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ABSTRACT S@;}i@mg stafid stractare 1o sedace el densify is o high priority for formet Tdfigers
Bowever, 5o w Padfic marten {Marter cauring)} Soovément ad. m&mty prvonkhown, We evaloned
whafher thianing forests w'reduce fuels influsnced siovesients of Pacific wanen. We rollected mvveisent
paths from 22 martens using global positioning system telemetty 1 vodvare habitat selection and describe
movement petterns. We quantified modon vartance, speed, and path shiussity 1o 3 stand types char differed in
senezusal complesity e, coupléex {densel, simple fidanedl, wad epen), 'We bypothesized manen
migvement woulkd différ berween stand types and predicred thav 1} martens would selett stand types with
increased strwstural complexisy (mmp?ex} simple > apeu}; 2) movements would increase 1 cornplextty
{(inuesiey, wiotion viadancs) and decrease in-spred when martens traveled i:ﬁmugti stasids with incrdased
structoral complexity;.3) specds wirald Inkrease during summer, indicating tnsreased movérent duting the

breeding season; sl 4) males would move more rapidly because of thieix larger homeanges, Murens waveled
0:5-27.3 km’ciay and. wo. aversge (S of 1.4 (0.4) km/hour. I‘viam:ns selecied hoine ranges with fewer
oE_cm.ug§ CoTI gwwmﬁagw Within home ranges, martens steongly selecred complex srunds i
nyer simiple starde and openings. Speed and mévement complestty ware most consistent over Bme 4ng '
movemenis were more sinuous and slowerin complex stand types: compared with ogeidngs and stuple stands.
Motement was ereatic and more fingar th openings thaoin both complex and stmple stands, In simplé stanids,
arovegent patterds wese intermediare betwren complex stands and operdngs, Fenales gensially moved more
sowdy, sinvously, andless varidbly tompared Yo males. Marens mioved moke quickly, Iezsamwoﬁv and more
vasiably during wister compared wsatarier. However, marrens avoided standswith simplified strocturs, and
the aliseed putterns of movemens we observed in those sﬁ?s%csm& that such ttsumens say revatively
af¥ect the ability of tgresns 0 forage without increased risk of predation. Fuel treatsents that simplify stand
smWi} affeited arten movements and habiray connecnivity, Given thein nek, d bocarse
meating fusls s e Tustiied To bgh elevation forests, the fisks can be mitdraized by applving wearmenys:
“helow the cémz:zm whers martens typically vecur, © 2016 The Wildhife Bociety.
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asimple and direct way to determing how un animal perceives
risk and balances acquisition of resourees (Brown 1988, ;:
Turchin 1998). Mavement can reflect foragion (Fletnrich exgendf;d or mks: mmm:d {Buskwk ang Mﬂspaugh 20606):
1979), repmdumm (Martin 1998), and prediitor avoidance  Forinstance, in d patchy landscape, sximaly a¥e predicsed o
behaviors {Hennedy ot 2, 1994, Frair et-al, 2065). By wsting  madimize efeiice wse sithin the home range by selectislg
predictinns abour how babiwat influences iodividial move-  patches with the bighest quality resonries {Pimm ¢t d
ments, we can betar undetsand bow Iodividudls percedve 19851
thelr sovironment and. how fanicé hindscape, changes masy Movesicris patterns reffoct strategies to agidire zad aﬂem;a
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centralized location, long-distance fora.ging bouts punctu-
ated by sinuous movement patrerns in areas with anticipated
food resources are expected. Conversely; when prey are
widely dispersed, ‘searching a large ared with Iess sinuosity is
predicted (Barton and Hovestadt 2012). Direct and.
consistently fast movements reflect traveling throngh areas
iwith low prey density fEarl and Zolloer 2014), and variable
speeds combined with sinuons movernents cofrelate with
prey -searching and pursuit (MdcIntyic and Wiens 1999,
Jonseri et al. 2007). Thus, foraging strategies expressed
through movement patterns correlate with areas that provide
fmiaximitin resources but dlsp minitnize predation risk (Lima
1998, Mitchell and Lirna 2002, Flouston and McNamara
.2014) Movement van slow to reflect caution in- disky
environments. (Lima 1987) o can ‘speed up to quickly
traverse these dreas (Frair et al. 2005). In general, movement.
patteérns can venfy that ‘individuals are: selécting resoutces
(Jones 2001, Buskirk and Mﬂspaugh 2006, Morales et al
2010), rather than. simply otcupying 2 ron:-preferred area, ds
when iatraspecific corpetition is bigh (Van Home 1983,
Pullizrn and Danielson. 1991) '

Despite the benefits of using movement data to explore
behaviofal motivation in different habirars, such data are
difficult o collect for simafl, elusive, and wide-fanging
species. North Ameérican martens: (Marfes spp.) exemplify
this chaltenge and the potential value of applying the study of

miovement to understand consequences of landscape modifi--

cation. Maitens .are solitary, wide-ranging camivords,
frequéntly- active (Bathairy 1993; Thompson and Colgan
1994), consume approximately 25%-of their body welght
daily {Gilbert et al, 2009), and, ‘because: of their small size.
(~600-1,200 g), experience consistest predation risk: (Diew

1995} Martens aré considered. 3 management indicator-

species (Thompsan 1991 Bissonetre and Broekhuizen 1995)
because of their association with forested parches with a
mmopy and latge shags, logs, aud trees (Spencer-
et ak: 1983), Martens rarely enter openings (Cushirpan et al.

201 1} hk_c_lzbec.ause ofincreased dsk of predatio _“(Monarty
etal. 2015). The ratio befween forested patches and openings
is gcritical; marten populafions. may decline sharply with
relatively modest amounts (<35%) of -forest loss (Chapin

et al 1998 Ha:gxs et al. 1999) Such dec]mcs pmsu:mbly

However, little is known about their movement. Saowtrack-
ing has been used to study marten movéments in winter
(Hargis and McCullough 1984, Corn and Raphael 1992,
Nams ‘and Bourgeois 2004} and 3 studies have tracked
marten moverment patterns using telemetry (Balhasry 1993,
Blssonctte and Broekhwn 1995, Zalewski et al. 2004),
but global positioning system {GPS) technology suitably
sized for martens and capable of generating much higheér.
resolution data year-round has only been #vailable since 2009
(Monarty and Epps 2015).

The differential use of habitat by martens, and the
dynamics of theirmovements, arerelated to the evailability of
FESOUICES pmwdcd directly by fortst vegerition {e.g., restlng

S TCushrman " Al 2013, Monmy etal 2011,
2015}, and JJ.kdy_mcrease the distinces that marieps move,

33% larger than females (Memiam 1890). Therefore, Vo

stand types would vary by sex- because of the differe ot

structure on ovément to vary seasonally. Seasonal vatiath

locationsinrees; Spencer 1987) and indirectly in the form of
the prey species associated with differént vegetation. types!.
For example, martens appear 1o be more successful foraging
in complexstand types (Andruskiw et al. 2008) than'in othef
types and thcy CORSUME pIey assomared with more opest
forest types (e.g., chipmunks; Tamias spp.)- during summ
compared, 1o winter {Zielinski et al. 1983; Maxtin 1994). 1:
addition to resources, marten movements axe also likely to by
influenced by the risk posed by their predators whosg
sbundance-and hunting efficiency will vary with differey
vegetation types. The Lropomon ‘of marten mortality
‘caused By “predation varies by landscape Tondition, wit
predation represénting 62% (Bull and Heater 2001 to 75% {
(Raphacl 2004, McCann et al- 2010) of mortality events ih
moderate-to-heavily 1ogged forest compared to _40 b 1
(Hodgman et al. 1997) in_an- inwmecr forest reserve. e
composition of predators killing martens in these studies alsp*
vatied between moderate-to-heavily logged forests and foredt
reserves, with generalist camivores including bobeats {Z;
Tufus) and covotes (Canis !az‘mm) responsible for 71% {B .
and Heater 2001) to 75% (Raphael 2004) of; prcdauon even o
in logged forests versus 40% (Hodgman et & 1997) infa
forest reserve. Thus, variation in landscape structure ang
comiposition 15 expected to affect marten miovements By
aﬁ‘ectmg the spatlal distribution of s resources, such as restid g
locations and prey; and the threat of predation.
We examined how movemenits by Pacific martens (Marzps
catiring) refect theirperceptions of stand types that represent
a gradient in forest complexity: open stands, stands. that afe’
structurally siniple, and stands that are structurally complex..
‘The. inflience of forest complexity. on miarten movement {s.
particalarly -relevant because of angoing efforts to. reduq:c
intensity-of wildfires by removing firels such as downed logh
lowbranches; and small diameter trees. Such treatments ha le
been proposed or apphed across North America (Agee et:
2000, Kalies et al. 2014, Stephcns etal, 2012}, and result] n
s;mph.ﬁed forest structure: However, the’ consequences ¢f
this new" type of forest thandgement .on -martens, martzE

I

=

movement; and thus stability of marter populations

unknown, As such, we ilso needed to determine whethy
martens were selectively using or avoiding differing stadd
types in our studv area, We' predlcted that martens woufd

.predauon, and these -movement’ pattcms would differ By
stand type.

Although we predicted stand type to be the primafy
influence on martén chovements, we also predicted 't ' t
influence. would vary through interactions with sex agd
seasonality. Marrens are sexually dimorphic; males are aboi[lt_

expected a physiological difference in movement capaci v,
whereby males would be able to move faster and travel farthler
than females, and. p_n:dlctcd that willingress to use differeint

energetic and reproductive constraints. We also expectid
marterr movement dnd potentially the influence of fo:};st

a8
tl

in movement Has béen poorly understood because fine-scdle
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Table 3, Multirariate Yinear mixed effect’ models for 3 merrics of marten
A : : movement: We described movement of 22 global posidosing sysie
50 (GPS}-coflared. martens-using Brownian biidge motion varlanod, speed
g 49 and sinuosity. We collected matten- (3PS data in Lassen National Forest
5% f California, USA (Mar 2010-Apr 2013). Qur models incuded all
E'. 30 - combimiions of stand 1ype {open, simple, complex), mastensex {malg
5 I l female), -and scason {wiater, siunmer): We present chiange in Akatker.
5 201 — - Infomwtmn Cntcnon (AATC)and. model weighss ().
= 103 .i ‘Response Model _ AAIC w;
B Motion vapance® Stand tipe + e season 0.00 0.80
251 Stand type+stx 2.88 0,1
= T “Stand type. 318 001
2 24 ' ‘ Séx-f-seasori 2518 0.00
g '"— Sex 2828 000
€ 2 ® Season . 3038 0.00
g | Tntercept. 3358 040
:Qf:" 22 jr: I Spe'édb' “Btand type -+ sex + season 0.00 096
' | Sex-season 651 004
i o Season 1438 090
C Stand type -+ sex 19290 0:00
15 T Six 19948 -0.00
1.4 _{L Stand type 20073 000
e Interctpt 20693 .00
gz 13 - Siavosity” Stand type 000 096
§ 1.2 hs Stand type -+ sex + stason 723 0403
w —_ Stand type + sex 1302 000
i 2 Tntercept 2534 Q.00
1.01 e — Sex. 2656 000
Patch type s : i

Figre 3. Marten movement patters differed in stand types with
decrensing stnictural cotaplexity (complex simple, op=n}as déscrtbed by
(A} Brownian bridge motion vartiance; an indext of movement: comple:qty
thidt mﬁects tl:u: mﬂuencc of speed and simiosity; (B} speed, a consesvative
estimite of marten velogity: estimated Frorm 8,964 2-point segments with

locations having estimated accuracy of 38 m {n="5895 corplex, 2,644

sirnple, 425 opert); and (C) sinosity hétween the distancs traveled and direct
distance within each’ path {n=35,327 path ‘SegHlbAts: 16,456 complex;
13,698 simple, 5 173 open}. Data were- from 22 martens in Lassen National
Eotesr; Ciliformia, USA (Mar 201 D—_Apr 2013). We showthe meanand 93%
confidetce: interval {bars}.

opportumﬂes Smuos:ty decreased in simple stands and
opetiings compared o complex stands (Figs. 3C a1id 4C) and
did not différ by season. for either sex (F= 065, P=0.52;
Table 3). '

DISCUSSION

*We calerlated raotion vasiance using Brownian bridge moveraent t'n‘odsﬂ_s _
m program R (Nielsor er-al. 2013).
Speed repreésents: m/min -ivaveled by martens as' zecorded from |2
consecutive 3-dimensional Jocations with expected adcuracy $28jm
{Moriarty and Epps 2015},

£ Sinvdsity was the total distance traveled within 2 stind divided: by he
tinear- distance: between the 2 ‘points where thé atimal entered -and
depasted fropn: the starid {distance razio)..

such: stands, their movements were faster, more inconsisteqy,
and more direct, especially in openings, consistent with
predator avoidance or lower resource: availability.
‘Where most previous studies. evaluated  marten lubitht
selection in forest versus openings, our study also directly
addressed habirat. selectlon and ‘movement across

This study, the first to-evaluate fine-scaled movements of .
martenis i summer and winter, demonstrated’ that marten

movements vary strongly across stand types; suggesting that
behaviors change sharply as forest complexity declines and
may be indicative of foraging strategies and prc:dator
avoidance. The amount of movement we observed fequires

large energetic: cxpendltures {Tayior et al. 1970), indicating-

that changes to forest structure have significant consequences
for energetic balance for these small carnivores. Martens
selected stand types with increased “strucraral complexity
{Table 2), and in complex stands, martens moved more’
deliberarely, consistendy, and. slowly (Figs. 3 and 4). We
interpret those Thovernents-as evidence of increased foraging
or resource use in those stands, Tn coftiast, martens largely
avoided. operings and simpié stg tands. When martens did use

-sm]cs (Table 2), a8 expected from other landscape~s pir
stuches (Harg;s etal. 1999 Porvin etal. 2000 Cushman ety

landscape scale bccause tbnmcd stands are Stll]. relat:ve]v dre

in-our study area. Avo;.dﬁnce of a-habirar feature may bga
function of its prevalence on the landseape (Jones 2001). For.
examiple, Cushman. et al. {2011) reported thar befdre

‘amouar of prey but did not-avoid open stands, which

management, marteds selected stands that had the highdst
‘sare. Aftet the landscape ‘was alfeted by numerous s‘;%j

torest clearings, martens a\roidéd-o'péﬂ-stanﬂs and selectioniof
stands. with ‘high prey ‘density was no longer desécralile
statistically. Yer, the avoidance of simple stands that bre

Motiarty er ..aj;- - Nﬁr’tﬁn Bebavior .Aﬁ'ectul by Stucmre,
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.Figured. Marten movenent pattemsm stand types, by sex {Fleft], M [right]); s
with.the-mamber &findividuals in esch camgor)r () by sex, season, 4nd stand type, (B) speed {m/min), withi the numbér of locations with a praceediiy
3~dimensional Jocation alfowing 2n estimate of fime waveled berween locations (n) and (C) sitiuosity, with the mumber of path segments withitra standtypc { )
We calculired the 95% confidence intervals from the numberof, individusdis {not the number-of pad)s},wh.lcb inclnded 7 females (n=5,4 du.rmg sumnmer
wmtet] and 15 miales (=11, 1% du.nng snmmer. and winter, respectively} in. Lassen Nadonst Forest, Califoraia, USA: {MaxZﬂlD-AprZOlE) We modeled da

with marten a5 a-random sffect.

detected at the homie range scale;. and exhibition of
moverrent patterns: associated with high-risk and low-
resotree areis that-we obsérved in those stinds, demonstzate

that simplifying forest soucture changes how marfens iise

axd gedson (surhmer; winter), including (A) Biownian bridge mouonvanan

Across our smdy- areq, marten home reriges were primari
composed. of complex starids (39-79%); with significant
portions of simple stands (24-33%) ‘but few Gpemn
(4-10%). Ma en u]a ' 1::2]1\7 de‘clm‘"e in areg

tlons

fandscapes.

Qur seasonally specific use models. suggr:stcd that martens
selected complex stands and -avoided -openings and. sunpie
stands similarly in summer and winter. Likewise, when
cxam:mng ‘multi-scale habitat associations within 2 study
areas in Oregon and Washington, Shirk et al. (2014)
xeported habitat selection did not change between.seasons. In
contrast, Zickinski et al. (2015) observed a. saong ‘seasonal
difference in marten detections using non-invasive survey
methods; that differénce may Have altered-interpretations of
selection in that study. Moriarty et al. {2015) observed a
strong: difference in. séasonal detections in openings when
using’ baited track plate stations’ but not with tclcmcu-y,
-suggesting that wsing bait may affect'seasonal differences in
derection.

>35740% op

does not: conslder the additional prescnoc of sunple Sty :
Oir atinual adule survival {63%; K. Moriaity, U.S. Dep'
ment of Agnculture Forest Service, unpublished data) was
the lowest reported in North America {McCasin et al, 201 X
suggesting that the proporﬁon of sirnple stinds or openiaps-{
in” home ranges may be nearing a threshold sbove whith
snirfens may 0ot be able to persist, Similatly, simplificatign
of swinds decteased -densites of northern flying squu-Tﬂ .
(Glacomys sabrinus; Manning et al. 2032), and gap widh

small 25 8010 ‘decreased connectivity (Smith 2011, Smith. [.'
et al. 2013). Spotted owl (Strix arcidentalis) tercitories alfo )ff

declined in this region following treatments, dtsp:te

_.62.8'.

"The Jourmal of Wildife Managmqu . 'sdr_i}_
;



Tahle 4. Coefhcients and effects tests for the'best genegalized Yinear mixed effect models, identified by comected Akaike's Information Criterion. (AICY
selecton exphaining. 3 fypes. of miovemenit parterns from 22 martens with global posidoning system (GPS) collars. Movement patcerns inclided Brownian
bridge motion varignde; speed, and stamosity;, as  fuaction of'stand type; sex, 2nd/or seasor. W collected dam in. Lassen Natdonal Forest, California, USA

(Mar 2010-Agt 2013). _

Resposse Variables  Coefficiesit SE £ P

Motion vardancs™ Tnterospt 493 5.6% 074 0:46,
Simple stand 13.00 438 4.51 0.0
Open stand 25.60 5.67 287 <0001
Sex {male) 843 680 123 022
Season (summer) =135 443 —ggi gg{&n

ed” Intercept. 2162 237 51 < :

o Simple stand. ‘131 0.45 292 <0.0m
Open stand 0.06 0.92 0.06 095
Sex {rmalé) 708 27 261 00
Season (summer)- —6.76. 048 -_1470_3__ (1 001

Sinuesity® Infercept 15t 0.06 22.70. <0.001
Simple stand —0.20 0.04 —4.66 £0.005}
Open stand —0.30 0.06. —5.24

<0001

% We cientated motion veriance using Browrian bridge movernént modgls in.program R. {Mielson et al. 2013)
b Speed represénts m/min traveled: by martens 15 recorded fiom 2 conseaytive 3-dimensional locarigns with expected accumcy <28m @'Iona:ty and Epj

2015).

© Sinuosity was thie tatal distance traveled within 4 stend divided by the linear distance between the 2 points where the animal éntered and departed from

stand (distance ratio):

changes in small-maminal commmnities (Steghens ¢t al.
2014). Simplified stands may not mimic dreas killed from
natural causes, such as spruce. budworin (Choristoneura
fumiferana), whese marten continued to use areas after
significant tree mortality (Payer and Tarmison 2000).
However, areds of natural fortality (e.g,, budworm, fire)
zetain coarse woody material and logs are oftei used by
mETten for winier access (Corn and Raphael 1992) and
fomgmg (Andruskiw et al. 2008). Additonal research on
species associated with struchirally compléx forests and their
-survival in landscapes with significsnt areas of stands
simplified by managérient is urgently nceded.

Althiough maiten movernent and habirat selection at fine
scales Tikely reflects factors mcluding ﬁndmg 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 different stand
types. Furthier, we propose thdr stand-specific behaviors we
observed reflected both of those primary factors. Within
complex: stands, mattens consistently traveled at slower

specds and With higher sinuosity,. Such movement ]_:lattems

-prisnary predator as indicated by forensic evaluation of DN

cues, such as coyote scat, were added to their environtent.

5

[1]

Phelps and Roberts 1989). Thus, we expect that m ﬂ-i
would beriefit from moving within familiar stands
provide access to prey (Speacer 2017) at speeds that allo
perception of these resources; and the ability to take capturg
préy to places providing cover. Qur data on speed, sinuosit
and distance traveled within stand types suggest martens
actively foraged predominanily within complex stands.
In open and simiple 'stands, we propose. that marts
moverhent - behavior strongly reﬂfacted prcdator mrmdam
stratégies, and’ that ma;
becuuse 15¢ they presmnably lacked adequatc cover to escaf
ﬁ*o_:p__m:g_d_a,_tgzs Durmg this study, bobeat appeared o'be

-.a-r"'m

(e

oot

from tharten carcasses (Wengert eval. 2013, Integral Ecolog
Reseasch Center, unpublished dara). Coyotes and goshaw]
(Aicipiter gentalis)also were predators{ alland Heater 200
Pagel and Schmitr 2013). Stand type may influence mary
behavior both directly (throughi perceived risk) and indire ]
:

-] f‘i&‘, kd _P'n RERE

{by cues). Diew (1995) observed captive martens chan,
their behavior and acting more. cduiously when pred

resources and lower percmvcd predanon ﬁSk. Man:(:ns are -

able to find and kill prey more-successfully in complex stand
ypes, despite the availability of similar prey densities in
harvested and regenerating stands (Andrusklw etal. 2008),

Azidruskiw et 2l (2008) hypoihcnzed thar incréased hunting
success was correlated with the high abundance of downed
Jogs; which. provided sensory cues for mattens and structural
complexity that decreased the waririess of red-backed voles
(Myades 5p.); sithultaneously in¢reasiog the likélihood of
tnartens’ capturing volés. Payer and Hardson {2003)
suggested refaining coarse woody matedal >22cm in
diameter. Further, martens may need to use escape covér
and restingg sites to safely eat their prey once it is captured, as.
observed for omnivorous rodents (Lima and Vilone 1986,

demonstrated that martens avoided openings and su‘n:

observed in- squm'd monkeys (Saimiri.sp,; Boinski et l,
2003) and songbixds (Zanetie et al 2011} When' usifg
mmple stands, martens increased their speeds and decreas
their sinuosity (Fig. 3), suggesting that they perceived mare
sisk. When crossmg opemngs, their spced changcd ervati

rsported for a Chilcan rodent,' th. degu (Oa‘btfwz de _
while in openings with high predation risk (Visquez et jl.
2002). Although Jower ava:]abﬂlty of food in simiple st ﬁs"
and openings could dlso result in less simuous and fasfer
mdvement, food titration experiments in-thie same study 41e

stands during summerwhen predation risk was higher ey

theugh food was provided (Moriarty et al. 2015} Otfjer

Mordarty et al. « Marten Behavior Affecred by Stucures
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species; such. as pray squixeel (Seiards earolinensisy and willow
it (Parus montanns), wilk feed in tisky areas provided there is
somé minimal level of cover (Lirha and Valohe 1986,
Hogstad 1988). In. the same manner, we suspect that some
martens were willing to'incur fisk while foriging in simple
stands during summier.

Marténs moved similar distances during both-seasons and
both sexes moved faster during winter (Fig. 4B). We
expected increased movement and speeds diring summer
(Zalewsk et al. 2004) becduse. martens are occupied with
réproductive activities; males attempt to mate with multiple
females and females care for Kiws. Similar movement
distances during both. séasons may indicate that martens
used 4 familiar network of locatons to forage and gain
resources within their home rarige. Incrédsed speeds during
-winter may reflect’ decreased préy availability or increased
energetic requirements as martens need to search additional

area to mieet their energetic needs (Badton dnd Hovestadt'

2012). This study démonstrates that msrtens mavel longer
distances than reported (Zalewski et al. 2004), but additiona}
mformation -is needed to. understand whether these move-

‘ment§ 4re consistent year round and for juveniles as well as:

adults,
(ontrary to our predictions, female and male movements
generally did not differ (Figs. 2 and 4C), perhaps because

both Sexes have high energetic requirements and defend.
térrdtory perimeters through scent matking. Hmvever, we.

obsérved sibtle seasonal distinctions that may. be related to
sex-specific motivation that may be worthy of testing in the

future, These observations were not statistically sxgm.ﬁcant-
(Tables 3 and 4), most likely due to a-low sample size for.

females, but are suggestive of biclogically raeaningfut
patterns, Females appedared to move margiiatly more
sinuously thari males and traveled at a slower rate, especially

duding summer when fernales would be rearing kits (FL Lgs 2

and 4C). We interpret the combination of speed, variance,
and sinuosity as tepresenting a locilized foragmg strategy

focused on the highest prey densitics. Males-mioved slightly’

less sinuously than females, which may reflect their priosity
on maintainiag large rerfitories that overlap multiple
ferales, similir to male birds {Fretwell and Calver 1969).
Male terfitorial behavior could ‘require more tapid and
directed: movements, s reﬂccted in the mcreased speeds a.nd

I P,
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Sinuosity. 'Bobcats exhlblt szmﬂa: sa:—rclatcd pattcms, with

miles moving less-sinuously and faster cormpared to females

(Newbury 2013),

Use of GPS collars offered hew information about marten
movement, whick prmously has been characterized 1n North.
America primarily using snow trackmg Qut study suggests
that individual tracks recorded ‘in snowtracking studies
comprise 2 relatively small _percentage of daily’ movement
and, :thus, tay not adequately sample movements. Lengths
of average track segments in snowtracking studies ranged
berween. 86 m and 2,124 m (Hargis and McCullough 1984,
Heinemeyer 2002, Nams' and Bourgeois -2004, Cushman
et al. 2011), which af our average reported speed would.
require. only 4~%1 minutes to traverse. This compares to an

average of 7,620 minutes of movement data/marten from 6uj

-complemcntary For instance, we discovered increasedl

population level processes.

‘more frequent at those elevations {4-22yr; Taylor 2004

crown. fires is greatest. In the high elevation forests

in the elev:iﬁbnal ZOne: Where m'artcns occt]:

GPS collars. However, snowtracking has advantages ovef
GPS in thatir can identify points of special interest alotig the
moveinent path such as resting structures.{Cormn and Raphag
1992) and foraging locations {Andruskiw et al. 2008}
Neonetheless, indices of daily movement expendltmes {e-gh
distance traveled} available from GPS collars are more likel
to. feflect variation in habitat quality. The 2 methods arg

“.' .

sinuosity in winter paths in complex stands using GP
collars, a5 did others- using snow tracking (Hargis -an
McCullough 1984, Heinemeyer 2002, Nams and Bourgeois
2604), but our ase of GPS technology alloweil us to co:
this pattern iz summer. However, GPS coliars also hav
drawbdcks: We were unable to‘deploy GPS collars on femalds
during the denning péded and on the smaller femaled.
Technological advances that reduce battery size may make j¢
possible to deploy GPS on:all females, not just the lazgeit
adults, and for a longer duration. Such opportunities coufd

Ifl
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e
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allow for. an empirical demonstration of movement o
relation to fitness, testing our assumptions directly. W
recommend both- GPS data collection and snowtracking He-
vsed fo better interpret’ marten: stand use, and
demonstrate that movement patterns fiom GPS. dam rjfx
provide unporta.ntaddmonal insights to marten ‘behavior anfl

MANAGEMENT IMPLICATIONS

Fuels treatments that simplify forest structure (e:5,, removil
of'small diameter trees, downed logs} 1 have negative effects gn’
masten movemert dynamics. Thus, the most obvioil:
recommendstion to benefit martens is to plan fuels trea
ments utside of their habitat. Spcc:.ﬁ::a.&y we suggest thy
areas at Jower clevations (<1,500m), which.is below t}
typical distribution of mirtens in the Cascades in Califor)
(Zieknski et 2. 2005), should be the priority for firg
reduction because of the increased departure from normy!
fire remirn intervals in. those forests. Fires h.(storlca}ly wefe

North 2012), thus more fuel has accumulated and the. nsk '

support martens, fire return intervals are longer (83200 _'
emd these forests may be conmdcmd wf:hm their natural

Thus, therc should be Tess niear-terma incentive to thm forey

forests w1thm marten habltat, our data suggesr i
maintaining or increasing structyral variation will inered
the-use of these stands by martens. Strategically increasi
structural complexity within managed stands, while i incre;
ing resilience from fire (Churchill et 2l 2013), will
mlport!mt for maintaining marten populations. Speclﬁ :
creating resources for prey and providing escape cover frgm
predators.are important steps toward, encouraging marten se
of treated stands. Recent forest ecosystern managemdrit
guidelines (North st al. 2009, North 2012) call'for forgst
management designed to mimic variatdion in stand densities
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