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Soine rodont popul-ations are composed of s maller local popula-

ticns or dernes" S uch d,e¡nes are rÊproductivelf i-sol-ated ':ven l.then

they are j-n clo.se proxÍmity, Territcrial-ity has been aiivance<l as

an isolating necha.nism anrl olfactory va,riables are stronqlv

ì"mp1Ícated" This research investiqaterl ol faction in the isola-

tion of house mouse {ll us U.us;cl¿lgE) d.enes"

Experiment 1 provídeci ma l-e .rnd f ema le níce +¡ith a choic+

bet.i'¡een fr--sh aír and. odcrs from males or females from the sane

Õî an aci-iacenl dene" .i{ore trme rres spent rvith the sam = deinr:

odors. The odors of me¡nbr:rs of an ad jacent- deme i/e re avoi-Ced 
"

Experíment 2 ies*'-e'J reactions to urine and f ece s, These od.ors

7\DÕrDnnfr
11 uJaa'ðul

are assllmed to be essocrateil with territorial inarking" Odors

orrqinai-.er1 from males or femaies frr:m th= sitme or an adjacent

deme, The total tine anC frequencv of ccntact- urith an odor

source l.iere recorcled" l,lore time 1¡/as spent,¡it.h the od.crs of thc

same grDup" The od,ors of atl jacent grcup males k;erê cont-acte11

mos+, frequently"

nxperiment 3 l,tas desiqned to cleter¡nine uhelher th+ clfacrory

preferences displayed iir. Exp*ri men+-s 1 aa,1 2 çtere reflecti:ci in

the breedíng choices of ciene menirers" A nale '*las ccnfrneC uitLr

tt{o females fron hís c'r/n deme and tr-rc from am adjacent,lema (fcr-

each cf three replrcations). The frequencv of it:seninaticnu as

et'tdencerl by vaqinal p1-ugs'l wes tire dependent m*Õa.sut:e" l.lhen the

sublects 'rlerë placed together aggressive Ðncounters 1./€rê coninoll-



place" llio irreed inq too,t place.

aggressitre encounters betueen nenliers cf the sailìe dene â-s tho

male¡ or another ad jacen+- deme rÀ¡as adopted as t he ci.-.p endent-

measure in lieu of i:he orrginal measure" Result.s shor,¡e,l t.l:ai

aqqression !,'as t,¡ice as cÐnmon bety¡een t.he nembers of lrso

ditferent clen--s as betlreen the members of a single deme"

A second series of experiments (Experimenis q, 5 and 5)

attempted to deternj-ne if the results of t.he firs+- three

experrnenls 1¡/ere a functicn cf the physrcal proxiurity of the

demes test=d. Cl-ose proKimì-ty coulcì incr'ease the probairili'"./

that the test aninals haC previously encountered eith ert- ire

Thereforeo +-he frer¡u':ncy of

ad jacent deme rn,ember s or their o'r,n od.o:s"

experiments, the trothôr''t grcup sti mul-us odor animals ïrere cap-

tured s everaL m.Íles cirst.ani f ron the trapping site r¡¡t¡-ich yielrlsd

the iest sub-jects, Results for *.his s=ries of ,3xperiment-s tlr-Êre

r¡erT si nilar to 'Lhose of the f irst expe::imenlal se ries. These

resul-ts are discussed -rif-h relation to bet.ween d eme sexua i

isolai:ionn territoriality a¡rl genetÍc fitness.

For this series ct
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0f-FACTOiRY PEEF'Iiì XIICnS Al'ltl ETI{OLociCAl frEPiìOÐIJCT IVE ISoLATION

BET!'IEEI'I DEi'l8 POPUl-ATJCITI GROUPTNGS OF FE;ìAi, HûUSE TlICE

(4!å tlu,gggluå)

The ¡:r.oductio n and detection of odororrs .subs-tances are int-im -

ataly involved ln rod;lnt reproduct ion. Roth al-teratÍons to

female reprcductive physíology and lhe irehavt-ora1 reactions t-o

these chanqes ha ve been i,re-l--l- documented. A f ew of. lhese

reacttons ínclurie sexuar maturat-ion s courtshiÞ, mat-ing, ¡-ros'L -

copulatc't¡ eveni^s anci parental i¡ehavior, Social stat-us anC

spacino behaviors cf individuals rithi¡ a populaiion are also

relatecl to reproductíve activiryo and. olfactory r¡ariaol=s arê

op erat-ive her e as '*¡eIl.

The social struc+-ure of nany sma1l inammiì1 populattorrs is

characteriz.ed by mechanisms whích seem +uo limit th e mcvÊflìent of

rndividuals to a riqicily def:-ned area" The behaviors associated

uith home range anJ territoríal- naint-enance are qenerally consid-

ered rÊsponsible tor this linitaLion to inCiylfluó.1 ncvement. ft

has also been recognizeC t- hat breed Íng is restrrc tod l--6 rnrlívi-

dual-s occupying Lorrrl-olles."

numher of potential mat-ìngs r¡lhich may occur .,srthin an area.

?hereforeo it mnst have a r.l .'-pressinE eftect on gone f1o'¡ i.li+.hin a

po.oütaiion"

Botir bahavioral- and d:-rect qenetic evidence sLrggest inai- soÍìe

¡odent populations may be sub-rlivrded into srnall.er inhr eeding

1

The 't-c.rril-ory then lrmits *"he



qronps or dernes l¿ilhin -iÏre larqer local- population" Tt i s

possible that olfactory processes are r-nvoI.¡eC in the es-"anìish-

ment ancllor maintenance of, deme-type breedírrg uni ts" The lrtera-

ture reviewed belor+ wrll ín general consider olfactory Ínvolve*

ment s in rodent reproduct:-ve behavior, The rJìlestion of tlLe

involveinenj: of these st.'j-nri1e in spacrng anC inter-anC int¡a-

specifíc sexual isolation wí11 receive particular attention" A

series of expelirnents designed to assesis the role olfact*or:y

preferences play in int-ra.specific sexual isol-ation ,¡i1l- then b*:

clescr:-b ed "

9lÉeglg¡I_iEgq Iyej!Ê !!E_] !_R e 
-E 

rpggç t-r v9._De,heIr-oE

Sexual lYl ai,ìrL- a'tj- on

A close relatlcnshrp between olracticnu sâxua1 behavior and

êndocrlne functioning has been denonslrated for

rodent species" One such rel-at ionship is that beti¡een olf actory

stimulí and the reproductive physiolcgy of the fe al-e house nroilse

(g3g BgÊ.culgs) - lor instanceo Vandenberg (1969) has reporf_ei1

that the sexual inaturation of females Í-s hasteneci by exposur,- t-o

the odor of aclult ina,le nice. The a.qe at which a femaÌe iÌìrtusÊ

first clisplays estrons is inv€rsêly relat.ecl to the,luration of

exposure"

Âccelerat*ion of, feilale naturation'rras achÍ,:verl ¡;;hen teual-es

Idere exposeri t-o the soil-ed beciClng cf male nice" Tiris indicates

that the -'ffect is odor-induced" The eft-+ct Has inost prcnounceil

uhen I he f ema'l e s !Iere ex¡-rosed. È.-s t-he be rLrling o!, n,ale ml-c€ r¿hich

haci been housed n?ar t.hÊrTì, either rn- t-he sane cagil or separati:ii

),

nunirer af.



by a wire mesh partitrol,

axposinq immatu¡e t-enaïes

IJo ¡¡ever u in this second.

Unfortunately, Vand.enberg

odors obl-ained frcm males

maIes, Thereforeo rt as

f a ctors of th-- sti m ul us

process "

This zff ect ccul<1 a.l ,so be proCuce d by

to the octor of a,.1uIt- female mícc,

case the effect',,ras not sigirifícant.

drd not €x¡r6s¿ his females to contrcl

housecl near diest-rous fe¡nales ol: ot-h+r

clrfficult +.o dç:termrne the sþilc:-t:-c

oclor which may con iri-hute to this

qy.gliss_o E_19 c â I !r grlg
q.Eoupa-gg_g[_!egg1gs" Tire close relatj-onshi p bi?ti.Ieen oIf acticn

and reprorluct-ive phy"sicllogy has been fu::ther demonstrate<i by a

nu nbe¡ of s tuCies t+hich l.ínk olf actory varrables t-o periods r¡ f

f e male sexual recept-ivity. Typically o estro u;s cycling (heai) is

a reguJ-a rly recurr:r-ng period of ferpatre sex ua I recept-rvrty r+hich

occurs ea.ch f our to f ive cl ays. The interven-i ng tiine iri-'t-rrleen

periods of esLrous is one

díestrol"t;s or anâstrous-

Typical est¡ous perrodícity can bs altered by prolcnqrng t_jre

entire cycIe, This leng+-hening of the estrous-to.- estrous period

can occull by a) prolongrng the diestrous portion of th,e cycle o or

b) inducenent" of pser-ido-pregnancy" i4hitlen {1955) has been able

to demonstrate troth of f-hese effects" He shoileil t-hat- pseudo-

pregÌìa,ncy couid be induced shen ferrale ni-ce iJÌere housed irr small

ctrouÐs l¡r - 4), i'lhitten {1956ao l9bôb) also fonnl that estrous

cyclinq 'î/as el Íinrnated br¡ an olf act-ory bul.beclomy" Thi.s opera.-

t:icn also ¡esu1t=ri in a reCuction of ovary size, Ot-her rÈsearci-L-

ers (le= il Boot, 195'D) la"-er clemcnstrated. tha'u or1 or me rlia!erl ti;.:

of l-or¿ sexual- recepti vrt v kno.øn as



prolong-i ¡g of es+-rous cyclang in qrcups of fernale mic':. Th.:f

reported that thrs effect coul-d not be reprorluced in bill-bectc-

mj-z-od subjects.

influence the estrous cycl rng of r:ats (R osen o She.l-esyak t,

Zacharias" 19401 or guin-oa pigs {Doncvrn F, Koprina, 1965) .

[.{hi'irÊn (1959) has al-so reportect that the qrouninq cf f emale

mlce (group ll = 30) can suppress female estrcus by producínq a

perrod of prolonged C.restrcus" Parks and Bruc+ {1961) foutrirl that

physical- cont-act r..ras not Tìecessary to to produ.ce this effect "

Ho'sever" this operation does not na¡kedly

ll ale: tq dqc eri__eç!! ogg__ sIn c ÌìEgqI "

nouset s odor upon the íienalet s reproductive ¡rh-¡sioloqy is periiaÞs

tlie besi known rnte::action betueen r:lfactorv varrabl-*s ô.r il

endoc::i.ne proces.ses. ì'{unerous authors {Bronson E i,I ar.s,ìen, 1q64;

Clrrpman I Fox, 1966; I'larsilen Ð- Bronson, 1964; i'lhitteno 1956a;

l¡Jhrtlenr el, aL.u 1968) have reporlerl tha{. t-ì-re cdor of a male

mouse can slÌorten (accelerat-e) the i-ntervening tim e beli.;een

perioris of femal-e sexual receptrvit-y. i^lhen qroups cl females ar+

exposecl to the c¡dor of a mai e the accelerati-on of their estrous

cycl-es can resul-t in an inc¡eased numbec of temaies comínq intc

heat o n t.he t hr rd niqh', niqht f ol lo,;inq the odor pcesentation,

Thìs rs called a synchronizat:-on of estrous cyc.,l-inq. Jus'l the

The inf,Iuence cf a ri¡al e

prêsencâ of a mal; nouse in ari anr-nìa1 rcom cân ¡rrovi-d= surficient

sttmul-ation to inlluence the estrous cyclrng of fenale nic.:,

This ef f eci: has b.¿en t-ormed the ,'ÌthitLen ef tect,rl

it:-s qenerally i::eIieverl that this synchronízaLton of- esLroll*q

cvcling may be nediated by the ai r-tran sportcd o\1or..i o f na1,:

bla der ui:ine {i3rown-Grantn 1966; [,ihitteno et al" u ? 968) , Eron-



son and !'Jhitte n ( 1 96tJ) repcrt that the source of" the estrou"s

synchronì-zíng orlor is not preputial in origin" i:ut Gaunt- {1968)

$Ias able to reproduce the .eff,-ert b,y aclministering preputial

homogenat-?s.

Scot-t and Pf af f { 1969) f ound t.hat castrat-ion eliminates L.ire

compound from'uhe ina-l-e¡s urine rrhích produce:ì est;'rous--synchrony"

Testosteron+ replacement treaf.nents evirlentlli reslole t-his con-

pound., and consequenily its estrous-synch¡onlzation ef f ect , .l-o

the maler s urine" Scott ancl Pf af f also rêported that f emal-c nice

sperld more time snif f ing ',-he odor of nornal male uríne than tha l
prorlucecl by castraleri rnales" Finclini¡s of this -sort proinpted

Bronson and'r'ihitten {19{r8) to speculare that- the urine con¡rounrì

uh:-ch produces Ðs*,-rolts-s)tnchronrzatíon is .¿rther a produci_ of

androgen- maintained tissue or an anrlroqen rnetaboliie"

ÐiSç,flgitg!!on.-9!.¿_aBd_-lrgSeqgnçe_ggE_!tf!CtÊ!!_pþeeSS af*Esl¡ggs

Nct r:nly can olf actory siimuli alter reprod uct"iv= nhysicl-oqyo

but hornonal states may influence sexual- Þr--ferêncç, For

ins'Lancen Carr ancl Caul 11962) tound tha t. sexually-experienced

male rats prefer the odor of an estrous femala to that oT a

díestrous f emale rat, sâveral aut"hors {ca¡r t caul , 19(t2; carr ¡i

Penriero 1958; Carro Solberg t Pf aff ma.n, 1962) have also report,-=.ì

1-hat, castratron elininated t-his preferencÊ, Ho1,r-ar,rerc lh= castrô.-

tion does rof- el-iurin¿rte t-he inaie ra1:ts abilrtv tc di scrr;ninatc

the estrous state.

Th+ available lata sugq,est

be tr:re a male rat- çi1l_ shcr,r

that seKu.3i- experiencl is re{iuired

a p¡eference for the oCor cf estr-ous

5



conspec rf ics (Carro Loeb S Dtssínqer , 1165; Stei:n , 19'7 0J - The

data Þresented hy Pfaff and Pfaffinan (19b9) support Lhis posi-

tion, but 'Lheir .reÍ;u'lts al-so indicate tha.t t-ha oCor of f emai e

urine alcne nìay be sufficient t o I¡rocluce this preference,

However' lhese authors used aÐ experinental design i+hich con-

foun,1ed. the sexual expr:ri-ence and casi-ration variabLes" Tiris

maJ<es thelr conclnsions difficult t-c interprel,

The Þreference of female for mal-e rats nay also be dependent

upcn reproductive physiology, Ðiesirous, sexually naive females

did not riísplay a preferênce tor the odor o.t either normaL or

cast-rated nal-esu but bot-h sexually ex.oeri-+ncecl and esi-rous

f emales conslstent ly pref errecl the odor of ncrmal- inales (Carr et

a]. u 1965) "

Carr " Ì'ly1íe anC Loeb ( 19'70) have investiqated t-he homolypì-ca1

{same sex) oilor preferences of rat..s" iiiale rats show,:d nc

preference for tire oc1or of other nale rats over t11 conbi.nations

of sexual-experience and qonadal stat-es, Hol.rever" sexually-nai¡¡e

estrous feinales p¡eferred the odor of non-râceptive fernales,

Thrs oclor prefêrence '\'¡as not. maintaineo for eilhei sexually

exper:-enceä or na1 ve d.i Ðs*-rolrs f einales.

ço p g¿At.o E-I_E e.ha -yi oI

Some evidence indicates t"hat olfactory process=4s aay medi-aJ:e

*"he consLimmatory port-iolts of rorlen+* sexual behavior {copula''uion)

as we-l-l- as +-heir reprcducl-*ive physroloS¡y" :lhis vias denonst-rat:d

by ihe elj-minaiion nl m.ounting behavion in bof-h nale {Ì{urphv L

Schnst-rle::u 19701 anil eirr-l--/-androg-onizt-',i f enal-e iÐct-yo Car-, lr ;',

Cl=ile¡s, 197 1) haïns*Lers utrose olfactory t¡ril-cs had been renoved"



Rats 
",¡hrch 

had. received thi.s op€rat-ion sho"werl à reduct-íon in

their ,a-jaculat:-on -f requency iBeach u 1942; Hern:r i) Larssor r

1961), ilo!¡rever, FrÊvious copulatory experience may hc an impor-

tant factor for this specieso for postoperalively the na,l-es r,rhich

had prior sexual- Êxperience displayed íncreased times t-c ejacula-

tion¡ âûä their inter-rnì:romrssion latencies did not differ frcn

thcse of normal rats. Inexperienced male rats l'/ere rieficrent in

both nÐesures {Bermant t Taylor, 1969) "

?g E!:!spg¿s!e.EJ-:b rsÅ9¿9s¿ c s f- E f -! cs! s

Several authors {Bow=¡s f" Alaxander u 196'l i ilus'bed. f; i'1cKenna.,

1966) have descrrbed the ability cf rat.s ancj. mice i.o use

olfactorv cues to drscriminate bet-ueen inCrvi"luals" TÌris topic

wiIl be cliscusserL lat;-r" Houeverr thrs process of inter-

i-n divrcl ual iden'cif icatron nay mediate a phenornena kno.¡n as the
riBruce eff ect"er It '1¡¡as tsruce t'lU" f i¡sr f,escriberl a process j-n

which the cdor of a strange (non-stud) nale coulrl prevent ove

inplant. ation in recentl-y ínseni naterl f emale nj-ce {{ug) {,3ruce 
"

1959 " 19{t0 r 1965) " FoJ-lor+ing a pregnanÇy nlockage t.ire f,erale

nice returned to their ncrrnaJ- estrous cycling, The effect has

al-so been descrihed for deei: mice. Beronyscus {Bronsono llei-

th er iou Ë Garricko 1964) and neacLor,i mt-c€ u [!c_ro-uu.s oegn sZIgan+çIS

{l{a11oryu CIuIoi"] D Langlord ! 1971J "

i'lhen i':llhectomized fenales did not shcç the ,rBruce =ff :cto'l

tsruce ancl- Pairott {19ó0) intinated. that- oifac+,ory iDrocess':s;niqht

merlrate f-his -beha'¡i.¡r, Their suoposrtion'.'Jas supi)orf-ed rãh:n it

r,/as f or-i.nri th at i he ef iect coulct b.e d up lica-ted n'y .r Ðosi n q

inseninated fem;¡.les to the u::ine of previori.sly unfamilj-ar naies



{Bruce" 1965; Bruce E Parrot.t, ',l960; Doini_nico

An rndrvirlual recogniti-on p.rocess t-s probably

ing to 'th is ef,'f ect, f or re-€xposure t-o t ne

to block (for a second time) the pregnancy.

f emales o r castrated maïes ri<¡ nct produce a

process could be depenrlent upon t,he qonadal

ma1e"

Re pr g.qgc !¿y,e_IeeIe!rtg-g 2g hen¿s mg

I þe *gg e g!¿ og_ ot _I gf Ë a Sp eç¿f ¿g_Eq p u.l_ at r o n_q!]!E

A najor cÐírcern o'f evolut'ioneily theory ha.s -be,.=n the ident.ifj.-

cati on of !hose f actors t'rhich malrìlain a speciesl identrt;l o in

other worri.so t-ha procsss of species fornat-ion" ThÍs topic

in volves a pheaomenon known as reproductive iscIaJ:ion, The ternr

reproducti-ve rsola+.ion refers r-o the tlearìs bv wliích qenetic

in terchange f:etween potentrally inbreeiìinq po pulations is p:.r-

vented or hindereil . There are several Ì¡rùys in wtrich reprodllctive

rsolation can be achieved" For example" behavioral or ¡rhvsi olo!;-

ical nechanisms may eftectively prevenl copulation bet-iqeen the

rneinbers cf l:''o s¡t:cies or t if mating cl c-os oc<:ur, otI er ¡nechan j-sins

can cc)mê into play which uill prevent *r-ìle i:roduclicn o't off-

1964, 1965 u 196f,1 "

a ¡-'âctoIl cont"ribu+--

or:-g'ina1 r,,ale f aiIeil

S i-n ce t- he odo¡s c f

!)regnaìlcy irloclc this

condi tion of the

sÐr 1n cf .

the mat i ng could j:hemselves be less vrable or less f ert.ile than

the prodilcts of a'u'¡it-Ìirn-qroup mat-inq. The fotlowincS Ciscussj-oa

will be concernecl çith the f irs*' of these repïìocLucj. ive rsolatinil

mechanisms, the pr:-matrag rsol-at-ion nechan-isms"

Pre-nating sexual isolation can D2 achieved in three $/ays"

fl

-4 lso e t f younq are prod uceilu tire hybri-d decendents o.+_-



Firsto Lhe ¡lenbers cf potentially ínterbreeciinq populations can

have differing habitat preterences or requi¡ements. Therefore u

f.hey may on ly occasionatly nee t one a-n other and lhere r¡oulcl onl y

be a few occasrons vlhen interbreedir:g could cccur,

potential nates coul d becomr: sexrrally rec.eptiva at dif f erenl

tines of the year" If this harpenerl the populaiions uculc b+

consj-ciereC t-o be seasonally isol-ated. Another possrbili+-y, and.

the one nos't-- intrmately connected r¡ith the theme of the follouing

re viewo j-s that the hlrpoth etica.l species or poprrJ-at-i_ons may

possess certarn behavioral mechanisms ¡¡hich dictate a preference

for intraspecific or intra-popuJ-atj-cn matings" 'ihís -l-a:;t fcrm of

reprotluctj-ve isolat-ion is often refer:ed to as trethrolcgrcalrr or
trbehaviora lt! isolati-on "

There are, af, ccurse, a numJrer of l,Jays in '¡¡|rich etholoqj-cal

isolataon coul.C he achroved" Tn 1íght of the Itterature r"vielr:r.:d

abcve it coulcl be assumeil that one of t-h=se is a specie:; specific

differential sensítivity to chenrical stirnuli. fn other- i+orclsu

the men bers of a s pecl-es may be att-racted only by the o.dor of

homospecificsu .,rrhr1e the odor:s of hetercspecrf:-cs are ner:tral or

ar¡ersive. xhrman { 19691 and Er¡r-ng and I{anning {196 l) have

presenied evicience that such a process rnay operatç for UIgço-Ehl-:

19" SiniIa¡ o1f-act-or'f-medrateil sexual isola bio¡r has ¡r.1so been

describerl f.or åcglgpgluç lízards (Hunsaker" 1962\ ancl sorne.rodeni.

species (noty s 19'72" 1913; Godirev, 1958; i'toor?, 1965; ÍjnithF

1eb5J.

Also o

Itlf eepeg¡êtg_]e pLe d-Uçt I gg_I sg I q !i o n

The study of reliroduct-i ve isclat"íon has rrsuaj-ly been Iialf,ild.



to ,int'eractions b-otween spÉc1es. Ilo-,.,Ie\¡err s ínc+ e vol-nt-ion nusi:.

al so occur at infraspecrf íc levelso it is rêasonable to a.ssunte

tha'" srnirar mechanisms regulate breedin{j w¿!!!¡ the sL'ecies,

The resÐarch discussecl b*^Ior.r i-s concern¡d l+ith the existence of

olfactory- mediated sexual isolaiion betl¡een infraspecifi.c lroplì-

lation tinits" The lirst +ur:pic tc be revie,,¡e,1 in rnt-roc1 ucing this

research i,iill- be the guÐstion of the existence ot ti:ese irrfraspe-

citic popu.l-ation un'i ts"

I'Jright (1931) in an early theoret,ical paper äiscusserl seyeral

hlrpoliretical genet.ic structures of populai-ions be-l or¡ the specj-es

lev el- " The f rrst cf these l,las termed the 'ri solati-on bl' dis; t- ancâr1

nodel" It- assumed ihat populatj-ons t.ler€ not, cli-¡ide11 into

subunits" In thís moclel the physlcal Irmiis of the dispersal

distances of inäi¡¡icluals wrthrn a local-population,.ierã the onlv

determinants ol breerllng paiterns for the population as a t-hole.

In the s*Õccnd" of il-sLandìf moclelo populations 'llelte dirricled int-o

cirstrnct ÍnbreeiLrng uníts call.ed denes" idi 1¡in u iLerne nati-ng

could l:e randono but physical barrlers or behav,ioral sêqreqatíni7

mechanisns t.enrle'l to isclate a deme within the grÐater popula-

t-ion" Thtts" behaviorat isolat:-ng mechanisms could limit- bel--.,,een-

cleme reprocluction, pe::petuatrng and ?liJginenting th,: isolation

effect" Àn investigation of sorne of thes* i:ehavioral j-solating

mechanisrns -'.+hich perpetuate a deme type population d iv j_sion j-s a

major f-heme of thrs research"

Igrllgidlla l=_i{ slgacn t

Pel!er:-!s__gå__g+êpersq1. ThÊ memirers ol nany smal_l nammal

popul-aticns carì be ccnsrdered as either di:;persrng oir non-

10



di-spers:-ng indivrduals"

mouse-I'i k: mamma-1 s become transient, drspersj.ng froin t-he area of

therr birt-h {Calhoun Ð tr,iebb" 1953; Getzu 19b1; Tertran, 1961)"

This rlispersal has been explained ín a variei.y of ÞJays"

lnstanceo Krebs, Gãinso Keller, ilyers and Tamarilt {1973)

reiterar-er1 a hypothesis present-ed earl:*er by chiti-y 11961) i+ho

cont+nderl that some ¡nembers of a populat-ion possessed a gene+"íc

predisposil-icn for dísper;al" On +*he cther hando Christi-an an,l.

Dar¡ies {-1964) have preseni.ed evÍclenc-o l+hích suqgest-s that c=rtain

behaviorai-physiological mechanrsms nay be sensitive lo popula-

tion qrowth" The mechanisms clf tlispersal alte not however, a

concern of this paper.

J\fter weanin,E, the young of many smal_l-

ALgè__rgglf i-g!94__mgve.g-gg!" Th*o nondispersin g n embe rs oI the

populatÍon evíciently spenil a consÍderaÐ1e, i:ut unkncwno propor-

tron of therr l-ife uithin a relatively restric+,-ed area {Reer"

1961; GeT.z, 1961; .I,latt.s ì 1910) " This area l-s usual_1v ref.-:rred t-o

as a hone t-ange" Al-thor:gh t.he¡e is some controv-êl:sy surrounding

the proper del inition cf. the terrn o it generatly ref e¡s 'to the

ar'ea useil by the aaimal as it goes abour rt,s nornial ilav-to-r1ay

actj-vities {Rurto 1<i43i Dice, 1952)" Th=,se hom+ ranges, cF-

course, ¡.¡âltY in sl-ze d+pending upon the specie.s, t,he habitat an,l

the popLllation they support" Some typrcal hc¡¡.e ranqe est:l-inates

for some of the nore common rodents are as f oIIcws: ¡:eador'r ¡¡ole 
o

mouse, Perpqy€-cus ¡¡ê1ìåcg:q!"UE î O "'14-1 "61 acres {Rroiln " 1,)/5) and

the feral house mouseo I uE ml¿sgqf uso 0,0'J29-(),33 aÕre^s {Q,.radanqor

196fi),

For
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Ag gEegg : o n _ a-:_ an_ f n! rg spe ciÉf g _I S o rA !+ gS_lq.qþatrge

Not oniy dc níce I rve i¡ a rest¡icted area" but uhen pre,lation

is low and the food supply arlequateo they wrfl- remain r-here for

f a irly lonq periods of t j-me" Anclerson (19ól+, 19b7) has irlorrrt_eC

that in such an envj-ronment house mice, 11 us musgulus, can remain

t¡ithin thei r restricted home ranges f.or at least a year. Reimer

and petras {19671 have prod uced simr-lar results " r f_ Lhese

rel ativ eJ-y permanent homi: ranges are useii. fa irlv excl_usi vel y ,by a

inouse or !rroup of mice.y êûr1 if other mice are nct a1loi.¡ed into

the area {that isn the hcne ra.nges a.re territories), then it
nigiLt be expected that the -l-imited movenent betr+een areas ryculd

have a depress:-nq etfect on gene flow t¿ithin the larçtor popula-

t-ion" A nunl¡er ol studies have Cemonstrated thai. strange irice

are not readily in+-egratecl rnto established populaf ions { ârrder -

son, 19640 196-7; Anrlerson S llillr 1965:, Brot¡¡n" 19b3; Calhoun ?,

I,lebb, 1953; Crowcrof t- E Eowe o 1963; ¡itìrral', 195"1; ileiner f,

Petras u 1967: lTolf e €' summerlin" 196,8) " several of these

authors y âtìd ot-hersn ha.¡e rrnplrcated a terrrtorial system main -

tained by :-nterpersonal aggressron in this segtegation effect
(Crowcrof I u 1955; Cr:cwcrof t E Rowe" 19á3; Ðaviso 1958; äoÌf e t

Summerlin, 1968) " In arlCj.t-ion, several au-thors (ånderson" 1V6t+?

19'a-/; Anderson t IJifl , 1965: lìasmussen, 1964; Reíner A pei,rase

196'l u 196'8; SealanC.er t- Yang u 1969; .sealander , 1910) [ra.ve

sugEested that this antagonisn tnwards; stranq,-,:rs anil t,errr+-orial

mai-ntenancc nay i sol-ate e populati.on lntc small-er breedinq unit-s.

The above evidence r-D11r-cat-es that llriEirt?s t'islanCri model may

1')



best ílIustt:a+-e the maf-ing structure of some rodent uoprrlations"

Sucl't inbreerling infraspecifrc popula+.icns ar? co¡r,non1./ referrecl

to as dÊnes.

The house nouse {i"lus musçg}gg) is often cite<1 as aÌl =x¡lrn,ole of
a spacies which exhibi-ts a deme-type i:reeding pattern conforming

to lirights s tt j-sland# nodel (Anderson" 1964; sealarrler 4 jgia) ,

Territorial behavror is generaJ-lv consj-clereC tc b+ i:he behavioral

mechanism which rsol-ates the individual population units. As has

been mentioned. above, house mice do display arêa-r elated

rloinrnance- f n f act, li-b1-EibesfeLll { 1950) h.rs descri.beri the

territoiies of housa mj-ce as comnunalo that .i-s they are clefended

by an extenrled famíIy or tribe. Behaviors of f-hi-s ty¡:e coulC

probably i.solate a J-arger .uopulation int-o inirreeding subnnirs

even in the absence of uhysical barriers to j-nter-deme mlqrat-íor.

lìeriner ancl Petras {19'oi ) have testeC the not-ion t-.hat beha vior-

a1 limij:ers Lo indivíCual- rnovenent such as t.erritorial di¡tence

can lsolat-^ potentially int-erbreecllng populat-ions of house miceo

ilgg tnusculusy lnto d-eme-1ike units" fn t.hrs study t-he mrce w€re

hous+d in a "population cagett uhicli ccnsi-sterl of a ser:ies cf. 16

nest iroxes connected by a runway complex" The subiecls, mice of
genetically disLrnct oriqinso were introCuced. rnto the rnclivirlu.rl-

nesi. l:oxes in genetlcally mi-xed groups, Arl- *-ha subject.,s anci

thr::-r even+-ual of Ísprir:g rrrere mark+ci and. their I ocat_ion check+ri

d;ri-ly" in a short while the nace heqatr t,c ,¡o¡n qrcups or
trtri,besrr" These rirLribes?'vrere macie up cf a-.C.omLnan-i male and -r-tre

anir.tals of either sex wh'i ch allierj wit-ìr him in .*.he clef ense cf a

nest boxu oî se¡j-es of nest boxes" The qroups l/ere nof- .rllis:i
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accorC.r-nE *"o +.heir gener-íc orj-!líns, and contrary

of Ànde rson and Hrll " t.he f emale:; a j-äed in dr:f ense

nesting area.

Reiner and Petras found that once tTre i:oundaries of a tribal

territory {¡rere establishedn the'¡ remaineC reütarkably stable over

a numÌ:er of qeneraLions" The boundary stabrtit-y rema-ine,l erJeÌl as

the poPulation increa.seri tenf olci to a ,lensit-y of 10 mice/squar€

f oot.. A prohlem i.¡i th this study Ís that- although grou s of

an,imals remained rn defined a.rêas for long perioiis of trme,

Reimer and Pet-ras inferred. that only terrrt-o¡ial defense beha-

viors ma-intained the segregation" Their inferenc€s'dere baserl

upon occasional oJrservations of aggressive encounters" number of-

wouncls, and ai:sence of movement betr'Jeen ar?aso Circunstant-ia1 as

it. is" Reime¡ and Petra,s concl-ude11 from these rlata t-hat the

animal-s found r./rthi¡: =ach defended altea constrt"uled

:"nbreed ing f a mily unif- or deme "

fn

of

Âs has been mentionedo Rermer an,l Patras specuÌ ate,l that t l:e

seqregalion between groups of mice in their st.udy could have heen

induceci by the territorial exclusion of non-group members. This

type of social beha'¡ior has been cliscussed as imporLant in

irritiatrng isolatron betr+een smaLl- l-ocal gene pools (Arìderson .t

HiLlo 1')65; Chrrstiano 197{); lìeimer Ð P-ot,ra.s, 1957), Thiessen

a.nci Ða'¡ber (19'12) have ¡lemonstraterl that thi.s nì¿ìy indee'l ile the

t-he rilports

i.-he f-ribal

-âc3

{ü.Êç}gL=s glgl¡ågglgtUs) excluded stratg.--rs fron their ,rirone

¡at¡i +,ç¡tfar" Tha intru.ders þ/er€ forcerl t o crcss a r¡at-et barrier

t-o saf ety even lhough g--r'bils ::anely enter the yater when a 1l-cwe il

In their ex p+rrments territoria l- i{ongolian qer:bil s

st:able

1Ìt



a choíce,, Thiessen ancl Dav¡ber also fouri'd i.hat ani-maIs a¡hich had

em lqrated subsequently ar¡ord the oclor of the animal iroiû r{hose

te rritory they had lle en excluded " The a jcove inf erencæs have been

lent furlher sucport from the electrophoretic anal-ysis of the

breecling patterns of feral .house noìlse populatrons.

-EISglre p h gret¿g_Ey ige¿ge

The genetic structura of tl'¡e hcuse mouse, flus muscgl'rs, has

J:een stur.iied more than that of any other species of small nanmal,

Ge1 electrophoretic procedures aIlov¡ th,e det-ection cf fine-sca1e

variatíon at a nuahar ot gene loci t¡hicir cont::ol the structure of

hemoglobin and certain enzyma.tic prcteins" The relatrve freguân-

cy ol specific el-ectrophoretically rlet=cteC genetic marKers

wr-thin e populai.ion is c¡enera11y consiclererl to b..; indica',-ír¡e of

the j-nt-or-i ntra, qroup breedj-ng patterns of that popul-at-ion

(Basniussen, i 964) .

Recent studies of house mice populatíons have shc'or¡l g=netic

heterogen+ity betveen populatrons livinq r-n acjacent i:arns

lAnderscrro 1964, 1967; Lewont.in t Dunr, 1950:; Petraso 196-lao

196?b; Rej-mer 6 Petraso 1958; Sealand.eru '19'i0)" âild even r¡íthin

the ^same barn (Sea1an,ìeru 197a), Although house mice tlo display

clinal genetic drfferentì-ationo this factor can probably l:e

rejecteil as a.n -oxplana+-ion of the stable berweerr-population

electrcphoretic variation described hrecause these differencÊs

have heen detecteri for mrce living vit-hin t.he sam4 builrìing.

All t-he ebove -evidence rnelírectly srrpports a hypol:he:;is of
qglaglgqgg local breedinq structures aCvanced by ËLair i-n 1953"

Trap recorrls cf the dispersai paf-terns and c't individ',lal mc1lsz
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moveftten-i-s 'rithin e pcprll-ation occupyin..J a continuous hahirat

sugqesteri to Blair that +-he breecJing slruct-ure of the poiltlatioii

lcas com pose,l of inbreerlin<7 f amily units of relatively small- size"

Several sludies lAnd.erson" 1964" 1967; Lìeimer E Petraso 1968;

Seal-ander,, 1910) have predicted that a d.eme may oì: composed of as

feu as ten individuaLs" .\.s r^/a-s i-ndicate.l above, these authors

have also sugqested that tarrj-torial anrl home ranqe mai-nlenanc.:

behaviors may be responsii:le f or t'ire long- tÈrn divisicn of a

population into clemetic unrts.

If rnterpersonal aqgression ancL ter¡itorial defense beÏ:aviors

are responsible tor maìrng segrega'tron i;e+-¡¡een infraspecific

population unrt-su lhen rt nay be asked; ,rHo'rr are stranqËrs öl-

thei-r terr j-torr-es r--cognized?, r' In cther wor¡Ls, '*hat slimulus

cornponents are responsible

breedíng systen?

o I lac!! os_ a E_e q-_Is!ËAgsqe_ IE ql a !¿ n-s_ Ee gþaq is¡
S'eve::al- auihors have reporteci that snÍffinq increases in

frequency prior to an aggressive ccnfronlat-io¡l betiqeen mice

{Banks, 1962; T,1cyr1 Ð Christain, 196-7) " The agqrassiv+ def ensi:

of a ierri tory ha.s qenerally i:een at-tributed to the nales of a

populatron (Reimer t Petrasu 1967; I'lacKintosh, 19'70) " Arche r

{1968) has shot+n t-irat- an aggressj-ve reaction is mcst Iik,:lv r'riien

a ma.le mouse is er¡rosed to the oclor of a slran.Je nale" Àlsr:, Lf-

a Inouse is t"aken from a. prevíously est-abl-ished hj-erarchy" fübbi:d

l+ith tht urine of a sLr¿l-nge male ô-rrcl return:--il t-o tho groun r ir

wifl bi: mct i,rrth aggressíon by othel nemtiers of t.he grcup" 1n

addj-ticn" tirere is anple evidence shcrarnq that domin¡rnf- males

f or j--he naint etìance of a dene- like

tb



ur]-ne-nr.ark an area more frequently t..han do:;¡:b,rrrlinale mice

(Des jardins, i{aruniak f" Bronson, 1913; Eisonbì?r.,J , 196'2, 19'c):,

RaJ-1so 19'71) " ¡larking inay take r-he form of deposi l!-inq s-obaceon.-c

gland secretlon upon clrjects in the environment as the i{on'qclian

gerbil c1oes" Other roctents lj-ke the rieer mous€, Perom.Iscus

ngn agulatus , ma nk r,Jr th urine"

some species of g?leql.gqus u.se t-his means of narking al-l- areas of

potential- contact -,Àtith strangers" He {Xisenbergo 19ó3) believe'1

that in the uil-d narked areasrlmüst be considere,l as areas of

infornatton exchang-o; several aninals livi-rrg rn proximity coulC.

communíca te th,:ir indi- viduali-ty and reproductive ccnd,itícn

uithout ever coinr-ng intc physical cont,act (p, 41).!,

These ttnarkerl a¡ea-stt are <¡ften considered i¡dicative of

territorial bonndaries" l{rce are reportÊrl tc b+ reluctant tÕ

crcss esì--ablished ler¡rt-orial boundaries illeirner 3 Petras " 196-/;

ivlacKtntoshu 1970) - llybyo t hiessen aad [lallace (19] 0) f oun,f that

for qerhils, ì13¡igqgs gEguígglatuso the reductior, in the m.arkin q

behavior of subordinates',rras olfactorily nedrat.ecl" It ha,s been

suggeste<i that the secr€tions of the preputral c¡lanC are the

source of this oilcr ( llcKinny S Christaín" 1970; l{uqf ord 'i, Ìrloi,iellu

1970) " IIhese .secretions have also been ieporte'd as aighly

at tract ive t-o f enal-e conspecif ícs {Rronson il Carocm + 1971) "

Ersen berg { 19 b2) reporteC tha t

As has been noted, many aspects of roCent reproducticn seem to

be mediated by olfactory cues" lIhe literature revr=r,¡ed. abovo ha,s

linked olfactorv sr-inuli to the t-erritcrial defense relaleC

behaviors of l:crrndary marklngo interpersonal eggression errd

d.ominance" These behavi.ors have 1n turn been clisctissed in
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relation to,*ithin-popul¿rtion mating patterns, An irnportani next

questron mighi Jr+; "l.Jhal Ðrocesses marnf-ain reprcduct-rve isola-

tion between these popula.tion subunits?"1' llne oliviorrs possibili-

ty is the olfactory r¡leni;rficatíon and separation of subspecifíc

grcup menbers. Before the olfactory isola-iion of d=m es is

consrd-ererl o it night l:e :-nstructive tc ¡:evi-ei¡ evicience of the

inter- and intraspecitic drsc¡imrnations ancl or ef=rences of

rodents "

T n ! e lç.p e g:- f f q,_E !Í.aq:S

ln!9ES p g,ctEf q__gtEc rim MlIo Ê .

there is evrdence uhich indicaf,es that roclent-s cãn rec;oqnize

members of t.herr clln species on the basis of olfaci:.cìry cuËJS"

Thrs a.bilrty t,vas fj-rst rlemonsi:rated by RoFêrs and À-Lexander

Bepgq.dgç,!¿y.Ê_Eg hå v io r

\196"1) " They ¡:resented aciult mice {Ugg !.g,Þ.q.glgq) i.¡ith a sinpl+

Y-maze discriminat-icn task" The aclu11- mice of elther sex i.Jere

abl-e to choose betr'reen the odor*s of male house rTìlce (ll¿g

mgsç.ulgs) and deer nice tPelqgLsggg nÈq¿ç.g-la!!g) ',rhen rein f orce d

vrit.h drinkíng uaLer- These fì-ndi-ngs'dere nartially confirned by

Hahn and Sirnm=l (1968) . However, their study did nct report the

sex of the stinulrls mDuse"

It i,/as mentroned earlier thar

auditor'1 ctles nirke an exc]-usively ol-factory ín+,erplet-a+"ion

:-mpossible, lÎhr^s study dido hovlever, sugr¡-csl that thc Lcr,-1 te:rn

accr.tnulation of urrn= a.nC fecaÌ matte¡s &s useC by Bcw;:rs ani_

Al-exalrder, ís not e prerequisite for forninq u.he discriftl-i:?rion,

,tlthouqh mice can rlisc:rrminat-e species inembe:-siríp usrng cnlT

1q

ÀIso" the presence cf vlsr:al and



olfactory cues" this d'rscrÍmínatory ability Coes not nec:ssarily

mean that c1f actory cu€s actually inf l-uenc-ô ma+"e se lection u an d

t.hus operate as an r-so1aÈing mechan isin, A lock ai: roden t

preferences míght parlially clear up this problern"

IgLgEÊ,pgslliq-pfgfer-'ncee" sevÐral studies have sugileste,l

that- olfact-ory cues may be:-inportant- in infl-'.lencinq conspecific

mate selecticn" For rnstance, Smeth {1965) exa¡nined the time

spent bv allopat.ric rlîd sympa tric male cactus mice" ggâgrn-ysç.ug

eËemicgÞ., and Californra mice, Pe.romlsçu.s çglleplnlçuE, in three

middle compartnen ts of. a lì-nearly allrange 11 f ive conpartment

chamber, The extreme compartments of Smithrs test. chamber i'lere

s,ôparat-eci from the adjacent- ccmpartinents hry wr re nesh.

homospecifrc female !/as housed rn one of t.hese end chambers anrl a

he terospecific f emal-e in t.he other" The srrinpat-ric male cacl--us

miceo Feromyscu-q g.igtggs, spent mosl time near tlia homosp ecif tc

f emaIe, an rntermediate amount of tirne ín t-he n;lutra 1 coûìnarf-me¡t

an d the least i- ine in +-he conpartment nearest Lhe hetei:ospecif ic

fenale. The allcpatrrc ma1es d isplayed an oÐpos:-te re¿-rction "

?hey spent less time near the homospecific females and more tím.e

near the hei:erospecif:-c ones than drcl the sympatric males, These

data tencl to support. älcCarì-ey 1s 11964) sugqestion thar: in .sorre

species rsolating inechanr-sms are rer-nforced rn synpa+.ric areas,

One of Lhe fla'¿s of Ssiil-h"s stucly r¡ras that he dirtr ncf" report- tha

est-rous condi-tzon of t-he sti-nulus females" These fi-nrlings woulrl

periraps ha¡¡e been of morÐ valu.e hacl thc reac iions ta hcth e:it-itor-is

and diestrous fenales been examined"

In a símilar sLudy" lloore { 1965) f oun,1 tha t bot.fr sex€s of t-Lr.r
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deer nìouse.o ESio-ByStgs rnalicll.]-a-t-UE l!finns, spent- more t"ine in

the area of a t-hree-compartment charnber which had prevrcu:siy

houseri a homr:speci f rc nouse f or eight hou¡s. Thi-s area hes

pr:eferred over one l.rhich had been or:cupied by a h€t.erospecific

oId f re lc1 moLls€" lgrollllgg,UÊ pgllçggl¡:, f or a similar period "

Because t{oore { s study used prevíorrs occl-ipency as a stimulr:s

rat-her th¿rn ano+-her anina.lu his resr:1ts are more com patal¡-l-e w¡-th

an olf actory hypothesis than are Smi,l-'h 0s. ålso, i{oore 4 s results

are aorâ interpretabl-e than are Smithts because i-loor,o u.sed onlv

estrous f emales 1n his sturl y"

The stud i-es revi er¡e'l aþove have qíven more at-tenti on tc the

olfact,ory preferences of t-he ma,Le rodent, tiran to those of the

fenal e rodent"

t-his em phasis. lie -ç¡rote, "Tt nay r,,leI-i- be that femal-e s are aoiÊ

discrimrnatinq than males r-n lheir cholce of a nate, but na.le

mammals move aiioui: more'¿hen sexually arousedo a.nd theix ctrcice

is theref ore easier to score {p" 5tl} "'1 React-inrg t o the neglect

of tlre fenaLe rocÌent.uithin the olfactory literatute, Doty {1972.r

19?3) designed a series of st-uciies tc investgate the olf actory

preferences cf synpatric species of PeEcqysçuq females"

Dotyrs {19'l2o 197.1J stridies found that estrcus fenale rleer

mice, EÊloEZSCgE Igg!19-U!et-Lrsy ¡rreferred th= oilot of homospeci*

fics" Ho!¡ever, fenale vhit-e-footecl níce, Pero&Tçl!s IÊ_UCQ!riS'

farled to shou a clifierential reacticn to rhe o.Jors of either

species " Ðcty sullges+.=d that only soilt? species" in +-hi.s cas€

9eËqqgãCgq mqnlqllqll¡s u uLtLíze urine-transporteC cdors as an

isolating mechanism" Doty also found that male white-foo-ucci micr:

A .statement by Godfrey {1958) ¡rorhaps explains
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avoided t.he odcr of maìes of bot.h species. Tl-res+ data perha¡;s

rel-aLe t.r: the aggrÈssr-on anrL terrítorial narkinq literatu::e

me ntionect earl-ier"

I,lith t-he excepticn of Doiyts scmer+hat confusirrq results, it.

rloes eppear that a',- leas+- some species of rod-onls wit hin the

genus Peromysclrs are able lo utrLrze odor for inrra- and

rn terspecì-f ic cornin,ïrnrcatj-on" I n f act., the pr+f erences report.ed

by Ìroth iIc:ore and Sinilh indicate that oLfactron coul.C i'¡e the

basís of interspecifi-c sexual isolation for at l-east one grôup of.

roclents "

In tËg5p egÅ!¿g-EI te c!s

Þg¡goeclf¿ç_ptgfeEences" In e previous section j-t was men-

tioned that oltactory sl:imuli may conlribute tc ¡*oprcductÍv=

ìsolatron irelor¡ +-he species level" Godfrey (195B) presrlnted

evirlence ',¡hich rnciicat¡d that bank voles, llglltiglomys" may he

reproductively isr:1at.ed at a subspecifíc 1eve1" Ile Ðresen+.erL the

ma les of tr.¡o gecgraphically dist-ant f orns {races) ot Çåg!!:

riononys ÞgflggnlggS (Kintyre ancl Edinburgh races) uith a Eroup

of f emaleso half of l¡hich 1¡Iere examtnecl for incli-c;rtions of natinrJ

activity {vagina I pf uESl , It i"ras f ound that the rnales of botir

races selective-l-y ins:rni n aterl the f emal-es of +'heir ct'Jn racÐ"

Godfrey sugges+.eC i.hal th'ese clífferentía1 rates of ins{mina-

tion m:-girl be medrated'Ðy olfactcry processes" To t-est t-his

noLron he preser:ted the odcrs oi tt'¡o qrcì.rps {pr,=sunabl 7 dif f erenr:

species o or races on the verge o-t specía+-ioir) of f ena.l e ba,nk

voles to ¡nale r-rÐl,es 1n a lf-naze.sii.ualion" The ilales iìpproach:d

the odor of homosÞecrfic f_-emales'i¡ preference t-t the altt¡r-nate
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odor" Alsoo in scrTle insiances¡ n-he mal-es chose tho oClor of tire

f etna les f rom lheir olln Iocality in pref erence t-c f emales from

other localif-ies. Tesis vhich userj hybr:id voles for stimulus

odors ind'icated that lhese animals irere usual-1.y iliscrr-minaterJ

against "

Althouqh Gocif re1/r s ciata for intra-¡acial- olf actory rliscrrmina-

tion l,¿ere not conclusive, they do .suggest that olfacto¡y pro-

cesses may be invclved in subspecif1c reproductive isc¡lation" 1\

problem '¡¡ith this supposit i.on ls that the Ç1g!þ¡fqnoglyS Lis':11 by

Godfrey originateci on rvidely separated island,s anrl uere probably

on the verge of speciaticn. fn fact¿ sÊveral taxononisl-s have

treated tire local- racr.-rs userl. by Gocifrey as fu.l1 species (Gorlfrey,

1958) " Therefor€, there is som€ dcubt that th1s sturiy is really

an example of subspecif ic ethol-ogica-1 r*oprod uctrve isolation "

I'lany of +-he sturiies revrev¡ed a1:ove ha.¿e indrcaceri that som?

rodent-s are capabl-e of making fine olfact,ory discriin:-nationso

llorsever" onJ-y Gorltrey iras presented eirida.nce for subs¡l--cific

olfactory discriminations. AJ-though no si:udy has act-uatIy dealt,

specífica1ly :¡tth the olfactory segreqa'r.-i-on cf population grcup-

ings, t-here is evrdence wh:-ch j-ndicates lha+. soae infrasp.ccrrlc

drfferences can be detected by rcclents"

fglef¿il9lg-lqgef-4lSç.¡fg¿ngflgn" The olfac+uory discr:-ninatioru

of. the nembers of an infraspecific pcpuLat-j-cn unit coulcl tl,^ nased

ìtpon one af o or a conbrnat-ion of tr¡o ,praces.s+s- F€coqn.ition

could b-o clue either to geneii-ca11y deter;ained cll-fferences in odor:

prcduction or det-ect1on" or to the rcientificatioa of- separat-e

olfactory ídentir--ies for individuals vithin a poliul-afion" i{ost
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of the intersp-=cif rc discriminat-i on an,ì preÍerencÊ rlata çhich

have i;een reviel+ed so far favor the ti¡st of ihese possihili+,-íe.s,

Ilouev-ôre severaf sludies have indicaled thaf- i:odents nay alsc be

able to detect rndivirlual differences j-n odor" For instanc+o

llu.sted and McKenna {1956) demon-.trated that- Ín ¿ìn ope::ant

sit-uation rat-s coulil -Learn a

prêse nce of a seconci r at.

specificatly t.est for the operation cf olfactory variableso t,hey

did report ihat the rats directed a qtreat deal- of sniffÍng

behavior to.¡ard the stímul us animal ¡ s anal region "

McKenna further suqqest':d t.hat clfactory strnul-i were inport.an{:

cues for the fornlng of the discriminatícn"

Bov¡er:s and AlexanCer (1967J have repori-ed t tre results cf an

experiment r¡þ^ictr d.e.r1t more directly i+ith the possibil-it y that

oJ-tactory processes na_y medlat-- interinclividual discrimína+-icns"

fn this stuCy C5-/Bl nice, i{gs mgÈgU¿j¡s, '/eire rel¡arde'd. r,ci'uh

dr:-nking r¡ater uhcn the'¡correctrr chorce bett.toen ll;c nonrelate,S

míce of the sane inbred strai-n u¿ìs made" These aut hors reporte,l

that all- anínal,s tested rrere able to perf orm the discrini naticn,

Tn a similar stuciyo Iìahn and Srmmel {1968) replicated the results

d:-scrimÍnaLory response in the

Although these auLhor:s d.irl noi.

repolted hy Bor.¡eËs and Alexander (1967) " I'iowever" I'lahn an,l

Simnel al.so found that male nice" figs illugçgIuso dísciiminat<+d

between indivirlual Il-ttÊr mat-es. Unf ortunatei-y, thi s study rìia

not exc-Lude po.ssrble v'isual and audrtoiy cues"

makes a strictli¡ olfac'lor-/ interpretaticn inpos:;ible"

It r-s poss i bl e that indr vidua I ::ec oq ni t-ion process es

meclrate a nunber of lhe olfactory-linked phenomena which

fius+.erl and

This ,cmission

may

have
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been describeC. For ins'Larì ce, certain physiol,:gica1 processês

lik e the Bruce etf, ect coulri be trrgger-.d by th,.r reccgnilion or

nonrecogni-i-ion of cert-ain inctivrdual. odo¡ cornplexes. AIsov âs

has been discusseclo doninance posession of an areay qroup

membership ancl aggres.sion seem to have an cl-f aciory c,f,nìponenf- 
"

Rodents inay veIl depenC upon the relatív* olfactory Jlfaniliarity'r

of an inriivirlr:.a1 to üì oni.-Lor t-he soc1a1 structure oi tLreir

population,

As has been pointed out, many aspecl-s of rr:d en+- i:ehavror a.r€

nedrat-e11 by the ol f actory detection cf che mrcal sr.i mr-rl-i " h11 cf

these processesn rncluCing the social aspects of rorlent beirar/ioit¡

arâ in linarely related to rorlent reproducti-onr if,,rtd theref ore tc

the evo lutionarv history of t he stlecres" Previous discussion Ìras

i-n Cicat- cri t hat many aspeci:s of, roden t re prod uc tion silch as +,-he

avoicl¡rnee af , or at 1-ractíon t-o , poten*ui aI nâ-'-es ,Tây cons?quently

influence t-he breedin.S patterns of tire sp+cies" These prccçsse,s

maY rn turn be ilete¡mrned by patterns cf rndivi,lual r ecog nit.rol

of local- population menibership. Theref oren it ap,?ears as I hough

oltactory procÊss3s nay mecliate, or enhance, the relativ= sexual

rsolation tretr¡reen local sub-uni-ts of a 1íìr¡Jer poplrlation" This

is t-Ìre possibilrt-y to r+irich t he tol Iotlan! re*search is r:lirecl-ed.

gg!PqEe

The lj-t-eratnrc revier¡eC in the preceding seciion su{lgested

that i-i ¡nits t-o indivictual novement ínposed by territorial an'l

hone range maintenance behaviors may isol-a te soine small mamma] s

into rnbreedrng subunits';it-hrn ihe larger qeneral poplrlat.ion"
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Electro;oholetic analys:-s technigues have revealetl t hat qilnêiical-

Iy dj-stinct ì nf raspecif ic breecir-ng units ilo erist f or soirìe

species of ryìl-cl tnlc.l" InCeedo sÊveral arrthors con',enC that thes:-'

smaller breeding uni ts are maintained by the mov,':nenr-- frniters;

meilt,ioned ai¡or¡e {And.ersony 196t1; Àn<lerson I lli1l , 1965; R asnus -
sen,' 196!-1; Reimer E Petras, 19b-I , 1968; Sealand*r tJ yang., 19691

SeaJ-anclero 19'10) "

l1 any of the st.udíes revÍe'n'ed above have atteniptecl tc ri.emon-

st rate s€gregat.ion between groups of rcd.:nts on the basis of od.or

production or detectíon. However, these olfactory st-udiÊs arê

some"+hat limited in therr attempts to irlent.ify the ecolooj-cal -
behavio¡a1 f,actors whrch inf luence t he process of s peciati on r-ç¡

whrch the questron oÍ- rnfraspecific reproductive Ìsolaticn is

1nextricab-Ly linked. on? lactor çh:-ch has trmited the gênera.lit-¡¡

of these stud.i-es? tin¡1ings i.s their general use of inbrerl

straÍns" This becomes a special lirnitatron rn frqhl Df evidenc€

u¡hrch suggt+sts that the olfactory idenLil:y of the hous+ ilcuse

(lggg 4t:gqqlgg) may be reCucecl or eliminateri by inbreerling {Bruce"
'1968) . Alsoo the Sml+,h (1-t165) study l¡hich presumecl to a:-asess

oltactory processes as a possible i¡rterspecif ic isol-ating

mechani-qn did not. clearly exclucle ot-her poten tíal iElentif icâ+"i on

cues such as arrdrtory and visual st.imu1i, Pinailyo the major:it,v

of sludies which have at+.empted to implicate olfaclory variables

in the specralion p:Dcess anci uhich made use cf ;*ilì populer'.ioits

have onlil consr..iered the Dossabilitv of olf act ory isolatl-ng

mechanisms as operating bçti+een genr-:s and,/cr species (tsoi+ers t,

Alexarid=r, 19611. Doty t 19'l2s 19'l3o; i{oore " 1965; Smith r 1965) "
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As I{ilcock {19-12, p, 5:J3) has comm€ntedu ttSancê it ís '*iithín

species that evolut.ionary proce*qs is tal'"ing p.lace" it rcll-oçs

that sone under,standing of behavr,oral e vol-utron m ust arise

throuqh ccmparrscn withrn specr-es"r'

d.id not really addres.s +"his aspect of th: problein" Thal is, t.a

exanine arlequately stimuli or proÇesses I'rhich inay opeiate as

sexual- isolatrng nechanisms ín species foinat-io¡l¿ it is necåssâry

to focus attentior¡ upon t-hose aspects cf a pcpnlation i;ithin

whrch et,holcqical isolation woulct be mo:;t meaningful. If er¡olu-

tion is a dynamic procirss, be.havrors n,aintaininq t,he rlrstinctíon

beveen species mus+. be nanif est bel-ow the species level"

It is possible t.hal oliaction is involved l-û infraspecific

se xual isolation,

processês in varicus social i-ilteractrons aaong roden+- conspecr[-

ics" These social int.eractaons inclucle 
"he 

very movement-

narlrer olfaction studies

Ìimitinq devices menticnecJ earlj-er"

been i mplicatecL in roCent aggression {Archero 196f1; Lee, 197 t;

illu gf ord Ð ì,Tcïell. s 1910) and dominance (Carn, llartorano, Ð Kla me:s,

19'10; Ðes-jardins" llarun:-a,k t

Several studies have ímpl-icat.:d olfactory

mediated componen t behar¡iors may he the basis f cr, cr at lea.si-

rernforce, the t.erritorial malntenance,,rhich rs 1¡elieveci rn\/o1ve,:1

in t.he f ormation anC segregation of inirasTrecif íc pcpulat"i on

units {i.Jyby ef- aI., 19'lO; Thiess€n S Da'o¡ber " 1972) "

The only stu,ly which approaches an ade,lrrate assesÉ;ment, cf. t\e

relatronship betl¿een oltactory preferences and mat-in9 choic= a1.

subspecilic leveIs is Godfrey{s (1958) " Godfreye-s inclt:sicn of

drtferenti a1 insemlna-uion data certainly allcweC a closer look ai-

olf actory v aria il 1-os have

Bronson, 191 3) - Such olfactorv-
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the possible relatíonship bet:¡een olfacicry varia"¡11:s and ',-he

actual breeCinq pa'tterns con tribut"ing to t.he species f orrning

process, Holrever, as '¡¡rth ot-her studíes in this ar-âa, Godtrey

may have b-.en evalu;¡ti-ng potenf-ra1 isolation bêtt'reÐn groups.øhich

hlere alrearl-/ quj.t,e clrst¡-nct"

taxononr.st.s have ciassi tred th,e Itsubspecif icrT f orms he used in

hrs tests as 'r f ul1 specles.ir A nd GcCtrey clas-srfied these f'crns

as bein q at least. on t-he ìt verge cf speciarion, I'

To sumnarize" certai-n rodent species seem to pûssess a

weII-defrned potential fo¡ fine clfactory .liscî1mr-nations" Alsoo

Lhere is a relalionship beth'een o1f actor y va-riables and certain

rodent- soci-al behaviors" FinaIly, thes+ behavrors seem to be

related to the kinds of mechanissrs sugqested as iinportant in

intraspecific soxual isolatron processes.

relationships ârr.? connecti:d in this 1t:t ã! t it. t-hen b€con-os iirr por-

tani to reexamine this area in an attcnpt to ,lefine the real

relatlonshíps hetuleen t-hese variable.s. Th=r'aforeo the purposÊs

of this series of studies r{ere as fo-}1o'¡s:

Goclfrey hi.i.lself not-ed thal ;nany

{a) to determine if the members of a srnqle rodcnt speci-es

can discri¡ninate population mem.'bership r:sing only olfactcry

CU ES;

fb) j:o rletermj-ne :-f

po pula tion s :

{c}

re f l ect.od in actual

(d) tc det-erninc ii

c.î1/or aqqr:ssrve

I c det-ern in e

If Lhes€ beira viora I

t. hrs

ìf these o1f act.ory

ma.trnq patterns;

phencnonûn occrlrs in viiC

olf actor-,' conponeets i n terrrtcrr¿r l-

behaviors cou1,l f unction lo naantai n

prr e f ci: ence s ar e
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dÍff=rent populaticn preferences"
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A complê-r of behavlors may segregate a poprrlatiot-L rnto snaller

tleme--l-ike irreeding units" Several consaderati-ons ar€ invol¡¡e ri j n

determining if rodents shov a d:-f f erential pref +rÊnce bet'r¿een

members of geographically dÌstinct populations '¡hen onì-y cilor

cues are avail-able" Fi-rst, convent-icna.l nrethods of rleterrnínirrq

an indivj-ciua1¡ s preference between, f or exanplê" homc- and

he terospecific groups generall-lr involve a sr-lb-ject choosinq cne of

severa.l stimulus odors, llnfortr:nate1y, an ex'Ðe::imental dcsiqn
-vlhrch presents odors simultaneousl-y pDSSesses .some huilt--rn

l-rmitatlons" The rÐsaÐonse to one od.o¡ nay be inÍ'luenced by the>

preselìce of t-he crher r:dor {s) " For ins'uance ' :-t is conceivabl r:

that the odor of--an estrous female çhen paireo with that cf a

male couf C alte r i-he expÊcted reaction to cither s ar both r.rdols,

Also" it $ra-s possible thal t-he physical characterrstics of on=

test odor coulcl alter the cther odor or ml-x ¡,+ith it" in sonlê

manner" The possibiliry of alterations to the srrbjectsr sensory

processes by exposure to an oclcr ccmplex cr inj-xtr-ire rra.s anoiher

possibrlity t-hat couldnot- be dismlssecl"

EXP E R ÏTi ENT 1

A *qecond prob,J-em with thrs t-ype af chcice ¡nelhodoloqy 'sias tlLal-

trpreferencerf 1¡Ias definerl'ny subject?s spenCing inore time çith orâ

oclor source than anot.h=r. This does not- allor¡ one to sily r,rÌret.hei

this refl-<:ct-s a preÍerence tor that- odcr and/oi: an aversion +-a

the other" One \qay of mr-nl-nì-zing thesi: potential probl-eins r,ias j-o

pa 1r each stim u1 us orlor l¡itl-r air o rather tha n anothel: ani¡lal l s
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oclor. In this r,¡ay attraction

sc ored " l^ ls o " t he pi:cb lems

reduct:d. to t he ccnbi.natioil of

neu+-ral- f resh arr- An added bcnef it of t his ciesign ria.s that a.

situa.t-ion rnvolving a choice J:et-ween two rndivi,luals was probabLy

an unlikely event in the ln'ild" A more cominon choice t'lcul rl

probablv J:e one of app::oachrnq cr avcidinq arrother indrvr du.'r1 or

area -

Since thrs sturly is concernerì wj-th iü+"êrpoprrlat i on react-ions

wrthie the confines of the theo¡ies di scusse'l earlier, test

and avoirlance coul-d ,1asì 1y he

of odor mir:rng or al terati 6¡ ,,rere

a st-imulus odor and prêsumabiy

poptrlat ion sampJ.ing corlf d represent an import.ant probl-om. The

samplinqs nust be as nearly ro.eltical as pcs:;ibIe and yei

represent distinctu potentially inbreerling units. The ilata

di scussed pr:eviously sug,gesl- that the typical rodent- baha-¡i crs of

home range and terrrto::.raI naintenance offer a conven-Í-ent solu.-

tion to t his problen"

geographically cli.srinct areaso {for instance bettleel acLjacent

f arn builriings a s in the Anclerson, 1964; and the Reimer å f etras,r

1968 studies), completely fcreign qroupanqs could be obta-ined.

To assure that th" popul¡r+-ions tested 1,¡erÐ índ:ed clistj.nct social

gf ollPS y

out "

The nri-rnary purposes of Iìxperiment l were as fclloss:

{a) to deternrne i.Í dÍfferen'r-ral prefÊrerìces exisi b:t'or=:n

population:; as a functron of the odors Ðrodrrced by popula-

If test anima 1s llere traoperl f¡cnr

trappLng, matkíng" and ::et"rapptng procrram rJa.s carríe,l

tion members"

{b} to exa;nj-na pat'l,e¡:ns of relative attract,ion and avlrstcll

l{i



accomrtanying these preferences,

lle t hoä

ÞsÞisq!ç

13ecause this seri-=s of studies cteal s uith a possíble movernent -

linitj-nq mechanì "sn betl¡ei:n ar:tonornous, naturally occuring rrollps

of house nice, al.J- srrbjects '$rere live t-rappetl.

trapping p::ocecilrrÐs are co;nnonly used for smalI mammal- populaLj-on

studies. äovrever" none of t-hese r-s ¡aspecially applicable f or

describrnq the spat-ia1 relatronshrps betl+een i-nCrvidnal-s and -Lhe

groups they conpose, flethocls designed ior smal.l mammal popula-

tron stuclieso lnclriding that suggested bV t.-he Internaticnal

Biological Prograrn (TB?) r arÊ such that the quadrants then.selv'=s

as well as the reconinend,.:¡j. trap-to-trap di stances ar€ too .great

f or accurate monitoriilE of relatrve ly small--scale moveineni: s

within t-he general population" In factr arì assumed quali¡:icatioir

imposecl upon these trapping mel:.hods is that the area trapperl must

be larger than the home ranqe of the aninals bernq studred" Tiirs

l-initation is especially apparent vhen the populations unrler

st udy are as s maJ-l as +- be est:-materi size of- the sub- popu lation

groups +-his stuC.¡ is concerned vith" Petras { 19b'la, 196 /b) iras

estínated t.he size of a cleme to range het'¡een 5 and Í10

indívidua1s. The findi-ngs of frnderson (1965) and SealancLer

Sev eral 1i ¡¡ e

\191 0) agree vì lh these =stinates"
Petras (1968) trave r€ported the rlist-ance moved Ðy narkecl deme

menbers v.rr:ies bÊr-'deen trappings" ff thesi: distances ar:e relatod

to iÌre ar3â occupieil by a deme ]-t i-s clear ihal a rela+r].velir

_1 1
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small area must ba trapped if the ob jective i nvolves coll- eci:inc¡

only the meRrber.s oi a single deme in the most practical inanner,

À revi-or+ cf trapping nethods emplo)red in small qroue j-nvestÍ-

gatr-ons indicates that bof-h grrct distanc-- a ncl tire trap retra,o

periods arâ pragmaticalli' determrned l:y t.he rndi vidual investiqa -

tors (f or example, see Calhoun and l.ie.bb, 1953; Reíiner and Pe tras,

1968; Rasmrssen, 1964; Sea.J-andern 1970). The trapping me+"hod

userl in the series of slndies reported hars i.Ias desiqnerl as a

practlcaf solutron to the particular sanpling r-equireC bv this

st ud y.

As inriicatedr colrvent-ional- population ^sampling methods are no+.

well su it-ed tc dea I vith rela+-ively small-u sub-populaj-ion grcup-

1ngs, " Thus" oile .shorrl-d consrder some possible requi.sit:s far

trappinq programs designacl to invesligate those ^smatr1;:r scal-e

spatiaì- r,¡latronships" Frrst-o a trapping pro..Jr-am,¡hich,at-tempts

to capture, oi mcnit-or sna11l- grcups r,rithin the rJeneral populi,r-

tion, such a.s t-h.: hypothetrcal trib+s or demes -1--his research is

concerned uit ho nust encompass an area J-arge encugìr t-o colror most

of the area utilized ïty the qroup s s members" In additiorr o the

trapping area inust i:+ snal-l- enouqh io ta11 '¿ell r{ith.j-n the

estinated home range of lhe qrcups being consi dered. À1soo

because of tne area? ¡ì popuJ-ation densiLy, a rel-at-ively hrgh tra p

densityo (ie, 1cr,.r trap-t-o-trap Ci-stance) must t¡e LlseC so thai-

most of the groupsr nenbers can be cap'tt:r¡ed"

T:-ine limi ts f or the t-rap-retrap pe rioC s a.lso have a f heoreti -

cal linit" Tliese ¡.l+riocis nust hs i-onq enough tc all-op the

majority of transi-ent,s to roass -t-hrough the arêa çithout- cnccunt--

') '\
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ering both the trap and rctrap pericds" li-l-"so, -scÍlÊ nechanisin

must be deviserl io ni-niinrze tb-. possib:-1rty of, includíng tire

transient- nenbers of neighT:orrn.g demos in the sub-populai-ion

sample. the r¡roba-bility of capturing and rècapturing these

neighborinq dene ir.eilbers øouId increase ;+j.th longer tra pping

periods. Hose¡/€r¿ ,Arrcierson {1965} and Sealander {1970) have

reoort-ed rleme-typ'? pcpulat ion groupinqs so slable that +,hj-.s f inal

Li mitat. j-on may not actually present a prol::lem"

The t-rapping procetlure used in thrs study iras designed t^ri-t-h

these particula:: qual if ica+-ions in ninc1"

conducted both vithr n anC- betveen !Jranaries.
granaries ,¿Ie.re pl aced al approxrmat-e]-y one met-er interr¡als about,

the insicle perineter: of lhe building, anil in any other location

whích appearerl prcmisinq {on ov€rhead raft-els, e+.c.). The sam€

qeneral placelrent scheme ìras use,i. f-or Iocating traps outsi'Ce the

burld.inq. Tn addit-ionu four traps {i-uo ror",is of t';¡o traps each)

Itere Ptrace'1 J:etween the gIaIìarles" li'¡+ traps 1¡efl3 of tuo tyçe.s;

a metal- trap of i--he lrqherflÌan'r vari-oy and hom,-=-made nasoni t-e

t-raps" Bo+-h t.raps neasurerl appr:oximately 23 crn, x '7.5 cn. x

] "5 cm" Traps r.r€re alternated in placemelrt accorcl i ng to th e type

of trap constuct io n" Th ís procedure el-ininated t he tra poin,g griil

probJ-ems discussed earlier"

liouse ntice tranp=d.¡j-thin each granary rdere ma¡ked hy t-o'=

clrppinq and released. The srnr¡Ie trap localion of eacjr ir.arkerl

moìlse !r-as recorclect f or each subseqrrent recaptr:re " Usi ng this

procedure, anC follo\'Jr-ng each mcuse f.or 16 or more recaptures

{and thirtii cr morê days at each locatron) , the 1.,orne range cf

l.r ve t-rapping Þ¡as

Traps set. '¡ithin
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€aclì indiviclual ilouse could be clefinerl. This procedura mrnimiz+;d

the ,Dossibility of collntinq transients as inembers of the stuCir

population. In all cas?s b.ouse mice r.rere captured only '¡il-hín

granari=s" Inclividual nice apparentj-y used the entire builrjinq

as a home range" ¡iorrlever, in no cas€ !I=re inice found crossinq

f,rcm one granary to another" This is remarkabl.e consíclerinq the

relatively smal-J- clrsta¡ce separatirrg the qranaries {t}Jo tc eigli*"

melers) at a trapping .l-ocationo This f rnd inq þIas consistent wit h

those of Anderson {1965) anci Sealancler {1970) mentÍoneC earlier "

As mentioned aboveo the suib ject.s themselves rre::e ãcr1 ¡r¡sr'1 hJ'

-l-i-ve t rappinq. There r,rere three se ts of sul:r jects- These r/iere

reproductively matl.rre male anrl iemale hcuse nice {9gS inusculus).

Each set r,Ias Iive t-rapperi in separate locati ons in soilthe;:n

Manif,oba" Tr¡lo trairping sltes uere 1ocat,:d in the i'li nnipeg region

an d are clesignatecl as: ToHnship 9e Ranqe 3 Easto Sect.ion 19 anC

Section 30 " These t.rapping sites l,rere separatecl hY ai,¡oilt 1" 5

¡nrles. The third trapping 1r:cation t,tas loca ted aÌ:oul 3C miles

sou+-h of t-l¡e first tt"rc ancl is described as: Toir¡nship Ju Range 2

Basto Secticn 13,

Each subject set of populations i,ras composed of anina1.s

trapped in tuo .(anC at the t-hrrd loca'ì:ion, thr,,.--J acl jacent- l.¡cod.en

f arm granarJ-es separateri trom one anct-her i:y llro to eiqht ineters,

The nice inhabiting a sinqle gcanary at a trappi-nrJ sir-e aie

coLlect:.vely or rndivrdually hereaf ter reforled t-o c-r.s i thi¡

r?tâstrt populatron u the t1 ,saflrert popula'Licn or qroup r or a dein.:

meml-;er {s) . In all cases +-hese tern.s ref :r to tbe larger: of -l-l"re

pol.ulat i ons collec+"erf at a srngle granery lrappinq síte" The

f/r



subjÊcts trapped at the cther granaries ar. the samë i-ocation

comprised the smaller popufations and are reterred to a.s: the

other popltlation c r group s or an alien tieme member {s) "

A set of subjects" of two populations¡ rdâs used for each of

these replicat-icns of the basic exper:-rnent. Test su.hrjects, fou;

ma l-es and f our f emales" -'Ji--rre randoml-y chosen f'rom the larger of

the population qroups, Two t!same,r group memT;ers llerri al-so

randomly selec*-ed from this set cf subjects and served as sane

deme stinulris odor sourc€s. Likev¡ise, two anímals wer? chosen

trom the smal-1e:: population and provided lhe rlo+hcr" odor

st i- mu1í .

p.s r,{as mentioned, the pcpulaticns:ron i^¡hich the 1'sanett ancl

ilçlþp¡tt subjects came $ere of tvo sizeso a 'rlarqe¡tr a:rd a

Its mal.lerr! popu.lation. This st-udv ,.{a-s conducteci in a y+ar Ín

uhich the mouse populai*ion Î/as quite 1ow" The general scarcity

of mlce i-n southern ltlanir:oba at ih:-s rrne may rn part explain ân

unusual- aspect of the popu-l-ation studied. At each location whj-cir

housed a populat-ion larqe enougJr t o be used as a 'rtesLlN sub ject

popu-l-atrono a rather large {1'2 to 19 indiviCuals) group of mice

lras f ounil to inhabit cne granary uhile nearby qrana ries were

either uninhanit-ed or containecl but from tvo to fi-ve inic:, An

eftort r{as inad.e to d.etermane if any of several ïactors could

ex plarn thesÊ drtferences.

relatio¡e protecticn f ron the '¡incio the possi Ì:l.e us-. cf pest icrd,:.ç

anrl the past hrstory of grain storage rr,'ere consirl;red"

these f,'aciors proveC heJ,pful in expJ-aining rhe popt:l-a.+.ion size

díscrepencr-es cl iscus:;ed,. Therefore" rrher consid,:ríng È-he fol-Loi"r-

The size of the bnildinos, their

fion,.= of
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1ng series cf e:(pêrÍm-^nts and their resul ts several thíngs shcul-il

b+ kept in mj.nrì" Firstu tha popu.la*,ion structrrre of the::ub-jects

us eci here inay not be nornal- and second, i-î. t his is the usual

populat-ron pattern, some as yet unk"novn behavroral varrabl-e ¡ìay

be gelreratj-ng these discrepancies.

tr{hen lhe subject.s hrere brought into cap+*ivi-tv" each srall

social group or autcncrmous population 'r¡as main'l'ained j-n j ts o',ln

{separate) room for the Cu::aticn of its captivÍty, The coJ-ony

ro cíns did not share a ccmmon r,'ent,ílat ion systen " The mic e ÞJëre

maintained on a díet. cf tl 1ìckladrl mouse a:id rat focd" froci arrd

water i,Iere alvlay.s avar-lable 1n the home caqe. The subjecls r,rere

ma j-ntarned on a 12:,1'2 liqht-11ark cycle with ligiit-s off at 1utJ0

hours" À11 t-est ing -!,¡as conducted dLlrincJ the norm¿ìl ìia'uIak¿1f pha-se

of,. the subìectsr activity cycle"

Arparat us

?esls i^rere conci.ucted in B iden-t--ical tesl chambers const-ructe,J.

of 16 gauge 'welded s1-eel. .Each test chamber mcasu¡ed 35" 3 cm. .y

10 cm, x 8.2 cm, and i{as i1Ívided into three egual com.par ì-.'ments

by a 1{: Çauçle steel pactit'i on" Each compart¡nent pa.rlrtion '¡ras

pierced by a roun,i hole 3" B cm " in draneter" the lcr,rer edge af

ll¡nich rras 2 cn" ai;ove the flcor of t.he chanbero thus forninq a

hurdle. The f loor of each e ¡cì compariin+nt f or¡nerì a t-::ear1Ie"

le ver a t-tached to

ti mers usecl to record the amount of time a- sub je ct spen í-- in =ach

compartnenl--" The apparatus is shotøn r-n 9igure 1.

rear corner of thrs treadl*o o e rat ed the

1L
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The chambers uhich housed the stimulus anì inals during tile

experimenL .rÀrere -,-he same as 'rhe test charnbers¿ except that t-he

stinulus cli;rmbers rrrere nct divided into separate coapart-ments"

Also, the stimul us aním.al chambers did not have treadle-tvpe

f 1cors" Both t.he test and stimulus animal com Ìrartnents qere

titted with air- tj-qht metal { 1 6 gauge) steel lrds o Since sucÌr

lids are also lighL-tiqht, all test-ing !i¡as done Ln a riark

cond.iti-on. Älso p red. Iíghting uas useC contrnuously ia the

testing room.

The problems of ocLor control- led to the cr-oa't--ion cl- 3n'ä.j-c

f-ransport systern designed to assure proper air floir anri maximally

effective flc'¡ rates of the odor strmu_l-i, Fresh air frcm a

central compresseil air sÐurcÐ was fílteied and tcrced al- a.

regulated doun-Iine pressìrre of 10 p"s"i. througir a 3" I cm,

I" Ð. poJ-yethyle ne pipe anC into a stinulus anrnal compar-tinent "

The air and any odor stimrrl-i thern passed ihrough 0" 3 3 cin. f "D,

{0,43 crn" o"Ð,) flexij:Ie pl-astrc tubing and into one of the en,1

compartiuents of a test chamber" Flexíbi-e tui:rng Irke thaj: usel

for odor control l+as used to cij-rect fresh air from a ceni*r¿rl

distribut.or t.o the approprlate test ch.amber, Do-¡¡n-Iin e Ðr€ssure

tor the fresh arr source das the same as t-hat cf lhe od.or sÐurce,

The design of Lhis erperÍnent reguirecl that tire varíous tc.st

ccicrs be directed to a dj-fierent. test chamber a¡d end coilì.Ða¡:i.nent

for each phase of t he experiment,

coupling of the slinulus; oflor and fresh al-r hose^s, a 0,43 crr"

T. Ð" copFrer t.ube passed through the cente¡ of each extreme end

To f acr li tat e t.he rapirl
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HaIl of each test- cl:amber. This arrangenenf- provideid

tighto nush -f it connectj-cn.

The air ancl any accornparìying odor tìren circulated through the

compartmenl into lthich it, lras introducedo through t.he inj:ercon-

necting passagev¡ay to the center ccmpartment where it r¡as

exhausted via a 0"43 cm" f"Ð, vent located in the centel of the

floor of, the midCie test ccmpartment. The ai.r tras f c::ced -uhroilsh

0"43 cm" f"D" plast.ic tubing a¡d int-o a 3"ii cm" T.D.

polyethylene pape by a squìrr:el-cage type f an which rlir ect eri t he

air and the odors it- con't-ainetl ini-o the buildingt s exhaus;t

ve¡tilai-ion syst- eu "

In a<ì.di'ii-ono the te,st- rooms d.rcl not house any experiment-a1

anrmals ç¡hil-e lhe st"udy ires in Frcgress.

!s SiEn

Three sel--s of snbjects v¡ere test-ecl" Each Eroup of tesl

sub-ìÊcts rdas ccll'ected from a different- area as d:scfrberl

prevrou.sly" Each gioup, or populaticn of t*st" subj r+ct-s cont-ainecl

five male and frve fernal-e níc,e" One nale and, one fena-Le fron

each popul-ation was rand.omly chcsen as a stinulus aninal fot t.he

test set, ì'To tes'f animal lilas ever used as a stinulus anirnal,

Each test anima.L *as perÍìanentJ--v assigned to a iesL chamber lçhich

it alone accvpiecl fcr all th+ tests u¡ithin a sat"

an a1r-

Each lest suhject iras exposecl to each of the four sj:inuius

odcr con,litions" That is, a male and f ena Le f rom th e same tleirie

as the te-st subject, anC a male and fernale fron ancther acjacent

deme, All t,ests f cr a single qroup çithin llxperimen ì: -l tcok

placÊ on the stfriìs day" That r^su experiinent 1 co¡rtaininq the
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tes{..s of three grollps lastecl th¡ee days" The order of the

presentation of the seri-es of stinufus cilors id.1 s counterbalanced,

This count-er.I;alancing sch-ome is depicterl rn Table 1, In acldi-

ticno ihe ccnpartmen+- {left- or right) ínto qrhicir a stinulus }ras

presented þras aLso systenatical ly ccunterbalanced. Thrs counte::-

balancing scheme rs siror+n ín Table 2 " Atl lesf- animals Þiere

exposed to each cdor for a 60 minute test sessio¡1.

Às has been inCicat-ed, there idere three replrcations of the

basi-c experiment-" '¡lhen the three replications rrere completecl, a

preJ-iminary analysis $/as clone to clet.ermine if repïications shoul 11

be inclucleil as a factor in the analvsis, À J x 2 x 2 x 2

factorial analysis of var:r-ance l+ith the third and fourth facto¡rs

repeateci was usecl as the major overall ;rnal-ysis" The factors

t,i€re {a) replicaLions; (h) tes.L an:-ma1 sex; {c) oriqin of qroup,

th.e orirtín being prther an anr-mal- from the saÍì-ô population as the

t-est group o or an animal from an arljac*ont lJothêrir population

trapped aL i:ire sane sit"e and {d) stimu}us animal sex.

!{hen the inrt-ra1 analysis riid not reveal signif ican t dif -

ferences be+.v¡aen thr: thr,:e test groups (the analysis of variance

for the first factor nay be founcl rn Appenrlix A) t-he dat,a for the

i-hree re,olicaticns I{ere poolerl f or the analysis " Tr.¡o separa,terl

analyses, one f or time spent. with the stimulils odor and one for

tine wi*"h lhe f resh ai r souice rerE perf ornerl. Thi-s f inal

analysis,ras a 2 x 2 x 2 factoríal anal',,rsis of variance'¡j-+-h the

Iast t- iEo f actors repeated "

respec'"rve1y isee a:oove)" This d.esign meets th.,: r+:quireineni-s

cited by Kirk (196'ò) for the classic r:hree factor snlri--plot

The faci-ors l/icr? br cr and rl
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\ TABLE 1

counterbarancing scheme for presentation of the stimurus od.or

Test Çg¡parÊmenËs

lf 5 2, 6 3, 7

Trial

4, B

&ff'tx*veag
ñ*,@"

$í: l"'qÁ'.i'l¡T0BÂ
Èùæ

{¡an,a,.ntÉ?



Counterbalancing Scheme for the Side of the Apparatus

the Odor Stimuli were Presented on

TABLE 2

1 Right Left Left Right

2 Left Left Right Right
Trial-

3 Left Right Right Left

4 Right Right Left Left

Test Subject (S)

I, 5 2, 6 3, 7 4, 8



repeated neasures,lesir¡n sith tr¡o repeaterl .factors. The Gi:isser

an d Greenhouse ( 1958) proced.ure Has usecl to Cecermine the ? vaiue

wj-th repeated measures" Therr procedur= is qena::aJ-J-y usecl to

combat the problems of the assuurptl-on of honoqenr:il:y of the

magnitutle of the correlation bet'.^¡een Ie vels of the reìreated

factors inherent i ri thrs Cesiqn.

Tukeyrs procedure (lf irk " tr Sl6tj) 1^Ieie calculated f or all main

etfects and interactions tested by the anaì-ysis oL variance" The

t-ime spent neer an o,Lor conditionu anrl the tine spent in the

vicinity of a f- resh aj-r {presunably neutral) condit:-on r.l.:rre t-he

rlependent r¡aria-bles.

Prgç,cdg¡g

Because thrs s'i.udy is u'l timately concerneil 'øii:h irreeding

pa tternso only rep¡oductive],-v matule adults 1.¡Êre testecl, All

male snbject-s? f-estes rirere scrotal" The est¡ous conditÍon of f-he

females '/tas âsstlfsd by injectinrl then daily'n¡itir a singLe 10u9,

subcutanecus rlose of estradiol benzoate {EB) in 0" 1 nI. of

ì4uItiple compar:isons r:sinq

^sesame oi-1. Fcllo'uing the fcurth ì-njection of EBo a 500uq.

proqesterone injection in 0.1 m1" of sesane o:-J- r¡res aCininls-

tered, All- injectrons !rere administereo at approximately 1400

hours. Tes+-ing i.Jas begun approxinately four hours aft-er t-ir,:

fítth (and each subsequent) UB injection" To confirm es+-rous, a

r¡aqinal saear l,ras examrned from aIl females al the tínr.e of the

fitth injec+.ron, Vaqinal snìears rÂrere also examrned fz:om all test

ar¡cì strnulus 
t,n*,rles 

on the day they Her,3 lo be userl '¡1t-hin the

exneri m ent "

The sudd=n placeinsnt of eTl animal into an unf am j lial enclosur:3
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could possibly :lrcrt an alarm or sLress rsaction" Thess

reec tions have been línkerl wit h urìne-transported andrr:qen metaþ-

olltes whose odor can elicit a reu"tion in other.individuals

{Carro rvìart-orano å itrameso 1'-1 70) o To rniniinize the chances of

thi s occurrlng î a series of ùfam:-lianization trials" t^ii->re con-

ducteri prior to tesiing" ÂIl aninal** '"rere ¡randleC ani alloved to

explore the apparatus for 2 hcurs claily for 4 consecutive days

bef ore têstinct l¡as beilun,

conpa"rtment whj-ch each animal sould occupy during t-esting.

the ttfa niliarizatron tiialslt lçeT€ conclucterl. in a 'tf ¡esh air?? odor

cond it.i- o n.

each actual tesl, the entire test apparatus 14as cl.oaneC i¡rth a

srong latrcra-tory c1,3ansÊr (Àlconox) and water. The stimulus od.ot:

chanbers Trere c-1.:aned after each 'rfamiliarizaticn t-riafttand

Fol-louing a dayts 'rfamiliarization trialrr" and afte¡:

foltrowi ng a rlay I s test se.ssion "

hanclled " both during the "famil-rarr-zat-lon trial,¡ and 'i:he actual

testing o qloves i'iere used. A separate pair of glove s lra:; usud

f or handling of each population testeil,

This include,l rhe stimul us or test

T mmediat,ely prior ic each test- session t he tubinq u hich

directed the oc{ors and air floi¿s to each cf the tesl chaml;er

compartments rtes couplerl to meet the requirement"s of the test

which lJas about to be conducteii." A ¡rl¡hitet' masking noisl r/¡as

turned cn. The air flov apparatus "$Jas actj-vateil anC each test

anrmal r.Jas t-ransferreri froir iis hcme cage lo the centerrng devi-ce

{see'insert¡ Fiqirre I) of the test chamb.--r" The cente::Ín,.¡ ¡levice

14henevÊr tLre snbj€cl-s r¡rere

!{as lhen ra-ised and t-ire test sesslon be.qun"

The f írst cdor condrtion r"ras begun at 180 0 hours"

At1

Th i:;
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corncideal \{ith t-he normaL acf-ive pcr:tion of t,lie nouse ,1ay. Iled

tighting r,/as provided cluring t-his period" Ali tests ïere 60

mínutes in lengt h. The ínter- t.rÍa l- i nte rval- r*'as approxÍmatelv 45

mÍnutes, This tine þras required t-o clcan the tesi- apparaÌ-us anrl

adjtrst the air-t-lo'¡ eqrìr-pment to ¡neet the requi-rene¡its cf the

next tesL" FoIÌowrng eath test and during tire int':r-lr-iaI

intervals, aIL animals ?;ere returnecl to rherr ircin= ca.ge.s 'r¡her-o

iood anci water Ì;J,âre avail-able"

possibJ-= fatique or deprir¡aJ--ion eft-ecls. Thrs precaut.icn did not

el-iminate the possabrlrty of tatigue effect-.s settinq Ln during

the la ter +*ests cf a daï" lloîreveru since the sub-jects are no.'.[

reqttíred to perf orm a task ø ot trr.lork¡r p the proba bili ty cf f atigur:

effects coni-aminatinr¡ th= dat.a was felt to l-:e smali-, Althoush

the stimulrrs aníma. ls ÞJer-â removeci fron the stinu.l-us odor conpart.-

m.=nts bel'sreen trials, lhese compartme¡Lts l/Êr.e irot- cleai"led r:n+,.,il

af ter a l1 ihe daye s -Lests had ]:een complet.ed ,

tesufls

l^ihen the three replications r,rere complet-edn a prelininary

analvsis t^las C.one to deterinlne if replic;:tions shoulrl Ì:e incluile,f

as a factor in t-he analysis" A 3 x 2 x 2 x 2 fact.orial analysi-^s

of varianc? t¡lit,h the thrrC ancl fourth'factors repeated iras used

as t-he majcr overal-1 analysl-s. The factors rrJ?re {a) replica-

tions; {b) t-est- animal sex; (cl ori-gi:r of group, the crigin hein g

either an animal f rom the sarre pcpulaticn as t he t-est group / or

an aniilal fnom an adjaccnl- t'ot-.lteî-,1 populat.icn t-rapped at i'iie sari ,?

This ç¡as done to combat an'f

srte anrl {d) s-'inLllus animal sÊx.

tlhen t he i-nrt ÍaI anaJ_ysrs diri noi:- reveal significant. flif--

rlñ



ferences b,et'ceen lhe lhree test qroups {i.he analvsis of variencÈ

fo¡ the f ì rst f actor may be found ín Aopentlì-x Ä) the dat"a f or tl-re

three repli cations rrer:e pooled f or the anal1'sis" Ti+o s-parated

analyseso one for time spent r¡¡.ith the stimulus odor and one fcr

trme v¡ith the tresh alr source t,¡Ðre pelf ormed " The f inal-

analysis t.tas a '¿ x. 2 x 2 f actoria-L analysr-.s of variance wit h the

last tr,lo factoÍs repeaied"

Tables 3 and 4 sumnarize the resnlts of the analysis of

r¡ariance perforned on the data of ìlxperimenf- 1. The a-nalysis

indicated that- for the t.ime spent near an odor source measure

{Table3)theorì-ginofgroup(F=19ó"B5'df=1/22?F<
and stimulus arl-mal sex {X¡ = 21A"'15, clf = 1//22e P < 0"001) marn

eftects trtere siqnrticant" In adrlrtion" the test- animal. sex x

orrgj-n of group if = 5"36n df = 'A//2.2, P < 0,030) int.eract-ioil was

s:-g:-nif i cant" The analysis of varianc-o f or the other sources

{test animal sex; test anÍmal sex x stimulus a-nima1 ser; or:.q:n

of group x stimulus and the test anima.L sex x orrgin cf gioup x.

strmulus animal sex) ctid not reacli siqnificance at the 0,05

level"

The sumnary of the ana-l-ysis of varj-ance for the seconC

measure, the time spent- near t-he fr,esh air soìlrce {?able ¿i)

shaued t-hat signrfican+,- di.fterences r¡iêîê i-or.lnd r'¡ithin The origin

lt'1



Source

Analysis of Variance for Time Spent Near an Od.or Source

Test Animal Sex I 836823.00 3.29 0.083 (NS)

Subj. w. Groups 22 254068.63

Origin of Group I 33126736.00 196.85 <0.001

Test Animal Sex X

Origin of Group I 901904.00 5.36 0.030

Origin of Group X

Subj.w. Groups 22 168280.75

Stimulus Animal Sex I 60710960.00 2L0.75 <0.00I

Test Animal- Sex X

Stimul-us A¡rimal- Sex I 90098. 00 0. 31 0. 582 (NS)

Stimulus Animal Sex X

Subj. w. croups 22 288066.86

Origin of Group X

Stimulus Animal Sex I 736918.00 4.O4 0.057 (NS)

Test Animal Sex X
Origin of Group X

Stimulus A¡rimal Sex t 435107.00 2.38 0.137 (NS)

Origin of croup x
Stimulus Animal Sex
Subj. w. Groups 22 L82483.25

TABLE 3

df Ms FP



Analysis of Variance for Time Spent Near Fresh Air Source

Source

Test A¡ima1 Sex I 317515.00 2.86436 0.0105 (NS)

Subj. w. Groups 22 110850.19

origin of Group 1 25503808.00 136.95 <0.00I

Test Animal Sex X

Origin of Group L L247383.00 6.70 0.017

Origin of Group X

Subj. w. Groups 22 186225.94

Stimul-us Animal Sex I 42585328.00 192.56 <0.001-

Test Animal- Sex X

Stimulus Animal Sex 1 105536.00 0.48 0.497 (NS)

Stimulus Ariimal- Sex X

Subj. w. Groups 22 22IL41.88

Origin of Group X

Stimulus Animal- Sex L 9643710.00 68.20 <0.00I

Test Anima] Sex X
Origin of Group X

Stimu]us Animal Sex I 1759589. 00 12.44 0.002

Origin of Group X

Stimulus Anima] Sex X

Subj. w. croups 22 141395.31

TABLE 4

df MS FP



of the cJrûup {F.= 1J6"95, cj.t = 1/228 P < 0"001) anrl stilrulr:s

animal sex {F = 192"56, df = 1/22, P

well as the test- anima-l- sex x or igin of group tF = 6.-10 ¡ '1f =

1/22 ' D - 0.017) " oriqi i1 of çtroup X stimulus animal se r {f =

68,2As df = 1/22, ?

group x stim'¿lus a¡imal sex {F = 12,t+t4 o df = 1/22, P = 0,002)

:-nterac+,-icns, The ot-Ìrer main effects and int-eractíons tor r,nis

measure t.rere not sl-Enif,icant {P > 0, 0 5) .

To clarify f ur+-her the re.sul-ts of this experimen t, each of

these significant faclors '¡ilI be explorerl in qreater iietail

belot¡¡.

eluciclai-ed illith the resuLj:s of Tukey¡s post-hoc ratio for mean

conpartsons Kirk , 1968) " GeneraJ-1y, cnly those r:esults sl-gnrf j -

In the case of irrteractionso these ç;i1l- i:e fu¡ther

cant- at the 0"05 criterron leve1 are reported" À1so, alt-hourlh

the two äependent, measures líere necÊssarily subjected to separat-e

analyses" t-hey dc complement each other. Th:reforen their

analysr-s t+il-l- be pr=senLed. toqether" The rearler! s unilerslanrìíng

of the main effectse t-herr interactions and the coirìpariscns

urithin i-he interacL:.ons ney be facilrtated. by rererence to Tables

5 anC 6 uh ich tlrsplay t-he cell- ne ans f or odor and f resh arr tines

respectively,

'Ihe origin of {lrourJ e f tect reached srgnifrcance fcr bot h

independent measures, These resuJ.ts r:evea-l-ed th.et rer¡arci.li:ss of

their o'r/n sitxy or the s'l;imulus anirr.als s seX, the tes'1- sub, -jects

spent signifÍcantly nore tiine near the cCcrs ,¡f anìmai-;s iron

their orrn ct::oup (F = 196"85, df = 1/22t P < 0"001) " The tresh

air a¡al-ysis for this sc'.irce',{as also significant {Ìi = 136,''}5,
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Stimulus Odor Test Animal Sex
Origin of Group Stimulus A¡imal Sex Female Male Marginals

CelI Means for Time Uear an Odor Source

(ín seconds)

Sanre Group

Same Group

Other Group

Other Group

Marginals

TABLE 5

l,laIe

FemaIe

!1,aIe

Female

1847.00 L270.50 1558.75

3066.33 288L-67 2974.OO

L68.42 248.92 208.67

2007.50 r94r.25 L974.38

r772-3L 1585.58 L97A.95



CelI Means for Time Near Fresh Air Source

(in seconds)

Origin of
Group

SÈimulus Odor

Sane Group

Same Group

Other Group

Other Group

Marginals

TABLE 6

Stimulus
Animal Sex

Male

Female

MaIe

Female

Test Animal Sex
Female Male

493.83

L32.75

2657.33

486.92

942.7L

LL73.92

138.67

2339.92

57A-42

IO57.73

Marginals

833.88

135. 71

2498.63

532.67

1000.22



df -- 1/22t p < 0.C01), Th-is analysrs t-hen revealeil thaf- not cnJ-y

did the mice used ín T:his experiment prefer the oCors of me¡nhers

of their ohrn deneo but they act-ually avcirled the otlors of anlinals

ori-ginating in a socÍal qroup ad jac€nt to their ovrn , That is,

these sui:jects spent more of t.heir time in the apparat.us nÈar the

fres h air source rather than near the ociors of a member of

another den=,

llot only did the subjects react clrfferent"ly to od.or sources

fron their clln anrl anothen grcup, but the analys-i s of varía.nce

for both time near Lhe odor source anrl tirre near the fresh air

sollrce {Tables -i and 4l yielcted segníficant results f,or t-he tesf-

animal sex x origin cf qrcup l-nteractions (F = 5"36u df = 1/22, p

= u 0"03o for odor t-ime; F = ñ.700 df = 1/220 p < 0"01'/" frff

fresh air) " The po-st-hoc analysis of resul+-s helped identì-f y

furt-her how subjects reacted to the odcrs of stimulus animals

f,ron theii: o1¡In or the other qroup. This analysrs revealecJ t-ha.t

bcth males {q = 11/11, df = 1/22, P < 0-01) and f,enales {q =

16 " 34o df = 1/22t Ð < 0,0 1) dispJ-ayed a prefcrencê f or the orlors

of t-heir ourn qroup" Iû actdition o both sexes spent mor,-+ tine near

the f¡esbr air source r¡hen given a choice bâ+-lleen +,his or1 cr source

and that of another Ceme trapped in the *same area (q

1/221 P < 0.001 for males; q = 14,29c df = 1/22, p

f ema-Ies) , These af tects can be seen in ligure 2"

Figu::e 2 also shous t.hat both sexes spent the :na jority o f tlie

test perÍoä nearer t,he ï,samet, odor source rather lhan n3ar th:

f resh a j-r soürce" The an a"lysis f urthe¡ revealecl that unC-or thís

con,ii tionn males sp+nt ,îore tine near the f resh air source
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(q = 13. 79u df = 1//22,

reach sÍgnif icance f,or the f rrst clependent measure (g = ¿1" 06n df

= 1/22, P > 0.Ci5) " Along this same 1ine, r.+hen contront-.cl with

t-he odors of an alien gro up, both male anC temal-e sub j ects spent"

nore time near the fresh air -source, These reactiol.s can be seÊn

in Fiqure 2, Thrs mull:ipJ-e comFaríson cllsc shoi.reil that fem¡¡1es

spent more of the test period avoi,rlrn'g the odors of other deme

members than ma.Ies ciid (q = 4" 54, df = 1/22, P

The major anaJ-ysis ¡evealed that stimulus animal sex rras a

siqnifieant factor for both m€asures" Brieflyo these analyses

{Tables 3 and 4) inclicated that the odors of f enale st imulus

anÍma.l-s were preferred over ttrose of mal-es {F = 210.'l5o df =

1/'¿2' ? < 0"001)" The oclo¡s of males i,¡ere also avoideci firore than

female odors {r = 192.56o df ,= 1/22, P < 0"001) , That Íso riìore

Liine wa,s spent îeai a irash a:-r scurce than neai a malel s o11 or"

Given tirese results" rt mrght be rnt-eresting to clet,ez:mine if

test- stt b jects resnond dif-terently by sex t-D the o.lors cf mal-e anrl

temale stiilulus ahrnals, Hoi'r€ver, the anal-ys-is of variance

{TabJ-es 3 and 4) rndicated that- the test animal sex x stimulus

aní¡nal seK j-nt-eraction did no't acproach si<¡nificance for either

measure" Theref ore, cautioil should be exercisecl in accepLing at.v

si gnificanl results reveal-ed by the fcllcvrnq nultiple conparì -

sons" These results arë? nonetheless r riìpo¡ted her¡: l-¡ecause the

major t-heoretical interest of thrs rese¡lrch þias'nri+,-h finer qrain

contrasts, such as the nale cr tema le t,est sub ject's reaction tc

male or fenale stimulus animafis odorsu rather than ín combined

drfferences as r-ested in -r-he major analysis"

0.01) " Th j-s conparison iiid nol:
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As i/as hintecl at by t-he signiflcanf- sti-mulus animal sex main

effects re{lorted ea¡lier, these fine qra.i-n comparison*q revealed

that female stinulus odo¡s r^riìre preferred by both test fernali:s {q

= 1¿i"00, df = 1/22, P < 0"01) and males {q = 15"67s df .= 1,/22e ?

< 0"01) over naLe odcrs" As miqht t¡e exp'ected." the inverse of

this relati-onshrp 'utas true for f¡esh air times. In othe-r '*ord..s"

male subjects spent more tíne al.iây from the otlors of othcr males

motrethan.t.hcseoftema]es{rl=.14"56'd.f.=1/22.yp<

fenal-e subiects also avoided t he odors of ma-Les more i-ïran f emales

{q = 13"lBu df = 1/'22t ? < {),{11).

cJ"earIy in Iigure 3"

Pi rralfy, r,re nighz as,k if test animals respond dif f erenLly to

the odors o.+- males or ternale subjects cn t-he hasis cf ,¿hich group

'i:hey r+present" This oriqrn of group x stimu'l us ani-mal sex

int-eract ion (Tahles 3 and 4) r,/as siro'lrn to be siqnrf ican t ior t.he

freslr arr tíme m€asure (1¡ = 68.20u df '= 1/22î p < 0" 001) " bnl dic

not gurte reach sir¡ni f rcance f,or the time near the oclor source

mÊasure {F = 4"04, Cf = 1/:22y P < 0"05?)" ålthough nult_i,ole

compari-sons are introducerl f cr b'oth measllres, the same caution as

mentioned earlier is advanced for comparisons fr:lloürnq the

non-sig nif icant :-nteract-i.on"

As can be se-Ân in Trgure 4, the odors of femalas fron Lhe test

silb jecj'- I s own deine '¡êre nost hiEhly preferred. This pref erence

lvas siqnif i cant l'lhen com.pared i'¡rth the tine a sub jec*" .;pent in

the vacj-nit-y of the odors of a female from an afren grcup {q =

11-69 u ð,f - 1/'227 P < t"Cl1) o ot males fron the same grou? {a. =

1L+"¿t)o Cf = 1/220 p < U"01) " Both thesc odors iler. pr=f err=d

These resrrlls can be s?en more

5'7
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over those o-t- an a lien inal e"

fron the same groì.tp as that

preferred- than those of alien

1/22, P

The alien qroup male odors lJere avoiclc:d mo re than other

st imulus od.ors" That 1s, tesl anj-maJ.s spent nore liinc t-n lhe

fresh air portion of the apparat-us r,¡hen ihe t,est odors caa È Íron

foreign males than trom mal-es of the same group as them.selves {q

= 20"26o df = 1//22- P

1/22, p

only choice comb:-natlon Ín '¡hich t-he fresh air source iras

actually p::eferred over the odcr source" These Cifferences can

also be seen .in Frqure 4- In addit-ion, more trme r,Jas s;;ent-

avoiding the odors of males from the samê d.eme es the subject

thanod.orsoffena1esofthatgrcup{q=tJ"tJ3ndt=1/,¿2'p<

0.01)" The relaticnshíp betÞ;sp¡ the líme a sui¡ject spent in the

ocl cr .oortion of th = apparatus as opposerl Lo tine j-n the f res h a j-r

area ca.n h¡e explored hy reterring tc Fl-gure 4-

["]ore preciselyo the odors o-t nales

o f the test sub ject lvere inore h igh ly

group femalt-'s {,T = 11 .',¿3, df =

a¿



The'findinr¡ that feral house mrce pr':frera or at- least spen,ì

more time near" Lhe odors of mic.e originating from the same deme

as t-hemsel-ves and avoid lhe odors of adjace.nt- d"më memirers i-s

interestrnq ancl suggests that clfactory Drocesses may ba i-mpor-

tant i n reproductive isoLaticn of subpopu].ation units. As

mentioned eanlj-ero a ïìumber of str¡dies have demonsr_rated. thaf_

snall groups of nlceo l.ike demes" ca r remaín se,oarat-e,J f rom ong

another el¡en tl:ouqh they share commcn ho¡ne ranqes or t-errrtcrial

boundaries (Ànderson o 1964o 196]; Ànderson and iiiIl , 19r:5; iìe -isìe-r

fl Petras" 196'7, i96B; Sealande¡ u 19?0). It is possible t_hat the

olfactory ident.ity of eì-ther familiar rrs¿¡1prr dene m€mbers" or

m]-ce belorrginq tc another dene may mediate this grolip s.:qirerlat.ion

process 
"

EXPE RÏiTlENT 7,

The rsol-ation or these deme--'ype sub populatrons is gen êrally

believed to be naintained. by a sccr.al system based upon t-he gí:oit p

def ense of d,cninance areas or territories (Anrlerson î, IlilI , 1965,

Reimer L: Iletras o 1967; searander, 1970) . Def ense of- the terrr -

tor-/ is usuallv at.trr-brrterj. +-o the nales i'rithin the group, Tirese

rnrlividilals frequent.ly patrol the boundary areas ofteit narliinq

them urth odorous urrne, feces or special gJ-andular ,feposiis

(l\nderson D Hi11 , 1965; Cro+rcrof t u 1955; Cro,r¡rcrof t t lìor¡co 1963 ;

Eisenberg" 1t)62; Shillito, 1963; Thresseno Bl-um. E i,inrizt¡y, 19lA).

In addi tion" lac¡ersp=tz {196t+) clenonstrateä thai-- naLe nice ai=

inherent-l-J¡ moríi agrJressive than femai-es Thorr¡rnrc it the hone

6'j



renge or territorl-al bounclarie.s ere naintainerl by somil olfactory
procrJss, t-he odors of stranqe males uould be avoiCed nore than

any other stimul-u.s anj-mal sex, orígin cf group s+.iinuIus odor

cr:mbtna+.ion. These resul+-s trere obtai:red f or Exp=riment 1.

In summary, the result.s of Experinent l rnrlicated t-iral hcuse

mice pref,erred t.he odors of members of their own :qroì.lp and

avoicled tho-se oi nl-ce froin an adjacent deme. This result

suggests th.at olfactÍcn coufd indeed med.iate the continue,l

segreqa ti an of snall-er gro'üps wrthin i-hil qeneral population. In

adriitt-on, lhe fact that the test subjects ac+,i¡/ely a.r¡oided the

de me members who are thought to b e f-he def enders c f 'uhe

between-Cenc bountlaries (the males of a.n adjacent group) furtúer

supports this sr-lppositron"

If a social sysi-em basecl upon the qroup def ense cf dom inanc,.:

ar€as or târritori-^s is to be effective in inhihit-inq or

pr€ve.nt-l-ng outside¡s tron breeding w:-thin the crgani-zed qnolrp its

pre,sence "'¡ou1cl have t,O be communicated to ,ootential inv;rd =r.s" In

fact, a territoriai syst.em v¡ould op€ra+Le nost ef f iciently _i_f the

borders of the prohi bited area could be ma,.le tf knoi,irnrr ev€n if f_ he

rr6vns¡rt was noL there" Since orlor is not only rnteqra I uit-Lr the

anrmal- as ì t inovtls aboui engagiÐ.9 in its Cai-ly activÍ ties o but

also renai n s af te:: the antmal has gcne u it can serve as a _long

term remirlder oi- the aninal- ? s Ðassaq€, As has baen mentioned o

rodents nay leave urine or feca.1 deposits in key pJ-aces th_rcuqh-

out Lheir home ranges ûr t-erritonie:; as odorous signs of
t'obr¡çrshipt' avai.Lab'le for scrut:-ny by passars-by (Eisenberqo

196:2i Balls u 1911) " These marked ar=as inay r: l_ic.it inte lise
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investiqation bv animals nêvr tc the arÊa (-ai-senberg, 1962,1963)

cr ccntplete avoidance by indivÌdual-s who irave been rief:eateC b'/

the territory "o',rlnert' {Thj-essen E Dauber, 19'72.)"

It is possible that t he indrvid.uals r¡ithin sid=-by-side social

groups, 1j-ke cleneso have heen invol-ved i-n aggressive confronta-

tions" These conf:ontations Þrere nost like1y int:gral r¡ith the

estaulishment of the bord€rs of thc anea (s) used exclusively ny

cûe or the other of the populatJ-on subgroups" These groups?

¡elative positrons of, area-related dominance and suhrmi-ssion couIC.

easily havo -becone associ-a.ted with" a¡d. reinforced byo t-hê oiJor

cues unique to each population " Tt is ri?asonable t.hen to expect

that inrlividua.Ls ¡rr11 react Cifferent-ly when confronted i¡i'ch th-.

odcro,rs depr:sits left by erther a memtrer oi therr oi"rn group or a

member of a nerqnboring unit-" The purpose cf Ex¡.reriment 2'vJâs to

denonstrate that the odorou.s snbstences r-.nairrng in to¡mer1.y

occuprecl areiìs can be utr.lrzed" by a $ouse to äe¿ermi¡e if the

previous occupant 1,ras a nember of its outì ûr an al ien soci a 1

group" In adrlitiono Experiment 2 at-tearpted to ,lefinç lhe

attractrono investigation or avoidance consê(íuences of this

rletection,

5u!ies!s
The sul:jecis for thrs expêriment ?r--re t-.ire sane es thos= userJ

in ìlxperinent 1" AII nai n-r.e nance procedures remai:ied the same"

Th= es.uitûus conriilicn of fenale suhjects r.ras m¿¡rniained .þy the

dail-y admini-stcatio:r of IiE ín jected suÐcutaneously at the sane

5rr
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trmes anrl in the samê manner as descriirerl in nxperírrent 1"

Vagi¡¿l sinears \.J.rr.e exanrnecl before 'uh.¿ dall?s testinq to conlrrm

t.he est¡ous cr:nditron of the temal-e subj:cts"

ÃDparat-us

The apparat rrs collsisted of a blac k r polyeth l¡le¡re coateil

plywood box, 50cm. x 50cm. x 25cm" Tlii-s box '¡¡a.s coverer1 :+rth a

black plastic tarp" The tarp hac.l several- doz¿n pencil-siz¿-:C

hol-es for aj-r: enLry" The only purpose of the tarp i.ras f-ç

coun+-eract the 'rcorner etfect!t ccmrùcn to ope¡ f-ielil situations.

A ha.rclwa.re elot ir 1id Fas f rtted rf ver the black t,arp cover. 'llhe

flocr ot this . ox was cov'er.ed r¡it-h clean sar¡dust, to a ri.epttr of.

a.bout 1"25 cm, :\ small griC., narle of 2 cv¡." b¡ass rods so¿ìced 7,

cm" apa.rt measuring 10 cn" on a sirle, t{as placetl in lhe centÊr

of the largcr compart"ment" This sm^a1l grid also resterJ, on a

sa ilC.ust area. Hotllevery t.he sawdust uncler the qrici contaíne d

urine, feces and. otlier clebi:1s from beneath the cagêi of one of the

st-l.nulus animals" ?he entire grzd i.ras connect-e11 to a i:ody

capacitance sv¡ít.ch nalcing the recorrlinE of the frequency of

investic{ation and t-íme in conLact r¡rth -t-he grid pc^ssj_b1e"

Dqglqn

A 3 x 2 x 2. x 2 f,actoria-l analysls +;ìth i'-he last tqo factors

repeaterl comprrsed the major analysi5, The fac'uors in this

analysr.s were t he saine âs lhose of E.xperinent 1 . Fhe replicati-on

factor can be found in Appen,Jix 2, The ileisser anci Greenhousr:

{1958) procedure f.or deternrining F values i+rth r€peatecl rìeasnr€s

t.fas again eflr ploye,l . Hoirev€'ru ].n Fxpe::irnen+- 2 lhc CrÞenrlent

measures consísl-eC of {a) the tirre a "subject i'ras i n coniact ulth

r:¡5



the str-mul-us ca.qe ancl {b) the numbe r oi äiscrete con tacls the

subject ma,le with the slrmulus cage"

As wlt h ÐxperÍmi+nt 'l d Experi-ment- 2 rllas connosed- of thrce

replica lions"

assigned to eítirer tile sti¡nulr:s or -uêst- conditicn" :b,ïhen the

three replications r.¡Ère conpleterlo the p::eliminary analysis i{a:;

done t-o rLet-srmine if replicairons shou l-d be included as a f actor'"

coJ-Iapsing across all ot,her factcrs"

Subjects of each replicat-ion i,râr*o ¡andomlv

The data for the three replicatj-cns t¡ere pooled,¡hen no

signj-fj-cant effects --'rere found in the preJ-ininary analyses. T1.Io

ma jor analli.seso one f or the tÍme spent in contact uith the cdor

source and. r:ne for t-he nurnber of contacts wit,b- tl-re odcr source

r{ere perfolrned" These analyses trerÊ of a 2 x 2 x 2 facrorial

tyçe as tlescribed previousl-y for ExpËrl-nent 1"

Each populat-ícn within a test set was composerl of f1¡¡e malç

and frve female srrbjects.

each of these populations lqas randomly assi gned as a stímulu^s

animal^ for Èhe iest set. Each subject lJas exposed to all fcur

strmulus odor conCition.s" The serr-es of stimulus oflc¡ Þresenta-

tion ?r as count-erbalanced as in Experlnent 1 "

LTtq scherne is depicted j-n Iígure 2.

îest ani nal-s !¡ere expose d" to each odor f o¡

session " ?he intertrial -i nLerval 1¡râs also 10

qithin a srnqle replrcaticn tock place on the

!g oc eggle

one male and. one fenale mouse f¡orn

À11 animals \:rçte confrned wit-hín

an d wale.r alere ccni-i¡uously ava ilable,

The counterllalanc-

a 10 mi-nut-o t-osf

m:.nut es, All tests

saine,lay.

lh¿i¡

iior

hone cages llh'ìrt- tood

I P:riod of -'hrÊe

,c-l



days orior to testingu a layel: of clean,sawdusL, approxl-inately

2" 5 c-in. deepy þ/as l"n place beneat-h t.he caqes, This sav¿rj.ust- area

coIlocteC the uri ner f eces" and other cìebr'is i+hi-ch tell throuqh

the ca gese harciware cloth f loors, Thirty ininui-es pri-cr to

testrng, t-he sa¡¡dust f rom belo'¡ a st-rmulus animal-t s hone case iras

placed r-rr a neu pal,er bag containing approxr-mately 153 cuhic cm.

of sal¡ciust- ancl !,as straiç-en for 60 seconds. The sarriclust r,¡as ti.L+n

pI aced on t he f l ccr of t.he apparatus unde r t he contact grid to a

depth of about 1.25 cm, The uri ne anC t+:ces cont.aÍned ru.it-hin t Ìre

sawdust se¡:ved as a sti-nulus odor" Th= remainrler of the floor of

the test apparatus ïias covered r¡ith clean sawdust to a sinilar

depth" The conl-act grrd iras placecl in'Lhe center of the -Large

cubicl-e and the capacitance sr¡itch and recordrnJ equÌ-pment,¡¡ere

connecf-ed to the contact grirl" The rrr"Jhi-u,Ðr! maskrng nors3 i/as

then tu¡ned on"

A test animal Itas pl-acerl ín the apparatus anri the r+cordinq

session il'as begun. A rlayt s testing started at- 1tì00 hours" The

tests uere run r-n t.he sane orcler as in Experim:_.nt 1. A sì_ngle

re pÌica tíon Illas run on each of t-hree days" Test anilnals brere

al-ways tnl:roduced into a ccrn€r (the corner l-ocation þJas randoml y

varreC.) ol the rest cube. The sub ject lras placed uith ils heail

facing the cent er of the cuire, The numl;er of conlaci-s and ti¡.e

total- time +*he test ani mal- çras in ccntact r+ith t-ho stinulus; caqe

!IerÈ recorded, ÀI1 test. sessions lasted 10 ¡ninut+s. Iolio'.rin,1

each test the subject l{as retrrrned to rts hone caqê for a 1t)

minute interval. Ar th:-s Lime t he contact qrid idas remo.¡e<1 fron

the test cttbe and thor:ourthly cleaned ¡¡ith a st-ronE Labcrat-ory f.c::

6iJ



the next. tes-u r-n the sanìe manner as descrrhed abo¡¡e,

A habituation proceCrtre r^ras not used fcr Xxperinent 2 i:ecaus+

rt riras feli that the pot.ential for a test srrbjeci?s learning cucs

other than ol-facti-on assocratecl vlith its exclusiv€ use of an area

l+as greater ihan the procedural_ danger of possibie alarn reac-

tions by a sui::ject r.-c a strange envi-rcnrnent. Al-so o LL i.râs

recognizeC that rf a poprrlation unit contained both dominar¡ I ancl

su hordinate od,or source anímals a potelrtia 1 f or conf ounrlr ng ïras

present- " Hor,revero this danger Iras ninrmizeri by the usÊ of a

design containg ser¡eral replicatrons" In adrlition" thes: experi-

ments hlere atteinpiinq to test the reactions of the memh-.rs cf

subpopul-ation units to,rdors representatj-ve af an a1ien qrcupst

poss€sse-l areao reqardless of inciivirlual donrj-nance status,

Res u-i-ts

The analysis of variance t-or +"he first dependent variable" the

trme a t--st .subject spent in contact. wÍt-h a-n o11 or scurce, l-s

presented i-n Table 7. This table shows that- the raacti ons t-c the

origin ot qroup {F -- 130" 13, rif = 1/'22, Ð < 0"001) and stimulus

animal sex (f = 208"97, df = 1/22, P

significant-" The follor+ing interactj-ons also reached signifi-

cance: test aninal sex x oriqin of group (F = 15.92, {if = 1/2?-,

P -- 0"001) " test animal- sex x stimulus animal, sex {f = 10"21 u df

= 1/'22? P = 0"004) and. orígin of group r stimulus animal ,s€x {F =

'10,35u df = 1/22r P = 0"004). The t.e.st animal sex ¡ra.in effec'i-

an d the test animal sex x origin of groulr x stimulus aninal .s€iK

three-'lay intera.ction wÐre not srqníf-rcant at t-he 0.05 crltei:_on

t()



Analysis of Variance for Time in Contact with an Odor Source

Source

Test Animal Sex

Subj. w. Groups

Origin of Group

Test Animal- Sex X

Origin of Group

Origin of Group X

Subj.w. croups

Stimulus Animal Sex

Test Animal- Sex X

TABLE 7

df

I 0.94

22 3010.06

Stimul-us Animal- Sex f 16944.12 16.27 0. 004

Stimul-us Animat Sex X

Subj. w. Groups 22 L649.22

Origin of Group X
Stimul-us Ani-mal- Sex L 20891. 83 10. 35 O. 004

MS

I 295170. 13 130.13 <0.001

1 36Ì06.94 L5.92 <0.001

22 2268.2L

Test Animal- Sex X

Origin of Group X
Sti-mulus Animal Sex I

I 344639.94 208.97 <0.001

0.00 0.986 (NS)

Origin of Group X

Stimu]us Animal Sex X
Subj. w. croups 22 2OL8.52

2.16 0.00 0.974 (Ns)



1+ve l"

These results are dj-scusseci ín 'le+"arl in 'uhe iolloi+i-ng

paragraphs" lloi,tevero since the tlvo dependant neasurÐs of Fixperí -

rnent 2 are not relateci rn the same nanner as those o f the

previous experiment" they are discusserl .successively rather- than

si-muli-aneously, lihere appropríat-eo the inte¡actrons are rnore

finely e.xanined uith'l'ukey¡s post-hoc ratio for riìean conparisons

(Kirk o 19681 . G+neraì 1ï" only lhose resnlt-s wlilch reached

significance at the 0.05 critericn leve1 l.Iere reportecl, The cell

means ',¡hich comprised these ¡elationships ,can bi? founcl in ?able

8"

The major analy-ei5 as shoi¡n in Tai.¡lo 7 showed.

orJ-q5-n of group effect. (F = 130" i3r c1f = 1/22, P < 0,001) " Tes+-

subjects spent a <Treater proportion cf, t-he test neriori ín contact
¡,lith an area containi-ng tae cldors of members of t-hair or'¡n deme

i:han r.¡ith one housinq the odors of another, atljacent deme"

The sig'nificant tesi: animal sex x crrqin of grorìp interaction

iF' = 15.92" df = 1/2'2o F = 0"001) rndícaterl lh¡rt t_he trme a

subject i{as rn ccntact vrith t-he odors of a qroun, as prevj-ously

me¡tioned, i'ras related t.c the sex cf a subject" A closer lock at

thrs inLeractíon, â.s sholln ín Frgure 5 o indicated that. f e male

subjecLs spenl lnore time r-n contact urth lhe oCor a.reas of

members of, their or{n group t-han sith lhcse of tbe m,embers o f t-he

ot her qroup (q = 15"1+0, åf = 1/22, P < 0"01) " liales r,/€r.? also i-n

contac+- wii:h the odors cf membçrs cl- the sane dene lonqer than

"*ith the other oilors {g ,= -l ,II2u df = 1/7-?-, P < 0.01) ,

cr>mpar:.son.s uith in thi-s analysrs lJere nct srgníf rcanr-"

significant

Ot.her

l1



cell l"lêans for Time spent in coritact with An od,or source

(fn seconds)

Group of
Origin

Stimulus Odor

Same

Same

Other

Ott¡er

Marginals

TABLE 8

Stimulus
Animal Sex

Male

Female

Male

Female

Sex of Test SubjecÈ
Female Male

243.40

307.46

64.51

t86.97

200.58

a78.L4

294.74

76.22

252.43

200 - 38

Marginals

2LO.77

301.10

70.37

2L9.70

200.4a
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The stimulus anj-nalt s sex {Table 7) also signif icantly

influenced the proportion of the test period the subjects yier€ j-n

contact t+ith an cdor source {F = 208"91 u cif = 1/22, P < 0"001).

RegardLess of the sex of tÞ,e subjectu or: the grorrÐ from which the

strmulus animal originatetl" suhjects spent fiìore time ru contact

l.¡ith t-he o,lcrs of fenale subjects than i¡rith males¡ odors,

fn additionu the t-est animal sex x stimulus animal_ sêx

interact-ion sho'¡¡ed that the sex of t-he subject" lras important in

Ceterminiuq hcw J.ong a nouse l{as an contact sith ei+"her mali: or

female siimulus odors (F = 10,21, rlf = 1//22, P - 0"004) "

Mt¡ltiple comparr-sons rndicated that- females contactecl the odor

ar:eas or stimulus females for a greate:: proportron of th,3 test

periodthantheydidt.ho,seofmales(q11"2u"df=1/22fp<

0"01)" llale subjects alsc contacted those female odor ãrrôâs f.cr

lonqer perrocis than the ma1-o stimufus cdcrs (q

1/22s ?

These resnlts are shown in I'igure 6"

Not only dial test a.nimals react differentJ-y to slimulus oCr:rs

according to the sex of the d.onoro but also to the stiinulu:;

an rmal-s I orì-gin. This rs ref l ect€d in the sig nrt icant- oríqil or

group x stimulus sex"int---ract-ion reported in Tai:1..-.7 {F = 10.35,

rlf = 1/22o p = {J"004) " This int,eract"ion v¿as examined rrsing the

same pcst".hoc connaríson as si.-as used to analyze th.e othe::

interactlo:rs" These f i no-grai nad comnarisons reveale,l. th¡rt tesL

sttL:jects, regardless or sexe spent nore tíme in cont-act 
'.1 
íth

oäors ol feinales from thoir or,,in deme than with thos,= female níce

1-1 " 55, i1f
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fromanotheradjac-onisocia1grÛup(q=8"61'cf=1/2,2'p<

0-01) or those cf nal-es fr:om *'heir orrn qroup {q = 10.:jl+o df =

1/22, P < 0.0 i) . In addrt ion " sub jÊcts spent more ii. ne iu

contact with the odors of females from aû alren d.eme than near

t}roseofma1esfromthatgroup(g=17.09,d.f=1/22,P<

Àieas containing the od. crs of same deme males were ccn t-act- ed f or

nore of t,h= test *oeriod than irere the orlors cf a donor rnale of

another qroup {q = 14"86, df = 1/22, P

sÏrows t hese com liarisonso íl-lustrates that suh jects spen t th e most

tinre in contact r¡ith the ocLors of ferales from the same deine âs

themselves" irhrLe al-ien male odors accumul-ateil little contact

time compa::ed urth o'Lher slimurus animal sex x group r:Í- oriqin

cd cr combination s"

The analysis of variance of the seccnrL dependent variable, the

frequency c.f- contacts wrth an cclor sourceo reveaJ-ed i-hat l"ha test

anrmal sex {f '= 20,5A, dt- = 1//2?., ? < 0 "001) main ef f ect }ras

sì qnif icant., as gJerÊ the tesi aniinal sex x origin of group {f =

2t).16, df = 1/22t P < 0"001)" group cf cri-qin r strinulus animal

sex {F = 3'7.45, dt = 1/'¿2, P

ori.qinofr{IoupXstrmrr1usanina1SeX{F=46"80,r1f=1/22,P<

0.001) interactions" These analyses, along urth t-hos-o rlhich dÍd

not reach signiticance at the 0"t)5 conÍid.ence levele are sun-

marized in Tai:Ie 9 " CelI meô-n*q f or these results can be f o unC i-n

Table '10.

As shown ín Table ():p the t.est animal sêx nain ef f eci_. uas

significant- {F -- 2o.50, itf = 1/221 P < 0"00-1i, Th€sÐ resul-ts

shol,¡ed lhat- male srrlrjecLs ccntactecl:¡_he cd.or source üore
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Analysis of Variance

Source

Test Animal- Sex

Subj. w. Groups

Origin of Group

Test Anima] Sex X

Origin of Group

Origin of Group X

Sub. \¡¡. Groups

Stimul-us Animal- Sex

Test Animal Sex X

Stimulus Animal Sex

Stimulus Anima} Sex X

Subj. w. Groups

Origin of Group X
Stimul-us Anima1 Sex

Test Animal- Sex X

Origin of Group X

Stimulus AnimaI Sex

TABLE

for Frequency

9

of

df

Contact with an Odor Source

I

)2

I

I

MS

2656.50

I29.62

27.O9

969. 01

36.2r

49.59

263.34

94.L3

r725.5r

22

1

20.50

o.75

26.76

< 0. 001

22

0.396 (NS)

<0. 00r

0. 53

2.80

2156 -50

o.476 (NS)

0. r09 (lls¡

37 .45

46. 80

<0. oot

<0.00r



TABI,E IO

Cell Means for Frequency of Contact with An Odor Source

Stimul-us Odor
Group of Stimulus
Origin Animal Sex

Same

Same

Other

Other

Marginals

l'laIe

FemaIe

Mal-e

Femafe

Test of Sex Subject
Female l4ale

12. 83

16.58

4.42

10. t7

1r. 00

Ì0.83

26.92

34.08

14.25

2r.52

Marginals

11 .83

2r.75

L9.25

12.2I



freciuently than ili,l fanales. li'lal-e anrl femal-e test. suhjects also

reacieC differentLy to the od.ors of stiinulus anrinal s f iom erther

thei.r olJn, or another ileme " This is ref lect-eC itt t.he srgnif icanl:

test animal sex x oriqin of group rnterac"ion seeiÌ in Table 9 (F

= 26.'Ì6, df = 1/22, P < 0.001) "

examlnecl more closelyn the mult-íp-1-e comparisons indicated 'tirat-

i+hen the o,lor ârea contained ocLo¡ stimulj- frcn meml¡e.rs of a group

other t-han Lhat a test male bel-onged Lo, he contacted Ír-- rìore

f reguen tly than when the odors origrnat-ed r+ith a nember o-i hrs

ovln gloup (-q = 8" J8¡ df = 1/22, p

the oclors of these alieri mice more frequent.ly than females ili'1 (q

= 9, C8o df = 1/22" P < 0,051 " Tliese rel-af icn.ships can be seen Ín

FÍgure 8. The o-t-her differences seen in this fiqrrre \'¡ere

no nsign rfÍcant "

ì'lot only rlid mal-e ancl fenale test animals react iiiffer"n-+-ly r*ç

the od.ors cf members of their ott,n or cther cfroupsu but r€,Jardless

of sex t-h,o suhjects also reacted difterently to t-hese oclors llhen

they originaterì r¡ith erther male cr female siimulus animal-s

{or'iginofqroupxstimulusarrimalsex,p=.37"45'r]f=1/22'p<

'Tihen this relatronship i.Jas

0.00 1) " i'l ult.iple comparisons revealed that test sub jecls con-

tacted the orlors of lemales 'irom their o1,f n qroups aore f requentl y

than t-hey.lid lho.se of either maLes from the sane dene a.s

t-hemselves {q = 7.51 o df = 1/22, p < 0"05) u ol_ ferLale"s from

anot-her arl-jacÐnf- d:tne {,1 ='i,5-/, cif = 1/22, | < 0"051 , These

relationships are shown r-il Figure 9" À.l-t horrqrr nonsl-gnif rcanl {.1

= 5.3u 0 ,Jf = 1/22t ?

group'dIere also contacted more frequently than eíthe¡ tho.se of
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males from the samê group

rtifferences rlì-splayed i:f

not reacir slgni-frcance at-

or females fron the otirer glroup. Other

this tigureo but not reported h:re o rii¡1

the 0 " 05 cri-ter ion level_ "
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5o f ar +-he results ot i:hrs e xperimental series ha ve dernon-

strat-ed t.hat te¡aI house nr ce respoäd clif ferentlr¡ I,o oclors

originalinq from their own or another deme. In t-he case of

Experiment 11 these odors i,tere alr-iransporleci uhil-: excretcry

products repres.enting holne ranges or t.er::itories comprised arî

odor source f or Erperinent 2. Specif rcally n nxperiinent- 1 .showed

that nice spent more time in the vicínit-i/ of air transpor'r-ed

ocl,crs original:inq wrt-h a nember of thÐir oirn deme than urt.h the

odcrs of mice frou en adjacent but drfferent group" These Ìattei:

odors j,,Iere also atroideä" That iso more lirne lras s,Ðent near ¡ì

fresh a ir source than near them, These r',:sul'l--s indi catecl that i t

is possibJ-e f,or olfactory process*Õs to medíat;: reprcductj.ve

isolation heti*een smalI, adjacent grouÐs of nice"

This segregation process is comnonly believed tc be regulated

by the grcup o'rnership of an atea or tei:ritoly (Andersono 19tj4o

1967; AnClerson t tiitlu 1965; Relmer E Petras, 1961; Sealancler,

1970) " ?he bounriaries of these terr:-to::ies are of ten marked ín

soÐe manner i:y the orrrners {Desjar:dins, }laruniak t Sronson, 1973;

ÍxPnRïllnr'iT 3

Ei senbe rg , 196'2 q 1 9b-3; ?a11s o

Ðt-her nr-ce ere relucianl to cross these marked t€rraccria. l

boundarres {Reimer L Pelra s, 1961; Hackintosh' 1970) . Ex¡.lar:im=nf-

2 was <1esi gneci to assess rir-ff erences an the reactions of nice t"o

areas conlaininq odorous rnaterials ¿csociated v¡lth ihe aninals

{eg" t.err:it orial narkers) as cli si" inct f ¡om thê anima-l-s then-

19'11:i Theissen t Dawber, 19121 "

B 1,'



selves. The re.sults demon strateð that dif ferences d i d e xisi-.-

Su'bjects spent mr:re tr-me in contact r¡ithr an erea containing the

odcrs of the same deme than one cont,airing the cdors of les,s

famÍliar mice. Johns,tn 11973) reported that nales sceni mark_

more frequ=nt1y than temales cto" The resul-ts of rxpi:rimeni- 2

'øere consistenl i¡ith t-hrs fínr1rng. üal-e mj-ce conlacteC" the odors

of a1i':n mice rìtlte freqrreat,J-y than they contacLerl areas with

stimulus odors f lon mice of theír Ð'rrn group" Eisenbe::g (1963)

reported that urinatron spots in burrows vtere in vest¿gatecl

thoroughly by intruders. The high freguency of male contact qrith

alien odor areas reported here could be interpre*-ed as berng arr

example af. this typ= ot invesiigation" Eisenberg also noted that

iìeterorrvrcl roclents inarlc':d areas previously ma¡ked by ano-rheî

anrmal" Ilal1s {1911} reportecl a nurnben of sinilar resulf--s"

Therefore, the higir f reqnenc_y of contact l.¡it-h ahen o,iors by uLal e

mice coulil be associated with such marking" E.¡er {19r:8) has

argued that scent narking in a sf-¡¿¡gs environsìeni. is lhe means

hy llhich a fearful aninal "reessilres¡'r hirnsel"f. Kl-eiman (19661

has argued that f,requent urine marleing may be evoLuti-onarily

derived from fea¡-inrluced uranation"

It is clear that the hígh frequcncy of contact-v¡ith al1en

ocl.ors pr:obablv cloes not const:-tut-e a pref erence tor thcse odcrs.

The result"s of Experrmenl-- ? and the tinr: measur,5 of lxperinent 2

indicate that- more trme is spent "rj-j:h iainilrar or sa.flte-ilene

oclors, ft app?ars i:hat i-his is probajlly',.¡hi+¡:ê i.he pr=fercnc,1

ries anri that- frequi:nt- contact- urth alien odors plobably .epr"-

sent,s marking and/or inve.st-iqaiion of the årea" Thase resull.s
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1end. support to tlie notion t-i:at oltactory ídenlificaticn may

mediate re¡:ror-iuc1:rr;: isolati.on based on ter¡j-torial det-ense"

Although these da.1--a .suqqest t-hat- olfactory cr.rês may be

j-nvol-veci in int.erd.einetic reproductive rsolaticno they ar€ never -

theless i-irnited because a prefe¡ence for an odcr complex rnay bear

lit.f-le relation to the actual rnating patterns of a population"

Tndeedo aside frcm the electrophoretical evi-dence revi-ellled pre-

viously u lit.tle .: vidence exist"s tc sugqesl: that i solation Coes

occrrr at- this level. The free ranging sitilatj-on present"s softe

obvious clifficulties ln monito::ing social encounters anil any

assortativ*- matinq resulting trom then. :Thus, ttre probl-om can

probabl-y be studied best i-n the laborat.ory, Goctfrey (i958) used

a ¡athe:: interesting technr.gDe for assëssing relative sexual

is ol-a tí on "

co mposed of voles of t'do spec:Les or su bspecies,

Ä male?;s relative pref erence for mating 'r;ith the r=presenta-

tive groups of fenale.s îìas neasured by mer*oly notinq a femalet.s

developme.nt of veqrnal plugso an inCication of insemi-nation,

This technique n ay be easrly adopte¿i to the asse-ssn*ont rsf.

relativ= sexuaf isolati on betr-ree¡ potrulation units,

He a-llowe d a male vole accÐ,ss to a grcnp of f ':males

?he purpose of Experinìenf- 3 was t-o determine if differences in

the frequency of :.nsemination occur ç;hen a mal= is alloserl a

choice beLt+een receptive f em¡rles of ruo population units. In

other word.su t-xperrnent -l tes-teC for thÈ pcssibilit.y of ¡elative

sexual rsol;ltion between C.emes"
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Es!iec!q
The subjects us,=d in +"his expÊriment t,lere taken from t_he

subject. pool used in Experiments l anci 2o and consl-sted of ti¡ree

adult mal es and tiEelve rratur€, estrous f emales- Six of the

f e males tÍere f ron the same populations as -i-he mal+s " âD11 six 'dÊre

frcm popul-aticns in adjacent denes. hll i,r3re maintairrerl in the

sa ne manner as t-he sub jects of t-he f j-¡st t'o¡o ex periment-s except

that the fur of the females frcm t.he rto+hâr¡t ¡ropulation r.{ere

marked wr-th a dye to f acilit-at- e rd -.ntif 1ca tion.

Âppeqc!Bs

t'i et hod

The apparatus

plywoorl box 50 cÌn"

a ha::rlware cloth

com partmen ts " The

x 24 cm, x 25 cm"

partitions did not

between each of the

covered t¡¡ith a.bout

co n sis t- erì

T 50 cm- x 25 cm" Thís box r¿ras covererl vít-h

lld and was par:tit-ioned 1nt-o four equal

inside'¡al-ts of each compart.t€tìt i+ere 24 cn.

The space àt- the center of the cube v¡here the

meet rena ined as a ccnnectinq passaqeiray

conpart-urents" The floor of the apparatus hrâs

7-5 cm " of s arnrdust "

2eslgg

!lhen lhis experiment iùas begunu it'iras found tha*' lhe srrbjsc+-s

reacted in a manner t¡-hich harl nor-- bee¡r pf edicLed " Tha sr:b jecl--s

engaged in a great deal of agqressive behav:.or anrl nating s+emeci

rrnl-ikely. Thusu the proposecl iìependent measure, the presenc€ or

ahsence of, a raginal plug, Ðecane inapplicable" In r¡j-e'¡¡ of this,

9'2

of a black" polyure+-hane coat.*oC



an alternat-i-ye meast.lre tias int-roduced.

As \AIas nenttoned" muc.h agqressicn tcclt place'¡hcn +,-he anima.l-s

i^lere released into a ccnlton space, Therefore., the freguency of

aggressive bouts ua"s userl as the depencent measure" Aggre:ssive

bouts Here scored as occurrr-ng either i+ith-in a sr:bject- set or

deme {same) " or bet$¡een sr:b-ject sets, or d--mes (oth--r). Only Lhe

more se vere aggre:;sive interactions consisting ol' striking wri,h

tee'Lh, sqrlealing :¿hen b'i tten an,i rolling anC scralchilg {tvic

anrmal-sJ as describe,l by Scott (196ó) r{eie recordeil.

The original-, planned --xperimen¡-a1 design can be found in

Àp p enrii x Ii ,

Proceclure

llo assLlre tha+- the female subjects of lxperiinent 3 'n¡are in a

sexuaily rercept ive conrlrti-cn, t.hey receíved the saRe series oi

horinone in jectlon-q as has been describecl f or other experin+nts,

Vaglnal srrì ears from femalÊ sub-jects riere exnrned. on 'Lhe 11 av oî

testing .l-o verrfy ther:: est.ror-rs stat-e" One.hour after the 1a.st

v¿,7ina1 stnear kras taken" the estrous femal-e subject-s 
. fron each

populati.on }/ere ¡anclonly assiqned to a test compartment of t-he

four-comp¡l¡:tment cham.ber" A test male r,.Jas then ¡:laced ín anoth¿:r

compartment and the trj-a.i- begr:n " Thu^s , tor eac.tl Lest :;es:;icln the

subj--ct compositron rdas as foIlol¡s: a single male; t-iro femal-es

from the san-Õ deme; aed tço f emales flom another, adjacent. Cclni:.

The tesi- animals lIerg allou¡ecl t-o intera-ct freely irrthin Lþ-r:

appar¿rt-us f-o¡ 2 hr¡uls" The frerlucncy of a{Tqressrve ir,Lf-eract-ions

bet'øeen neinbers belonging to a single rleme i,.rere reco::d ecl as

trsainerN aggressicn" Ag.Jressive houts betueen inj-c= bt¡longing Lo
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difterent demes trelte reccrdeil as I'otherrf aqqr"ssicn, Äti sub-

jects .øêre then ienove,l f::om the test appatatus and returned to

their home cages.

Tlrree replictrcns of this experti[ent- 'r/ere con¡]uct*od,

repJ-ication utilizer) neu subjects. The aÌlparatus Þras thoroughJ-y

cleaned with a.stronq laboralory cleanser {AlconoxJ and l¡ater and

the sascitlsi floor coverinq reneued before each replrcation.

has been mentioned, the procerlure described h¿re is consid:rably

ciifferent- frcn that oriqinalì-y planned" The orrqinal procedure

can be f-ound in Anpendix R,

As has been notedn the measure employed in nxperiürent 3 uas

derrised ì'on the spot13 r,¡hen other planned comparisnns prcvetl.

rmpcssrble to rmplenent" Th:-s placerl several- restric+.icns on th.;

claLa- As ment-r-on€il prevroulyu Lhe composition of lh e lesi. qroups

l{as il[er-]Ltal- for both sLze and sex, That iso in each session

there iras a male anrl two f,ema.Les from on? rleme, and two females

from ancther adjacent- d eme" Becausê only fenales from the

adjacent deme t+ere markedy aggressive rnierac+.ions could only ire

scored a.s cccurring bet1'/een members wit-hin â sinqle ci.eme (sane) o

or betv;een members belongang to diff erÊnt- demes {ot-her) " Thís

comi:ination could resuft i-n ten Cifferenl-, intelind:-viCrual aggrÊs-

síve in',.-eract-ion possibilites 
"

RSsS-l!s

Eac h

Six cf these pcssibrl-rties h'ou1d be for rt¡¡r-þ;¡-.-tr interact-ions

and f ou r f or ì'san?r? lntei:actl-oûs, Thus o rf l-t j-s as:surued t.hal:

aggr--ss-ive lnteraclions are equally probable betueen all suh-
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jectso "otherlr rnteractions liouL,l ou'r-uuml¡e ¡ ìrs¿¡¡a1r interactions

by e ra.tio of six'-to-four" In cther wordso tire !1 oih3rr? aggres-

sion scores !;ere r-1 navo:-dably intlated. In acidrt.ion, the scorer;

reflect both male-temal-e and female-fenaìe interactions. Th+

l-atter could not be consiriered as evicj.ance for re¡:roductive

ísolaticn. Because of these factors a statistical analysis cou111

not be dcne- Theretcre" only central- tendency data is prcscnt-,ed.

Both mean and inedi-an freguencies tc: aggre.ssi ve Êncor:nters

between members of the sarRe and. cther group.s of mice are sh¡.own i n

Tabf e 11. It- i-s cfeal that-o ort t,he avÊrage, rrotlaârìt agilres:=iv:

in t.erac tions ÌJ€r€ over ì:uice as f reguent as 1! sam Ê'r interac ticns,

If the assumption of an equal protrabilir-y of aggression i s

prtrsued n then the expectoci frequency wouJ.rl be 22" Since f emale

mr ce are less likely to frght (Lagerspctz , 1964) most of t-he

rr6|,þs¡tt obseri¡er1 agqression could f¡e at tribu teri t o male- iemal e

interactions" Ther,:f ore¿ i-t. seefts r€asonable to ccnclui:[ e t.ha t.

1'othôr't' aggessi-ve j-nteractions 'viere rndeerl nor*Ò f requent o anrl

that they are consisiant '¡Íth the noticn of

isolatì on,

ri)producti-ve

ûq.



TABLE ]-1

Mean and Median Number of Aggressive Bouts

Bet\,reen ttSame'r and ttOther" Deme Members

".

Same (N=3) (N=6) 12 14.61

other (N=0) (u=6) 31 34.00


