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Summary 
,., \)' 

-t\ ~ l. We investigated the e_ffect;.-o_fforest_ fragm_eptati9:u on American·martens (Martes. 
(JY americana Rhoads) by evaluatirtg_difterences in marten capture rates (excluding recap-

,~ -1/, 1V tures) in 18 study sites with different levels of fragmentation resulting from timber 
..t\~ i)Y harvest clearcuts and natural. openi~gs. We focw;ed on low levels of fragmentati"on, 

1);11 '· if· . IV where forest connectivity Wair main.rained and non-forest cover ranged from 2'% to 

•, ,S;,; fl)} ~,\,IY 42%. 
tlj}l 2. Martens appeared to respond negatively to low levels of·habitat fi:agmeutaiion, 

based on the significant decrease in capture rates within the serie:. of increa.>\ingiy 
fJP,, r{': . fragmented l_andscapes. Martens_ '-!_e~ nearly a,bse,it from hmdscapes having > 25% 

,..- ~\ft 
1
_ • 1J non-forest cover. even though_ fOI"est ·connectivity was s.till present. 

Jfl" .3. Marten captu·re rates were nega_tively correfatCd with increasing proximitY of open 

' 

__ \6~. areas and increasing, ~tent pf high-contrast edges. Forested. landscapes appeared 
._ unsuitable-for martens. when:.the average nearest-neighbour distance between open 

~ Nf _ h (non-forested) patcb~s was <J OOm. In these l'andscapes, the proximity of open areas 
pu U creat~ scrips Qf forest edge and eliminated nearly all fon$t interiQr. 

1. 4. Small mammal densities: w_cre significantly·higher ln clearcut, than in fo"reflts, -hut 
_ OJ • : marten captures were n_otcorrelated with p,ey· abundance or biomass assoct. ·ated with ,;;· ~;J {i) cleareu<s. 

J-, ~-().Y 5~ Conservation efforts for the marten must c<.msider not. only the structural aspects 
... Ji I l " ,P~ of mature-forests, but the landscape pattern in which rhe foresto..--curs_. We recom1.nend 

/Jr ;,· 1 ~",; /Y , j" that the combination of timber hal"Vests and natural openings comprise: <25o/o of 
l!)v landscapes ~9km2 in size. !11./.1 'h..'Z~ €'2 '2 0 

I ,eft ft_ ,J 
v ~ !l, 1j." 6. The spatial pattern of .open area$ is important as well, because small, dispersed 
~ffO· 18-- ~ ~s:r~-~Vf ClPCnings result in less forest interior habitat than one large opening at the same 

A 
1 

percentage Of fragmentation. ·ProgfCSSive cutting from a singie_patch would retain the 
largest am,o-unt of interior forest habitat. 

""==(/;, ll1, ~ -·K.,J'IWl'fil"CO~~-
-', µ timber harvests. 
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lntroduction 

The rnodifu:atio:n of forested land$:apcs through land 
management practiees has fostered a gmv,jng interest 
Jn tf-,e effects o_f habi1at fragrnenuuion o_n wildlife. 

Habitat fragmentation. originaUy defined as foe for­
mation of isolated fragments from a formerly con~ 
tinuous ·habitat {Wilcox 1980: Harris 1984), has t;;ken 
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on a broader meaning in recent times, reflecting. an 
awarer:::55 that fragmentation can nffec: organi.sh:is 
Jong before rhe o(l_gjnal hab-Jtat is reduced to remnant 
patches. 1n. the fullest sense, fragmentatioil iS dis­
ruption in continuity in any temporal or futlciiona! 
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dl>main (Lord & Nonon llJlJ0J. H:il-n:11 frag- Brai1ti:rd (1?90) proposed u model of' manen 
rnentation occurs a!onga continuum. from landscapes response to fragmentation when non-forest cover occu-
dominated by the original cover type to landscapes pied 55% of a hypothetical landscape. He predicted 
where the original type is reduced to remnailt patches. that habitat quality would increase if cut sizes were 

The majority of habitat fragmentation studie's have fine-grained, permitting marten movements across the 
focused on extreme examples of fragmentation, after clearcuts while taking advantage of increased prey in 
the original cover type has ceased to function ·as the open areas. Habitat quality was predicted to decrease 
dominant landscape element. By focusing Ol1 remnant with medium- and coarse-grained cut sizes because they 
habitat patches, these studies have examined the effect would restrict marten movements. A similar model was 
that patch area and isolation have on population size, later developed by Thompson & Harestad (1994) that 
extinction and recolonization rates, and dispersal echoed Brainerd's (1990) predictions. Examining the 
rates of individual species, as well as on species diver- full range of potential fragmentation, they predicted 
sity ( Diamond 1975; Whitcomb et al. 1981; Harris two possible changes in marten carrying capacity with 
1984; Rosenberg & Raphad 1986;_ Verboom & van increasing removal of timber. Under the clearcut 
Apeldoorn 1990). More recently, inveStigations have . method of harvest, equivalent to Brainerd's (1990) 
turned to less extreme cases of ftagme-ntation, and medium-grained or coarse-grained cµt sizes, they pre-
have focused on the cohesiveness or colltagion of the dieted a linear negative decline. With selective cutting 
original habitat type when it is the dominant land-_"' and patch cuts <3ha. they predicted an increase in 
scape element (Franklin & Forman 1987; O'Neill et al. carrying capacity at low cutting levels, followed by a 
1988; Ripple. Bradshaw & Spit:s 1991; Spies, Ripple precipitous decline at approximately 20---J0¾ of forest 
& Bradshaw 1994; Wallin, Swanson &-Marks 1994). coverremoval,duetoincreasedpredationofmartensin 
These studies investigate potential restrictions on the openings, high edge density. and loss of forest imerior. 
movement of orgllnisms, the spread of fire or disease. Thus, their model differed from Brainerd's (1990) only 
or the flow of nutrients at the landscape scale (Turner in predicting a decline -at an earlier stage of frag-
1987; Turner eta!. 1989; Bartell & Brenkert 1991; mentation. 
Turner& Dale 1991; Wiens eta/. 1993; Ims 1995). The Although marte!lsavoid clearcuts and other large 
area of the original habitat generally is Dot measured openings, especially in the winter (Souliere 1,979: 
when it is the dominant landscape element, because it Clark & Campbell 1979; Steventon & Major 1982: 
forms one continuous patch and may extend beyond Hargis & McCullough 1984), low levels of frag-
the defined landscape boundary. The area and dis- mentation may have little effect on martens as long as 
tance between disturbance patches are nevertheless of forest connectivity is maintained. In fact, a positive 
interest because they serve as barriers to movement response to low fragmentation may be expected. 
and affect the spatial configuration of the original because in some locales martens forage in brushs 
habitat. clearcuts during summer (Steventon & Major J 982: 

Our study focused on low fragmentation of forested Katnik 1992) and hunt along forest-meadow edges 
landscapes, where the extent of forest has-been altered (Simon 1980; Spencer, Barrett & Zielinski 1983). Hav-
by timber harvests but still comprises the dominant ing a small proportion of the landscape in open an::as 
landscape element. We investigated the effectsofhabi- may be favourable to martens because of the increase 
tat fragmentation on the American marten Martes in abundance and diversity of smal! mammals associ-
americana Rhoads, a carnivorous mammal typica!!y ated with clearcuts, and because marten diets are not l 
associated with mature forest systems. American mar- restricted to forest-associate~ prey (Weckwerth & 
tens appear sensitive to habitat fragmentation, Hawley 1962; Koehler & Hornocker 1977; Buskirk & 
beca_use populations generally are low in areas frag- MacDonald 1984). The initial positive response would 
mented by the clearcut method of timber harvest (Sou- be followed eventually by a negative response as for-
tiere 1979; Snyder & Bissonette 1987; Thompson & ested habitat became limiting. 
Harestad 1994). However, marten responses to grad- To test these predictions, we compared marten cap· 
m1Hncreasu i11 fi:ag:imrutalffin-ar~FwelHrn mcreasmg y ragmen e 
Most studies of timber harvest effects have been in landscapes. Our main objective was to determine 
areas where levels of fragmentation·were not differ- whether marten abundance changed with incremental 
entiated and where fragmentation was quite high, increases in habitat fragmentation caused by the com-
between 41 % and 60% clearcut (Soutiere 1979; Ste- bined effects of natural openings· and timber clearcut,;, 
vent on & Major 1982; Snyder & Bissonette 1987; If a correlation was found between capture rates aml 
Katnik, Harrison & Hodgman 1994; Thompson 1994; fmgmentation. our secondary objective was to look fi,1 

Potvin & Breton 1997). In our investigation, we were specific levels of fragmentation that suggested shifts in 
primarily interested in the response of martens to a habitat quality in either a positive or negative direction 
gradual increase in fragmentation when fore5I con- Prelimiriary results from this study were reported in 
nectivity was maintained, and therefore focused our Hargis & Bissonette (1997). This paper reports further 
study on a series of forested landscapes wl1ere non- analyses on the effects oflt1ndscape pattern on marten~ 
forest cover ra"ngea'frOm 2% to '42%. as measured by several landscape metrics. 

~-----------"1· 
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Fig. 4. Scatterplot ofindividual martencaptui:es with (a) per­
centage of total stems in snags and (b} vole captures 100 trap 
nights_,_ 

with 0-8 individual captures per site during any given 
trapping period. Although capture rates differed 
among siies (described below), we found no signific'ant 
difference in capture rates among trapping periods 
within any given site (X1 = 2·89, d.f. = 3, P = 0-41). 
Sites with high captures were consistently high, and 
sites with zero -captures remained !ow, resulting in a 
nearly stable ranking of sites across all years,. and 
confirming that differences ill capture rates were due 
to factors other than seasonal variation or sampling 
erro_r. 

COMPARISON OF FRAGMENTATION MODELS 

We examined-correlations bet\veen percentnge of each 
site in openings and the four meusures of l:rndscape 
pattern to assess the degree of additional information 
provided by these measures (Tab!e6). Correlations 
were generally high, with mass fractal dimension hav­
ing the highest correlation with habitat loss (r = 
-0·97) and nearest-neighbour distance the lowest 
(r = -0·67). In addition, the four measures were 
interrelated among themselves, with edge density and 
mass fractal dimension having the strongest cor­
relation (r = -0-96). 

Partly as a consequence of these interrelationships . 
nearest-neighbour distance, edge density and per­
centage of site in openings were similar in their role 
as explanatory variables of marten capture rates. Used 
alone, each explained approximated 20% of the vari­
a1ion in marten capture rates and P-va]ues were simi­
lar. When used-in coinbination with snag abundanq:.: 
percentage offilte in openings and edge density became 
beit~i: fredictors, but the relations.hips for nearest­
neighbour distance were weakened. Mass fractal 
dimension provided the poorest fit of all frag­
mentation measures examined, both when used a!one 
or in combination with snag abundance. 

The combined effects of mean proximity index and 
snag abundance provided the.best fit_for explaining 
differences in marten capture rates, based on _a com­
parison of P-values and R2 terms from all frag­
mentation models examined (Table 5). The con­
tribution of mean proximity index was greater than 
that of percentage of site in openmgs. w!u:.::h became 
an insignificant term when both measures were 
included in a model (mean P for each variable, respec­
tively, based on35 bootstrap runs= 0·37 and 0·01). 

Discussion 
Marten captures were negatively co_rrelated _with 

loss of forest habitat, as meas~red by the percellt;ge Martens appeared to respond negatively to low levels 
of each site in open areas. and this relationship was of habitat fragmentation, based on a significant 
significant (P = 0·03) when snag abllndancl!' was decrease in capture rates observed across a series of 
added to the model (Table 5). Capture rates were 'vari- increasingly fragmented landscapes. Maf[e_il_S.' _,_~"r!r 

~mr;;;;frngmrntati-on:;:::h11t:rmly;,::n"7" rare!j6:leteei-cifiri:Sit~~e0 
mart_en was captured· in 93~ frap· nightS,in•·the, four thcii:i'gii'fOre'~t· Ci:li-iriictivity Wis stili p~;~~nt: • 
sites having >0·25% open areas_ (Fig. 5?,).,' ·Martens ·,,;.;ere .fo·n-sitiv\i riot on!y to loss of habitat 

Martens showed significant responses to landscape but also to the size and proximity of open areas. As 
pattern as well as loss Or habitat (Fig. 5b-d- and measured by the mean proximity Index, marten;ce_lip-
Table 5). Capiure rat.es were lowest in landscapes-with ture rates ·decreased as open patches becam·e· more_ 
large. closely spaced o_pen areas, as J.11easured both by clos.e.Jy situated (fig. Sb). When the average nearest-
mean proximity index and nearest-neighbour neighbour distance between Open patches was 
distance. La_qdscapes wi_th :an aver<!-ge distance' <-100m,- nearly all forest interior hiid been converted 
between open- _are.as < 100.m had no marten captures, ,, tdri'1f;~'J/'s'f"rlj:,s\)f tOresi that' fui'i'Cl'iOnei:CO'~f)' a; c'dge 
Also. landsca_pes with high edge densii"y h<!d. fewer habitat (Fig. le). 
marten· cu]ifuiCS. We did not observe a significant We provide several caveats to aid in interpreting 

( 1999 British - ~ correlation bet\\"een marten captures and mass fractal these results. First, R2 values associated with alf si_e-
Ecu!ogical Society. _ 
Jmirnol of Appfi,,d dimcn~ion. although"the·"ti'Chd' \vllS fOr"!OW' to· zei-o nilicant relationships were low. It may be unrealistic 
En,(og,i-. 36. captures in landscapes where··thc fon::st m·:nrix was to expect high R~ values in a study design where land-

~------1~5t-11>72,._ ___ ..Jl1igULy..._wm',;.Q,[uti:,i.L(,Eig.,.Sc.amU.a.bli:..51....., _____ ,.,scapes..arJ!Jhc..mtil.s,,.QL!:hp\i&aJJQJkJ;i.uU.i;:~t.h.tj,t:;.~li~'---
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Table5. Studstical significance of fragmentation models c.~Plaining ind[vidual marten capture rates, with mean P-values 
(~'O□fidence intervals in parentheses) derived from chi-square tests performed on 3) bootstrap data se1s per model (error 
d.f. = !5 in each model). Models with P < 0•05 are indi'cated with an asterisk. The second column comains both the mean 
univariate P-value and the mean multivariate P-value of the fragmentation measure when snag abundance is added to the 
mode 

Model parameters 

% of site in openings 

•%of site in openings, 
snag abundance 

• Proximity index 

Proximity index, 
snag abundance 

• Nearest-neighbour distance 

• Nearest-neighbour distance, 
snag abundance 

Edge density 

* Edge density, 
snag abundance 

Mass fractal dimension 

Mass fractal dimension, 
snag abundance 

P-value of fragmentation 
measure 

0·06 
(0·05, 0·07) 
0·03 

(0·02, 0-04) 

0-0] 
{0·01, 0·01) 
0·04 

(0·03, 0·05) 

0·03 
(0·03, 0·03) 
0·05 

(0·02, 0·08) 

0·08 
(0·07, 0·09) 
0-05 

(0·01,0·09) 

0-12 
(0-10,0-14) 
0-11 

(0-04, 0-18) 

P-value of snag abundance 
in multivariate model 

O·Ol 
(0·0l, 0·0l)_ 

-
0·03 

(0·01, 0-05) 

0·01 
woo, 0-02) 

0·02 
(0-01. 0-03) 

0·23 
(0-2!.0·25) 
0•50 

(0·48. 0·52) 

0·48 
(0-47, 0·49) 
Q,59 
{0·58. 0·60) 

0·21 
(0-20, 0·22) 
0·42 

(0·40, 0·44) 

0·19 
(0-17,021} 
0·47 

(0-45, 0·49} 

0-17 
(0-15, 0·19) 
043 
(0-39. 0·47) 

the low R1 values indicate substantial unexplained were caught, and in all cases no martens were capture9 
variation in marten capture rates. during these second attempts. Nevertheless, we cannot 

Secondly. the size chosen for study a_reas was small conclude that no martens were present. 
relative to marten home range scale. The size of mar- Also, we were unable to detennine whether martens 
ten home ranges in the Uinta Mountains is unknown, in our samples were residents or trahsients. This is 
but in the neighbouring state of Wyoming the mean an important consideration.because high numbers of 
summer home ranges (95% minimum convex poly- transients could indicate a population sink (Pulliam 
gon) of seven females was 669 (±67 SE) ha and that 1988). Although we do not know how many transients 
of eight males was 1820 (± 153 SE) ha (O'Doherty, occurred in each site, we do know that sites with high 
Ruggiero & Henry 1997), sizes that would suggest marten captures contained residents. The two sites 
only 1-2 martens per landscape. Nevertheless, we with the highest number of captures were the only 
expected several martens to occur in each landscape sites where we recaptured the same individuals in sub~ 
because home range boundaries were unlikely to cor- sequent years. These sites also represented two of the 
respond to study area boundaries, and therefore par- four sites with lactati~~~.,__};!!;!12lli!&...1:.em:o-

tmme=r-angeRM-sciienlM11artens could-~[iVe!'icftv1f"f In thes1te with the highest capIUre 
represented. Martens exhibit intrasexual territoriality 
(reviewed by Powell 1994) but > I female range typi­
cally occurs within those of males. Non-territorial juv­
eniles sometimes share ranges with territorial adults 
(Archibald & Jessup 1984). Rather than view these 
landscapes from a home range perspective, we viewed 
each landscape as a window providing a snapshot of 
marten numbers at a given point in time. 

A third caveat is that marten capture rates represent 
relative. not absolute, marten nun1b.ers. Sites with no 
marten captures may have contained martens but at 
densities too !ow to detect during the 6-night trapping 
period, To increase our confidence in interpreting zero 
values, we resampled al! sites in which no martens 

rate, the average weight of males was above average 
for al! sites, and genera! body condition was lair to 
excellent. Thus, there is no evidence to suggest that 
sites with high captures were simply areas of dispersal. 

Our final caveat regards the apparent threshold in 
marten o2currence when open areas were approxi­
mately 25% of the total landscape. Martens ln our 
sites may have exhibited a stronger ~%p-oii.Se;,,i:C/ fS'w 
1eveis"'3'fffilgffiellt'a'tf;'itiliiil ~-~()~Jc!' b·e. eXf)e'ci~Cr •jn• 
ceOgf"i'i'J'hic'.ir£i,eii'S ·\Vii'ii ·JeSs" 1M;s1{\:i:iiiditi0ns:· The 
~1earditfiiroUtSft'eipr~-;ided'~'a hibN:itf 0f"llla~rt~;;s © 

--- -,·.--.""'...,,_~.,-~""""-""~''"eo. '-1·'-'-.e,•,o,,-~"-'~"'',• ~-,~ ... ,~- _,. Ee 
because cut areas generally were stnpped of both veg- Jo, 
er.ui'Onarur1oggi~g'~i;sh";Yt;'ti;;·be'~ ha;est. More~ & 

over, the !OJ2 soil was consideri!,bly~~~,.0..--+--~,,5;.,._ 



1(17 

CD. Haigis, 

J.A. Bisso11e1te & 
D.L Turner 

( 1999 British 
Ecological Socieiy. 
Journal qi Appfieif 

E('o/ogy, 36. 
J57-1n 

' a) • (b) 
• • 

' ' I • 21• • • 2 • 

: I 
• • • • • • • .. • • 

• • 
• • • • • 0 

0 10 20 30 40 50 0 50 100 150 200 250 300 350 
% of landscape in openings Mean proximity index 

'0 - , r (c) 4 (d) -" 
5!! • • 
C 

3 i 3 C. ' m ! ~ • • • - 2' • 2 • • • • 0 ! 0 • • • •• • - 1f • 1 • 
0 • • 

' - •• C I • • m ,: O' 0 
m 0 100 200 300 400 500 500 0 10 20 30 40 50 60 70 
:. Mean nearest-neighbor distance (m) Edge density (m ha-1) 

4' (e) 
I • 
' 3 l 

,[ • ... 
• 

: I • •• • • • -• • • • • • 
1.75 1.8 1.85 , .• 1.95 2 

Mass fractal dimension 
Fig.5. Scauerplot ofmarren capture rates with five measures of fragmentation; (a) percentage of site in Openings: (b) mean 
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Table 6. Correlation matrix for landscape metrics and snag abundance, with all coefficients >/0·701 highlighted in bold 

~ 

%-open 
Edge 
Proximity inde.x 
Nearesr-ndghbour dismnce 
Mass fractal dimension 
Snags 

• 

Edge 
Marten % open density 

a:::--·;;0,45 
1·00 0·97 

!·00 

retarding the l:stablishment ,:,f conifer growth for a 
decade or more. 

Elsewhere. mart en~ ~1pparent!y C(tn fornge in clear­
cuts con1:dnll1g structure in the" form o(n:geilerating 
dee id uous or conifer \"Cgctation and brush (Steven Lon 

Proximity 
index 

~59 
0·85 
0·74 
!·00 

Nearest 
neighbour 
distance 

:U--% 
-0·67 
-0·72 
-0·50 

1·00 

Mass fractal 
dimension Snags 

0-41 
-0·97 
-0•96 
-0·79 

0·59 
J·OO 

-0-33 
0·28 
0·26 
0-28 

-0-26 
-0·32 

1·00 

& Major 1982; Katnik !992; Potvin & Breton 1997) 
and may tolerate higher levels offragmematlon under 
these circumstanccs. Somicre (1979) found ma;ten 
using arcHs that were 60% cut in Maine. although at 
!o\\;Cr population levels than in uncut arcns. We tind it 
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n(>t,· .,s\rthy. however, th:n Chapin & Harrison ( l "1C,J. 

working in the.same general vicinity as Souliere, found 
no adult female marten territories.where >31 % of the 
la;dscape waS in reg~nerating vegetation. The media:O 
percentage ofhome range area in regeneratiilg patches 
was 20% for 14 resident adult females and 22% for 
13 resident adult inales (Chapin & Hanison 1998). 
Also, Thompson (1994) found resident marten at only 
one of five sites with logged forests, and clearcuts on 
these sites were ve!i;etated with shrubs and quakin_g 
aspen Populus tremuloides. Thes_e studies indiCate that 
marten residency, if not marten presence; may be 
affeCtci'fby fairly IoW IeVe1s·or rragmen•ia'fiOii;·r~d­
less of the vege'ta:tio:ri.-presenfih' crperraretk. In areaS 
where· open.in gs are j;Oorly vegefaied for loilg periods, 
we anticipate that martens would respond to frag­
mentation at approximately the same level that we 
observed. For example, cleareut management com­
parable to that of the Uinta Mountains occurs in 
much of the lodgepole pine and spruce forests of the 
intermountain states of western North America, and 
we consider our results relevant to marten con­
servation in that geographical area. 

Our findings may be pertinent to the consetvation of 
the Eurasian pine marten Martes martes Linnaeus as 
well. Of 46 British mammals analysed for vulnerability 
to fragmentation, the pine marten was considered one 
of the most vulnerable due to relatively low population 
density, slow breeding, fairly poor .di.sper.saJ.cripabilities 
and close affinity to semi-natural habitat$ (Bfight' 
1993). In the fonner USSR, notable declines in marten 
abundance were apparent when mature forest was 
reduced to 25--35% of total area (Grakov .1972). In 
northern Sweden, pine marten densities were found to 
be two to three times higher within an old-growth forest 

t'o fragmentation than pine martens. and may require: 
11 certain proponion of forest interior within thc:ir 
home ranges. As summarized by Buskirk & Po\vell 
( 1994), martens appear to use structural componem., 
of mature forests to avoid predators (Drew 1995). 1_, 

gain access to 'prey in winter (Hargis & McCullough 
1984: Corn & Raphael 1992; Sherburne & Bissoncu.: 
!993; Sherburne & Bissonette 1994) and to gain ther­
mal advantages,especially while resting (Buskirk ('l al. 
1989; Taylor 1993; Raphael & Jones 1997). Each or 
these could be affected by Joss of forest interior habl­
tat._J:orest patches, <lOQ~, wid~ =.r ll_Ot pr_ovidc ,,, 
sufficient escape cover from known predt1;tors.SUC:h as; 
red fox Vulpesrulpes. coyote Canis Ja1ra11sand raptors 
(Hodgman era!. !997~ Thompson 1994). Availability 
of preferred prey may also be a factor. Mills (1995) 
fqJlnd lower densities of California red-backed voles 
Clerhrionom.rs californicus near edges than in forest 
interiors. and Nordstrom (1995) foufld lower densities' 
of southern red-backed voles in narrow forest cor! 
rid ors compared to contiguous forest blocks during a' 
low population vear. Thermal, ad;vantages may also·· 
be _pst_ inJqr_eSt~. that h"a:~~ 'i,~~~: reduced to narro\\· 
s!rips: Chen. Franklin & Spies (1995) found that 
microclimatic edee effects can extend >240m jnto· 
,91a:·,efo:itii" .. Do'Uil~~~fir foiests .. Therefore, a ~st 
interspersed with closely spaced open patches may 
lack the thermal conditions normally associated with 
mature forests due to landscape pattern. 

Edge habitat p1:/' se is not necessarily detrimental to 
martens. Marten use of edge may depend on the habitat 
composition on either side (Buskirk & Powell 1994). In 
California, martens showed preferential use of edge 
that bordered mesic meadows (Simon 1980; Spencer. 
Barrett & Zielinski 1983) and in Maine edge between 

reserve than in the surrounding landscape of com- residual conifer forests and regenerating clearcuts wa, 
mercially managed, fragmented forest (Bjiirvall, Nils- used in proportion to availability (Chapin 1995; 
son & Norling 1977; cited in Brainerd ]997). In sou- Chapin &Harrison 1998). In oursmdy, the correlation 
them Sweden.and south-eastern Norway, pine martens between edge density and mean proximity index made 
consistently preferred later-successional seres of it difficult to detennine whether martens responded 
spruce-dominated forest and ·avoided open habitats negatively to edge. or whether the actual response was 
throughout the year (Brainerd 1997). to the loss offorestinterior from closely spaced patches, 

Martens in Scotland appear to tolerate high levels and edge was simply a covariate. 
of forest fragmentation, but Balhlirry (I 993) found In addition to loss of interior habitat. martens may 
that the normal rodent diet is supplemented by avoid landsca es with abundant openings due to the ' 
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operations and, to a lesser extent. from hill sheep Ovis ~- Ii"-~ay be energetically prohibitive to defend a 
aries. Carrion accounted for 35% of the estimated territory or forage in a home range that is widely 
weight intake of all marten foods in two study sites. diffused and interspersed with large patches ofunsuit-
Nevertheless, some minimum area of woodland able habitat (Thompson & Colgan 1994). 
seemed important for establishing breeding territories, 
because breeding adults had significantly more wood­
land in their territories thii.n juveniles and non-breed­
ing adults (Balharry 1993). In a comparison of two 
study sites in Scotland, Balharry (1993) found that 
male marten home ranges were three times larger in. 
the site having only 3·5% woodland than in the site 
with 27% woodland. 

American martens may be somewhat more sensitive r 

We found no evi,;lence that martens benefit from the 
increase in abundance and diversity of prey associated 
with clearcuts. We cannot state this conclusivelj 
because we did ·no! collect dietary information; but 
our trapping data did not indicate a positive response 
to prey in clearcuts. Although small mammal densities 
were higher in clearcuts than in forest habitat, marten 
capture rates were not correlated with biomass of 
prey found in clearcuts. or with the abundance of any 
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species associa1cd wiih denrcuis. Information on red 
squirrel (Tamiasdurus /wr/.w,11iw.1· Trouessarl) or 
snowshoe hare abundance, which we did not obtain, 
would not have changed the relationship between 
martens and clearcut-associated prey,_ because both 
are associated with forests (Raphael 1988; Thompson 
& Colgan 1994).Seven ofthe·eightincidentalcaptures 
of snowshoe hares wer_e in forests. -' 

We found a negative correlation between marten 
capture rates and snag abundance, but martens 
showed a positive response to snags in·other studies 
(Spencer, Barrett & Zielinski 1983; Lofroth 1993; 
Drew 1995)_, partly because of their use of large diam­
eter snags for resting sites (Campbell 1979; Spencer, 
Barrett & Zielinski 1983). In our study, ·snags were a 
common habitat feature in all sites and Iil.ay not have 
been limiting to martens,. but snag abun~ance varied 
among sites due to differences in mortality from 
mountain pine beetle Dendroctonus . ponderosae 

Hopkins. The representation of snags in the over- / 
storey ranged'ffom 9o/o i~ "ilii tiriiqfected site to 653/o in 
a heavily infected area. Sites with high beetle mortality 
were frequently selected for salvage timber harvests, 
and therefore sites with high snag densities also had 
the greatest number of clearcuts._ Thus, the negative 
correlation between martens and fragmentation is 
mirrored by the negative correlation between martens 
and snag abundance. Because snag abundance 
improved the fit of all fragmentation models (Table 5), 
however. it is more than a correlate with frag­
mentation, and may be influencing marten ecology in 
ways that our data did not reflect .. T~e ~o_re open 
canopy cover associated with high snag den~ities may 
cause edge effects to extend further into forests, caus7 
ing a greater lbss of forest liiteH('it"it·anyg1:tell iev~l'­
offragmentation than sites with loW snag abundance . 

.R:EGOMMENDATIONS FOR MANAGEMENT AND 

RESEARCH 

Our stndy was designed to assess changes in marten 
capture rates over a range of habitat fragmentation, 
but we were ·unable to separate the effects of habitat 
loss from the effects of landscape pattern. All mea-

The effects of put ch size and sputia! distribution c­
forest interior are illustrated using three landscai: 
patterns at the same level of fragmentation, with eac 
landscape having upproximately20%- of the area i 
openings (fig. 6). The first la11dscape represents on 
of our study sites with open areas in a dispersed pat 
tern that has resulted in the loss of much of the fores 
interior (Fig.6a). The other images are of two simu­
lated landscapes having 20% openings in which the 
openings are eiiher clustered (Fig.-6b) or aggregated 

(a) 

(b) 

(c) 

=============~•~~~-~---------~es~o~f~l~,;•1d~s'o'.l'c~'~ef..ll1!!~•~-r;t~,~rn:;ex~c~t'~m;';~:~:;tr---;;;: - s1gru cantly correlated with marten 
captures. but each chang;" in the measure of pattern 
was asso"dared with a change in available habitat. To 
isolate the effects of landscape pattern, ir would be 
necessary to sample martens in several landscapes 
having the same level of habitat Joss but differing in 
landscape pattern. Landscapes with 20-35% of the 
urea in openings appeur fruitful for further jnves­
tigutions. based on the notable change in capture rates 
we encountered at this level. We predict that within Fig. 6. Three landscape patterns with approxima1ely 20% of 

t· 1999 Bri1ish 1 !he area in openings: (a) an actual landscape in Utah:'(b) a 
t 1is range of fragmentation martens are sensitive to >' Ecological Society, -, , 1- simulated landscape with clustered p:itches: and (c) a simu• 

Journal of Applied·;.· Jandst'.ipc pall cm a:one. and th~t-~iuJ,~~~a'tj!::i.P_g! H lated landscape wi1h openings aggregated into a single patch 
Eco!o.r:.r, 36. -~:~ fo~t:\:interior 111ay not· sustJifi',LJpfdl}UciO#Wo'i;u-Ft to maximize forest inierior. Black represem"s forest and grey 
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mto a single p:1tch (fig. 6c). The simufa:hlll~ ,,-ere 
created with a computer program that places patches 
on a landscape at any specified proportion and spacirig 
{Hargis, Bissonette & David 1997), using digitized 
clearcut patch shapes from th!; Uinta ~fountains. The 
comparison clearly illustrates the greater size of forest 
interior and fewer disruptions in continuity of habitllt 
that occurs when unsuitable habitat is clustered or 
occupies a single patch. 

Assuming American martens do require forest 
interior for reproductive habitat, management should' 
consider the guidelines developed by Franklin & For~·­
man (1987) for conservation of forest interior species· 
in managed landscapes. They recommend that timb-er 
harvests be undertaken progressively OutW~d from a 
single patch or in clustered cuts so that disturbance. 
patches are consolidated and larger areas- of undisw 
turbed forest could be maintained. For m:irtens, pro--:· 
gressive cutting rather than clusiered cuts would be 
preferred, because the forested buffers left between 
tightly clustered c]earcuts have little apparent value 
to martens, and represent additional loss of habitat 
rather than useable forest. Prog!"eSsive cutting from a 
single- patch would create maximum aggregation of 
disturbance and retain the largest amount of interior 
forest habitat. 
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