sites for references (R), isolates (I), and connectsites for references (R), isolates (l), and connected (C) re-
(C) reserves. Bars with different letters are significantly difserves. Bars with different letters on top are significantly
ferent within a year using the Effect Size (ES) method. Groumifferent within a year using the ES method. Groups of bars
of bars with no letters on top are not significantly differentwith no letters on top are not significantly different. Initial
Initial abundances in each reserve type pooled prior to hasmbundances in each reserve type pooled prior to harvesting
vesting (1993) are indicated to the right of the panels. (1993) are given to the right of the panel.
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a) Ovenbird b) Black-throated
1993 Green Warbler
Abundance 1993
R, 61 Abundance
10 1,31 L2 R, 21 A
C, 54 . 1.0 I, 32

C 15

0.8

=

0.6

S

0.4

A R

0.21

RrSE

0.0

¢) Western Tanager d) Yellow-rumped Warbler

1993 1.87 1993
Abundance 1.6 Abundance A
R, 10 ’

1.44
1.24
1.07
0.81
0.6
0.4

Total proportional abundance

e) American Redstart

1.2 - 1993
Abundance

R, 10

1.0 T.29

M Reference

0.8 -
| Isolate

[] Connected

0.6 1

0.4 1

0.2 1

00 d i | | L =
1994 199 1996 1997 199
Fic. 4. Post-harvest abundances of bird species predicted to be gap sensitive relative to pre-harvest abundances on the
same sites for references (R), isolates (I), and connected (C) reserves. Bars with different letters on top are significantly
different within a year using the ES method. Lowercase letters indicate differences within 5% of the ES cutoff. Groups of
bars with no letters on top are not significantly different. Initial abundances in each reserve type pooled prior to harvesting
(1993) are given above each panel.

occurred in 1997 and 1998 (Table 2, Fig. 4). Yellow- Efficacy of corridors

bellied SapsuckersSphyrapicus varius) had similar  gqr forest birds as a group, presence of corridors did
abundances in reference and isolated reserves in th{g increase abundances in connected reserves above
of five years post-harvest, suggesting that they are n@fpse in isolated reserves (Fig. 2). Abundances of res-
gap sensitive (Table 2, Fig. 5). The remaining speciggent species in connected reserves were similar to
showed no consistent pattern of abundance changestdBse in reference sites in three of five years, suggesting
reference sites vs. isolates over the years (Figs. 4 atitht corridors may be helpful for these species (Fig.
5). 3). Connecticut Warbler@porornis agilis), Red-eyed
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Vireo, White-throated SparrowZbnotrichia albicol- In an earlier paper (Schmiegelow et al. 1997), we
lis), and Mourning Warbler @Qporornis philadelphia) reported results from the same experiment before and
showed highest relative abundances in connected tero years after harvest. The overall conclusions that
serves; Red-eyed Vireos for four of five years, Mournwe made then are consistent with those of the present
ing Warblers for three of five years, and the other twstudy. Although fragmentation effects were detected at
species in the last two years only (Table 2, Fig. 5)hat time for some species, the effects were of small
However, because these species were not significanthagnitude and were most prevalent in the smallest re-
lower in isolates than in reference sites, we concludserves (1 ha and 10 ha). Resident species were high-
that this may be a habitat effect rather than an effetighted as the group most affected by fragmentation,
of the corridor per se. For the remaining species, themonsistent with research in boreal forests of Fennoscan-
was no consistent pattern of abundances across resediee (e.g., Helle and "Jainen 1986, Virkkala et al.
types over years, except for the Western Tanager, whid994). In addition, gap-crossing experiments conduct-
did relatively better in connected reserves than in is@d in winter on resident birds indicate that they use
lates for three of five years (Fig. 4). corridors in preference to flying across open fields (St.
Clair et al. 1998). Hence, despite their rarity compared
to migrants (residents comprise only 6% of total bird
Behavioral classification (gap-crossing propensitygbundance; Schmiegelow et al. 1997), they are of major
was not useful in classifying single species as to howonservation concern (see also Schmiegelow afid-Mo
gap sensitive they would be. Habitat affinity was usefulsnnen 2002). Unfortunately, this rarity makes it more
in a coarse way: forest birds as a group appeared to B#ficult to detect changes in abundance of species over
gap sensitive, and resident species, most of which agighe (Carlson 2001).
found in older forest, also appeared to be gap sensitive.Most studies on corridor use and isolation effects in
Lack of significance at the level of individual speciesirds have been conducted in agricultural landscapes
was influenced by relatively small sample sizes anghere the matrix structure and composition contrasts
high variation in abundances. highly with the forest patches, and the land use change
in the matrix is permanent (e.g., Lens and Dhondt 1994,
. ) Haas 1995, Grubb and Doherty 1999). Sieving et al.
Efficacy of corridors (1996) found that the structure of the matrix beside
In our original design of the Calling Lake Fragmenforest patches influences the probability of forest birds
tation Study, we connected reserves with buffer stripsntering them in response to song playbacks, with dens-
to provide travel corridors for birds moving througher vegetation being more permeable. In landscapes
the landscape (Schmiegelow and Hannon 1993). Vd@minated by forestry, the clearcut matrix regenerates
reasoned that providing a connection to more contirand gaps in the forest are not permanent. The clearcuts
uous forest on one side of an otherwise isolated reserireour area have been regenerating quickly (by 1997,
would facilitate colonization or recolonization of thatthe mean height of regenerating trees and shrubs was
reserve after the surrounding area was harvested. Wé3 cm; Robichaud et alin press) and the number of
found that during dispersal some species of birds usegecies found singing in the clearcuts has increased
the corridor for movement and were not observed titom 1994 to the present (Schmiegelow and Hannon
fly across the clearcuts (Machtans et al. 1996, Robl999). Concomitantly, Robichaud et aln press) not-
chaud et al.jn press). However, although both forested a decrease in capture rates of birds in the corridors
species and resident species, as groups, had lower aband an increase in captures in the regenerating clearcuts
dances in the isolated reserves than in the referenicelate summer four years after harvesting, indicating
sites after isolation by forest harvesting, only residernthat more birds were using the clearcuts for dispersal.
species appeared to be “rescued” by the presence Other studies have also suggested that dispersing ju-
a corridor to the connected reserves. Of the individu&eniles of some species may use early-successional for-
species analyzed, only the Western Tanager and Bladst with dense ground cover, such as that found in
throated Green Warbler appeared to benefit from thregenerating cutblocks, for movement (e.g., Anders et
presence of a corridor, but this was not consistent ovat. 1998, Vega Rivera et al. 1998).
all years. Hence, our results suggest that corridors had
limited utility for most species, at least over the short
term of our experiment and in a landscape that was We assumed that our treatment effects were primarily
still ~67% forested. One caveat of this conclusion iselated to variation in the connectedness of reserves.
that interannual abundances of most species were quiHewever, some forest species may have been deterred
variable; hence, our ability to detect what we definettom settling in the isolates or connected reserves be-
to be a biologically significant effect against this nateause of edge effects (e.g., Saunders et al. 1991). Pro-
ural background variation was limited. As well, we hagortionally less edge was created around connected re-
insufficient data to analyze most species within theerves than around isolated reserves. Our point-count
community at the individual level. stations sampled up to the edges of the reserves; hence,

Accuracy of our a priori predictions

DiscussioN

Potential confounding factors
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Fic. 5. Post-harvest abundances of bird species predicted to be gap neutral relative to pre-harvest abundances on the
same sites for references (R), isolates (I), and connected (C) reserves. Bars with different letters on top are significantly
different within a year using the ES method. Groups of bars with no letters on top are not significantly different. Initial
abundances in each reserve type pooled prior to harvesting (1993) are above each panel.
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some of the habitats sampled could have been altersgference and/or connected reserves. Hence, either our
from the pre-harvest condition and been more attractivdesignations of gap sensitivity based on behavioral data
to generalist species. Song (1998), working 5 km northre not appropriate, or the abundances of species that
of our sites, detected no difference between densitiase studied are too variable to detect a difference. For
of songbirds at 2-yr-old forest—clearcut edges vs. ploexample, Ovenbirds, apart from crowding in the iso-
in continuous forest. Hence, we do not believe that odates in the first year after harvest, were consistently
results are confounded by possible habitat changeshagher in abundance in reference reserves, but this was
edges. neither statistically nor biologically significant, given

Secondly, some species may have been deterred frolne background variation in this species. The low pre-
settling in isolates or connected reserves due to an idictive power and the logistical constraints to conduct
crease in nest predation at the forest—clearcut edgegap-crossing experiments may preclude the widespread
in the whole reserve, as documented for other fragise of this technique to assess sensitivity of birds to
mented forest systems (e.g., Paton 1994). We reject tlifagmentation.
possibility because we found no increase in predation All species defined as habitat generalists (Table 2)
of artificial nests in fragments compared to referenceppeared to be gap neutral. Other studies have also
in continuous forest up to five years post-harvest, ndound seral stage or habitat affinity to be good predic-
was there a higher nest predation rate at the forest edges of patch colonization in fragmented landscapes
when compared to the interior (Cotterill and Hannoite.g., Villard and Taylor 1994, Canterbury et al. 2000).
1999, Song and Hannon 1999). In addition, in a studgecause information on habitat affinity can be derived
on the reproductive success of American Redst&ds ( from broad-scale census techniques, this method of
tophaga ruticilla) conducted in the same landscape, welassifying potential sensitivity to one aspect of frag-
found no increase in predation rate on nests close noentation (i.e., habitat isolation) may be useful for
clearcut edges (S. J. Hannon and M.-A. Villaudh- entire communities of species.
published data).

Finally, increased abundances in reference reserves
relative to the more isolated reserves could have beenGaps created in forest cover by recent clear-cutting
due to area sensitivity of some species. Although wappeared to reduce the probability of reaching isolated
cannot discount this possibility, we do not think thiforest patches for some forest birds, especially resi-
is the case for several reasons. The effective size dénts, at least up to five years post-harvest. Although
connected reserves was larger than that of isolates lm®nnecting isolated forest patches with 100 m wide
cause of the riparian buffer strip adjacent to one sidérested corridors did not appear to increase connec-
but for forest species, this did not translate into higheivity of the landscape for most species, reduced con-
abundances in connected vs. isolated reserves. As wealgctivity will probably be ameliorated over the longer
work in this region has failed to detect avoidance aoferm for species that use young forest as habitat, due
clearcut edges in boreal passerines (Song 1998, Latn-the rapid regeneration of the clearcuts. However, in
bert and Hannon 2000). Moreover, even the small réhe managed boreal forest landscape that we studied,
serves that we studied were sufficient in size to erhere is concern over old-forest specialists, such as the
compass the territories of species included in our anaBlack-throated Green Warbler, Western Tanager, and
yses. Thus we can rule out most factors that miglseveral resident species. Under existing harvesting op-
contribute to area sensitivity, and thereby confound therations, the second pass of logging occul$ yr after
interpretation of our results. the first pass, leaving a landscape of 10-yr-old regen-
eration and clearcuts, with a few remnant patches of
older forest in buffer strips, inoperable areas, and lim-

We examined two ways of predicting gap sensitivityited small reserve areas. Thus, the impacts of loss of
behavioral observations of gap-crossing propensitiesnnectivity for old-forest specialists may be more se-
and habitat affinities. Ovenbirds, Yellow-rumped Warvere after the second pass of logging, although overall
blers Oendroica coronata), and Red-eyed Vireos were habitat loss will probably be a more important factor
classified a priori as gap sensitive based on behavioial causing declines (e.g., Andrel994, Fahrig 1997).
observations of gap crossing and use of corridors; Ov- The costs and benefits of providing corridors must
enbirds, Black-throated Green Warblers, Western Tabe evaluated in the context of entire ecosystems. In our
agers, Yellow-rumped Warblers, and American Redstudy region, 30—100 m wide buffer strips are currently
starts were classified as gap sensitive due to habitaft by logging companies along stream and lake cours-
affinities. Red-eyed Vireos were clearly not gap seres for the protection of water quality. Recent research
sitive, as their highest densities occurred on connect@dthe boreal mixedwood in this region has questioned
reserves. Of the remaining species classified as gt usefulness of providing buffers on all lakes for this
sensitive, only the Western Tanager, after crowding infourpose (Devito et al. 2000, Prepas et al. 2001). In
isolated and connected reserves in the first year postddition, 100 m or narrower buffer strips do not provide
harvest, had a pattern of higher relative abundancesbneeding habitat for many forest bird species in this

Conclusions and conservation implications

Predictors of gap sensitivity
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community (Hannon et alin press). Hence, in the  cisions by forest songbirds during the post-fledging period.
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APPENDIX

A list of boreal bird species used in the analysis, organized by habitat affinity, is available in ESAs Electronic Data
Archive: Ecological Archives A012-014-A1.



