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Abstract: Niigarive effects of habitat edge have beeripdvanceri.'1$ an important pff)-;timate cause of exti'nction, 
and a growing_ literature calls tittention to tbe ;n.a.rix surroundtrtg habitat remmmts as d- critical fa<.tOr 
determining population pmtstence._f exam med spatial distribution of calijomf.a red-~"ed.voles (Cleth.ri­
onomys califomirus) on 13 Jt::fnm remnants amt five coriirot sues in southwestern_ Oregon, The ~ was 
vtrtuaUv isolat(!!J. on remnants, making little use. the rogenerattllg_cleamus sµrrouni/:' the nmmants. Thee 
effects Of the clearcut-also imp-mg on t • 1'CntnanM «!i eJJge e ects: s Ume;t more voles werecaptuiwlp"er 
_m.tp in fbe interiordf 1'VIT1uiunts Uuin on the edge. CCJ~ly, thed~ly of votesperUnltaria on~ 
-int:Yeased with remna.nt.siZe.,' despite the po"renhal buildup of population density in -$tnall iSQl¢e$ due to 
.limited em"ig1'ation..l explored potential mechanisWl11 of the negatiVf! cage ejfea on wte:r"amtfowuJ /IJ4t the 
biOmass of Coat'!W woo_d!y de1:Jris, per M; did not explab'i the vole dislrlhution -bt:cause bot)J number and 
volume -0/ togs incrf!iHed from !be tntetior to the -cage of remnants., HoW1!1ver, tlM distribution of the vate·s 
prt.mary firod· item, bypogeous.sporocarps of mycor:rbiziJ.l fungi, dill correspond to ibe wle edge effect. • 

El efecto- de las. hordes r tj aislamie_mo: cl raton cruupestre (Clethrionomys ~~1 en renr.mentes de: 
bosque • 

Resu.me.n: L& efectos ,te.gat:fv(d de! l'x)rde de /0$ bdbita/$ ha std.o propuesra oomo una i,npcu:mn.te ruusa 
!nmedi#ta de e:,;;tinci6n, y una titeratura crecicnte e.rtd poniendo Cflfasis en .la nuttrl% J?Ue ~ los rem.a. 
mmtes coma un factor critico en la determlnacidn de la persister.Kia poblaciona/. .E:,:amini fa distrihuci6n 
espacial de -fos-raiones de =mpo califi)rnianos (Cletbtionomy_s call:(ornicus) en 13 remanentes di! bDsque y 5 
sitios de ~l en el mdoeste_de Oregon: La esp<H:ie esttiba. virtualme"nte.1.dsiada en los renumentes y bacia 
pcco uw tie "Io's dareos qJUJ se regeneran alredettor de !-Os mnanentes rlel bo$que. Loi efectos 4e lo-s clareo-s 
tarnbiin-afer;;tan:;n a l0$ -rematwntes en forma ,wr,u>jante al efecto de /0$ hOnles: SI? captur;iron 6 wees mds 
tatones por lrampa en cl interior tie Los remanentes q~ ;;m IOS hordes.· Constaµnte,nen~ la de:n,sidad de los 
,ra,;;rws.por un'idtJ4 d~ area en los nmumentes se fncmnento am el tamaijo de! remµn_entc, a pcs-ar del 

--. crectmt'entQ potencial en. fa· densidad de la poblacidn en .P«i1Jefias areas aisladas debido « una Hmita.da 
~-·~ftrw;1b:jJioriNmrnrecii:ntsmo~Tei~OS~..n:trolW$..J~M'-"'=~==a.,C", ====== 

biomas.uie lOS·nt~tos de trJadlira no exp!ican por si mismoS la d'5frlbrµ;i6m de lf}s Taton&, delndo a qui! tanto 
el mimero como el-volumen de los tronr:os se tncremen/:4 ~l interior de los rimµmentes hacia sus.bordes. Sfn 
embargo, la iJiStribuei6n df!l alimento primarlo de los t'alcnes, esporocarPos de m0.m'i:tas, #W correspandi6 
am el efrtcto.de las lxlriles"sol:m: tos raimtes 
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Vertebrate populations in forest_ re.ttlnrults face proQabil• 
lties of extinction rhlit depcru:t.Iargcly on the reinnaut's 
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nants and regenerating clearcur.s to examine the ni;Ia­
tionship between voles and truffles and betweeo1 ~es 
an_d coarse woody deb':"is ( Clarkson & Mills 199~ ). Fr7m 
mid-June through mid-August 1991, four r9mna~1ts 
(sites O. HC, E, S) and the regenerating dearcju~ s~r­
rounding two of them (O, E) were sampled.i Tfl.1¢e 
plots were one square meter in size and were p~cediby 
raking down to the organic-mineral soil interfa~e.iE:i.ch 
of the four remnants had at least eight plots in d~e~ge 
class ( described above). The regenerating clear.huts ~ur­
rounding the two sites had 40 plots each. Bedu~ Es­
ta.nee between truffle plots and the edge is kn~wp, e 
can relate truffle distribution to edge effects. H!oWe er, 
the small number of replicate sites for truffle ~a.nip ."ng 
limits analysis to a qualitative approach, i ) i 
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Results 
I l 

California red-backed voles on forest remnants in o th­
western Oregon are strongly and negatively ailk=cted by 
~cutting 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 captured on all 
5 controls, on 10 of 13 remnants, and on 3 of 13 regen­
erating clearcuts surrounding remnants. The average 
number of different voles per trap in remnants was sig-
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Figure 2. Mean and standard errors of the California 
red-backed vole density index and the number 
of different voles cqptured per trap for four nights 
of trapping in southwestern Oregon, 1990 and 199-1. 
Forest-edge classes (striped bars) represent number 
of meters from trap to the nearest forest-clearcut in­
terface. The N refers to the number of sites trapped 
Small remnants often did not have any area further 
than 30 meters from an edge. 
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nificantly greater (P = 0.003) than the average number 
in clearcuts. Although there was a trend toward fewer 
voles per trap in remnants, on average, than in controls, 
the differ_ence was only marginally 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 interior of the remnants as on the edges (Fig. 2). 
Furthermore, the re;gression of the vole density index 
( number of different voles/trap/remnant) against rem­
nant area is significantly positive (Fig. 3 ). 

The •significant increase in vole density with remnant 
area may result from the fact that small remnants have a 
higher ratio of edge to interior, so that they have lower 
vole densities per unit area. Alternatively, the density/ 
area relationship may arise from area-related phenome­
non that are independent of edge, such as the effects of 
remnant size on probabilities of extinction, predation, 
and/or immigration. If area-related phenomena do, in 
fact, drive the density of voles on remnants, the possi­
bility arisc5: 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 
remnants that were large enough to have all edge classes 
represented, without the possible confounding factor of 
stand size. The results were unchanged: vole density 
decreased significantly from the interior to edges of 
remnants (p = 0.005), indicating that the edge effect is 
not merely a function of area relationships on remnants. 

The 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 3, Relationship between size of remnants 
(ha) and average vole density index for that rem­
nant in southwestern Oregon, 1990 and 1991 (re­
gression p = 0. 02; r2 = 0.40). 
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Figure 4. Mean and standard en-ors of downed log 
biomass values relative to distance from edge for all 
remnants trapped for red-backed voles in southwest­
ern Oregon. Solid bars show number of log$ per hect­
are, white bars represent the volume of log per hect­
are (m3lha). The N refers to the number of remnants 
analyzed. For the most-interior edge class (46-90 
meters), three sites (W, S, and PC) that had traps 
in that edge class did not have enough area to sam­
ple logs, so N = 5 compared with N = 8 in Fig. 2. 
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remnants, a negative edge effect decreased vole density 
from the interior to the edge of the remnants (also see 
Walters 1991). These trends hold across a wide range of 
clearcut ages; thus, isolation and edge effects on voles 
appear to be general phenomena for varying conditions 
in the matrix of regenerating dearcurs in southwest Or­
egon. 

Edge effects may be more severe on remnants than in 
continuous forest because the edge effect at any point is 
a function not only of the nearest edge but also of the 
rest of the circumference of the remnant (Bierregaard et 
al 1992 ). Because small remnants have a larger propor­
tion of their area close to an edge, negative edge effects 
would be expected to translate into proponionately 
lower densities on smaller remnants (Temple 1986). 
The prediction that negative edge effects decrease the 
functional size of a remnant, so that density of a species 
increases with increasing remnant size, forms the core 
of several landscape•level -approaches to quantifying the 
effects of forest fragmentation ( see Harris 1984; Franklin 
& Fori:nan 1987; Groom & Schumaker 1993). 

On the other hand, small-mammal studies have long 
documented that limited dispersal can lead to higher 
densities in enclosures or islands ( Lldicker 1975; Gaines 
& Johnson 1987). The demographic consequences of 
this ''fence effect" has led to the counterintuitive pre­
diction that population densities per unit area should 
decrease as island size increases ( Gliwicz 1980), Studies 
of presumed habitat islands have demonstrated that the 
relationship between small-mammal density and .rem­
nant size is mediated by the demographic effects of 

log volume (p ""' 0.04) and number of logs (p = 0.05). 
A sequential Bonferonni correction of P-values (Rice 
1989) to account for inflated Type 1 error due t0 two 
tests of the same h-ypothesis ( edge effects on log volume 
and number) changes significance levels top = 0.07 for 
both volume and number of logs. I 

crowding and environmental conditions, and whether 
We sampled a total of 136 truffle plots on four forest! isolation is complete enough to prohibit emmigration 

remnants and 40 plots in the dearcuts surrounding each!1 out of the population (Gottfried 1979; Kozakiewicz 
of two remnants. On the.four remnants, 29 of136 plots' 1985, 1993; Szacki 1987). 
(21.396) had at least one truffle, with sporocru:ps com• I found that the index of vole density (per unit area) 
ing from 12 genera C Clarkson & Mills 1994 ). did increase significantly with remnant size (Fig. 3 ), im-

Only one plot out of 80 had any truffles in the 
plying population-level consequences of the negative 

clearcuts, despite a sampling regime that was intention- edge effects. The increase in vole densities in control 
ally biased toward finding truffles in the clearcuts sites versus remnants overall, however, was only mar-
( Clarks?n & Mills 1994): Furthermore, no truffles were ginally significant. In particular, the most interior por- ' 
found m____IDU2 plots m the .first...e~~-=-0-~0=em---h--ha·n~·-i-es...-n.----tr c--"i'--

meters J([thC four-remnants. Trulfies were fou;d, ho;,. ~:C ;e~siti~:~~ar ;e ed~';; ;~;:~~~s:~;~
0
;~ ' 

ever, in 11 of the 32 plots from 16--30 meters from the (Fig. 2). Collectively, these results may indicate that 
edge, 11 of the ;2 plots from 31-45 me~ers! ~d 7 of the although the negative edge effect decreases the func-
40 plots from <±6--90 meters. Fresh-weight_ biomass fol- tional size of the remnants, the strong de21.'ee of isola• 
lowed t..'J.e same trends. 

tion also plays a role b limiting dispersal into the sur­

Discussion 
rounding matrix. It may be that the de eterious effects of 
edge on density are somewhat counteracted by density 
buildup from lack of dispersal within the isolated rem-

Although forest remnants in southwest Oregon cannot nants. Additional support for the notion of the ecologi-
be considered analogous to true islands for• all small- cal isolation of voles on remnants comes from prelimi-
mammal species (Mills 1993; Doak & Mil.ls 1994), they nary examination of DNA fingerprints .from five of the 
do appear to be operating as islands for California red- remnants and two of the controls, in which remnant 
backed voles. Voles were captured in most !'Cm.niffits but voles have lower genetic variation than control voles 
r-.n-ely in clearcuts surrounding remnants, Witihin the (Mills 1993). 
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