
Research Article 

Forest Thinning Changes Movement Patterns 
and Habitat Use by Pacific Marten 

KATIE M. MORL.\Jl'IY,1-l D~ i?J7t5birri?t- »:d. W&ftfi, ~Ii lif.m Uni.vmity, 104 N.uh Ha!!, Cl!r1)4f/is, QR. 97331, USA 

CLINTON W, EPPS,~ ef Fhbaw ,uW W"rtdl~4:, fJmg,m. Stat. Urdt.°Mity, Jl.}4 NMh Hall. ('4"'1KU!i.<, OR 91JJi. USA 
Wll,LIAMJ. ZIELINSKI,, Paqfe ~ ~ Sf<ni=. USDd-F=t ~ 1700 :B~-0:...-J: !mtJt, A.n::m1, Cd 95521, UM 

ABSTRACT Simpllijring stand stru.roqe to reduce fuel density is a high priority fut forest ~ 
.however, aftects to Pncific rrmrten (Ma;.,us caurina) .movement and coo.nectiv.ity am~, We-e;<r.l.!wired 
whether thinning_ forests ttrreduce fuels influenced movemenu of Pad.fie maroon. We collected- roovemetlt 
paths from 22 martens lliiing glohal positioning system telemetry w ~re habitat sdect:iOJl and de$cribe 
moyerue.nt patterns:, We qu.antUied motion variroJ.ce, speed, and path simi,;isity in 3 stttnd t)'Jh,""S UU!t diffeted in 
~ complexity (i.e.> complex [dense}, simple [tlu.n.ued), and open), We hyp'oLl:1esf"?td marten 
movement ··,vould diifut l:l!;';tween ~ types and predicted th.i:t 1) ~ would select stru:1d types v-ith 
inc,reru;l"d srmctu:m! complexity (COO)p!ex>simple>op:!n); 2) ;no~ents 'WOl).'!d mcrease in complexity 
(sinl.10$1.ty, motfon vru:ia;nce) aM decrease: in speed when martens-traveled tlu:ough stands with ttl.cre:tred 
Stt',,1.C;tural, complexity; 3) speed~ would increase during stur-.me.r, kekating ·it.::o:e.«$t:d moverner,x during the 
breed,ing s.eason; md 4) m!il<;,1 would move mote rapidly became ofthd.r l-arge".I' ho-me.:rn.nges. Ma..'1:1:t'lS tra.v'eled 
05-27.2km/day arid-.an average (SD) of 1.4 (0.A) km/hour. ~s selectaL~ome !?Meil with fewer 
oeenings comjla;i:£d to the study area overa!h Witlpn home~, martens strongly sclectedcomplex stands 
oye:r simple s~ds and ope!lllll{fi. Speed and movement ,complexity were mo·st· consistent over time a:.nd 
movements were 1nore sinuous and slower-in comp.lex stand types·compared with openirtgs and si..:iple stands. 
l',fovementwas erratic andrnorellnear in openings than-in both comple..Y and simple sta."\Cs.. In Mlple stands~ 
movement patte:rn.s Vl-'CTei:ntermediate ~twi:eo cOmpb· sta.,ids and openings. Fcmaks generally moved more 
slowly, sinuously, and le$$ va.-iibly compared to males. Manens _m:o\-'td more qukkly, lesicsinuolliily, :md more 
variably during winter compared w $l.lt(llf.lct'. HQWe1.=,-~~-avoMeil mmds ~.~.simplltled ~-and 
the·alieted ~~ of·movementwe ~ .. 'ed. ;n tliose st_a,nds s~~d ~t such ~~atmer:ts rr:av ~is:-tive]y 
~ th'l" ability of nt3ftens to furage:mthout mcreased risk of ~n-. Fu<! ueatments that simplify stanrl 
1ltnl£.tnre • ' ~ :rnatten /Xh'.Wements and habitat connectivi'ey, Given ilie,,e risks, and bi:dwse 
treating fuels is less: justi,ned fu hl clcv\ttipn foresrs, the risks can be mininrlzed by applying trearroen_rs· 
below the clevatiorur where ~s typi.c.ally·occut. © 2016 The Wtldlli"e Society . 

. UY WORDS anitm.I ·mov"eme:t11\ Callfurt,l:+, ntn."teu, Mart,es c,wri114, movement,. pwdmioo, 0$1; thfr'..ri.ir-,g, tr:wel 
speed, -vigilana. 
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====='l~met1:t;pattem~al:uin,:._pr~a:vm.t .. .:Mci,:¢ifilfflt;.patw.t~m.,Fl''""id,,in,po,"1!t===== 
a simple and directW1l:y to-dete.rmine howJlll animal pen::eives insights into resource selection ar multiple. spatial s 
risk and balances acqui&i.tfon of resources (Brown 1988, especially if these patterns- reveal .il;ifurmatlon on ene 
Turchin 1998). Movement c-.m reflect fonigi:ng (Heinrich expended or risks'ine:ui.f~d (Bu.ski.rk and Millspaugh 200 
1979), reproduction (Mart:n 1-998), and predator avoidance Fodmitance, i.>J. a patchy landscape, animals ate p.redicfrd 
beh?.vior;;{K.ennedyetnl 1994,'Fraireta.L 2005). By testing mcimize-teSource use within the home range by selectr_ 
-precictions abmn how b:.ilmat il:ttluer.c\!s ir.dividual move- patches with the highest quality resom-ces (Pimm et :, 
men ts, we ran better Ulldemmd how _lf',..di:viduils perceive 1985). ;I 
t.'1.eir environment and how future landscape. clui.nges- may fl.'Iovenierit patte.rni!rdlcctstrategie,; to :tt:;quire and allocaje 
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.resources ("Van .Noor.iwijk and deJong-1986, Gaill:rrd et_' 
2010, Houston and McNamara 2014}, and mn_ -orov.i' ~ 
infunnation about aggre~On of reoo.rces ~Vi~ 19 ' -
Seidel a;i.d ~oyo; 20!6). F qr inst:mce, centrit place-Ii' 
patterns, or short furn:ys from ;1 cent;nti kx:atlon., sttgg\!St 

is loailiied and has small energetic.rerums (Giraldea:u et 
' hc:Q.p,t;e}' :acc·fooliu:d.hut: fn..:fu, 
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centralized location, long-distance foraging bouts punctu- loq,.tions in trees; Spencer 1987) and indirectly in the form o . 
ated by sinuous movement patterns in areas with anticipated the prey species associated with different vegetation type : 
food resources are expected. Conversely, when prey are For example, martens appear to be more successful forngin 
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widely dispersed, sea,rchi11g a large area with less sinuosity is in complex stand types (Andruslciw et al 2008) than in othe; 
predicted (Barton and Hovestadt 2612). Direct and types and they conswne prey associated with more op 
consistently fast movements reflect traveling through areas forest types (e.g., chipmunks; Tamias spp.) during summ 

1 

with low prey density (Earl and Zollner 2014), and variable compared to winter {Zielinski et al. 1983, Martin 1994). I 
speeds combined with sinuous movements correlate with addition to resources, marten movements are also likely to b 
prey searching and pursuit (MdncyTe and Wiens 1999, in:B.uenced by the risk posed by their predators whos

1 

Jonsen et al. 2007). Thus, foraging strategies expressed abundance and hunting efficiency· will vary with differe 
through movement patterns correlate with areas that provide vegetation types. The roportion of marten mortali ' 
maximwnresourcesbutalsominimizepredationrisk(Lima caused by predation varies-by scape con ·tion, wi 

1 
1998, Mitchell and Lima 2002, Houston and McNamara predation re resenµng o ul1 and Heater 2001)' to 75 
2014). Movement can slow to reflect caution in risky (Raphael2004, annet 2010)ofmortali even i

1 

environments (Lima 1987) or can speed up to quickly moderate-to-heavil lo d forest com ared to 40 
traverse these areas (Frair et al. 2005). In general, movement (Hodgman et al. 1997) in an intact forest reserve. 
patterns can verify that individuals are selecting resources compositionoff'redatorskillingmartensinthesestudiesals 
Gones 2001, Buskirk and Millspaugh 2006, Morales et al. varied between moderate-to-heavily logged forests and fore 
2010), rather than simply-occupying a non-preferred area, as reserves, with generalist carnivores including bobcats (L-vJ.: 
when intraspeci.fic competition is high (Van Home 1983, rufos-) and coyotes (Can-is latrans) responsible for 71% (Buµ 
Pulliam and Danielson 1991). and Heater 2001) to 75% (Raphael2004) of predation even ' 

Despite the benefits of using movement data to explore in logged forests versus 40% (Hodgman et al 1997) in ~ 
behavioral motivation in different habitats, such data are forest reserve. Thus, variation in landscape 9triicture 
difficult to collect for small, elusive, and wide-ranging composition is expected to affect marten movements ~ 
species. North American martens (Marlt:S spp.) exemplify affecting-the spatial distribµtion of resources, such as testi 
this challenge and the potential valueofapplyingthe study of locations and prey, and the threat of predation. 
movement to understand consequences of landscape modi£.- We examined how movements by Pacific martens (M s 
cation. Martens are solitary, wide-ranging carnivores, cau:rina) reflect their perceptions ofstand types that represe • t 
frequently active (Balharry 1993, Thompson and Colgan a gradient in forest complexity: open stands, stands that1· 
1994), con5Ulll.e approximately 25% of their body weight strucmrally simple, and 61:ands that are striicturally comp 
daily (Gilbert et al. 2009), and, because of their small size The inil.uence of forest complexity on marten movement s 
( ~600-1,200 g), experience consistent predation risk (Drew particularly relevant because of ongoing efforts to redu . 
1995). Martens are considered a management indicator interisity of wildfires by removing fuels such as downed lo 1

, 

species (Thompson 1991, Bissonette andBroekhuizen 1995) low·b:ranches, and small diameter trees. Such treatments ha: b 
because of their association with forested atches 'With a been proposed or applied-across North America (Age_e er 
m n- ayer canopr and large snags, logs, and trees (Spencer 2000, Kalies et al. 2010, Stephens et al. 2012), and result 
et al. 1983). Martens rarely enter openil)g§__(Cushman et al. simplified forest structure. However, the consequences 1 f 
2011), likely because ofin=ased risk of predation {Moriarty this new type of forest management on martens, mart 
et al. 2015). The ratio between forested patches and openings movement, and thus stability of marten populations 
is critical; marten populations may decline sharply with unknown. As such, we also needed to detennine wheth 1 

relatively modest amounts (<35%) of forest loss (Chapin martens were selectively using or avoiding differing st d 
et al. 1998, Hargis et al. 1999). Such declines presumably types in our stlidy area. We predicted that martens wo d 
QCCU{ ~!,;!#§If; w•m ~ areas n~ affect ~ malw-<l(\:1il2!ffili$ mm;s:ments---W~ 
connectivitv (Cushman et al. 2011; Moriarty et al. 2011, predation, and these movement patterns would differ 
2015), and .likcl}_,:_ increase the distances that martens move. stand type. 
However, little is known about their movement. Snovvtrack- Although we predicted stand type to be the prim 
ing has been used to study marten movements in winter influence on marten riiovements, we also predicted t 
(Hargis and McCullough 1984, Corn and Raphael 1992, influence would vary through interactions with sex: d 
Nams and Bourgeois 2004), and 3 studies have tracked seasonality. Martens are sexually dimorphic; males are abo t 
marten movement patterns using telemetry (Balhany 1993, 33% larger than females (Merriam 1890). Therefore, e 
Bissonette and Broekhuizen 1995, Zalewski et al. 2004), expected a physiological difference in movement capaci _, 
but global positioning system {GPS) technology suitably whereby males would be able t_o move fuster and travellficrtlji,, 
sized for martens and capable of generating much higher than females, and predicted that willingness to use differ t 
resolutiondatayear-roundhasonlybeenavailablesince2009 stand types would vary by sex because of the differ t 

(Moriarty and Epps 2015), energetic and reproductive constraints. We also expect d 
The differential. use of habitat by martens, and the marten movement and potentially the influence of for 1st 

dynamics of their movements, are related to the availability of structure on movement to vary seasonally. Seasonal variati. 1n 
resources rovided directly bv forest ve tation (e .. , restin in movement has been oorl understood because fine s 'c . ___ .;;;:;:,:::;;;;cc;:,;,:;;;:;;c;::;:;;:;;;;c..:c;c:;,:c:::c.;.:;<;,:;,:::;;:.,:c;..,"""""""-""'"'"""""""-'"""'""""'""~e,s""""""""S:!~""~-"'1~--
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Figure 3. Marten movemenr patterns differed in stand types with 
decr~:rsing structurnl. complexity {complex, simple, open) as described ~y 
(A) Brownian bridge motion variance, an index of movement complexity 
t:rult reflects the influence of speed and sinuosity; (B) ·speed, a conservatm: 
estimate of marn!n velocity estimated from 8,964 2-poiil.t segments with 
loc.nio_ns having estimate.cl accuracy of 28m (n=5,895 complex, 2,644 
simple, 425 open); and (C) sinuosity between the d.istmce traveled and direct 
distance within each path (n=35,327 path segments: 16,456 oomplex, 
13,698 simple, 5,173 open). Dam were from 22 mam:ns in Lassen National 
Forest, California, USA(Mar2010-Apr2013}. Weshowth<: mean and 95% 
confidence interval (bars). 

opportunities. Sinuosity decreased in simple stands and 
openings compared to complex stands (Figs. 3C and 4C) and 
did not differ by season for either sex (F=0.65, P=0.52; 
Table 3). 

DISCUSSION 
1bis study, the fust to evaluate fine-scaled movements of 
martens in summer and winter, demonstrated that marten 
movements vruy strongly across stand types; suggesting that 
behaviors change sharply as forest complexity declines and 
may be indicative of foraging strategies and predator 
avoidance. The amount of movement we observed requires 
large energetic expenditures {Taylor-et al. 1970), Uldicating 
that changes to forest structure have signifu:ant conseqµenc_es 
for e"nergetic balance fur these small carnivores. Martens 
selected stand types with Ulcreased structural complexity 
(Table 2), and in complex stm1ds, martens moved m_Qre 
deliberately, consistently, and slowly_ (Figs. 3 and 4). We 
interpret those movements as evidence ofincreased fogging 
Or resource use in those stands, In conttastt.martens largely 
2;_voided. ~:ee~. aed ~£k.~.:.JY.!len rnw:,t~ did us.i:,, 

Moriarty et aL ~ l\hmn Behavior Affected by Struct0re 

. I 
Table 3, Multivariate linear mixed effect models for 3 men:i.c. of marte 
movement. We de'lcribed movement of 22 global positioniug syste 
(Gi>S)-collared martens using Brownian bridg_e motion vari_:mc:e, spee 
and sinuosity. We collected marten GPS data m Lassen Nanowtl Fo 
California, USA (Mar 2010--Apr 2013}. Our models iru:luded 
combinations of stand tJpe (open, simple, coroplex), marten sex (mlll 
female), and season (winter, SWlllller). We yresent change in Ak.tlke 
Information Crit<.'non (JlAIC) and model weights (w;). 

Response Modcl .we W; 

Sumd type+sex+season 0.00 0.80 I 
Stand type+=: 2.88 0.19 
Stand type 8.18 O.Qll 
Sex+season 25.18 0.00 
5& 28.28 0.00 i 

5=, 30.38 o.oo I 
ln.tert:ept 3358 0.00 I 
Stand type+ sex + season 0.00 0.% 
Sex+season 6S1 0.04 
Season 14.38 0.00 
Stand type+sex 192.90 0.00 
5& 199.48 0.00 

Sinuositf 

SWldtype 200.73 0.001· 
Iure=p, 206.93 0.00 
Stand type 0.00 0.96 
Stand type+ sex+ season 723 0.031 
Stand type + sex 11.02 0.00 
lure=p< 25.34 0.001 
5& 26.56 0.00 
5=, 31.12 0.001· 
Se:<+season 32.52 0.00 

"We calculatedrnotioo. variance using Brownian bridge morementtnod , s 
in progmm R (Nielson et al 2013). I 

0 Speed represen1;'3' ml:cin .rravcl~ by ~ns as recorded fuim 2 
consecntive 3-dimens1onal lorabons with expected accuracy <28 
(Moriarty and Epps 2015). 

c Sinuosity ..,;..s the tot.!l distance m<vcled within a ~tmd divided, by e 
linear diswice between the 2 points where the animal entered 

1

, 
depatted from the =d (,;listaru:e ratio). 

such stands, their movements were.fuster1 more in consist 
aw;! more direct, especially in openings, consistent wi 
predator avoidance or lower resource availability. 

)Vb.ere most previous studies evaluated marten habi t 
sdection in forest versus openings, our study also dire y 
addressed habitat selection and movement across 
intepnediate cat~go:ry: simple stands with downed lo 1 

and oun trees removed in most s for fuel man me t 

--i- . • ~ .. 
s~ (Table 2), as expected from other la:ndscape~s e 
studies (Hargis et al. 1999, Potvin eral. 2000, Cushman et 
2011). However, simple stands were not strongly avoided a a 
landscape scale but were avoided at the home range scale. , e 
suspect that simplification did not influence selection at t. e 
landscape scale because thinned stands are still relativel : e 
in our study area. Avoidance of a habitat feature may b ,i. 

function ofits prevalence on the landscape Q"oncs 2001). r 
example, Cushman et al (2011) reported that bet; ~e 
management, martens selected stands that had the high st 

amount of prey but did not avoid open st'll.nds, which 
rare. After the 1an.dscape was altered by numerous sm 
forest clearings, martens avoided open stands and sclecti~f 
stands with high prey 'density was no longer detecta le 

~ S\!tLS!ically._.Yz~wthl:_avqidance ,n[ -~plt; stan~at -~~--~-----
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F:gnre4. Marten movement paUem'lin smnd types, by sex {F [left], M [right]), and season (summer, winter), including (A) Brownian bridge motion varian 
with the number of individuals in each cm:gocy (n) by sex, season, and stand type, {B) speed (m/min), with the number of locations with a pro,::,: • g 
3-dimo,nsional location allowing an estimate of time traveled betweenloo,.tions (n), and (C) sinuosity, with the number of path .segments within a stand type ( . 
We a,kulated the 95% coo:fideoce inte{Va]s from ihe number ofindividuals (not the number of paths), which iuclnded 7 females (n:= 5, 4 during summer ,d 
winter) and 15 males (n = 1:t, U during ,;unune:r and winter, respectively) in Lassen National Forest, Califurnia, USA (Mai: 2010-Apr 2013). We modeled p. 
with marten as a random effect. I 

detected at the home range scale, and exhibition of 
movement patterns associated with high-risk and low­
resource areas that we observed in those stands, demonstrate 
that simplifying forest structure changes how martens use 
lan3scapes. 

Our seasonally speci±i.c use models suggested that martens 
selected complex stands and avoided openings and simple 
stands similarly in summer and winter. Likewise, when 
examining multi-scale habitat associations within 2 study 
areas· in Oregon and Washington, Shirk et aL (2014) 
reported habitat selection did not change between seasons. In 
contrast, Zielinski et ~. (2015) observed a strong seasonal 
difference in marten detections using non-invasive survey 
methods; that difference may have altered interpretations of 
selection in that study. Moriarty et al. (2015) observed a 
strong difference in seasonal detections in openings when 
using baited track plate stations but not with telemetry, 
suggesting that using bait may affect seasonal differences in 
detection. 

Across our study area, marten home ranges were prim 
composed of complex stands (39-79%), with signifi 
portions of simple stands (24-33%) but few ope 
(4-10%). M _ en _ ulations i decline in ar 
>23=4'o%" ope5 iirgis-et al."'1999, otvin et af 

' 

Fuller 2006), so home ranges in this study were well und r 

this threshold. However, this threshold value, as define 1 , 
does not consider the additional presence of simple 
Qur annual adult survival (63%; K Moriarty, U.S. Dep 
ment of Agriculture Forest Service, unpublished data) q 
the lowest reported in North America (McCann et al. 201 , 
suggesting that the proportion of sim le stands or o enin s .Ji( 
in me ranges ma e nearing a threshold above whi h 
martens may not be able to persist. Similarly, simplificati n 
of stands decreased densities of northern flying squ • 
( Glaromys sabrinur, Manning et al. 2012), and gap widths ~s 
small as 80m decreased connectivity (Smith 2011, S • _ 
et al. 2013). Spotted owl (Stri:c octidentalis) territories o pii} 
declined in this region following treatments, despite .fi / , ----·-----·-,--~-,----------- ---·--~~---
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Tabk 4. Coeffici~• md clf<ct; ••• fo, mo 1,e,, go,erali=l li~~ mim! e!rect modcl.s, id~ti£,d by w_,d Alrnike's Wommrioo Ccittri<m (AIJ 
selection exploining 3 types of movement pattuns fu,~ 22 mane.us with global pDSirioning sysrem (GPS) coll~- Movemcn~ part~s mclud~d B~Olll!ll 
bridge motion variance, speed. and sinuosity, ns 11. functton of stand type, sex, and/or season. We collected dam m Lasseo Nati.onal Forest, Califurma., US 

(Mar 2010-Apt 2013). I 
RespoDS(! V:mablCI'! Coefficient SE t P 

Motion "l"<Ulance~ 

Sinuosity" 

lnW"P' 
Simple stand 
Open stand 
Sex(male) 
Season (summer) 
Intem:pt 
Simple stand 
Open stand 
Sex (male) 
Sea.son (summer) 
Intercept 
Sirn_ple stand 
Open stand 

4.93 
13.00 
25.60 

8.43 
-1.35 
21.62 

131 
0.06 
7.08 

-6.76 
lo! 

-0.20 
-030 

6.69 
4.38 
5.67 
6.80 
4.43 
2.27 
0.45 
0.92 
2.71 
0.48 
0.06 
0.04 
0.06 

0.74 
4.51 
297 
1.23 

-0.31 
9.51 
2.92 
0.06 
2.61 

-14.03 
22.70 

-4.66 
-5.24 

0.46 
O.Dl 

$0.001 
0.22 

s~:;1 1 

:50.001 I 
0.95 
0.01 

$0.0011 
::;0.001 
<0.001 
<0.0011 

I 

• We c:tlculatc<l motion variance using Brownian bridge lllQVl!ment models io program R (Niel.son et al 2013). 
1 

b Speed represents ml.min traveled by martens as recorded from 2 consecutive 3-dimensional locations witb. expected a=cy <28 m (]Moriarty and Ep 
2015). 

0 Sinuosity was the totil distance traveled wi.thin a stand divided by the linear distance between the 2 points where the animal entered and departed from e 
stand (distance ratio). 

changes in small-mammal commurutres (Stephens et al. 
2014). Simplified stands may not mimic areas killed from 
natural cau"ses, such as spruce budwoTIIl (Choristoneura 
fomiferana), where marten continued to use areas after 
significant tree mortality (Payer and. Hamson 2000). 
However, areas of natural mortality (e.g., budworm, fire) 
retain coarse woody material and logs are often used by 
marten for winter access (Corn and Raphael 1992) and 
foraging (Andruslciw et al. 2008). Additional research on 
species associated with structurnlly complex forests and their 
survival in landscapes with significant areas of stands 
simplified by management is urgently needed. 

Although marten movement and habitat selection at fine 
scales likely reflects factors .including finding and using rest 
sites, marking territory, mating,. and kit .rearing, we assume 
that acquisition of resources or avoiding predation had the 
strongest influences on those responses across ilifferent stand 
types. Further, we propose that stand-specific behaviors we 
observed reflected both of those primary factors. With.in 
complex stands, martens consistently traveled at slower 
speeds and with higher sinuosity, Such movement patterns 

7'meptro 
resources and lower perceived predation risk. Martens are 
able to find and kill prey more successfully in complex stand 
types, despite the availability of similar _prey densities in 
harvested and regenerating stands (Andruskiw et al 2008), 
Andruslciwet :al. (2008) hypothesized that increased hunting 
success was correlated with the high abundance of downed 
logs, which provided sensory cues for manens and structural 
complexity that decreased the wariness of red-backed voles 
(Myodes sp.), simultaneously increasing the likelihood of 
martens capturing voles. Payer and Harrison {2003) 
suggested retaining coarse woody material >22cm in 
diameter. Further, martens may need to use escape cover 
and resting sites to safely eat their prey once it is captured, as 
observed for omnivorous rodents (Lima and Valone 1986, 

Moriarty et al. • Ma..-.,:en .Behavior A:ffi:ctc<l by Stmcture 

Phelps and Roberts 1989). Thus, we expect that marte s 
would benefit from moving within familiar stands 

1
t 
' provide access to prey (Spencer 2012) at speeds that all 

perception of these resources, and the ability to take cap 
prey to places providing cover. Our data on speed, s.inuosi , 
and distance traveled with.in stand types suggest m 
actively foraged predominantly with.in complex stands. 

In open and simpie stands, we. propose that m 
movement behavior strongly reflected predator avoid e 
strategies, and that mw;ens typically avoided such stan s 
because they preswnably lacked adequate cover to esca e 
from predators. During this study, bobcat appeared to be , e 
primary predator as indicated by forensic evaluation ofDN 
from marten carcasses (Wengert ct al. 2013, Integral Ecolo 
Research Center, unpublished data). Coyotes and osha 
(Accipiter gentalis)·ilso were predators (Bull and Heater 20 
Pagel and Schmitt 2013). Stand type may influence m 
behavior both directly (through perceived risk) and in.dire , 
(by cues). Drew (1995) observed captive martens chan • 'g 
their behavior and :acting more cautiously when preda I r 
cues, such as coyote scat, were added to their environme t. 

-ryp e--:m ca.tor attve"n 

observed in squirrel monkeys (Saimiri sp.; Boinski et 
2003) and songbirds (Zanette et aL 2011). When us· 
simple stands, martens increased their speeds and decre 
their sinuosiry (Fig. 3), suggesting that they perceived m 
risk. When crossing openings, their speed changed errati 
and they moved linearly (Fig. 3). Similar movements w e 
repo.ct:ed for a Chilean rodent, the degu ( Octodrm de 
while in opening,f with high predation risk (V:isquez et , 
2002). Although lower availability of food in simple st ~s 
and openings could also result in less sinuous and £ er 
movement, food titration experiments in the same srudy a 
deµ1onstr:ated that martens avoided openings and sim 1le 
stands during-summer when predation risk was higher ~n 

though food wru; provided (Mmiarty et ~--
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species, such as gray squirrel (Sciuris carolinmsis) and willow 
tit (Paru.r montanus), will feed in risky areas provided there is 
some minimal level of cover (Lima and Valone 1986, 
Rogstad 1988). In the same manner, we suspect that some 
martens were willing to incur risk while foraging in simple 
stands during summer. 

Martens moved similar distances during both seasons and 
both sexes moved faster during winter (Fig. 4B). We 
expected increased movement and speeds during summer 
(Zalewski et al. 2004) because martens are occupied with 
reproductive activities; males attempt to mate with multiple 
females and females care for kits. Similar movement 
distances during both seasons may indicate that martens 
used a familiar network of locations to forage and gain 
resources within their home range. Increased speeds during 
winter may reflect decreased prey availability or increased 
energetic requirements as martens need to search additional 
area to meet their energetic needs (Barton and Hovestadt 
2012). This study demonstrates that martens travel longer 
distances than reported (Zalewski et al. 2004), but additional 
information is needed to understand whether these move­
ments are consistent year round and for juveniles as well as 
adults. 

Contrary to our predictions, female and male movements 
generally did not differ (Figs. 2 and 4C), perhaps because 
both sexes have high energetic requirements and ~efend 
territory perimeters through scent marking. However, we 
observed subtle seasonal distinctions that may be related to 

Ii 

average of7,620 minutes of movement data/marten from o ! 
GPS collars. However, snowo:aclcing has advantages o 
GPS in that it can identify points of special interest along th 
movement path such as resting .structures ( Corn and Rap ha , 
1992) and foraging locations (Andruskiw et al. 2008 
Nonetheless, indices of daily movement expenditures (e.g 
distance traveled) available from GPS collars are more likel 
ro reflect variation in habitat quality. The 2 methods ar 
complementary. For instance, we discovered increase 
sinuosity in winter paths in complex stands using GP 
collars, as did others- using snow tracking (Hargis an 
McCullough 1984, Heinemeyer 2002, Nams and Bourgeo 
2004), but our use ofGPS technology allowed us to co 
this pattern in summer. However, OPS collars also ha 
drawbacks. We were unable to deployGPS collars on femal 
during the denning period and o_n the smaller female . 
Technological advances that reduce battery size may make t 
possible to deploy GPS on all females, not just the large t 
adults, and for a longer duration. Such opportunities co 
allow for an empirical demonstration of movement 
relation to fimess, testing our assumptions directly. 
recommend both OPS data collection and snowtracking 
used to better interpret marten stand use, and 
demonstrate that movement patterns from GPS data 
provideimportantadditional insights to marten behavior 
populatio,n level processes. 

MA.t'\IAGEMENT IMPLICATIONS 
sex-specific motivation that may be worthy of testing in the Fuels treatments that simplify forest structure (e.g., remo 
future. These observations were not statistically significant of small diameter trees, downed logs) have negative effects 
(Tables 3 and 4), most likdy due to a low sample size for maiten movement dynamics. Thus, the most obvio s -.A-
females, but are suggestive of biologically meaningful recommendation to benefit martens is to Ian fuels rr 
patterns. Females appeared to move marginally more ments outsi e o eir a 1tat. pecifically, we suggest 
sinuously than males and rraveledataslowerrate, especially areas at lower elevations (<1,500m), which is below 
during summer when females would be rearing kits (Fi.gs. 2 typical distribution of martens in the Cascades in Califo 
and 4C). We interpret the combination of speed, variance, (Zielinski et al. 2005), should be the priority for fu s 
and sinuosity as representing a localized foraging strategy reduction because of the increased departure from no 
focused on the highest prey densities. Males moved slightly fire rerum intervals in those forests. Fires historically we 
less sinuously than females, which may reflect their priority more frequent at those elevations (4-22yr; Taylor 20 

1 
, 

on maintaining large territories that overlap multiple North 2012), thus more fuel has aq:umulated and the risk f 
females, similar to male birds {Fretwell and Calver 1969). crown :fires is greatest. In the high elevation forests 
Male territorial behavior could require more rapid and support martens, :fire return intervals are longer (83-200 
directed movements, as reflected in the increased speeds and and these forests may be considered within their natural 
clist-am::es, i, , 1.:amL.iacia:in..e...ii=notion,;-.and...deoreased--eyel~""ffi'eR;;u~p~pres""•""""""~,i.,,."t;,eepjiliEis'efil,c,iUfljff.====== 
sinuosity. Bobcats exhibit similar sex-related patterns, with Thus, there should be less near-term incentive to thin for 
males moving less sinuously and faster compared to females in the elevational zone Where martens occur. 
(Newbury 2013). Where fuels treatments are planned in higher elevati n 

Use of GPS collars offered new information about marten forests within marten habitat, our data suggest t 
movement, which previously has been characterized in North maintaining or increasing strucrural variation will incr ,e 
America primarily using snow tracking. Our study suggests the use of these stands by martens. Strategically increas· g 
that individual tracks recorded in snowtraclcing studies structural complexity -within managed stands, while incre 
comprise a relatively small percentage of daily movement ing resilience from fire (Churchill et al. 2013), will e 
and, thus, may not adequately sample movements. Lengths important for maintaining marten populations. Specifi. 
of average track segments in snowtracking studies ranged creating resources for prey and providing escape cover fr 
between 86 m and 2,124 m (Hargis and McCullough 1984, predators are important steps toward encouraging marten e 
Heinemeyer 2002, Nams and Bourgeois 2004, Cushman of treated stands. Recent forest ecosystem managem I t 
et al. 2011), which at our average reported speed would guidelines (North et al. 2009, North 2012) call for fo st 
require ouly 4-91 minutes to traverse. This compares to an management designed to mimic variation in stand densi es 
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