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‘Bummary

L. We fnvestigated the gffacts of forest fragmentation on. American martens (Martes
americang Whoads) by evaluating d1ﬁ"erancea 1 marten tapture rates (excluding recap-
tures) i 18 stidy sites with different levels of fragmentation resultmg from timber
harvest clearcuis and- natural openizigs. We focused on low levels of. ragmentation,
where forest conhectivity was’ mmmmmi and non-forest cover ranged from 2% to
22%.
2. Martens spprared o respond nagazx%iy t0 jow lovels of ‘habitat fragmentation,
based ‘on the significant decrease in Caplure rates within the series of mm&smg‘iy
{ragmented kindscapes. Mariens, were nearty absent fTom landscapes having »> 25%
nan-forést cover, even zhazzgh forest cﬂzzm:czzwiy was still present. '
3. Marten capture rates were negatively correlated with increasing progimity of open _
areas and increasing: extent of high-contrast edgms Forested landscapés appeared 5 c?"') 4
nnsuitable- for martens. when the average nedarést-ieighboir distance between open
{non-forested) priches wag <100m. Tn these fandscapes, the proximity of open areas
created surips of forestadge and eliminated nearly all forest {nterior.
4, Small mammal densitiss wez‘e szgmﬁczzzziv higher i cléarouts than th forests, hut -
marten ¢aptures wers got corfelated wxziz prey a?mm:isme: or biomass associated with
clearculs. .
8. Conservation efforts for the marten tmust consider fot. ‘only the strushural aspects

— of matureforests; but the landscape pattern in which the foreﬂo{‘cms Werdcommend
that the combination of timber harvcsts and natura! openings comprize <25%. of
Tandscapes 3 9km? in yize. B4 e LR
6. The spatial paitern of open areas is impartant as well, because small, dispersad &i _
operings result in less forest interior habiiat than one lasge opening ot the same 2/ 4 I
‘percentage ot fragmf:ntatxon Progressive cutting froma single pateh would rétajn the '
fargestamountof interjor forest habitac.

ttm ber hzrvcsts
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Introduction

The modification of forested landscapes throush fand
management practices has fostered 2 growing intarest
in the effects of babiat fragmentetion on wildlife:

Correspondencer Chidsting [ Hargzs (Fak: (520) 556 2}31
wemails cdbira alpine for.nan edu), .

Habitat frogmentation, vriginally defined as the for-

mation of isolated fragments from a formerly con-
tnwous habitat {Wilcox (980: Harrds [984), has iaken
on a broader meaning in yocent Hmes, mﬁectmg an

- awareness that fragmematzozz van affes? Organisms

fang before the otiginal habiiat s faivced to remnant
patches, In the fullest sense, Fragmentation is dis-
ruption in continuity in dny iemporal or funciional
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dotimin (Lord & Norton [W0). Habaut frag-
menlition.océurs atong 2 continusum, from landséapes
dominated by the original cover type 1o landscapes
where the ongmal type is reduced 1o temnant pa tches.

The.majority of'habltat fragmentation studies have
focused on- extreme examples of fragmentation, fter
thé original cover type has ceased to function s the
dominant landscape elemént. By focusing on réfhnant
habitat patches, these studiés have éxarnined the effect
‘that paich area and isotation liave on pbpu]_atiofn-size‘

extinction’ arid recolonization rates, and"dispersal

ratés of individual species, as well as on species diver-
sity, ( Diamiond '1975; Whitcomb ergl. 1981; Harris
1984; Rosenberg & Raphael 1986, Verboom & van

Apeldcorn 1990). More recently, investigations have,
turned to less extreme cases of fragmentatioh, ‘and

have ﬁfpc':_us_ed'on the cohesiveness _6'r'coi1t'agion-'pf the.

onginal habitat type when it is the doniinant land- _

scape efement (Franklin & Forman 1987, O’'Neill eral.
1988; Ripple, Bradshaw & Spies 1991;.Spies, Ripple
& Bradshaw 1994; Wallin, Swanson & Marks' 'I994)

These studies investigate poténiial restrictions on the
moYement of organisms, the spread-of fire or disease,

orthe flow of nutrients at the Iandscapc scale {T urner
1987; Turner eral: 1989; Bartell & Brenkert 1991;

Turnér & Dale 1991; Wlens eral. 1993;Tms 1995). The:
drea ofthe original habitat generally is not measired
when it is the dominant landseape element, because it
forms one continuous patch and may extend beyond
the defined landscape bousdary. The area and dis-

tance between disturbance pa'tch'es; are never'theléss of:

interest. because-they serve as barriers to movement
and affect the spatial ‘configuration of the original
babitat,

Our study focused on low ffagmentation of forested
landscapes; where the extentof forest has-been altered
by tiniber harvests but still comprises. the dominant
Tandscape element. We investigated the effects of habi-
tat fragmentation on- the American marten Martes
americana Rhoads, a carsivorous. fiiamnial typically
associated with. mature forest systems. Alnerican mar-
tens appear semsitive tg- habitat fragmentation,

'because populations generally are low in areas frag-

mented by the clearcut method of timber harvest (Sou-

tiere 1979; Snyder & Bissonette 1987; Thompson &

Haréstad 1994). However, marten responses to grad-

Braisterd- (1990) proposed a niodel of marten
response to fragmentation when non-forest cover ocey-
pied 55% of a hypaotheticat landscape. He predicted
that habitat quality would increase if cut sizes were
fine-grained, permitting marten movements across the

clearcits while taking advantage of increased préy in

open areas. Habital quality was predictéd 1o decrease
with medium- and coarse-grained cut sizes betatisé they

would restrict marten moveraenfs. A similar model was

later developed by Thompsor & Harestad (1994) that
¢choed Brainerd's (1990) predictions, Examining. the
full range of potential fragmentation, they predicted.

two possible changes in marten carrying capacity with’

increasing removal of timbet, Under the cléarcut

. metliod of harvest, equivalent to Brainerd's {1990y

mediumi-grained of coarse-prained cut sizes, they pre-

dicted a linear negative decline. With selective cutting:
" and patch cuts <3 ha, they predicted an increase in

carrying capacity at low gutting levels, foliowed by 4
precipitons decline at approximately 20-30% of forest
cover removal, due toincreased predation of martensin
openings; h_i'ghj edge density; and loss of forest interior.
Thus, their model differed from Brainerd’s (1990) 01_1'1_\_-'
in predicting a decline at an earlier stage of frag-
meéntatiorn.

Although martess @void clearcuts and other large
openings, especidlly in the winter (Soiniere 1979

Clark & C;'t'mpbel_]' 1979; Steventon & Major 1982
Hargis & McCuliough 1984), low levels of frag:
mentation may hage--_lit_tie- effect on martens:as lonig as
forest conpmectivity is maintaised. In fact, 2 positive
response to low fragmentation may be ex'pe'ctedA
because in some locales martens. forage in brushy
clearcuts ‘during surmer (Steventon. & Major 1982
Katnik 1992) and hunt along forest-meadow edges
(Simon 1980; Spencer; Barrett & Zielinski 1983) Hav-

ing.a small pmportlon of the Iandscape iri‘open areas

may be favourable to martens because. of thei increase

'in abundance and diversity of smal{:mammals associ-
ated with. clearcuts; and because marten diets.are nol -

restricted to forest- associated prey (Weckwerth &

Hawley 1962; Koéhler & Homocker 1977, Buskirk &-

Mar_:_Dona._ld 19_8_.4). The initial positive resporise. would
b followed eventually by & negative response as for-
ested habitat became limiting:

To test these pl’chCtlonS, we compared marten ¢ap-
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Most studies -of timbet harvest effects have been: 4in

areas where levels of fragmentation”were not differ-
entiated and where fragmentation was guite high,.

between 41% and 60% clearcut {Soutiere. 1979; Ste-
venton & Major 1982; Snyder & Bissonette 1987;
Katnik, Harrison & Hodgman 1994; Thompson 1994;
Potvin & Breton 1997). In o’ur'iﬁvcsti:gatjbnt we were

-primarily intérésted in the response of martens tg a

gradual increase in fragmentation when. forest con-
nectivity was- inaintained, and therefore focused our
study on a series of forested landscapes where nori-
forest'cover ¥anged froi 2% t0'42%

uakincreasesin-fragmentu eI R e ROt WElRaOwT——

TalES™d TSerEs ol mcreasmgiy fragmented
Iandscapes Our main ob;ecuve was to determine
whether marten: abundance chang_cd_ with incremental
increases in-habitat fragmentation caused by the com-
bined effects of natural openings and timbér clearcuts.
If a correlation was fouind between capture rates aml
fragmentation. our secondary objective was to'look for
specific levels of fragmentation that suggested shifts.irr
habitat qualityis either a: positive ornegative direction.
Prélimiriary results from this study were rcpnrted in
Hargis & Bissonette (} 997}, This paper reports further

* analyses on ihe effects of Tundscape pattern on martens

as measured by several landscape tetrics,
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-added to-the model (Table 5). Capture rates were \ran-

-
3
2 L ® *
[ a
.1 - * "
) y . _
5o > -—
Z @ 61 0Z 03 04 05 08 07
a Proportion of overstory in snags
=t
=
-~
.
g, (b)
=5
2-;‘5'. -
1T = -
11 & -
-
' =
0 2 4 85 8 . 112 14

Vole captures-100 trap nights™

Fig.4. Statterplot of individual marten captufes:with (a} pef
centage of total stems in snags and (b} voie captures ]00 trap
mahts

with 0-8 individual captures per site during any given
trapping period. Although capture rates differed
amongsites (described below), we found no significant
differenée in capture rates among trappmg peno_ds

‘witkiin-any given site (3 = 2:89; d.f. = 3. P = 0:41).
Sites with high captures were consistently high, and

sites with zero captures remained tow, resultlng ina

nearly. stable rankmg of sites. across all years, and
‘confirming that differences ih capture rates were due
to-factors other than seasonal variation: or sampling

error: .

Marter captures were negatively correlated w1th
e v

toss. of forest habitat, as measured by the pércentage

.of éach site in opén areas. and [hlS reIatmnsmp was;

significant (P = 0:03) when stag abundance was,

agwwmﬁs:muh_lmm:ﬁragmmhnn:;hn -onty;
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COMPARISON OF FRAGMENTATION MODELS

We eéxamined corrélations between parcéntagé.of eiach
site.in openings and the four aheasures (6f landscape
patiérn to assess the degree of additional information

provided by these measur'es (Table6). Correkitions'

were generally high, with mass fractal dimension hav-
ing the highest correlation ‘with habltat loss (=
~097) and nearest-neighbour distance the lowest

(r=—067). In addition, 1he four measures were

interrelated. -among themselves, with edge density and
mass fractal dimension having the strongest ¢or-
refation (r = —(+96).

Partly as a consequence of these: mterreiatlonsmps :

'nearest—ne:ghbour distance, edee density and -per-

centage of site in openings-were similar in their role.

asexplanatory variables of marten capture rates. Used
along, each explained. approxlmated 20% of the vari-
ation in marten capture rates.and P-valuesiwere simi-

lar. When used:in combinatioti-with snag abundance. ~
of site:in openings and ¢dge'density becanie:

_edlctors, but the reIa!:onshlps for nearest:
nelghbour chstance were. weakened. Mass fracral
dimension provided the poorest fit of ali frag-

mentition measures examined, both when used alone

or in combination with snag aburidance.

Thie combined-effects of mean proximity index and.

snag abundance provided:the best fit for explaining
différences in marten captuic rates, based on a com-
parison of Pwalues and R* terms from &l frag-
mentation models examined (Tables). The. con-
tnbutlon of mean proximiiv index was greater than
that- of percentage of site in openings, w luch became

an’ insignificant term when both - measures were

includedin a mode! (mean P foreach variable; TESpec-
tively; based.on 335 bootstrap runs = 0- 37 and. 0-013.

Discussion

Martens appeared to respond negatively to low levels.

of h habrtat ragmentalion, based on a 51gn1ﬁcam

mmiarten was: captured-in 932 trap-nights:in:
sites having > 0-25% opem areas (Fig. 5a).¢ _
Martens showed sigmificant responses to landscape
pattern as well as foss of habitat (Eig.Sb-d: and
Table 5). Capture ratgs ere lowest in ]andscapes with
large. closely spaced open areas, as: measured both b by
medn  provimity index and mearest- nexghbour
distance. Landscapes wuth an - average: dlstance

belween open areis < 100 m.had no marten. captures, ¥
- had: fewer
marten’ cipiures. We did not observe. & significant
.correldtion between marten captures and mass fractal

Also. l.md:,c:dpes with high edgﬁ: densn‘.

dlmensmn allhnugh ‘thetic

capiures in landscapes where the [‘orcst matnx was |

highly.conxaluted (B Seand Table ).

Martehs were sensitive.not only to loss. of habitat

but alse to'the size and proxiwity of gpen areas. As

thre- rates-decreased as ‘open patches becamié more.

closely situated (Fig: 5b). When the average nearest-
SELY, situaled

neighbour d:stanee berween open pdtches ‘Was.

habltal(FIg le}

We provide several caveats to aid in interpreting
these resuits. First, 82 values associated with alfsig-
nificant relationships were low. It may be un'redl'.ist'ic
to'expect high. R*valuesina '-,ludy design where land-
SCAPESATE thp nml*: of renhrmnn bt m‘w-rrhf'leqq

decrease in capture rates cbserved across a Series f

3
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“Table 5. Statistical -significance of frugmentation modeis. expldining individual marten capture rates, with mean P-values
{confiderice intervals.in pareatheses} defived Irom chi-square tests. performed on 33 bootstrap datu séis per model (error

d.f. = 15 in each model). Models. with P < (:05 are‘indicated with an asterisk. The second colump. contzins both the meay

upivariate P-value and the mean. miultivariate P-value of the fragmentdtion measuré when snag abundance is added to the

model
P-value of fraginentaticn Povalue-of snag a_bl_:_n_dance
Model parameters . measure - in multivariate model F
% of site'in openings 006 i 023
(005, 0:07) {0-21:0.25)
* % of site in.openings, 003 00! 0-50
snag abundance (002, 0-04) (001,001 {048, 0-52)
* Proximity index 001 0-4%
(001, 0:01) . (0:47, 0-49)
Proximity index, 0-04 007 059
snag abundance 0:03, 0:05) (0-06: 0-08) {(0-58. 0:60)
* Nearest-neighbour distance .0:03. - 02
o ’ (0:03;0:03) . {020, 0923
* Nearest-neighbour distance; 0:035 : 0-03 042 _
snag abundance -(0-02, 0-08) (0-01, 0-05) {0-40,.0:44)
Edge density 0:08 919
: (0-07,0-09). 417, 021
* Edge density, 0-03 a0l 047
snag.abindance {0-01,0:09) {0-00, 0-02) {0-43, 0:49)
Mass fractd} dimension 01z o7
(016, -14) — (6-15. 019}
Mass fractal dimenston, 0-11. 002 043
snag abundance {0-04, 0-18) {0-01. 0-03}_' (039, 0-47)

the fow R? values indicate substantial uncxp]a:ned
variafion ir marten. capture rates,

Secondly, the size chosen for study areas was small
relative to marten home range scale. The size of mar-
tén-home ranges in the Uinta Mountains i ankriown,
but in the neighbouring state of Wyummg the mean
summer home ranges (95% minjmum convex' poly-
gon) of seven females was 669 (+67 SE) ha and that
of eight males was 1820 (:+153.SE) ha (O'Doherty,
Ruggiero & Henry 1997), sizes that would suggest
only 1-2 martens per landscape. Nevertheless, we
expected several miartens to occur in each landscape
because home range boundaries were nilikely to.cor-
respond to:study area boundaries, and therefore par-

were caught, and in-2ll cases no martens werg captured
. during these second attempts. Nevertheless, we cannot

conclude that no rartens were present.
Also, we were'unable o determine whether martens

. in ‘our samples were -residents or transierits. This is
~an. important consideration, becatise high numbers. of:
: transients could indicate a population.sink (Pulliam
1988). Althongh we do.not know how many transients.
occurred in each site, we.do know that sites with _high '_

marten captures coniained residents. The two sites

. with the highést mumber-of captures were the only
* sites where wetecaptured the same individuals in sub-
: sequent years, These sites also reprasented. two of the
‘four sites with lactating females, denoting repro-

= homes S =05V A AT teTs coujid—be

T, 1989 British

Ecolo_gica] Society,

Jairnal of Appiied
Eevlogy, 36.
137172

represented. Muartens exhibit intrasexual terrizoriality
(teviewed by Powell 1994) but > female range‘1ypi-
cally occurs within those of males, Non-territorial juv-
eniles sometimes. share ranges with- terfitorial adults
(Archibald & Jessup 1984). Rather than view -these
landscapes from a home rﬁng‘_e perspective, we vi:_iwf;d
each landscape as a window providing a snapshot of
marten nunibers at & given point in time,

A third caveat is that marten capturé rates represent
relative. not absolute, marten nurbers. Sites with no
marten capiires may have contained mariens bat at

densities too {ow to detect during the 6-night trapping

period. T increase our confidence in interpreting zero
values; we tesampled all sites in which no martens

Briior and]oggm" slash after timber hafvest More-
over, the'top soil was considerably. disturbed, often

=HCHVEACHVIEY. I the site with. the-highest capiure
-rate, the average weight of males was above average
-for all sites, and géneral body condition was fair 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

; ———
‘murten OCCUTTENCE Whell Open areas were -approxi-
_ma:cly 25% of thc total landscape. Martens in our'

Ec
Joi
Ee

1.5z
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Table 6. Correlation matrix for landscape metrics and snag abundance; with ail coefficients. >{0-70] highi_igf)lcd in hold

Nearest _

Edge Proximity  neighbour Mass fractal
“Marten - % open  density index = distance dimension  Snags
IIIII Marten (P ., S 59 O-5t5 g1 =T33
J— L ‘open - 100 097 085 ““0'_57 —0:07 028
‘Edge - 1-00 074 —0-72 — 049§ 026
Proximity index 100 ~0:50 — 079 0-28
Nearest-neighbour-distance 1-00 (59 —0:26.
Muss fréctal dimension 100 =32
Shags: 1-00

i 1999 British”

Ecologicul Socieiy.

Journal if Applied
E cj’r_)'."ogi\ 36.
157172

retarding the éstublishment of conifer growth for u
decade ormore,

Elsewhere. martens upparently cun Fomgc in clear-
cuts :.om.ilnm" blruclur{‘: in lhl. formt of n._:_.c.ner.mm.
deciduous or comﬁ:r \chl.mon “and brush (Steventon

& Major 1982; Katnik 1992; Potvin & Breton 1997)
and may tolerate higher ievels of fragméntation under
these circumstances. Soutiere. {1979) -found marten
using areas that were 60% cut in Maine, r.l[[h(}ll}_.h at
lower popul.mon levels than i uncéut areas. We find.it
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potyworthy, owever, that Chapin:& Harsison {1-4h ).
working in the same peneral vicinity as Soutiere, fouiid

noadult fema]e marten: territoniesyvhere = 31% of the:

landscape was in regenerating vegetation., The medlan
percentage of home rahge ared in regcneratm |4 patchcs
was 20%: for 14 resident adult. females and 22% for
13 resident adult fiales (Chapin. & Harrison 1998).
Also, Thompson (1994) found resident marten 4t only

.one of five sites with logged forests, and clearcuts on

thesc:sites were. vegetated with shrubs and -quaking

.aspcn Pop:dus rremufoxdes Thcse studles lnchcate that

whcre 'opemngs are pooriy vegetated for ]Dng perlods
we anticipate that matrtens would respond to frag-
mentation at approximately the same level that we
obsérved. For example, clearcut management com-
parable to. that of the Uinta Mountains oceurs in
much of the lodgepole-pine and spruce forests of the
iritermountain 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 conservation of
the Eurasian pine marten Martes martes L_mnar;us as
well. Of 46 British mammals analysed for vulnerability
to fragmentation, the pine marten was constdered one
ofthe most vilnerable die to relatively Jow pcpulauon

-density; slow breeding, fairly poor dispersalicapabilities

and -close affinity t6 ‘sémi-patural habitats (Bright
1993) In the former USSR, notable: dec[mes 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 o
‘be two to three times higher within an old: growth forest
reserve than in the surroundmg landscape of com-
miercially managed, fragmented Forést (Bjirvall, Nils-
son & Norling 1977; cited in Brainerd 1997). In sou:
thern Sweden and. sout'h'-_:eastém-Nbfw'ay;'piné martens:
consistently preferred later-successional seres of
spruce-dominated forest and ‘avoided open habltats
throughont the year (Brainerd 199?').

Martens in Scotland appear to tolerate high levels
of forest fragmentation, .but Balhdrry (1993) found
that the normal rodent diet is supplemeénted by

o fragmeiitation that pine martens, and may requirc

‘@ certain proportion of forest interior within heir

home ranges. As summarized by Buskirk & Poweil
(1994}, mirtens appear to use structural componenii
of mature forests :o avoid preddtors (Drew 1995), i
aam access to prey in winter {Hdrgls & MeCulloughy
1984; Corn & Raphael 1992; Sherbutne-& Bissonctie
1993; Sherburne & Bissonette 1994) and to. gain ther-
mal agvantages. especially white resting (Buskirk eraf.
1989; Taylor 1993; Raphael & Jories 1997). ‘Each of
these could be affected by loss of forest interior habi-
tat. Forest. patches. <100m, w:dc .may not provldc
sufficient.escape cover from known pr'édato
red fox Vulpes rulpes, coyote C anis latrans and raplors
(Hodgman et af. 1997, Thompson 1994). Avaitability
of preferred prey may -also be a factor. Milis (1995},
fopnd lower-densities of California red-backed voles
Cletlirignonirs californicus nedar edges than in foresy.
iﬂ‘“ﬁ?rs._aqd. Nordstrom:(1995) found lower densities®
of southern: red-backed volés in narrow forest cor?

-ridars compared to contiguous:forest blocks during a*
Jow population year. Fherir

advantages may. also®
be lost inforests. that have been.rediiced 1&-narrow

.stn s, Cnen. Franklin & Spies (1995). found that _

microclimatic. edge. eﬁ'ects can extend >740m intg
Wikt Douulas—ﬁr:forests Therefore, a forest

interspersed with closely spaced. open patc_hes may

lack_'t_hc.-r'ht;rma_l conditions normaliy associated with
mature foresis.due to landscape pattern,

‘Edpe habitat per se s not necessarily. detrimental 1o
martens..Martenuse of édge may depend on.the habitat
composition on éither side (Buskirk & Powell 1994). In
California, martens showed preferetitial use of edge-
that borderéd mesic meadows (Simon 198¢; Spencer.,
Barrett & Ziclinski 1983) and in Maine edge between
residual conifer forests and regenerating clearcuts was
used in proportion to availability. (Chapin 1995;
Chapin & Harrison 1_99.8). Inoursiudy, thecorrelation.
between' edge densily and mean proximity index made
it difficult to determine -whether martens réspotided
negatively to edge. or whether the actual response was
to the Ioss of forest inserior from closely spaced patches.

‘and edge Was simply 4 covariate:

In addition to loss ofi interior habitat. martens. may\
—R
avoid landscapes with abundant openings due to the

. [ 1999 Briiish
Ecological Society,
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operations and, to'a lesser extent, from hill sheep Ovis
dries, Carrion accounted for 35% of the estimated
weight intake of all marten foods in two study sites,
Nevertheless, some minimum drea of woodland
seemed important for establishing bréeding tCI‘l'l[CII‘leS,.

.because breeding adults Kad significantly more wood-
Jandin their tetsitories than juveniles and non- -breed-:

ing adulss (Balharry 1993). In & comparison of two
study sites in Scotland, Balharry (1993) found hat
male marten home ranges were three times largcr in.
the site-having on[y 3:5% woodlind than in the site
with 27% woodland.

:American martens tay be soméwhat more sensitive

TEYSC CNETSRIIC COsIE™g circumyenting. the: open
t.may be- enerzetlcaﬂy prohibitive to défend a
territory or forage in a home range that is w_;del_y

diffused and interspersed with large patches of unisuit-

able habitat (Thompson & Colgan 1994),

We found no evidence that martens benefit from the
increase in abundance and diversity of prey associated
with_clearcuts. We cannot state this condusively
because wé did not collect digtary information, but
our trapping data did not indicate a positive response
to prey in cléarcuts. Although small mammal densities
were higher in clearcuts than in forest habitat, marten
capture rates were net correlated with biomass of
preyfi ound in cleurcuts, or with the abundance of any
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species asseciated with clearcuis, Information.on red
squirrel {Tumigsciurns hudsonicus  Trouessart) ot
.snowshoe hare abundance, which we did not-obtain,
would not have changed the relationship between
martens and clearcut=associated prey, because both
aré associated with forests (Raphael 1988; Thompson
& Colgan 1994); Seveti of the eight incidéntal captures
of snowshoe hares were in forests.

We: found a negative. correlation between marten
captire rates and sndg 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 fedture jn-ail sites.and’ mqy pot have
been limiting to martens; but snag abundance varied
among site§ due to differenceés in mortality from
miountain  pine bv:wfz_ﬂQj*:'f Dendroctonus ' ponderosae

storey. ranged front HHitH

a heavily mfected areaz. Sites wnh hlgh beet}c mortahty
were frequentiy selected for salvage timber harvests,
and therefore:sites with, ~high snag densities also had
the greatest nuinber of clearcuts.. Thus, the' negatwe
correlanon between madrtens and fragmentatlon is.
mlrrored by thehegative correlation betweenmartens.
and snag “abundance. Because -snag abundance
improved the Bt of all fragmentation models (Table:5),
however, it is more than a correlate with frag:
mentation, and may be: mﬂuencmg marten ecology in
ways that cur data did not reflect., The: more open’
canbpy cover assaciated with high snag densines may
cause edge eﬁects 10 extend further i
ing a greatér Joss of fors
of fragmematlon than sites’ wnh low snag abundance

RECOMMENDATIONS FOR MANAGEMENT AND
RESEARCH

Our stady was designed to assess changes in marten
capture rates over a range of habitat fragmientation,
but we were unabie to separate the-effects of habitat
10ss from the effects of landscape; pattern. AH Inea-

__sures of landscape. Dattcm_eg_t__@&&mcmhﬂ;mgw

WEFE ™ signiiicantly _correlated  with ‘martén
captures_. but each change in the measure of ‘pattern
was associated with a change in available habitat, To
isolate the effects-of landscape patiern, it would be
necessary fo sample martens 'in.sevéral-]énd:mapes
having the same level of habitat loss but diﬁ'e’ﬁug-__in
landscape pattern, L’andsbape?s with.20-35% -"d_f_ the
ared in openings appear fruitful for. further jnves-
tigations. based.on the notable: change incapture rates
we encountered at this level, :‘We predict that within.

T: 1992 British
: llns range of t‘ragmentanon mdrtens are sensilive to
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The efféets of pateh sizeand spatial distribution ¢
forest inteffor are illustrated using three landscarp

patterns at the s_amelével of fragmentation, with eac

landscape having approximately20%. of the area i
openings (Fig. 6). The first Jandscape: répresents on
of our study sites with open areas in 4 dispetsed pat
tern that has resulted in the loss of miich of the fores

‘interior {Fig. 6a). The other -ima_ge's are-of two simu-

lated landscapes having 20%: operiings in ‘which the
openings -are either clustered (Fig. 66} or aguregated

@

- Fig.6. Three Iandscape patterns with dppl’nxm’ld[e]y ‘JD% af”

the-area in op&nings: (d) an dctual fandscape-in Utah:(b) 2
simuiated landscape vwith. clustered patches: and (¢) a simu-
lated landscdpe willt openings aggregated into a singie paich
to muximize forestintefior. Black represénts fdrest and grey
‘represents Open areas. '
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inte 4 sinule pateh (Fig. 6¢). The simulaiiops were
created with 4 computer program that places patches
on & landscape at any specified-proportion and spacing
(Hurgis, Bissonette & David 1997), using digitized
clearcut patch shapes from the Uinta Mountains. The
comparison clearlyillustrates the greater size of forest
interior and fewer disruptions in-continuity of habitat
that occurs wien unsuitable habitat is clustered ‘br
occupies a-single patch.

Assuming American tartens do require foresl
integior f‘or reprodnctlve ‘habitat; management should:
considerthe guidelines developed: by Franklin & For-
man {198?) for conservation of forest interjor spec:es

in mandged landscapes. They recommend that timber
-harvests be undertaken progresswely outward from a:
singlé patch: or-in clustered cuts 50 that dlsmrbanbe .
_patches are consolidated and larger areag of undis g
turbed:forest could be mmntamed Formartens; pro«‘
_gressive cutting rather than clistéséd. cuts would be
preferred, because the forested buffers left bétween
‘tightly clustered clearcuts have little apparent value
1o martens, and Tepresent ‘additional loss of habl_tat

rather than useable forest. Progressive cutting from a
sinigle-patch would create maximum aggregation . ‘of

" disturbance and retain. the largest amount of interior

forest habitat.
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