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.Abstratt: Tr.e j)urptl¥' Qfthis st1.1dy :was: to .dt~coVer how red-hacked vol!!l\ ( qe!flrii:;lfomys gappedpp(lesi:t!1l1) fQUJl(i.prefe~ 
habitru: pll.tc h~s, Tw0 liypotnllSC S tested we,,;f!.li;it voles dlscovrtt habitat pnic hei ·i,j, ~h.nnce, ·and UlA~ rfm y pi::rr:e ive ri1erµ ftoni 11· 

distance and 1IE.11el towardst!V::m. The di's'tan:ce at ¾'1,'1kh vob.deteded a wooded habitat was ~lermined by mensunrig :he 
accui°'cy·of 1J11e«tatipn at diffet'tnX:dis!anc~~. Animuh. were 1".!.!easecf:in. a.1 imfanul!ar gf?,ssfand ar on~ ;;.,f µv~.FJis1uncet 
({j..;20 m). frorµ-. ihe·b9un,~a.r? of~.'. a_djl!C"ent m.f;un;li~ woooliw.tl-mid tracked us.ing the ~j:x:ml and )in!!- !ec\u1ique .. ,L\t ·!l-1.l 
dU.."1mce$;'1he voles oriented tqwnri:fa the woodsi lkiwever, their rep.;::Hon was much \\"eakei·iit greater distances. Thus~ retiction 
to i:he wooi:!1uti,i" was r,ot nn. "ail or npthing rn~pcnse": the do3.e'nhe voles. cl;iJne. to the Woods, the straig:htet were iheir paths and 
(he more- directly tl1ej oriented tow.ml:. th~. wooµs. Toh n~~ :tQ. out µndey-standin:g c:t·h.o;v irnbitat fr~_gmematlon i1ffects <;•ok.s.­
A bet,vp.:n~paf¢h disfaooe.uf Win does· not cpmplciely isoll!-~te.~ch:id;ed voles, ·bufr({;ljs~n:ce ecjµi'v~!ei:!t tri_ a horne~rang-u 
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diameter (60-m;1 111} 1ike!y W◊,mi. ~ • 
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~cc-.-~,~- a . 
Resume : Nl'.l11i1 avor.s renie Ue d~re-rttfoer de. quellefa~on k:s Ca.'Tlpagnols a dos rQuxde ·oapper (C!ethtlanomys gtr/)p<'ri 
pafte,,;;ms) tro_uve:nt iies11cu iieJe.ut lmbirat prefifri.'i. Deux hyp-cthe&es cint ete vetifie;>s : l~ cmnpagndln tle:;,ouyrerit.ccs !lots 
par h!L~ard; o~ a1or$Jls l~s- p~ivent u dlst~ce ¢t s!y rem:leni . .La diiilllnce de reperuge d'tm habf tat bol_s~· ·a .ete ·;!li~u~e e.1, 

mesuram b µr6dsicn de ron-eflta~ioil a divijr_ses. distanc:e-s.. Descampugr:..ofa Gilt ere rel.khes damn.me praineori. iuqu_el!e Hs 
n'miaiemjamnis ete expo~s. h l'une de cinq distancis (v--30 m1 de lab.i:i'rdure d'un bofae adjaceni et i is om et~ suivis:au moy~ 
d'un:t"il aali,chfr.J .. es ~Jr.1.£.l'l◊l!'> se s~mt_ 0rient6; Y;>,'S. ldiois~ que!le qu'ait etc la di~tanoe de leur point de d~piuL Cependant, la 
reaction s'-e4t avetie-plus foible au,::_::Hsrnnces, les pl.us ik;igr.ees.La reacHorrcle~ a11iim:ii.1:in1'eo etait fu.inc pas \lne du « IO\l.t cu 
rien." : pli.is its approchn:i~n_t du bou;e; plw; fo\tr hiner.ci:ire et:aitrectilig11e et plus ils s'brieHi.aierit dl:rectement vers le .bt)is,_C~ 
nbsetv:itioi1$ nous peri:net'.J;ntde mfoux compr:,19t~ coi:n~r.t _ta fr,;:g;:ncilfa\ion d(l. !'hu.birat :affecte le:rctui:pa:gn:octs, Une 
d l!,tmiee de 20 'lii en rm-dell.)( tlois ·de leur hahita~ pref¢~ n'isole- pµs e.Qmpiererneni !es <.'amp;i.gne!s. mais- une dist,ince.cga.!e ail 
diame!r.i de leurdumaine vitaJ.(60,.:-70 m} leii isoleraitprob:iblement._ • 
f'.fr.i~u,i(ptjr la.-R¼'h,iAC,ti◊ri] 

Introduction gn1t¢{MA1Jell 1983), so perhaps the c1earcuts are too hr_g$ f'w. 
• voles to find ·the Wooded habitats at ihe edge·. Thus; ti11der-

Habitat seli!:c{ion is typfo:i.Uy meisutru by determining that standing hov.-' iH-ui .from what. distance animals find p.efe'ried 
ant.ma.ls_ use: one habitat more than ot...'lcrs (e,g:, :i;tt:ieredge ha.bfr.ats n:Jight allow usti>.pr¢dict Qp.timal hlibitat patch sizes . 

. ¢Jal. l 9.89; B_arnu m. et a:.L 1992; Kremsater 'ntid Bunnell 1992: 

.Sarpµel and J<enow W9i. AebischetetaL i-993; :Bo:rbounind Purpose 
1...itvaitis. • 1993). Most SUJ.Gh'!S have :concentrated· on • ,vhi.ch Our-objee:i:ives wei;-(1 to find. out how red•b:ad-:ed vtil(s. found 
habitats a;r~ .s¢lected, but we al.so.11eed to -know fr-,e mecha- preferred liapitats (wwde.d ~ens:}. 1-wo Jl;ypqthes~~r we~(H 
nhini. l1f ielec(ion, Animals can select habitats. in two non:. that •:oles discovei the woo_iiland by chance, and once tl:ie 
mu~nlly excltistve v,ays: they enl1crthem-more ofte,:t (i~ramer Wood.'1 are · ll t ~m.ai.1.jhere._ • • voles-

___ ___,,au;J::Wee~m:;::omei;r!;e1?;;.$~l•wm:,ru;;thiu~:P.:;,;;;;;:;:~~~~~~-~~~-~:;,i~• ~-~~-~dIT.':. ~:r.:~~~=~;;;;;;;;;;;;;;:;;;;::: - .._ . .r .,.,- . perceiver e woo· s r.rom a u1st;;1nce an. rrave_. 
1976~ :Py Ke l.984 h • 

f}nderstanding these sele~;lion m:ci'.'hrinisms m1g;:ht he!;> in 
understanding ho\\· animals respond 10 habiwt fragmentation. 
For ex-ample. red-backed vtiles (Cfrthrionomys gapped p1.1i-
1,,~c''f'~ Vim,r;') t,---e·e .. woo,1"",-1 i,-i•h'tnt~ (Cln1•ah lQf.:!· R"rj-,ho 
'--~+.1.,r_~-•-~ ;<_+~T- ~-:·'-- .. ~:_,.J;__ .;..,.~ _ -~,-tO.,,,---'- h,t_._.t,, ---,·~--•-·---a.-~.----·-_+-·-- ~--........... ~-~•T 

W_inga1e J97i,: :vlorrfa 19831, ac.d their nnmbersdr-:ipslg• 
nificantly following deil.r~c:nttiilg tMarteH arid R,tdvariyi 
1977). It has been ~iuggested that they die. rnthcr thrw erni-

Received Fcllniwy 2, 1997, Ad::epted Ja,1um"y 29., 199~. 

E.A,Gimsand V,O. Nam5.1 Depart~('.,TI( ol'Bwlogy, \:'.:"'""' 
Scotia Agl'irn!:ur"-' C:.'llege, Bm: 53i), I"n1r9, NS B2N ::'.I:.3, 
Cimii,da. 

Methods 
W,e released -voles hi grns.slarni, :it variouidistancct fa,rn u wooded 
a!~~ J.~d..-tf'!.r::~::~d. thrir On.th"! "f:1t· !:he 50 tn ;r~\'''!It;,t.· ~n.,~1!, tY~if~;~ 

m,.1.b rcactny .lenm habitat fe;.;t,.1n,,; within ,hdr ;i;-,,;i qf d,iily m,y;" 
ment(Alyart (mdJ;mder 1994: Jam-0r:. J,~94}, Tc -ensure, :hat we wdie 
te:,ting for habimt detection rather than loco.ti:;>ri~based nayigati911 
':,:: te.<.ted !hl) Vole'.• more tllilrl t krn f:\:tll H\,:>J; poim ,;j c.:iprn;(-; 
{J,1m.on and !Jenhmn-,,u 19891, Ot.r gct1en1I pay;edure ,nm ,irnilartv 
th~it ofZh!lniir and Lima 0997t • 

The- e;;.p,-,:imental a_rea_ wns \o,;:atd I.it Mt.Elm,Jris P,jnd near 
D-::b,.,n, Nova S.::(;t1{,. Caoaua;, Tiie ;.irea 0}osi:,1e<l of .a g.ra,-;:, 
tncr:dow adj:iCetll lo lt w1;,<:dlarn .. h with u sharp bo\mdary bt:twcen tht 
1wo hab!:al:{. The-men<Jow was ~1 hair, size with u 2ra,;1 bei-ilht of 
1(1, -~Pc;;;.,, '"'!i1-1·,1t!"' ,{(,,;11· "!'·,~"' ,.,,.,,,,.;,, "'1'',e i•q1,',de,.; 7,~,..• ·-,,111':'·1'r1~rJ 
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Table J, Proportions of thread i riside versus out.side theWo bd! and. hab ifat for vole~ which e_ntered 
the wood.~. showing ihat voles selected woodland .habitat. 

Release location 

Om 
All dther distancesa 

II 

4 
14 

Proportion iri 
woodland 

LOO 
0.96::tO.QS 

Note: n.is the nuinber.ofvoies that entered ihe woods. 

Prnportion in 
grassland 

.Q;QO 

0.04±0,05 

Test .bL~igriificarice 

E;,;:act binoniia[,p::a 0.0623 
,t= 2.29,p,"= 0.025 

'' Measurcmems were tu ken once volet had crossed the boundary between the two hilbiiat,. Val t1es are given 
:u; the.mean± 95o/oconfidencellmits. 

Table 2. Orielitaiion ofvoles at various distances from the \.vood­
.land, 

Distance from 
bound(iry (m) il Orientation (deg'1'' V p 

5 15 6.7:t8.2 0:953 <Ci:0001 
TO 12 (),4± 19.4 0.821 <iWOOl 
IS 7 14.3±46.6 0384. <0.10 
20 6 32.3:±:47.8 0.386 <O.JO. 

Note: n is the number of voles which crossed at that distance. Each vole 
could be counted only once ut each distance .. Vis a mea~ure ofnormmdom 
inovcrneniiowards if (the woods). 

"Mcun :t 95% CL 

Prum,s virginiana L. (chokecherry)), 90% shrub cover (predorni­
riariily Alnus spp,; ;..;j'-4 mtall), and60""'80% herbs. Both the wooded 
and· grassland habitat were capable of supporting ted-bilcked voles 
(Iverson and Tomer l 972), • . 

Voles were 1ivetrapped using Uggfori multiple-capture trap5. The 
animals were driven to. the release area wlth covers on the •traps so 
that they could not see their.surroundings. We attached a 0.5~g spool 
of thread ('-55 rf!. long) encased in heat~shrink plastic: tci the bilck of 
each animal {Booristraaild Cralrie 1986). Trap~ were placed parallel 
to the boundary between the habit;:u types, with a randomly assignep 
ex.it di1·cction to• prevent any bias towards il particular· in i tiaI travel 

• direction.At therelease,site, the trap was opened to illlowthe vole lb 
exit by choice. Aftera tninimum of2h ftciehSute-that voles were not 
influenced by human activity) the thread trail was followed. 

Animals. were released in the grassland 0, 5,. 1 0; ! S. or 20 rrt from 
the grassland/woodland boundary in each of five release rows, Thi:: 
rel ease r6v,is were situated 9 m apart and perpcm:litufar. to tli.e bound~ 
;u:y. To minimize the effects of odor of • ~ •• 

lease-rows" were. !,1 . . agamst time m a atm square design. 
Tw~nty voles (4 individuals a.teach dis~ance); 17 males arid 3 non­
lactatingfema:Ies, ranging in masSfrom 13 lo 24 g werpeleas~d a\ 
the experiJJ;1ental are~ b.e~v,iee:n 14 June 'and 1 October j 99~ .. 

To. rrieastire- habitat selection, the proportions of Uiread inside the 
wood!an_d ,and grassland hrihi!at~ were C!'.!r:!.lfo.!e<l :mdcomparc.d for 
those voles r~leased .a~ the botmdary (0 lil) a_nd Jdr all other voles 
onc:e they Cro$sed .the grassland/woodland bm\ndafy. Pfoporti6ns 
were normulized Wiih an arcsine (rtlnsformation (Krebs J989\ 

The orientation of each vole Wl).s measured at eac.h te~t distance. 
• drienta1ior1 was the. direction pf the. path over a _ne\ distance of S ~. 
With 0° pointing s\r~igbt to the. woqdland. Meari angle and angillar 
devia1io11 were esJimated. using circular stat(stics (Biitschelet J 981), 

.. und u V_test wt1s perfrirrned tQ determi11eifthevoles at each-distance 
woa:re oriented rmidomly or significantly more tow;irds the woods. 

TonU{).~i!y (gross d_istmice,/ner .distuncemiVe!~d) WU$ USl;!d !l.S a 

measure ofpath "crookedness" and was detenniiled for each animal 
over a tJet distance bf5 m,at each test distance, Overall tortubsity in: 
the gra$sland was measured directly and O\'erall woodland ionuositY 
was cakillated frorrt ihe maps. A pooled t test could riOi bt' used to 
compare the two meari toiiuosity vali1es because tf extreme non~ 
ncinna!ity; therefore a x2 test was used to tes'tfor interaction between 
tortuosity and habitat. • •• •• 

Tortuosity tneasuremems were-dependent among distances, since 
each animal yielded several measµrenients (one afeach distance). To 
test for a generalrefotiOriship between tortuosity and distance, we 
first estimated the correlation between cortilbsiiy and distance for 
each animal.These estimates were now iii dependent airiong animals. 
so we usecl at tesuo test for an overall non-zero .torre!atiori: 

All of thes~ path statistics were measured at each test,distahce for 
each vole. However. since some voles did not reach ihe wooded 
area; saii1ple sizes (the numb~r ofindividual Voles.crossing at a par­
ticular distance) varied. among te~t distances. All means are given :± 
95% confidence limits. 

Results 

Voles' paths were-.significantly straighter in the grassland 
(path tortuosity 1.3 ::!:: 02) than in the wooded ar¢a (26.8 :!:: 
32. 7; comparison of the numbers of tracks that were straighter 
in wooded versus gn1sslnnd area: binomial test, p <0.0001) .. 
Once. voles reached the boundary between the grassland and 
woodland, they traveled significantly fartherinside.the wood­
land habitat than back into the grassland (Table J). This con­
firms thanhey selected the wooded area. 

At distances dOm, voles oriented themselves strongly and 
significantly towards the woods. While at greater ,distances 
fl5-20 m} voles were less directed (Tab1e·2;. Furthermore,· 
while the • paths .were orieqt~d closer together and were 

ra' te • • .. • • ,. , 

13, p < 0:003), both changes were graduar(Fjgs, I and 2, 
respectively). This .means that the voles' responses were not 
nil .or .notbing. • 

Disc;us:sion 

The, resµlts concemi ng both. drfontaticin and tortuosity: s.uppqrt 
the h,ypothesis that the voles do· not discover the woodlani:I 
through, the random, t1n.otie.nted :movement.exhibiie¢ by s.ame 
spiders (Gillepsie 1987), b.ut rather by directed; ori_ented 
movement, indicating a perception of the. woodland habitat. 
Zollner and Lima (1997) foµn_d similar result~. for wl:iite­
foptei;J mice. However,· we cannot. say how r.he voies know the 
woodhmd is the.re. • 

Vi.sion may have played a role 10 the vole,$' de1e:ctfon of the 
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Fig. 1. R,elatioii.ship between orientation d,;via(ion of vole paths in 
the grassland and distance from. the grass!and/woodliind boundary. 
Oriemation deviation theasures how cl0:se vo,le paths were to each 
other at each di~tance. Fifteen; J 2, 7,. and 6 voies crossed:at 5, LO, 15, 
and 20 m. respectively). Vole paths were closer. indicating that selec0 

tion 6Lthe wpodland hitbit:it became stronger. closer .10 the bou!1dary. 
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woods, as the grass was not high enough nor was there 
enough of a dead grass mat in the grassland to prevent them 
from seeing the woodland. Vision has been shown to be an 
important Jae.tor in the navigation of some. 9th er small mam­
mals (T eron i .et al. I 987), but is not necessarily the only sense 
used fo navigation (Dashiel!- 1959} Other factors that may 
have aided the voles include odors. 'sotirids. or shadows asso­
ciated wfrh the woods. All thesectieswould decreasdn inten~ 
sity with distance from the woods. 

Why was the voles· response to tl1e woodland gradual and 
not all or nothing? The reason could be· that the voles gradu­
ally detected thewoodlarid, or that, once itwas detected, they 
gradually those tOgO foviards it. Our srndy·catmbtdifferenti­
ate between the two: this question has generally riot been 
addressed before artd needs forth er study, •• 

There are scJme ways to expand this preliminary study. 
First. use m11ny experimental sites: v/e ( after Zollner and Uma 
1997) used only one ex.perimerttal site und there is a chance 
that the animals cued into some unique feature of the site 

:iEli:U! 

Fig. 2. Relationship between vole path tonuosity (crookedness: 
the grassland and di5tnnce from th<! grasslnndiwci(>d!and bound, 
Fifteen .. J 1, 7; and 6 voles crossed at 5, JO, 15: m\d 20 m, respei 
ti ve!y. Vole pinhs were straighter. indicating :that selection of th1 
woodland became sironger, closer to the bomidwy <aniong anin 
mean r"' 0.66; r = 3.85; n = IJ, p < 0.003). • • 

-w i 
C 5.0 l, ro 

/, .;; 
'5 

! 'iii 
·.f: 
"'· .2,0 I 
·"' l e 
s 
.?!". 
"in: 
0 1.5 7 .;;:, 

,::: I 2 < 
J:::;, i 
~· 1,0 I 

X 

X 

X 
r-0.65 

X 
X 

X 
X 
X 
X X 
X * X 

0 5 iO 15 20 

Oistanc:e from woods (m) 

of red~backed v<iles' home ranges, Since habitat selection 
based on directed 1ri0Verriertl, the area of grassland required 
create a true island would be larger than that required if t 
habitat v>1as found by random movement. White~foqted mi 
are siniilar in size to voles and their response distances :: 
sim ll udy short It would be interesting to know ff detetti, 
distand:ds mostlydependem on arfrnfo1 size. 

Atfrmals can respond to habitat on many ciiff erent spati 
scales (Addkott et al, 1987; K0tlianind Wiens 1990). On 
large scale, habitat selection is srnoied as unimal emli::ratio 
im;1igration, migration, and orientatiOtJ (Oriaris 199 t) ~ Mee) 
anisms uset:f by animals to navigate and orient on a larg1 
scale mighta)so be used to find smaller scale habitatpuvhe 
In this study, WI:! have tried to bridge the gap between orier;c; 
tion and the traditional co1icept of habitat selection, studyin 
orientation as. part of the sel ectiori process. 
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