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nants and regenerating clearcuts o examine the rela-
tionship between voles and truffics and bewveen’truff_.c_s
and toarse woody debris (Clarkson & Mills: 1994). From
mid-june through mid-August 1991, four rempants
(sites O, HC; E, S) and thie regencrating clearcuts shi-
rounding two of them (O, E) were sampled. Triffle
plots were ofie square meter in size and were placed, by

raking dowri to the organic-mineral soil interface. Edch.

of the four remnants had at least eight plots in each edge
class (described above), The regencrating cleas¢uts sur-
rounding the two sites bad 40 plots each. Becanse dis
tance between truffle plots and the edge is £nowi, v
can relate truffle distribution to-edge effects. However,
ihe small number of replicate sites for truffle sampling
limits analysis to a qualitative-approach.

Results

California red-backed voles on forest rémnars in iOJlth-
western Oregon are strongly and negitively affected by
clearcutung of forest (Fig. 2). They were exceptionally
rare in clearcuts; with only three voles captured in 1404
trap nights (351 traps out for four nights) over the 1990
and 1991 seasons (vole density index = 0.014 different
voles/trap). In contrast, a. total of 135 different voles
were captured during 7332 trap nights on remnants (in-
dex = 0.086) and 85 were captured in 2792 trap nights

on controls (index = 0.15). Voles were cap'rur_Cd on gli
5 ¢controls, on 10 of 13 remuaints, and on '3 of 13 regen:

cratitig, clearcuts surrounding’ remnants. The average
aumber of différent voles per irap in rempants was sig-
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nificantly greater (p = 0. 003) than the avérage number
in clearcuts. Although thiére was a trend toward fewet
voles per trap in remnants; on avcrage, thran in controls,
the difference was only. margmaﬂy significant {(p = 0.1).

Voles also exhibited a significant negative edge-effect
(p = 0.003), with six times as. many voles per trap in
the inteiior of the remnants as on the edges (Fig 2).
Furthermore, the regression of the vole density index
(number of different voles/trap/rémnant) against rem-
fiant area is significandy positive (Fig. 33.

The significant increase in vole density with remrant
dfea may résult from the fact that small reminanis have a
higher ratio. of €dge to interior, so that they have lower
vole densities per unit area. Alternatively; the density/
arga relauonstup may arise from area-reélated phenome-
non that-are independent of edge, such as the effects. of
rempant size on probabilities of extinction, predation,
and/or immigration. If area-relaied phenomena do, in
fact, drive the density of voles on:remnants, the possi-
bility arises that my observed edge effects within rem-
nants arise simply as an artifact of interior edge classes
being found solely on remnants that have higher density
due to large size. To consider this possibility, I re-
analyzed the vole edge-effect data using only the eight
remrants that were large encugh to have all edge classes
represented, without the possible conifounding factor of
stand size, The results were. unchanged vole density
decreased significantly from the interior to edges of
remeants (p = 0.005), indicatifig that the cdge efféct is
not merely 2 function of area relationships on remnants.

Thie biomass of coarse woody debris showed a trend
opposite-to that of voles (Fig. 4), with numbers increas-
ing from the interior to the edge of the remnant for both
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Figure 2. Mean and standard errors of the California 0,600 F—s ao—o
red-backed vole density index and the viumber o

of different voles captured per trap for four nights
of trapping in soutbwestern Oregon, 1990 and 1991
Foreést-edge classes (striped bars) represent number
of meters from trap 10 the nearest forest-clearcut in-.
terface. The N refers 1o the number of sites trapped.
Smail remnants often did not bave any area furtber
than 30 meters from an edge
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Figure 3. Relatjonshif between size Of temnants
{ba) and average vole density. indeix jor that rent-
nant in soutbwestern. Oregon, 1990 and 1991 (ve-
gression p = Q.02 i = 0.40).
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Figure 4 Mean and standard errors of dowsed log
biothass values relative to distance Jromm edge for all.
remnanis trapped for red-backed voles in sotthwest-
ern Oregor. Solid bars show, sumber of logs per bect-
are, white bars represent the volume of log per bect-
are mj/ba) The N refers to the number of remnants
analyzed. For the most-interior edge class ( 4690
meters), three sites (W, S, dnd PC) that bad traps

in that edge class did not bave enough areq o sam-
Bple logs, so N = 3 compared with N = 8 in Fig 2,

log volume (p = 0.04)and number of logs (p = 0.05).

A sequential Bonteronni correction of P-values (Rice
1989) to account for inflated Type I error due to two
tests.of the same hypothesis (edge effects on log volume
and number) changes significance. levels top = 0.07 for
both volume and number of logs. - i

We sampled z total of 136 truffie plots on four forest/
remnants.and 40 plots in the clearcurs surrounding each!|
of two remnants. On the four remnants, 29 of 13G-piots b
(21.3% ) had at least one truffle, with sporocarps com-
ing from 12 genera (Clarkson & Mills. 1994),

Only one plot out of 80 had any truffies in the
clearcuts, despite a- sampling regime that was intention-
ally biased toward finding truffles in the clearcuts
(Clarkson & Mills 1994). Furthermore, no truffies were
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fempnants, 2 gegative edge effect decreased vole density

from the interior to the edge of the remnants (also see
Walters 1991). These trends hold across 4 wide range of
clearcur ages; thus, isolation and edge effects on voles
appear-to be general phenomena for varying conditions
in the matsix of regenerating dea.rcuts insouthwest Or-
egon..

Edge effects may be more severe on remnants thai in
continuous forest because the edge effect at any potat is

a function not only of the nearest edge but also of the

rest of the circumference of the reminant (Bierregazrd et
al. 1992). Because small rernants have a larger propor-
tion of their area close to-an edge, negative edge effects
would be expected to translaté into proportionately
lower densities’ on. smaller remnants (Temple. 1986).
The prediction that acgative edge effects decrease the
Tancrional size of a remnant; so that dcnstty Df 4 speciés

increases with increasing remnant size, forms the core’

of several landscape-level approaches to quantifying the
effects of forest fragmentation (see Harris 1984; Frankin

& Forman 1987: Groom & Schumaker 1993),

On the other hancl, small mammal studies have long:
documented: that limited dispersal ‘can lead to higher

densities in enclosures or islands’ (Lidicker 1975: Gaines.

& Johnson 1987). The demographic consequences of
this “fence effect” has led fo. the counterintuitive pre-

diction that population ‘densities per wnit area ‘shouid

decrease as island size increases (Gliwicz 1980), Studjes
of presumed habirtat islands have demonstrated thar the
relationship between $mall-mavimal density and rem-
nant size is mediated by the demogtaphxc effects of
crowding and environmental conditions, and whether
isolation is' complete enough fo prohibit emmigration
out of the population (Gottfried 1979; Kozakiewicz
1983, 1993; Szacki 1987).

1 found that the index of vole density (per unit area)
did increase significantly with remnant size (Fig. 3), im-
plying population-level consequences of the negative
edge effects. The increase in vole densities in control
sites versus remnants-overall, however, was only mar-
ginally. 51gm.ﬁcant In particular, the most interior por-

found in the 32 plots in the first edge class (015

meters ) of the four remnants, Trufles were found, how-
ever, in I1 of the 32 plots from 16-30 meters from the
edge; 11 of the 32 plots from 31-45 meters, and 7 of the
40 plots from 46~90. meters. Fiesh-weight. biomass fol-
iowed the same wends,

Discussion

Although forest remnants in southwest Oregon cannot
be considered analogous 1o tme istands for all small-

mammal species (Mills 1993; Doak & Mills 1994 ), they
do appear to be operating as islands for Ca.hforma red-
backed voles, Voles were captured in miost remnants but
rarely in clearcuts surrounding temnants. quhm the

tions-of remants~had - Higher "aetisities than Controls,
while densities near the -edge were substantially lower
(Fig. 2). Collectively, these results may indicate -that,
although the negartive edge effect decreases the func-
tional size of the remnanis, the strong degree of isola-
tion also plays a role by Llrmtmg dispersal into the .sur-

‘rounding matrix. It may be that the d deleterious effects of

edge on densiry are soméwhat counteracted by densiry
buildup from lack of dispersal within the isolated rém.
nants. Additional support for the. notion of the ccologi-
cal isglation of voles on remnants comes from prelimi-
nary exarnination of DNA fingerprints from five of the
remuants and two of the conerels, in which remnant
voles have lower genetic vatiation than conirol voles
(Mills 1993).
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