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Compensatory behavior of Ensatina
eschscholtzii in biological corridors: a field
experiment

Daniel K. Rosenberg, Barry R. Noon, John W. Megahan, and E. Charles Meslow

Abstract: Despite the general lack of theoretical or empirical support, biological corridors are assumed to mitigate the
detrimental effects of habitat fragmentation by increasing landscape connectivity. To test the hypothesis that mechanisms
which affect immigration rates from a source to a target patch are affected by the presence of a corridor in an otherwise
unsuitable matrix, we created two strongly contrasting pathways in replicated field experiments. One pathway type included
only bare mineral soil, the other included a potential corridor. We conducted these experiments with Ensatina eschscholtzi, a
salamander in the family Plethodontidae. Pathways with surface organic material removed provided a harsh environment for
E. eschscholtzi, which was reflected by lower selection, shorter residency time, and higher movement rates than on pathways
that contained vegetation (corridor pathways). However, the numbers of E. eschscholtzi reaching target patches connected by
corridor pathways were greater than those reaching target patches connected by bare pathways only in plots in which the
matrix environment seemed most severe. Our results suggest that identifyingcandidate corridor areas on conservation maps
might be difficult because animals may show compensatory behavioral responses to different types of habitat separating
source and target patches. We argue that knowledge of a species’ habitat-specific dispersal behaviors is critica to reliably
designating corridors as functional components of reserve design.

Résumé : En dépit de I"absence de preuves théoriques ou empiriques, on attribue aux corridors biologiques des propriétés
attknuantes sur les effets néfastes de la fragmentation de I’ habitat parce qu'ils accroissent la connectivité entre les paysages.
Pour éprouver I’hypothése sdon laguelle les mécanismes qui affectent les taux d'immigration d'un terrain source a une
destination cible seraient affectes par la présence d’un corridor sur un substrat généralement hostile, nous avons créé deux
types de parcours trés différents au co ur sd’expériences répétées, I'un exclusivement sur du sol mineral nu, I’autre comportant
un corridor potentiel. Une salamandre de la famille des Plethodontidae, Ensatina erchscholtzi, a servi d'animal experimental.
Les parcours 3 surface dénudée de matiére organique constituaient un milieu trés hostile pour les salamandres; ces parcours
étaient peu fréquentés, les salamandres 'y restaient que pour de courtes périodes et leurs taux de déplacement y étaient plus
élevés que le long des parcours garnis de végétation (corridors). Cependant, il n'y a que dans les milieux extrémement hostiles

qu'un plus grand nombre de salamandres ont atteint les terrains cibles réunis par des corridors. Nos résultats démontrent que
la reconnaissance de corridors potentiels sur des cartes de conservation est un excercice difficile parce que les animaux
manifestent parfois des comportements de compensation lorsqu’ils se retrouvent en présence d habitats différents entre un
terrain source et une destination cible. La connaissance préalable des comportements de dispersion d'une espéce dans des
habitats spécifiques est indispensable 4 la création de corridors adéquats dans I’aménagement des réserves.
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Introduction

Habitat fragmentation, the reduction of total habitat area and
connectedness, is commonplace in landscapes throughout the
world and is one of the greatest thregts to biologica diversity
(Harris 1984; Wilcox and Murphy 1985; Temple and Wilcox
1986; Wilcove et d. 1986). The principles of idand biogeogra-
phy (eg., MacArthur and Wilson 1967), models of demo-
graphic stochadticity (eg., Shaffer 1981; Soulé 1987) and
inbreeding depresson (Schonewad-Cox et d. 1983; Mills and
Smouse 1994), and metapopulation theory (Levins 1970;
Taylor 1990; Hanski and Gilpin 1991) lead to predictionsthat
andl isolated populaions, such as those that may result from
hebitat fragmentation, will have high locd extinction rates.
Empiricdl evidence supports this contention (Simberloff and
Wilson 1970; Smith 1974, 1980; Simberloff 1976; Gill 1978;
Fritz 1979; Schoener and Spiller 1987, Harrison et a. 1988;
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Soul6 e d. 1988). As rdaively homogeneous environments
are fragmented, panmictic populaions may become a composite
of metapopulations or discrete, isolated populations (Hanski
and Gilpin 1991), depending upon the rate of exchange of
individuds among populations.

In fragmented landscapes, high resdstance to movement
across unsuitable habitat would be expected to isolate popula
tions and eevae extinction rates. Decreasing ether the degree
of fragmentation or the redstance to movement between
patches would be expected to increase exchange among popu-
laions and may reduce locad extinction rates (reviewed by
Sjogren 1991). The concept that connectivity among patches
of fragmented habitat decreases the probability of locd extinc-
tion of populations and ultimately maintains biologica diver-
sity has become a paradigm in conservation biology (Dosk and
Mills 1994). Linear patches of natura vegetation (“corridors’)
have been advocated as a means to facilitate connectivity of
fragmented landscapes (Noss 1983, 1987; Harris 1984, p. 141;
Soulé et d. 1988; Bennett 1990). Indeed, inclusion of corridors
in habitat-conservation plans has gained wide acceptance as
an essentid component of consarvation planning (Noss 1987,
Saunders and Hobbs 1991; Mann and Plummer 1993; Noss
and Cooperrider 1994). However, the value of corridors has
been chdlenged (eg., Simberloff and Cox 1987; Simberloff
et a. 1992; Rosenberg et a. 1997). The controversy is caused
lagdy by a lack of empirica studies on the efficacy of corri-
dors in linking otherwise isolated habitat patches and,
ultimatdly, on the resultant locd and regiond population-
extinction rates (Simberloff 1988; Rosenberg et d. 1997).

Few sudies have been conducted on the means by which
corridors facilitate animal movement through fragmented
landscapes, despite the assumed importance of corridors in
conservation hiology. Recently, severd experimentd studies
of corridors have been conducted (reviewed in Rosenberg
et a. 1997). La Pdla and Barrett (1993), Andreassen ¢ d.
(1996), and Coffmann (1997) tested the efficacy of biologicad
corridors in fadilitating movements of voles (Microtus  spp.),
Haddad (1997) tested the effects of corridors on butterfly
movement paterns and density, and Machtans et a. (1996)
tested effects on landbirds in a quas-experimenta design.
These dudies typicdly demongtrated that for some species and
in some landscape contexts, corridors increased movement
rates among patches, but were not essentiad for movement to
occur (Rosenberg et a. 1997). Observetiona studies support
these findings and have often been cited as evidence of corri-
dors facilitating movement among habitat patches (e.g.,
MacClintock et a. 1977; Bennet 1990). The observationa
dudies have often been criticized as unsubgtantisted (Nicholls
and Margules 1991; Simberloff et d. 1992; Rosenberg et d.
1997). Further, few species and environmental contexts have
been dudied, thus the hypothesis that corridors effectively
connect otherwise isolated populations and thereby increase
regiond perssence remans relatively untested (Nicholls and
Margules 1991; Simberloff et d. 1992).

We created “microlandscapes’ (sensu Johnson et a. 1992)
with two drongly contrasting pathways to test the hypothess
that immigration to a habitat patch is increased by the presence
of a corridor in an otherwise unsuitable habitat matrix. Such
an gpproach dlows direct testing of the mechanisms that may
be responsble for differences in movement patterns, but may
be limited in terms of the generd gpplicability of the findings
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to red landscapes. We view this study as an initid invediga
tion of the difficult task of underdanding movement patterns
of vertebrates in heterogeneous landscapes.

We chose Ensatina eschscholtzi, a sdamender in the fam-
ily Plethodontidee, as a test organism because of individuds
smdl home ranges, high density, activity near the soil surface,
where they can be captured and monitored, and known micro-
habitat requirements (Stebbins 1954). These characterigtics
make them suitable subjects for this study because (i) smdl
landscapes could be created in which the populaions were
tractable but sufficiently large numbers of individuas could
dill be monitored, (i) dispersd events could be crested by
increesing the dendties of animds above normd leves, and
(iii) habitet could be manipulated relaively eesily because of
the animds sengtivity to microdimatic veriation.

Natural history of E. eschscholtzi

Ensatina eschscholtzi are found in forests from southwestern
British Columbia to southern Cdifornia dong the Pecific coast
inland to the Cascades and Sierra Nevada. They occupy many
moist forest conditions (Bury 1983; Gomez and Anthony
1996) and are most abundant in forests with deep organic sails
and abundant woody debris. Densities may reach 1300/ha in
high-quality habitat (Stebbins 1954, p. 74). Movement is pri-
marily nocturna and occurs doing moist conditions (Stebbins
1945, 1954). Ensatina eschscholtzii are dmost dways found
under cover during daylight.

Ensatina eschscholtzi are rdatively sedentary. Stebbins
(1954) found that adult males typicaly move greater distances
between successive (diurnd) locaions (x = 10.0 m) than fe-
mdes (x = 53 m) and juveniles move gpproximately one-third
the distance of adults Similar paterns in maes and femdes
were reported by Staub et d. (1995): the maximum distance
moved between recaptures was 60 and 120 m for females and
males, respectively. Stebbins (1954) edimated mean home-
range diameters of 10.0 m for femades to 195 m for maes.
Territoria behavior of E. eschscholtzii has not been reported,
dthough it has been documented in severd related (plethodon-
tid) species (Jaeger 1979; Jaeger et a. 1986; Harston 1987;
Nishikava 1990).

Study areas

We edablished 5 experimentd plots (Fig. 1) in Douglasfir
(Pseudotsuga menziesii) stands in the Coast Ranges of western
Oregon; 3 were located in Lincoln County (plots A, B, and C)
and 2 were in Benton County (plots D and E). Plots D and E
were approximately 200 m apart (center to center); the remain-
ing plots were >2 km gpart. Study Stes were characterized by
a mild dimae with smdl diurnd fluctuaions in temperature
(6-10°C), with wet, mild winters and relaively cool, dry sum-
mers. Precipitation occurs mogtly as rain (150-300 cm annu-
dly), with 75-85% occurring between 1 October and 31
March and only 6-9% during summer (Franklin and Dymess
1973). Precipitation decreases from the Pecific coast inland
towards the Willamette Valey because of the influence of rain
shadows (Franklin and Dymess 1973). Therefore, the 2 inte-
rior-most study plots (D and E) typicdly receive less precipita
tion than the more westerly plots (A-C).

Although the dudy stes lie within the western hemlock
(Tsuga heterophylla) zone (Franklin and Dymess 1973, p. 70),
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Fig. 1. Design of the experimental plots. Each plot contained 2 pathways (3 x 40 m) with natural vegetation (“corridor”) and 2 with only a bare
mineral soil surface remaining (“bare”). A barrier fence was installed around the perimeter of the plot. The study included 5 plots with the
treatments (corridor, bare) applied randomly among the 4 pathways extending from the source patch to the target patches of each plot. To
facilitate presentation, pitfall traps are illustrated as being outside of the target patches, however, they were placed at the edge of the linear
patches embedded inside the target patches, arranged in a row of approximately 16 in each target patch.
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Douglasfir predominates; in stands that were regenerated with
nursery sock (plots D and E), only Douglasfir seedlings were

planted. The study Stes were characterized by amost continu-

ous canopy cover, dense shrub cover, and rddively little herb
cover, characterigics typicd of this region (Franklin and

Dymess 1973, p. 76). Shrubs and ferns included Berberis ner-

vosa, Polystichum  munitum, Pteridium aquilinum, Gaultheria

shallon, Vaccinium spp., Cornus nuttallii, and Acer circi-

natum. An amost continuous ground cover of moss existed in
dl plots.

Materials and methods

Plot design and construction
We designed study plots to represent landscapes with and without
corridors in which the matrix, i.e., the environment in which habitat
patches and corridors are embedded, was composed of poor-quality
habitat. To create the matrix we removed organic matter from the soil
surface. This very labor-intensive effort limited the spatial scale of the
study and motivated us to establish fenced pathways in which animals
were forced to choose alternative pathways for movement rather than
creating a large area of matrix habitat in which they could move
freely.

Each plot condged of a centrd source patch 3 x 3 m) ad 4 tage

patches (1x 3 m) of unmodified habitat connected to the source patch
by fenced pathways (3 x 40 m; Fig. 1). To facilitate description, we
refer to the pathways with natural vegetation (described below) as
corridor pathways and those without vegetation as bare pathways.
From 14 to 16 adjacent pitfal traps (Corn and Bury 1990) were placed
at the end of each pathway along the boundary with the adjacent target
patch (Fig. 1); these traps were used to score the number of successful
movements from source to target patches. Aluminum flashing (25 cm
above and below ground) was installed around the perimeter of the
entire plot to contain the salamanders. To restrain E. eschscholtzii
from climbing out of the enclosures, we bent the top 5-7 cm of the
fence towards the enclosure at a 90° angle. In an effort to eliminate
possible confounding effects of naturally occurring salamanders, we
operated pitfall traps for 18-24 days at 5-m intervals along both sides
of corridor pathways prior to each experiment. The pitfall traps were
not placed at the sides of the bare pathways because we believed that
the traps would provide habitat (along the sides and underneath the
trap) in an otherwise poor-quality environment.

In each plot, we manipulated the microhabitat in the pathways. We
created bare pathways in 2 randomly selected pathways of each plot.
In these pathways, we removed organic material (e.g., stumps, litter,
woody debris, and vegetation <5 cm diameter at breast height), leav-
ing a surface of mineral soil. In the remaining 2 pathways of each plot
we created corridor pathways: organic matter was removed only from
the outer 1 m at each side; we |eft the central 1 m in a natural condition
(Fig. 1). Before each experiment, bare areas were re-treated to ensure
that organic matter was largely absent from the soil surface; we aso
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removed organic matter from approximately 30 cm along the outside
perimeter of each plot.

Monitoring movements

We marked E. eschscholtzii with radioisotopes (Tal®2) for detection
and by toe-clipping for individua identification. We anesthetized
them with a 0.3 g/L solution of tricaine methanesulfonate (MS 222)
buffered with 2.2 g/L of sodium bicarbonate. Ensatina eschscholtzi
remained in this aqueous bath until they were completely immobile,
which took approximately 5 min. We used a hypodermic needle (26
gauge) to create an opening in the abdomina cavity into which we
inserted a 20nCi (1 Ci = 37 GBq) Tal®2 wire (approximately 0.4 x
2 mm), following the methods of Madison and Shoop (1970). En-
satina eschscholtzii resumed activity within 10 min of this procedure.
A scintillation survey meter (Model 3, Ludlum Measurements, Inc.,
Sweetwater, Tex., U.SA.) and a gamma scintillator (Model 44-10,
Ludlum Measurements, Inc.) attached to a wooden pole were used to
monitor the location of Tal®2 -marked E. eschscholtzii. The detection

limit was approximately 2 m on the surface and up to 0.5 m underground.

Collection site and handling

Ensatina eschscholtzii were collected during a visua search in and
under litter and woody debris in October 1992 (expt. 1) and April
1993 (expt. 2) from a young (approximately 40-60 years old)
Douglasfir plantation located approximately 18 km northwest of
plots D and E and 212 km northeast of plots A-C. The stands at the
collecting site were similar in age and structure to those where the
plots were located. Following capture, E. eschscholtzii were kept in
26 x 13 x 33 cm plastic containers in a thermally regulated environ-
ment (11-16° C) with approximately 8 h of diffuse light per day.
Water, in the form of mist, and fruit flies were added at approximately
weekly intervals. Our procedures of care while the animals were con-
fined away from the field site were similar to those used by Ovaska
(2987) with Plethodon vehiculum.

Overview of experiments

We conducted two experiments. The objective in expt. 1 was to test
how the presence of corridors affected movement patterns. Experi-
ment 2 was conducted to evaluate how robust were the findings from
expt. 1 to changes in two variables: (1) increased severity of the ma
trix habitat and (2) anima experience.

In expt. 1 we marked and released a total of 250 adult E. esch-
scholtzii. The 50 adults per plot included 31 males and 19 nongravid
(ovarian eggs not externaly visible) females. We considered E. esch-
scholtzii with a snout-vent length of >4.2 cm to be adults (Rosenberg
1995). We introduced E. eschscholtzii into each plot on successive
days (one plot was initiated per day). Ensatina eschscholtzii were
confined to the source patch during a 4-day acclimation period after
which we removed the acclimation barriers and monitored salaman-
der movements at approximately 24-h intervals from 14 November to
8 December 1993, a total of 21 days per plot. Ensatina eschscholtzii
that reached target patches were removed from the study and later
released following removal of the Tal® wire.

Experiment 2 consisted of two trids, first (trial A) with juveniles
and then (trid B) with adult males. Rain interfered with the comple-
tion of trial A during dry (i.e, harsh) conditions. We commenced
tridd B when conditions were likely to remain dry until the experiment
was completed (Rosenberg 1995). In contrast to expt. 1, juvenile
(trid A) and adult male (trial B) E. eschscholtzii that reached target
patches before the end of the experiment were returned to the center
of source patches for evaluation of the behavior of “experienced”
individuals.

In trial A, we marked and released a total of 25 juvenile E. esch-
scholtzii into each plot. We extended the acclimation period from the
planned 4 days while awaiting drier conditions. After the 12- to 15
day acclimation period, juveniles were monitored daily in each plot
for 9 days, from 9 to 17 June 1993. During this period, rain interrupted
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the otherwise dry conditions. We curtailed triadl A so that a new trial
with adult males could be conducted during the brief period of drier
conditions prior to the summer drought, when conditions would be
too severe for E. eschscholtzi to survive the trials (Rosenberg 1995).

In trid B, we marked and released 22 adult male E. eschscholtzi
into the source patch of each plot. After a 4-day acclimation period,
we removed the barri ers that confined E. eschscholtzii to the source
patches, and monitored movements at approximately 24-h intervals
beginning the day after the barriers were removed (26-28 June 1993)
until 9-1 1 July 1993, a total of 14 days per plot.

Assessment pens

The relative physiological cost to E. eschscholtzii in the 2 pathway
types (bare, corridor) in expt. 2 was estimated by assessing behavior,
mass loss, and mortality of E. eschscholtzii placed in 1 x 3 m pens.
We randomly selected a1 x 3 m section in both bare and corridor
pathways in each plot. These areas were fenced with aluminum flash-
ing. We covered the tops with chicken wire to minimize the potentia
for high predation rates; the restricted and exposed area within the
assessment pens and the frequency of our visits motivated us to take
this precaution. In each assessment pen, we confined 5 (Tal8-tagged)
randomly selected E. eschscholtzii (juveniles and nongravid females)
for 12-15 days before trid A and 5 nongravid femaes for 5 days
prior to trial B. We located and weighed (to the nearest 0.05 g) each
salamander daily for the first 5 days (trials A and B) and every other
day for the next 7-10 days (trial A). Assessment pens and E. esch-
scholtzii were removed before E. eschscholtzii were released from
source patches to initiate trils A and B.

Statistical analyses

We estimated 3 parameters that likely influence successful immigra-
tion and 1 parameter that provides an estimate of immigration rates:
(1) selection: the number of E. eschscholtzii initidly located in the 2
pathway types (corridor and bare); (2) movement velocity: (a) initid
distance moved outside of source patches (i.e., metres moved on the
first day) and (b) the total number of successive days spent within the
first pathway entered; (3) physiological cost (expt. 2 only): percent
mass loss in assessment pens; and (4) immigration rate: the number
of E. eschscholtzi located in target patches.

We used a completely randomized block design (Petersen 1985,
p. 7) in the analysis of variance (ANOVA) for al variables except
mass loss. We conducted two genera analyses. one on vaues from
the initial pathway in which an individual was located and the other
on values from the pathway that was entered after the animals were
returned to the source following successful immigration to a target
patch (expt. 2only). Plots were treated as the experimental blocks; the
main effectsinthe  ANOVA model were sex (expt. 1 only ) and treat-
ment. The interaction of plot and treatment was used as the experi-
mental error term for analyses of the main effects of treatment. We
included sex in the ANOVA model for expt. 1 to control for possible
sex effects; however, we report only the variation remaining due to
treatment. The statistical significance of the plot (block) is an approxi-
mate value because the blocking classification was not replicated
(Petersen 1985). Within a plot, we pooled data from pathways with a
common treatment because of their lack of independence. In trial A
of expt. 2, there were no observations of E. eschscholtzii in the bare
pathways within plot D, therefore we excluded plot D from analyses
of initial day, number of days, and distance. We transformed (In + 1)
number of successive days to improve normality but report untrans-
formed means and standard errors. In trial B of expt. 2 (adults), we
located 3 individuas that died in the first pathway in which they were
observed; these individuals were not included in analyses of distance
moved or number of successive days.

We compared mass loss (from the assessment pen study, expt. 2)
between treatments with a multivariate repeated-measures ANOVA
with day as the repeated factor and initial mass (i.e., mass when the
animals were placed in the pens) as a covariate. The response variable
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Table 1. Variation (¥ + SE) among plots of the number of marked
Ensatina eschscholtzii  located outside of source patches, number
located in target patches, initial day of movement, initial distance
moved, and number of successive days animals were located in the
first pathway entered during expt. 1, November-December 1992.

Distance No. of
Plot  Outsde®  Target” Day® (m) daysd
A 38 28 3.5£0.4 27.1£2.2 2.9+0.7
B 48 36 5.7£0.9 22.8%1.8 2.0£0.2
C 42 27 8.020.7 227425 2.340.5
D 45 20 8.6£0.8 2231211 2.3%0.5
E 48 39 5.0+0.6 27.2+2.1 1.840.4
All® 221 150 62103  244£10 22402

& Number of E. eschscholtzii located at least once outside of source

patches.
Number of E. eschscholtzii located in target patches (i.e., “immigrants”).
C Initial day after release that E. eschscholtzii were located outside of
source patches.
d Number of successive days on which E. eschscholtzi were located in the
first pathway within which an individua was found.
€ All individuals pooled.

was the percentage of mass loss from the initial mass. We tested the

effect of treatment (bare, corridor) and day (which includes both the
characteristics of the particular day and length of confinement) and
the interaction of treatment and day. This interaction tests whether the
effect of day on mass loss differed between treatments. For the mass
loss data from trial A, we restricted the analyses to the first 4 days
because the sample size (number of salamanders and number of plots)
decreased after 4 days. We used linear regression to describe the re-

lationship of mean percent mass loss (i.e, the mean for al animals in
each pen) with number of days spent in the pen. We used logistic
regression to test the null hypothesis that mortality in the pens was
unaffected by mass loss recorded on the last observation; the signifi-

cance of the predictor variable (percent mass loss) was assessed with
the deviance tatistic, which has a c2 distribution (Hosmer and
Lemeshow 1989). Because mass loss was minima in animals con-
fined to pens in trid A, we used only data from tria B in the mortdlity
anaysis.

Results

Experiment 1
Of 250 E. eschscholtzi, 221 (88.4%) were located at least once
outside of source patches, 8 (3.2%) were located only in source
patches, and 21 (8.4%) were never located. Of the 221 animals
located outside of source patches, 149 (67.4%) were located in
target patches. The numbers of E. eschscholtzii located outside
source patches ranged from 38 to 48 per plot (Table 1). En-
satina eschscholtzii firss moved outside of source patches, on
average, on the 6th day after initid release (Table 1). The plot
into which E. eschscholtzii were placed did not account for a
sgnificant amount of the variation in initid disance moved or
the total number of successive days spent in the initia pathway
(Fi4,4 <0.8, P 2 0.6). The number and proportion of E. esch-
scholtzi  that reached target patches were considerably lower
in plot D than in the other 4 plots (Table 1), dthough plot did
not account for a significant amount of the variaion (F, 4 =
15 P=0.3).

The presence of a corridor affected the number of E.  esch-
scholtzi  located, distance moved, and the number of succes-
sve days on which E. eschscholtzi were located in the initid

121

pathway entered. Differences from the random expectation of
50% in the number tha entered pathways with and without
corridors ranged from 2.6 to 16.7% more in corridor than in
bare pathways among the 5 plots. Overdl, in corridors versus
bare pathways, we located more E. eschscholtzii (26.8 + 1.8
vs. 17.4 + 1.2 (mean % SE); F14] 165, P = 0.01; Fig. 2, the
initid distance travelled was shorter (195 + 09 vs. 31.8 *
24m;, Fi 4= 161, P =002 Fg. 3, ad more successve
dayswerespent there 30 £ 04vs 1. +£0.07; F14] = 205,
P =0.01; Fig. 4). There was only wesk evidence that more
E. eschscholtzii  were located in target patches connected by
bare pathways (17.4 + 2.8) than in those connected by corridor
pathways (12.6 + 1.3; Mg =31, P = 0.15;Fig.5).

Experiment 2

Trial A: Juveniles

We located a total of 96 (76.8% of 125 released) E.  esch-
scholtzii et least once outside of the source patches (Table 2),
located 7 (5.6%) only in source patches, and 22 (17.6%) were
never located. Of the 96 E. eschscholtzii located outside of
source patches, 74 (77.1%) were located in target patches
(Table 2). A totd of 61 previoudy successful immigrants were
located in pathways after being returned to source patches, and
of these, 46 (75.4%) were located a second time in target patches.

The numbers of E. eschscholtzii located outside source
patches after their initid release ranged from 14 to 24 per plot
(Table 2). Ensatina eschscholtzii were firdt located outside the
source aress typicaly between days 2 and 5 (2.7 + 0.2). The
number of E. eschscholtzii locaed in pathways and target
paiches, the initid distance moved, and the number of succes-
sve days et in a liner patch did not vary sgnificantly
among plots (F[3 ;< 1.6, P 2 0.3; Table 2).

In corridor peth/vays versus bare pahways, grester num-
bers of E. eschscholtzii were located (124 + 1 .0vs. 6.8 £ 1.8;
F[14] =6.7, P =0.06; Fig. 2, they had moved a shorter initid
distance (284 £ 0.7vs 347+£25m; Fp;, 5 = 83, P = 0.06;
Fg. 3), ad they were found on more successve days (2.3 +
03vs 13 £02 F; 3;=182 P= 002 Fig. 4). However, the
greeter numbers 01L E. eschscholtzi (6.6 + 1.0 vs. 56 +

23, P =02; Fig. 2) and shorter distances moved
(§22+05vs342+ 15m Fy y= 12 P=0.3; Fg. 3) were
not evident for individuas returned to source paches follow-
ing successful immigration, but we found a Smilar patern of
a greater number of days spent within corridor pathways (2.6 +
0.3vs 11106, F};, 5 = 530, P = 0.005; Fig. 4).

The numbers of immigrants were dmilar in target patches
connected by corridor (84 * 0.9) and bare (6.4 + 1.4) path-
ways(F 13= 15, P =03; Fig. 5). In plot D, the number of
immigrants was much higher in target patches connected by
corridors (Fig. 5); however, plot did not account for a sgnifi-
cant amount of the variation, as described above. The smilar-
ity between treatment types was even greater for E. eschscholtzii
that entered target patches a second time after having been
returned to source patches (4.4 £ 0.8 vs. 4.8 £1.3; F}y 3 = 04,
P=0.8; Fig. 5).

Assessment pens

The response of E. eschscholtzii that were confined to assess-
ment pens before trid A was not affected by whether or not
corridors were present. Ensatina eschscholtzii logt an average
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Fig. 2. Percentages of Ensatina eschscholtzii located in corridor and non-corridor (bare) pathways. Values shown are from the initial pathway
within which an individual was located during expt. 1 (a), trial A in expt. 2 (juveniles) (b), and trial B in expt. 2 (adult males) (c). Results from
the second (i.e., after the animals were returned to a source patch following successful immigration) pathway entered are shown for trial A (d)
and trial B (e) in expt. 2. Deviation from the value expected under the null hypothesis (50%) was used as a measure of corridor selection.
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Fig. 3. Distances (X £ SE) from the source patches in which Ensatina eschscholtzii were first observed in corridor and non-corridor (bare)
pathways. Values shown are from the initial pathway within which an individual was located during expt. 1 (a), trial A in expt. 2 ( juveniles)
(b), and trial B in expt. 2 (adult males) (c), and from the second (i.e., after the animals were returned to a source patch following successful
immigration) pathway entered during trial A () and trial B (e) in expt. 2. No individuals were located in the initial or second pathway in plot D
in trial A of expt. 2.
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Fig. 4. Numbers (¥ £ SE) of successive days on which Ensatina eschscholtzii were located in corridor and non-corridor (bare) pathways.
Values shown are from the initial pathway within which an individual was located during expt. 1 (a), trial A in expt. 2 ( juveniles) (), and
trial B in expt. 2 (adult males) (c), and from the second (i.e., after the animals were returned to a source patch following successful
immigration) pathway entered during trial A (d) and trial B (e) in expt. 2. No individuals were located in the initial or the second pathway in
plot D in trial A of expt. 2.
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Fig. 5. Percentages of Ensatina eschscholtzii located in target patches connected to source patches by pathways with and without corridors.
Values shown are from the initial target patch entered during expt. 1 (a) and trial A ( juveniles) (b) and trial B (adult males) (¢) of expt. 2.
Results from the second (i.., after the animals were returned to a source patch following successful immigration) target patch entered are
shown for trial A (d) and trial B (e) of expt. 2. Deviation from the value expected under the null hypothesis (50%) was used as a measure of
corridor selection.
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Table 2. Variation (¥ + SE) among plots of the number of marked juvenile Ensatina
eschscholtzii located outside of source patches, number located in target patches, initial day of
movement, initial distance moved, and number of successive days animals were located in

pathways entered during trial A of expt. 2, June 1993.

Can. J. Zool,

Initiad pathway Second pathway@

Distance No. of Distance No. of
Plot  Outside®  Targe Dayd (m) days®  Outside? (m) days®
A 16 12 2.610.5 27.7+3.2 1.610.3 11 31.7+42 14403
B 23 17 2.4+0.4 30425 25+05 15 32.843.1 1.9+0.4
C 24 19 22+04 317825  2.1+0.5 18 327229 1.9%0.5
D 14 10 3.7+0.5 25.4+3.8 2.5+0.5 4 31.0£74 3.0+1.2
E 19 16 3.110.6  34.0£2.7 14202 13 34.4+2.4  2.4+0.7
Allf 9% 74 27402 30313 2002 61 328415  2.040.2

Vol. 76, 1998

“The pathway first entered after being returned to a source patch following successful immigration.
b Number of E. eschscholtzii located at least once outside of source patches.

“ Number of E. eschscholtzii located in target patches (i.e., ©

immigrants”™).

9 Initial day after release that E. eschscholizii were first located outside of source patches.
¢ Number of successive days on which E. eschscholtzii were located in the first pathway within which an

individual was found.
f Al individuals pooled.

of 3.8 £ 0.9% of initid body mass by the 4th day following
placement in the confined pens. There was no effect on mass
loss of the presence of a corridor (F139]—02 P =107, norwas

day a dgnificant factor (F[Q = 0.9, P = 04); the interaction
of day and the presence of a corridor was weak (F73,39) = 2.0,

P = 0.14; Fg. 6). The plot in which E. eschscholtzi were
placed accounted for most (37%) of the variance between sub-
jects (Fla39) = 3.6, P = 0.01); plot D had the lowest daily aver-

age mass loss (<2.5%) and plot C had the highest (7-11%). All

E. eschscholtzi  survived the firs 4 days of confinement; for
any sngle day, mean mass loss was <7% Despite the lack of
a difference in mass loss between patches with and without
corridors, al marked E. eschscholtzii in assessment pens with
corridors were observed (diurndly) 2-10 cm below the surface

in organic mater inthe 1 x 1 m area tha contained moss; none
were ohserved in the bare sections of the pens when organic
matter was available.

Trial B: Adults

We located atotal of 92 (83.6% of 110 released) adult E. esch-
scholtzi  a least once outside of source patches (Table 3), lo-
cated 3 (2.7%) only in source patches, and never located 15
(13.6%). Of the 92 E. exchschaltzi  located outside of source
patches, 69 (75.0%) were located in target paiches (Table 3).
A totd of 48 previous immigrants were located in pathways
after being returned to source patches (Table 3), and of these,
atotd of 35 (72.9%) were located in target patches. Only initia
digtance moved varied sgnificantly among plots (£, 4 = 84,
P = 0.03; Table 3). Initid day, number of days spent within the
initid pathway, and number of E. eschscholtzi  located in lin-
ear and target patches did not vary sgnificantly among plots
(Fl441£02, P> 03; Table 3).

We found differences between pathways with and without
corridors in the number of adult E. eschscholtzii located, dis-
tance moved, and number of days spent within the initid path-
way. Differences from the null expectation of 50% in the
number that entered each pathway type ranged from 8.8%
more in bare pahways to 31.3% more in corridor pathways
(Fig. 2). We located more E. eschscholtzi (12.4 + 1.6 vs. 6.0 +

12; Fjy 4= 6.1, P = 007; Fig. 2), a shorter initid distances
(261 £3.3vs 359+ 19m; F; 4= 335 P = 0.004; Fig. 3),
and on more successive days (2 6 105vs 12 £01; Fyj 4 =
17.2, P = 0.0 1; Fig. 4) in corridor pathways than in bare path-
ways. These paterns adso exisged in pathways tha previous
immigrants entered after they were returned to source patches,
dthough with less ddidicd dgnificance, in the number of
E. eschscholtzi located (6.0+ 0.9vs. 3.6+ 0.5; F; ,,=6.0,P =
0.07; Fig. 2), distance moved (30.5 + 2.7 vs. 37é +15 m
Fp, 4 =30, P =0.15 Fig. 3), and number of days spent in the
first pathway entered (29 + 0.2 vs. 1.1 + 0.1, F 4= 184,
P = 0.01; Fig. 4). We did not detect differences between treat-
ments in the number of adult E. eschscholtzii located in target
paiches. There was no difference in ether the initid target
patch entered (6.8 £ 1.4 vs. 7.0 £ 1.5; F[l 4= 16,P=0.3) or
the target patch previoudy successful imhigrants entered after
they were returned to source patches (3.8 + 0.7 vs. 3.2 + 0.6;
F 4= 0.8,P=04; Fig. 5).

Assessment pens

Percent mass loss increased a a much faster rate in bare pens
(dope = 8.5% g/day) than in corridor pens (dope = 2.8% g/day;

Fig. 6). Percent mass loss was affected by the presence of a corri-

dor (F1 133= 80.1, P = 00001) and the interaction of day and
presence 01l acorridor (£} 0= 25.7,P= 0.0001), but not by day
asasingle factor (Fazo = 1.1, P =0.37). Day affected mass loss
for E. eschscholtzn agter the first day in bare pens but not for
those in corridor pens (Fig. 6). A total of 16 of 25 (64%)
E. eschscholtzii died in bare pens, whereas none died while in
corridor pens. Ensatina eschscholtzii in bare pens in plots D
and E showed the greatest percent mass loss (>42% by the last
day of confinement); mass loss was srongly related to the
probability of mortdity (x2= 21.1, df = 1, P < 0.001). Asin
trid A, dl E. eschscholtzi were obsarved (diurndly) in the
1 x 1 m area that contained moss, none were observed in the
bare sections of the pens.

Discussion

Based on the assumption of increased immigration rates
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Fig. 6. Relationship of percent mass loss in Ensatina eschscholtzii as a function of the number of days spent in bare and corridor assessment
pensintrid A (a) andtria B (b) of expt. 2. The periods in trial A represent the number of days after initial release into the assessment pens;
periods |-5 represent days I-5, period 6 represents days 6 and 7, period 7 represents days 8-11, and period 8 represents days 12, 13, and 15.
Days are grouped into periods because not al plots were checked on the same day. The dotted and solid lines are the best linear representation

of percent mass loss in the bare and corridor assessment pens, respectively. The bars represent the standard error of the mean of the plots. Mass
loss was assessed just prior to expt. 2: May-June 1993 for trial A (juveniles) and June 1993 for trial B (adult males).
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among habitat patches (reserves) embedded in less suiteble
matrix hebitat, biologica corridors are common components
of conservation drategies designed to maintain biologicad di-
versity (Hobbs 1992, Rosenberg et a. 1997). The advantages
of corridors are redized if such pathways are recognized and
sdected (i.e, animas are directed to corridors), and the ani-

DAY

mas achieve higher rates of movement in corridors and (or)
higher survivdl raies within corridors than within the matrix
environment (Fig. 7). The fidd experiments we conducted,
which incorporated strong contrasts in habitat quaity among
possible movement pathways, affected the behavior of
E. eschscholtzi that were placed in them. However,
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Table 3. Variation (¥ + SE) among plots of the number of marked adult male Ensatina
eschscholtzii located outside of source patches, number located in target patches, initial day of
movement, initial distance moved, and number of successive days animals were located in
pathways entered during trial B of expt. 2, June-July 1993.

Initia pathway Second pathway@
Distance No. of Distance No. of
Pot  Outside® Tage®  Dayd (m) days®  Outsid®  (m) days®
A 20 14 27404 225826 2.3+0.5 13 31.0£2.7  2.6x0.5
B 17 13 2.3+0.4 27.8432 25:0.7 9 354423 18+ 06
c 22 15 B4+05 265426 22405 11 283442 23106
of 17 12 5412 324422 25407 6 36.622.4 2.8%1.6
ef 16 15 45+0.9 36.9+2.2 1040 9 34.2+38 1.940.8
Al 92 69 36103 28.6+13 21402 48 324415 22403

4 Pathway entered after the animal was returned to a source patch following successful immigration.

Number of E. eschscholtzi

located a lesst once outsde of source patches.

" Number of E. eschscholtzi located in target patches (i.e., “immigrants”).

b

d |nitid day after

€ Number of
individual was found.

rdease that E. eschscholtzi
successive days on which E. eschscholtzii were located in the first pathway within which an

were firsd located outsde of source patches.

! Ensatina eschscholtzii that were found dead a firgt observation (n = 2 and 1 for plots D and E,
respectively) were excluded from analysis of number of days and movement data.

9 All individuals pooled.

compensatory relaionships between the likedlihood of sdlection,
movement velocity, and survival codts resulted in equd immi-
gration rates to target patches connected by bare and corridor
pathways.

Behaviord responses to pathway types were consstent
among experimentd plots. Ensatina eschscholtzii  generdly
sdected corridor pathways, this sdection varied from wesk to
drong in the most severe matrix environments, suggesting thet
the difference in survivd cods between the corridor and the
matrix influences the likeihood of sdecting corridor pathways
(Rosenberg et d. 1997). Individuas moved more rapidly and
had lower settling rates in bare pathways than in corridor path-
ways. Ensatina eschscholtzii that were returned to the source
patch &fter successful immigretion (expt. 2) typicdly re-
sponded as they did in their initid relesse Differences in
movement rates between bare and corridor pathways were less
pronounced for previoudy successful immigrants than for
those initidly released in corridor pathways because of greater
movement rates in corridor pathways. Successful immigrants
that were returned to source patches may have represented a
biased sample of E. eschscholtzi which were more likdy to
move away from source patches. Their behavior may have
more closdy approximated that of dispersers. In al experi-
ments, mechanisms that contribute to successful immigration
were conggently influenced by the presence of habitat in the
pathway (the potentid corridor), dthough the magnitude of the
various behaviora parameters was not. This incongstency of
reponse rates resulted in immigration rates to target patches
that varied atidly (plot) and temporaly (timing of experi-
ment) between patches connected by bare and corridor pathways.

The relativdly low sdection by E. eschscholtzii of corridor
pahways to enter, despite the corridor's proximity to the
source pach (i.e, within a homerange diameter; Stebbins
1954), and the didtinct difference in habitat between pathway
types indicated a tendency towards random movement. Our
experiments, however, were performed with displaced ani-
mas, and ther movement patterns are likdy different from

those of individuds occupying established home ranges. Nev-
ertheless, our results were consstent with those from previous
dudies of dispersd of various taxa. Long distance dispersa
orientation is often relatively unaffected by habitat for a wide
vaiety of organisms butterflies (Fahrig and Padohemo 1987;
Harrison 1989), birds (Bump et d. 1947; Thomas et d. 1990),

and mammals (Smith 1974; Storm et a. 1976). Indeed, severa
terredtrid  gpecies have been found to disperse through large
bodies of water (Sheppe 1965; Petonen and Hanski 1991), and
in a laboratory experiment, sressed fish (Lepomis macro-
chirus) and crayfish (Orconectes causeyi) exited pens through
inhospitable environments (Matter et d. 1989).

A recent study conducted by Andreassen and co-workers
(1996) on root voles (Microtus oeconomus) provides an inter-
esing comparison with the study reported here. They tested
behavioral mechanisms, smilar to the ones we examined, thet
may be responsble for increesing immigration among patches
connected by corridors. They found a strong effect of corridor
width. Rates of immigration to the habitat patches were great-
e in the midwidth (1 m) and lowest in the widest (3 m) cor-
ridor trestment. These results were attributed to differences in
resstance to movement and in linear speed of movement. Re-
sdance to movement was greatest in the narrowest corridor
(0.4 m), as demondrated by the high percentage (73%) of trids
in which voles did not leave the habitat patch in which they
were released. Movement rates were lowest in the wide corri-
dor, which was dtributed to frequent cross-directiona use of
the corridor. Andresssen et d. (1996) concluded that wider
corridors are not necessarily more efficient as conduits for
movement than narrower corridors, provided the latter are not
0 narrow that they are avoided as movement pathways. These
authors correctly note that their conclusions are based on equd
predation rates among corridor widths, if survivel raes vay
among corridor types then immigration rates (a measure of
corridor efficiency) will be a function of both time spent in
each corridor and the corridor-specific surviva rate. Ther re-
aults are gmilar to ours in terms of the importance of pathway
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Fig. 7. Hypothesized relationship between relative survival cost and
movement rates that determines if a pathway functions as a
corridor. Under the simple model of immigration rate, ( 1 - k)",
where £; is the survival cost per unit time in the ith pathway, v, is
the movement rate of an individua in the ith pathway, and d is the
distance from the source to the target patch, increased immigration
to a target patch via a potential corridor occurs only when the
movement rate in a corridor relative to that in the matrix is greater
than the relative survival cost. This illustrates the trade-off between
these two parameters. The solid line, v./v,, = k/k,,, represents the
equilibrium point a which immigration rates are equal for
movement through the corridor or through the matrix. For a given
relative rate of movement in the corridor (v,) and the matrix (v,,),
corridors increase immigration rates (corridor advantage) over
those achieved through dispersal via the matrix as the survival cost
per unit time decreases in the corridor (k) relative to that in the
matrix (k,), so that v/v,, > k./k,. However, if movement rates
increase in the matrix, owing to a response to perceived higher
survival costs, then there is no corridor advantage; rather, when
Vv < k/ky,, immigration rates are higher when organisms disperse
through the matrix. This is true when it is assumed that &, > k, and
Vi 2 V,. Both of these are reasonable assumptions (Rosenberg et al.
1997): surviva cost in a “non-habitat” is likely higher than in the
habitat with which it is normally associated, and velocity is likdy
lower in high-quality habitat, owing to a settling response. The
results of our field experiments involving Ensatina eschscholtzi
support these assumptions.

Corridor advantage

No corridor advantage

RELATIVE MOVEMENT RATE (v, /Vpy)

RELATIVE SURVIVAL COST (K, / kmn)

sdection and movement rates and the compensatory nature of
these mechanisms in determining the efficacy of corridors.
Our results and those of Andreassen et al. (1996)
demongtrated that the rate of movement between patches is
affected by the nature of the intervening habitet. Thus, smple
distance-based metapopulation models (e.g., Levins 1970) that
do not explicitly incorporate informeation on the context of
paiches may be too smple to adequately moded the dynamics
of populations in red landscapes. More recent modes of
movement among locd populations have included variability
in the codts of interpatch movements (Lamberson et a. 1994,
With and Crist 1995). With and Crist (1995) identified habitat-
specific rates of trandt as a criticd parameter affecting an
individud’s response to habitat fragmentation. Turchin  (1991)
emphasized the importance of including factors that affect the

129

speed of movement when moddling populaion digtribution.
McKelvey et d. (1993) and Shumaker (1996) indirectly mod-

dled habitat-specific movement rates by increasng the likeli-
hood of linear movement out of poor-quality habitats.
Habitat-induced variability in dispersd rates can have impor-
tant effects on the colonization/extinction dynamics of a
population (Goldwasser et d. 1994) and, therefore, on meta
population persstence. When survival costs are high, but be-
low a threshold vdue that may limit movement (Berngtein
et a. 1991), animas may increase their velocity in order to

decrease the time spent exposed and thus incresse the overal
probability of successful dispersd (Fig. 7; but see Johnson and
Milne 1992). We documented higher movement velocity, as
edimated by the initid unidirectiond disance moved, and
lower settling retes within hebitats with high survival cods
When E. eschscholtzii entered bare pathways, they moved
rapidly through them. Other taxa display smilar responses to
hodtile habitet. For example, the results of fidd studies of fruit
flies (Dobzhansky et d. 1979), voles (Microtus spp.; Stenseth
and Lidicker 1992; Andresssen et d. 19%), and flea beetles
(Kareiva 1982) support the notion that movement rates are
postively related to the severity of the habitat.

Limitations of the study

The experimenta modd system we crested was limited by our
need to minimize the spaiad and tempord scales that are nor-
mally conceived as important by landscape ecologists and con-
srvdion hiologigs. To minimize the tempord scde of the
experiment, we used displaced animas as a surrogate for true
dispersers, as did Andresssen et a. (1996). These displaced
animas may exhibit homing tendencies. However, an ealier
pilot study of displaced E. exhscholtzii  showed no grester
likelihood than chance that they would return in the direction
from which they were collected (Rosenberg 1995). That the
E. eschscholtzi were digplaced could have resulted in hasty
movements. However, the 4-day acclimation period resulted in
initial detection of individuals outside of source patches
throughout the study, whereas in pilot sudies thet did not in-
cude an accimation period, individuds usudly moved out-
sde of source patches during the first few days following
release (Rosenberg 1995). Anocther concern is that the high
dengties we used may have led to abnorma movement behav-
ior. However, the results of an experiment usng only 1 indi-
vidua per plot corroborated the fact that the behaviors we
observed were not specific to the high densties (Rosenberg
1995). Our study design aso redtricted movement in reldivey
gmdl aess and limits our &bility to extrgpolae to the large
landscapes that are of interest in conservation planning.

The fences that defined pathways likdy affected immigra
tion raes by limiting movement outdde of the pathways It is
not known whether this potentid fence effect was condgtent
between pathway types (bare, corridor). However, if E. exch-
scholtzii were more likely to move away from the direction of
the pathway in poor-qudity than in high-qudity hebitat, the
increase in immigration rates caused by the fence could have
been greater in the bare pathways, thus confounding the influ-
ence of the pathway type with that of the experimental method.
The extent and direction of bias associated with the potential
fence effect are unknown, but are likdy to have influenced
immigration rates through affecting the probability of directiond
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Fig. 8. Hypothetical representation of the probability of immigration to a target patch as a function of distance from a source patch. Each line
represents a different combination of survival costs and movement veloc ities. These relationships were generated under the simple dispersal
model Pr(immigration) = (1 —ki)d"l, where £; is the survival cost per unit time in the jth pathway, v, is the movement rate of an individua in the
ith pathway, and d is the distance from the source to the target patch. Parameter estimates were derived from the field experiments. The solid
line represents the conditions we generally found in corridor pathways during trial B of expt. 2, when Ensatina eschscholtzii were exposed to
drought conditions. The dotted line represents the parameter estimates from the non-corridor pathways. The corridor “effect” (the difference in
immigration probabilities) can be seen to increase with distance. However, if movement velocity remains constant and animals move during
conditions in which daily survival costs are higher than in “corridor” pathways but are still reasonably low (e.g., 0.05; broken line), then the
corridor effect remains relatively small even with increasing distance. These later conditions were observed in trial A of expt. 2, during
relatively high levels of precipitation. These hypothetical patterns that result from increasing distance illustrate the sensitivity of the results
from experiments on a small spatial scale, such as ours involving E. eschscholtzii. The probability of remaining in the corridor during transit
becomes an increasingly important parameter determining immigration rates via corridors as distance increases. We expect the effect to be
negative, since the assumption in these simple models is that the probability of remaining in the pathway is 1.0. We did not include this
parameter, as it was not estimated in our study, nor are we aware of its estimation in any other studies.
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movement rather than through the mechanisms of sdection,
velocity, or survivd rate.

The outcome of the experiment might have been different
if the distance between source and target patches had been
subgtantialy increased. For example, given the data from
trid B in expt. 2, the following parameter estimates were ob-
tained: survival costs per day were 0.01 for corridor pathways
and 0.2 for bare pathways, and average velocity was estimated
a 10 and 30 m/day for corridor and bare pathways, respec-
tively. Given these parameter estimates, and assuming that the
corridor pathway is chosen, individuds dispersng from the
source patch via a given pathway would be expected, under a
smple dispersd modd,

Pr(dispersal success) = (1 - k¥

where £; is the surviva cogt in the ith pathway, d is the distance
between source and target patches, and v, is the average veloc-
ity in the ith pathway (Rosenberg et d. 1995), to have a prob-
ability of 0.94 of dispersng to a target patch (40 m from the
source patch); dispersa to a target patch connected by the bare
lineer pathway would be expected to have a probability of
0.74. The difference between corridor and bare pathways in the

probability of successful digpersal increeses dramaticdly as
the distance between source and target patches increases
(Fig. 8). Note, however, that when survivd costs are similar
between pathway types, as demongtrated in trid A in expt. 2,
the differences in successful immigration diminish (Fg. 8),
and immigration rates can actudly increese in non-corridor
pathways relative to corridor pathways as the distance in-
creases. As the distance increases, however, the likedihood of
an animd remaining in the pathway and surviving becomes a
criticd parameter in determining the probability of successful
immigration to a target patch.

Conclusions

Despite a large literature advocating the incorporation of cor-
ridors into consarvation drategies, there is little evidence of
their efficacy (Smberloff et d. 1992, Rosenberg et d. 1997).
In extremely degraded landscapes, linear patches of habitat
may function as corridors (eg., Beler 1993, 1995) and may be
a useful “band-aid” to gpply to a dameged environment. How-
ever, in such casss it is not clear if corridors are effective in
reducing locd and regiond extinction raes. Red landscapes
thet contain dispersa habitat (i.e, habitat of a qudity high

0 1998 NRC Canada



Rosenberg et d.

enough to alow movement but not necessarily reproduction)
distributed throughout significant portions of the landscape
matrix or aranged as “sepping stones’ (Gilpin  1980) may
sarve the function of connectivity as well as or better than
corridors (Rosenberg et d. 1997). Although corridors may a
times increase movement between patches (eg., Haas 1995;
Andreassen et d. 1996; Coffman 1997; Haddad 1997), thein-

crease in connectivity must be evaduated in terms of a reduc-
tion in the likelihood of extinction. To develop optimal
consarvation drategies in the context of area condraints, the
trade-off between habitat intended to provide connectivity
among populations and that intended to function as a reserve
must be consdered (Simberloff et d. 1992; Rosenberg et d.
1997); corridors may not mitigate additiona habital loss.

QOur ingbility to examine the movement behavior of animds
on large spatid and temporad scaes led to our exploration of
a “modd” experimentd sysem (Wiens & d. 1993; Bareit
e d. 1995). The generdity of our findings is limited by our
single-species gpproach and by the reduction in spatid and
tempora scales normdly percelved as important in the process
of animd dispersd and consarvation-reserve design. Although
corridors as narrow as 4 m have been proposed (e.g., Saunders
and De Rebeira 1991), usudly widths in the order of hundreds
of metres are considered (Hudson 1991). Further, habitat
patches (i.e., source or target patches) managed in red land-
scgpes usudly range in size from hundreds to thousands of
hectares. Despite these limitations, we believe that our find-
ings offer a useful framework for landscape-scde tests of the
efficacy of corridors, and provide dternative hypotheses con-
cening how animds move in fragmented and heterogeneous
landscapes. Experimentd modd systems offer an opportunity
to test mechaniams that may be responsible for ecologicd pat-
terns a the landscape scale, patterns that would otherwise be
extremey difficult to test. Comparisons among studies, using
a variety of scaes, goproaches, and species, may facilitate gen-
erdizations concerning pattern and process that could be use-
ful in guiding consarvation drategies in specific cases.

The process of designing reserves for spatidly structured
anima populations requires that the conservation planner be
able to discriminate suitéble from unsuitable habitat and to
differentiate habitat that faclitates dispersd from that which
impedes it. Our study demondrates tha identifying candidate
corridor habitats on reserve design maps may be difficult be-
cause animas may show compensatory behaviora responses
to different landscape features. Judtifying corridors as essentid
reserve-design elements will require that we know consder-
ably more about how a given species behaves in and moves
through heterogeneous landscapes.
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