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QUANTITA T!Vlt ·AGPttCTS 07r NA'l'JHG BEKAVJOlllM DltOSOPliJ14 
: , . Philip E. HUcmodl 

Lo.W~"oaco &o4lntloo ·l..nhf)Jtotorv oatl ~-O!d of Zoolotw 
Ualvorohy of ~rain, 9ol'holoy, Coi.Uonlo • 

luae 24, 1960 

JD.cll'fl4Qol SniDOI"bol\4 ~4typo !· •o!P:!!!A99~P mClloo 'WOI10 pohllittod. 

to choooo 'bot~ooa olthow two whitO•oyotl cw two l"od•oyed tomoloo or boft1coa 

n I'Qcl•o~ a.act e. 'tildto•OJOCI.fomolo. 01too~vnllooo of the ftios:J woi'O mado 

ovor n ~lo4 Of nM\tt tcre houo AD4 promnttag perio4o, lllto•mnUDa porto4o 

orul t1t.o HI'Odoao of cOpulo.Uoao WOI'o stOC01'4o4. 

· . Appl'oat.motolv 81.~ of tho moloo eopulo.tetl ibtct vlth \7hlto-Gyo4. f~aloo 

and. tbo. promotlaa na4 ialormntlaa po1riod.D before cop\Jlo.dcmo vt.tll vlllito•oyod 

tomnloo uol"'o o'~tly oboJttol' thoft bcfero tho cop\ll.ntlfmo with vod•oy<ld 

fcmaloo. ~ l'od•oyod lamoloo ao\&OI.ly ropoUe4 tllo tO\II'tohlp of tho mcloo 

wb.Uo tho ~-oyo4 tOIIU3loo VIOI'o.mol'o po,o·oi•o. Tho typo of tllc·oo.cead 

fomale pl'oooat ho4 ltttlo tduoaco oa aotbol' ow .ot tlso moloo would cc.tp\1loto 

n oocoa4 tlmo. Howovor tho ro4·oyo4. lomoloc ..,...,c ~tlm.Sotod to ml\to OOC)llOI' 

then tho Wb.ito.w~ femoloo· 14r.oa o. pl"ovleuo copalotiotl -had NC\U'"f'$4 fa tho 

vlt\lD. With oaeb typo of femolo• dlo t.\VOI"C80 4uttc.Uoao of thO ooc:oa4 copu

~o woe~ro loaaor eli.rm tho fboa.. Tho 4\wlldooo Of tho nocODci eoputc.ti®o 

wore pooltlvoly c.or~oloto4 vf.tb tho dazon.doao ot tho ft~ot. Tho corl'olot~ 

wo•o lot1 bot vo•v o~t. 
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QUANTITATIVE ASPECTS OJ' MATJNQ BEHAVIOR IN DB.O§QI'Jill,A
0 

Philip E. HUcboth 

Le.WI'oDco B.n&UOa Laborntory o.a4 DeptU'tment of Zoolosv 
Unlvetolty of Callfonta. Berkoloy. Col-ltol'aiA 

June Z4, 1960 

lNTJ\ODUCTJON 

Coutehlp rind mntms bolla.viol' pattomo mny bo of sroat importollco 

ill eotablla-h1ns oemAI lsola.tion botwooa SI'Oupo of seoetleally difforoal 

a.ntmalt o.n4 thus mitht have A otroas inD.\lO'Dce Ol'l evolution wlthm n opoetoo. 

Dropoph~a fomalea wbOil oac:o lta.comiu.tod by a male uowilly wiU not copulnto 

ago.tn for oomo time. Thuo ~:us .fo.r ao propngo.tioa of tbct opectoo io C01lCiOl"ftocl, 

n ow::eeoi!Jfu.l copulation ~ith a male fl'om tier own apoclco would bo e.ttivoutnaoouc • 
. ·· ·.-

l(owever n copulaUon with a male from aoothcr opecloc would bo ot llttlo valu.o 

U foa"tUo offspring did not reault, and probably wou14 be dotJ~imGAW ln. ~t 

the ,female' o reproductive eapaclty would be roduc=ec11. Mecllatilomo that wcauld 

permit ln<llvldunlo to diatlat;uleb betwoen momb01'0 01 thoir OWD Qftd alloa 

opec ice woW.4 then be of importance !n an evol\ltioac.ry oonoo. Similarly .. 

differences in mating bohavlor caused by diveroe senotypeo within a opecioo 

ml.gbt eithel' enbtmce or decranao tbe cbanc•• for ouvivol of tnclivf.clualo ho.vina 

a particular senotype. 

There hc.vc been oevert.U l"eporto coacemlna eoal'tohlp hoh~:~.vlor m· the 

genuo Dr~ooeh'\a, aotably those by Stu.rte\•~:~.nt ( 19 1 S 1.\tut 19 z 1 ), Wall ace and 

Dobzbmloky (1946), Spieth (195Z)., Baotock cad Moaning (1951), Baoteck (1956), 
1 

nnct Monnin& (1959). Sturtevant pd aloo Wheeler (1941) recorded obe~rvntioao 

on tho durl\tlone of copaladoao by DrooophUo. ~elaaosaotel' tm4 the nu.mbor c 

of copwo.tiono- which mclo Droooph~ could nceomplioh unclei" vnrytug coac!itf.on.o 

were reported by Kaufmann (1941) o.nd Moootgc (1915). 

i5 
Thio wortt wno porformecl W\<lor the nuoplcoo of tho tJ. S. Atomic Enol'rJY 

Comml.ootn. 
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It hco lema belen tmown that preteroacoo odot occordlag to which 

tn4lvl4wllo of one opocloo more oftoa mato with thooo of tho ocmG opoclea 

thnD wleh oven closely rolatod ODoo (Dobchmaohy nacl Kolle!', 1938.. Moro 

cietnUed do.m on ouch profercaucoo ~thla CDc! betwoen opecloo ho•o be011 

. reported to recant yonf'o. 

Ia Dl'ooop~Ua D?~aogaotor 'l'ebb Md Tbodny ( 19 56) oboervod thAt lndl· 

vl4W\l fomo.lec bad 4.otio•te pl'oforcmcoo no to tho mntfa.t.J po.rtaer wb.on cllowod. 

to choooo botwooa two cUfferat typoo of maleo. Boot.gor (1957) oboervoct tnnt 

nu\loo hnvms ctmd'bnr•colol'o4 oyeo had a ooloctivo a.c.tvoamae over maloo 

bnvmg vormUioa•c:olored; oyoo •hea both typeo of anoloo ...roi'O ln the prooeaco 

of fomateo havlfts vermilion-colored oyos. HooaitJobors ao4 Santlbt\nea (1960) 

· fc:nmd that lubrecl maleo hact n mnrked p1"efol'cmco for thof.ao ovm typeo of femaloo, 

an4 that corttJ.la outbrod otrniaa wozoo 'l.cllocl'lmlanto in tl:aoSr pro.foronc:e or 

oven pa"oloJ'1"cui olleu fomQ.loo. SantlbaAes tU\4 WadcUAatoa'o (1958) ln•eottgatiouo 

ohowocl that wklto-oyo<l fomaloa wel'o leoa nccopteblo to any malo thea wel'e tho 

other mutaat fomaleo tooted.. Potlt ( 19 59 a) lett wblte-oyod oz- boteroayaouo 

wbltoj~oaoa.·R fomoloo &a the prooonee of whito-oyod aad vrildtype malcac. 

ProaOAy teoto o£ the fomcloo ia4lcAto4 tbnt the goaotype of the femalo did aot 
.I . 

lDfluonco tho matir.aa fl"oqaoncy, but that the fJOGoty'po of tho melo did. Wbetbor 

or not tho whlte•oyo4 maloo bnd a. oelectf.vo aclvaatnso ovel' the red-eyed mnloo 
• 

depcuulod on tho .-olAtlvo proportloao of tho two typoo of melee ln tb·o mo.Uns 
. . 

· chambol"o. The oelectlve ndvanto.go cnuoecl by tho whlto ollolo oloo wao 
I . 

i.Qflt.loacccl 'by ~o roet of tbo aonotic 1Hl.ekpouo4. Clloe (1958) determ&nod 

thnt the acme for bo.r•obnpod cyotl reduced tho DU.\tf.ng ctLpClClty bolow tbiit ot 

tho wUdtypo allole a.acl eloo reduced tho fertillty ot tho lomoleo curl"yiag the 

bnr acme, thtlo alvintJ tho wUdtypo flico a aolocttvo &i.vnato.ao when competlng 
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Hoeaf.sobors. Sa'Dtlbeaoz, and Stronl (l9S9) &Aveotiseto4 ocuW'll pro

feroacoo betwocm ~· trooal·ean~ J)Q.da. and g. !!i~!.maloo Dobchnookt and 

oboorve<l that tho rn~tkla (l'equ.oncloo of maloo wleh lctmnleo of theb own 

opeclcs wol'o m-ac~ higher thoa with fom&loo of tho other opoeleo. Ehl'mm:a 

C 1960) toun4 that bybi'WG 'betwoea two cubapeci.oe of p. ftullotol'\am hAd c 

sea~· bncltgro\md that cnuo44 tho femclos to repel th~. courtchi_p of ell mateo 

teotoCI., matlc.s with aono. Tbo hybl'id maloo co\&l'to4 an.4 wero rejected by 

noo.t-ly all the tomnloo tcotod, mclwlma their owa bybrl4 ctWtaso. 

Tho oxporlmente reported horo 4oal with tho matins plo•£oroaceo ln 

~ molanogoator ftoa iadtvi4\&al wil4type maloo wot'e Qllowo4 ttao ellolco 
' < 

botwoor.a. two fcamoloo ot the oc.me gOftotypo or t'tlo fomo.loc of cUfforoat sonolypoo. 

MATElUALS AND METHODS. 

Two dlffereat ~ratao of Droo!J!hU,a mcalcus••t~r pl"QVi.4o4 tho fUod 

uoecl ta tbooo euperimonto. WU•type i'ed-eyed mc.leo and t.crmaleb wel'e obmtnod · 

f'l'om n So.marltnftd ctoclt bJ'l4 the oeccmd otock provldo4 the wJ:tlta•eyecl !emo.leo. . . '.( . . . . . 
&oth otraleo hnd boea kept lft our laboratol'y Ia meso ovlturea. tmd ao o.tto~npt 

wa.e mcwle to laogcmtce them. 

Cultuoo ot tlleoe otocko were omptlo4 of all D.leo cnrly In ·Uto moroms. 

cad approsdmatcly 3 te 4 hl' lator the newly omorge4 otfoprlua wore c:olloctotl. 

Durins thto ohort pe~Ptod, ·altai' emoracmc'e oltho cdW.te, ao copulatlcmo wo\lld 

llavo occul'red. Tbo etherized moleo were iRI'I'a.Qtllntoly ptacecl atld atol'od 

lhdlvtdually b. 4•41' ohoU vial a ( 19 mm tG 4lo.motcu .. tmd 65 mm 4oop) Whkb 

~ontalned huclaed culture moatum about 1 em 4oop. The tomaloo -woro 

otorod in atmUar <:cmtcklea>c th ptlUO••tWO alto-eyed 0 .. two I'Od•oycd tomnloo 

or 011e of ee.ch type.. Suly tn the afto:r'OOOn z do.yo lctol'. ia4hi4Wll moloo 
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wcro ahnbca, vrithou.t otberbu~tioa. lato tl\o vtclo tllat eontnlae4 the p-.uo 
of fomal~o. Jn each ~erlmont tt.pprQ5dmatoly 100 of \bose vlalo wero 

pb.eod on opoctal oboorvctlcm uoyo whkb 'ltcn•e 45 em long, 30 em wldo, cad 

Z, .• 2 em 4oop. Whlto p-.pu wno ploeod la tho tray t"" allow 'bett-or obo~n·VGtlOD, 

ru:t.d tho vlalo wore oope.l"·nte4 fr.om oacb other iY.,~clou plnodc ro4o na4 tuboo 
'~·' 

lrl ol'dor to prevect tho fllee in &ll.J vlGI belnt tnauenco4 by the acUvltloo of 
• 

Rice ln acljacont ~0• The aealm\tm for oach tray was ftvo ro"Wo, each 

contni'l!llns tea vialo. 

Tho tlme that ot\Cb malo wao placed with tt•o pair of tomclo•.vno 

l'eCOt'Gcd, ·aDd after tho fl1"ot tliefJ were pl11ced together, oboervntiona of the 

vielo wore begu.a ot tho uxt s-min iDtGI"vol paot tho bou. The flloo wor.o 
' 

then oboorvc4 ln numericAl orclor--(Llways otc.rtiag with the ftroi l11 the ooriec•

at 5·mio intervale tbroughout tho experimeat. Since & sw:ceot~fui mctma 

uouo.Uy leota tor P a.verago -oJ eleven or moro minuteo tho()c t•~ woro 

ohort onouah fo-r uo to obcerve tho ouccooufu copulatlons. but probnbly come . . . 

ettemptod copulatioaiJ were miceed. Record.o were ma.do of tho pl"emcting 

. aad mtermatln& periods and the duraUoao of the copulatlOl'lo. When a male 

bad copulated wlth both femaloo, the vial contatalag thom waa removed from 

tho tlfay. U t2. male. had not eop\llcto4 wf.th both fomnlee within two llourc 

after being plnced with thom, obeorvatlcm of thnt group wac. 4locontlnued. 

The room temperature verlod from 23.4 to Z5.8° C during o'baorvatlono 

of the maiblg behavior, but within tndividunl oxperimento the range cUd· not 

vary more than 0.9°C. At all other tlmos tbo flWs weJ'e kept it\ iac:ubntors 

oet at 25° C • 
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RESU,LTS 

Mating Preferences 

Whon eQch of 2'4 maleo waa give~ the cholco between two red-aye4 

femDlec AD the ftrot mating partner. 90~ (Z64) o£ tb.e maloo copulated at 

lenot nee. When oach of Z82 maloo wao permitteeS t0 elloooe 'between two 

white-oyed femaleo, the froquenc~ of male1 that copulntod at leaot oDce wao 

tnc,ret\.ood to 95~ (264). When tho in4tvl4ual maleo wel'e glveD the choice 

between n whlte-oyed. female and a rocl ... eyed fomalo, tile frequency of males 

tbo.t CO!Julatoc:l at leaot Qftco wno theft bu::renood to 98~ (290/2.97). 

When the males were permiUed to ehooso betwooa the two dlffercnat 

types of. female a, the selection of their fir at matllls pnrtnero wo.o not o. random 

cholce. Tlt·e ftrat eopulattono occurred 'With wh1te-eyo4 fomaloo in 82~ 

(~JB/290) of the caooo as oppooed to ooly 18" with the red-eyed femaleo. 

Seco'IUI Parmora 

After the maloo bad copulate& fo~ the fb.ct time. tho mati11s frequonctoa 

with the oocond females of the pabo weJOe influenced very Uttle· by the type ol 

the occoncl lomale. 

Amcm.s &he 238 moles thct flrat copuleto4 wtth 'Whtto-ey~d femaleo. 

81~ (192) thea ~opulnte4 wita re4-eyod femaleo. Of 52 males that eopulnted 

Rrat with ~e4•eyoi femnloo, 8$" (44, then copulated with wldto-oyed fomaleo. 

l¥1\on both fe~oa l1l the po.ll' ha4 whlto eyoo. 81._ (Z2l) of l68 mnleo that 

copulato4 oa~e then cop\Jlatod with tho ooconcl tomnle, ant\ whoa both fQmcloo 
' 

o1 the pair hnd 1"04 eyeo 85"4 (1.l3/Z64) of tbo maloo that copulated onco then 

copulated a. oocoa4 tlmo. 

Ao aft b:uUce.tlon ot the level oi activity, n "matlag mclexH rru:LY be uood. 

1t io 4oflnod no the froquon.cy of actual copulattno nmong tho pooolblo total 
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of copula.doao. In tile oel'loo bl whlcb iadlvldWll moleo •oro obool'vcd with 

po.llto ol re4-cyed lemaloa, tlloro wore Z94 .mateo, cad U ooeh bnd cop\tlcted 

with both fomaloo, tho tadox would llnvo boen 2.00, wldch lo tho theoretical 

t'DOUlmu• I.Or DY of tho oarloo. Howevor Ia thio ~ctaal oerled thoro wore 

;f$1 c:t9ul6tlODO yio14lf18 Qft laclox ~~ 1.65~ 1'1\a mating lnc.tex lft tho white• 

wldto oerico obowo4 t\Jl icerecee to 1.73. and io tho oerleo cootakdag ared-eyod 

··0$1 n whtto•oye4 fomolo en o~b pair, tho mo.tf.na lad.ox f.D.cl'eaae4 to 1.11. 

Tablo I ohowo tho froqaolu:too for mateo that dt.d not copulate,· copulated ODco, 

or copulnto1f twice. It cnta bo oocm tbot C)'VOD thoqh the white-white and white• 

J>od oel'leo uo oimilnr the rod•:rod aorlee dlvot>goo quite ahMply from both. 

Tbe intervd botweoa the dme that the. me f.omalea aad tho male were 

plaeod teaotho11' ancl the fbot tlme tb.nt the mole wee oboorve4 copulating with 

ono of them to talton no tho pl'omadas period.. For computoono, the copulntlooo 

wore sroupo41ato thoao that begaa withlra the nvcu·aso oetf.matocl tlmoa of 5, 10, 

15. zo. nu sreater thtm ZO min after tho filoo wore plnced together (FltJ. 1). 

Tho male wao mot oltoorvod wbeft he mounted In each eaoe, Cbel'ofore tho period 

lo e·maurimllm ootlmatct baso<l Oil the tlmo the male wac ftrct oboorved copulnting. 

-,:be melee copulnt.e4 much cooaer with tile 'llhite .. eyod then with the 

rod-cyod .fom.too. More tbaD 54% of the cloublo c:opulatlona wtth whito•oyed 

fomal~o flrot (WI\ • 54%; WW • 63%) were mitfatod wlthtft S mba, but 1eoo than. 

Z54J, of the clo11hle copulntiono with rod•eye4 femaleo flrot CJ.Ut * ZO'-; 

aw • 251b) woro ~»oaw:a: within tldo eamo period. 



Table I 

Frequency of copulnttono."' 
Two females ad one male pl'eoent in eaeit vial. 

-.. 
' 

Fomcleo Nett her Only one female Both femaleo Total maleo 
prosect fomale copulated copulated copulated avaUable 

(%) (~) (~) 

Two red 1~ 1 .. 76 294: 

Two white s 17 78 282 

One white and a 18 80 2,7 
011e red 

a Z X = 17.58, D.F. •4, P<O.Ol. 

li 
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The lnt•rv&l betwocm tho ttmo t~Aa.t n malo dt.omcnmtod at the termlnntiOQ 

of tlte fh'ot copulation e.acl mouutCHi tho othQr tomalo to~ tlle bosbmlrlg of the 

· oecond · copuluttoa le rog«rded: &1:1 tho mtermattns ported. Tho exn.c:t timoa 

· tbct the mole cliomou'ate4 nt\4 mounted wero not oboerveci therefore· an a.vol'age 

o,odmate woo cal.culated f..-om tbo timoo that tho malo wac last oboorved to be 

copulatlaa.with abe ltrot fomalo and fh'ot oboorvod te bo c:opuladl\s wlth tho 

e0c:oa4 tomalo. The fr~ueacleo of m4lvlduttle ·'llrithta the .jlvca lntermntlns 

.,.rtodo aro proDeDteclln Fla. l. ID seneral, nftor tll• ftt-ot copulo.tloa the 

mo.loo .tndod to copulate sORer With tho qoe0ft4 fomalo of tb.e pcil' it oho wao 

a 'Wblte•oyect l'a:the'l' tb.ao. a red-eyed femclo. 

Tho poriocl bctwecm tho t&m.o thAt a malo aucc:eoof\illy mou .. d end· 

dtomoWlted n fe~e to coaoWe:recl ao the nrattoa of tile copulation. Ao the 

malo wao Dot oboe&"vecl wb.on he monted ·o,nd c:Uomo•tod l.a oaeh iDotaace an 

average e.otlctato of the clurntioaa wo.o btloed oa tb.e fbot and the laot tlmeo 

that a melo wato ·bbberve4 copul&ttnu wlth a pnl'tlculu female. · 

S~al~a~y 

Tho avorago cluettooo of the copulcttoeo wltJl tho wbito•eyod femaleo 

were 11 .. 5 mitlla tho whitc•whlto (WW) oel'ioo ut113 .. 9 mta ID the white-red 
. l 

(Wilt oozoioo. Tho ave.-age durntiono ~lth tho ro4-oyocl tomaleo wcr~ 12.1 min 

ia. the re4-re4 (B.R.) tul4 11.9 mto in the reci·whito (B. VI) oel'f.oo. The ranaeo 

na4 diotributloac of the ~ntlcmo aro preaeoted ill Table D. Th(l reaults of 

the X z caolyoeo of tbeoo data Q.l'e ChOWD ill ~0 m. Tho cvoraae dul'tl.tioDO 

wid& the whlto•cyo4fomaleo tn ench <:coe ue sr~r than oither of the avernseo 
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Table Ill 

Homogeneity testa of differences bet·Neen singles and first of doublea. 

0.:-oup 
2 

Degrees of ProbabUity X 
freedom 

ww 4.34 3 0.2. .. 0.3 

RR 7..71.. 3 0.3 - o.s 
WR 10.70 3 0.01 .. o.oz 

RW 1.2 0 2 0.5 - 0.7 



UCRL·'JZ84 

' with the red•eyed females, and although the differences appear to be omall, 

tbe wb.lte•~ed femaleo did copulate for aipUicantly longer periodo thaa the 

red .. eyed (1\R vs W R, P < 0.01; WW vo U,, P a: o.oz to O.OS; WR va RW, 
. ...... .... ......... 

2 P = 0.02 to 0.05). These x. c:alculationo were based on those individuals 

that copulated for 10 mtn or leoa compared with thoee that copulated !or more 

than 10 min. Jn one inetuu::e (RW ~ WW) the difference• were not significant, 

the probabUlty that the differences were cc.use4 by chance fluctutlona being 

O.OS to 0.1. However. not much consideration ab.ould be given to this or any 

other calculation involving the 1\W series, aa lt involved only eight maleo. 

There were no eiplflcant dif!erencea between tho oerles involving white-eyed 

femalee ( P c O.l to 0.3) nor those lnvolviAg red-•yed femaleo ( P = 0.9 to C.9S) 

regardleao of the type of the second female precont. 

Ftrot of tbe Double Copulatlone 

In moot ca.oeo the averageo fol' the firet of the double copulations were 

aot greatly different from the single copulaticms wltbin their respective mating 

groupo, nor were the ranges and distrlbutiono much different from the Gingles 

(Tablee 11 and W). Tbe melee copulated for lonser durations with the white

eyod than with the red-eyed females; in three of the eomparisons (WW !.!. JlR, 

WR ~ RW. and lU\!!. WR.) the probabilities that difference in diatributiono 

between the oerlea could be caused by chance fluctuations alone we1'e lese than 

0.01, and the probabUlty was e.Ol to 0.05 in tho fou.rth instance (WW!!. RW). 

~cond Copulations 

The duration• of second copulations were g•nerally greater with 

white-eyed females than with red-eyed females (Tables IV and V). In all cases, 

the duratlono of Ule second copulations were olgnUlcantly greater than the 

z first o! the double copwationo (P < 0.01). The x valu.ea for white first!.! 
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Table IV 

Du.rationo of the eecond copulations. ~,ercemt of males that copulated for designated 
periods. Two females and one male preaent. 

Females mated 'lfn. males ~opulatlng 'Total Averag~ -
First Second S min 10 min lS min lO min 25 min 30 min -- males duration 

w w 1 14 ss 24 3 0 141 15.6 

R R 1 33 57 s 1 0 175 13.7 

w R 1 zs 59 12. 0 0 1<?.3 14.1 

R w 0 18 sq l3 0 0 44 15.2 
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Table V 

Homogetleity tests for (A} white second vs red second. 
a.nd (C) redsecond • 

(B) white second, 

. .. 
Oro up 

2 Degrees of Probability 
X freedom 

WW va RR 24.98 4 < 0.01 

ww VIJ W'R 19.21 5 < 0.01 
A 

RW VB ll.R 10.82 4 O.Ol-0.05 -
RW vs WR 4.99 4 o .z -o. 3 

B WW ve RW l.l6 4 0. 7-0.8 

c RR vs WR 4.93 5 0.3-0.5 -
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z 
white second are (a) WW !.0 WW: x. = 31.71. D. F. = 4; (b) WR ~ RW: 

2 l X = Zl.51. D. F.= 3; (c) WW V_! RW: X = 11.60, D. F.= 3. For red first 

!...• red second. the values are (a) RR !..• RR: x. 2 = 32.68, D. F. = 4; (b) 

RW vs WR: Xl = 15.89, D.F. = 4: (c) RR V_! WR: x2 = 49.46, D. F.= 4. 

The durations of the second copulations generally were positively 

correlated with the durations of the first copulations. A short firot copulation 

would usually be followed by a aborter second copulation than would a longer 

first copulation (Table VI). 

DISCUSSION 

Petit (1959a) concluded that it ia the genotype of the male and not 

of the female that infiuences the mating frequency. On the other band, Tebb 

and Thoday and also Santibanez and Waddington attribute much of the influence 

on mating frequency to the female. The latter two authors found that white

eyed females were less acceptable to any of the males tested than were any 

of the other females. Sturtevant (1915) had observed that white-eyed females 

were· chosen as partners more often than were red-eyed females when either 

red-eyed or white-eyed males were permitted to choooe between them. 

According to Ehrman, female hybrids between two subopeciea of D. f&uliotorum 

repelled the courtohip of all males tested. 

Apparently the mating frequencies may depend on the genotypeo of 

both the maleo and females. In the experiments reported here, about 82.o/o 

of the males that copulated at least once did so with white-eyed 

females firot, and only about 18o/l'> copulated first with red-eyed females. 

Observations of in clividual male a with white-eyed and red .. eyod females 

showed that white-eyed females were less active than the red-eyed 

females, which ln most caaeo would avoid the male by 
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Table VI 

Correlations of the durations of the aecond copulations with the durations of the first. 

~ ~ Number of Average female copulation time (min) Averaae male 
male a . co2ulad~n time ~min) 

White 1st White ind 

1 5 10.0 15.0 
53 10 14.7 Z4. 7 
77 15 16.0 31.0 
10 zo 18.0 38.0 

White lat Red Znd. 

1 5 15.0 zo.o 
76 10 13.l l3.3 

108 lS 14.8 29.8 
8 20 16.2 3b.Z 

Red lst Red Znd 

z 5 10.0 15.0 
109 10 ll.8 ZZ.8 

61 15 15.5 30.5 
3 20 13.3 33.3 

Red lot White Znd 

3 5 13.3 18.3 
20 10 15.8 25.8 
Zl 15 15.0 30.0 
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running o.: reject him by kidr:b~g. The white~eyed females showed le11s o.f 

this avoidance rea~tion toward the males and with only hriei' cou.rtship would 

permit copulation. Yreq\1ently males would switch their courtship from the 

red to the white-eyed females and within ea~conde would have n1ounted the 

white-eyed females for the first copulation. 

One small teat i~'l\·olved' 3S individual wltite-eyed males, each of which 

was permitted to choose between a red-eyed and a white-eyed female. The 

results were eimUar to those obtained when tho red-eyed males were given 

tb.e snme choice. A!Tlong the males that copulated, about 80% did so first 

with the white-eyed females. 

The fact that the mating index was greater in tho WW and WR series 

than in the RR series also indJcates that the genotype of the female ieJ an 

important selective factor. The mating index does not ~Hlltingui&h between 

the single and the double copulations. and therefore the statistical analyses 

were based on the numbers of males that did not copulate, copulated only 

once, or copulated twice (Table I). 1·he difference a between tne V/W and the 

WR series are not great ( 'P := 0.2 to 0.3), hut the differences between the WR 

and the RR series are significant at the 5~ level. The WR series has an 

activity level represented by a mating ln<:lex of 1. 77, which is much greater 
] 

than that of the RR series whose mating index was 1.65 ( P < 0.01, x·· = 16.42, 

D. F. = 2). 

After the males had copulated oncet the typee of the second females 

in the vials had little influence on whether or not the males would copulate a 

Becond tin1~. Ap1:rroximately 81 to ss-~, of the males copula.ted a second. time 
j 

regardless of the t'fl)es of females with which they had copulated !irst, and 

regardless of the types of the other females in the vials. ln each case the 
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analyses of theoe data yield probabilities of at least SO% that the differences 

could have been caused by chance fluctuationo. 

Premating ~eriods 

The !act that the males copulated much sooner with the white-eyed 

than with the red-eyed females (Fla. 1) is a direct result oftlie:.le:s,set avoid

ance reaction of the white-eyed than the red-eyed femaleo toward the males. 

When the males were permitted the choice between two white-eyed females, 

63% copulated within 5 min from the time the flies were placed together, yet 

during the same interval, only 20% of the males allowed a choice between 

two red-eyed female copulated. The probability that these ditferencea would 

l have occurred by chance alone is less than 0.01 ( x = lOl. 73, D. F. = 1 ). 

When the individual males were permitted to choose between a white-eyed 

and a red-eyed female, 54% copulated with white-eyed and only 2.5% with 

red-eyed females during thio 5-min period. As in the previous analysis, 

the probability that chance alone would have accounted for the dUferences is 

leas than 0.01 (X 
2 = 13.96, D. F. = 1). The two remaining analyeeo of the 

difference between the mating frequencieo within the first 5 min alao show 

that the males copulated sooner with the white-eyed than with the red-eyed 

z females, and the differences are very signUf.cant (WW v..! RW: x = l5.47, 
. . z 

D.F. = 1; RRv_! WR: X =63.34, D.F. = 1). 

When the males chose red-eyed females as their first partners, 

the type of the aecond female present in the vial had little influence on the 

frequency of copulations within the first 5 min. Twenty percent of the males 

tn the RR series and ZS% in the 'RW series copulated with red-eyed females 

l 
within thio period (P = 0.3 to 0.5, x = 0.7449, D. F.= 1). Apparently the 

maleo courted the red-eyed females only, or perhaps in these cases the 
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white-eyed and red-eyed females had similar avoidance reactions. 

When the au1.lett chose white-eyed females ae their !irst partnera, 

the type of the second female preeent did influence the frequency of 

copulations within the first S min. During this period, there were 

significantly more copulations within the WW than tn the wa aeries 

2 
(? = 0.02 to 0.0$, X = 4.40, D. F. = 1). Thia may have been because the 

males unsuccessfully courted the red-eyed females before copulating with 

the white,-eyed one&. 

lnter!J!&ting Periods 

The average intermating periode before the copulations were shorter 

with the white-eyed females in each instance than with the red-eyed females 

(Fig. l). The differences in dietributi.ono were found to be highly significant 

z when the WW was compared with the RR group(P < C.Ol, ){ = 17.76, D.F.=S) 

2 and when the WW wae compared with the WR oeriea (.? < 0.01, x. = 32.12., 

D. F'. = 5). ln the other ct·..,.nparisons, W'R !!. RW and RR !!!. RW) the 

differenceo were not aipi!icant; however the R W series contalnod less than 

a quarter as many double copulations aa any of the other three groupo. and 

the otatiotics involving this group are not too reliable. The type of female 

with which the male mated first bad little influence on the lntermating 

perioda. a& the cUfferencee in distributions between the WW and RW series 

and between the RR and WR eerlee were not olgnificant. 

The shorter i.ntermadng periods before the copulations with the 

white-eyed females than with the red-eyed females aleo are correlated 

with the tendency of the red-eyed females to actively repel the courtship of 

the male. 
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There is an interesting correlation between the premating and 

intermating periods, which is sbown in Fig. 3. In the WW series, 67% 

of the first of the d.ou.ble copulations were begun within 5 min after the 

flies were placed togethtir and within 5 min after the termination o£ the first 

copulations, 67''k of these males had begun a second copulation (Fig. 3a). 

The prematlng periods before each of the two successive copulations follow 

simUar diot:ribu.t:ion patterns (i'ig. 3a.), and based on the frequencies of 

copulations initiated within the first S min in each of theae categories, the 

differences are not aigniiicant ( ? = 0.99+). The diffeJ'ences between 

pre-WR (56%) and intel"-RW (62'%) are hardly eigoificant as seen in Fis. 3b, 

nor are the differences between pre-WW (67%) and inter-RW (62.%). Ths 

probabUities for c:hanc~ deviation• accounting for the differences in the two 

latter caaee are 0.3 to 0.5 and 0.5 to 0.7 respectively. 

Apparently, whether or not a male bad copulated previously had 

little influence in determining the durations of the periods before either 

the first or second copulations with white-eyed femaleo. However. the 

periods before the copulationo with the red-eyed females were greatly 

influenced by whether or not a copulation had occurl'od previously. 

Distribution pa,tterna for the periods before the first copulations 

with red-eyed females differed from the pattel"ns !or the periodo before 

the oecond copulations with red.-eyed female& (Fig. 3c and d). When the 

males had not copulated previously, only about 7..0~o (pre-RR., Fig. lc) to 

27% (pre-RW. Fig. 3d) of the first copulations with the red-eyed !emalea 

were begun within the first 5 min from the time that the flleo were placed. 

together. However, if the males had each copulated once, then about 48"/(1 

(inter-WR, Fig. 3d) to 52% (inter-RR. Fig. 3c) of tho aecond copulations 
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of the males ·were begun within 5 min after the termination of the first. 

ln each case the dhtrib'utions, based on the frequi!'Jnc:ies of copulations 

within t.he first S-min periods of the premating as opposed to the intermating 

timee, are lignificantly different from each other (P < 0.01, D. F.= 1; 

x 2 = 46.88, !or pre-RR'::! in.ter-RR. x Z = 6.93 for pre-R.W !_.8 inter-WR). 

A third test. comparing the prematiug periods o! the RR series with the 

intermating periods of the WR series, also yielded results that ar-e highly 

l ei.gnificanth.- = 35.29, D.F. = 1). 

One poae~ible explanation why the malea mated sooner with the red-eyed 

females after previous copula.tiot.u ie that a chemical released during the 

copulation ln some way increases the mating drive of either the red .. eyed 

female or the malo. The former is more likely, because the premating 

and intermating times be!ore copulations with whtte-eyed £em!lles hardly 

dUfered from each other. Tbe type of female with which the male bad 

copulated previously wa.u not lm~ortant in lnfiuendng the lntermating periods, 

suggeeting that the eame chemical otimulus io produced in the copulations 

with each type of female. Tbt.e would also suggest that the white-eyed 

females do not react as strongly to the etbnulua · as do, the red-eyed 

females. 

W~yr ( 1950) showed that a chemical that affects the mating threobold 

of the female ia released, by the male. Antennae (containing olfactory 

organs) were removed from female Drosophila. Malee of one or t\1ore 

types were placed with these females, and observations of their matln1 

behavior were made or, in some instance a, fertility of th~ females waa 
' 

used ae the criterion to indicate mating activity. Petit ( l<i59b), on the other 

hand, minimized the role of chemical receptors of the females. Her 

experiments involved excision of antennae and arbtae from female .Q. 

melano;aoter and then observing courtship behavior of these and non.opera.ted 
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femnles with red-eyed and white-eyed males. lt was determined that lt 

was the perception, by organo within the antennae and arletae, of differences 

in the patterns of the wing vibrations of the two types of males that accounted 

for the higher !reqllency of red-eyed than white-eyed males being chosen 

as partner a. Sturtevant ( 1915) observed. that a pair of flies would mate 

sooner if placed in a vial in which a copulation bad just occurred than would 

a palr placed in a c:lea.n vial. This would indicate that cllaeti.on and not 

perception of differences in wing-vibration pattel'ns was the important .!actor. 

The present work indicates that olfaction ta important, at least in 

determining the frequency of eecond copulationo within the same madng 

vials, but the perception of differences in wing-vibration patterns i.e not 

entirely ruled out. 

Durafl~e of Copulations 

The white-eyed females generally copulated for louccr perlodo than 

did the red-eyed females regal'dleoa of whether the copulation was the firot, 

oecond, or only one accomplished by the mate. The white-eyed females 

may be capable of copulating for greater durations than the red-eyed females, 

and lt is aho possible that the duration ia determined by the male, either 

directly or indirectly. The red-eyed femaleo ml&ht force the males to 

dlomount, or the males might react to the CQpulations with the red-eyed 

females by dismounting earlier, even though the duration could be prolonged. 

Another possibUity b that insemination of the red-eyed femalea may deplete 

the sperm supply faster than doee the insemination of the white-eyed females 

thus correlating the duration of the copulation with the sperm eupply. 
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. The durations of the copulations seem to depend on the male to a 

large extent. Some copulate for short periods, whUe others copulate for 

gr~ater durations. Thiel role of the male is indicated by the fact that the 

average durations o£ the second copulations were greater than the first, 

regardless of th111 durations of the first. Scatter d1agramo indicating the 

correlation of the durations of the second with th.e !irat copulations are 

presented ln i'igu. 4 and 5. The correlations are positive in each case, 

though extremely oUght in the R W eerie& ( 4-d). In the other aeries. the 

correlation coefficients do not differ much fl'om each other. Even though 

the correlation coeific:lents are not large, in eac:h of the series except the 

RW the poaltive increases in the d11rationa of the second copulations dependent 

upon the increaoee in the durations of the first wore aignifica.nt (P = 0.01). 

' 
The low correlation in tbe R W series may be a result o£ the small nt1mber 

of individ~s in the oample. 
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FlOURE LEGENDS 

Fig. 1. Premating periods showing pevcents o{ copulations begun within 

indicated intervals (maximum periods). Numbers of copulations are 

WW = 268, WR = 238, RR = Z64. R.W = SZ. 

Fig. l. lntermathag periods showing percents of second copulations. by 

the males begun within indicated. intervals (mean times used). Numbers 

of double copulationo are WW = 2.12, RW = 44, RR = 215, WR = 193. 

Fig. 3. Comparison of premating and intermating periods before copulations 
' 

with white-eyed females (a and b) and before copulations with red~eyed 

females (c and d). Percents of males copulating within specified intervals 

are shown. Numbers of double copulations are WW = Zll, RW = 44, 

RR = ZlS. WR = 193. Maximum times used for premating and mean 

times for intermating periods are given. 

Fig. 4. Durations in minuteo of first and second copulations. Here ~ is the 

correlation coefficientJand h is the regression of second copulations 

oependent Oft first. Area o£ the dots is approximately proportional to 

the numbers o£ individtl8.18. 

Fig. S. Durations in minutes of first and second copulations. Total data 

( 4a-4d). Here r is the correlation coe£ftcient. and b is the regression 

of second copulations dependent on !irat. Area of the dots is approximately 

proportional to .the numbers of individuals. 
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