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ABSTRACT

Observations of the desert‘tortoiéé‘in‘itsvﬁatural habitat
suggest that it posSesseé the ébilitybto learﬁ the loCation
~of important natural £esour¢es; Litﬁle résearch hés been
‘done, hQWever, to‘determine which spatiél cues are being |
ﬁéed td determine these locationsi<U$ing cQﬁtrolled
conditions, this étudy ihvestigated the possiblé use of
three spatial reférénce cuéé} oabr, light, and‘landmark,‘by
fifteen capfive bred. desert tértoises, éged 5 months to 3_;
»years. The subjeCts*were fequifed to naVigaﬁe a maze using 1
of the 3 cues to chateba food ;ewara.‘After each'Subject
was trained on all 3 cues separately in.3‘learning sets,
.they wére preSented:with thé 3 cﬁes simultaﬁeously to
determiné‘ifbtheie wasva préferénge for.aﬁy cue. The
hypotheéis‘that:thé Subjec£s would be éblé to‘usé all 3;cues
fo havigate_theimaze-for food, but‘with a preferehce for the
landmark éue; wéé'hbt'suppofted;'Thé results indicéted that
only the cdrre¢£ goalbox‘choicés to tﬁe'iiéht cué»had‘a
significant.increase from Incremént 1 to Increment712.
- Nevertheless,,thg tgrﬁoises did show a,steédy improVementb‘
across the inc:ementsrfOr lqgating £he rewafd'using the
léhdmark cue. Thevodor gue,vhowevér, did not‘éppear to be
employed by the tortoises to navigate the maze. The |

tortoises also did not appear to have a cue preference and
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‘they did ndt-choose one cue'significantly‘over‘another when
_ preéented_With all'3 cues simuitaneously} Thé‘finding that
“the subjects wéré capabie Qf learning té‘useva-specific,cue-
to navigate the maze suggests that‘this cue might also be
. usgd‘by‘tortoises tovnavigate in their ﬁaturalvenvirénment.
This disCo&ery could be‘meaningful‘to desertitortoise
relqéatibn efforts as knowing whét cues'are reiied on for
orientation,wiil allow relocation'sites to be chosén-that‘

will best meet this species’ habitat requirements.
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* INTRODUCTION

. On April 2, 1990vThe Départment of the interior, Fish_and
Wildlife Services provided a final rule listing of the desert
tortoise, Gopherus agassizii, as a threatened species under the
Endangered Speciés Act, as amended (ACT) (55 FR 12178 as cited in
Federal Register, 1994). The ACT requires that critical habitat
(CH) be established for all species>listed_as threatened or
endangered to the greatést extent determinable and prudent.'
Regulations of the Service state that a CH can be determined only
i1f there is sufficient data to perform the analysis necessary in
eValuating’the impaCt of habitat designation bn'species‘and‘human
use. It is‘therefore critical that the biological needs of the
species are known well enough so that a CH can be identified. The
ACT defines CH as:

(I) the specific areas within the geographic area
occupied by the species . . . on which are found
those physical or biological features (I) _
essential to the conservation of the species and
(II) which may require special management
consideratiOns or protection; and (ii) specific
areas outside the geographical area occupied by
the species at the time it is listed . . . upon a
determination . . . that such areas are essential
for the conservation of the species (section
3[5]1[A] as cited in Federal Register, 1994).

The ACT defines conservation as "the use of all methods

and procedures which are necessary to bring an endangered

specieskor‘threatened‘species to the point;at which the



measures provided pursuant to this Act are no longer
necessary'" (section 3[3] as cited in Federal Register,
1994) . While CH sheuld’encompass land crucial for the
survival and recovery of the species, the ACT does not
specify, and suggests that in most cases it is not
necessary, that all areaS'of the speciesl habitat be
included in the designation. The CH procedure outlined in
the ACT is not a management or recovery plan but is a way to
‘concentrate conservation activities in areas that contain
the natural resources needed for the'species' recovery.
Three components are evaluated by the Service when
designating CH: "(I) the elements and areas essential for
the species survival and recovery (II) the potential costs:
of the proposed areas and (III) -what areas should be
excluded dueite economic and other impacts (50 CFR as cited
in Federal Register,‘l994)." The physical and biological
"considerations.uSed‘in the‘service's determination include:
(1) Space for individual and population growth,
and for normal behavior;
(2) Food, water, or other nutritional or
. physiological requlrements, ' :
" (3) Cover or shelter ‘
(4) Sites for breedlng, reproduction, rearing of
offspring, and. i ‘ ’
(5) Generally, habitats that are protected from
disturbance or are representative of the historic
geographical and ecological distributions of a
species. (50 CFR 424.12 as cited in the Federal
Register, 1994) '

The possible costs that could lead to exclusion of an area



1nclude negatlve 1mpacts and 1nfr1ngement on private and
gtrlbal lands, economlc effects on farmlng, llvestock

: graZing, mining-rlghts,and'a consequence on recreational‘
activities that affect the‘area‘eccnomy.

By evaluating thevspecies' habitat preferences, CH can
be‘established'sc that the prlmary constltuents for the
,species;‘such'as sites that w1ll support nestlng, foraglng,”
and adeguate‘gene'flow,_arewlncorporated. Included‘in these-
considerations Shcula be the seven principles‘of
conservation biology used in the Draft Recovery Plan (58 FRi
16691 as‘cited in the'Federal Register, 1994) which are as
follows:

(1) Reserves should be well dlstrlbuted across a
species' native range;
- (2) Reserves should contain large blocks of
~habitat with large populatlons of the target .
species; S
(3) Blocks of habitat should be close. together,
(4) Reserves should contaln contlguous rather than
- fragmented habitat; : :
- (5) Habitat patches should contaln mlnlmal edge to
area ratios; o
(6) Blocks should be 1nterconnected by corridors
or llnkages containing protected, preferred
~habitat for the targeted species; and
(7)) Blocks of habitat should be roadless or
otherwise inaccessible to humans.
To establish these seven principles, it is critical that
Sufficient,anWledgeiis obtained about a species' use of

theirbenvironment.»This study will examine the navigational

abilities of the desert tortcise,vspecifically the effect of



.chemosenséry'cues,.fixed point cués'(landmarké), éun
orientation, and the combinatién of‘these tHreé cﬁes, on. the
desert tortoiée’s ability to navigate:wiﬁhin its
.vém‘riron‘ment° | |
Loosely defined,‘spatiél orientation islah'Organism's
.Vbehavioral responSe to‘some stimuli"»(Van.Der Steen & Ter
Maat, 1979). More‘épécifically? épatial orientation is a
response thét détermineslan organism's posture and
‘locomotion in spaée iﬁ'reference ﬁo spatial cues (Schbne,
1984; Watermén, 1989)._Lochotidh is the behavibral response
difected by‘naVigation and begins withithe bésié‘orientation
of the érganism.,Fbr.an organism'to traverse its envirohment;
‘it must be oriented to the space around it. Orienting
- responses can be positional, stabilizing,_orvgoal directed,
whiéh inéludeé both diStaﬁt,aﬂd proximate Orientatibn.
Pdsitional oriéntation refers to ﬁhe location‘and
posture of aﬁ_organiéﬁ'sxbody\relative to épécé”and permits
thé organism to maintaiﬁ preferehEe pbsifiéﬁs (Schone,
1984), such as normal position, its subcategory equilibrium,
énd fhe rtat'(CH) be ésta Positional orientation reflects
the relationship‘between the geometry of the body and the
geometryvof the‘environmenﬁ (Waterman, 1989) and Will vary
between species. For most ffee—living species, pésitional

orientations are baséd_on a bilateral symmetry defined by



three.berpendicula;;axes;vwhich-include the rosfro—caudal or
anterior—posterior'(X) axis,‘the trénsVérse or right;lefti;
(Y) axis, and the dorsoventral (Z)‘axié that ié the'verfical
‘axisi(Séhéne[ 1984); Thesé.axes allow for three degrees Qf
rotatioﬁ, drfa change in»direction,'Bﬁdy rotation around.the
X axis 1is called ;oil,-pitéh refersbto rotafion atéﬁnd the Y
axis, and yaw is rotation around the 7 axis. There are also
three degreéé of translation, which‘is a change in both
directioﬁ'and distance, alohg the thfee axes. While a total
éf six degrees of meement through s?ace is poésible, most
'species are unablé tb perform-all‘six.

Nbrmal position refeﬁs.tb the usuél Stahce an organism
adopts in relatidn‘to spécific reference stimuli, typicélly-
gravity/ light, and its relation to>the>Substrate (Schone,
1984{ Waterman,>1989). Normal pdsitions differ among
species, although the usual is‘for the dorsal side to be on
top. For an‘organism to engage in locémotioﬁ, genefally the
animal must be in its normal position} Most sensory
ipeféeptionjqrgans ére located’so that they‘functibh,properly
only when aniorganismbbedomés displaééd into an abﬁormal
positioﬁ, it.wilifihstinctively attempt_to'retufn to its
normai pbéition, a‘behaﬁior called the "righting reflex"
(Waterman, 1989). |

The equilibrium position, or balahce, is a Special state



- of normal position:VIt;affects the ability of organisms,
especially‘long—legged terrestrial'animals,;to tesist
. gr;&iﬁy anolallow thé$‘£o‘remain notight.'Organisms that
~utilize thevequiiibrium positioninaVe5specialized‘internal
mechanisms, or grsvity,ieceptors, which can detect slight
variations in the gravitationalbforce and adjust tneir
bodies accordingly. |

The resting position piaces the organism in a position
'that'provides the mostbcomfort.‘In_this position the
'organism is not in motion and‘this position provides the
;1east resistance to‘gravity. |

‘Stabilizing orientationvis a methodtof orientation that
allows an organism to align itself‘to_environment (Schoéne,
1984) . The stabilizing systems wo:k‘whether the organism is
at rest or in motion and they allow the animal to maintain
or specifically alter their movements. Many species use
visual mechanisms‘to stabilize their orientation in space.
The dorsel light reaction keeps orgsnisms, especially fliers
and'aquatic’speoies, in the correct'orientation by' |
responding to the'disttibution of light‘andidark'in the
enVifonment (Waterman, 1984); By positioning themselves so
that the dorsal side is‘towardithe light, the organism is
able to hold its normal position. Organisms canvalso use the

horizon, along with vertical and horizontal edges, to align



themselves With'their'SurrOundinés{,Usihg optokinetic
responses isranéthéf,méthod that allows orientétion £o be
ﬁaintained, if the éurroﬁndings of‘aﬁ animal are rotated, it
will.followjthe movéﬁeﬁt with its Visual:field.‘This
optomotor‘respoﬁse "ié avcofrectiVe movement prdduced by an
oiientétion ﬁéchanism that stabilizes and actively controls‘
an animal's pdsit;on;~or change éf position, relative to its
surfqundings" (Sehéné, 1984,‘pf 15’.'

. 'Gravitatiénél and inertial sensors, or stafocysts, are
other metﬁods that allowvorganisms to_remain aligned‘in
épacék(Watérman, 1989). Statocysts can,detéct the‘ddwnward
pﬁll of‘the earth‘pfoviding awbaSic‘iefe#ence for the
1‘Verticai‘and hQrizontal alignment,of‘the organis@. They are
'.Commonlyvflﬁid fil;ed:vesiéies lined wiﬁh sensory cilia and
‘statoli£h; which ére small grain;like,bones. These bones are
éhiftédvby the graVitatiQﬁal férce énd their movement tilts
theﬂcilia in the direction:df thevgfavitatiﬁnal puil. The
directibn bf“thé éiiié bfovides the nervbué:systém‘With
informatiéh’aslfo the'IOIieﬁtation-Qf the“éhimal;_
GravitatiOnal stétocysts aré generélly paired»right té left
on the head regiénﬁof the'brﬁanisﬁ and are found in a
majority Qf all species‘égceﬁt*insects. |

,Statocysts also provide the organism With inférmation:on

changes in linear or angular velocity, or inertia. Just as



the‘statoliths disblace the éiiia'due'tévgréVity;'they also
cause the cilia to bend whén an external fOrce acts,on.the
animal;s s?eed of movement. Thefanimal is able tg
distinguish betWeenvgraVitqtiénal'and inertial movement of
the cilia as inertia oﬁly dié?laces thé cilia if the animal’
is éﬁaﬁgingbthé'veldcity of‘its.movementé{ ‘

Gbal—difecfed Qrientatioh perﬁits an7organism to reach a
predetefminéd deé#iﬁation chated-éithér near,'referied to
 aS proximél orieﬁtafion, or far,itérmed distal orientation
(Schone, 1984). The:goalé for ?roXimal orientation can
'normally be difectly perceived by the senses and the cues
for né&igationfeﬁahéte,from the géal‘itself.bProxiﬁai‘
orientation includes ﬁargefioriéntation where a single brief
movement brings‘the‘organism to the goal. Behéviofs such as
hunting/attack,‘feédihg_and‘Sexual interactions are all
target.orientatiOns. Target~orienté£ibn‘requires précise
eValuatidn}of the:goél's disfance and diréction.‘> 

| Fér gbals‘that mﬁs£ be‘dbfained ﬁsing_distal‘
Origﬁfation, médhénisms that aré>no£‘directly"reia£éd tojthe 
goal are'requirédf(Schbne, 1984;‘Waterman, 1989) . When the
goal Cannot be detectéd,by the organism, methods that aliow
fbr'the use Qf‘ihtérﬁediatefcues must be uséd ﬁo‘indicaﬁe
the'direcfioh, disfaﬁshould beiwell difﬁé goal. These

mechanisms may include compass orientation, a spatial



‘reference in relation to_a‘directiénal orientation; vector
"Qrientatioﬁ, which tékes into acdouﬁt.both difection‘énd;
idistahCé;'oi courseisrientation, which represéntsldistancei
oniy. Diétal orientation.can be ﬁéed fo locate a narrowly '’
defined location, such as a specific fOraging‘area‘dr mate,
or involve a more gehefal goal as iq'a‘wiﬁtéring location
for a migfating Speéigs. Diétal,orieﬁfation'éntailé three
areas of»navigation interest:»(a) hbw the organism
determineé what direction it will take, (b) how thé
direction is maintained, and (c) how the goalvis récognized'
(Schone, 1984).
While fhere.is’no clear.answer asito how an animal

cthses a particular bearing,”for.any goal directed
‘Qriéﬂﬁqtion f§ take piaCe certain cOndit;ons‘must.be:met;
Firs£ £he oiQaniém mﬁst be reédy, or'motivated’tqlorienﬁ
';(Schéne, 1984%:’The éfganiém‘must:have'an'internal need that
‘Qill cdﬁpel itfté.réposition itself. These,driﬁes may
_include‘hungér, thirst,'need for protection or prééreation.
There must also be external‘faétéré, such.és‘releésingvand
directing stimﬁli, whiéh‘pIOpelvthe aﬁimal;into aCtioﬁ when
the correct internai,conditions eiist. The releésing and
diredting étimulivcause.an organiSm tq respond to pa;ticular
'cuesvwith certain ihnafe behaviors. When an animal runs to:

escépe from‘capture, the sight, sound or smell of the hunter



is the releasihg‘stiﬁulus for the'ahrmalhto,bolt‘end the
COver the animal’daShes-for is the directing stimﬁlus,
Lastly, the organismvmuet be able to perceive‘the stimuli
and have the correct1sensory reeeptors-to'deteet'the
‘different’elements ef orientatieh The organlsﬁineeds to be
able to dec1de whether all of its body, or only part, needs
‘to be or;ented. The organlsm'also,needs to be able to use
"informatien‘ébout‘the spatial reference values in its
environment. | |

Referencevstimuli_provide an‘organiém with information
as tovthe correct bearing Of‘goale initheir environment/
however, they do net ensure that rhe animal will reach its
goal- (Schéne, 1984):'Reference Stimuli can be classified by
their distribhtionvih spaee ahd can be broken down as
:folioWs: ‘- |

1. Flelds of parallel stlmull (usually Ofbuniform
1ntensrty) o

2. Fields of graded 1nten51ty (gradients)

3. Fixed pornts (landmazrks)

4. Tralls (Schone, 1984, p. 32)

Flelds of paraliel stlmull prov1de an organlsm w1th a
constant spatlal reference no ﬁatter where‘the ‘animal is.
Examplesvare-theveun, the magnetlc fleld and grav1ty They
‘malntaln thevsame dlrectlon regardless of where or how the
banimal is positioned. Fields ofrparallel‘stimuli”can be ueed

by organisms as points of reference to maintain a compass
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vCOurse;done such compaSs involves‘the use'of celestial:cues
(Waterman,'1989). The:sﬁn, moon,hanthtars allfnrovide an
~organism with reference pOints that allow for long distance
naVigation. While the sun appears‘to be the most commonly
'used of these celestial compasses, nocturnal animals could
quite poss1bly orient uSing the moon and stars, though
~little research has been done in this area Studies done
with migratory birds (Able, l983, 1984;'Emlen, 1975;
.Wiltschko, Daum, Fergenbauer—Kimmel & Wiltschko, 1987a) have t
also shown‘that somesspecies of birds can detect‘the correct.
: migratorY'directioninsing stellar information._Snn compass
orientation was first discovered by Von'FriSch ll948) while -
'stndying the behaVior of bees.hHe found‘that'bees could.
locate saucers of,sugarIWater-placed in sites that had_no
discernible'landmarks, This‘abilitybwas affected,~however(
if the bees were detained several hours at their hives |
before they were allowed to return to the site. Von Frisch
'found‘that whenﬂdetained/ theibeeSFWOuld miscalculate the
:location of the sngarhwater‘in“abclockwise'angle that -
closely‘reflected the bearing:ofbthe‘sun. These findingsh
indicated tovVOanrisch that not only could the‘bees use the
sun to navigatej but they'were also able to time—compensate
~for the sun's daily changes.'The~relevant information

provided.inthe'sunsfor navigational'pUrposes‘appears to be

11



‘”"thhe azrmuth or horlzontal component of movement

'“*;ZJ;;1991 Schone,”l984k

n(Able,

1989)

”fﬁft ex:erlments have lllustrated thlS (Waterf”'

‘llAnlmalstth 'have had thelr lnternal sense of tlme

1t;fman1pulated u51ng art1f1c1al day and nlght cycles

"aterman,vl989) Research usrng clock ;dh;bV

'ﬁaﬁmlscalculate thelr orlentatlonlto,a goal Wlth the angle of‘j‘j""

'fjferror correspondlng to the tlme'dlfference between natural ;*1Y=

?‘ﬂdayllght and the experlmental condltlon Suchérnaccuraclesidf;f”

»elndlcatefthat;anlmals*that?usetthevsun’fo’ navigationalff7'f

'Jf:;purposes are able to compensate for the horlzontal movement**;

hooof/theksunw(Waterman, 1989) Although the use of the sun
':f}compass to gulde long dlstant travel has been prlmarlly
5researched u81ng bees (von Frlsch 1967) and spec1es of O

blrds-(Able,,l99l Akesson & Sandberg, 1994 vLushl &

ﬁ;}Dall Antonla, 1993 ,New.Screntlst 1989 Sandberg; 1991)
:;other spe.les,y’
d(Schone 5 Tengo,d‘h

lCameron & Forward 1993)Wf;f1

'f1984 Watermany~l989) The osc1llatlon of electromagnetlc

',ff\waves perpendlcular to the dlrectlon that llght travels

ujforms-polarlzed,planes,*or1e—vector,‘The'e—veCtor,ls'



érranged in.latitudesvthat extend.ffbm the suh at'Qné poLet
tb,the”an£isun at thé cher; Migrating“birdé appéar to‘usel
polérized‘lightifo‘help‘them‘detéct'fhe'azimufh and to

| orieh;w&AkéSéén’& sandberg, 1994; Moore & Phillips;‘1988p

' Sandbetg, 1991). o .

| ’,Thé geQmaénetic.field is énother,éourpe,of parallel
stimuli that:allowstforbavéompasécoﬁfsébto be maintained
(Able, 1991; ééhéﬁé, 1984;'Waterman,‘l9é9); Thé éarth'has
'twomagnetic.pples, north and'éouth; that'Create strong
magnétic»lines'offfofcevwith aﬁ ubward:puil from1the sOutH
.ﬁpole and a downward pull from,the north. At the equator/ the
pull is-héfizonﬁai in felafioh to the eérthfs Suiface. Thése
' tﬁree directional forces produce a magnetic field with both
horizontal‘and vertical componenfs. Thejmagnetic field also
 véries,in‘its iﬁténsity wheﬁe fheré is a drift between the

- magnetic poles and the geographic rotatiOnal'poles
(Waterman, i989). The vertical and horiiontal components and
the intensity.of‘the mégnéti¢ field‘can be.used by o:ganisms
_ aé é,typevof Cbmpass. Studies uSing migratory birds have

‘ demoﬁstfétion that fhey are ablé to‘ﬁée such magnetic éues
(Able & Able, 1990; Munro &‘Wil£SChko,-l993; Wiltschko &
Wiltschko, 1992) and otheflspecies, including honey.bees'
(Collett & Baron, 1994), néwts andiléggerhead sea turtle

hatchlings (Lohmann, 1993), have also-been foundito use
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magnetic compassvoriéntation;:

‘Gradients allow aﬁ organiéﬁ to detect its direéﬁion of
‘fravel by gaging tﬁe’strength‘éf the stiﬁuli ih relation to
the goal fSchbne, 1984; Waterman;‘l989). As}the otganismj
.nears the‘goal, the intensity of the stimpii incréaseé.vThe
gradient can.be>either radicaily_symmetrié,'with concéntric
rings of equai intensity, or distfibuted along a moving
medium,‘like air, into an»extended plume. Gradients_include
'such‘stimﬁli as odor, thermal prdperties, Sélihity, light‘
and moisture. | |

Although it appears to be:random ﬁovement, kinesis is
one tYpé of orientation to a stimuius gradient (Domjan &
Bgrkhard,_1993; Schéne, 1984; Waterman, 1989). Different
levélé offa”éradient elicit differént locombtive"responses
from an organism."wheh-én brganism is removed from its
voptimal.level of_a-gradient, its random movement increases
thﬁs improving thé'odds that the aﬁimal will return to its
proﬁer environment.‘When the organism reaches its @referred
level of the stimulus its movements decrease and eventually
'stop;

Chemé:eceptive di£ection finding is another form of
’gradient orientation (Bénhamou, 1989; Waterman,.l998),
althdugh odors‘canbalso serve as trails and landmarks.

Pigeons have been found to use odor gradients to locate
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theirklofts (Benvénuti & Brown}v1989; iole, Nozzolini &

Papi, 1989; Papi, Gagliardo, Fiaschi'& Dall'Antonia, 1989;
Wallraff;<1993)._Pigeons permitted to havé free:acceés to
odors‘and windicurrents around théir lofts were much more
accuraﬁe-in locating their way home phén birds denied éccessi
or rendered anosmic.

Landmafks are fixed, distincﬁivé featﬁres in the
environment that,provide references to.a goal (Schéne,vl984;
Waterman,'1989).'They_supply the‘animél'with infOrmatibn, |
about the distancé and direction:tb‘the goal; They can be
vboth proximal ér distal and are not limited to ﬁheir sizé or
shape. Landmarks can'be uséd by an organism for piloting
within its home.range or’for navigatingziong distances. By
learning the features of their»envifonment‘thélérganism can
detérminé its lOCation‘éndbﬁhe‘direcfioh and distance needed
’toirééch’avparticularvgoal. Goidfish (Warburton, 1990), the
digger.wasp (Schone & Tengo, 1991>gapige0nsb(ChenQ, 1989)
and honeY”Béééf(Gduldy 1590) wére‘all‘fouﬁ& to use local
landmérk_éues toidétect impdrtant‘nesting 5; foraging aréas
in their habitéts. DiStal:landmarks;'sﬁch‘as iarge»
geographic féatures afé‘possiblY‘ﬁsed:by migratory birds for
o locating their destinations, althoﬁghathere is no firm
evidénce>to Support this theory (Ehrlich,»Dbbkin &‘Whyeyé?

+1988) . Distal landmark cués also have beén'suggested to be
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imporfénﬁltéols fof establishing fhe b§ﬁndariesmof home
.raﬁgeé‘andAthe territories of conspepifiésiby rafsb(Margules
&‘Galiistel, 1988)>and haméteré (Etieﬁné,vLambeﬁt, Reverdin,>
& Teroni, 1993) in.

;‘Although landmarks.are ofﬁenvvisﬁél; they can aléo be
chemosensory (Able, 1991; MacKintosh;vl973; Schéﬁé, 1984;-
Waterman, 1989). Whéﬁ odors are used as léﬁdmarks and
trails, they éfe an important means for animals to spatially
orient‘to their surroundings. Grassman (1993)‘found |
- implications that sea tqrtles may‘usé,chemical imprinting to
,help them homé to their nesting sites.‘Mice use‘odors,

(MacKintosh, 1973) to help_eétablish the bqundariesqof their
terﬁitories, Tomlinson.and Johnston (1991) found that
hamsters aiSo'use odors to develoﬁ spatial relationéhips in
their envi:onment.v
Trails are én'extenSion of landmarks or a series of

fixed points that‘often convey épecific infdfmation about -
vits markers»(Schéne; 1984).‘Odortrails can be either a
vdiséreté row of séent, as in a scent marked boundary, br‘a
continuqus band. Rattlesnakesvhéve beeh_shown to follow
1post—striké prey by using odérvtrails (Cﬁizar, Smith, &
Hoge, 1982; Furry, Swain, & Chizar; 1991) and research usingi
ants (Harrison, Fewell, Stiller, & Breed)‘1989) has also

indicated that odor trails are important for ldcating
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'faraging areas’aﬁd nésfé.

Although the differéht reference stimuli are
.individually impoftaﬁt,:it is anlikely,that anyvspecies uses
anly oﬁe type of refereﬁce cue to spatially oriéntf
themselﬁes (Able; 1991).‘Research looking”at spatial

_ abilities.has fouhd that animals often employ a primary cue
o ﬁhat has precedence oﬁer other cues (Able,'l§9l; Cheng, -
1989; Lushi & Daii‘Antonia,>1993; Schoéne, 1984; Schoéne &
Tengo, 1991), however,.when the primafytcue is hot
accessible,the animalkis still capablé of using'other cues
to‘orieat theﬁselves.‘This‘is an importaat adaptatioﬁ,
especially for lang disfant»migrants that rely on an‘
inconstant primary cue, suahvas'sua'compass‘drientatioﬁ. On
‘cloudy daYs, these migrants would need tovdépend on other
cues}vsuch‘as_landmarks, td maihtainitheir course.

The abiliﬁy‘to uae-multiple;referencevcues wouid be‘just
as ihvaluable, hQWever;to an anima; that must navigate only
a relatively'short disﬁance frqm 6ne knownvaite'to another
within its homa‘raage‘or terrifor§ oraegplo£a new_locatiohs
for forage and mates (Schone, 1984;.Wate£man, 1989). Studies
have indi¢atéd that maﬁy>species use multiple orientation
. mechanismsgand cues for goai directed movements, including-
hamsters’(Etienne, Lambert, Reverdin, & Téroni, 1993), hoﬁey

beesv(Gould, 1990), digger wasps (Schéne & Tengo, 1991) and
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pigeoné (Luséhiﬁé Daii'Antohia,.i993). ThejuSe of ﬁultiblé
cués allows anvorganism to‘orient in many differenﬁl‘x |
environmeﬁﬁal cOhditionsL MacKihfosh (i973) qund‘that
_ altﬁbugh:héuse'micéfhavé a_ﬁféferéﬁde fb#”&iéual“cueé wheﬁ'-
available; they'are.pfimarily>chturnal’in’theif foraging
and often néﬁigate using der cges; | |

| Path intégrafioﬁ, or dead”£eckoning; is athher
névigatiOnal strateéy were Orientation inférmation is
produdedbby the animal itself, or idiothetic (Benhamou)
Sauvé, & Bovet; Etiénne,vMaurer, &‘Saucy,:l988; Etienqé et
| al.,51993;'Etienne,‘Maurer, & Séguinot, 1996; Gallistel &
Cfamér, 1996;‘Schéhe, 1984).]A§ an animal moves about its
environment its location in relation to a fixed point of
reférence, such as a nest, is.dontiﬁuousiy updated by
internal processes that compute the anglesvand linear
signals generated by the animal’s movements. Path |
integration allows an animal to ;hbme7, or return to its
starting point, without reiYing on eXternai éués..This éort
of'navigation'would be an important tool for central
forégers that must jogrney_dut t§ find,fdod and thén return
to a"nest or burrbw.-Dead reckoning wouldvaiso be aﬁ |
beneficial Stratégy for aniﬁals that must forage in novelv
environs where‘external spatial‘cﬁes have not»been‘ |

established (Etienne et al., 1996). Path integration is most
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effective, howe§er,‘f6r sh§£t5distances. When animals must .
travel faithér, path integratidnHQSed aloné results in
eerrs iﬁdiréCtion and disfaﬁce estimates. Instead; ahimals
moét likely inéorpofate.the ﬁse of landmarks to augment the
perférmancé deadbreckdnihg,‘ |

Little research haé been done,on'the orientational
behavior‘of the desért tbrtoise. ReSeafch done withiother1
species‘of.cheloniaﬁisﬁgge3£s; however, that somebturtles
 and-to£toises are ablé fovmainfaih directional doﬁrses
fGould, 1959; Lemkau, 1970; Tinklepaughk 1932).'The'ornate
box tuftle‘(Terrapene'ornata Ornafé agéssiz) (Metcalf, 1978)
.shOWed a Varied proficiehcy Qf;homingfamong sﬁbjects, with
the ability'éppearing to.bréak den afte£33.2vkm}' ReSearéh"
‘by Emlen (1969) fQund,that the‘péinted turtlé) (Chrgsémys
picta_maréinaﬁa),vappeared to use local‘topdgféphiéal
vlandmarks, but ﬁét‘éeleStiél or‘grévitationai cues, to.
return to'their home ponds. in coﬁtrast, DéRosa-and'Taylor

(l980).concluded that the.painted turtle, along with the E

" spiny‘softshell turtle (Trionvx spinifer) and thé eastern
bbx turtle (Terrapene carolina) could use bothlgelestial
cues and»geotatic orientation. In a study by Gibbons and

Smith (1968)‘there was evidehce that the gopher tortoise

(Gopherus polyphemus) used a sun compass for orienting.

Gourley (1974) also found that the gopher tortoise used the.
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suh—compaésﬁ howevér,,but théorized that léndmarksbwould‘bev
the preferred dué for orientation when available.:

Thé gopher tbrtoisé belongs'tb the same genﬁs (Gopherus)
asvthe desért tortoise. Obsérvations of’thé desert tortoise
have provided.examples of behavior that suggest that,'like-
the gopher tdrtoise; the desert ﬁortoise uses multiple
navigafional cueé; This would ﬁeasiblely facilitaﬁe the
tortoiées; existence in its»enviroﬁment. The desert tortoise
. livés in the érid regions of the Westerﬁ United States and .
Northwestern Mexico, from the south west tip of Utah to the
SOndran‘Désert aﬁd frqmvPima Cbunty( Arizona to‘the Mojave
Desert}in:Californiag(Stebgins, 1985).‘The smali amount of
rainfail péf year provideS‘only‘a few months of sparse
forage and little availablé water for the animéls that
-inhabitytheée areas. These deserts also experience.extfeme
‘seasonai téﬁperature»differenées, With the summer months
exceeding 38°C aﬁd1then dropéihg Belbw‘freezing in the
winter inzsome of the:higher:éieyations of the Mojave and
Great»Basin:deéefts: COhseéuehfiy?”ﬁhé éniﬁéls and plants
'that reside in these regions‘musﬁ’haVe adaptations that“
'permit survival in such severe.éondifions;

The'desert tortoise has evolved both‘pHYSiologicaliy andvf
béhaviorally td‘allow it to exist sucéészully in its

habitat. The specializedvphysiOlogy of the tortbise
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maximizes its use‘éf obfainabig_;eséufdes and ?rovides‘
prOtecﬁiQn féf'thé énimélH(Wéoderyf& Hardy, l948). The
ca:apace and plastron are formed by bones covered with horhy
,plafeS} ér scutes, with thé head and'limbs protruding ffom
éﬁeﬁinés‘ih the shell to allow the animal moVementQ‘When thé'
ahimal is disturbed,lhoweyer; the legs and‘head ére |
retracted‘into'the shell creating a qontinuOus barrier to
protect the iﬁternal organs erm predation. The sheli is
élso wate£probfed’by'keratin;lthus‘réducing the amounf of
moisturé lost through,metaboliém and breathing. This becbﬁeé
crucial during‘théuextrémelyhighbtempéféturés-of summer
when little moiSture-is fouhd thréugh rainfall or green
vegetation; | |

The iﬁterna1‘systems of thé‘tqrtoise are;énother
physiological édaptation that pefmitsithe tortbise to
”surviVe‘ih the desert. The léng intestine ié érranged in
folds that allows for slower digestioﬁ SQ:that optimum
émqunﬁs of nutrients can be'dbtéiﬁed from thé aﬁimals’ high‘
cellﬁlose diet‘(DeanFBradley,.Tracey, Castlé, & Esque, 1995;
Spangenberg, 1995). This fiexibie digeStivé system enabléé
'the't@rtoiséé foveétabliSh sufficiént.iipid stores for
ahnﬁai hiﬁernation and‘possiblybfor'extended pefiods, 
sometimes oVer>several’yeérs,“wﬁeﬁjiack-of seasbnal rainfali
- prevents the'growﬁh éf:spfing’aﬁnuéls,‘a major food source
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for tﬁe-fortoisé KK. H; Berry, peréonal communidation,
February 10, 1994). During‘ﬁheée intervalé, thé seafch for
forage would expend more enérgy than could be replaced by
the available‘resoﬁrces. N

" The blédder of the tortoise has also been‘modified by
~evolution to accommodate dese#t survival. Its lérge size 1is
éapable bf‘étoring substantial amounts-of watef. Whiie the
walls ofbthe bladder are highly’permeable to wateﬁvfor‘
reébsorption, the watéf stored in the blédder:iévalso a
means,fOr‘holding uric acid, the uriﬁéry waste of the
tortoise (Ernst, BafboUr & Lo&ich,v1994; Grover & DeFalcé,
1995) . Ufic acid is insoluble in water,vallowing for large
Quantities:of the solids‘to acCﬁmulate beerevthey need to
be excreted. This results in reducéd moisture expenditure as
.it,reduC¢s water 1ost through the elimination of urinary
waste productst-b | | |

Thesékphysiblbéiéai‘chahgeé alone are'not éhéugh to

éhsure‘ﬁhe surviVai of the tortoise. While cold-blooded
Species do not require as much caloric input as.warm—bIOOded
animals to exiét, the effect of the toftoiées"ectothermic
' metabOlism meaﬁs that their foragihg and‘mating‘are limited
to thimal'temperature conditions (Woodbﬁry &.Hardy, 1948) .
Combined'with limited available resources, the tortoise must

have behavioral adaptations to inhabit such an inhospitable 
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ehvirOnment‘fStudies oh‘the‘behavior'of-thefdeserthtortoise
have found that the tort01se employs strategles that
optlmlze the use of ltS habltat (Berry, 1974 ‘1986 Groyer-&‘
‘DeFalco, 1995 Hansen; dohnson & Van Devender,‘1976

: Jenhfngs;‘l993 Sazaklﬁ& Boarman, 1994 Woodbury & Hardy,
'_1948). The desert tort01se.res1des 1n seml 1solated
'pophlatlonsbw1th-poss1ble comolex socrai structures,(Berry,y
fi974) Each anlmal occuples a home range that cah reach in
7fsrze to 76 9 ha for the males, although Berry-(l986) |
. suggestsvthat‘theseyestrmates‘may be'low5AThesehareas

‘oyerlaodWith other’tortoiSes' ahd.bothymaies‘andafemales,'
kappear to.aggregatelfor‘basking:and hiberhation.‘Within

: these actlv1ty areas the tort01se appears to be aware of the
jlocatlon of ch01ce foraglng (Jennrngs, 1993) drlnklng
sites, mates fBerry, 1974;>Grover_&'DeFaioo, 1995) and_
proteotioh (Berry;j1974,-1986; Woodbdry‘& Hardy, 1948);
. Desertutortoises have been tracked moving’from.one of these'ff
sites to’another_ihistraight—lihe distahces,(Berry; 1972;
fGrOVer &hDeEalco,hi§95) ihdfoating they possessya'spatial
-awareness of-thefrhomeyranges;‘* o f

s.Woodhuryahthardyh(1948)'observed'that:the tortoisedf

. appearsvtofhayekbothmdaily ahdFSeaSOhai“cycles offmovement
'vthat yleld the greatest degree of temperature comfort

nourlshment and‘m01sture. Tort01ses;emergeufrom'thelr
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they‘possess a spafial understandiﬁg:éf tﬁeir environment
and that they use spétial refefeﬁce‘cues to navigate
succéssfuily within it;»The tor£§ises',random méveménts
~early'in the season bring them tQ‘édéquate‘foraging areaé
énd other resOurcesithat are returned to later in the
.seésoh. A potential explanétion fér fhese:excursions is that
the tortQiSe is establishing‘é system of locél landmarks to
direct the animal to choice‘feeding, basking and drinking
‘sites.

Other behavioré élso‘give evidence that the désert
tortoise is capable of spatiaIVOrientation. Tortoises have
been'detécted usihg‘trails to ﬁfavel from one site to
another (Berry, 1986), espeéially élongkwashes and washiets
(Jennings; 1993) . 0Odor also appears to play an important
role in thevtortoises' use of their habitét. Tortoises seem
to use:urine'as é ﬁéanquf burréw ideﬁtificétion:(Béﬁry,
1986; Nichols, 1957j‘and-Berry (l986) postulated that the
_desert tortoise uses chemical éignals produCed by subdentary
glands and thé cloaca in thé trailing and sexual recognition
of mates. The use of odors by>tortQi3es is éuggésted by the
Qbsérvafibn'that the'animals engage in freéuent "sniffing"
béhaviOr asvthey»t£a§ei (Berry, 1974} 1986; Grover &
DeFalco, 1995). : |

In another study examining,the behavior of relocated
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nsplanted

1ining such cues could .

;,éﬁSu;iﬂgttHaﬁféﬁth'

“Knowing what spatial reference

in how the desert tortoise orients 'to its




vfor rdentiinng;certain behaviors,:they are nOtisufficient'
' .for.deterniningnthe eanse Qf;the behawior. Many'separate or

'conbinatienskdf Variabies'conldrbe.generating a behavierbas

‘the effectsFOf extraneous variables eannet*be aeconnted er;'

'Althoughhstudies of chelenianvorientation (diseussed‘earlier
Ain this paper§ hawe’indieated that turtles and thtoises‘nse
landﬁarksvénd'éompassverientation?.theﬁresults are
cqnceivahlyjcdnfounded.vThese stndies wereheondueted eutside
| which.increasesvthe‘diffieulty ofhcontrolling fdr‘eXtraneQusf.
variables. Animals that seemed7to be followingda Ceﬁpass |
dlrectlon could have been respondlnd to an- odor plume or
large dlstal landmarks Varrables such as dlfferent capture
p31tes, the adequacy10f,the dlstance from releaSe site to
,goa1: the locatlon and tlme spent in holdrnd pens and the
llkellhood of confllctlng or‘multlple cues were not
;addressed; |

| This stndyiaddressedfthéfquestion'ef spatdal referenee'
cue use by,the desert tortoise,in‘a eontrolledhebndition,
.Three referencercues were manlpulated ‘an Odor,“a“landﬁark
and a llght Experlment 1 1nvest1gated the possrble use ofi
dthese cues for runnlng a maze to obtaln a reward of fopdrn
Subjects were‘reqnlred to run almaze w1th the three cues
presented ene at a’time. The‘tOrtoises’ use’ef each cue»as a

means‘of'locating the”goalboxvthat contains the reward was v
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(eXaminedr.The subjectS"acquisition'rate for‘eaCh-of’the'
three condltlons was analyzed for 81gn1f1cant dlfferences

,u'among the percentage of correct goalbox ch01cesi(CGC) u31ng 7:f

**1the cues. It was hypothe51zed that the desert tortorse would

vbe suff1c1ently able to nav1gate the ‘maze employlng each of
xhthe three cues.»It_was alsOfpostulated,'however,.that a
iSignificantfdifference'would»be‘founduamong percentage rates

~ for the individually preSented'cues;:giVing evidence the

‘desert tortoise uses cue preferences for orientation, with a

c_bias.foriusing landmark”cues_whiledtrayeling'within'theirh
' environs}“ | o |
Experlment 2 further 1nvestlgated p0551ble cue
:preferences and the use of a prlmary cue by the desert
'vtortOlse The subjects were tested in a dlscrlmlnatlon.task
’ where aildthree cues weregpresented_s1multaneously. If the‘
fsuhjects‘uere usrng a prlmary cuevstrategy, a preference for
one cue shouid emerge. It was proposed that the desert |
‘ctortolse does use a prlmary cue strategy and that the
h_subjects will demonstrate a preference for the landmark\cue

-whlle‘nav;gatlng thermaze.



EXPERIMENT l
Method
thjects”

At the‘Start of the stndy‘the‘subjects‘consisted of 16
captiveVbred juVenile desert tortoises;”Four'of the:subjects
Were‘droppedvfromhthetstudy,‘as_two subjectsdrefused to
btraverse‘the mazeiand‘tWOianimals.died.xThe sizeiof the
Subjects'rangedvfroﬁ'40 to;44dugpnith”carapace lengths of 50
mm to 150 mm. At this'SizeEthe sex:of“the tortoisesawas not
possiblevto determine ‘The subjects ages at,the‘start of
the- study were flve at 5 months, flve'atdliyear‘and Six,at.3
years old The 5-month- olds and 1vyear olds were housed in
palrs 1n plastlc contalners measurlnd 37 ‘% 47 X 13 cm - hlgh
while the flve larger anlmals were‘held in. a 61 x 92 x 36 cmp_
hlgh plastrc contalner. All of the‘contalners were,placed oni
vShelving in.afrooﬁxheated to 24‘°Cr:The subjectsdwere'houSed
- with siblings toehelp pretentdthe-transmission of pOssible
diseaseS’and parasites. Theltemperature‘surrounding‘the
" containers wasfkept at 291—135>9C using heaters and |
incandescent'lightsg A fuliespectrnm'UV light sourcedplaced-
appr0ximately 357cm above,the.containers‘was provided on"a
12 hr rOtating light/dark sChedule. The containers were |
vllned w1th a layer of newspaper covered by paper towels that

were changed .as. needed “The, subjects were fed a diet of
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‘:seﬁarate:ddef and 1d that measured 20 X 20 cm and could befgad Rt

fﬁ’removed‘and repla

‘dfby the experlmenter Except for thev‘

'}ﬁjback wall (seedFLg re 1)‘ all of :he goalbox and maze wal Sftﬁ‘“






‘ f"'n the 'gOal'box T-h:é‘-' "'odb:r"“éfie:-







 cfiterion_after‘ten days of:pretrainiﬁngere eliminéted fﬁom 
the study5  | |

Training;)The tréining:trials‘started fhé‘day after the
subjecté met theVCritérié fofﬁﬁhé prétréihing'ﬁriéis.fThé
subjecté‘were divided' into thiee‘groﬁps ahd each group was.
Eassigned to one of fhe thré¢‘Spatiai‘cués;:The précedﬁre,féri
»'Egpérimeﬁt i was the Samé‘as:for tﬁe‘pfétraining trials 5
véxcépt that the food'réwaid wés“iny‘available in>thé |
goalbox markedvby the.assignéd'ch; Oh‘ali'dayé,”éaqh
goalbégrwaéﬁdésigﬁatéd,as chtéiﬁiﬁg"the;feward@fdr tWQ'
triais Qitﬂithe Q?dérféoﬁntefbéiéncéd; A subjé¢£fwas}':
considered fo'havé,médé'é‘qdrféctfgéalbo%-thiéeﬂ(CGC)'whenv,3»
it’péssed fﬁe"linetatsﬁﬁé éndiof_the‘goalbox.’An animal
refﬁsiné to“léévé{thé‘Sfértbdx éf£érf3“min; or enter‘a
90a1502 afteﬁ‘S miﬁ,’conétitﬁﬁed.é h@—trial and the subjéCt
wééflifted'and réplaced-intb‘theléta:tbéx; The cue ahd food -
reWard Qefe then set»up'in tﬁe.ﬁexf goalbogvlbéatiéh;‘the
f‘entire maz¢ Q§s qleanéd and a‘newft£ial bégun. foﬁ:each'cue;
the Subjecfs weré trainéd for six:trials‘péf dayfuhfil’they
each'reaéhed a crite£ion>ofH85%,correctvreséénses_forytw§
conéecutivé days orbundérwent sixty trial days.‘When the
“criterién_wésvfﬁlfilled usingvone’cue, fhé;sﬁbjepthéS‘
‘aSSigned’to.bﬁé‘of £he remaihing cue'Conditions uﬂﬁil{eéch

animal had reached criteria using all three cues presented -
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in three separate learning sets.»The newflearning sets
started on thevthird day after the end of the last set, and
‘the order in which avcne’was assigned to a subject was
.’counterbalanced. |
| “Results

The data>Were prepared for analysis by dividing each
;learning set (LSf into 12 five—day increments. The
percentage cf correcr responses for each increment wasv
calculated for.each‘subject and then analyzed using a 3 x 12
(Cue X'Increment) mixed ANOVA witn repeated measures (an
aipna level'of'.OS was used for all statistical tests). As
seen_in Table 1, no‘significant difference‘Was’found‘between
gthe cue‘groups nor was there a significant interaction.i
.Significance was shown, though(‘for,the:increments,mainv
effect;fAn examination cf_the wifhin—snbject ccntrasts of
the increment‘neans finds'a‘significant increase in the
percentage cf CGC frcm‘increﬁent l.(M = ;34, QQ = .115") to

Increment 11 (M = .41, SD = .119), F(1, 33 ) = 7.21, p =

.01. However, due to a slight decline " in the percent correct

for Increment 12 (M = .40, SD = .151) the increase of CGC
from Increment 1 to Increment 12, was only marginally

significant, E(1, 33) = 3.70, p = .06.
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pattern and a within—subjects~éontra$t showed that the CGC
means significantly declined from Increment-1.to‘Increment’

12, E(1, 2) 27.43, p = .04. Surprisingly, while the

‘landmark cue Showed;the'steadiest_rate‘of increase in CGC
between the first and last increments,  the within—subject
- contrasts only found the light-cué as having a significant

increase from Increment 1 to Increment 12, E(1, 3) 11.14,

p.= .04.
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Figure'3. Mean percent of correct goalboX choices for individual

cues across 12 five-day increments, Learning Set 1 data only.
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»Althoudhinot orlglnally planned for 1n the experlmental

ude51gn, the potentlal of an age'dlfference 1n,cue use‘was‘

;also 1nvest1gated u51ng a3 x 3:x 12 <cﬁé“g Agefg_l
‘,‘Incrementslmlxed ANOVA w1th repeatedbmeasures The analySis'

was. run'us1ng the'data-from all the LSs,'as LS 1 dld not

‘have all age groups represented 1n all cue groups due to the\v,

loss of subjects‘ The results»of the analy81s do_not show
N anyjsidniflcantfreSults'for'anyaof thenmainieffects:orv
_lnteractions. R | | |
| lfAlso:Qf.interest was the_potentialbuse‘of a goalbox
posltion preference;-lt Was posslbleﬁthat.the subjects were.n
fselecting'a:doalbOX'because of its'locatlon in~the‘maze,7not“f
because of the cue de51gnat1ng the reward The percentage of
tlmes a subject chose-elther the rlght left or mlddle
vgoalbox out of the total number of trlals for that subject
lwas calculated for each LS and the resultlng data was .
lanalyzed usrng a 3 x 3 (Cue x GoalbOX Posrtlon) mlxed ANOVA
with'repeated‘measures Only LS 1 showed a s1gn1f1cant
| dfgoalbox.p031tlon maln effect E(Z;_ZZ) %15.279,;Q; .02;
“Whenpthe meansiwere cOmpared w1th'ahwithlnhsubjectslcontrast
(see Figurei4) -a 81gn1f1cant varlatlon was found between'_ff

p the mlddle box and both the rlght and the left goalboxes,‘ t

Es(l,vll)>= 6. 186 and 38.20, p < lOl, respectlvely, but notﬁlﬁ

| between the;right and“left goalbox”positions.lNo‘.»



sighificanée was found for the Cue>main”effect or for an
interaction between the cues and the goalbox positions for .

any of the LSS.
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Figure"4. Mean percent choice of goalbox position by cue.

Discussion

In the first analySis, ﬁﬁaﬁ‘inCludéd the»data from tﬁe 
vcombineducueé”and,éli LSs, thé.ré$ults:indicate»that by
Iﬁcfément 11 the'animéls Qé?e abl§_to determine the goalbox
_‘fhaﬁ contaihed»ﬁhéfreWérdr thoﬁqh;théir,ﬁerfoiﬁahCe declined
in Increment 12. Al£h§ugﬁ asSeSsmehtiQf the compbsife |
leérﬁing setS-CGC:means‘provides indications that the
subject.Were associating‘the cﬁes.with thé reward( an -
._evaluationiof ﬁhe'ihdi?iduai.cué CGC meané'feveéls~that use

of the separate Cues was inconsistent; These findings'hot
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only'generate some:doubt‘as to whether'the'subjects were
iactually u51ng the cues to locate the reward but they also
confllct w1th the hypothesis that the subjects would be
'oapablehor navlgatlng the maze using allvthree of‘the
epatialvoues. | |
liComparingithe subjects’ CGC in the dlfferent‘LSs,
however,vyielded_eome;inslght as‘to the oonflicting findlngs
i,from analysesyuéing all LSsley‘Inorement l2,‘the;subjectéf
oombined'LS’perforﬁance for‘correctlytohoosing the goalbox
hpaired with the reward-was dramatically‘louer in LSs 2 and_3
than in LS 1. When the cues were asseSsed-singly, the means
were‘also lower in LSe 2. and 3 for the light and the
landmark.cues}.Whlle Seldman,(l948) found~lnd1oatlons;that
sliders'(Trachemys 3cri§tal\were ablehtoveffeotively reverse:

a direotion’habit; Holmes and Bitterman’s 1966 study, using

palnted turtles (Chrvseﬁvs*bictafoicta)».dlsoovered that
even though the turtlee were capable of preformlng a spatial
hablt reversal they were unsucceeeful at'rever81ng a v1sual
hablt Although the current study was not'a tradltional
yreversal paradlgmtltvdld requlrevthat the tortoiees unlearn
‘the‘aSSOoiatiOn of the cue and reuard from the previous LS )
to relearn the neu cue and reuard‘aSsoolation in the neXty
LSs. Like‘Holmes and Bitterman’svanimals, the‘tortoiées in

~this study also seemed to‘be,unable to reverse a visual
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the next two LSs.

“ction between the cue « .

“the most sizable increase in.




”ligﬁt cue éubjectstshOWédva strénger‘éssoéiétion:betweéhvthé'H“
cué'and-thé reward and Were.éble.to détefmiﬁé’the cofréct  
goalbbgvat a gfeatér fﬁequenéy‘than thé dtﬁer‘tw§ groups;._
Théréjaré‘seVQ#al poésib;e réasdns why thevfiﬁdihgsaof 
.‘Expeﬁimentvi did hot:agree;Wiﬁh‘thé hyppthésis and why the»
light cﬁe('ﬁdt thé landmérk'gue( wés‘beéngfusedvat‘a gﬁeatef
rate. Biegler_and Morﬁisb(199é);egplorea thé.impofﬁance Qf‘-f
landmark Sﬁability tQ SpatiéltpéffOrmaﬁQé. In.spatiél :
arrangementé that‘conﬁainéd éither'fixéd orvshifting
landmarks,»these.ﬁeéearchers-eStébiished:that rats’ contr@li
Qvér.seéfcﬁfiqcatibﬁ wa$?ios£ Qheﬁ the lan&ﬁafkiuééd to |
‘vpredict affeWéﬁd‘waé-moVed éréund within thé,t?ial'érena,
vBieglér ahd Msrfis‘éﬁggéétea'fhét thé»aniﬁals werebusing‘L
spatial relafignships‘amghg the.rewafdiaﬁd_COﬁtéxtgalféues;
as weli'as the léﬁdmark cﬁé; to ‘determine a‘seaféh loCatioh.
When the laﬁdmérk'designating the reward‘was‘moﬁed;lit
diérupted the.cofreia£i¢n of ﬁhe other cues to thé’reward
Jand ied tQé'redu§tion invieé£ning,
| 'lCheng'S (1989) vector sﬁm*madél'aiéo defineé‘navigatioh,
as‘béing»béséa'on relation$hipslamohg sevérai éués |
 ._sUrrOundihg a goai; When a cue_ié repositidned, the animal;s
'searCh‘péttern adjuéﬁs acgording to the Weighf placédtgn
" that cue;‘Cheng féﬁnd,thét pigeOnsvﬁendéd‘to‘place'more

"weight_on nearer lahdmarks,vs. farther cueé'aﬁd_Would use
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2laﬁdmarﬁi ue and consequently»guldlng'the aubjects to the_,

t-[fgoalbox loca"d at the end of the.maze wall _”ff”ﬂ

The’s ggestlon that thf ‘movemen ,Qﬁtthgflahamarkacaégf




' naturalveccurrehceS'and S0 prevideva»potential reason as to
why thegiﬁcrease ineCGC for the‘landmark cue was net
signifieant.‘While'some learning.would(Occur, itEWOuld be
impeded by the movementvof the cue (Biegler & Morris, 1996).
Etienne, Maﬁrer, and Séguindt (1996) also concluded
that‘stable.landmarks have‘an importantvimpact on SEatial,r
abilities. In their study;of mammal peth integration and |
landmérk_isferacfieh;'theybfoﬁﬁd‘fhat aﬁimeis relyjon:an’,
eiheerporetioneOf peﬁh integretionvand sseble lsndmarks‘to‘
deterﬁinevfoutes éﬁd.ieeations"of particular goals. In
hormal'conditions, the use of lahdmarks is‘preferred‘over:
‘path integration te‘move within a familiar environment.‘
‘However,'when discrepancies in spatial iepresentations
voccﬁr, such as when a landmark i1s moved in relation to other
cues, -and learned external spatial references are,no:longer
feliable;'path integration becOmes‘the dominant vector. As
previously discussed, the movement of the landmark cue in
the current study could have prevented the tortoises from
establishing a coﬁclesive association between the cue and
the locatien of the reward. This may have resulted-in the
subjects trying to epply idiothetic‘coding to help pilot
them to the goal. As dead reckoning is_most effective'wheh
used in’conjunctieh With reliable visual landmarks (Etienne‘

et al., 1996; Gallistel & Cramer, 1996; Schéne, 1984),

49



utilization'of path integration>WOuld $imply»pilot the
animals béck fo the previously»visited goal bog.v
.Although no reéearch hés béen dohé 5n the‘desert

" tortoise’s:ébility té’use path integratién,-it is a
ipléusible ofieﬁtation stfatégy for this species; Several
studies (Beﬁhamdu; Séuvé; &'Bovet 1990; Bovet &bBenhamoﬁf
1988;_Etienne et al., l996)-haVe’sug§éstéd that the ability
to utiliﬁe a path integratioh syStem for foraging would be
ép impéftant adaptati§n for sqﬁVival, especially. for species
ﬁhat ﬁust'forége fromia'cehtfal,ioéaﬁion (Efiehne’ét alg,
‘19§6f.vThé'desert tértoise IiveS in a habitat that yields
"Vériablé amounts of'forage théﬁ is sporadically plaéed. In
the”hiéh témpéréturés‘of thevsﬁmmér-mbﬁths{the‘tortoise must.
locate the available food»and'thehﬂréturn quickly to
sheltér..Empleingia'ngvigatioﬁalnétrategy‘that chbiﬁesvthe
use of‘landmafks aﬁd pétﬂ intégﬁéfioﬁ Qould be the optimal
methoa»of,fotagihg f&r this spécies. Unfortunately, the
moving’cue‘in the currentRS£udy would obstruct such an‘
V approa¢h'to navigation as it would not'be a reliable
‘refefence.:

Thé_mbvément ofvthe:light cue, howéVe#, may not have‘
caused'thevsame level Qf discre?ahcy among cues'aﬁd reward
-as the mévément bf the landmarkzcue. Disﬁal cues differ‘froﬁ

proximal cues in that they’do'not directly indicate the

50



_The brightness




tendencies‘(DeRosé &vTayiéf,'1980)vand-desert tortoises have
'been ﬁoted’té react»toia humaﬁ appréxiﬁatély‘60.m away
(G;oVér‘& DéFélco, 1995).1In £hévcurrent study the,su5ject§
wére:often Qbéefved craningrfheir ﬁécké upward while ﬁoVipg'
inrfhe maZe.‘This evidence of'hypérOpia would suggéstvthat:.
»désert tortoises can‘effectively:use.distal éues, sﬁ¢hlas
mbuntain rangeélahd‘the sun, fo#inavigation‘and'may have an
~innaté;predispdsition‘to oriénﬁ toward‘a highér cﬁe. If So,
»i£ is‘iikely‘thatbtoftOiées wQuld naturally navigate.towaids
cuéS‘ﬁhat afe abé%é éye ie#él énd far£hervaway/ suCh‘as théb
', 1igﬂt éué uséd in tHe2¢ﬁrreh£fsﬁudy. Anothef poésibiiity ié
that'the;vértical1shape fo£heilandmark*cué’was difficuit_
for fhe animéLs\t§ distihguish:again$t the gbalboxfwalls and'
the'uée of ‘a diffe:eht'shapea,iandmérk méy hé&e béen more‘
effective.» | | | | |

| : Althbugh it‘was conjectﬁred'éhaf thé sUbjects would be
ablé tQ‘Employ théfédor cue to locété the reward, the |
,subjecté_actﬁally.dééreaéed‘théir CGC across inérements
using theYQdor,cue, Neveftheless,.theSé‘reSﬁit do not
’defiﬁitively indicété fhat the deéert‘tortoise does hot,usé‘
“odor cﬁés Within'its environmént..The cﬁ£reﬁt'Study’reQuired
that‘the'subjects use the épatiélicues to iobate é food |
'reward% hence the:findihgs can thy‘be generalized to the

’animalsf’foraging'behaviOr. PhySiologicallyL chelonia appear
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'loss of subjects from ﬁhe»sfﬁdy'left the landmark cue groﬁp  v
‘withdut animals from_the.3—year—oidigroup. Consequently,vthe'
compaiison wasbconductediﬁsing the data from’all-the LSs.:As
idiscussed eérlier, the LS in‘which a éué'wasvaSSigned to a |
subject’éffectéd thé percentage of CGC fof that_squect}
Therefore it can be presumed that, siﬁce none of the 3-year—-
olds.wefe t;ainedlwith'the landﬁarkzcue in LS 1, the total
landmark'CGC would be low Cbmparable’to’thé other agé'grdups--'
and‘éo éoﬂfbunding1the'results‘from,thé Overall‘analysié.
Analysisiéf thesubjepf’s goalbox positioﬁ préferences
yieided some~intriguing:findiﬁgs. in the firSt LS the
animals did show a preferencévfor ehtering the right and
left goalbdx o&er the middle’goalbox. These findings suggest
that the subjéCts.were using chtextual cues whilé
:traversing=the_maze‘tovcompeﬁséte for the movement of the;
éxperimental cue. The maze walis would guppiy thé éubjects a
‘stable iandmark, similar to a ﬁrail, leading direétly to
either'ﬁhe right or left goalbox. If the maze walls were
~used in conjunction with the experimeﬁtal cues, the
combinatidn coﬁld prSibly pfovide én éVen more reliable
’predictor‘of‘the‘reward locatioﬁvthan either spatial cue
alone despite fhe‘movement of the experiﬁental cue. Biegler;
'and>Morris (1996) determined that rats were still able to

‘use paired landmarks as a predictor of a reward even when
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the pair waSimo&ed.va so, such_use“ef‘the meze'walis_would‘e
suggest that_fOllowing a trail is e peteﬁtially importaet
spatialvreference mechanism used in‘tortoiéeinavigation and
otherbeueseafe-usedito‘aid’in.determining which trail leeds
to the goalﬁ | | |

: While_the sﬁbjects entered the_right end left goalbexes
more‘often‘than,the middle gealbex in LS 1, no such
?references were_seen'in‘LSs 2 and 3 as the subjects
randemly chose'eﬁonéjthe‘three goalboxes. The lack of
goalbox position prefefeneesiin;LS 2 ande3 support the
conjecture that the;éssoCiations between cues and reWard
formed in LS 1 were"eausing interference for subsequent

associations. .
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‘,yEXEERiMENT 2vv "
‘  Method$_
"Préchuresf CL '
_‘TheneXperiment étafted threé d$ys éfter the énd,Qf fhe
léSt lea£ning set:in Expé£iment 1. Thelsamé subjeéts uSed?in‘
‘Expériﬁént.l‘Wéréfrﬁn usiné thé'samefappérétus and‘spatiéi'
cﬁesjfdr 12‘day$,df six trials per day. Each déy consistéd‘ ‘
of:thfee‘teSt‘tfialévand’fhreé retfaining'ﬁrialsf Eaéh‘fest
“ trial Was-followed by aL;etraining't;ial to‘preVent  
 extinéti6n of ﬁhe.maze runnihg behavior.‘The‘Qrdér that each
éhiﬁal wés‘rﬁn wéSfrandoﬁiy‘seiected; For»ali tfials,'the
éhiﬁal Was placed,in,the startqu with the door and 1id in
’plaCe.iﬁfter 3O s fhe éXperimént¢r~removéd the door and.iid’
‘and‘the animal was alioﬁed tOffréeiy éhoose‘oné Of the‘three
"goalbogeé.‘EéCh'ofbthe three gOalboxeé was‘markéd 59 one of
vthé three‘reference Cuesvbpt no fdpd was available; The
érderythat thé cues;were éésigned totﬁé:three goalboxes for
ueéch_trial}waé-cduhtérbélancéd. A‘cue,choicej(CC)‘was
 Cbh$idered‘a>éubjécf entering andvcroésing the,line at the
énd‘of‘the goalbox; The animal was thgn replaced into thef
"ASt§rtbox.ahd,the retrainihg trial was begﬁh. An animal
refﬁéing £o:leé§é‘the start;b§£'afteri3 miﬁ‘wés returned to
‘thevstartboxiand the_triaivwas gohside;¢darno—trial. TheA

retraining trials were run the same as the trials in
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Experiment 1 exceptiall three cues'were used fci‘each
subject'en all tcial days so that each eucject.was retrained
an. equal number of times for each cue. The'goalbox'order'fcr
each retraining trial was_counterbaianced; Expefiment 2 was
‘completea‘when ali'subjectsvhad,participated iﬁ_all test and
retrainihg trials. N
Results

The data from Experiment'2 was prepared for analysis by
diViding the 12 aays_into'foﬁr‘blocks oflthree days and
calculating the pefcehtage'ofatimes thac'eachvcue Was chosen
during'the‘teet trials-for each group. The transﬁormed data
was thenvtestediusihg a cne—way ANOVAf Only‘a ﬁarginally
significant difference in CC wasvfouﬁd'amoﬁg the landmark,
light aﬁd odor cue means, E(2, 22) = 3.36, p = .053. An
exaﬁinatioﬁ of the within—subjeccs cohtrasts, nevertheless,b
found that the deviation between the landmark'and the odor
cue CCs wa‘s_sign'ificarvlt,‘ E(1, 11) = 9.06, p = .01l. A bar
graph depicting the CC means (see Figure 5) illustrates,v
"that while the light and odor cue were chosen at an almost
equal rate, the choice of the landmark cue fell

significantly:below chance selection.
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Table 5

RAnalysis of Variance for Cue Choice by Subject Age

CE

‘Source - df - ‘ . ‘v  - cc

Betweéh'subjects"
’Age (A)Z'if ;bf .27 e R : ‘;“1 L OiSO

Error e 9 : u‘}v . (.0006)

Within subjects
Cue(C) 2 . o438
cxa 4 S 2,69

Error 18 | L (.005)

Note. Values in parenthesis represent mean square errors. CC = cue
choice.

*p < .05. **p < .01,
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Figureve;JMééh’percénéloffcue §ﬁ6i§e by aéebfo£ all test trials;
vihéipéidenp‘of times'éééh‘subjéct Wés‘reWé£ded fbr.eaéhj
Cué in the retréihihgvtriaIS'waé:alsoiéxaminéd,vas'this
couid.be a ﬁdséible ihdication;of cie léarning. A éne+wéy
ANOVAvuséd'to test the‘dété‘fqund thét thére wés no
significant main effect for'cue.réward, nor were there ahy
Significant‘différences,found betwéen the means whén‘the 
‘Within—subject Confrasts‘were inspeéted. A bar g;aph of the
cue reward méans‘(see Figure 7) showsithét tﬁe percent thé
subjects were réWérded for the‘chrféct response was iny at

approximatélyvchahCe level.
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Figure 7. Mean peréent of rewarded'due choice in,allbretraining-~ :

trials.

‘Tabié'é shéws the resuité fiomlé 31x:3 (age’x cué)
mixed ANOVA'With repéatéd_measurGS'that wésAapplied to test
‘fof age'differénces in’cue‘rewérd,iNo $ignificance was fouﬁd,
"for_ﬁhe cue éf'égévméiﬁ effects,'df'fo: the iﬁteraction; A
bar gfaph of the means (éeé FiguiéVB);lhOwevér, shows'théﬁf
 though the\Subjééts Qere rewafded_fbrIUSing the landmark éué
atJaa¢§#Sisﬁeﬁt émOunt fo£ ali‘three age groups, the |
_peréentégé thét tﬁé'subjéqts wéie.rewarded for usingvthe

- light and the odor qu fluctuated slightly'by age.
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Figure 8..Mean percent of rewarded cue choice by age‘for all
retraining tfials. ; |
" Discussion

‘AlthOﬁgh it Wés.exﬁected thafﬁthejsubjects would
demonstratéa.pféféfénce‘for‘the landmark cue when all three
cueslwerevpreséntedttogéthér, thisihypothésis was not
sﬁpported»by»theldata from Experiment 2; Conversely, the
iandmérk cue Waéléhosen thé‘least, and surpﬁisingly;bin
contrast to‘the findings in Expe:imeht 1, the subjects
,selécted théiodor cue the highest pefcentage éf times. It iéi
believed;»however, that‘the design of>the cﬁrrent study led
,‘tb'theéé_éontfédictdry fiﬁdings.,Theioverall higher
percéntége‘ofrodor‘CCLméy ﬁot be due ﬁo a:?reference for the
odor cue but to an‘exﬁinCtion of the associations'betweenv

~the spatial cues and the’rewards.‘Overtraining has been
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theorizeddas:increasingethe_rate‘of.eXtinction,dthough;the
elementScontributlng to‘this phenoﬁenon are unclear.l “
(Macklntosh 1974 p.l423—43l)‘ If such a theory has
valldlty, than the. considerable number of trials the
subjects underwent in Experlment 1 should have 1nfluenced
the results ofvExperlment,2 andpaccelerated’thefextlnctlona
ratefof the cue/reward,aSSOCiation;;The magnitude of the
reward in Experlment 1 mlght have also affected the
‘ertlnctron rate‘ Macklntosh c1ted a study by Pert and
'Bitterman’ll970) that found-that large rewards inhibited
,extlnction”inlturtles. In the current study,»however, only a
ﬂsmall rewardeas availablento the subjeCts,‘so such,an
inhibitiOnhwouldnot havenoccurred.>It.can'also be
speculated that the interference eéperienced‘in Lss-2 and 3
" had a- notable effect on the data of Experlment 2“affectlng
' both the extlnctlon rate of any assocratlon ‘and the
subjects’ abllltyjtobgrasp whatvwas belnd requrred of_them
in Eéperimenti2; | |

The cue that was chosen by the subjects in the first
trialof Ekperlment 2, however, dld yleld some 1nterest1ng‘
-flndings. As the subjects had recently concluded the
‘tralnlng trlals of Experlment 1, it would be: expected that»
llrf'the subjects had developed any‘assocratron'between the.,‘

spatial cuevandrreward in the last LS then'the subjects
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wquld enter thevgéélbox marked by that cue. This was true
.fbr fhe landmark cﬁe group and éll buﬁ one subjeét in the
‘lightvcue groupv(a total of fi&e subjécts);.but only one.
'subjectlfrbm the‘oaorbcue group chose to enter the goalbox
: designated‘by the odér_cue‘on the first trial. The remaining
five‘Subjects seléctédvthe gbalbox‘thAt was marked.by the
assigned cue froﬁ LS 1; While it is nét possible to
forﬁulaﬁéva solid conclusion from such limited,data, these
findiﬁgs‘agree with the findings in Experiment 1 that the . :
light and.léﬁdmark cues were more salient to the‘subjects
~then:the odOr cue and'sfﬁengthens the asSertioﬁ that odor
may hét be'used‘as‘a-spatiai cuevby-the tortoise while
foraging.

Althéugh there was ﬁo significant difference in CC among
the cués, the slight ége differenées depicted'in the graph
suggeéts that age variations in cue use may exist. Such a
pbésibility ﬁeeds_té.be further examined.

It was thed thatvan analysis of the percent‘a subjeét
Waé,rewarded for using‘a cﬁe infthé rétraining trials would
3élso prbfide an iﬁdication as to Which cues Were being |
e‘mploYed by thé 's‘lubjécts to locate the reward. The premis-'e'b
uéed was 1f the animals had made a‘sﬁfficient asSociatibn‘
betwéen é cue and £hevreward theh the subjects would

continue to utilize that cue to obtain the reward in the
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“retraining trials. Unfortunately, there was no evidence of
such an association as the subjects were rewarded for using

each cue at chance level.
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,‘GENERAL DISCUSSIQN;AND IMPLICATIONS

Desert tortoises appear té ha&eva reliable‘understanding
of their_home iangesvand are able to locéfe‘essential
features in their.habitats efficiently (Berry; 1986; Grover
& DeFalco, 1995; Jennings, 1993). Thé’findings of the first
éxpe£imentbstudy’suggest that this species usés a:light'cue
.fof foraging. The iight/'howeQer,‘éOuld‘haVe represented
seveﬁalftypés»of'Viéﬁalrépatial Cués to'the animais; such a
distél.laﬁdmark (i;é;} ﬁoﬁntainbranges), as‘it Qasvpiaced N
above eye level, or‘tﬁelpdlariéed light of the sun at the
horizonf(SQhéﬁe, 1984; Waterﬁap,_l989). Althougﬁ the ;ight
© in the current'éxperimenf did.n§t replicate the sun’s
movement, the uSé of thé light éoUld have also indicated'the
subjecté’ abiiity.to navigate using a sun compass, as the
'horizontél motioniof a light‘buib hés been found to elicited
orientation behavior similar to that causéd by the sun in
vhoney bees (Wétérman,>19é9).

To uﬁdersténd the deéert'tbrtoise’s‘ﬁavigational
.proficienciés fuliy, deteiminingkhOW'the light cuéVWas beiﬁg
~employed iéihecessafyw If'the desért tbrtoise‘is'found to
only use a lightfanalOgous to a landmafk it WOuld suggest
thatvthey employ piloting, or use familiar‘laﬁdmarks, to.
establish their position. However, ﬁSihg the light as a

celestial'Cuevwould indiCate that this species 1s capable of
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compensatlng for the moveﬁent of the sﬁn and“can use true.

' nav1getlon,vwh1ch is the ablllty to‘use the relatlonehip
betWeen'tWO“1ndependentgreferencevp01nts to establlsh a
'cotreet‘rehte (DeRosa &.Teylor,'1980; Schoéne, 1984;
Weterman, 1989), TQ determine1Whetherje_speCies uses sun

- .compass navigation, a clock;shift‘experimeht can be
adminietered (Waterman; 1989) . Avclock;shift experiment
involves treining the subjeCt‘te locate a goal at.a

: patticular timevof daybee thet the‘goal is located at a
‘specifie angle_to‘the‘sung The‘animal’s internal clock 1is
than manipulated by deiéying the ehbjectfs exposure to the
day—night_schedule.'When:the animel is returhed“to the
experimental erena? the direction the subject takes to
locate the goal is noted. If the animal isecapable of using
a sun compass, then the goal should be miscalculated by the
degree of sun totatioh,cotrespdndihgbto the time'delay. If,
| howevet, the subjecthreturhs to the original-gealbeosition;
thistwohldesuggest that the:animal is using some other cue
for otientation.

The deeert»tortoise‘might aieo use'distal‘cues, such as
~the light’cue in this stﬁdy, ih eohjunction with'trails and
proximal landmarksto_previde ﬁore’brecise informatien as to
~ the location of‘thejgoal. Such a possibility was indicated

by the data of Experiment 1 and needs to be investigated;
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Tﬁere_is the potential tﬁat the”light cue was‘ohly being‘
used by the subjects to strengthen the spaﬁial information
- provided by the_contextvcueé of the maze and 1is not a
ﬁrimary'spatial cue for the tortoise;t‘i_

Moreqoncluéivefteéts'aléo.neéd t;‘bé run.bn1tﬁé”desert'
tortoise’s use bf landmarks. Studies using léndmark |
cohditioﬁs; éuch as.a’staﬁiciiéﬁdmark or léndmarks:in pairs, "
thatihave been shoﬁh to'élléw Subjecté”to_form rQbﬁSt
spatial associations need»fé be appliéd‘és tﬁe movingb
- landmark qoﬁdition in the cu:réntiétudy haé been evidenced
as_impedingvlearﬁing (Biegler & Morris,-1996). Other
iandmafk féatures,isuch as mégnitudé/ushape, and cdlor neéd:
tQ be explOred‘aé well. It»is poséible that the desert
'tortoise.rélies,more on cerﬁain categories of landmafks
(i.e., large»rOCks.vS. bﬁshes), as they represent more
stable components of the environment.

Lastly,vstudiés need to bebdone using aqditional réwards
besidés fbod, as the spatial cues uéed ih.foraging may be
bdissimilar from the cues used to ldcéte other needed
reSdurces. It is feaéible that odor'piays anvimportant part
invloéating watér and matés: Since Wéter‘is such a transient
commddity in a desert, the use of landmérks or sﬁn compass
orientation may'not be the'mosttpractiCal methdd-for

determining its'locality. While both of thése spatial cues
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Wéuld érient‘the tortoises to where water is often found,
neithef landmarks.br sun com?ass éfientafion would'provide
ihforﬁatién as to itsfavailability./Following anvodor
gfédiént, however, would noﬁ only lead the animals to the
lécatioﬁ df water,vbutvwould also help ensure that water
wouid be accessible. This would be an:important adaptation
in an environﬁent:where stéred.bodyvresources depleted by.
travel wouldvbe Qiffiéult to replace. The search for mates
N might alstBé faciiitatéd‘by thé-uSevof odors. Tortoises'
haVe'been‘shOthto use sevéfal»burfows withiﬁ'theirvhome
 ranges (Jéﬁpings, 1993). By using»Oers emitted from the
female’s cloaca,vthe male would be,prQVided with a trial
‘Ehat_lead fd her exactblocation withéﬁt needlessly expéndingv
energy.

v Although the findings of‘ﬁhis study weré inconclusive as
to the desert tortoise’s uSe of light, lahdmark, and odof
cues, it was indicated that there is a difference in spatiai
cué use by this species. Such variations in cue use need to
:be invéstigated,»as these di&erse methods of course keeping
could have very different éonsequeﬂces on felocation
‘attempts; Persons involved in such projects need tb consider
what cues arevbeing used by the tortoises to move
-productively through their habitat. Not taking into account

such cues or allowing time for the animals to orient to them
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could eausehthe less betortOises freﬁ:the new sites. It
tertoiees are orientinguto broximal landmarke theh the.
anlmals ‘could be mov1ng off relocation 81tes‘ln search of

' famlllar'landmarke. Addltlonally, 1f tortoises are capable
of true natigatien,bthen relocation projeets face ah eVen1>
greater'challenge:ih preventing the animals frem retufnihg
to areae'that‘are'ne longer appropriate habitattas moving
the‘animals,to»areas that are tdc close te their original_
home tertitories may}enable the-tortoise to use distal eues
or sun compass orientation'to move backvtevtheir.initiala-
sites.

vThis,study'also presented uhexpected information‘

concerning the desert tortoise’s spatial learning abilities

that cOdld.effect;relecatienfpfojects. The indication that
the subjects had.difficulty in relearning the maze ueing a
hew Spatiai cue could signify.that thevtertoises would’hate
a difficult time’reiearhihg a new'nataraiihabitat. Animalsv
that ﬁust be'held in enclosufes befote‘heing releaeed into
relecationrsitesvcould be a£fan even greater_dieadvantage
andhtake lonéer to adapt to theirﬂdestihation then ahimals
h m0ved difeetly te‘their new home*areae;-The age ofithe
anlmal could'also be a factor in thelr ablllty to adjust to
‘ abnew chatlon. Hatchllngs that have never establlshed ah

spatialarepresentatloh Qf_an a;ea may relocate with less
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difficultly than older animals that have acquired
 substantial:knowledgé'vatheir firét‘énvironméﬁtf

It is essentiél'tﬁat all‘bf these factors are.
investigatéd if relocation efforts are‘té-be efféctive.
Until suchltimeﬁ'hoﬁever, ﬁhe fact that the desert tortoiée
Vdoes have a spatial awareness_of their‘environmentrneeds to
be qonsidered,ZIt is_reasonable fo‘assume‘fhat relocated
animalé'will éxperién¢e disériéﬁﬁation énd‘attémpﬁ‘to‘fiﬁdv
familiar_spatialvcues that will‘inform them Qf their ‘ |
location. Ag‘a solution,‘confining the‘animals in their new
aﬁeas would ptévenf the animals:ffom moving off-site and
allow them to familiarize themselves with the features of
their new hébitat. Such‘strategies may enable relocated
tortoises to become established in habitaté that Qill enable
them to reproduce successfully and thrive, thus allowing
them to be removed as a threatened species from the Eederél

Endangered Species Act (Federal Register, 1994).
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A:\cuextrial.sav

trial3

age set# trial1 trial2 trial4
light 1yr ” 1st '35““ a 33 37 43
light 5 mo 1st o 25 27 .60 .40
light 3yr st — —i;; 25 25 44
light . 3yr 1st .22 | .30 .10 30
landmark 1yr 1st 25 24 21 .33
landmark 1yr 1st 42 .33 .33 .30
Iandhark 5 mo 1st m 23 22 .37 .28
Jandmark 5mo 1st 33 29 34 33
N Jandmark 1yr 1st : 4100 .00 34 21
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A\cuextrial.sav

trialS triale trial7 trial8 | trial9 trial10 trial11 triall‘lz. ‘

o s | wl | e s o
2 _ 42 : 45 41 ~ A7 .39“ 47 40 79

3 " 27 32 Aaom ] N —.:ss 35 43 43 58

4 33 41 44 29 A7 41 48 42

5| .23 47 40 42 30 47 53 63
é; 20 —4—7 42 | 42 48 A7 50 53

* M7~ 52 - ;7 . —V 17 _‘ 41 33 .40 33 36
8 33 37 .40—‘ 46 48 42 47 48

9 33 27 35 30 43 53 63 71




A\cuextrial.sav

cue age. - set# trial1 trial2 trial3 - trial4

10 “ odor 1yr  3rd 25 N ;f; .40 .36

1 odor 3yr 3rd 58 - _ 40 43 .40
;2 odor 1yr ,grd 46 — .3; _- 57 —_'.47
13_  _ odor 1yr 3rd ._-.32 _ .;3 A3 57
14 - odor 5 mo 3rd .30 .20 87 .40

15 o'do:_r 5mo 3rd ) 42 40 57 43

16 light 1yr 3rd .42‘ .33 .63 46

17 light 5 mo_- 3rd .31 27 71 40

18 Iighf 5mo B 3rd .50 37 .57 43
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Ai\cuextrial.sav

2-2

btrial5 trialé trial? trial8 trialé trial10 -trial11 trial12
10 33 50 52 40 3 30 33 33
11 25 23 a7 29 40 31 33 50
12 27 ' 33 ""“‘_.,30 i 33 43 a7 47 20
| 13 29 31 29 31 31 33 28 31
14 33 29 35 - 33 37 37 35 29
15 27 a7 27 32 27 17 40 29
16 46 46 46 46 .46 46 .48 48
17 43 25 36 27 32 33 50 42
18 31 31 32 "t43 47 A3 57 54




A:\cuextrial.sav

cue age set# trial1 trial2 trial3 trial4
19 light 3yr 3rd 243 .35 .53 .47
20 landmark 1yr 3rd .07 .30 A7 .23
21 landmark 3yr 3rd 42 27 .50 46 |
- e
~J ‘ :
22 light 1yr 2nd .33 .33 27 23
23 light 1yr 2nd 50 40 28 50
24 light 5mo 2nd 37 40 45 43
25 light 1yr 2nd 37 27 18 28
26 landmark 3yr 2nd .33 .23 27 .20
27 landmark 1yr 2nd .43 .43 .30 .21
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A\cuextrial.sav

trial5 , trialg trial7 triéle trial9 : ‘trial10‘. ‘ trial11 trial12

19 31 29 28 14 40 36 .35 33

20 .50 23 20 _ A7 A9 13 .25 17

21 40 B 33 .30 N 3 37 37 28 29

22 37 25 40 -. A.33 37 37 - .30 37
23 43 38 30 33 37 .25; .83 39

24 19 47 33 33 53 43 47 —5o —
25 28 31 19 27 .32 13 26 o
26 22 32 27 25 33 27 40 .25_“
27 23 33 38 - 47 40 37 39 - ‘
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A:\cuextrial.sav

cue age sei# trial1 trial2 trial3 trial4

_ :Qt; # I.andmark 5 mo ‘ 2nd 23 .30 _ » 23~ .21
B -2—9 landmark 3y 2nd 38 39 i 19 28
30 landmark _ 5mo ond - ;7 o _.57 43 27

31 odor W 1yr : _1 s; .40 .00 20 33
~;2 . _;dor - ~5mo 1st‘ . .38 .30 37 .37
33 odor Byr 1st 39 41 32 40

34 odor 1yr 2nd 23 38 50 47

v_35> odor 5 mo m 2nd. t38“ .50 .26 .25

36 _‘ odor 3yr 2nd .26 .37 .40 » .40

41
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A\cuextrial.sav’

trials tria!6‘ a ‘ trial? trial8 trial9 trial10 - trial11 trial12
_28 : 43 37 21 "' .33 .33 40 33 33
~29 13 35 2 25 46 a7 — 30 h 41
30 .33 .‘27 ) —_.47_ A1 .36 20 .50 43
31 39 21 33 45 14 30 39 30
32 .38 47 40 29 .46 46 .37 33
33 | .18 27 50 43 37 37 35 B 30
34 30 24 .37 .40 27 23 .39 ‘ 37
35 33 15 32 31 26 A3 24 50
36 56 33 23 18 43 ar 38 33
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~ Cue x Increments

Descriptive Statistics -

S

.. cue. .. | Mean |Deviation| N ..
~[TRIALT . landmark | . .2883 1389 [ 12
| 7 Cignt 3742 | 88202 | 12}
odor 3642 | 9.97E-02 L2
, Total 3422 1146 36 |
TRIAL2 | landmark |° 2975 [  .1364 | 12
" light 3225 | 5.15E-02 12
* ‘odor - ..3375 1298 12
Total .3192 1107 36 |
TRIAL3 landmark. | 3067 | 9.92E-02 | . 12
Coodight ) 4117 1974 12
odor 4267 | 1351 ©12
- ‘Total .3817 11550 36 |
TRIAL4 ~ landmark 2758 | .7.46E-02 12
| light | .3975 | 8.315-02 12,
odor 3792 . 1010 12
. Total 3508 -} .1004 36
TRIALS ~ landmark .3208 11235 12
’ " light 3442 | 8.02E-02 12
odor 3233 | 9.39E-02 12
| Total 3294 | 9.85E-02 | 36
TRIAL6 ~ landmark, 3458 | 7.30E-02 | 12
; light 3558 | 7.90E-02 12
odor -.3167 | 9.93E-02 12
‘ . Total ' 3394 | 8.38E-02 36
TRIAL7 . "landmark 3142 .1026 12
"light ©.3500 | 7.79E-02 12
" “odor .3542" | 8.67E-02 12
Total - 3394 | 8.89E-02 36
TRIAL8  landmark : | . 3517 | 9.49E-02" 212
light 3325 1193 | . 120 .
odor | . 3367 | 7.40E-02 |V 2 f
.. Totat! :3403 | 9.54E-02° 36
TRIALS  landmark 3667 | 8.72E-02 | . 12
. light 3792 | 9.08E:02 1 12 ¢
odor 3367 | 9.20E-02 12
, Total - 3608 | 8.92E-02 36
TRIAL10  landmark .3667 1153 ) 12
J light. 3775 " .1007 12
odor . 3175 | L1082 12
. Total 3539 | .1069 .36 |
TRIAL1t  landmark +.4092 1170 12
‘ © light 4650 1471 12
" odor 3567 | 5.93E-02 124
.~ Total 4103 14192 36|
TRIAL12 ~ landmark 4133 1555 12
light’ 4525 1917 12
" odor .3458 | 7.55E-02 . 12
TALTZ ~ Total —.4039 1515 36
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| Source " -

1 Tests of.vwi_hin-quje&s:Contré_si‘s

Source

Measure: MEASURE 1

Transformed _ |
Variable !

Type

“Sum of
Squares

Codf

1 Mean
Square. |

F

Sig.

‘Noncent.
Parameter

| observed: ‘
Power® | -

FACTORT

“FACTORT_1_
© . FACTOR1.2
~ FACTOR1_3"~

FACTOR1_4 .

" FACTOR1_5"
" FACTOR1_6

FACTOR1_7
FACTOR1_8

- FACTOR1_9
" FACTOR1_10| -
* FACTOR1_11

1.9E-02

C27E-03.

" 5.9E-03
2.8E-04

- 1.2E-02

137

- 1.4E-04 |

| 4.9E-03 | -
167 |

- 1.9E-02
" 5.6E-02 -
2.7€-03

. 5.9E-03 |
© 2.8E-04 |.
28E-04 |
1 1.4E-04 7}

{ 12802 |-
" 4.9E-03 |

167

43T

1.261

218
187

3.700

S8

Cots |

270
187
643

668 |

.902
907

Cig22
,1‘9‘13"5.
oz211

665
011
063

1.261

1817 |

218

87 |
015,

014

191
7.211
3.700

922 |

193 )
288
o7a | -

070

052

.051..

L 741

463 |

f cue

FACTORT -

" FACTOR1_1

FACTOR1_2
FACTOR1_3

_FACTOR1_4
FACTOR1_S -

FACTOR1_6.

. FACTOR1_7 .
. FACTORI_8 |
FACTOR1_9 |
 FACTOR1_10
"FACTOR1_11 |

2.2E-02
| 1.2E-02

3.8E-02
. 7.1E-02

' 8.4E-03

- 1.6E-02
78602 | -
TAE02 |
95E-02 |

Ca28 ]

1 11g-02
- 5.9E-03'
" 42603

1.9E-02
3.56-02"

-8.0E-03
U 3.96-02 |
. 3.5E-02 |
4.8E-02
1 5.4E-02 -
6.4E-02 |

739
191
.345

. .598
1.961

S.3997

2597
2.608
1.853
2.339. |

485
827

711

. .556
R LY 4
. 674

090 |
089 |
. :_;_173
112

T 1479

©.382

690 |
11957 .
3922 |
. .798
5193
. 5216
L3705 |-
L4678 |

165
077
.101

4t
37|

109} .

481

g3

358

...337

Emor(FACTOR1)

FACTOR1_1 |-
. 'FACTOR1_2:
" FACTOR1.3 .,
 FACTOR1_4
FACTOR1_S

FACTOR1_6

. FACTOR1.7

. FACTOR1_8
_ FACTOR1_S -
“FACTOR1_10 | .

.403

FACTOR1 11 |

~ 501
1017

" 1038 |
593
859 |
4951
o446
763

BBINN NN RN NN RS w2 afd

0 0 W) L L
AR AR AR AR AR A AR

[
w

. 1.5E-02.
" 31E-02
|1.26-02
| 3:1E-02
“1:8E-02
| 2.0E-02 |
1.56-02, |

1.4E-02

| 28€-02 |
2.38-02

{733

19271

. 3.467

a Computed using alpha = .05

Measure: MEASURE_T
Transformed Variable: Average

1221 |

| a7E02 |

Te;sts vof‘_Bétwveen-Subjeéts"gﬁe;jts e :

Type lll |-
Sumof {0
Squares ‘|-~ df -]

Square .

‘F"'

Sig. .

'Ng’:h'c:ent' .
‘Parameter

| Observed.

. Power®

| Intercept
JCcuE
Error -

4561 foL ]
”'~‘1.:,1Ei.joz o2
8.4E-02 |

33

. 4561
‘5.7E-03

" 25E-03 | .

1790.181 |

~000 [
1230

o 44TY

1790.181 |

T1000 |
a3

L za.Cpmputeq using alpha =,_._05.4

g2

REYS
o)

440 |




" Age x Increments

Descriptive Statistics .

. R S_td. .
._age Mean | Deviation: .
TRIALT  5mo 13392 | 8.08E-02 2]
. 1yr 3207 | .1408 15
3yr 3822 1056 .9
. : Total: 3422 1146 36 |
TRIALZ = 5mo .3408 112 | 12
' 1y 2053 1309 15
3yr 3300 | 6.87E-02 . 9
Total. .3192 1107 | 36
1TRIALZ  5mo 4642 1580 12
S tyr 3453 | 1404 15
L 3yr 3322 | 1442 9}
- [TRIAL3__ Total 3817 1550 36
TRIAL4  5mo 3500 | 7.89E-02 12
1yr 3387 | & 1226
3yr 3722 | 9.19E-02° -9
_Total - 3s508] 1004 | 36 |0
TRIALS ~ 5mo 73558 | 865602 | . 12|
tyr 3293 | 8.72E-02 15 1. .
3yr - 2944 ). 1282 9
. Total 3294 | 9.85E-02 36
[TRIALE . 5 mo 73450 | 9.62E-02 12
’ Loy 3420 | 9.65E-02 15
3yr 3278 | 3.90E-02 9
o Total 3394 | 8.38E-02 36
TRIAL7. Smo 13342 | 8.56E-02 12 -
1yr 3547 | 8.97E-02 | 15
3yr 3211 | 9.79E-02 9|
Total .3394 | 8.89E-02 . 36
TRIALB = 5mo 3383 | 7.99E-02 | 12 1.
1y 3647 | B.27E-02 R -1
3yr- 3022 1277 | 9
; Total 13403 '|79.54E-02 36 |
TRIALS . 5 mo 3758 | 8.97E-02 12
oty 3467 Y| 9.60E-02 15
3 yr ..3644 | 8.31E-02 9.
Total 3608 | 8.92E-02 36
TRIAL10 5 mo .3508 1180 12
» 1yr 3447 . .1233 15
3yr 3733 | 6.00E-02 .9
Total 13539 ' 1069 ‘36
TRIAL11 : 5mo 4108 | 9:35E-02. 12
" yr 4360 |, 1564 15
3yr: 3667 | 6:32E-02 ‘9
- . Total 4103 1192 . 36
TRIAL12 5mo 4383 | 1406 12
1ye 13913 1832 | 15
~3yr 3789 .1080 9
Total 4039 | 1.1515 36
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Tests of Within-Subjects Effects

Measure: MEASURE_1

Sphericity Assumed

Observed .

‘Power?

961 |

772

Noncent.’

Parameter

.27.240.
21.604

' Sig.

.005
487

2,476

.982

Mean

Square

2.6E-02 ‘
1.0E-02

11602

df.

11

22
363

Type il

Sum of
Squares |

.290
230
3.866

‘Source

FACTORH1

| FACTOR1 *-
AGE .

Error(FACTOR1)

a.'Computed using alpha = .05




“Tests of Within-Subjects Contrasts
Measure MEASURE 1 L o

. — Japew | . 1 1 1 I
) "Transformed A Sumof . Mean. | L ‘Noncent. | Observed

= | 'Source . Variable -} .squares | - df. -.Square O F Sig. | Parameter | Power®
- [FACTORT _  FACTORI_1 | 2.2E-02 | 22602 | 1433 | 240 . 1433 213 |
1 .+ FACTOR1_2 | 38E-02 | 38E-02 | 1450 237 | 1450 | . 215 |

. FACTOR1 3 | 1.4:03 |
"FACTOR1_4 | 1.5602|.
FACTOR1.5'-| 2.8E-03 |-
 FACTOR1.6 | 3.9€-03 |

. FACTOR1_7 | 52E:03 |
" FACTOR1._8 | '7.7E-03 |

" FACTOR1_S | 2.7E-03°
‘FACTOR1_10 | 113’
 FACTOR1_11 | " :106

15E-02 | 489 | 489 | o 489 | . .104
28603 | - 49| 702 - 149 | 066
39E-03 | .209| . 65t) . .209{ . ...073|
'52E-03 | 3852|557 | 352 | . .089

C27E-03.f - 097 | 758 | 097 | . .06t
3 4796 | 0 036 | 0 479% | - 566
106 | 2709 | 109 | - 2709 359

C14E03 | 110 742 10| o oe2|

. 77e-03 | 509 | 481 | - s09| . .07

FACTOR1". . FACTOR1_1 | 1.5E-02
“|AGE . FACTOR1_2 163
© o S FACTOR1.3 .| 4.5E-03
~FACTOR1.4 | 6.8E-02.
. .FACTOR1.5 ‘| '3.46-02
.2 FACTOR1.6 '| 5.1E-02
FACTOR1.7" | 87E:02
- _[FACTOR1_8 ‘| 1.7€-02 | .

_ FACTOR1_9 | ‘6.1E-03"
FACTOR1_10.| 9.7E-02 |
 FACTOR1_11{ 56€-02 |

'7.56-03 489 | 617 |- 979 | - 123
8.2E-02 3108 | 058 | 6217 |  .559

| 34E-02 | 1112|341 | 2224 | 220}
17602 ] . .881 | . 424 | 1762 | -.189 -
| 25E-02 | 1.348 2274 | 2697 |  -.270
43E-02 | . 2.934 - 067 | 5869 | - .533
83E03 | 549 | 583 . 1098 [ . 133"
-30E03{ . .107 899 | . 215 065
48E-02 | 2058 | . 144 |. 4116 | = 393}
28602 | . .716 | . 496 | . 1432 161

22803 | 182 | 83| - 3e4 | o8]

| 1.5E-02
| 2.6E-02
. 1.2E-02
3.1E-02
" 1.9E-02
1.9E-02 |
1.56-02 ,
15602 | o
28E02 |
S23E-02 |

Emor(FACTOR1)y “FACTOR1_t" /| . .508."
L. . FACTOR1_2 4 . -.866
. .FACTOR1.3 | i .407 |
FACTOR1_4"'| " "1.008. |

FACTOR1.5 | 630

FACTOR1_6 | 624

| FACTOR1_7 | = 486.

- FACTOR1_8 '|:  .500

- FACTOR1.9 | - 935 { -
 FACTOR1_10°" 775 | © =

BB RNNNONRNNNN|= e da e s dwy

0 WL L W L) W )
DO DOIH OO

. _FACTORT 1 1[293 |
-a. Computed usmg alpha = 05 o

B (]

3.9E-02

« oo ,Tésits cf.,aemeen-s_ubjects'effect,s'f e
" Measure: MEASURE_1 o EENAEERt '
" Transformed Varigble: Averaoe -
Type Il - R S S e ]
. Sum of , “Mean } D P "Noncent. - | Observed |
. Source Squares | '- _Square - “F .1 - Sig: ~Parameter Power?
Cfintercept | 4356 | 1] T4.356[1569.103 | .000 |0 1569.103 |~ 1.000 | - -
| AGE | 39E-03 | © 2] 1.9E-03: 694 507 | .-1.388 - 457 |- "
CLEmor | 9202 | ~, 33| 28£-03 - N
- a. Computed using alpha =05 = .~

a4



Landmark x Increment

Measure: MEASURE _1

' Tests of Within-Subjects Effects

" Sphericity Assumed
. -1 Typelil’
: Sum of - Mean : ) Noncent. . | Observed |
| Source Squares df | Square F . Sig. | Parameter Power?
TRIALS 269 11 | "2.46-02 2.279 .014. 25.069 .929
Eror(TRIALS) 1.300 121 | 1.1E-02 I -
a. Computed using alpha = .05
) Tests of Within-Subjects Contrasts
Measure: MEASURE 1
Type il : :
Transformed | Sum of Mean : Noncent. | Observed
Source Variable Squares df Square F Sig. Parameter Power®
TRIALS TRIALS_1- - 231 1 231 5.116 .045 5.116 |- .541
. TRIALS_2 . 1.2E-02 1 1.2E-02 1.432 257 1.432 .194
TRIALS_3 2.6E-05 1| 2.6E-05 .002 .965 .002 .050
TRIALS_4 4. 1E-06 1 4.1E-06 .002 .966 .002 .050
TRIALS_S 1.5E-05 1 1.5E-05 .002 | .964 .002 .050
TRIALS_6 4.0E-03 1 4.0E-03 378 .551 .378 087
TRIALS 7 2.0E-04 1 2.0E-04 .024 .880 .024 .052
TRIALS_8 '6.4E-05 1 6.4E-05 011 917 011 051 }
TRIALS_S 1.8E-02 1 1.8E-02 7.110 .022 7.110 681
TRIALS_10 2.3e-03 1 2.3E-03 .236 637 236 .073
TRIALS_11 2.5E-03 1 2.5E-03 .386 .547 .386 .088
Emor(TRIALS) TRIALS_1 496 11 4.5E-02
TRIALS_2 8.9E-02 11 8.1E-03
TRIALS_3 137 11 1.2E-02
TRIALS_4 2.4E-02 11 2.2E-03
TRIALS_S 7.7E-02 11 | 7.0E-03
TRIALS_6 117 11 | 1.1E-02
TRIALS_7 9.3E-02 11 8.5E-03
TRIALS_8 6.2E-02 11 5.6E-03
TRIALS_S 2.8E-02 11 2.6E-03
TRIALS_10 106" | 11 9.7E-03
TRIALS 11 7.0E-02 11 6.4E-03

a. Computed using alpha = .05
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Light x Increment

g ‘Tests of Within-Subjects Effects
Measure: MEASURE. 1 o ‘ v ‘
'Sphericity ASsumed

“Type il

Sum of " " 'Mean - -+ " Noncent - Observed .

‘Source | - Squares . df Square F . Sig. . Parameter:

.. Power?".

"~ LIGHT - 266 0 . 11 2.4E-02 2204 . .018 . " 24240

Emor(LIGHT) |~ 1.327 121 1.1E-02

918

a. Computed using alpha = .05

" ‘Measure: MEASURE_1

Tests of Within-Supjécts_Cohtrasts‘ ‘

. Type i R
e ~ Transformed . Sumof ) Mean
Source * 'Variable - Squares - - df. Square - F

Sig:

Noncent. Observed -

- Parameter

- Power?

TUGHT . “LIGHT_1 - 32E-02° . 32E-02 . 5686
o ©UGHT_ 2 1.7E-02
S LIGHT 3. 6.5E-03
. UGHT 4~ 1.1E:02
 UGHT_5 - - 4.0E-03
UGHT 6 T7.0E-03
CUGHT_7  21E-02
LIGHT_8 3.0E-04
LIGHT_S C13E-04
LIGHT_ 10 99602
UGHT_11 - 7.4E-02

© 6.5E-03 . 1.101

40803 . .247
7.0E-03 344

' 30E:04 . .041
13E:04 006

7.4E-02 - 1.483

C1.7E-02 - 398

11020 698
2102 1607,

99E02 5421

-.036

541

317

421
629

©..570

231
843
38
040 -

249

5.686
398
1101,
.. 698
247
©.344
1607 -

o4
1006

© 5421
1483

585
089
160
RREN
074
084

2137

054
.. .051
565
200 .

- .

5.6E-03
 42E:02
~5.9€-03
. 15E-027 .
 1.6E-02 °
20802
1:36-02
7.38:03
2.1E-02
1.8E-02

TEmor(UGHT) LIGHT_1_  62E:02
S GoHTe L aes
. UGHT.3 ' 65802 -
CLGHT_a oo
CUeHTS 80
UGHTS . 0 2240
UGHT7 a3
. LIGHT_8 . 80E-02
o ueHTs 231
LUGHT_10 201 ..
LIGHT 11 .546

-
-

B | N
P ey

v , v . 50802
- a. Computed using alpha = .05 - o



Odor x Increments

Measure: MEASURE_1

Tests of Within-Subjects Effects

Sphericity Assumed

Type lil

Sum of Mean Noncent. | Observed
Source Squares df Square ' F Sig. Parameter Power?
TRIALS 125 11 | 1.1E-02 -1.212 .286 13.335 634
Eror(TRIALS) 1.132 121 | 9.4E-03

a. Computed using alpha = .05

Measure: MEASURE 1

Tests of Within-Subjects Contrasts

Type lli
. Transformed Sum of Mean } Noncent. | Observed
Source Variable Squares df Square F Sig. Parameter Power®
TRIALS TRIALS_1 8.5E-03 1 8.5E-03 313 .587 .313 .081
TRIALS_2 4.7E-02 1| 47E-02 1.546 240 1.546 206
TRIALS_3 2.7E-03 1| 2.7€-03 .186° 675 .186 .068
TRIALS_4 2.0E-02 1| 2.0E-02 740 .408 .740 123
TRIALS_5 2.7E-02 1 2.7E-02 1.273 .283 1.273 .178
TRIALS_6 1.2E-03 1 1.2E-03 .063 .806 .063 .056
TRIALS_7 9.1E-03 1 9.1E-03 .561 469 .561 .105
TRIALS 8" 9.1E-03 1 9.1E-03 .563 469 . .563 | .106
TRIALS_9 2.6E-02 1 2.6E-02 1.158 .305 1.158 .166
TRIALS_10 6.8E-04 1 6.8E-04 ..055 818 .055 .055
i TRIALS_11 4.0E-03 1 4.0E-03 400 540 400 .089
Ermor(TRIALS) TRIALS_1 .299 1" 2.7E-02
© TRIALS_2 334 11 | 3.0E-02
TRIALS_3 .160 1 1.5E-02
TRIALS_4 297 11 2.7E-02
TRIALS_S 234 11| 2.1E-02
TRIALS_6 209 | 11 1.9E-02
TRIALS_7 178 11 1.6E-02
TRIALS_8 77 11 1.6E-02
TRIALS_9 .248 11 2.3E-02
TRIALS_10 134 11 | 1.2E-02
TRIALS 11 111 11 | 1.0E-02

a. Computed using alpha = .05
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- [EmorUIGHT)

LS vCT(jr'n;‘)»ar,isQn, Light

“Measure: MEASURE 1

Sphericity Assumed’

- Tests of Within-Subjects Effécts -

Source

Type (Il
-Sum of
Squares

- | "Mean
df | Square °

Sig..

“Noncent.
Parameter.

| Observed
Power?

) ‘LIGHT' R
LIGHT * -
|GrouP -
L Emor(LIGHT)

267
464

869

2.
99

SA1 ] 2.4E-02
2.1E-02

2761 |
2399 |

002

30370 |
52781 |

995

a: Computed uéing 'ah:‘)h‘a'= 05

_Measure: MEASURE 1

_88E-03 |

. Tests of Within-Subjects Contrasts

.| Source

‘Transfor'med"

Variable

- Type lll
Sum-of
Squares

df

Square

~ Mean |

Sig.

Noncent.

Parameter |

Observed |

L fuenT T

UGHT_1
- UGHT 2 .
© UGHT3
L LGHT 4
S LIGHT_S
© . _LIGHT.6
o LGHTIT
L LUGHT:8 '
L LIGHT_9
ULIGHT_10
TLIGHT 11

74E02 |
“203;; S

1.464

| 4876
4846

4682
5093
5.959

2.575
-9.993
1771 |

. 6.049

059 |

. 143

257

036

813

012

218
055 |
{055

coose|
050 |
.037

2.575

9993 |

- 1.464
1.771

 6.049

4876 | -
4846 |

4682 |

.5.093" |

5959 |
059 |

Power?

. 803} .
92
1222

. 592
- 1489
..522.

L 586 )

- 055 |

TeHT -
| crour

LIGHT_1

CUGHT 20 T
CLIGHT_3

LIGHT_4

" LUGHT_S
“LIGHT_6
©UGHT_7

LIGHT_8

L LUGHT_9
©LIGHT_10
LIGHT_11

2.3E-02 |
8.8E-02 -|

5.050

3.719

2.074

. 1.664

. 2072

Te198. |
{ 18232

2767 |
3.020 |

10.780 |

-.066

099
182

-.004

" .034-
020
001,

16

..243

a2
4|

. 101100
| 12:395
| 36.464

7439 |

5533
6.041

. 3.329
21.560
4.145
5.580

41148

665 |

757 |

.996
.528-
_A41

319 |
- 263
944

o ag|

LIGHT_1
LIGHT_2

L UGHT.S
“LIGHT_4
S LIGHT_S
CLIGHT_6
LIGHT.7 * -
CLIGHT 8-

. LIGHT_9

. LIGHT_10 .

CLIGHT 11

s

2,902 |
20802

S 1.2E-02° P
20€-02 | -

2.96-02 |
22802 o
24E-02 [

3.7E-02 | .
13602 |
“11E-02.]

2.790

- 3. Computed tsing alb,ha =.05

© @ D © D DB GO ©OINNN NN NRINN N e o
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" Measure: MEASURE_1 -~

‘ Tests of Befwee‘n-Subjecié?Effects.;,_'

1Source”

" Transforined Variable: Avefagé
: ] Typett

‘Sum of
Squares |

Cogr | Square.

‘Mean

Sig. -

. Noncent.
Parameter

Observed
Poweré -

Intercept
GROUP.
Emor _

1.740
8.1E-03
3.4E-02

1
9

1.740

4.0E-03-

3.8E-03

454.900

1.057 -

.000°

387 |

454.900 |

o 2::,1 14

1.000 |
o8t

a. Cbmputed usihg alpha = 05

LS Comparison, Landmark

- Des::ﬁpti?é Statistics

Descriptive Statistics

‘ group:

Mea_n'[

Sta. |
Deviation N

. Sd..

Deviation |

(ANDMAT

1stset
© 2ndset

- 3rdset -

" “Total |

~2460

2450
-.2883

3480

1566 |
_7.50E-02 |

2475 |

1389 |

-

TANDMAT7

-.group .. | Mean
1stset .
.. 2ndset .3060

.3480

~3rdset ©.2500

Total | . .3142

..1028

1163

7.07E-02

1026 |

-t

' LANDMA2

1stset
2ndset

- 3rdset

Total

.2160

2850

©.3840

2975

1282
1299
2.12E-02 |

1364

—_

LANDMAS

stset | 4020

2ndset | 3420
~3rdset- . |- 2500

. -Tetal = '} ,351_7 1

| 6.02E-02
9.76E:02 |

C 131
9.49E-02 |

-

- [(ANDMA3

- 1stset

- 2ndset

- 3rdset
Total

.3180
©.2840

3067

. .3350 |

6.22E:02 |

1.9.15E-02
. 2333
| 9.92E-02° |

[ CanDMAS

istset | 4040
2ndset | = .3640
3rdset | 2800
Total - 3667

8.44E-02

6.50E-02 -
1273 |-

8.72E-02

LANDMA4 |

“1stset
' 2ndset

3rdset -

Total

2340

2758

.2900

3450

'4.95E-02 |
3.78E-02'
. .1626
7:46E-02

—

LANDMASO

2nd

- 1stset 4580
set .3220 |
3rdset - .2500 |
Total ~ |.  .3667

5.07E-02

8.41E-02 |
1697 |-

© 1153

| CANDMAS

Tstset -

2ndset |
i 3rdset

. Total

3220

. 4500

-.2680 ‘|

-..3208 |

© 1252
1150

LT.07E-02 |

© 01235 |

-

LANDMAST

2nd

1stset = | .- .4920

set | ' .3840

3rdset .2650

Total - 4092

1087

7.70E-02
2.12E-02
1170

Py

-

[ CANDMAG

“Istset.
~ 2ndset

¢ 3rdset
:Total: *

..3280

3458

3900

+:2800

837602 |
377€-02
7.07E-02

s

TANDMAS2

2nd

1stset 5420 |

set | 3580

3rdset . ..2300

1352

7.16E-02

8.49E-02
1555

o M‘eas‘ur'é:‘ 'MEASU_RE_&M_", e
Assumed

7.30E-02 |

~Total . . 4133

" Tests of Within-Subjects Effects -

Sphericity

‘Source

Type it~
Sum of.’
Squares:

o df

Mean "
Square

F.

| sig._

Noncent. | Observed
. Powera ~

Parameter

GROUP

. ki

T TANDMARK
| LANDMARK *

ror(LANDMAR

120
483 |

837 |

11

,_22.

1.1E-02

21E:02

8:5E-03 |

1293
0488

240
001 |-

£ 14.225
54,744 |

.99

L Compute

d using alpha = .05

B PN




. Tests of Within-Subjects Contrasts -

' Source

- Measure MEASURE 1

' Transformed

Vanable

* Sum of

.. Squares .| :

Typell |

1. Mean

Square CF

Sig. - -

Parameter

Noncent.

Observed |
Power?

S LANDMARKV '

LANDMARK_1

LANDMARK_2'~
LANDMARK 3

- LANDMARK_4_
" LANDMARK_S

LANDMARK 6
LANDMARK_7.. }

LANDMARK_8

LANDMARK_9 .

. LANDMARK_10-

. LANDMARK_11

1.9E-02

2.1E-02

9.46-02 |
“B.JE02 [
44E-02° .
| 7.6E-02 |
9.0E-03f -

57E-02
75603 |

14E02'|
1;_3E-04'

df

 6.7E-02_
- 41E-02

. T6E:02
9.0E-03 |

“5.7E-02
| 7.5E-03"

YyqE02 |
_1.3E-04

9.4E-02

19602 | :

2.1E-02

2711
2.370 {
. 5751
252
“1.143
~ 5309 |
© 1123
543
1.086
.026

134
1185
. .628

.047

- 875

158 | |
040 |
a3
317 |

- .480 |
324

2711
$2.064
- 5751
252
1143
543

.026

2.370

. 5300,
1123,

1.086 |

T 313
281
251

871§

074 ]
160

538 |

58] .
101 |
154
052

LANDMARK *
GROUP

LANDMARK_1 |
LANDMARK 2| ..
“ LANDMARK_3 |

" LANDMARK_4

 LANDMARK 6" |
LANDMARK_7 . |
- LANOMARK_8 -

LANDMARK_5

. LANDMARK_9

LANDMARK 10

“LANDMARK_11

194

| .5.4E-02

- 1.6E-02
1.8E-02

..252 |

" .380 |
164 |
Sonr

- 7.0E-02 |

8.4E-02 |

| 7.4E-02 |

| 82e-02
| 9.7E-02

3.5E-02. |
| 4.2E-02 |-
' 2.7E-02°
3702 |
..8.2E-03
- 9.1E-03

126 |
190

138

3.624
. 6.748"
. 4083 |
- 7.369
3.866
2.076 | -
39527 . -
1.487
12700
803

.016

081
181

o 1121
478

.070 |

055
© 013

059 |
277

227"

© 13.495
8.167
14.738

5.399
' 1.606
3517

7247 |

7.732

4.152.

7.905
12975

517 |
794

o 569.1 -
89|

545 |
320
554
239

‘403 )

147
276 |

K)

E En‘or(LANDMAR »

LANDMARK_1 |

 LANDMARK:_2
N LANDMARK 3

LANDMARK 4. -
" LANDMARK_5" |-

T LANDMARK_6'

" LANDMARK_7 |
" LANDMARK-8. | _
" LANDMARK'9- |-~

" LANDMARK_10

.2583

118
;322

152
-9, 6E-02
-.165

P

180

S|
~g.2E-02°

" 3.5E-02 |
2.8E-02 |
2.0E-02

©1.7E-02
' 1.1E-02

1 1.48-02

1.3€-02
3.6E-02 |

1.8E-02

10802 |

4759

LANDMARK 11

L a Computed using alpha- 05

Measure: MEASURE_1
. Transformed Variable: Average

4 BE-02

’f.T.e‘_sis of Between-Subjects Effects ~

o @ 0 0000 ® oo ONNNNNNRNR NN I P et i TN

| 52E-03 |

Source.

Type lil;

Sumof | e
Squares,

L Mean’ e
T df - | Square

Noncent.

'ObéeNed
| Parameter -

. Powerf. -

[Thtercept |
| arouP
Error‘.

o | &
C5AE-037

463.551

L4424

1.000

“a. Computed.us :

33|




LS Com pé"‘i'SfO’ri,v Odb”f, o

- Descnptuve Statistlcs PRI : I Iy : . Descriptlve Stat'SthS f
- - T =T 1 - b ] sd
o group' Mean .| Deviation | . N group.- . " Mean’ ‘| Deviation | * N
ODORT — istset |, 3900 | 1.00E-02 | . [ODOR7 — tstset | 4100 | 854E-02 |~
SR Zhdée(' ) l.290_d E “7,9‘4E-02 | o v2ndset . 73067 7.095;_02
3rdset | - 3883 | 1221 | 3rdset | 3500 | 9.14E-02 |
S o Total |- 3642 | 9.97E-027] L Total | 3542 | 8:67E-02 |
[ODORZ  dtstset. | 2367 | 2122 | ODOR8  1stset 3900 | 8.72€-02
. 2ndset | .4167 |:7.23E-02 _ 2ndset -} - 2967 | 1106 |-
3rdset |~ .3483 | 8.33E:02 | 3rdset | 3300 | 3.74E-02 |
, Totar | 3ars| Caze8 | o Total | 3367 | 740E02 | -
ODOR3 _ 1istset | 2967 | 8.74E-02°| ODOR9  1istset | 3233 | .1650 |
U andset Tage7 | 4206 oo o.2ndset - 3200 | 9.54E-02 |
_3rdset 5147 1074 3rdset’ | 3517 | 595E-02 | -
. Total 4267 | 1351 | . _ ‘Total ‘| 3367 | 9.20E-02
ODOR4  1dstset | - .3667.| 3.51E-02 | ODORg0 . 1stset 3767 | 8.02E-02 |
o 2ndset | 2733 1168 - 2ndset | 2767 | 4747 | o
3rdset 4317 | 6.05E-02 " 3rdset. | ..3083 | 7.39E-02
v . Total | 3758 | 94eE-02 | - Total 3175 | 1032
- [ODOR5 ~Tstset 3167 | 1185 1[ODORST 1stset’ | 3700 | 2.00E-02
| onaset | o3ee7 | 1422 ‘ ~ 2ndset | 3367 | 8.39E-02
. 3rdset | 2900 | 3.356-02 ‘3rdset | .3600 | 6.63E-02 |
e < Total . | - 3233 | 9.39E:02 . Total - .3567 | 5.93E-02
[ ODOR6_:1stset | 3167 | ~.1361 | ODOR92 tstset - | .3100 | 1.73E-02 | .
T opaset | 2400 | 900E02 | o ‘2ndset. | . .4000 | 8.89E-02 |
- “3rdset. } 3550 | 7.58E-02 . 1 3rdset | 3400 | 8.05E-02 |
_Total | 3167 |993e-02 | 2 fb Total . | 3475 | 7.48E-02

Do wwl o e

-

T PO
oW WO ww

-

1=

0w Wi o W W oL w

o wW.w|N 0w w|N

Y

0w wl o w vlh

Do wwN o w el

—_

|  Tests of Within-Subjects Effects
" Measure: MEASURE 1 o R ’
Sphencxty Assumed.’
Type HI N B N e i
3 ~ .| Sumof 7] Mean -] .+ | Noncent. | Observed
: Source | Squares |  df . | Square | - F - Sig. Parameter .| . Power®. |
. ODOR" o 6,46!5-02. Co- 11 | B.0E-03 |, - 727 | 7101 . .7.998 " +.378.
ODOR* L ol o b aEee | 1 P '
GROUP | 80T | 22| aE02 | 1ee1 | 048 | 36546 | - 945
Eror(ODORY |- 16| oo | soe03 | 1
“a. Compuled usmg alpha* 05 o '

, Tests of .B'etv&'veeh-sr,uije‘cts' Effects.

o Measure MEASURE 1
' Transfon'ned Variable: Averaae'
i . Typelll N N R :
). Sumof . o Meant N - .. .| Noncent. "Observed:
Source Squares -~ df- |.Square | : F . |- Sig." Parameter Power?
Intercept | - 1.283 | . '1.283 |{1340.118 | .,0007|. 1340.118 | = 1.000 | -
‘GROUP 27(—:'-’03_'1- 1403 | 1428 | . .2807| . 2855} 0 .23}
| Emor | B.6E-03 . "g-] 96E-04 | - SRR R SRR |
Ca. Computed usmg alpha— .05

N =




~ Tests of Within-Subjects Contrasts.

-Measufe:_MEASURE 1
DRI | Type lit

0s7|

. Transformed | Sumof | S Mean | o7 | Noncent. | Observed |
Source "~ Variable | Squares ‘df .| Square - |. F .,Sig‘;;;‘ | Parameter Power?
[ODOR . . ODOR_1-- | 40E-04 | - 1| 40E04 080 |- 784 | . .080 | - -
.. ODOR_2 ..} 2.8E-03 1 | 2.86-03 496 | v .68 196 0681
.. ODOR_3 2.5E-02 1| 285802 | 991} « 345" Looeet ] 45
ODOR_4 | 5.6E-04" 1| see04 | 041 | Baa| 04t . 054
ODOR_5 2.6E-03 1| 26E-03 A44 | o713 ) 444 ) 063
-ODOR_6 .| 23E-02 | 1| 23602 | 1331 | - 278 | 1331 ©AT9
ODOR_7 = '|'3.3E-04 | 1| 33e-04 | . 033 | . 859} .. .033] 053
- ODOR.8 | 1.36-03 | = " .1| 1.3E-03 18| 739 | 18| 061
. ,ODOR.9 = '} 36E-03 | 1| 36E-03] 236 | 839|236 072}
"' ODOR_10 9.4E-03 1] 94€-03 | 431 528 | a3t ) 091
. . ODOR_11. | 33E-04:] . .17 3.3E-04 022} .s88a| 022 ~ .052
foDoOR* ~ “ODOR_1" | 6.6E-02:| 2 |- 3302 | 6548 o018 | 13096 | - .781
GROUP - ODOR_2 1.6E-02 . 2 | 81E-03 567 | 586 | . 1.134 7]
(. ° ODOR_3 103 2| 51602 | 2017 189 . 4035 | - .312°]
ODOR_4 9.9E-02 2| 49E-02 | 3599 o7t 7.198 514
ODOR_5 | 8.2E-03 2| 4.1E-03 "224 . 803 | - .449 075
ODOR_6 * | 6.76-02 | ° 2 | 3.3e-02 1939 | .19 | 3878 .301
, ODOR_?_“ .5.6E-02. 2°} 2.8E-02 2808 | "~ .113 5616 | 417 {
' ODOR_8 ' | 5.0E-02 | 2| 25602 |- 2236 ".163 4473 | - 341
OborR 9 | 1ee02 | 2| 9e6E03 | - 622 559 1243 | 124
" ODOR_10 5.4E-02 3| 27602 | .. 1.246 .333°| 2493 206 |
.~ . . ODOR_11 2.4E-02 2| 1.2E-02 817 a2 | 1634 149
Emor(ODOR)  ODOR_1 4.5E-02 9| .5.1E:03 R ES
: . _ODOR_2 128 9 | 1.4E-02
"~ ODOR_3 © 229 gl 25602 | -
ODOR_4 . | 123 9.| 1.4E-02.
ODOR_5 164 9| 1.86-02 |
ODOR_6 - 155 91 1.7e-02
‘ODOR_7: | 9.0E-02 9 | . 1.0E-02"
ODOR_8 \ 101 | 9. 11e027]
ODOR_S | = .139| 9| 1.5E:02.
ODOR_10 | = .196 | 9 | 22802
ODOR_11 133 | 9 | . 15602

a. Compufed using alphé =05




. Cue x vlh.crement, ‘LS"I‘ B

- Descriptive Statistics g

L [ std.. ,
" . cue Mean | Deviation N

[TRIALT  fandmark 2460 | . .1566 51

fight - . .3150 | 9.75€:02 4

-odor .3900 | 1.00E-02 -3

S Total .3050 1230 . 12.

TRIAL2 ~ landmark 2160 |-~ .1282 | 5

©o o fight '.2875 | 3.50E-02 | 4

odor - 2367 | 2122 3

‘ Total .2450 1247 12
[TRIAL3™ landmark | 3180 | 6.22E-02 5

o light - 3300 | 2112 4

odor ' 2967 | 8.74E-02 3

L _Total 316710 1230 12
TRIAL4  landmark | = .2900 | 4.95E-02 5

1 - light .3925-| 6.40E-02 4
odor - 3667 | 3.51E-02 | 3

Total 3433 | 6.75E-02 12

TRIAL5  landmark |  .3220.| - .1252 5
B “light 3375 | 6.18E-02 | 4
odor - 3167 f 1185 | 3

~ Total - | .3258 | 9,68E-02 12

TRIAL6 . landmark |  .3900 | 8.37€-02 |- 5
' T dight” - 3875 |5.56€-02 | o 4
odor Co3167 | aset | 3
, Total 3708 | B.856-02 | . 12}
TTRIAL7 - landmark 3480 | - -.1028 5]
' light - .3900 | 6.16E-02 4|
odor .4100 | 8.54E-02 31

Total - .3775 | 8.34E-02 12

TRIAL8 - landmark’ 4020 | 6.02E-02 5
' light 3575 .1668 4

odor .3900 | 8.72E-02 3

. Total 3842 | 1034 | 12
TRIAL9  landmark 4040 | 8.44E-02 | 5
TRIAL9  light -.3275 | 1072 4
Co odor 3233 1650 -3
: . Total . .3583 1109 12
TRIAL10 landmark | . .4580 | 5.07E-02 5.
S dight 4425 | 2.75E-02 4
odor © .3767 '| 8.02E-02 |. . - 3

_ Total 14325 | 5.91E-02 | . 12

TRIAL1T landmark 4920°| - 1087 | 5
S fight . .4600 | 5.72E-02 | 4
odor .3700. | 2.00E-02 3

S Total . 4508 | 8.86E-02 12
TRIAL12 - landmark -:5420 | - 1352 5

R light 6050 1524 4
odor .3100 ‘| 1.73€-02 3

Total 5050 .1663 12

93

* Tests of Within-Subjects Effects -

Measure: MEASURE_1
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- a. Computed using alpha = .05



" Tests of Within-Subjects Contrasts -

Measure: MEASURE 1 -

o ‘Transformed . gﬁ: g; R Mean - Noncent. | Observed
Source Varable” - }'Squares df Square F Sig. Parameter Power?
TRIALS TRIALS_1 5.7E-02 1] 57E-02 3.681 .087 3.681 403

3 o Type lll ) Sl -

- Transformed . | Sumof. | - Mean : | Noncent. ‘{ Observed
Source Variable Squares | df Square F Sig. Parameter Powerd”
TRIALS TRIALS_2 5.1E-05 ~ 1| 5.1E-05 .002 . 970 .002 .050
... . TRIALS_3 | 1.2E-02° 1| 1.2E-02 1.558 243 1.558 L2011

"TRIALS_4 | 8.1E-04 |- 1| 81E-04'|  .024 . .881 024 052
“TRIALS_5* | 26E-02 | 1| 26€-02 | 1559 243 1.559 2201
TRIALS_6 5.0E-02 1| 50602 | 2.364 - .159 2.364 280
TRIALS_7 | 50802 | 1| 50602 | 5508 | ' .044 5508 | = 553
TRIALS 8 | 1.4E-02° | 1} 146-02 | . 655 | . 439 655 | .12
. TRIALS_9 A36 |7 L1 o 136) 6439 .0 032 6.439 . 819
TRIALS_10, 176 ] 1 A76 | 6475 | ..031 6.475 | 821,
. - TRIALS_11 1327 T 3271 8312 ) - .018 | 8.312 728
TRIALS * - TRIALS_1 3.56-02 w2 [ 17802 | 1131 1365 | 2.261 191
| CUE TRIALS_2 5.1E-02 2 | 2.6E-02 754 .498 1.507 141
- TRIALS_3 1.8E-02 2| '89E-03 | 1.121 367 2.242 ~.189
TRIALS_4 4.2€-02 2| 21602 | 614 562 . '1.228 123
CTRIALS.S | 89E-02 | - 2| 44E-02 | 2646 125 5.292 396
TRIALS_6 | 1.3E-02 2 | /6.3E-03 302 747 . 603 ' .085
“TRIALS_7+ - | 5.4E-02 -2’} 27602 | 2940 104 5.880 433
TRIALS_ 8 | 105 | . 2| 52E-02 | 2489 138 4977 | 375
TRIALS_S | 95E-02 | 2| 48E02| 2257 . .161 4.514 -.344
CTRIALS_10 133 ‘2 66E-02 2.445 142 ‘4889 | - 369
“TRIALS 11 ..314 2| 0157 3.988 .058 7977 +.558
Error(TRIALS)  TRIALS_1 139 9 | 15E-02 v ' B
o - TRIALS_2 306 9| 3.4E-02 |
TRIALS_3 | 7.1E-02 9 | 7.9E:03 |-
TRIALS_ 4 306 9 | '3.4E-02 !
TRIALS_S 151 . 9| 17802
TRIALS_6 -.189 9 | 2.1E-02
TRIALS_7 8:2E-02 9 { 9.1E-03
" TRIALS_8 189 9 | 2.1E-02
TRIALS_S 190 | 9 21602 |
TRIALS_10 244 9.| 2.7€-02
 TRIALS_#1 - 354 | 9 | 3:96-02
‘ Tests of Between:Subjects Effects
"“Measure: MEASURE_1. S
Transformed Variable: Averag
o} Type - RN R SR
. Vo Sum of o b Mean © 7 1 Noncent. | Observed
‘Source ~ | Squares ‘|~ df .| Square F - Sig. Parameter | Power®
intercept |~ 1536 | . -1 | . 1536 | 920.194 ©.000-| . 920.194- 1.000 |-
CUE. | 33603 | -~ 2| 1.78-03 | 1001 | = 405 2.003 A73.
"\ Error 1.5E-02 - 9| 17E03f - : ‘
‘a. Computed using alpha = .05. '
o 94




| ;Lfi_g‘ht_ x .lhcr_ékhebn.té,k,-‘l_'s 1

“Measure: MEASURE 1

' Tests of Within-Subjects Effects =~

- Sphericity Assumed -
. Type il o .
S Sum of S Mean o Noncent. . | Observed
Source. Squares df - | Square F Sig.. - . | Parameter | : Power®
TRIALS® .325 11 | 3.0E-02 | 2899 |- .009 | 31887 .940
"} Error(TRIALS) 336 | 33| 1.0E-02f . o
a. Computed using alpha'= .05 : =
y _ " Tests of Within-Subjects Contrasts
. Measure: MEASURE 1 ) A ) ] .
‘ _ Type il o .
Transformed . | Sum of ' : -Mean . Noncent. | Observed
Source Variable | Squares . { "..df | Square F_ Sig. Parameter | Power®
TRIALS TRIALS_1 . 3.0E-03 | 1 [ 3.0E-03 245 [ 655 245 | 065
‘ TRIALS_2 | 9.0E-04 1| 9.0E-04 [ . .016 907 016 - .051
TRIALS.3 . | 2.4E-02 1| 2.4E-02 7299 | - .074 7.299 458 |
TRIALS_4 | 2.0E-03 1] 20603 |  .093 | 781 .093 .056
- TRIALS_5 2,1E-02 1| "2.1E:02~ 938 |- 404 938 107
TRIALS_6 | 2.2€-02 1] 22602 | - .952 401 1 - 952 .108
TRIALS 7 7.2E:03 1| 7.2E-03 923 . 407 923 107
‘TRIALS_8 . 6.3E-04 1| '6.36-04 *.064 817 . .064 .054
TRIALS.9 - | 6.5E-02 1| 6.5E-02 6.618 .082 " 6.618 426
TRIALS_10.: | 8.4E-02 1| 84E-02 | = 7.229 074 | 7.229 455
TRIALS: 11 336 1| 336 | 11.139 044’ 11.139 614 |
Eor(TRIALS).  TRIALS_1. | 3.7E-02 3 | 1.2E-02 : ‘ ‘
TRIALS_2. 168 3| 56E-02
TRIALS_3 9.9E-03 | 3| 3.36-03
TRIALS_4 6.5E-02, 3.| 2.2E-02
TRIALS_5 6.7E-02 "3 | 2.2E-02
TRIALS_6 . | 7.1E-02 3 | 2.4E-02
TRIALS_7 | 2.3E-02 3| 7.8E:03
TRIALS_8 12.9E-02 3| 9.8E-03
TRIALS_9 2.9E-02" "3 7.9.86-03
TRIALS_10 3.5E-02 3| 1.2E-02
TRIALS 11 9.1E-02 3| 3.0E-02

a. Computed using alpha = .05 .




‘Landmark x Increments, LS 1

Measure: MEASURE_1

Tests of thhin-Subjects Effects

Sphericity Assumed
o ~ | Type il o
: Sum of ‘ ~Mean : | Noncent. | Observed
Source Squares | df .~ | Square F Sig. Parameter Power?
TRIALS 529 |- 11 4.8E-02 4,721 .000 51.926° .998 -
Eror(TRIALS) 448\ 44| 10602 : - R
' a.Computed using alpha= .05 : :
Tests of Within-Subjects Contrasts
“Measure: MEASURE 1 ' .
’ Type |l - 1
: Transformed | Sum of . Mean 1 “ Noncent. | Observed’
Source Variable | Squares df Square F Sig. Parameter Powerd |
TRIALS TRIALS_1 . 4.5E-03 1 4.5E-03 3.333 .142 3.333 .290 |
. TRIALS_2 2.6E-02 1| 2.6E-02 .871 404 .871 13
TRIALS_3 9.7€-03 1 9.7€-03 671 459 671 .098
TRIALS 4 | 2:9E-02 1| 2.9E-02 .543 .502 .543 .089
TRIALS_S.. o104 | 1 104 10.037 .034 10.037 664
TRIALS_6 | 5.2E-02 1 5.2E-02 2.050 225 2.050 .199
TRIALS_7 .- 122 1 122 10.463 .032 10.463 .681
TRIALS_8 - .125 1] .125 | 5.060 .088 5.060 .405
CTRIALS_9 225 1 225 6.239 .067 6.239 477
TRIALS_10 ) .303 | 1 .303 5.799 . .074 5.799 451
| TRIALS_11 : 438 1 - 438 6.690 .061 6.690 .502
Emmor(TRIALS) TRIALS_1 5.4E-03 4 1.4E-03
: TRIALS_2 119 "4 | 3.0E-02
TRIALS_3 ) 5.8E-02 4 1.4E-02
 TRIALS_4 . 2213 4 | 5.3E-02
TRIALS_S 4.1E-02 4| 1.0E-02
TRIALS_6 101 4 | 2.56-02
TRIALS 7 4.7E-02 4 1.2E-02
TRIALS_8 9.9E-02 4| 2.5€-02
TRIALS_9 144 4 | 3.6E-02
TRIALS_10 ©.209 4 | 5.2E-02
TRIALS 11 262 4.| 6.5E-02

a. Computed using alpha'= .05
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A:\bxchttl.sav

subject cuegrp berd belt ‘ bcm1 bco1
1 light 27 54 7 02
2 land . .22,‘ .49v 29 .00
3 land 44 36 A7 .03
4 odor “ A8 23 15
5 l land .26 .50 .23 .01
‘ 6 ‘ land .31 42 .24 03
7 fand 34 41 A9 .06
8 light 24 47 24 05
9 odor 25 49 24 - .03
13 ‘ light A7 .57 22 .04
15 . light 67 11 07 14
16 odor .54 .36 .09 .01
1-1
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‘Odor x Increments, LS 1
. © Tests of Within-Subjects Effects -
: Meaéure: MEASURE_1 '

__Sphericity Assumed .
' _ Type Il - ‘ : - .
S Sum of o " Mean | Noncent. | Observed
Source Squares ~ df - | Square F -Sig. Parameter Power®
.| TRIALS 8302 | = 11] 7.5E-03 778 658’ - 8.556 | - .301
EmorTRIALS) | 213 |~ 22| 9.7E-03 | R R 1 :

s "a‘r Computed using alpha = .05

R ' Tests of Within-Subjects Contrasts
Measure: MEASURE 1 _

Type il

Transformed | Sumof |. Mean . U | ' Noncent. | Observed
Source ~ Variable Squares df Square | F Sig. -Parameter Powerd
TRIALS TRIALS_1 7.16-02 1| 7.1E-02 1465 | - .350 1.465 115
' TRIALS_2 | 2.6E-02 | 1| 26E02 | 2770 238 2770 | 170
TRIALS_3 1.6E-03. 1| 1.6E-03 | 942 434 | 0 942 . .093
TRIALS_4. | 16E02 | . = 1| 16E-02 . 1.150 .396 1.150 102
~ TRIALS_5 | 16E-02 | 1| teE-02 ). 760 | 475 760 - - .085
_TRIALS 6. 1.26-03 | 1" 12803 | 148 .. 737 | 148 1. . .057
 TRIALS 7 | 000" ~4{. .000|  .000} 1000 | - 000 - .050
* TRIALS 8 & |/ 1.3E-02 1| 13802 | - 437 o s77| . 437} .. 070
- TRIALS_S | 5.3E-04 | 1 | 5.3E-04 066 | . 822 © 066 | .. .053
CTRIALS_10 - .1.2E-03 } 1] 12803 | 4000 |. .184 | . 4.000 218}
© . TRIALS_11 | 1.9E-02 1| 1.9E-02°| 27.4239 .035 27.429 751
Emor(TRIALS)  TRIALS_1 | 9.6E-02 2| 48E-02° ‘ I
. ‘ 2 TRIALS_2 1.9E-02 ©2 | 9.4E-03
TRIALS_3 | 3.5E-03 27| 17803
TRIALS_4 = | 2.8E-02 2| 1.4E-02
“TRIALS 5 | 4.2E-02 2| 2.1€-02 |
- TRIALS_6 | 1.6E-02" 2| 8.1E-03
TRIALS_7 | 1.2E-02 2 | 6.1E-03
TRIALS_8 ~ | 6.1E-02 2 | 31602 |
TRIALS_9 - 16E-02 | ‘2| 81E-03
TRIALS_10 - | '6.0E-04 | 2| 3.0E-04
TRIALS 11 | 14603 |~ 2| 7.0E-04

. .a. Computed using alpha = 05



Goalbox Position, LS 1

© Descriptive Statistics

" a: Computed ‘using‘élph_a =05

Measuire: MEASURE_1

Tests of Bé‘twee’n{'Subj_Veéts Effects

Transformed Variable: Average .~ "o

' S Tyeem b 1 3 .

S Sum of . ...{ Mean o | Noncent. ' | Observed |
Source Squares df Square F Sig. Parameter |- - Power?
Intercept .|  3.454 1| 3454 |3818.872 .000 | 3818.872 1.000"
CUEGRP | 1.36-03 2| 67604 |© 738 | 505 ' 1.476 139
Ertor 8.1E-03 | 9 9.0E\-o4 SR

a. Computed using alpha = .05

59

0 .cuegrp Mean” | Deviation |-~ N
BCL1 .. land |- 4360 | 5.86E-02 © .5
Do light 4225 2125 . 4
“: odor - - 3433 | 15574 .3
L Total 4083 1398 cq2 |
BCM1 . land - 2240 | 4.67E-02 |- 5.
S light 1750 | 7.59E-02 | 4
odor ©.1867 | 8.39E-02 3
v ~Total :..1983 | 6.46E-02 12
BCR1 - land 3140 | 841E-02 s} .
. dight . .3375 112256 vl
odor 4100 | 1473 31 E
- Total 3458 | 1484 12 f
o ‘ ‘ .. Tests of Within-Subjects Effects
Measure: MEASURE_1- B "
_Sphericity Assumed L
Type i1l P : L
: Sum of oo f . Mean -} - o |- Noncent. | Observed
| Source * Squares | - df - | Square CFo Sig. | Parameter |  Power"
 FACTOR1 266 2| 133 ] 5279 - .016 10.558 766
Al 4.0E-02 | a|ose03| 3w | 82| 1568 120
| Emor(FACTORT) 454 18 | 256-02 | |
a. Computed using alpha = .05 ' ' Co
» " Tests of Within-Subjects Contrasts
Measure: MEASURE 1 o .
: h | Typedit |- - —
i o Transformed: | ‘Sum of : Mean | N Noncent. | Observed
Source - Variable Squares codf - Square ‘F Sig. Parameter | Power®.
FACTORI FACTOR1_1.} 4.3E02 | - 1| 1.3E-02 285 | - 606 | - .285 077 |
‘ . FACTOR1_2:| - .254 1 254 | 40.145 .000 40.145 | 1.000
| FACTORT - FACTOR1_1 | 35E-02 2 | 178024 395 685 79t 096.
| CUEGRP . FACTOR1.2 | 4.7E-03 2 | 2.36:03 .368 702 737 ©.093
Ermror(FACTOR1) FACTOR1_1 - .397. 9 | 44E-02 R ' .
‘ ' : FACTOR1 2 | 5.7E-02 9 | 6.36-03



http:5.86E.02

cue?2

ber2

bcl2

A:\bxchttl.sav

bcm2

bco2

» land

27

.53

20

2 odor 09 56 35 00 |
|
3 light 55 10 35 00
Z
4 light .31 .31 37 .00
5 light 22 48 23 o7
6" light 25 34 40 .01
7! odor | 44 24 16 16
8 land | 31 36 30 03

land

.18

.00

10

land

.30

.31

.07

11

light

71

.05

.15

.08

12

land

.21

.58

.07

03

13

1-1
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Goalbox Position, LS 2

Descriptive Statistics

Std.

cuegrp Mean Deviation N
BCL2 land 3440 1841 5
light .3200 11992 4
odor 4567 1365 3
Total 3642 1725 12
BCM2 land .2980 | 9.93E-02 5
- light 2400 | 7.79E-02 4
odor .2067 .1518 3
Total 2558 1048 12
BCR2 land 3100 .1834 5
light 3975 .2090 C 4
odor 2867 | 6.81E-02 3
Total .3333 .1653 12

Measure: MEASURE_1

Tests of Within-Subjects Effects

Sphericity Assumed

Type Hli

Sum of Mean Noncent. Observed
Source Squares df Square F Sig. Parameter Power?
FACTOR1 9.3E-02 2 | 4.7E-02 1.277 .303 2.554 241
FACTOR1 *
CUEGRP 7.86-02 4 | 2.0E-02 .535 712 2.141 .149
Eror(FACTOR1) .659 18 | 3.7E-02

a. Computed using alpha = .05

Measure: MEASURE 1

Tests of Within-Subjects Contrasts

Type il )
Transformed Sum of Mean Noncent. Observed
Source Variable Squares dt Square F Sig. Parameter Powerd
FACTOR1 FACTOR1_1 1.0E-02 1 1.0E-02 .169 690 .169 .066
FACTOR1_2 | 8.3E-02 1| 8.3E-02 6.491 .031 6.491 622
FACTOR1~ FACTOR1_1 5.3E-02 2 2.6E-02 .435 .660 .871 .101
CUEGRP FACTOR1_2 | 2.6E-02 2 | 1.3E-02 1.005 .404 2.011 174
Emror(FACTOR1) FACTOR1_1 543 9 6.0E-02
FACTOR1_2 .115 9 1.3E-02
a. Computed using alpha = .05
Tests of Between-Subjects Effects
Measure: MEASURE_1 '
Transformed Variable: Average
Type Uil .
Sum of Mean Noncent. | Observed
Source Squares df Square F Sig. Parameter Power®
Intercept 3.479 1 3.479 |2642.259 .000 | 2642.259 1.000
CUEGRP | 3.7E-05 2 1.9E-05 014 .986 .028 .052
Error 1.2E-02 9 1.3E-03

a. Computed using alpha = .05
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cuel

ber3

A:\bxchttl.sav

bcl3

bcm3

bco3

odor

.56

37

31

.00

light

14

.49

37

.00

odor

41

.28

31

land

37

.32

.16

.15

odor

.70

.08

.18

odor

24

43

.32

.00

light

.40

19

.05

odor

15

.55

.28

.02

light

41

.30

.26

.03

10 :

odor

.23

A1

.02

11

land

73

.16

.01

12

light

.29

.63

.08

.00

1-1
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Goaibox Posmon LS 3

Descnpttve Statistlcs

-a. Cdmpqied using a|pha = .05

103

. std. |
. ‘cuegrp Mean - | Deviation _ N
BCL3 land ~ .3280 1593 |- 5
' light *3375 1893 | .4
_odor- - 4167 1850 . -3
. Total 3533 .1634 12
BCM3 - land - 2740 | 8.44E-02 5
© 7 light .2900 .1030 40
_odor .1667 | 9.02E-02 | 3
~_Total 2525 | 9.85E-:02 | 12
‘BCR3 - - land 3780 | 2126 | 5
: light 4175 | T2mr | 4
odor - - .3567 6.11E-02 )
Total -.3858 1954 | 12
Tests of Within-Subjects Effects
Measure: MEASURE 1 B ‘
" Sphericity Assumed
Type il . . o o S .
) Sum of Lo Mean . . |. Noncent, | Observed
| Source _Squares . df Square £ "Sig.... | Parameter Power?
FACTORT 130 " 2| 6.5E-02 { = 1573 235 | 3146 | 289
E’GCEE%'T; 4.6E-02 | 4| 12602 | 281 [ 87| 1122|098
: Error(FACTORH 745 18 | 4.1E-02 | ]
_a Computed using alpha-— 05 o
Tests of Within-Subjects Contrasts
Measure MEASURE 1 P ’
<) Typetii | : s - o
L Transformed ‘| sum of : - Mean Noncent. | Observed-|
| Source Varable . .{ Squares . df Square F Sig. Parameter | Power?
FACTORT  FACTORI_T | 31€-08 | - 1 [ 34E03 | = 0454 837} - 045 .054
’ S FACTOR1 2 | 127 10 127 9959 | . 012 ] 9959 801
1 FACTOR1.* -FACTOR1._1 | :1.8E-02: 21+ 9.1E-03 ©.129 .880 -.259 | 084 |
CUEGRP FACTOR1:2 | 2.8E-02. -2 | 1.4E-02 1.110 371 S 2.221 .188
Ermror(FACTOR1) -FACTOR1_1 630 9| 7.0E-02 ' -
- " FACTOR1 2. 115 9 | 1.3€-02
‘a. Computed using alpha = .05 ' )
‘Tests of Between-Subjects Effects -
"~ Measure: MEASURE_1 -
‘ ) Transformed Variable: Averaoe
Type lil: ‘ R B
C Sum of . Mean R ‘Noncent. | Observed
| 'Source Squares S df Square {. F . Sig. Parameter Powerd
Intercept - 3.741 1 3.741 | 1542.070 .000 1542.070 1.000:
CUEGRP | 6.7E-03 2| 33g03 | 1379 | 300 | - 2757 224
Emor | 2.2E-02 9.| 24E-03 | - ' : -
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: Cue Choice

. Measure: M E‘AS‘URE_1 ,

Tests of Within-Subjects Effects

0511

"-Sphericity Assumed
s | Type il Lt Tl .
© .. .| Sumof 1 Mean. U i Noncent.. | Observed
Source Squares df - | Square F Sig. Parameter | - Power® -
CUES 46E-02 | 2 | 2.3E-02 3.358 053 | . 6715 |  .573
Error(CUES) 149 22 | 6.8E-03 : R e
a..Computed using alpha=.05- -
simple contrast, to first: landmark “to’ iight;, landmark to’ odor”
: .. Tests of Within-Subjects Contrasts '
- Measure: MEASURE_1 v '
N Type Il o o o
o . Transformed | Sumof - | Mean - . Noncent. | Observed |-
Source . Varable. | Squares . df Square F Sig. . Parameter | Powerd -
CUES '+ .CUES_1 6.6E-02 1 6.6E-02 3.263 .098 3.263 | -.378
o CUES_2 7AE:02! 1| 71802 | 9.057 012 9.057 782
Eror(CUES) CUES_1 222 11 | 2.0E-02 - ' ’ - L
. CUEs 2 8.6€:02 11 | 7.8€-03
‘ aLComputed using alpha =.05 . )
‘'simple contrast to last: odor to-landmark, odor to ’light"'
- o Tests of Within-Subjects Contrasts
Measure: MEASURE 1 )
R v 1 Typelit . ]
: Transformed | Sum of . Mean S Noncent.. | Observed
' Source Variable Squares |. df _Square F Sig. Parameter Powerd
CUES CUES_1 | 7.1E-02 1| 7.1E-02 | 9.057 012 9.057 - .782
: .~ CUES_2 7.5E-05 1| 7.56-05 006 | .940 .006
Error(CUES) CUES_1 R | 8.6E-02 11} 7.8E-03 :
. CuES 2 L1398 | 1] 1.36-02
. a. Comiputed using alpha =.05 ~ . T
Cue Choice x Age
© Descriptive Statistics o
o a , Std. -
N R Age -Mean | Deviation N
| LANDMARK 5 mo .2500 | 6.98E-02 4
C dyr 2825 | 5.74E-02 4
3yrs 1875 | 6.13E-02 4
_ Total 2400 | 7.03E-02 12
LIGHT - 5mo. ©.3225 | 6.65€-02 4
oty 2425 | 3.69E-02 41
3y 3775 | 8.50E-02 L4
RS Total . | 3142 | 8.31E-02 12
"~ |ODBOR: - S5mo 3075 | 2.06E-02 4
T e :3275.| 7.54E-02 4
3yrs .3150| 4.65E-02 4
Total ~.3167 | 4.83E-02 12




Measure: MEASURE_1

Tests of Within-Subjects Effects

Sphericity Assumed

Type il

Sum of Mean Noncent. Observed
Source Squares df Square F Sig. Parameter Power?
CUES 4.6E-02 2 | 2.3E-02 4.382 .028 8.764 681
CUES * AGE | 5.6E-02 4 | 1.4E-02 2.678 .065 10.712 622
Eror(CUES) | 9.4E-02 18 | 5.2E-03 ‘

a. Computed using alpha = .05
simple contrast to first: landmark to light , landmark to odor
Tests of Within-Subjects Contrasts
Measure: MEASURE 1
Type (Il

Transformed Sum of Mean Noncent. | Observed
Source Variable Squares df Square F Sig. Parameter Power®
CUES CUES_1 6.6E-02 1 6.6E-02 5.092 .050 5.092 522

CUES_2 7.1E-02 1 7.1E-02 9.088 .015 9.088 .765
CUES * AGE CUES_1 106 2 | 5.3E-02 4.081 .055 8.162 .569

CUES_2 1.6E-02 2 | 7.9E-03 1.019 399 2.038 A76
Error(CUES) CUES_1 17 9| 1.3E-02

CUES 2 | 7.0E-02 9 | 7.8E-03

a. Computed using alpha = .05
simple contrast to last: odor to landmark, odor to light
Tests of Within-Subjects Contrasts
Measure: MEASURE_1
Type Il

Transformed Sum of Mean Noncent. Observed
Source Variable Squares df Square F Sig. Parameter Power®
CUES CUES_1 7.1E-02 1 7.1E-02 9.088 .015 9.088 765

CUES_2 7.5E-05 1 7.5E-05 .007 .934 .007 051
CUES *AGE CUES_1 1.6E-02 2 | 7.9e-03 1.019 .399 2.038 176

CUES_2 4 5€-02 2 | 2.3E-02 2.169 170 4.339 332
Error(CUES) CUES_1 7.0E-02 g | 7.8E-03

CUES_.2 9.4E-02 9 | 1.0E-02

a. Computed using alpha = .05
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subject

age

A:\exp2correctpercent.sav

landmark

light

odor

©1.00

1yr

.33

42

.33

2.00

1yr

.42

3.00

1yr

.50

42

.67

4.00

1yr

.25

.25

5.00

1yr

A7

.00

.33

6.00

5mo

.33

.50

.42

7.00

5mo

.42

A7

.25

8.00

5mo

A7

.25

25

8.00

5mo

42

A7

.33

10

13.00

3yf

.33

.33

.50

11

15.00

3yr

33

.25

.25

12

16.00

3yr

.33

.50

.25
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Rewarded Cue Choice, Retraining Trials

- Descriptive Statistics

. Std.
Mean Deviation N
LANDMARK .3333 .1003 12
LIGHT . .3200 .1691 12
ODOR .3467 .1556 12

Tests of Within-Subjects Effects
Measure: MEASURE_1 ‘

Sphericity Assumed

Type Hli

Sum of Mean : Noncent. | Observed
Source Squares df Square F Sig. Parameter Powerd
CUE 4.3E-03 2| 2.1E-03 .181 .836 .361 .075
Eror(CUE) .260 22 | 1.2E-02

a. Computed using alpha = .05

Tests of Within-Subjects Contrasts
Measure: MEASURE 1

Type il | .
) Transformed | Sum of Mean Noncent. | Observed
Source Vanable Squares df Square F Sig. Parameter Power®
CUE CUE_1 1.1E-03 1 1.1E-03 130 726 .130 .063
~ CUE_2 3.26-03 1 | 3.2E-03 .208 857 .208 .070
Emor(CUE) CUE_1 9.0E-02 11 8.2E-03
CUE 2 169 11 1.5E-02

a. Computed using alpha = .05

Rewarded Cue Choice x Age

Descriptive Statistics

‘ Std.
age Mean Deviation N
LANDMARK  5mo .3350 1179 4
1yr .3340 . .1313 5
3yr .3300 0000 3
Total .3333 .1003 12
LIGHT 5mo 2725 | .1563 4
1yr .3340 2202 5
3yr .3600 1277 3
Total .3200 1691 12
ODOR 5mo .3125 | 8.10E-02 4
1yr .3820 2199 5
3yr 3333 | 1443 "3
Total .3467 ..1556 12
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Me’a‘sure: MEASURE_1 X

Tests of Within-Subjects Effects

" Sphericity Assumed °

"“Measure: MEASURE. 1
" Transformed Variable: Average

* . Tests of Between-Subjects Effects L

Type il co S . :
.'Sum of el Meant | ] . Noncent. | Observed
Source | Squares df Square - F . Sig. Parameter Powerd
A Int‘ercep}.‘ . 3.813 R I | 3.813 81.998 .000 81.998 1.000
AGE" | 1.3E-02 2 |, 6.6E-03 142 869 285 . 086
Emor - | - .418 9 | 46E-02 ' .

a. Computed using alpha = .05

109

Type Iil f I Ve e -
: ' | Sum of -} Mean:. | S | Noncent. - | Observed
1 Source: | Squares - df .- | .Square.| F Sig. Parameter Power®
[Cue 2.4E-03 21 12E-03 .088 916 | . ..175 061"
CUE * AGE | 1.3E-02 ‘4| 33603 | 238 | 913 952 | - .09
Error(CUE) - 247 | 18] 1.4E02 SRR "
. ‘a. Computed using alpha = .05 TR
: , Tests of Within-Subjects Contrasts-’
Measure: MEASURE 1 : L C N
: Tl | Typelll- IR s
. Transformed: |. Sumof . | Mean: o Noncent. | Observed
Source Variable =~ . .| Squares. o df Square F Sig. Parameter. | Power®
CUE CUE_1 . 5.3E-04 | . . 1.| 5.3E-04 .056 - .818 .056 .055
v CUE_2 | 1.9-03 | 1 | 1.9E-03 104 754 104 .060 | -
CUE * AGE. CUE_1 | s.7E-03° 2| 2.96-03 .304 7451 . - - .608 085 |
" CUE_.2 7.3E-03 2 | 3.76-03 204 819 407 073
Error(CUE) CUE_1 8.56-02: | - 9 | 9.4E-03 - '
» CUE2 162 9 | 1.8E-02
- a.Computed using alpha'=.05 ‘Multiple Coﬁlparisoné
Bonferroni ' Bl
95% Confidence -
Mean interval
Dependent . Difference | - ‘Std. Lower Upper
Variable () age (Hage | () Ervor Sig. . | Bound Bound
CANDMARK  5mo 1yr - | 1.000E-03° 074 1.000.|  -2172 2192
S . 3yr | 5.000E-03 -.085 1.000 2434 2534
1yr "~ 5mo - -1.00E-03 074 1.000 | - -.2192 2172
3yr . . |.4.000E-03 081 1.000. | - -.2335 2415 |
3yr Smo | '-5.00E-03 - .085 1.000 | -2534 | 2434
: ‘ 1yr . | :4.00E:03 .081 1.000 -.2415 2335
LIGHT ~ 5mo 1yr - | -615E-02 122 | 1.000°| @ -.4206 2976
S Lo 3yr o | -8.75E-02 139 1.000 | -4964 | 3214
yre 5mo. 6.150E-02 2122 1.000 | . -2976 | . .4206
. 3yr .. | -260E-02' . 133 1.000 -.4170 23650
3yr 5mo 8.750E-02 | 139 1.000 | -3214'| 494
‘ 1yr 2.600E-02 433 |, 1.000 | -.3650 4170
1ODOR" 5mo 1yr -6.95E-02 413 | - 1.000 | ' .-.4006 2616
: 3yr e} -2.08E-02 129 | 1,000 -.3978 13561
1iyr - 5mo. - |6:950E-02 | 113 1.000 | - -2616 L4006
. 3yr. - | 4.867E-02 423 1.000 23118 L4091
3yr 5mo 2083E-02: | - 129 1.000 {. '-.3561 .3978
: ~Ayr 487602 | 123 | 1.000 | -.4091 3118
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