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Reduced moitmie;it ..af:ros~ a !.irn:iscape- due to i]s$!tat foss and fragmentatio, !;: cun~irred 0Jte cl the 
pri~cy ~ast.lTIS for SJl\!(les' pop~l.fti!ln d~li~ G_li'dmg' mruru:n~.11. •.mi:h. iU ·the. ~in liyt'!1:i :squirrel 
(~':;qbri,ms), an: aipe¢tir;d l'tl bt/: p,1."ticurai!y serultivr. ttdargc ai'Jn-1umi:ed g;i.ps aitd therefure. 
~ bccli tllied as umbrella species-in plalll.fuig fw !andscapi: c9nnJ:<tiwiy, We ~ted the ~OS.'M~ 
~DllS .. O.f thll: J~ill tl-jing squirrc) :iil. j! furi:sredii!Il4SCape, ill, ,m.J:beyn New ~nswkk, Quiada. 
~-tr.nislQCited 3.$ ff.',1ng squittels ~i::n:iils:ncm~forested gaps (Sli,.,900 m) v.il:h varJjng demur efficiency 
(distance.to return honi.! ;n:rQSS the gap diwi.ied by the l'oresre4 ~etour dutaut'll) ,u!rl ~~ tne.Jn/:U.: 
yiljual mm1ement'pat~ to. fctun\ famie. We found that_ 6!i% tlfffylng sqiurn:l:j ~ the. foraste:{ n;,uts? 
horpe M>d.ootkbi ~lrig g.ips.,l¾roor efficiency waif tile oi:!iy !lignil'ic.ii\t li!!!docape prndktcr. of .g,ap-­
~si!i,\!::·furwe1y f%·increase,in diiiiwl'effifiency the,od& offi.ln1ig·Sql!iirels ~.·w,ue t5% qighet.: 
~rth."$11 fi~ .guirrels w~ m111:1trpore·Jikely to .tak'e fur~ route~ man to crms: o~ri c:in\!it~ I lmld$ . 

ki:lati.:m • even When the dJtllttdist.anonvasU tim"Jn;bruter,•fu .iMi~, .liylngsquimils tcobu mnt:ililly l~I". . . O 
tu :mrum hnn,e:1f gaps 1n fo~ awer ™ " threshold of .335 m. Su(tl threstm;d i:esponses ~ ftiiTig;_ 4" j / lJ 
squirrels could partly explain ·otis.erved drop,. lu tl.y!pg ,squii:rer uoari:rieOOI!! i.ll $mall, .iijo!atei! p.i,tcl~ of- k I • 
ft/rest.. AvpillaJia,. <If~ llllh'en demurs .i:ffi• qi~p·~ that tbe~ 1$ .,a CJ#t .wotii'itiir:! with tiaiinng 
ga:p.s: 'rtiis pi-<1l'id6 Sl.Wf!OIT for we- ~uxt of· miliitt.lining functional conne..."Ti'i!ty in fon:sted 

• ·:1andscapes.- • - • • 

l .introdtK:tion 

Giob:;itly.{otesredtmdscapes nave 11iid¢f~\J! dramatic cJ1an.mes 
d e m anthrjipogenit habitat loss and degradation (liarisen et JL 
2 JO). Half_~ the tJtmpet:.1te J;iroad!eaf and mixe·tl ('f.l(est biome 
• been fragmenredordeibresredby huimn activity(Mi!lennfoqi 
r osyst<lii.As1.e.ss:rner,t, .:wos). Afthi:i11gh habitat a1oourit fa ronsid,-

___ ._,, .... -·-- .. ~c.il-.doml».a • • l.i n:.:abmid;m 
••==-,==;;;;;;.;::11~il;;:h;;;rl~I1oo~: Svii'ft a"iicr!i~rmori. 1◊), abita:t-~tion l!i: 

eh.ie-ied to! lmpac;t SOin'i! SPl!f.,le);, ~rtifotiirl:, ',4hen hJbifot 
awount is low (Hetts e· :_, __ 2C{J6j. Fragmentatiooc iJ,depe,i,dent uf 

~
• • ita .. t amo~nt, i·.s pr. eu. 'ict:e.f to ne.g;ative.ly .. infltiern:e populatkm • 
v Mity du~ to the restnttlon 0Lrno\ieU1en~ across non~liabitat 
,J,atrL,;: or g;ips, -v; ,en.may , "'t .u,per.,. .. '"~ 

tcht•$, ·':ma im::r..:ase preiliibo1r • ,_i\nctren, i 994; FAhig. 
il"Jµt potentii!. f>,Tilg,I'~ a ea, tr11::re~.e - rnpe mon j.(',, cd 

l. 98), v,JJtt: , raJ)l • .•· s~m n.1. itatarea and.associ.ate.d fta:imil>n~ 
!: tiori, there ;., ,'lll argent ~eed fr.r :;pede5-spedfic 1m~vermmt 

r 
' ; 

~-~·-·-·- - •' . . ·.· .. 
ii' Cnrrt'Sp:r,clirl!l .1l'11lnf,1"el,; iJ (5C6) Bll7 Stl54; fa.'<: +1 (SOOr!xl7 601",, • 

Jt:~~!.i ~!';:i~,~~ 1y:;~';·:;:::;~;;:;';1,!"'.'.;~·J·ri~G: i~~~,:_srn,tt,). l,)rbei,iu ~-, "" 

e. 101 l fi;lsevier Ud. All rigr,ts. teseived. 

Jnod!;l$ ·that reali:sticaill' po~y -1.ni.tnal Q#havkiilr..arnJ i'Mv~mti.rit 
ability m complex. ~ndscapes (6e!Js1!!, 2®5). 

U11fortl)pately, desmoing the:strncturaf connectivity i'>fm.b~t 
patches often 1s insu$dent when·.expia,lning popu!at1on IiUII'lbers 
• due to inOOirect a!.Sumptioli.5 reg:t1:rding sp&':ieil mov~l'l'tent abmlies 
and behaviour in fra,,.irment.ed J,umsc,apes (K1ipfor tit ~f,c 1006: 
t..iylor et .ii., 1993). F'tlilctiooal UllIDl:!ttiviti.,rnasures thie- pen:ne--

---- • • • -riLll~t.·"'h .... •~ .. ,;,1:;.,1-,.,,.__ :"·-·:-· 
~- ,--~~~1i!!'~NJ.;~-~-~---~-~..-...:: 

uslng.·em .al ~ta. -00 ~w org-,1~s fie!P!i\';;! • barriers and 
i.•.fait:her these inatd1 our Msumptfon! (D'fon, 2002: T~ylcr et 4.l,, 
! '"S.3), Det;;iled umJ•.!l,tJn.clfog ofanim<>t rwJvemcra;; is hamperrni 
by a lack ,ef ·.eJ<Pf"litnentat :.ti1dies controilfng for the habikt 
.aro11unt and amfiguration(Su1tchlm1y 2007), 

Pi'em,:,m sn1dies ·havc> shmvn th;1t .'!tl organism's ,g;;p-cr<,ssing 
decisions ;i,,., Often a functlcn nf n·:O romp orients: body ;;ize .and 
behaviour (Mec!i ,md ZoHner, 2002; Hi1!qll,1 ;inct Swih.ut, 2,0Q7-); 
Llrge--bridied spedes are prerl1cted to buve a greater perceptual 
r ,i;ige - the distance- th:,m 'Wtiidra l>Pt.!des 01n detect patches or 
forest t'dge (Zollrie; ,,rnJ Limn, I 997)_. Less i!> kliown abtJJJt what 
mortvares .:i 5pedes tu cross open areas if they detect!:t;i;bltatnn 
i:he opposite side of the gap (Helisle, 2.005).. Tiiese gap.rrossl.ng 
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movements are critical and may allow species to persist in frag­
mented la~dscapes through dispersal to isolated patches and by 
ttabitatsupplementation -where.an individual;s territory expands 
to encom1¥SS several .habitat patches {Dunnirig et aL. 1992). 

. Because • gap-,crossing. events are · rarely observecl in nature, 
translocatipn experiments have been used to study gap--i:rossi:ng 
behaviour:1research on gap-crossing nOV11 exists for a number of 
taxa (e,g., ;nsects {Pli:her and Taylor. 1998); fish (Turgeon et aL. 
2010), birds (Hadley and.Betfr . .2009), airipliibians (Ma:i.ei"o\le and 
[Jesrocher{ 2005} and mammals (Duggan et aL 201 2 )). This tech~ 
nique allows the researcher to testhypotheses by manipulating the· 
size.and type of barrier between the displaced ariiiniiland its home 
range (Beifa!e; 2005). there is some evidence th.it.species wlthlcing 
perceptual:ranges are able to make cost/benefit deci$ions regard­
ing whether or not to take a forested rotite or cross a gap (Belisie 
and Desrq)::hers. 2002; Desrochers and Hannon; .1997), Bakker 
and Van Voren (2004)Jound that detour efficiency ( distance to re­
turn home;acrnss the gap divided by the forested detm.ir distance) 
was the ~ost important predictor of red squirrel (tamiasdurus 
hudsonkus) _gap-crossing decisions. When the detour efficiency 
was below 60%, squirrels were more likely to cross the clearcut 
than use the. forested route. . • • • . 

To determine the permeability. of non-forested areas to flying 
squirrel inovements:we tested two predictions: (l) flying squirrels 
will not cross non-forested areas greaterthan their gliding distlnce 
if they can take an alternative forested route, or (2) flying squirrels 
will . cross non-forest areas only if the detour .distance. is very long 
compared wlth the crossing distance (low detour efficiency), We 
also explored tlie relative. Importance of other variables, .including 
sex and clearcut age; on the probability of gap-crossing and return 
time, finally, we investigated the relatiye risk of gap-trossing by 
comparing the crossing rate and tortuosity ofthe movement paths 
in gap and forested·retum paths. • • • • •• 

2. Materials and methods 

2.1. Study area· 

We conducted ourtranslocations withintheGteaterFimdy Eco­
system of southem New Brunswick, Canada. This area is composed 
ofa mix of deciduous and cornferous sped es with 46% oft:lieregion 
covered in mature forest (>!50 years), 36% .by early seral stages 
(<20years) and 18% is non-forested areas (dearcuts, wetlands, 
lakes). The average clearcut size on public land in New Bnmswkk 
is 35 ha, but the maximum permitted is 100 ha (Martin, 2003); 
Currently conifer (mainly Pitea) plantations make up 10% of the 
landscape although that is expected to rise in the next 20 years 
to 28% cifthe landsca:pe in an .effort to increase wood fibre produc­
tion (New Brunswltk.DepartJliem of Natural Resqurces, 2009). 

Gliding:wamrniils, such as the northern flying squirrel {Glauw­
mys. sabriTIW); are expected to avoid large gaps beciuse of their 
reliance on gliding from tall trees for movement across the. 
landscape (V ernes, 2001 ). Movement studies of another temperate 
forest glider, the Siberian flying squirrei ( Pteromys vo/ans ), indicate 
they wiU iise. woodland strips and non~habitat matrix for inter­
patch mov,ements, and Will occasicirially cross narrow open gaps 
(Desrochers et aL. 2003: Selonen and Hanski. 2003). There is aiso 22, Selectionof transiocarion study sites 
evidence of dispersing juvenile P. volans ctcissingfields,. 300 ni that 
were impqssible to circumnavigate (Selonen .• and Hanksi,. W04). We selected 15 dearcuts <.400 m from flying squirrel capture 
Although habitat isolation is predicted to negatively impact the tran.'iects (Fig. 1). These. dearcuts represented a range of shapes 
.viability of flying squkrel populations (Reunanen er aL 2000: and gap required to test the effects of gap size and detour efficiency 
Smith. and Person, 2007} little. is known about the cost~benefit on flying squirrel movement behaVioi.Ir. To meet our selection trt-
factors infi,uencingwhether a glider will cross. barriers, A glider'r reria, iill deatcuts needed to be <1 O years old and surrounded by 
pi:opensity to cross bare ground; recent clearcut~ harvest area, or matureJorestwith tree heights >10m (dearcutvegetation chara:c-
young .plantations can be modeled to .create different landscapes teristits are shown ii1 Supplementary Material A. Table 1A): We 
categcinzeil in terms of a 'realistic cost surface' (SaV>.ryer et aL, chose a minimum tree regeneration height of 10 m. tci ensure a 
201 J .). · Flyr squirrels often .ate used as a model species for .p weU-defined 'hard' edge betweenthec]earcut and:surroundingfor~ 
dieting the impacts O rest 055 and ragmentatio on iodiversity est. All dearcuts had been planted with conifer seed.lings. wlthin ·a 
( urme e,;ai., .os; Smit·'' L ·. _ • an O ~ective of Jan scape-sea e year after harvesting, .alid subsequently treated with herbicide to. 
forest management pians is to. mairitain functional connectivity' remove mosfbroadleaved trees and shrubs, The older dearcu.ts 
(Betts and Forbes, 2005: Linderimayer and Cunningham, 2013), (ice., plantations)coTJtairied conifer trees up to 2..frm tall Previous 
inrormatitjn on movement behaviour is required in order to incor- studies haveJound that flying squirrels tend to use mature forest 
pora:te moyement behaviour associated, with different surfaces. more frequentlY than other age classes for denning and foragiilg 

Two eklier studies have found lciWer otcurrence of northern (Hollo.way and Si"nitll, 201 l) at:td avoid young forests (P. volat1s; 
11 flying squjrrels in patches surrounded by larger arrmurits of non-- Selonen and Hanski, 2003). • r' forest Ri chie et al.; 2009) and in smaller iSolated patches Fiying squirrel gliding distance is <30 ril {Vernes, 2001) so we 

:r::..;;;;;;;;;;;=1;;;~;;;:·;;;.;:;. ~. ~;;;;f;;:;; ... ;:;n =~:nro=rm:::::-:=: '...:'::,0=1=-oy_-=. GI::;';12:ve::::::'11""':::t;-;:Hi~~::-;.""'. • .'::'1~=-::':: .. ~ ... ':'a-lli:'::'.W"::O~. fn~• "=-or1:::,:;.:11-~=11~:minirmmr:gap;size;-of.'SO,m;tci:-~i:ct;:;:==== 
emfly:ing$quirrels and.their arboreal riature,we tested thel)ypoth- not glide across dearciits, • • 

V 
\, 

esis tha(fiy1rtg squii;fel occurrence is iower in tllese areas be~\15e 
th.ey avoid crossing non-forested ··areas (dearcuts <1 o years) if the 
. ga~ exc.eetls their gliding ;ibiUty (>30.m) (Vernes, ;:moi), In.art eat­
Ji er study: !(S ni i ~!i et a I.. 2 0 11), we i9uo.lrtnat the connectivity of 
mature fore:st (>60 years) was a strong predictor of flying.squirrel 
homing suc;cess mdepen!ientofmafore forest amount. This study 
was. condµcted over a wide range. oftransli;K:ation clistances {µp 
to 390□.m) but individuai movement paths were not recorded: so 
fine-scale!medlanisms for vaiiabil1ty in homing success are. iln­
kno.wn .. A~o, J:Tipdeis based. on .iandscape~sca!e mc;,vements i!l pre~ 
\i:ious frai;islocation · experiments may produce different • results 
than tho~ based on local~sc.iile movements {De$rocn1:rs .et al., 
2011 ), Iri this study, we addressed these deficiencies by measuring 
the ft,mctional coijnecti, vi ty of no~-forest gaps at the [oc:al~sca le 
(<1 k:Ql) .ahd coilecting detai)ed movement data; 

2,3; Translocatirin methods 

in addition to the 30 sqUirrels translocated in 2007:..2008 we. 
used five ~quirrels trans)ocated duri11g, a previous study in 1:11.e 
same study area iri 199+1995 (Bourgeois. 1~97). This study used 
similar trapping arid translocation methods and occu~d acrps~ 
two dearcuts ( Fig. 1 F and HJ We selected only those squirrels from 
&oi.frgeoi;; (1997) that met these crltelia: (1) they were tr;i.nslo-:­
catetl across .recent clearcuts (<10 years), (Z)g;:ips consisted 6( a 
conifer piantatjpn (not deddudus regeneration), and (3 j they had 
a well~defined gap and forested detour route. Bourgeois (1997) 
did not .collect .vegetation .data for these- two clear<;1-1ts and. we as~ 
sumed similar vegetation characteristics to clearcuts of the same 
age in our sairiples. •• • •• • • • •• •• 
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sta dard deviation= 0.99, . n .,. 29). Of the remaining squirri,s 
(n 6), one did not return home (the signal was lost after 8.days) 
an the others;took between 7 artd26 days to retum. llased on s.ub~ 
se uent den tree locations, those squirrels that did not return 
ho e in one llight (n,.;5) were assumed notto have crossed the 
de rcut. Formore information on the squirrels translocated.see; 
Su plernentary Material A. Table 3A. • • 

32 Predictors of crossing probability 

e proba&ility of gap--crossmg was best explained by sex, 
cle rcut age, squirrel mass and detour efficiency {wi = 0.54; Sup 0 

pl 1entary Material A.. Table A4). The same modelinduding mass 
equally s'tipported (w;= Ct45). The .. 95% confidence intervals 

. estimatecffor detour efficiency did •not bound zero (Table l) 
an the odd~ fatio indicated that flying. squif!els Were 15.63%Jess 
iik ly to cross the dearriit for every 1% increase in detour .effi­
ci • cy {Table h ). lbere was mi.ldl less support.for including gap 
di ance (W1 ='O.b06) (Fig. 2), total distance (w; = o;003), or direct 
di rtce (w;=i0.003} The model inducting detour efficiency was 
als better supported than the base model (wi = 0,002) (Fig. 2), 

\though males .were more Likely thallfe:rnalesto detour around 
rcutsrather than cross (50% offemales crossed versus l9% .of 
es), the 95% Cl just bounded zero (Table 1l ln the model that 
not include mass (i.e., probability ofcrossfog ~ sex+ clearci.lt 

a + detour effidency!site). the 95% d for sex did rtot bound zero 
(T ble 1). • .· 

Older clearcuts appeared to be more permeable to flying squir~ 
rel . but ag'ainithe 95% confiden.ce interval bounded zero indicating 
po r precision of the. estimate(Table 1 ). 

Predlttors'of time to home 

flying squirrels took between 0.75 and 624.b to return home. 
Al squirrels translocated across gaps 331 m or less. returned .in 
on night (n ,,; 25). Total distarice ttanslocated was the most influ­
en ):I variable in determining time to home (w;"' 032; Supple­
m ntary Mat~rial A, Table AS). Several other predictor vartables 
th tV..ere correfated wii:h total distance trar:islocated (clearcut.size; 
de our distam±e,.and gap distance)were als_o supported iri the mod­
el set (Table :z). Gap distance Was less supported iri the model 
( = 0.094), although the parameter estimate did not bound zero 
(T ble 2). Amodei incorporating only dearcut sfae had less support 
in the model set (w1-' 0;062).Detout efficiency was not Well sup­
p ed.with Weights ofo;oos arid 0.006; The effect size of sex 

quite large: however, similar to mass there was a large 
;:::::;;;:;:::;;;;;::==~~~;;;.o~f .~n~nc::;P;=rt;:;;;i;;intjca.rrnmd the parameter estli:nate .(J:ahla2). 

T ~~dieted that flying squirrels take mi1ch 
IQ gerto_ retutn ho1ne if a .gap ts >335. m and if the total djstan~ to 
re tn is >67?m ( Fig. 3). 

3.4. Crossing speed and path _sinuosity 

Drice released on the opposite side .of the deara.it, most flying 
squirrels remahied near the release sitefor 10,-,-JOmin before 
atfemptirig to return home. For thcise .squirrels that homed and 
had known moveme11t paths: (n,,.28), the mean time to return 
home was UBmin (stdev±59.57); females tended to return more 
slowly on .:iverage {1232 min) than males (113 min); 

The mcivement rates across cleartui:s tended to be faster 
(163 ±.9,8mfmirt. n= 11) than through the· forest (11.8 ± 4.4rn/ 
min, n = 17), but support for a model with cover type included 
wks not supported when compared tci an lntercepfc•only model 
{AAIC = 0.4,1). Flying squirrels that crossed clearcuts appe~ to 
use residual trees and stumps cin their path home (Smith, pei-s. 
observation); 

Flying squirrel movement paths across· ciearcuts were signifi- . 
cantly straight~r { sinuosity: 1.13 ± 0.023) than those individuals 
that returned thro4gh the. forest {sinuosity: 130±0,0092; 
AAfC .. 9.51), suggesting .i.. strong motivation to .crClss open areas 
vfatlie shortest path (Fig. 1). 

4. J)iscussion 

Gap-ctossirig movements by adults and dispersing juveniles are 
vitally important for the maintenance of isoiated populations in 
fragmented landscapes.(Hartski and Simber!off, 1997). However, 
these rare movements are difficult to capture in observationai 
studies. As a result population. viability models often rely on ex­
pert .opinion or intuition·as a proxy·for actual movement data, 
which may im::orrectly ·estimate the functional connectivity of the 
landscape (Castellon arid Sleving; 2006); In this srudy; we. ad0 

dressed this d.eficienty by measuring the funi:tiorial connectivity 
ofrecentdearcuts by varyingthe:g'ap distance home versus the de­
tour distance and collecting detailed fii()vement data. Ours is one of 
the fow expertme11tal srudie_s. to use actual movement paths to 
demonstrate how gap-crossing events are influenced by gap con­
figuration (but see: Bakker ai1d VJn. Vuren. 2004; Duggan • e-t al.. 
2012: Turgeb!l et aL20lO). 

4.1. Clearrut configuration influences flying squirrelmovement; 

Northern flying squirrels were mudl tI1ore likely to take for­
ested ro¥_te$ -rhanto cross.open canopy.wps even when the direct 
distance was 6.8 times shorter .(threshold· ratio of .direct distance 
hcim~ versus detour distance); G~p distance, detour distance arid 
total distance were rr:iuch less important than detour efficiency in 
predicting probability of gap-crossing: Flying squirrels began to 
cross tlearcuts once the. detour effidericy dropped below 55% 

"· a22,_~~llJ! !2 ill !?T this is.much~an..th._!:.lll~ax~"====== 
imurr:i recor&d gliding distance of-30.ril. This sug'gests. that flying 
squirrels are making cost-benefit decisions regarding .predation 
nsks i:>r assessing the energetic costs of moving across versus . . .. . . . . .. ~ . ,,.,~ 

M. del-aver;.ged ~rn cienis ~ild un¢ol\dll:!iin~.1 $1!dard emirs: for GI.MM predicting•crosiiing probability COl\litl)lfng for sex, cleamii.agi!, and mass ¼jth clearcut aite. as a .t.;nd.om 
e • The odifa ~tio.,is sll6wn.Jot .only those.• par.,:mooors .whkh tjllve ssi.□ wtiidi do notlru;lud~ .zero. . 

fl S.E It of model5 L(95% Cij U(95:t: □i ODDS ratio.(%) 

nteltept -il:516 10, 124 6 • 
ex (Mai~) ' -4.34 2.39. 6 -9.02 11.33 
• !!a,ciit:age (Veai":s) 0;43 0.3g: .6 ..:.tJ.32 us· 

Sqiiir,el inass'{g) •• -0.088 0.17 6 -0;42 Q,25 
.i.p dista nee ( ml -0Xi0~8 P,0085 1 -d.025 5 0.0()79 

Detoµr~fficiency (%) -0.17 .C:076 2 -032 ,.;o~021 
Detour di.stance (ml 9.0019. ci.002,i j -o;C0:35 0.0072 

tS,63 

eta! distance· (ml -0.002+ 0'.0035 ·1 -0.0092 :o.0045 
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able2 
odel~average\:J .cooffici<'rii,; ming weighted Cox ~matio n to predict time t<> re.tum honie with uncqnditional st>1ndard errors (Se). The. parameters for wliii:h the 95% Os exclude 

tie are shown in bold. • 

Paramerer estima1.es. Coef SE Eir,P Ccoefl '# of m.odels L(95% OJ 0(95%0) 

Se,;(Maie): -(1575 0:67 1.952 
Squirrel mass (g) -0.0!M 0.1151 1.053 
Oearcut ..ge (Years) 0.031 0.084 1,087 
qearcut siie (ha) -0:.026 0.011 Mti 
Gap dl$lllce (m} -0.004 .0.014. 1.001 
betour. efficiency (%) . -lil7 0.014 1.01.4 
Oetour dis~nce [ mJ -n.li02 0Jl01 1.IKl1 
Tciral distarice (m) ~o.003 0.001 1.001 

'rcuinnavigating clearcuts; Our results are s.imilar to ·Bakker and 
in Vur:en\ 2004} Who. fot111d-that red squirrels. were more likely 

o detoµr around clearcuts when detour efficiencies exceeded 
0%. Chickadees (Parole atricapillus) .and .red~bteasted nuthatches. 

Sitfu canadensis)were,more likely to detour at detour efficiencies 
f 50% and 80%, respectively (Oe:Srothers and. HanflOll. 1997). ln 
ontrast, gap-crossing decisions .by Franlslin's ground squirrels 
ere not influenced by detour efficiency, which may be due. to 

heir preference for de·nse vegetation cover and ground burrows; 
hey may also be unfamiliar or unable to use .visual information 
o compare movement paths (Duggan er al., 2012). • 

Aying squirrel movement paths were substantially su:aighter 
cross dearcuts than moveinents in suri'oundili. J~~_sJ; indicating --~­

ffiat"theY1ii'o'vetl1fi"\fi'ffiire-cli'reE'tecl"ffiiv'ermo1Ie( t1 ma a nif'Zoll n er, 
1996). Strajgtit movem~nt paths occur.wheri moving between hab-
itaJ .pa.tche~ \ilhereas more to,;tuc;i(,ls. paths often indicate foraging 
or searching (Schick et .:ii.. 2008 ). Although we have no data to indi-
i:ate. lQWWrsurvival whi.le crpssing deai-tuts, the directed ril.0:v.e­
ment path~ and short clearcut crqssing- times suggest they were 
tryilig to minimise time spent iri a ptlteritia!ly rislcy or resource--
poor qabj~t • • 

4 .. 2. Threshcilds in,fiyingsqt.(~i gap-crossing. 

Detour 'efficiency was pot an important predictor of llomin,g 
time. i;yhii:h. Was Qi!ttet explained byfotal distance from home, de­
tour.distaIJce,. and gap distance, Tiiecev,,as a h/gh amount of vari­
ability in the homing time data at short distances (range .. 1-5 h, 
mean " l,s' h, stdey, :.. !J.77). At distan~e:S >335 m we generally 

7 0.152 2.087 
4 a.s:h 1.017 
7 0.875 1.215 
1 0.955 D.!1!15 
.l li.993 0.999 
2 o:9&i 1;017 
1 (i.997 0.999· 
2 0-996 o.999 

observed much longer homing times (range-' 1.6-624.h, 
mean "' 1S5 h, s.tdev"' 216 h). One possible explanation for longer 
homing times for squirrels trans!ocated >335 m·is that. the animals 
were tfriab!e to detect distant habitat across the dearcuL.Flaherty 

II' • • •o 

• - • . "· • • .. • 
c:i . , 0 

• • 
200 .400 600 800 

Gap Oistam;e (iri) 

Fig.: 3; ·.nrne ··10 >l!tum. home for. aJJ.llyini squirrels ii) >l!lation ti:i ,gap dis.cance: (ui). 
( n " 34i Une·· !11dicates a tl)resbold. at 335 m: iii tlrn.e: to ierum i derititi:e-d: using a. 
;i:gre.isi.on tree. 



MJ. Smith et al/ Biological Conservation 168 (2013) 176-183 

et aL(2008) estimated the perceptual range bfflying sqilirreis as 
l l50 m iti clearcuts and 25~50 m in second growth stands, a 
d. ranee 250-2300 m shorter than predicted by Mech and Zollner 
(2 02). In our experimerit, four flying squirrels crossed gaps 
>l Om (150-i436 m).which suggests that flying squirrels are able 
to perceive matureJcirest across gaps fromJurther distances than 
pr iously thought; Alternatively, the. squirrels we translocated 
m y have used previous gap-crossing experience and crossed· fol­
IQ fog known movement paths across the gap. However, this fa 

likely as most flying squirrels spent 05~2 h exploring the area 
ote returnjng; indicating less familiarity with the.location. Also· 

w released squirrels in areas outside oftheir predetennined area 
of residence. • • •• • • • 

4 . . Influence ofgendermi gap-crossing 

We found :substantfal differences in the way that male and fe­
m le flying squirrels responded tQ gaps. Males were more likely 
th n females" to detour around dearcuts. This contrasts with a 
n . -experimental movement study (Selonen and Hanski. 2003), 
w ere male Siberian flying squirrels were mote likely than females 
to cross non-llabitannatrix arid moved Jaster and more directly in 
th matrix. !.fl fact. female Siberian flying squirrels rarely leave 
th ir habitat patch and use the matrix .only for foraging(Selohe11 

Hanskl, 2D03). Females may have smaller perceptual ranges 
pared With males hampering their ability to choose less costly 

rn vement p~ths, An alternative explanation is that females that 
er ssed gaps Wete avoiding confroiltatiims with other territorial 
fe ales follfld along the forested detour, Unlike rna:Ies, female 

em. flying .squirrels do ncit have overlapping. home ranges 
defend their territory from other fema!~s (Gerrow, 1996), 

dersrimding sex~specific gap~c:hming behaviours may be 
f portant for the persistence rif forest specialists in fragmented 
la dscapes. • • 

4 . . Conservation irnplicdtions 

Dei:erminl.iig the permeability of different types of matrix is 
es ential for the conservation of habitat specialists (Liridenmayer 
et I.. 2008 ). Fi:irest stands are expected to become younger as more 
in nsive forestry practices are employed and harvest rotations are 
s rteriedo{Betts et al., 2007.). Biomass harvesting and short.rota­
ti ns, in high :yield plantations may therefore restrict rriovetnents 
o forest spetjes(ViH.i.rd and Hache'., 2012). In.our study we found 
t .t post-1:!earcut conifer plantations >7yeats old with trees 
;,- .8 m still preserited at least partial barriers to flying squirrel 
m vements, There was sbine evidence that propensity to cross in­
c ased withtlearcutage; however the error around the estimate 

higher functional connectivity for flying squirrels. However, we 
note that mitigation of isolation through:tonriectivity does not 
supplant the primary objective of maintaining contiguous habitat, 
Indeed, a study tbiidocted in. the same landscape indicated that 
mature forest amount wa~ the primary predictor of patch occu~ 
pancy by flying squirrels (Ritchie et al.. 2009). Forest managers 
should therefore be careful not to implement management plans 
that reduce the overall habitat amount in:the effort to enhancefor~ 
est connectivity; Finally, flying squirrels were able to cross larger 
gaps than.several forest birds in a similar gap--crossing experiment 
(Desrochers aild Hannon, 1997). This highlights the importance of 
considering habifat amouritand connectivity requirements frir a 
suite of species when: .maintaining overall forest biodiversity: 

Our work indicates that animal movement patterns .can be 
irifluenced by relatively 'soft' fragmeil.tation(Le., coriifer planta­
tions) even when motivation to move.is high. Such movement lim­
itation is Ukelyfobe one ofthemecharusms for reduced occupancy 
offly1ng squirrels fo. isolated patches of mature forest (Ritchie 
et aL, 2009), Reduced· movement may h,ai,,e important ramific.a~ 
tions for forest productivity in. new. conifer piantations and forest 
fragments considerlngtheir key role in the dispersal of beneficial 
mycorrhizal fungi (Maser and. Maser, 1988: Smith, 2012). Our con~ 
dusions may also applicable to other similar sized fore.st gliders in 
temperate forests. for example P; vo/ans, which has declining pop" 
ulations linked to forestry (Rassi. et al,. 2010: Reunanen et al., 
2002 ). Given expected continued loss and fragmentation of mature 
forest in eastern Canada (Betts etaL, 2007) and worldwide (Hansen 
et al., 2010); managers should consider landscape designs .th;it 
minimize travel costs to mature-:-forest dependent species such as 
the northern flying squirrel. 
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