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ABtrRACT

Thts Ftt¡dy wrs conduet€d to eln^nüre tb hfpoeeses thot (a) sa antl-

p¡e&tor response oceure tn tbe gerbll to a vleual sËmr¡luer þ) dlffereaaee

t¡ reeponslvenese ocour for the gerbll to ehort and long-necked Etlmutf and

(c) aflmulu spealfûe reeponse decrement oeeurs for tbs antl-pre&tor

r€spoase tn ftê gerbtl.

Th¡ee grlo"Fs of gnrblle wents us€d. AftEr one &y of free movementr

tro erper{mmtal g$¡F q¡erre Breseüod wlth ghort a¡d lmg nea&ed eünullr

rwpæüvely' for flve deys atrd eountcr-üalpaced wtü üe oppoelte stluulus

for one-ba,lf of the etgh prraseutetlons on tbe seventb dny. Tbe depmdent

mdauros rooordsd obeen¡nüoüslly wero tbe ehrtle and antl-predebr

feÊpoÉÉe& aubul¿tlono tlne o$ of tåe freldr torrttor-.lrl mrrt*ngr gmonlng

ssd dlggilag.

The regultÉ support &e oeeurrense rnd babtã¡sdou of tbe ¡uül-predetor

rspoüser eüd tùe anoülasy startle r€spoqsê, whlle not shorrlng overall

dlffs¡oüoos la respoqclvenees to thß ehoil or bag-¡6s¡ed ettmull aad mly

pe¡t¡at etlnulus-speolfto neøFoüse deerêEæt. hltnðl htgh ¡nües of Ehstle

and antl-prEôtar naËponsee dtd oacur wltb l¡orae€d tlae tq fåo eualosure

and suppreeslot of ougpt¡g beh¿vtom ¿e smblústloar terrttorlal ma¡üngi

grtonlry ¡ûd dlggfng.
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CEAPIrER I

INTROÐüCmO!ù

Statement of tåe Prublem

The purpose of thts tbesls was to examlne experlmeatally tbe Mongolian

gerbllr llerlones ungutguleh¡er for (1¡ täe ocourrenoe of the anfl-predator

ræponse ûo e vlsuel eümulrc¡ {¿} tüe poeetble dlfrerences tn frequency of

rGspoEt¡€E behreen presenteüoae of sbort-neaked sflnult ÊÊrfr ebaBe) ond

long-¡êe¡4 Ettnulf (gÞoso **pell and (g) wùethçr or rct eünulus spætf,o

ræpoüso deepmeuü oûBurð ç'lth the ea$-predstor nêBlroûse.

The aüt*pue&tor 
"€ponss 

ta thê liloEpltaa gsÉü dertr¡ed fmn, tbe

eoolsgler,l eftdy m¡de by îrotsoto (194s) and preltnluary laboratory

obo-wa'ûlone by the prcent rrrlter. Tantmoto üstes tåe gerbtl aa havlag a

undoqroud bür¡scr oonplex wtth emy enüra.æes ræed to esctpo preöùors.

A pbtog$É of åe Mongoltan gnrbütc nüw¿l hsbttÐt Svæ by Tenfmoto

abwt the opness of tbe temia that leo.vee tåe bryrrow as the only flaoe

of reñ¡gB from pr@ttoa {eeo Ftgure 1). Unforhuetety ro meaflon ms msdÊ

of tlB üype of pre&ûor as tt eould be avla& roptlllen or m¡u'oartra (Ktryk¡

tr962). IVlth +hfe lnforrnsilon pællmlæry traboraûorf¡ obs€ffettons by the

prøsont vdter ldfaeted läåt soue faet rcvlng eümnlt etfettad startlee and

escape-frou-the*oBen*field reeponses wiræ e nburrown ffilt was provldd.

aepoated prosentatloas sf tåe aËmult eltottd repeated rh,ül*predatorrf

ll99Bffi8€Êr



FIGURE T

fte GeÍbllts Nat$ral Habttat



I
Hletory of the Ppbleu

fte htstory of a pauadtgu for the arút-prdtor responge ts aerlal

predaüors has bêen traaed back to the 19th cenhrry lawyer nnd expertmental

beü¿vlortst rþugleg A. spalqllng by Gray (1966). Modern resoerch on the

eubJeot wa^s oentered around a bypothecrs Frt forth by Ttnþeryen (xg4s¡

1961). The hypotheslo euggested thst ngarlruaoeous btrde¡ dr¡eks, snd

geesert exhtbtt tnnate al¿nn reacüone to sbort-neck€ô long*¡s¿¡ed (haq¡k

nlppel stln.ull resembltng predatore and no reaoflons to lo,ng-¡s,ckeô shor"t-

bodled (goose sbaBe) gtimull.

the oontrçveTsy th¿t followed Ttnbeggære publica$oncr wÐç¡ lnttl¿ted

by a tdst of the hypotheets uslng \ryhftê L€gbrn chookeas þ Hlreebr ¡dndleyr

and Tolnsn (19661. thte etu{y to eonflm the Tlubergen h¡rpot&oetsr

ag tt u¡as ealled by Htrsohg!.ÊL" under labouaûory oondtlons. A eeooud

experlmeut by Rookett (19ðõ) oorrebo¡ated t&eee reeultg wftb Whtte Roek

oheokene md duohs' Tlnberyen (195?) arttlelsed the Hlrsob togm for havtng

bssed thelr rcgailve ffnffags on teets of another epeotes th¡t was domeeüesiod

and notd thnt v¡ltd erttlo[smer Büoh as gtvlng only euvEmsrlly prbltehed

qbservÊtloag and havlng the devolopnontal htsûory ',ncontsll€dr reêBe rat

menfloaed. Elrsoh (106?) replted tbat tt s'ag ærr€ct to uee &neEüe¡fod

I"egËorn ehlokens a's th€y were the ruost av*llsble gatllnaoeoug btÉds &r
whtob the lypptåßste waa f¡amed" Tlnbergcn nsvcr gÊ.ve a dlreçt e¡awer to

Hlrsehtg nedy.
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The oontmvsrsy oref t.hß Ttuberyea b¡ryo&eeLu gnve lmpohrs to sweral

Borê experl,noats. Uclãcob Fenieb süd BeeksÊ (1969) ueed rcvtng t'hwktf

aad rtgooaetf flguros ûo tæEt dtfferenùtal reopouelvoÉess by Matlercl dueksr

EÐms of whleä reoely€d e.rllor axperlæce wtth the sülnult. nilaüa¡de wlth

Gsrly exBer{ooeg gho$ed no sgspo[fleg to lstor. teetl:ngr wher€aer Hrde wtth

uo ea.rly experlenee ehowed nllr*ed fcen of both the Írh¿rrkn Ênd ttgoo66Ù

shped &odêls. Botb ta tbtr øtrulyl aad tn * s€Gond øhrff by Meka,ok (19S11,

åablfr¡gülo¡ b euse@sslve preeentrtloaß ogGËrfeú alÊhowh evø efter üro

thus$ùit ptuaenüatfors of tåe uodsle thm*emoüoufilft or{ættag respobsos

wet? ffl¡üd. Aü sppffif,tmpteily ths eaue tlno, nfi-o$tvsÈ (1g80) fomü tq s

strdy of Nen¡r HemÉaütue chfokæsr Þfsüa.ld úroktlr.gç aad unsgeslfted yon'ÉS

pbea¡*ntEr tået täere werê so dlffeumøee 1B ræeponelveness üo thê tfhrwk-

gæee" $ttrl*ble. ìfieHlven ðd ftnd tåa,ü Êll throe epeotæ exthlþttod €Eoepe

fosFoagog to bofh thß frhå,rr*rr rüd itsos¡en ehapeø whm they were preEe¡ted

swooplng,

Thme roseerehôE and eltülelsmE bad thslr etreet on Tlahergea. Flret

tn a 196s prblto*ttou snd tàen more sxterstvçly t¡ * tg65 srûIlsottonr

Ttnbergen (1968¡ tr966' p. 190) r-€FÉ*lêd hûs errller cs¡nrnltment to the

dlffaræe fn resBonelvenege to tûe short-¡ogkêd *nd Xoug-uøcked ftgHree

as havtug ea tw*üe b¿els. A Êêw Fosfttoå nns o$Uued arådffiug habtû¡å.$o¡

to fâ,mütarr p¡!-pdsdnûoflr sooee-Itks epeies *B betry tb€ bÈsiF 0f &e

dlffaresoe ln rÉsottytty ûo rqûÊËtlûr predatow. Åceordlaglyr Tlnberg:en

'_:- , - ..



6

(lgSE) arEuêd that e*rly ln &velopment there te a generallaedr rsa-epeelflo

resctlvtty to revlng o$eots whtoh deoltueg wtth äe tneneestrg freguenoy of

thelr o6cuËÌeüo€. Thme trffir gr strauge etlnullr euch ss pre&torsr Íl$ll

ellolt reeatloue becauso habtfirettsn has nst tahen plaoe. Thwr Ttþbesg€u,,

66 rtstor adnoe¡te of the ertgllul h¡ryothøsle besed on ta¡rte scheuete,

aoeefro whs.twe¡e the flndtngs of sohletü (1g61o¡ tÐBtb). sehletdt (lÐsrs)

found tü¡t etlmuþs epú*Hte !Êspome dærenent soeurred wlth hr&ey hene

to moro frequeut eflmultr hßwk-Ilks oa g8sgê-llkr stuee Bredatørre &tre e

rela'ttve fal''lty, ln aomptr,tEon wlth se¡-prodatore, t[ey muld sttll eltctt

treeotloûe. Agreetag wtt& Schletdt, Ïilnrler & Hamllton (19S6) noter ft&us

hsbtt¡aüsn ce.fi¡€g ùo qehteve on6 of &e nost etrlHqg Gasoê of reopouse to

n epeclfte etlnulus t&et bÉs bøo¡ deqsnstünÈed (p. 64?),'f

The Fssthle tnpoltaaee of hnblftntlon as an outogeætte adeptetto* to

þlologÍeelly trrelevaat stt.nulf le a.pparent and aceegad (rorena, 196ö¡

Tborper 1966¡ lfi*rler & Hrnlltøn' 1Ðû6). As a slmple te*rrlng pnoc€sgr

brblü¡aflon Bermttø ßêgpome decrremsnt to l¡noeuor¡e süaull. Altblgh at

flæt a dtmple eoaoeptlonr håÞtürstfon le comgleatedby the poealbltþ of

bêtüg Ebcù-t6rn of long*þrmr spealflo ûo the ettnulr¡s or,rüot epætfta

to t'he sttmulw and behg coafireed wlth eensor.y ada@Éon (Ttorpq 1g6E).

rbor1pe cp€a,kË of hnbih¡aüon 'tln tho etrret Ëense'ae referlag üo loug-term

r@spßnse unantng opeelfio to e sHmulusr but wes thø tcrn fsr rlhe urmlug of

e resFonse e.Ë a ¡eeult of repeeted ettmulatton thÊt ts not followed by aay ktnd



of relnforrement, (Th6rpe lÐ66r p,4S?).'r

Htglg{y sf.the Swtes

the tern ger&tl oan sefor to suy øpootw of &e ten genera sf the sub-

$æúly Gorbflllnasr of &e famity ortceildaq aub-orf,er sfyouorgn¡ of üe

onüsr rtodmtþ (slmpaoü, 1g48l $$hsrcuffkerr 1Ð69), In tbe preoeut contæxt

the unne gsf,bü wtll rrefer üo only the bÍongnltan Ser.btl, -$4q4ouse ragu¡cutúFer

ftrst idëntülêd by lEtlne Edqnrds te r8g?, who reported on tt tn a Frensh

Jsurtsl e'ftêr the alestoünrlrAmod ÐÉtrtd semt getbil skfng aud elüllõ to

FÐrls. It ls Erttro of Northeøst chtrÉâ EeÊtort Mogolta and pards sf Kopef,.

asd u¡ae brougþb tudreetly viÉ.IopÈa, iAto Ner,f.h.Amerioa. Vtctor $ehrræt&er

of f.be West Fbr¡a&üon tn lfery lork Érh.þ türr&roed elsvon p6lre of gerglnr

aüe of uùtoh bred beefusfËS þ 1964. Mosb Íf not aIL of tåe prreøtly trssd

teaaroh anrlq+ls hsvo deseendpd f¡om thts snntl ssü8p!€ breeüng gt¿ek.

Tbe snpll 64mple ralaes the questtæ of $üetber tb6 &rn rÊllebte ger,bll

ls repreeeat*ttve sf tåÉ fiee ltvlng fom, Ëeveral gewmera nÍe porfln¡ut.

FlrÉt sTlsb a snf,ll e*mpÏe ueed for ths eEtebllshment of E rev pspr¡lg$on

@,ry only a snâ¡l Barttttored p¡oportton of thø totnl genetla load sf tþ
pa.re|rtll populetton (lfi¿yrr 1S68' p. ållf . The deee€üdrnt poBulattos coüa..tne

snly the roløüve[y few genes tü*t the foruders had brcugbt wIt& tþero, üfrúlI

replæfshed by eirbaeçËff Br&nt allelas. Thle, rtfomden prdnptplq fr ås lt

Ís called by ffiyr (1g6gh fe ofûeu reßpoüsiHe fur tùe gæ€ûtc ç¡td Èeuohmte
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ualfomlþ qÉ antmal æloalee¡ a genar*llsa,ülon sihloh rrr¡y well apdy b the

wogü ssruù,t'leu stoek. Bohrpcut&cr (pegoast eommtulcattsq rggû) notæe

tbat tbere ts æ Ëo6ess to wttd gertlls for coroporlrou. For the prresant

tbe¡ tËere le uo way of teettng the etrËcüs tbat the foundem äad ou Íeproeenþ-

tlvenesg. Soeondary vadableg ln repreeontettveneas telude the eptgearetto

sonsequÊEßoe of tho dou¿estloeúers ontogony noted by $purway (196ã)r tbe tm¡slgon

Ifale (196Ð¡ em@ølød þetq¡Gêû tåc t¡ro a.dapttve poåks fihat gone freqtæaolee

tuderyo tn adpdng from the wIId to domsstte Eteúer aud genetfo vÞrtaflgu

r¡lthttt genetlaally tcðlated populattonø. Tb€ questlon of repneseaÉaqveneee,of

tfre avaltable gerbtl wltl npt be æssrved r¡atü tbe pørental poptatton f:u

resanS,ed under sb¡r&.rdtzd aogdfttouc fot oomperle@, There seewrË to be

snlversÊ'l agFeemont th¿t ecologfcal data te partteularty Bpa.me on the gerùtt

{Thtessenr 19G8a¡ Schq¡entkern 196g}.

The rnelorlty of tbe avallÐble behavþp.l eh¡dles oal the gerùü h.ve be€n

&ne recently. $Rr@þr-ølr sf the thirty avallable hsve be€g, done wtthln the

last threo ys&rs. 1!o ftnst etudy was by Taulnoto {1948}, útsh tnoluded

beha.vtoral observaflons fftd reuafns the ouly extonglve soureo of æolegkel

d¿ta on the ge-rbtt. Gerblls rveüs reBorted ts llvo ln uudergronnd oolsnios

*ad eonstlget conplexea of hrrrowsr noste ând storuooma tn dryr eaüdy

goll. The burroq¡s are approxlnest¿ly oyllnder.teal rriüh absqt & 4 om. ¿iamener

and are ueêd Ûo æeeFe predntoue . Tanlmoüo (1Ð48) ms^kes no refereape üo t&o

tfpe of preü,torr aud' ff desert fauüÊ frcn othør FÐr"ts of the world are
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Elmllå.r¡ tt msy be a btrù rreptlle or mamm+l (Klrnlsr 1969). A gotograS

(Figuro 1) taken fron Ta¡rfmotÐ (1943) lE of the gþrbllts neflve habltat fa

Nor{bern chim. Two elreles Ín the $aotogm$ encloee gerbtls thet b€

obsetved. The bablt¿t can be eeen to be openn flat aad free gf groturd Govêrr

le¿rttng the burrovre â.8 tbe only es-e-ape rcute from predaüors. Iu relattoashtp

to tbe antt-predator r€Bponge rroot-strmplng" nay havo a eomuau¡icetory

ffmctloa lu the gerbllr es IClrntE (196å) suggeste tn the Jertæ,r Fraoqlug

ortenE*te' tn the a¿ee of the gerbtl tt noay funcflon as an arerra Elgpat to

the preseuce of the prdator otügfde of the burrow as tn aERe eaÉ€Ð foot*

atomptag oecttrs after the pneoentatfon of a prredarlor etlæl¡lus and may heightcn

the rEaattvtty of conspeclftae (poreonal oboeruatlon). Ctearly thte posefbüfty

fs epeouloüve and r€quireg fietd eür{y. In adötlon to thte oeeurregøc, fooþ

súoqplrg hes boon mted ts ooour regul¿rly dr¡rtng eopula,to¡y sequoces and

nnqle-fernqle enoountens by Ssúterberg & Ifrumtg (196?).

lerrttprtal m¿rkhg lu the ge¡bil has hon e¡rtenstvely shrdled by a grory

*t t'he tlnlverElty of Texas led by Ð. Ð, Thleesen. It ts fmportsüt to qud,tüy

tåe use sf tbe concept of terrttory as Tarrluotð (1943) makea up nentlon Ef tt

ln regnrd üo gerbtle. Terrltorp deftned by li{shle (lgsg} as rfany defÉüd€d

ÊrGå n uould be oae of t"he mf,ny posslble functtonc sf lntraepeslfto obemleal

püm¡¡lt aürol$ whteh arre aggregaülonr diøpwelonr tndlvtdual and gnouB

recogultlonr trail l¿ytnsr 8s well as sexuel and gt¿rn oþmls (trfterter &

Ha'mllton¡ 19€6). Evlde'ase for the use {É phernmones ac tôrrttâr'tgl stgFñle



I
ls strggested tn the ftÈdügB of Blum & Tbtseser (1998) tÞct gerbtle e*poeed

ûo opæ fidds nsrkod by other gerlbtle ere mo$a hesttant to efiplorË tbeu.

'Fbeæmsns may bo forrud ûo havs multt$e soelÊl fimcffons lp the gerblt anù

aooordiag ts Thteesoa (19t8oh wtll bava to rems.fn a tteboîaûo¡¡r eurloelþtf

ua{l thetr soola,l Eþlftoanee tÊ wotl deflned.

lfi4rldf,g tn üh6 gerùtl le obafrstsrtaed by shtu'mrËg prumlusnt fee&rms

of t&elr Gürvtrcnußnt wtü tbe mtdpenbal eeboseow staaa lenvtqg sgþum¡

whtob ls sily' úo toucù and mueþ ün o&r. lta nalers glaad-ftald on thc

venhal eptdøtals le sbÞut tnr:t*e the etae af ths fem¿leüe md botþ e€¡t€E

prefor to Þãkr oblests tbat are hlÉ, retrntfvely Isüs sd smooth sn üþe

eul4Bñer aooord@ h Thlessen (196&t 1988ë1. glfoatrna entralnqent ts

found for tåe s8r*t[8 noÊBonEe wbtoh toads to bê noüE nostrmal aüd Fsrtt-

eula.dy blgb *mund d*wa aüd dusk, opÉr fields premarked þ emsBælftoa

dççreaseg nlpr&ln$r deüeast¡sn snd urluf,tls& F*ttçr¡l¿rly fE &e 'nalê, $êx

üffereæeÊ wtsË6 qlso foüd to oson¡ b the fraquenoy of tbß FGBpoÍsêr uonles

Eerktüg tglcc Ês Ër¡tät' ülaee ss f€E*l€s af,tes b€tng a,epþd ts tte fleld

lThiwsenr 19888¡ 19680). By aset!ä,$on and retstafæmont wttb tost¡¡st€loue

pþploñÈts nÊ*lüg ws ghsüre to be a,Bdrogm demdent ts þoth s€lres

{ttløao* 1968ai 1968h Ltudzey¡ Thlessü, Trrckerr tsg8¡ Thleeseq

ffi6a& Titadre¡ L0t8J.

The evÐhütemry origtns of terilþrlel me¡*lns and wsünd-bûrüklngrt arc

fnextrtonbly ücdr aeoordlqg tc Else¡bsry (196?!r dr¡e ts täetr elullar toFsgøñÉy,
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Sa¡dhfùlng Íe a beh¿ytor eb¿rd by ell dessrt-a&ptad þdents perutütug tb

pelage þ be dreessd wttbut waÍer. h the gæuet @sË& Eandbathlss aowleüe

of severnl diEttnst mvemeutsf iuoluding slds anbbi r venrtmm fl¡bbt¡g'

wrttbtng fmn. stde to sld6r and rolltng on fåe þcek. Tb orgp¡tsetto¡ of the

responce le opeelee-apeclfle âÐd tn t"he geútl eouelets of eld's fltb to oppelte

stdê ffiþ tn a rth¡¿llzed form 1næenberfr 108T), ffinee only rtde n$bùagr ts

chsnacterlEtle sf eandþ¿thtng tn the gerbtl It ls €astly differætteted frou

nnrtdngb whlch [e sbaractorlsücally vontwm r,ubblog.

t[he qther beüsvloral etrldles thst beye beea doaß wtns the gexbtl are

tasktng in etho.logiçel dÉte. Theee etudleEr and otber EHdiea noted Itr thüB

eætloqr aag sumuar,lu€d ln rhtilÊ I' Generolly tbey øhw the ger.btl to bê

afutrnbly doclle and applte*blo to many feme of pEycbl€gfoat lngtn¡meaf¿-

tlon and metMsloglr suoh qs såeel n¡¡sttrSi Stdman evol&mq shuttl,ebox

awt&noer HsEo gtudlesr operaut soudttlontag eh¡dlesr Jumptug stsadsr

vlEsal eüffe aad opea f[ê1d8. GerbllE *Ë poorêr in vlsr¡Êl oltff deerlufætlon

fhnn rats otr ælser ¡ltbugþ thølr performenee cg,n be tnprøved wtth

adpleeoont experleree. The geribll ls soolll aad haE Ð va.rt6ty of fËereetlngl

bebå.vtsr pattærns yet to be €Bptrornd h ary d*pth eueh es ebreddlngr

opontaneoug eelguresr and sand dtgghs.

The laboratory' maldsmroe requfred fsr tåe S61bt[ of al! rudenter ls

peú*Be tho le*st dema¡ldlng. Geribfle rre easlly keBt and hsúdledi rsqut"tng

Itttte woter aad onlf sh$detd l¡boratory ohow. &e gerbllts htÉ aottvlty'
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odorlessneggr e0sê la hs,dllagr dnr¡bttttyr eE s¡êll ae lts ftt to ðta¡¡dsrd

pyarbologlcel pnradtgmer pr€dlet its tnoreased ueage la bebavlorat

ræ@tth.

In additlon to t¡e eÈfifty sf thÞ gorbtl tte epeatee epeotfle behavtors

mahe it a pertloutally worthu¡hlle tebsra.ts$r subJeot. The etetr¡s of tbe

rçonparatfvert ssture of aalmal Etudtes tn peychology hâs bsq se¿{or¡sly

qtæstloued ae taoktug a theorsttoal hast¡ in ewtuttsmry btol¡gy (r,orensr

1960i næsb l&üCI1 $cbaierlq, tgõt¡ rÆhÌú t96g¡ Ðrlver & Go¡ntng, Lg6gl

Hodos & Çampbollr 1969). The gsrbll treed ta oonp.raülve eÊ,hologtaal

sütrdlesr as fst emm¡ile the empftasle En tho evolutlon of sool¿lbeü¡vtor tu

rodçnte by Eleenbory {19t?}r msr Eonfi{bute åo tåe temporleg of thpse

afuealehm€ats.



Tatùs I 1?

ftummar5r of bohavtsnl stud.ee wlth tåe lts¡golba Geratl
(ùferlones uunfrlculstqsl

RefereüeeSehvior

nfi¡lee msr* torrttortes r¡vith s€b- Blun & Thleaceru 1968

a,eeouÊ glâúd Eroüg tren fenales.
Autmals exposed to marked fields
ruoÍe hesttsnt.

Mlee better geribtle whleh better Bolaer Botae & nrrü¿naf

hngereo ¡:at¡ ta shrúttebox 1968

ar¡ol&nce,

Operanü regpoÉses for food on OamBbel$ $tlaney &
FA 1 snd VI 1-&l&. are elower t{eurln8er¡ 1969

lä ratê tå$r rat o? #,9Èoü.

ffithfi1 tlmtüe deÑ and dletance Oole & Tspptryr tS6Ð

pereop$on pmsent iu JrrmBtag, ehad ¿ad T-ma.ue áppara.træ.

Vfsual æd tacttle eues rsgulnte ColllBsr Lla&ey &

cttff deøEent sespoüÁros. Thie86elb 1Ð69

GerbllE better rttg ta tìI/orrs¡¡y E$glestonr 1967

a,etlve evoldsüoo ln shuttl,e hx.

trsasdbÊthlngrt rüd areA naerlúngt Elçcnberyl, 198î

ag@låþle¡ eeversl nsruúsr fntro'
mfsstoüs $¡ eoptúû.tor1r sequøloe'

Tlme opqper shreddltrdt fno¡eases Qlioha'U Frted e
TFtth thlGlüÊss of FÊFr. MÒrnlsonr 1967

Slppooenpal treslour iære*ees Hlggener Gltokr¡sn
motor acttvtty ard deoreases & IeeaosoÈr 196?

nso$oblo úespoË¡lês'

Etppoc*mpeaüomtsed gerbtls show lü€lmd & ba'd€6oü'

eühaacBdl re¡ottvtty t0 hrÉ 1908

l¡*teastüy audltory e v,l8uå1 eüuulf .

Iræmlng e6ts eettHteh for trvo KIeg' Goodnann & SeoEr

and four eholce oblect dtEcrln- 196S

lü*tlon ln TttGTA'



T¿Ho 1 eoatt

IleveloBmæt of terrlúorüal u.tldag L[ndøen fttessea & 1S

tn rø+ïe gerütl audrugen &pendent. T¡¡oksrr 1g6g

Exetsed sebaseous gtand didnrt Brevent Mttcbellr 1ftffl
rçpmduotlve sr¡ceesg.

Gerbil eppnoprlete eubjeet for $¿uma& l$68er l$€Sb
Sktnner box¡ dlscrlmim,tion rr¡n-
vr¡Êy süd open fleld stu#.
Gerbtls leos thlgmot*xic tha¡r r&ts. N¿l¡maa, 1g8B

More aotive tþsn r¿t tn runntng pov¡ell & peeh 1g6g
wheel¡ comptÉhlê to r¡t tn $tdmsä
avoi&,noe.

$elf*etlmulå.tlon of breln, gexuel Boutteuberg & Kramlor
berhavior and foot sbck are 1ÐB?

followed by ttoot dûoupfug. h

Seoplem¡aß deru$e p¿Fer cherrlry¡ Sfrt¿er & Igsså.osot
no offect on spontaneoru aotlvity. 196g

LIve togefåer tn r,rndergound Taatmotor 1g4S
aolsnlea¡ hare mnny burmwe to
eso¿Fe thelr prodaùore.

Atrdrogoa depen&nt mnrklng deer€ÊË€e Tblsssen, 1968a
wfth groupiug.

Testoetsrone l¡duees mar^ktag and Thlessear lg$gb
sçbum eeerotùÐn ln femnle*

Teu{tortal marldng revlEwed rctlng Thlesee& Lg6Bc
th¿t the e&avtos releüoa
ts pnobably of soairel slgnlfloanoe,

castratlon a,d teetogteroae replaoement rhfesseur Frieud &
sbow androgenr oo¡rtrol of mer¡kÍng whieh l.,Indzen 1968
ls probably a $oeromone,

vtsnsl ollff beüevtsr &flclont tn¡t not Thleaeear r"lrdze¡ Btum,
brtghtuess dlscrlmfn¿tlon' Træker & Frtendr 1g6g

Early eNperleaoe wlth vteuel olfff Thlegeea, Ltudrey
decra,eEe l,ntøney ûo rreepoud. & Cofllasr 1g0g

Ëpontmeoue selzurêB oontrolled by lbieseenr Lldzey &
anúleonwlæÉe¡ genetlø vart¿btllty. prl€ûd, lÐ69

odor cuee effeet goal latency tn ruawey. Topptng & coler 1g6g

ñhpek avoldaÐße beüer *llg^a r*t. Tfaltersr pe¿rl & Rogcrn¡ lg6s

Bltnd and vlbrissâolese gerblls ïüebster & cacaevaler
poor ln Eå,Ee lea.mfng. 1gÊ6

Gerbtl dtsertmlastlon pooror than rat. wtge & Farkerr 1Ð6s



CEAPTEA A

MEIEOI}

Subteots

-
Twenqy-s6vü lflongollen gerbtlc' ]&4gIE tuguteul*tq& \rere reeetved

fron the euBpller vlotor sobrrcnt&er sf ïnublebrooh Farms¡ IB. et fre agte

sf 66 drys. fl¡tred hetemcsr¡nllyr tb¿ 1S uEles and til fenaleor oas fen*le

of whlsh vns $acod wtth a previowly t€$¡tr€d mal€' rruFË put l¡to speçtally

cmstrueted 1* x 14 x g tneh, wiro neeh tonpea, snsoalte ea,g€s petated

gêEt*Slass riblte ou e.Il sl¡r stdm (eee Ftg¡¡re 2)" Htrrlffi Lsb Chw wa^€

nlumF avatlable throlryh a wtre meeh feedsrr se wås wnterr la oae stde of

tbe cage. The ceges w6ilB oüæned onpe a. wEek and the floorte å læb scwdüÊt

Eubctmte wte replæed. Htrs tbäf had yorug wøre glven FÊpèr ac aeetfry:

mpterf¿l ¿nd the pupe wer6 rçmoved at s0 &p of ago.

The gerbtls wefe ü*tntstnd olr a twelye üo ntaßå.,M, erh sln6'ûo

twelr¡e llght eycle ta a tsot*tod rsom tn $ütoh only llmtted noveüûøt tÐ]r ¿

øonehker ws permttted and ns ot¡hpr anlmslE wef€ koÉ. ^åppmrxtuatæty

8s db. ef whtte aolse neE Érfed øonHe¡¡susry durlng tfrÊ lgbt portten of &e

dÊy-nt$t eycle ln botr the ooløqy and expet|usuEl rooËrÊ to nssk ewlron-

menbl nþIsês aad tnercese olm¿dan Gü6ß¡ lbe Serttls trsrra appmtrngtely

X80 &ylc ofd at t¡fúta'l teøüng.

Apwra,tus

The *parrfus eoaaletsd of a 89"? tneh equa.no open ftefld wlth a güd of

16 Equ*$y-glaed squaree dras¡a tin blaah of a uthltß ceml*.glose floor" Tþ
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flcld wrs ûd&d wttb dûÊ freeted Ft€Btgleg Bry mæsurtng 1.0 lreh ln

Icugfh' f /L8 rÃQb,tlr vtdüb anct 9/Sg tnsbs t¡ beteht, after Tbleseæ (tgggo).

SaBh p€ r[¡8s posttloned for we ¿E a t¿rrttor.l¡t nerktry sttc at enob of äe

nlne tntêrseetlng polats oJ the grtd. Three of the 4x 4feeü whtter B€@,1-

gloeae& m¡mntte std€E to &Ê spcn fleld net wltb tb fourth wall tå¿t w¡a

fourteen llohês htgh sd eonetstêd of ftret 8.6 lnehes ol rrütte nrcoütte

ûopped by õ.6 lnehes of olear plextglas. The ptextgtas tsp pernttted tåe

pædafor stfmrilus to be vtswêd fsom tùe oppoelte Tg* or, tts f,,eld. EEnt

tnehee ln t$e baok of tbs fruü.h wall ¿ whlter 
""6¡-glosge4 

4 x d feet eard-

b@rd prfftton provtded e bl[¡d for the predetor etlmulus larnehrng Èpparahu

snd tåe obse¡leer, Tbe predaÊor sttmulus moved tbmugh a gå x 1g lnoh

hortæutel elot 18 Upbes f¡sn tås f,sor base of tbs bhnd end tùe obsen er

had a 8å x ?å tuoh brtzonûsl slot a4¡se,at to the laüaobt¡g apperrtru io tbe

bltad- A dartened room and a llgb over tbe opa fteld pernlttcd €nly nnft€d

Êsulty by the gorðile thno¡gh tùe Hlud.

the pnáaator stlmulus uEs I ¡sverssbler blãck, trong-¡ps¡g or shoft-

ee&ed þvm shotpil ln tbe lower photoer¿ph of Ftgure 4r ðfrêr Shlefdt (1961b).

The etluuluË was 14 tuebos wfde by 1Ê tnoüee lorg and msved oa tåp end of *
flve foot long by 8/4lrr¡h,8err4f,6r whtte pole so tbat tt oor¡td move brtzmtelly

18 laohes off thE flqor to the opposlte sld@ of the opcn fletô oo'lltrg to a halt

over the opÊaftg of the en&losuüe. rte power for tho ettmulus Isuæhi¡g
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Ðmûratus ¿pnaleted sf ¿ V¡tl¡s opereÈe4 V6 h.p.' rererìFûble ÅnG, sotsr

s@Eê@ted vle tws p¡lleyr and rop eÊta to a elldlrg trqck sa whleh the pædntor

eümulus slld. Froæ tbe obeeworre Eeet the control bq for the til¡nehfns

S.pea,rm¡e permttted eleetlon sf tþe Eünulue t!üo the open fleld at a f.lxed

rafe of 4 ît. /eee, wltb ¿ rgå¡oed 16êãll eppod.

Ia the osaterr sf, tbe baee Ef tle unll oppoeÍte tås s$ranß€ ftr the predsüor

etlmulusr a slr lrøh loag by tÉro *Åd,l/àlnch eqr¡Bre tfba$Ðwrr eaebsrrre wsg

pln€Êd. Thlc creIsEed crça oonststsd of osly otrß psrsqrt sf tåe tot¡l eppcraius

*rBø eÞ6n tp the garbtlo and hsd whtte floodng wlth Hsok üop and cldffi, It

was r€qovabls fron tbe eide sf the EBeo fteld to pamlü tbe entra¡ce a¡rd €xlt

of tåe subJeete .

A Cusner typo GSSe-rAO8*E eleetrle ttner cÊs ülêd to a grßtæ so&l

1dûÅ eounfprr bðth øf whieh permttteil thø reeordtng of tåe tlme apent out

of the spen fteld aad thå et'qbgr of enftc fmm lt. A $odeoo elestrlo eordêr

une used ts mcçrd tbe nunber of ltnæ erose€d tn tb obscwatþ¡ psr{eds sf

sf,€b â0 nla¡rtø Ëeselon, The entlte 80 mlüuto Eæefon wqs ttned by * aúoB

wffoh.

F*'esl$pqç

The gerlbtle wers movEd ln s seÈledeoñ¡;fnor f¡om the ælony roomr ln

* ftxed tlmc lnterryal to smtrol for poaalble dl$orsnsea lu amwal dss to ttuo

|a trq$sport, to the ¡sou where the æperfmetraüo¿ w*e betry csrrÉed orrt.

îhe gelbtlg wÊr-ê *hpaye håndlcd by tåe b¿E+ of ühe trtl nnd wçre phod In



the 4pû,rae¡s ¡l thæ ç¡aloeusê eomoetsd to tüo open ftøIð ts ühß gerbill

çlnwn ln Flgure 4. At tbts FEtEt the tettl tlne alook uns begm wHoh r¡grld

seheúrle tåe 80 rqfaute eryo¡ ure to f,he opea fteld. lfhe opn fteld and

wloaure wÊrg wasbed wfth å mlld soa.B selutlou aft*r eaoh 80 ntaute Bçsslon

remorlry b¿tn f,eeer urlne ¿d eebum,

Three Stçupð of nlne gerlbtlc natßhed ûor set as fer sE poeettüer cnd

ttu&nly dtstr,{h$ed wsre erBosed to the open fteld one at s umer for g0

mln¡¡tes pr dayr for Eevon æneeeutlve dÉyg. thp flrst dey of eurpoeure to

the ffçld aU sntmÊls worê permtûted to move freely and explone thelr new

envlttument whlle betag obgerved. $b presentatløn of t&e predafor cduulus

nnas nsde to any of the thrse g¡or¡F oE ths flrst day,

Tho frequenoy of aud te*pral dtetrlbrdioü of v¿rtsus beüsrtors tß

mlnutê blö@ks w€aÉ roøslded on tbe dnta sbeet (see appondx). E¡fft th€

eprseÉlotrã of terrltorüf m&r*try and llae eroesltg, these beh¿vtors we!ìo

ðcofed as h¡r'tnE eeürEfod, or uot osourrgù ül etch; mtnrtê bloek. The

frequgüey of terr[torlal mÊriklng was the only bebaytor for wbtch eaph

ÐGÊurrqnße pêr Ðf4rtê blsok u¡rÊs ecotreC. Thê frcquêuoy of llao orueslng

IraE Enmmed &r thE enttre g0 ntnuts sesslen aud e¿eh ølslsrqs ç¡ss søüSÊd

wtthout breeftúug vlsr¡al eontaet wftb the subtect. oboewattons wþrç Hms

ssedêd fren tå6 ffrst E0 Esooude of øcoh mlnute blgoe ond reeo¡&d tn täe

ræsal¡tng ten eegondË. the beùavtsm,l elaeeæ tnctudd dseing, a raptd

mmremest of the forepaws agnlact aa oþleeü¡ \råshingb ã. sÊre of tüe bsff
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Eurdnse wlth tüe norrth¡ forepaw wlpø È eere of tbe bo{y eur{*oe by øwaoptug

the forepawe over tåe wtegel semtchlap I qar€ of the b@ surface by

hlndpaw moyemont of the petage¡ sandbathlngr Ê GEr6 of the boff surfaoe.

by nrbbtrg one sldo then the oppoetta stdâ tô the f,oor¡ uprLght, a btpe&t

atandtng posltlon¡ testfng the atr, a btpednl etandtng poeltton wtth a anüf,ng

of f.be alr; gnawfng¡ an engtgêment of thc teeth wtth an obJect¡ defeçaüon

s,nd uülnåüþn. Tbe auormt of obsorved tlne that wus sp€rt out of the fteld

rnd the nutnber of exft.g frcm tt were reeorded on the clock and counter ov€f,

tåe stfre g0 mtnrte s€sslon. Tte number of ltne orroeslngs was a.lgo

reesrdsd over the entlre P0 ntmrte É€seloa. Tte fntereEt tn taldus the bosal

obsewatloas n¡es to h¿ve d*ür wltå whtob to noake grsup comperiaons v¡hoss

rdafionehipe were apparæt,

The eeoond dey of wper{.mentatiou four male and flve fems.te gerblle tn

Hslt&.lihe Sttnr¡lw Gmup {A) æcetved etgËt preeentattons of tho sbrt*necksd

stlnr¡lus d¡rtns tåo last lE utm¡tes of the ?0 mtnute gegsior¡. Ëotb tbÊ

etartle reEpoDse a¡d. antt*preùtor rrÊspotrÊe vr@re scolçd as bÐvt[g oocumed,

or noi oscür¡ìe4for each prosêutÐüoa sn tbe datq. eh€et, Tbe start¡o respou¡Ê

was defTned e,s lm¡oßdiÊte r,eptd flrght end orlnntaüoa fnon the cttnulus

sotlrce. Tte s.Êtl-prêdstor rrsspouse u¡rs d€ftüed an leavtry thø opem fleld

wttåfÈ tea seoondg of tüe launohtng of the stfmulue whlle tbe aüer{or of the

ÛntnâÊl feoed the süt¡¡ulw Fource at less tåsa g0o frrq lto eagttüat plane ta

t&e opposltê 36% of the open fteld. lte Etiarlus was only pucgerytad vihile the
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sìùreetqnns BülU åtrd tho ûecpotrsêwûs Eeorgd&s ooeurred' ornotsecur¡edr

on the ðte eh€e.t. Thls p¡saeå¡re was followed frun the seænd to the elxth

dey |a gfor¡p A wtth the sümulue bêtag wtthdrarvn imnedlately after presoa-

tâtl,on. Oo the sevmtb dny the stlmulus war¡ reveredr for the flnt for¡r of

çlght p$es€Etotlonsr b tbe lougqs¡ed øtlmulw. Xhe td€nütêsl poooúlue

qns follow€d for Goosc-llke stlm¡lue Greup (B| orcept thÊt tts four rtreles

sad flve fomales reoelved tbp long-neoked stlmulw fsr dsys two ts eix and

gor¡üor-halaneed on tbe sEv€Eth da¡ recetvtry four ebort-a€cked çad ûour

long-,ueo&ed cttmsh¡s pnesent*ttons. IE, thlË ma,üF6r both uperlmental

groupe reeelved the sa¡ne proee&rre wtth the qoeptlon of hsvtng tbe oppositç

stlnrtll.

fhe ftve -des and four fen¿lça of grcup C a¡ctcd ae E æürol greup tn

tüBt Eo vtsunl etim.ult welþ presontpd on daüa two to o€rse[, Easal sbeefiãJtoas

wore nade durlag thle pçrled for co-mpnrisonË with ex.perlmontal groupgÇ
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$çores wsre takcn from esah of tåo eev€.ü daËa sùêetE per gerbtt and

ttþulâted for thg føllowtng dependent measru€ß¡ ambulatlou sf¡*ttle trec-

ponsê fnequencyr adi-predator røsponse frequeneyr üme obEenred in

selosurer terrltorlal m*rkt*g frequency' tho froqr¡eney of 60 secoud ttne

ean$ae in whleh forepew wtpiry and washtng ae well aE digd.Eg oeourrôd.

Mea,ne w6fe ealouloted for dottlng and ¿pplopdate æa-per*motrle

stattaUesl aaqfyEes wer6 oprrted out aE er¡ggestød, by sieget (1966). fte

data' ¿re rovletq¡êd ts coatrest flret the oxporlnnenh.l güoupË r¡lth thß eoutsql

g¡oup' eeooad the Hav&-ltke sümulus Guorrpe (A) rrnh the Goose*llke

8tÍru¡l¡u G¡oup (B) and third tåe effeots of eouuter*balanetag on the lest då.y

'

wtth a' new atlmulus. Figul€Ê Ehsw at€au osourtrer¡ço of the behsfftoce sf *tl

antmg.lc oa ea€h då.y,

The fneçrcnoy of oecurreuee of the eterüle and anül-predntor resBonsec

for tåe two arçerimental gleupg and tåe one conü:ol group ie showa in Figuæ

4, Neftber the etÊrtle ær the aatt-pre&ter rsspoese securred ú¡dry thÊ

okeil''tflou perlode fa the one eoúrol grgr¡p. Botb the oæurre¡me of the

etert¡.e and tåo antt-predafor rcÐpffisee ln the e*pertmenÞl gronpÉl eontmgted

wltå t&e æntral g¡mup over &ys 'iwp to Fev6r fs eteflstteelty sfgntfteaat

aaoordbg to tbe ïIllsoxsn frh.tohçd pairs Test (T = O, p< 0.01, å-taileú|.

The nrrmber of ltne orosefngs as qa tnder of embul¿tlon ûor the three

EFoupa k ehoqË ln Figure 5. The dlfforeaes fa anbnrlattsn betweea Eau¡k*Ifte
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SËnulue Group (A' ã$d tbe Gûat¡ol gwup te elgÞtfioant os dny two, the ftrrt
dry sf sttmulus preøeoÊatlon ff = ¿, p<o0& p-t*üêd). Tåe E¡ne q¡as t&€

csse for the dlfferenrse tu ambulatton behree¡' Gooee-ttke $tfmulue Grroup

{B} aad the eoatrol gpo1¡p (T = O, P< 0.01, B-talled}. From d*y two ts ðy
tårEe nn lnsreaee l¡l ambulaü,on oecutred fqr both expertn¿atal groupe and

¿ GorrGspondtag deorease for the aoutrol group to e potnt at whrfch tåe¡e w*s

sg elgnfftea$ dffrer€uoee befirsen thom s¡ the thtld dÊy (p>0.0É).

lbe tlme spent or* of the opon fletd aad tn the e¡slosure te shsrra lE

Flgure 6. Aa trerc¡se lu the anount of tlne epent ouü of the opou fteld ls

shwu h thê tqro stpor{moatel groups alt}ougb tt &es noü tn eltber oase m€6t

slgalflaânoe. Th6 dsop rn ütue epeut la the enalssuæ fron &y tm þ dsy

three ln the nacPk-ltke sttmulus GlrouÞ ê) fs slgntftonat wtth ¿ T of fonr

(P( 0.05r å-hlled)" lbe deereu.en¡t tn tlne Ëp6nt orrt of the oBen freld ta

gtÐHp B fiom dqy three to day four fa also slgilflcant ff, = 4, p(0.0ü B-

üÈ11Êd), Àn lntereattng e€EE flffsr€n€€ w*s forud for fbe ttne epent ln the

gnsls¡ure tE botå. e*per,tneutal g¡euF. In eash of the two gror,rpgr l[ wEoh

48 stlnulus preaeutaülorg were glvæ over the last ebr dåye, fenr¿lee sp€nt

g$üfrÉI*ly Eo$e ü¡rc ln the eüùsure rrtnn m¿les (oee Tuble z). In the

cont'¡ol gror¡p ú,he re[EäoasþlB uåe somenh¿t reversed wtth the fcËeles

eFdtng rnoûs tlne tn the fteldthm mnlee, although thts üfiermse wae not

slgEÍflcnüt.

lerrltor.lnl Esrldag wae aæther dependd mersuüo thnt deolüned tn
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gccurr€nse in tbe two e*petlmenfal gFoups ¿fter the oueet of the ettmulue

preÊênÞûlon. The dlffereaees ehsrm tn Ftgure ? betwæn the ruaIeE tn

tho H¿urk-ltke stimurw Gmup (A) and the csatrol Gretrp (c) on da¡æ tuo

ad three are slgnlfloant a,soordlrg to the Mana-whttney u rest (u = or

p< ô,014). Ths nûá,les tn Cioose-l¡ke Sürnüúus Gror¡p (B) were only

eþnlftcnntl¡ dlffereut fror¡o tbe control Gmup (c) on dty türee ([I = o,

P<0.0x4)' orverall þs dtfferences wane aBpa"rmt wtth rngles martl¡g 1ll,?

tlmee ruore than females¡ â, frndrng cousrstênt wtth the rçports of sex

dlffereaees by Thleesen (1968a).

Othsr beb¡vtsre clhoss changes Iu freçrency colnetde lu &o expr,{møtal

sroups wlth tåe ouset of the ctlnslus ppcs€ntetton on tbe s€oond dsy are

A$gbg aod the two fornc of greomlry pooled rnder o[G soor€r the forepaw

wfpe and tbe boS wash. As showr ln rguür I th,e *n'qber of 50 seeond

tdne perlodE ln rcblah dtgghg uns obserr¡ed laoressed frou d*y one to d¿y

tçro tn tùe control g¡elrp a¡d dBcreas€d lu tho expertmeurtel grcups, lts
dfffercnoegr howaverr weñÊ o,nly oþntftaant between the Gooeg-ltke süur¡Ius

Group (B) snd the coutrol Group (c) oq d*ys tq¡o and three (T = gr p< 0,0t¡

T * 4'6r P<0.0õ respeotfvely), Overall it would be omaenrq.tlve to say tüat

?5 pereent of tbe drggtng oceurted tn the enelosurpr l. €. æe Fercent of tåe

tot*l srea open to the gerôtls.

A ehery lncrease tn the frequmo; of 50 eeeond üme eampleÊ tn sùrch

forcpaw wtptus aud waehrng oeeurrçd ln the osntrol gsoupr as shwa h rgffie



26

9, wtth a corsespordfqs decrease from &'y one b &y two tn botb eetperlmedal

g¡oupo. Tb€ Hstr¡h*lfke Stimr¡Iw Group (A) wa,s stgþtfieantty lon¡er in fore-

F,w wtptng ¿ud çraebtng on day two altlotrgh not on day three (T = Or P.(0.01) 
1.., ,,

The Goose-like Stfmulrc Group (B) hÊd stgniflcantly fewer v¡ip6s and qm.ehee

compared üo the oontrol gúot¡p on day two and three (T = S¡ P40.08i T o 4r

P<0.06 reepeeüvely). Body waeblng ls a more extenelve and lees frequently 
,,. ,;,,;

oecurrlng fsrn of groomtng oompared wLth the forepw wlpe. washfug sone- ::'

tlro,es oosurred ia tbe anal uegion after def€cetfon and at tlmee tnoluded 
' '''

sepf,ratloa of the pelage wtth the foreBows followod by mouthing oharaoterletle

of tbe behavlsral sequenee. Tbe forepøw wfpe renges froro brief antertal

sweeps of tho dorEal Ftage to ørtendpd ånd repented sr¡Bolrfl at tlnep leavlng

ths pêlâge etandlng on ond ln ¿ ereet-like faehion.

The startle response ls topogmBhtcelly strililar to the nnti-predator

rogpoÊg€r the latter rot oecurriqg with the absenoe of the former. Iu gomo

câsêB sktddtng flrgH bn¡ard tho enoloEurs from. the cidee of tbe ftsld rëEuttod 
:,:.::,::,.,,:
t,,',. 

,

tn thc g;orbll overoboti4g the entraase dre to poor treotlon and *.Sor ueusintug 
, , , ,

in f.be fleld, The essenttal dtfforenøe ae definod tn tåis atudy ts tbåt a.fter head '::' ; .::'

loç¡ering and ortenfatfon fron tbe etlnuh¡s fligþt consuün¿ted in entrtnse to

tåe eusloeurê in f,he ea¡e of tbe e,utl*Sre&tor reotrpnße. Ftgurs 4 showe thå.t 
::,.;,:;.:,.:

as dÐys hnro and three etartle rospotrses oecurred motre frequentþ for Hawk-

Itko $timulug Grcup {A} thån for Gooee-like Stimtilus Group (B}. Tbe rol*ttçn-

shtp is rçyersed for the nruct three days wltå mpre rapld startlE regponÊ¡E
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deareqent ocourdng in gmuB A. Tho aatl-Þred¿tsr response oaorrrred EøFê

frequeatly tn tåe Gooee*llke $ttmulr¡s Grotep from d¡y twø to d*y str yihea

eompered wltb group.å. To test tåe antl-prodstpr rssponse betweeu groupE

A and B tr¡o non-poremeHe tegtsr tåe wtl,eoxou Mstßhêd patre and tåe

Frlodm¡n Two-way Am.lyute of varlenoe' aad the perametrlo teetr tåß g

test" f¡lled ts sbow ølgnlflomee for days tvro to clx. Dlffenenoee Þetween

eubJeots Êtorog in groB A and B ftr deys threc and four werìe elgpffloant

aoeerdlng to the !9llssßon wtt& a T of 8.6 (P<o06, 2-tattêd¡. Ambulatton

was btgber for Herrft-like Sttmulw G¡oup (A) m &y three tþan for Gooee-llho

Sflmulue Gnoup (8)' the seüe &.y the frequeney of ,the ¡¡ü-predstor regpoqse

droBped elgntftcantly tn group A, (eoe Ftguræ 4 & ã), Í'små.les t€nded to be

more reû*tlve ae m@Eured by the frquenoy of str$le and eatt-pr@tor Ëcs-

ponaeËr brd for netther graup A nor B were e€f, dtfferenøeo etgnlficaff on

tåese meggur{Bg.

Go|mter-blsnolng on the ewætù. dey by preseattng tho goose-ehaped

sünulw fot the flrst &ur trl¿ls to Eeu¡k-llke Sttmuluð Group (A) nnd tbe

bawh-sbped etlmr¡lua for the flmt, fsur trtale lu Goose-ltko Sttnutus GrouB

{B} resulted lB üfferenses behreen grtoupg fn responÊþiltty es shoum ta Flgure

4' Grroup A made a stgnlftcant tuoriease tn startle respotrÉrËâ fronc dsy Etx to

day seveu ae q¡ell a¡ stgtrtflcastly raoro ænpÐnc 6s for the nêw g@s@-erbaped

eüErulus on the flmt four trtalE of dey Ésv€n {T = û, p 40.65¡ l=or p(0.01

reepectively). !{eltåer the sÞrtle rsr¡ponse tu group B nsr tñe eatl*pred¡tor

regFo¡rf¡68 fn grouBo A and B gbwod lncrreasçe for tbe counter*balanelng on
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day seven that were stgntfteant' although all aatt*pÍedator r,espons¡es tD both

groups occur ed to the eounter-balanoed stlmulus. The ttme apent ln the

enoloeure on tÞe counter-balaneed dey for group "{ I¡ereaeed oougldeably

(Flgure 6)' aad the frøqueucy 'of forepaw wipes and bdy çnshee deoreesedl

tbe tretter øf vthl€h ruas signlftaantly dtfferent frum oolrtmle on ðy s6ven

(T = Or P<0.01)"

After etartle and antt-predatsr responses eesgod oceurrlng cbangps tn

bebevlor upon preÉéate.ttoÉ of tåe stlnulËs TvêFe eütll msst often notlceabler

*ltbottgb in sone oâses eubJects dld not respoad with the most elem.entar5r

head orleuteülon' .åppnoaoh respous€E fiom a etandtag poaltton tn the dlrwtlsn

of t'he stimult¡s ent¡ance window followed by orlentatloa towards the wl¿dow

in tåe qprtghü poelttoulüêre eontrnos[. In eome c[aes an ertæded uprfuht

poalËon and |ttestfng the ålrff ocourred sihtle oriented towerds the stlmulus

entrsnoe eousummatlng fhe aBproaeh seqr¡€Doè.

TABLU ¿

Mean Tlne fn the Eælosure
per Ðolly $esslon

Groupe

GrtupA*

Group B'n'

Group C

h&Is

114.4

98,0

L74.9

Femû.le

1?9.6

20fi.9

84.0

* stgntfleant sex dlffelenao (U = B, P a0.0$g)
*+ Etgplflcant sex dtfferenee (U = 2¡ P <t.092)
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CHAPTER N¡

IXSCUtrIION

The d¡t* undenlably eupport the bypotheeie of aa aatt*prredator respaf¡e¡

añ/or ito anclltary sh,rt¡ç ßËpora€r to a visue¡, eflmrfus tbat te novel when

preseat€d ln a glven etlmuhæ eltug.tton. Ac the topogrrB[y of the etarfle ræ-

poþse cloeely parallets the anti-predetor r€gponaêr es def,nêd, so tt nûugt bê

oonsldered to bo a Yarlent of ltr the maJor dfetlnetfon htry tbst tåe leüter ls

eûnsuroaÊtêd wlth lea.vlng tåe opoa ftold. Ibelr afffnlty ts cbsrrct€rtzed

wtth Ëo foüosrttrg entty mt€d fran a eeeEton on th6 ftrrt dg'y of ettmulug

presetrtstloar day tvru.

SùJeot l$r rq+ler Sroup Ar St¿ltle ¡esponseo to tåe fl¡net
slx presertatlone lnterlaoed wltå frot-sûonpt¡S aad faeeztng.
Ou tho laet hyo preeentatlouo the eubJectrdeesvered the
oælosufe and wtthdrEw ùo tt lmmedletely wtth easb presentstÍou.

Ttø eeçroEoê of o€ourr@EÊe tn thls casê wts eonpûra,ttvely üa.re and moat

chøngee Ln reøpoaee wr*nt fnsm ¡ûff*predstor þ et¿rttc responßes. From

the v*rteblltty botween sublêots and thç consÍetsnsy wtthln eubJeatsr afrer

tho tnlül¡l m,ode sf mepoaeo w&s ta&enr some evtdeaae exlets for tbe posttton

tåÊt thß flrst reepo¡ee lnf,uêü€ee the ooume sf the aræceedt¡g Fegponses.

Tbe frct thet four of tüø etghteen €llþertmeffil subtects did not erhlbtt the

anúl-predator responge la forty-eþbt ettær,rlus pres€&tôtlons lg mt ettrth¡ted

to thË lack of lntegrtty of tåe reaetls* ae startle fÊspons€s sseurrrsd ta tts

Btr4oe. The vart¿blltty of the antl*Bred¡tor aesponne le nsre reasonably

credlted wtth the rel¿five uovelty of the fleld and that sttmrrlw prereutations

9GÊurrêd rùtle the subJêct uras aayvùere tn ecrsenty-flve percenü of the fteld.
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ÎÞc fbct tåat ns overall stgntftcant dlfformees ocer¡rred between groqps

A sad B for the ürtl-Þædator leeporce &es ret aþrtdge &e fa€t tËat üf-

ferepoee of a quelltetlve neture wêne formd. Both the freqneney of the entl-

predator s¡rd eta.rtle Bespotãês orþtaate at near tbe eame potnt on the flrst

day of pfec€ntetlon (soe Flgure 4). I{aq¡k-llke $üru.r¡lus GrEu,p 1Â} then

dppn"a to q, polnt et whleh tt v¡ae efiaffloantty dlfrereut fpu, tbe g@oe-llke

stfnulw gÞÈp sud uewr dtd tt desllre to tåo rate of Gsoee-l,lke Sdmulus

Group (B). lte goose-ltke ettnuh¡s t&eu retatned tts potentt&l to ellott

fæpoEses for a longer portod th¡a dld tbe hsw&-tlke sÊtnt¡lus.

The oaly otgntftoant edfeot of cormter*þnlanaius on day E6v€tr w*s an

lnptræse fa eterttre respouees fsr Hawk*llke Sttmulrre Grotrp (Â). Tha autf-

pre&tor rþEpo&s€ aleo dtd luerø¿se to a gneater exteat tn grmup å then

BFoup B en day ÊGV@Br wben the gooee-liko ettmr¡lus was preeentød to the

pmvtouly barrt-llke sttmrúus enpoeed gfot¡Þ. Ae a etmtlsr lnereûse \ras

âot obE6rr6d ln the Epoup proeonted wtth the harpkdtke stt@ulus for täe frrst

ülme on dey Eeven therc would ssêm, to bG soüe a¡guueut for teeogntztng

tüe ggose*llke stlnulus ss bêtry EßrrrÞ threetontag. Tbls pceiüton ls reln-

foreed by the reletlwly slow roepønse deoremeut thpt rree ¿leo fourd fsr

the Goose*llke dttnr¡iuø Group (B).

Beþted to the ocourretrore of tåe etartle end antl-pre&;tor neepnses the

d¡ür frou the other ftve depeadent Ee&sureo (embulattonr flna tn the eacloeuÌe,

the freqlrerey of mer-klsg1 gæqptry sËd üæfag) a.ll þore eoasietaaü tnends.
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Inttt¿l htgh etar{le and entt-predator respoases ü@eum€d with tasræsed ürae

øpent out of tbe fteld and suppreselon of ongotng khevforrs ee amþulagoa,

ùðmitort¿l msrLtngr gloomrng a¡rd dtgBlag. AÉ babitupüon took place to

the stlnulw preeGütÊfioÊs over deye, as sborm ta Ftgure 4, the correspoadlng

lnøretse [u otüør behovlors of btologteat tmport csn be seêu lu Ftgures E, ?r

I and 9. Ttls tåea conettfutos sotual erperlmen&l evtdenoe aupporÈlng tbe

wldely held end genernlly non-errert eatatty øuppor.ted aseumslon thst

bebttueüon permtts the wanlng of neepondlug üo btologÍealty lrrelernant

atiBlrlt lu favor of blologte¿Ity relevant behnvfors (Iprenzr lg66¡ Àfiarter &

Hamiltoa, 1s66),

The v¿rtahles used ta thts eûrrdy ï¡e$B pnmetere of perueptual experlenoe

whtoh were demonstreted to elt'elt avotdance and then eppæaoh ûo a etrange

oHeet, Thø wantW of reeponeee to rew stlmnli ere not lnoonpaüble wttå

vlews oa e*ploratfon oxpÞsrseô for exem$e, by Glaazer (1g5g) and Berl¡rae

(1980). Glanser explains wantng of reepouelveuøss wttä tbe eonoept of sflmulus

Eatlattoq a gnatfty of ¡rhleh butldg up uihen an organlem obsewes a süËl¡Ius.

UslEg * concept whieh ls ftrrutíoætty tåe lnvertse of stlnulus sattaflonr Berl¡ne

h¡pothestaøs tå8t for an tndtntúnX orgenlom at a prüoular Hue there ts an

tropttmal tufh¡x of arowal Fotentfeln &rt may oselllate upward and doqmwrrd.

Roeponee uÐnlng thruugh hbbttu¿ttsû le €E(Éeteed by tserl¡rne ss the loss of

arotæal Botentlrl by the correspondtag tæreaee ln reeognltton of the eümulus.

The slmllarlty of theee ooueepte wtth fåe vartoue fomos of habth¡¡tton es
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dfscuseed by Tborpe (19681 l,e erldeut.

Tbe htgber areussl potentlal of tåe goooe-llke sttmulnsr whlob ls Blso

evtdenoed by the lncreeeed ttme in enclosure end deoreased groomtng from

gooee-llke sttnuluo cot¡uter-þalanstng tu Ilau¡k*Llke Stlnulw Gæup (.{),

BtgÈt well be related te the fsct thst &e haq¡t-llke etlnulus €Eter€d the

fleld wltå lt¡ b¡oed vrtngs almo¡t lnmsdlately apprent. By entertug the

Ítreld fnoq bEtween tq¡o atrd four feøü ewûy frsm the gerbtl la thts mlnner the

hÊwt-ltke Etlnulue presented tnttlally a lerger aad mott conplw etlmulus

tben the gooae*ltke eütut¡lugts lotg-¡so¡. -As the sümull wert usuålly

t¡etanùsnemely rcaotee to when they enteued the fteldr g¡otlp A wot¡ld have

had s l¡rger, tnore complw ettmulus to dlgctfmtËaùo thäû Gooee-llke Stlmulug

GrouB (B). lbe l,arger, more conopløt müwe of tho part of tbe h¿q¡&-ltke

stlmuh¡s th¿t was Íeaotéd ts wq¡ld alro e*ptatn the gtlmulus-speolfte respoace

deoreuont tb¿t vÊs fsund tn group 
^A and not group Br Êö before cstnüer-

balanctry tÉ gloËp .{ reeognltloa of the ha,çt-ltke stlntlus worüd hnve tekea

pls,ee bæflrse of ttc tntütat ooulpofatlve elre and oomplmlty. Ustry tüe argu-

ment of Eerlyae (1960) for the uøeeeslty of reeognltloa of tåe sttmulus to tåfte

pla,ee before tbe doøltne of the tarswel potentl*il' tbe goose-llkc sttmultts

grenp lnttlnlly would hsve lege tø reoognlse aad therefore tafte loager üo

håblft¿te. lHhen couater-balerced on day oeven rvlth hawk-llke sttnuh¡s ttg

novelty trs üot dtsertm'lna,tsd becawe compat*tlvely llttle r€cognttfen took

plaoe pævtowly to tbe goose.llke stimulue. H*thet tban d¡awtng on argumøate
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for &e gooøe-llke ettraulw nesembltng so&@ pre&,torr ae for

emmple a snako' thle moro p.ætuonlotu exÉamtion of the partfal gsoup

dlffereue@s is elso morê comBatlble wtth tho evldence.

GrEy (19t6), tn a hlstorìr of the antt-predator prablem, dedneed fot¡r

possfble v¿rtsbles fog tþe anti-predator resporae. The flrst ¡na.s tbe

posstblltW of an alerm oall by tbe prey lnftueaelag the antl-pÌed¡tor røaotloa.

No audlblø voeqllzatlons oeeunned lu reepoase to presentattone of tùe sülmult

i;n thle stt¡dyr attbough &tr acøeus¡tleel reepoüsê \ües sometløes observed,

Foot-stonptrg dld oceur infrequeutly ÐDd mey have a eonmr&loa,ûory fqnstlour

as Klrnnls (19641 sr¡ggests in the fErboai lu thts oa$ë âs ¿n alerm slgæl. üÊ

the oolony foorn qùen ûoot*stonoplþg ooourred la one vtsualty isolatod oage

frequettly ongolog beh¿vlors as dtggfËg would ôêaËê la adJaoent eages es

tndtvtdttsts assuË,ed an uprlght posltiou, Eurtåer etlnulatton woutrd some-

tlmes ellett foot-ston@g tu theso adfaeent oa,ges after tbe iatttel soctal

facilltEtlsn. The dry solls üoted by Taatnoto (1943) and subterr,{salan ltfe

of the gerbtl alo¡g wtth lts hlgher noatumat aattvfty would suggest the pos-

etbtttty of foot-stomptËg funettonlng a.s a eotrËpeûifte arcueÐl meahanlen for

predatlm. Suoh unanewered queetlous netnforce Sahleldtrs (1Ð61e) ¿dvlce

for con&tettag tnittat fleld stu{y beforc the experlmental eçrqmtaattou of anfi-

predator rêsporllêÊ.

The seesad variable suggeeted by Gray (19661 ls the poslble effeot of

soclal bierarvhy on the erroaafion of &e antt-pre&.tor response. Ae m
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'bcü¿vtsrel ctudt€s bve been üåds of eùelsl hterp¡oÞles ln gerblle eËd tåe l

p¡esent sturly ran subjoets fndtvtü¡atty, lt le mt poeethfle at thls tfme to q¡ke

any dsflutte Etetem€ßte ahout the etgntflca.ree of thle pa,rauoter. The fiadtug

tåat qslos spent uore ttme ta the fteld ln the expertnæüel TrouFu gugests thø

psslbütty thnü m¿løs ç¡ould be ¡¡ore lllely to emtt bot-sûompfry. Th6 cornplÞ

menbry fÊ€t that fensles spsnt mote ttne tn the esBlscure, ss oompared wttb

alblæ ¡n hoodsd rnte sùôre äo sen dtfforenee ïrere found ln etartlo riçsponseg

to ptstol ebts (lüoyerr 1968!r sr¡Egeets the peeatbtltff thnt fernalee efe rr¡orË

btolog[oatty wltr¡ble tÞn rnalee¡ for exa,mplor durtng Br€gnËaey,

Age ts tho thtrd vanl¡ble errygested by Gray (1966) rn h|g Enalypts of the

antt-predúor reaotion' Attbt¡gh age was uot r¡ndor study la tbts presest

a,æl¡æte of tåÊ a¡tl*predetor rsotlou ln the gerbllr obsenrÊfloas Euggþst tht
It oscuns at leaet by the üme of weanlng' tåat tB about twoat¡r-slfi &,yø of c.ge,

fhe age ofofsetofthe r€spoüse an& tn porttculer, tbe onÉogenetto aepeets

of the Erospoaser deeelTee ryatomntto tnveatlgttlon.

Grey (1st6) glvss potanttel covør r,e tåo poertble wl{nble ln the

èvoeoü@ of tbe eufl-pp&tor reÍrpouae. Ae sttmr¡lse presentattan dtd evoke

deftnlte gt&Ítle rea¡ettoüs wltåsr$ tåe we of tåe enolosure for &verr potenttal

Êov$r een ¡ot bo eoueidered to b¿ve beon a ortütef,I verleble tn the çonp¿r*-

ttvely aerr soütry used for this study for the eltotteüo¡ of en ÊsçÉpe rç¿çúlon,

The response dcoreneut of thø ftndhge lu tbls sfirdy muat be clasEed as

'logg-xç¡-t bnbth¡¿tton (ftorpl tg05), Thfe te to be eoaürustsd wttù
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tshoït-ternct hebtùtstton as fouüd tn some aepeets øf approceh asd ç¡tthdrewal

resFonses to a shÊ&w ettu'ulus ta LebfEtes rettculatus by Russell (tg6?).

Amoag other prêdaûor roacüloner long-term respons€ decre¡nenü has been

foqud by Sehleldt (1Ð61b) for alam oalls glvea by youag tur*eye ts vartoræ

novlng:ellhorætües. Earllor Htnde (1964) found tlong-termf høbthrettsn of

mobHng regponses glveu by ehnfftneäes to repeated preeenùatlone of live

or modêl owls over da¡ru. slu,llar dserenents of fsoeztry rëponsee glven

by Bobuthlte q¡¿ll hve been fouad over &yo to two d[ffer.ent speetes of þawk

uelus dlreat obeenr*tlon and suppreeelon of V.f. operant beüavtor ae depend-

ent naæsures (I{arttn& Melvtor 19641 Melvta& Çloar¡ 1969}. EmI€a (1969}

reporte a slm,llar decremeut ln nobbtng of wfld brrdg to e t'equæk lurêt.

Thorpe (196$! lneluded the ueeeestty of uo relafo¡cement followtrg

etlnr¡letfon In tbø deflaltton of þ.bttuatlon. Iorenz (1968) obJected to tbe

f¡clEslou of leck of refnforaement fn the deftntttoa of habtüßtton on the gounda

tþat Ít wa.s asn-å¡nctloml. Othertr as ßmleu (1g6g)f have made use of thle

afipulaülor to explatn reÉ¡porse wantng¡ argutng tbat habttuÊiloa oeaurred

beaause of the lsok of ¡ebÍorcement th¿t would rcrmally be acbteved la

aeme aepect of dlrocü trFosure to the predoüor. Melvtn & Cloar (1969) used

dlreot dposurlê of Eehhlte quatl to a $wafnsouts hawk and hablh¡attou sttll

ooeurrd leavüag s€lne aetual esp€ot of the ettaçk before eaphrre üo pnovtde

relnforeenent tf thüs sttpilation ts to hold up fn Braetfee, It is perùaps usoff¡l

to reaall Sohletdtfe (1961e), and Î¿ter l.oron¿ts (1968), admontshment tåot the
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hþh frequeuoy and ftxert sttnulus se$lng of expooure to puedator ettmult, Tstth

pther pqEelbtltttec Ê¡r &o lack of soela,l btenæÈy noted by Gray (19ß6), render

mset all of the expertmeqteüoa done on tåo prohlem ar4flel,al wüen conp.red

rdtå tå€ naürral seülng' Thtø heludes tbe preeent shr{y.

The pmceEe of h¿bttuatton ts atlmutt has bsea æted ao havtng se\¡e¡çr

dr8v¡baoke lf lt weæ to gøneraltsE to predotore as well g{lüdp, lgõ4¡ Iæreaar

1t6g). In tüe cese of &e etsrÈle and antt-pre&tor legpoärieg tu gerblle

haþlü¡stþn sar mt be eald to h¿ve oseulrod to th6 sflEuh¡s eaterlng the ffold,

Reeponee b¿bltuaüsnl not sfimulus hnbtü¡eüoa tB þ]þ, oeourræd tu thet uùüe

etBrtle aad anti-predaûor response doeronmt rn'aß Scuad efter stroceeslve

presertÊtloüs tbe sfl,uulus ï¡â6 stflt effeottve lrl at leeet elioltiug ¿ head

oslontaHoa. Melstck (19S1) forud E slntlÊr reeult ln Eå.llsrd dr¡Ghs uihan

afrer tws thowand preeentatlons sf sümull head ortol¡tofloaÉr wêre eilll fouad.

Anslogotlsly lfarttu & &felvtn (19CrÐ found fear respouoes befng rept¿eed by

or{eutlng l€$poEsês a'fter gobrtl&ttê qtretl ha.d been e4Boeed to s hâv¡ a mrnber

of tlnee. Ia thts r'nDaper bsbftuÊtton of *peetes speotflc responses to potea-

tÍal predrtore subsüAÉed by heed srtontatlou perutta the posetbtlity of tås

dlssrl"4tñ8tloa of nery auee fsom tåø ptenttal predator tbat atght etgnal atüaok

from au otherylse lrreler n¡t stlmulus. A someuåaf clmllar eih¡¿üon ooeurtr

when tertÙþrtal bflds pemott unohqlløngedn yet obeerr¡ed, trf,,yoverefr of thalr

terultory by netgþborlüg btrds sihen eues püectpåúatlag e oouepeelfte terrttor"lal

enoounter ere presumably abeent.

Ekperimæta eoaeernlng predator eümult have ehowr that generallzetto&
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or traaefeÍr of babttuatton frpe ons sHoulus to snotber to be à conÉon

phenonenon' The wantng of the reeponslven€frs to one sttmulus often a¿mlæ

ovêrr tn parta to the rssBonse evoklng propertles of srother stlmulus. Thls

was cert¿tnly the ceee for tbe ste,rtle and antt-predator responÊ€d of the

gerbll. Sflnulus*epeciftc response deerement only occurred to sgme extent

ln grouþ Ar when sttmult wêr€ eormter-balasced on tåe seve¡fù day and tho

ler¡el of responee et thle tlme dld uot approximate the htgh frequency fouäd

lnltielly. simllar rresults were reported by Htrnde {1954} for nmbbfng

behevlor of cbfflnehee, rùtch coaefets of appr,oach and fohlnkt oatls. In

oae seriee of exprlments Hlude fouad thet btnis inttta[y exposed b a

eh¡ffed owl ehowed a eonsfderahly redueed level of reepondlËg qùen exposed

to e llve g"aß$ snake tb¿¡ those nøt prevfowly expoeed to the owl. xilar.ttg

& Melvtn (1964) found thÐt Eobqihtta quatl flrst expeed to a rnodel of e haqù

ehowed less responslvenese to a ltve Red*t¿tled bosrk &ae thee t¡trds uot

ftret expsed' thte tn sptte sf the finet th¿t tbe ltve hewk eliotted å crËsider-

nbly greatef, respn¡te than tbe model han¡k when both wore pueeented for the

flret tlne. stmtlar results werê repor'ted by Melvio & cloer (1969) ustng

Bobwhite quåtl exposed to ptgeoue perehed fotlowèd by a $\ratnsonts ha\pk

perehed havfng lntørr:uptlon of & v.r. schedr¡le er" operânt respondlug by

freezlng å.s s. depêndent neaßr¡re. Thus ln varylng degrees rôsponse hebi-

tuatlon le found wlth stincuh¡s habttuatton.

One factor ast eoatrolled for ta most experlments relotlng to bebltuatton
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is the effeoû of the 'þredator stlm.ulue ia a partleutrar placef'as conopf,ed wtÈh

Jtut the prredator stlmulus. Friade (1964), in the mest extonsive study of

habtfuattoB proceeses ln blrde, found that the oÉlmulus setgng 6gee effect

habÍtustiou r&te, By ehanging the surroundhgs of subJect and etiroulusn

høi¡ifuetioÊ was retarded and ft is reaaomble to thirk thet the eonstÈnt stlmulue

setting facitttated reËponse deerement to stlmulus preeentatious tn the gerbll.

The lnvolvement of the method of presentaüon and stimulrrs setttng would help

aeeotmt for the smsll amount of stimulue speelfiefty iÊ the response u/åûlng, aF

ebor¡,a in eounter-bal.aneiug 
"

I{endttng of preweaned rats hs,s been found to lncrea^ee aeüvity and decrease

defecation. These findings læd ÐeNekþ & ÃIeaenberg (196?) üo eonelude that

handled rats are "less emotional. !t Infantile bndling resulted tn tbe rats belng

mÐre "æploratory' or curiotrsr tf tb¿tr non-hand!,ed coutrols, ghould this fipdtng

generalize to gerbllsr â¡rd gerbils in a poøt-weaned etate, the results of tåle

shrdy may have bem effected. PoEt-wea¡red gerbllø ia this stu{y were hsudted

and æposed to tho new eavironnent of the þtdrng oâge, a slnùilar proeedgre to

exBerlmental btdltog, durfng t&e weekly cleantng of home Gâ,g@Br poestbly

decreaslng their reactlvtty to exBerimental otinulÍ.. Slnae gerbtle ln the natur*l

habitat would not be hsndled by hurnsüs, they wor{d conseguenfly be nnore re4€five

to øxperlmeatal or naturally ooourrlng ettmutri than gerbtts in thts shtdy. As

$ohlefdt (19614) suggests generally, üo be properly r¡ndereüood the anti-pre&br.

respûnse in gerblls must be studleú at least trn p.rh uader ffeld oondl,tfons.
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Ëohnelrla (tS59¡196S) hae developed E soÉistieatod theory of btphasåc

approach and witådrarual behavlor for later-speciflc appltcetioa, Cast iE an

evolr¡tionary pesspeetfver Schnelrlete argument ts that each specles has r¡nder-

gone natural eelectlon for opttmal approaeh ad wtthdr¿wal gmdienúe, and thelr

oorrespoudlng pbyetologlea.l eubstrateõr to pptlnal lnteaettiæ of sömulaflon.

syaopticellyr schelrla aontends tï,ow iutensitios of stlmulation tend to evoke

Èppraaeh reaetlonsr high lntensitles witbdravru,l reeations wlth referenee to the

souree (1959r p. 618). rf The lnlüfal stsrtle and anti-pnedator respoüses sf tbe

gerbll, &re to thelr topogpphy, can be viewed es wtthdrerün"l rêspoages anô

nftcr thelr waning, movements towanit tbe stimulu{r source And tlalptes6qgrf

ts approaeh resÞoüoes. Schnelrlale (1969¡ 196õ) consumptlve rue sf quantttatlve

effectE in explaant'ion o,f bebavtoral p ocesses dtd nob however, raake r¡se gf the

Paoseõs of h¿bttqatlon ln hfe anal¡rslo of the aatt-predator reaoffion and crlflclsm

of Tinbergen (L$4[8]. Instead g'chneirl¿ (196ü p. 16] atteunpfed to orplaiu the

hawk-ltke etlmulue reastion eË beisg s reeult of a trsuddeu ro¿ssive iucreege ln

retinal ettmulation¡ t'aB opposed ts the graduat lncreaee tu the oase of the gooee*

like sttnulw. Thfs led Schaetrl.a (1969) to h¡rpotheetze tbåt a b¿ee fom¡ard

triangle would eliclt hawk-like reÊpaseË and a apex fomrard trtraagle¡ gooee-llkê

reepoEÉ¡os. Greenr Green 8¿ Carr (1966) examíned thie hypothesLs exprlmeata[y

with ma.llard duoks and fourrd hþher responses to the hawk-åhaped sgnuluE and

Iower reBponÊ¡es üo the gooee-shaped stimulus ¿nd trtangles safltng tu both

directions. Tbw scbneirlete rintenelty' h¡ryotheols q¡¿e not supported.
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C$APTEA, V

SUMT{ARY AHD CONC LITÍ¡XONS

Fourteen fem¡.le and thtr"tees msle Mongolian gerbtlen &Iertoaes r¡nÉiEtGu¡lrh¡er

were rnndomly asElgped t¡¡ equåt numbere ùo tbree groups at oue-hundred end

eighüy daye of age. Groupo.Ar B, and Cr wlth nt¡oe gerbils p€r groupr lrêrtê

each exposed to a grtddedr open fleld wlth a small eneloEure for twenty mln¡rtee

per dayr for seven conseoutlve dayø. Fron days two Ûo elr gFouÞs A aad B

r€celvêd etgþt proEentatlons per dey of a h¿rpk-llke and gæse*llke sülmulusr

rospecttvely. The deBendent nileasuroÊ recçrded obeetratlouaily tælr¡ded the

freEr¡eaay of sE'rtle eud antl-predator r€H$pous¡esr ¿hbul.atlonr tlne 8pÈnt t¡¡ the

encloeurs, territsrigl mn¡&tngr gtoor,ning and dlggiug.

It s¡a.s bypothesiaed t[at (a] æ antl*pred¿tor resporô€ oeeEtrËr tn the gertll

to ¿ visr¡å.[ etlnulus, (b) ditrerencee in aespsslveness oeour fôs the gerhül to

ehrt and long-neoked etlmutl end (e) sttmulus*$Fso¡fle re6pol0sê dea¡enent

s6@urs tbr the aati*predator r€!üpotl$te ln the gerbil.

The results substålltiate the occu?r€noe of the nntí-pre&tor respoÈsêr Êsd

tts a,roiltary etr,rtle responsef to a vteuat etimulus ln a glven elttratlon. No over-

all dlffereneeÉr were found between groups A ûnd Er ålthotgb the gpoEe-llke

stlmuluÊ had e oonpû,ûatively lower rate of l€Éponse wanlng. Onfy perüal

sttmulus-spesiflo resFoaße decrement was fsunô rpùleh occurred ta grou9 A'

as ludexed by the lnçrase in eb'rtle r€sponÉren to the oounter-þalanchg ettmultu.

Besat obse¡r/atlons reves,led ttffifal hþb ratea of atartle and antl-predetor ¡eg-

ponees oeeurred wtth tnorcased tlne in tho encloaure aad euppreesloa of ougpt¡g

,'.' :.':'.::. i.
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boùevtere as anbt¡bttoun ærrttorr*r m*rktngr gsoorrring and dtsiEiag. As

r$ponÉes to the stllDt¡ltts prresætefÍoua wnned tlue lu the euclosure declgssed

and oqgÞl¡g behavlore iaereased lu oceurrenoe.

The resulte were tnterpreted aa euprttng ùe ftndlngs of Htade (I95{},

Melraek (1961)' Sahleldt (1961a1r end Itfiartta and Melvtn (1g64) that rlong-

t¿rmt habltuatlon oeerrrs to predetor'¡r-ltke sffnull q'lth sueoæslve Breoæta-

tlo¡s. The fladtags st¡bstantþte the antt-pre&tor rooüon ta tùe gerh¡ as a

n4turìel aesFoaso mode opea to erperlm,elrtal amlyate ánd shoïys how a por,gdtgu

odgtmlty ftse€d for avlan sBeetee caa usdutly be explotted fur epælee-epealflc

rq¡4rnnlt¿6 hÞsvloral an{ysee. Furtùermoror thê ftndings rel¿ted to oryofug

befrd[rlsr¿ Eonettûrtes astr¡el oxporlmeatal evtdsûee supporttÊg the wtdely held

nnd generally roB'€[rPêrlm,entally eupported aseunptlon tb*t hsbttr¡Ðtton pemlts 
i

the wanfag øf reepondlag ts btstrogfcalty trretarant sttmuli ln favor of btoloeÍcally

releveat þehavlore.
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