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Abstract

Perceptual range is the ulaxin/am distance from which an anilrtal cau perceive the presence of remote hmdscape
elements such as patches of habitat. Such percepttnd abilities are of interest because they inlluence the probabilit?
that an animal will successfully disperse to a ne_ patch in a landscape. Furtherrnore, ttnderstanding ho_ perceptual
range difl_rs between species n'tay help to explain dit__rential species sensitivity to patch isolation. The objective
of this research was to assess the perceptual range of eastern chipumnks (Tamias striatus), gray squirrels {Sciurus
carolinensis), and fox squirrels (Sciurus niger) in )Yagmented agricultural landscapes. Anilmds were captured in
reraote woodlots and translocated to unfamiliar agricuhnral fields. There they were released at different distances
)?ore a woodlot and their n_ovements tuwards or away li-om the v,ood(ot were used to assess their abitit', to perceive
forested habitat. Observed perceptual ranges of approximately 120 In tk)rchipmunks, 300 m for gray >quirrels, aud
400 m for fox squirrels, suggest that difli:rence>, in landscapede: el perceptual abilities may influence the occurrence
of these species in isolated habitat patches.

Introduction landscape by diflbrem species _With. 1994: Cris! and
Wiens 1995; Diffendorf_t)r et al. 1995: With and Crist

Interspecific differences in patterns of landscape use 1995, 1996: Wiens et al, 1997: Firle et ah 1998: Had-
olden can be atrribnted to behavioral phenomena th'ns dad 19991. Such difl)rences can :.liter the dynamics

19951. For example, habitat specialists may be reluc- and structure of popukltions (Crist and Wiens 1995).
tant to traverse large areas of matrix habitat (Laurance often increasing the st>:ceptibility of isolated poptda-
1990: Rail et al. 1997; Heinen et al. 19981. and lions of poor dispersers to local extinction {Petterson

such behavior can aflkct the persistence of a frag- 1985: Andren 19941. Thus, by refining our knowl-
mented population (Andren 1994: Laurance 1995; edge of what animals know about their surroundings
With and Crist 19951. Mortality risks during (lisper- and how they make decisions as they move through
sal. as well as life history traits such as vagility and landscapes (Crist and Wiens 1995: Roitberg and Man-

body size. may also influence the distribution of an- gel 1997; Pither and Taylor 1998: Turchin 1998 ). we
imals in fragmented hmdscapes (Taylor el al. 1993; should increase our understanding of how the spatial
Lidicker and Koenig 1996; Zollner and Lima 1999a). configuration of habitat afi_cts difterent species, lms
Indeed, several experiments have documented dig 1995: Gustafson and Gardner 1996: Zollner and Lima
ferential use of and movement through a common 1999a: Haddad 1999).

The ability of animals to perceive habitat at a
"The U.S. Government'srighl to relain a non-exclusive, distance is a behavioral mechanism that may be an Ira-

royalty-free licence in and to any copyright's acknoMedged.
portant component of dispersal success in fragmented
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landscapes (Lima and Zollner 1996: Zollner and Lima success in fragmented hmdscapes, as well as provide
1997l. An animal's "perceptual range" will determine intbrmation on a mechanism that may contribute to

the ease with which it can locate habitat patches and observed difference in patterns of patch occupancy.
hence the time spent searching in a hostile matrix for Thus. the objective of this work was to examine
such habitat (Zollner and Lima 1999u). Consequently. the perceptual ranges of these three species, eastern
a species" sensitivity to habitat fragmentation may be chipmunks, eastern gray squirrels, and fox squirrels
to a great extent a function of its perceptual range. Un- in fragmented agricultural landscapes of east central
fortunately, empirical information on the perceptual Illinois and west-central Indiana.
abilities of vertebrates is rare and based on a fe_ sin-

gle species studies performed in different landscapes
(Yoemans 1995: Zollner and Lima 1997: Andreassen Methods
et ah 1998: Gillis and Nares 1998: Zollner and Lima

1999c). Thus, a study comparing the perceptual abil- General methods
ities of several species within a common landscape
and relating these abilities to each species occurance The ability of chipmunks and squirrels to orient to-
in isolated habitat patches should clarify the influence wards tbrested habitat from a distance was used as a
of perceptual range on dispersal success, behavioral assay of their ability to perceive forested

Forest-dwelling-sciurids have received consider- habitat at a distance. These abilities were assessed by
able attention in studies of habitat fragmentation, and capturing chipmunks and squirrels at distant woodlots
they appear to be sensitive to the effects of patch and moving them to an unfamiliar, bare. fallow field,
isolation (Henderson et al. 1985; Verboom and Van which was devoid of fence rows. At these novel fields

Apeldoorn 1990: Fitzgibbon 1993; Van Appeldoorn animals were released at several distances (determined
et ah 1994; Wauters et ah 1994; Sheperd and Swi- bypilotwork;Zollnerunpublisheddata) from the edge
hart 1995: Rushton et aL 1997: Heinen et al. 1998). of amature woodlot. The orientationofthe movement

However, species may differ in their sensitivity to the path at each release distance was measured to assess
ei'fects of isolation, and these differences are likely to perceptual range of each species (Zollner and Lima
reflect a species' mobility in matrix habitat or some 1997; Zolluer and Lima 1999c). Critical to this work

correlate such as body size (Swihart and Nupp 1998). is the assumption that the perception of a woodlot is
Among the forest-dwelling sciurids of eastern North equivalent to movement towards the woodlot. Few ca-
America, it is clear that gray squirrels (Sciurlts car- vironments would appear as hostile to a chipmunk or
olitwltsis) are more sensitb,'e to patch isolation than squirrel as a barren field, and survival in sach an en-
fox squirrels (Scim'us niger; Table 1). A third [or- vironment requires locating forested habitat as soon
est dwelling sciurid common to this area the eastern as possible. Thus. it is reasonable to assume that if
chipmunk (Tctmias striattts) is also negatively effected these animals perceived forested habitat they should
by isolution of habitat (Table 1). However, the sensi- have attempted to reach it.
tivity of chipmunks to patch isolation relative to the I captured chipmunks with Sherman live traps and
other two species is unclear (Table I). Working in squirrelswithTomahawkfivetrapsinmature woodlots
east-central Illinois Rosenblattet ah (1999)only found 5-29 km from the release site. This 5 km mini-
chipmunks in the three largest and best connected mnm distance and movement barriers (roads, streams.
patches of ten which they surveyed, while gray and etc.) between capture and release sites minimized the
fox squirrels were present in six and nine patches re- chance that animals had prior experience at the release
spectively. However, Nupp and Swihart (1998) found site. I used adult males and females, and all pregnant
chipmunks in all four patches that they surveyed in or lactating females were excluded from the experi-

ments Traps were checked twice each 9ay, once innorthwestern Indiana, including one patch that was
870 m from the nearest woodlot. More extensive sur- the morning and once in the evening. Prior to their re-

veys in northwestern Indiana indicate that chipmunks lease, animals were provisioned with seeds and housed

are less sensitive to patch isolation than either gray overnight in their traps in a small, unheated shed.
Releases were accomplished using a standard "re-squirrels or fox squirrels (Nupp and Swihart in re-

view). An assessment of the perceptual abilities of lease mechanism'. The mechanism was constructed of

each of these three species should help clarify the role a 40 cm long piece of PVC pipe that was either 6.5 cm
that perceptual range plays in influencing dispersal (chipmunks'_ or 13 cm (squirrelsl in diameter. A metal
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[ilbll: ! R_'portetl -,<+llsitit ities {>ilhte_' _t_t,dhllld siifrlid_ lt_ paEch iso[zltion

[[_ct (_[ p_ltch is_l_llh>i1 [_eterellce

p_l'_ ,,ll/lirr_'ls _'_ iEl_¢l_,ilb ¢ _! le/¢l_ _f _r_lLJE//_lll_lli_lllIrl I_li_. ",Iu_l_ _lpl_ _lIl_l _ih_lrl (ill r_2_.b.'_ }

F_!x _,_ltlil_r_l_,_ere ple',_2_i ill _1 _1__ p_lI_2he', >ur_ev_d _111_1_!i_ _lt_p_l_llIl_,

\%_i_1¢_li_iri_itil_i1 _ f't_\ *,_ll_ir_el_,i pr_'_'_t ii_ 9 _I _ I(I _ _ll_l,, i iildic_le_, R/_-,_ll_l_iI_ _zi al_ 119991

east central Illinois; at!ributcd to their sulx_rior dispelsctl _lbi!it?.

P,e[cltive to gr¢ly squirrels, I'ox sqllirrels i11{1_e gretl{er dis{[lllCC>. Ll[Id ViSit

I110_ p_ltchgs _ hell trallsh_cclt¢ll

No_e ol -It) rgidio-coH_tred tt_x sipPrrels mt_ed bel_xeen isohlted pat_'hes Sheperd _lnd Swih_lrt (1995)

aclt)ss _lgrictlltul'al I]l;itrix

Some t_)x squirrels did moxc 200-50(/ m c_a? irom *,_oodlot', through

lencerol_x alld olle patch _:!s clql)l}ized b_ tl 11/)ll-,2o[[Llred squirrel {c¢_){11

at least 801] m ;tw _t,,

Sp_tti_tlly explicit simul_tti_n toull_.l inlerp_lch m_xetllcnts by fox sqtlirrels Swih_trl _tnd Nupp ¢ It)98t

_ere ilt)[ coil!,[rail]ed b_ p_ltcb istlhlth)tl.

Empiric_ll sur_e)s foulld _ox squirrel', ill ;Ill Ig p:liclle:_ exzllllined e_en tile
mOSt isol_lted olle_.

Gin) vqt_i;';'_'ls

Gr;l_ squirrels arc le_s likel5 io be _>und in patches >. 51}() m l+rom other Fitzgibbon ({993)
\_t)odlo{s _l{Id[11>[C/llll/eglgt{ by hcci_elIl_ s.

Site,, th_ll ilislt)ricclll} colt{alil!ed grat> ">quirrels lost Ihclll _l- lalndscclI?es were Nixon ci al f It)781

rcdtlced t/i lesx [h_ll/ 2{)f_ blr_sied c'_>/elage

Am_)ng 5-1 hlibit_lt xari_tblcs _m_ll)zecl. tile besi prediclor oi gray >quirrel

p_e_ence *,s_l_ the _lllltltlllt ill lc_rested II_lbit_tt withP12331 km 2 {>[_tsite•

(linty squirrels _erc restricted to colltilltlt)US l{ircsts iltld Ikil'g¢ site. Iollly Nupp ;ind Sl_ihatl'l (in re\iex_ t

plesent i_l 7 of 37 p_itches sul'veyedt.

rhe best-tit logistic regression model of gray squirrel presence ,,'.us p_lsi-

lively associated xs iih paltch _irea _lnd negaitively associ_lted wilb isohiiicm.

Gr_y squirrels _sere present iil oilly 6 of 10 patches surveyed alld were Rosenblatt et al. (1999)
_lbsenl from isolated rurtil %vtll)dl(3ls,

Gray squirrels are reslricted to to,._n-, and riparizm ltlrests in ro_._-crop dora- R(lsellblgttt {in re;iew}
in:lted e_lst central illinois. _ hich _iis _litrlbuted to theh" hesit_mc), tl) lll()_,'e

across open fields

Rel_ltive to fox squirrels gra_ squil'rel> mo_e shorter distances, and visit

I_:;*,er patches _hen lrzll_sl(ic_tted.

Successful introduction of grcty squh'rels Io _,,oodlots where they _ere ab- Rosenblgttt (1999)

sent for 20+ years supports Ihe hyp<l{besis tbgil _lbset/ce _'.as m_iintailled by
isolzllion.

Sp_tti_tlly explicit _illlUiation fou_ld illlerpillch movelllents by gril} squirrels Swihitrt _llld Ntipp [ I?t)_)

_lere constrttined by p_ltch isolation.

Empirical surveys i_)tlnd _rily sqtiirrets in 4 of 18 plttcbex examined bu_ nol
in the isohitecl ones,

_11 lll'rlrll II II I IIIFVT.....................
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l_lbl¢ ] Conrinut'lL

Eft_ct of patch isolation Reference

Eaixt_rlt ChiDmltllkl

Eastern chipmtmks reside in )_ncero_s and use them as movement path- Bennett et at. 11994)
._ays between patches.

T,_O chipmunks were observed moving > 50{) li1 be[k_¢el] patches ple-

sttmah[y through fencero_ts and Ilumerous other tong illo_enlents were
documented within fencerows.

One indix idual regularly crossed 70 nl of open field. Forsyth and Smith (1973)

Spalially explicit smlulation tk_und that patch connectixity was the most Henein et al. 11998)
important factor determining persistence of eastern chipmunk populations

iE1fragmenled agricultund landscapes.

Chipmunks were observed to move as thr as 1560 m betueen woodlots and
th is mlvel was presumed to be largely through fencero_s.

Henderson et al. (1985)

Chipnmnks probably never crossed areas of matrix larger than 2fi_0 m
although one individual may have moved as tar as 460 m across lields,

Eastern chipmunks were present in 4 out of 4 patches _urveyed including Nupp and Swihart 1998
ol_e isolated patch.

Chipmunks appear to be negatively influenced by forest fragmentation as
sur_ ixal rates for individuals li_ ing in patches were significantly klwer than
for those in continuous forest.

Eastern chipmunks were present in 32 out of 37 patches and no significant Nupp and Swihart (in review)
model of presence/absence could be de_eloped based on landscape metrics.

Chipmunks ne_er crossed roads with clearances > 30 in and roadways > Oxley et ah (1974)
90 m act as barriers.

Eastern chipnmnks were only detected in large forest tracts that were well Rosenblan eta[. (1999)
connected to other forested areas (3 out of I0 patches surveyed t.

Fencerows prmkle corridors tbr movements by chipmunks and reduce Wegner and Merriam (1979}
isolation of t_oodlots.

Chipmunks t_ere never captured in agricuhural fields.

spike (30 cm long) was placed through two holes in Baumgarmer 1940). Next, a unique tag was attached Io
the pipe at one end. and driven into the ground to se- an animal's ear. A tracking spool ( 1.7 g, 180 m. denier
cure the mechanism. This secured end of the pipe was two-ply nylon No. 2 quilting bobbin; Barbour Threads
covered with an opaqne cap that prevented the animal Inc., Anniston, AL, USA) was then glued to the an-
from exiting the release mechanism. The other end of imaPs back, and the loose end of this spool was tied

the pipe was left open until the animal was placed in- to the release mechanism (Boonstra and Crane 1986:
side it. at which time the pipe was sealed with a plastic Key and Woods, 1996). I/bllowed the spool-and-line

cap. technique described by Key and Woods (1996) with
At the time of release, I transported chipmunks and a few modifications: no animals used in this study

squirrels to the study in opaque boxes that prevented were anaesthetized, and rather than wrapping tracking
them from visuall3, assessing their surroundings. The spools in adhesive tape, I placed them in small dark
actual release locations were placed in straight lines brown uninflated rubber balions. After the spool was
parallel to the edge of the woods at different distances securely attached (20-30 st each animal was lowered
from the woods for each species. Along these parallel into the PVC pipe facing the back. and a plastic cap
lines the release sites were spaced such that no animals was placed over the open end of the pipe.
were released within 70 m of each other on any given The release itself was done remotely front a dis-
day. At the release site. I removed animals from their mnce of 60 m. so that my presence did not influence
traps and restrained them in either a heavy black cotton animal movements. This remote release was accom-
bag (chipmunks} or a wire handling cone )squirrels: plished by pulling on a string, thereby removing the
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plan,tic cap and opening one end of fire release mecha- tions with Mardia-Watson-Wheeler IMWW) pairwise
nism. After removing the caps. I irnmediatel} left the tests tBatschelet 1981). No test demonstrated any sex-
study site and did not return until the following day. related differences in orientation towards the woods
While releasing animals and leaving the stud5 site. 1 (MWW test, X2 < 0.93, d.f. = 2, P > 0.1 ). hence data
was at the sanle distance fi'om the woods as the release from both sexes were combined betbre pertbrming
mechanism, so my presence should not have biased statistical analyses.
the animals to move towards or away from the _'_oods.

Additionally, remote observations through a spotting Species-specific methods
scope during pilot work indicated that chipmunks and
squirrels remained inside the release mechani,m for £_tsternf_zr squirrels
30_-5 rain after it was opened (R A. Zollner pets. During April-May. 1997, I captured 47 fox squirrels
ohs.), in a mature oak hickory woodlot in eust-centr_l Clark

The tracking spool left a trail of thread record- County. Illinois, These animals were released at a site
ing an animal's movements after it exited the release 26 km away in north-central Edgar County, Illinois.
mechanism. The day following release, stick flags This release site was a large 132-ha field bordered to
were placed in the ground along each thread trail at the south by a second growth oak hickory forest, to
approximately 3 in intervals and at all points where the the north by a road, and to the north, east and west
animal turned sharply. Each trail was follov,ed until by additional, large agricultural fields. Other than the

the thread ended or it reached the woods (chipmunks forest along the southern edge of the release site, the
only). Trails that did not reach the woods were on aver- nearest trees were 1.8 km away. All fox squirrels were
age (-SE) 147.1 m (_3.6) long. Animals occasionally released in this field between 10:00 and 14:00. Fox
broke the thread before travelling the full 180 m al- squirrels were released 300 m (15 squirrels), 500 m
though all trails included in these results exceeded (16 squirrels), and 800 m (16 squirrels) from the
100 m in length. After tracking. 1used a sighting corn- forested southern edge of the field. During April-May.
pass (Brunton Sight Master 80NL) and field tape to 1998, while studying gray squirrels (see below), l
measure the bearing and distance from the point of captured an additional 24 fox squirrels, which were
release to (i) each flag in the trail and (ii) the nearest released 300 m (8 squirrels), 400 m (8 squirrels) and
point along the woodlot edge. 500 m (8 squirrels) from the forested southern edge

1 assessed perceptnal abilities by determining of the field. These additional releases of fox squirrels
whether the animals" locations after traveling a pre- allowed for the definition of fox squirrel perceptual
scribed distance (chipmunks 50 m; squirrels I00 m) range at the same scale used for gray squirrels Isee
were oriented towards the woods. These prescribed below).
distances were shorter than the minimum distance to

the woods (chipmunks 60 m. squirrels 300 In) but long Gray squirpv,ls
enough to allow an animal to orient after dashing out During April-May, 1998, l captured 28 gray squir-
of the release mechanism. The use of this minimum rels in a mature oak hickory woodlot in south-central
distance ensured that animals did not reach the woods Clark County, Illinois. These squirrels were all of

as a result of random wandering (Goodwin et al, 1999; the gray color morph, although there is no reason to
Zollner and Lima 1999b). The angle to each animals expect melanistic animals would have behaved differ-

location after travelling the prescribed distance was ently (Gustafson and Van Druff 1990). These animals
calculated from the recorded movement pathways us- were released at the site used for the fox squirrel re-

ing trigonometry. V-tests were used to assess whether leases (see above), which was approximately 29 km
these angels were significantly oriented towards the away in EdgarCounty. Illinois. All gray squhTels were
woods for each species. The V-test is a modification released between 10:00 and 14:00. Squirrels were re-
of a Rayleigh test wbich examines whether observed leased at 300 m (8 individuals/. 400 m, 10 individuals)
angles are statistically clustered around a hypothesized and 500 m (10 individuals_ from the tbrested southern
angle (Batschelet 1981). I also used V-tests to deter- edge of the field. Only 8 gray squirrels were released

mine whether the locations of the last points to which at 300 m because this species was difficult to capture
animals were tracked were oriented towards the home locally, and it was apparent that they were orienting

u,'oodlot (site ofcapture). Furthermore, I examined the towards the woods from 300 m.
possibility of sex-related effects on angular orienta-



The chipmnnk releases took place at two sites o_er the ' :

b._ difficulty in capturing enough animals in a single
sea_on aild changes in the crop rotations between the

_cars at the release sites. Tests indicated no difference
bet_een releases at these two sites, hence data were

combined t\w all amdyses (see below). Overall. 2l

chipnlunks were released 60 m from the '_voods. _hile ["i:etu-eI. Angular orientations of fox >quirrcl, :cleaned durine
20 chipnlunks wore released at both 12() and l g() Ill 1997. Fo,, _quirrelswere released 30U.500. and 'SUUm from the
from the woods. ,aoods: angular orientations _ere assexsed atter inn m of traxel

The solkl squareill Ihecenter of each pdne] represent, the site _ here
Durdlg May 1996. [ captured 22 chipmunks in animals _ere releasedandthe treessho_ the direclion to the _oods.

a mature oak hickory v¢oodlot in north,,_,esten'_ gigo The angular orienladon of each fox _qtfirre]is depicIed as an open

County. Ira.liana. These animals were released at a circle ou the unitcircle. Vectors indicatea_erage angle and degree
of orientation and are displa_ed only for cases _ilh statislicaUy

site 6.4 km away in west-central Vigo County. This significant orientationtowards lhe woods.
release ';ite was a 10-ha field borclered to the east by

a nlature oak hickory forest, to the north and south t_ j _by additiomtl agricultural fields and to the west by a

road beyond which there were more gricutnra fie,ds. _ __

Other than the eastern edge of the release site. the

nearest trees were 250 m away. As with the squirrels,
all chipmunks were released between 10:00 and 14:00.

Fourteen chipmunks were released 60 m and 8 chip-
munks were released 120 m from the forested eastern

edge of the field, m:,,u,w 2. Atlgular orientations of tbx squirrel, released during
During October-November 1997, 1 captured 39 1998. Fox squilrels were released 300. 400. and 500 m from the

chipmunks in a lnature oak hickory woodlot in eastern woods: and angular orientations wereassessed after 10Um of travel.
All s._robots are as in Figure 1.

Clark County. Illinois. These animals were released

at a site approxdnately 5 km away in central Clark

County. Illinois. This release site was 7 km northwest P < 0.0001). In contrast, fox squirrels released at

of the release site used in 1996. The i997 release 500 or 800 m from the woods were not significantly
site ,.,.as a hrrge 51 ha field bordered to the north by oriented towards the woods (500 m releases, V-test:
a mature oak hickory forest, to the east and west by u = -1.25. P > 0.1:800 m releases. "v-test. u

additional fields and to the south by a road beyond -0.03. P > 0.1).

which more tields were located. Other than the north- Releases conducted during 1998 suggest that the
em edge of the release site. the nearest other trees were perceptual range of fox squirrels was between 400 and

360 m away. All cfiipmtmks were released in the field 50{) m (Figure 2). The angular orientation of tbx squir-

betv, een 10:00 and 14:00. Chipmunks were released rels released 300 m from the woods was significantly
at 60 m (7 individuals), t20 m (12 individuals), and oriented towards the woods (V-test: n = _.2a."_ " P <

180m (20 individuals)fromthe forestednorthernedge 0.01). Fox squirrels released 400 m from the woods
of the field, were marginally oriented towards the woods V-test:

u = 1.58. P = 0.0594. Recall that because of logisnc

Results constraints only 8 animals were released at this treat-
ment distance. Thus. it is likely that a greater sample

Easternjba-squirrels size may have made this orientanon more apparent.
Fox squirrels released 500 m from the woo_s were not

Releases condncted during 1997 demonstrated that the oriented towards the woods V-test: ,t = 1.18. P >

perceptual range of fox squirrels was between 300 0.1

and 500 m (Figure I). The angular orientation of fox Fox squirrels were released 300 and 500 m rrom

squirrels released 300 m from the woods was signifi- the woods during both 1997 and 1998, Mardia-
candy oriented towards the woods IV-test: it = 4.93. Watson-Wheeler pairwlse comparisons of fox squirrel
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,t)_'ure 3. Angular oriematlon_ or gra2- *¢ntineN releu,ed during Figure 4, Angular orientations of chipmunks released during 1996

1998. Gra? squirrels _ere released 3{/0, 400, and 5(/1/ m from the and 1997/see texO. Chipmunks were released 60. 120. and 180 m

_oud.. and allgular orientatmns were a,se_sed after II)O nl of travel, ti'om the woods: and ,regular orientations were a_e--_d alier 5(I m

All .; mbot_me as in Figure I. of travel. All _ymbolsare as in Figure I.

data found no year-specific differm_ce in the angular P > 0.1) or 120 m (MWW test, X 2 = 5.06, d.f. =

orienta.tionsoffox squirrels reteased at 300m (MWW 2, P > 0.11 from the forest edge. Thus. data from
test, Z- = 3.01. d.f. = 2, P > 0.1) o_ 500 m IMWW each site were pooled for chipmunks released at 60

test. Z z = 3.7l. d.f. = 2, P > 0.1 ) from the forest and 120 m during all subseqaent analyses: all 180 m

edge. After combining the data from the two years, releases were done at the second site.
fox squirrels released 300 m front the woods were The perceptual range of eastern chipmunks was

still signilicantly oriented towards the woods (V-test: between 120 m and 180 m (Figure 4). The locations

n = 5.29, P < 0.(/001}. while fox squirrels released of chipmunks were significantly oriented towards the

500 m ffom the woods still were not (5OO m fox squir- woods fur animals released either 60 or 120 m from

rels. V-test:u =-3.42. P>O.l).Finally. foxsquirmls the woods (60 m releases, V-test: n = 4.26. P <
not significantly oriented towards the woods tailed to 0.000l: 120 releases, V-test: u = 2.64, P < 0.005).

sho_ significant orientation towards the site where In contrast, chipmunks released 180 m away were not

theywem captured(500 m releases. V-tests, u = 0,51, oriented towards the woods (V-test: u = 0.82, P >

P > 0.1: 800 m releases, V-tests. u = -0.15. P > 0,1). 0,1): these chipmunks also failed to show a signifi-

cant orientation towards the site at which they were

Gr_U squirrels captured (V-test. u = 0.8 I, P > 0.1 ).

The perceptual range of gray squirrels was between

300 and 400 m (Figure 3). Gray squirrels released Discussion
300 m from the woods were significantly oriented to-

wards the woods (V-test: u = 2.85, P < 0.005). In Consistent with the hypothesis that perceptual range

contrast, gray squirrels released 400 or 500 m from influences dispersal success and thus the _ay anhnals

the v,oods were not significantly oriented towards the use landscapes, the perceptual range of gray sqnirreis,

woods (400 m releases, V-test: u = -0.05. P > 0.I; was less than that of fox squirrels. This ordering of
500 m releases, V-test: u = -0.46, P > O. ll. Fi- perceptual ranges is inversely related to the reported

nally, gray squirrels not significantly oriented towards sensitivities of these two species to habitat isolation

the woods also failed to show a significant orientation (Table 1), which suggests that differences in percep-
towards the site at which they were captured (400 m tual abilities contribute to the occurrences of these

releases. V-test, u .= 0.06, P > 0.1:500 m releases, species in fragmented agricultural landscapes. Prox-

V-test, u = 0.32, P > 0.1). imately, the differences in the perceptual abilities of

these species may also be related to differences in

Eastern chipmunks body size ,Gillis and Nams 19981. The ultimate orl-

Recall that circumstances dictated the use of two sites gin of these differences in perceptual abilities may be
related to historical differences in habitat occupied by

over two field seasons for the chipmunk releases (see
these spectes. Historically. fox squirrels were common

above). Mardia-Watson-Wheeler pairwise compar-

isons df chipmunk locations found no site-specific at the interface of the eastern deciduous forests and

differences in the angular orientations of chipmunks the prairie, while gray squirrels were found in interior
released at 60 m (MWW test, X 2 = 1.49, d.f. = 2, tbrest habitat ,Allen 1943: Smith and Follmer 1972:
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Swihart and Nupp 199g). Fox sqnhrels presumably be good appmximation_, of dw nm;.;hncm pcrcuptnal
have a longer evolutionary history witl_ large areas of range for each of these species.
open habitat, while gray squirrels have been exposed Perceptual range influences disper-,al _nccess most
to open habitat only since the recent clearing of forests when species &tcean intermediate probability of -uc-
for agriculture. This is consistent with the observation cessful dispersal. Fahrig ( 19881demon>trated thi> pat-
that fax squirrels forage a.s "patch transients' while tern forsimulated anintals facing tlil)t_rentpl'oportions
gray squirrels tbrage as "patch residents' (Steele and of suitab[e habitat in a landscape. Thi, ,ame principle
Weigl 1992). is likely to apply to other ihctor.s that affect disper,al

The observed perceptual range uf chipmunks sup- success. For example, species using highly eftrefit e
pests they should be more sensiti_e to the effect of search strategies will lind patches quickly no matter
fl'agmentation than either squirrel species, hut dispe> what their perceptual range (Zoi[ner and Lima I999al.
sal success is likely to be influenced by a variety of Alternatively. species thcing _ew high morlality ri_ks
factors (see below). Chipmunks clearly are sensitive may never successfully disperse becau',¢ they will die
to the effects of habitat isolation tWegner and Merriam before reaching new habitat even when endowed k\ith
1979:Henders,aaetal. 1985:Heinenetal. 199g:Nupp vast perceptual abilities {gwihart and Napp 199gL
and Swihart 1998: Rosenblatt et aL 19991, however Such differences may explain why some simulations
their sensitivity relative to that of the squirrels remains have found dispersal success to be sensitixe to percep-
unresolved (Rosenblatt et al. 1999; Nupp and Swihart tual range (Fahrig 1988: Ptdliam et al, 1992: Turner
in review). This ambiguity may in part be attributable et ah 19931 while others have indicated that pefvepaml
to differences between study sites such as the pro- range is inconsequential (Linet al. 1995: Swibart and
portion of the landscape containing forested habitat, Nnpp 1988).
the quality of the habitat for chipmunks, or the range A key assumption in this experiment was that if
of isolation values investigated. Additiomd thctors the animalscould perc'ei_mforested habitat they wonld
such as the occurrence of fence rows in these land- move towards it. This is a reasonable assumption since

stapes might confound comparisons because fence all of these species are woodland resident animals
rows containing resident populations of chipmunks (Snyder 1982: Koprowski 1994a, 1994hJ thac t_',ce an
(Bennett et al. 1994) may not be included in calcu- increased risk of predation in open habitat {Boners
lations of patch isolation. Finally, differences might and Ellis 1993: Bowers et ah 1993: Lima 1998}. This
also be attributable to geographic variation in either increase in risk is demonstrated by the observation
historical habitat or land use patterns. Note that the that all of these species will tbrage in open lid&< but
perceptual ranges reported here are consistent with the only when they are close to forested habitat or other
sensitivities to patch isolation observed by Rosenblatt cover (Lima and Valone 1986: Sheperd and S_ihart
et al. t [999) who's work occurred in close geographic 1995; McAdam and Kramer 19981. Further support
proximky to these study sites, for this assumption was provided by the obser',ation

The perceptual range which each of these species that several chipmunks released at 180 m actually dug
effectively experience during dispersal may not always shallow runnels, presumably to reduce their risk of
be as great as the values reported here. All three of predation while lost. in contrast, chipmunks released
these species are known to disperse during times of at 60 and 120 m moved directly towards the wootb, and
the year when crops are present in the fields, and never dug such tunnels. This protocol also assun'_ed
visually obstructive crops may reduce the ability to that the release sites were unfamiliar to the subject';,
pemeive distant habitat tZollner and Lima 1997). Ani- This assumption is supported by several lines of evi-

mals might minimize the perceptual constraints which dence: (i) all mmslocation distances exceeded reported
crops impose by climbing trees prior to di,spersal, but homing abilities of all species (Hungerfurd and Wilder
any such gains would only apply to the immediate 1941: Seidel 196l: Bendel and Therres 19941: tii_ no
vicinity of their point of origin and not their entire homeward orientation was detected for any of these
search path (Zollner and Lima 1999c). Furthermore, releases: and (iii) no marked animals were recaptured

dispersal is typically done by juveniles which may at trapping sites. Finally, pilot observations indicate
have more limited perceptual ranges than the adults that animals remain in the release mechanisms tbr at
used in these experiments (Zollner unpublished data), least (1.5hours after the cap _sremoved. Thus distress
Nonetheless, the estimates presented here are likely to caused by handling the animals (Goodwm et al. 1999)

should have subsided prior to the recorded move-
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