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- QUANTITATIVE ACPECTS OF MATING BEHAVIOR IN naosew
. Fallip E. Hildeoth

 Lawronco Bndistion Laborptory nad Dopartenons of z.wlogy
Univoroity of £ilifornla, Borkoley, Colifornin °

Ammcs'

. !ndlvtduul mmarhand wildtypo B. molononoctor molon wore pormittod
to choodto botwoon oithor two whito-oyed or twe red-cyoed fomoloo or botwoon
23 r«onéyod ond & w&wcmd fomnlo. Oboorvotions of the fifos woro made
ovor & poriod of about twe hourn and pramnuag perio&n. intormating poriedo
ond tho durntiono of cepulotions wore rocordod,

o ,_Appreslmtoly 82% of tho malco eorﬂlmed ﬁwtvﬂth ﬁhitc-evod- fomoloo
a.n& fhi:;f promoting ond ﬁa}ormﬁt‘ng pariods boforo ec@ﬁlaﬁma writh thto-oyod
fomnloo woro o!gatﬂcunﬂy chortor thon bofero the copulations with rod-eyod
fomaleo. The md-ova& fomaloo uouslly rcgcliad tho courtohip of tho molon
whilo tho whito-eyod fomalos woro moro poosiva. 'i‘h_t_a typo of the pocond

fomale ﬁmomﬁt had lttic influcnce oa whothor or not the males would copulnto

o socond timo. Howevor the rod-ayod fomnles wrc otimulotad to nimto soonor
than the whito-oyed fomolao whon o provicuo copulation hod eccurred in tho
vislo, With cach type of fomaolo, the avérmgo &n_mﬁmo of tho socond copu~
lotions woro longor thon tho fivot. Tho durctiono of the pecond copulationo
wore pooitivoly corrolatod with tho durations of tho firot. The corrolotions
worce low but vory olgnificont,
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QUANTITATIVE AGZPECTS oy MA‘I‘!NG BREHAVIOR IN DROBOPHILA
Pailip E. Hildroth

. Lawronco Radiation Laboratory and Dcpartment of Zoology
Unlvernity of Californls, Baerkoley, Coliforanin

June 24, 1960

INTRODUCTION

Courtship and mating bohavios patterno may bo of great importonce
in establiching sexunl isolation botwaen groups of genetically difforont ‘
_aaixﬁnla and thus might have a oﬁrmg inﬂné‘nce on evolution within o spocico.
prnghua fe maleo whon once incominatod by a2 male uounlly will not cépulata
again for oamo. time. Thus os inr as propagation of that opec‘ion io concornod,
a ouccéo&fﬁl copulation with a m&alc from Her own q‘pocvica_ w‘ould» boraévontﬁgeouc.
Rnwéver o copulation with & male from another upéeica would S,‘a of little voluo |
if fertile offspring did not result, ond probably would be dotrimoental in that
-‘thetfe'ma'le'c réproﬂuctive capacity would be roduced, Mechanioms that w‘ogld
éérmtt individunlo to distinguish betwoen mamboro of thoir own ond slien |
opecics would then be of lmportauczé in an evolutionary sense. | Qimﬂqr’ly»
differences in mating behavior caused by diverce genotypes within a species
might oithe? cnhan:ca- or decrense the chances for survival of individualo hoving
a particular genetypa. 4

There have been ceveral reports concerning courtchij bohavior in the
genus Drooophila, notably those by Sturtevant (1915 and 1921), Wallace and
N - Dobzhancky (1946), Spieth (1952), Baotock nad Mnaning (1955), Bastock (1956),
' ond Monning (1959). Sturtevant and aloo Wheeler (1947) recordod observationo

on the durations of copulations by Drocophilo melanogaster and the numbeia

21

of copulationo which male Drosophila could accomplich under varying conditfono
were roported by Kaufmann (1941) and Mouooige (1955).

a'l‘hio work wao por!ormed undor the auepicoon of the U, 8. Atomic Encrgy

Commioocien.
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It hoo long béen known that preferences extot aneo?ding to which
t_gdivw,ubls of ene opecics more voftoﬁ'matc with thoso of tho coame cpacies
than with oveon cloocly rolated onco (Dobzhanoky and Koller, 1938). More
detﬁileﬂ dota on ouch proferences withia oad betwoen ‘opecico Savc beon
_ vreported in recont yooro.

In Drooophila molanogacter Tebb and Thoday (1956) oboerved that ndi-

vidual fomanles had definite preierogdac ao to the iuuting partaer whon pllowed
to cheooe between two difforent typeo of males. Booigoer (l%?} oboerved that
mﬂ_co having cinnibar-colored oyeo bad a coloctive advaniage over malos
hﬁvins vcr-tn'ilieuf-coléted& oyoco when both typeo of maleos wore in the prosenco
of fomaleo having vermilion-colored ayaé. Hoonigoberg and Sontibanos (1960)
 found that fubred maleo had o markét& preforance for tholr owr; types of iemaleo.
and that cortain outbred otrains wore indiscriminato in tholr pretemgce or
aven prc(érred olien fomaleo, Sontibanez and Waddington'o (1958) investigationo
showod that whito-cyed femalos were lens nccoptable to any male than were tho
othar mutant temaleo tosted. Potit (195%a) left white-oyed or hoterozygous
whlto/()togm-& fomalos in the progonce of whito-oyed and wildtype maleo,
Progony tecto of the fomnleo indicatod that the gonotype of ibe female did not
influonco tho mé;ﬂng froquoncy, but that the gonotyper of fha malo did. Whethor
br not the wbite -cyod maléa had o celactivo advantggc over the red-cyed maloo
vdoplended on tho rolativo proportions of tha two typoo of maleo in tho mating

" chamboro. Tha oelective advanmge cauced by tho whits allole alooc was

~ influcnced by thé raat‘ of tho 3énoﬁe background, Glloé {1958) determinoed

that the gono for bar-shopod eyes roduced tho m&lﬁg capocity bolow that of

the wildtype allele and aloo roduced the fortility of tho Vlomaloo carrying the
bar gone, thio giving tho wildtypo flico a seloctiva advantage whea competing
with bar individualo. |
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Hoonigoborp, Bantibanci, and Sironi (1959) fnvestigoted sonual pro-
foroncas betweon D. proocaltans Duda end D. equinozialoo Robshonoky and

oboarved that the mnting {requencicn of malos with famales of their own
opécies were much higher thon with fomalos of the other dpocieo. Ehrmaon
(1960) found that hybride between two subspecics of D. paulivtorum had o

‘genetic bockground that cauced tho femalos to repol tho courtohip of all meles

testod, mating with nono. Tho hybrid malos courted and wero rejectod by - ﬂ
namfly all the fomoleo teated, in_cln&tag their owm hybrid 'otbltagn_..

Tha oxporiments roported horo doal with tho mating 'piaiomaceo in
D. molanogactor whon individual wildtype males wore ollowad tho cheice

botwoon two fomalos of the same sénatypo or two f{a’m&oo of difforent genotypoo.

 MATERIALS AND METHODS

| Two aiffereut straino of moaéphua 'mn;lawﬁaﬂer provided the ﬂiod

uved in thooe enp'erimenis. Wildtype rod-syod maleo and tnmﬂeﬁr-mre obtained -
from glgmgrkand ctock and tho gsecond otock provided the white-eyed leémlea.
Béth nt:iaimi hod boen kapt in our iuboratéry in maso culturcs, ond nbv attempt
was made to joogonise them. | '

culturau of theoe stocks were ompticd of all flien em'ly in tho marnlna.
and 'app;on&mataly 3 to 4 hr later the newly morge&,_ etfopriag wore colloct_od.
During thio chort péwlﬂd.' after emorgence of the adults, no copulations would
ha\?c oceurred.: Tho etherized 'x:'unleo were immgdiato‘y placed,andhmra&
individually in 4}#41' ﬁh‘eu vials (19 mm in dinmotey emd 65 mm doop) which
contained hardoned culture modium about ! cm docp. The fomales woro _
omré& in similar eimtaiﬁera in éatra--—-two vhita~cyod or twe rod-eyod fomaleo
or one of éacb type. ﬁarly m the aﬁd&mﬁn 2 doys la'zarv.‘ individual moles
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v&ere chialkon, without gthevization, into tho vialso t‘kai contained the pgiro
of fomaleo. In each experimont approximately 100 of those vialo worg _
pla.ced'.on spocial oboorvation troyo which wore 45 ¢m long, 30 cm wido, nad
2.2 cm d@ep. White paper wao ploced in tho tray to allow bettor ‘oboetvcﬁon.
and tho vials woro ceparsted from sach other chloar ploctic rodo o.nd tubca
{n order to preveut the ﬂhw in nny vial being inﬂaancad by the sctivitios of
| m;aa in adjacont viql-a. The ma.xtmnm for cach tray was five rows, each
conmining ten vials. |

Tho ttme that onch malo wao placed with it's pair of £emalea wao
teedx_-dcd. ‘and after the firot flies were placed together, },obnervatiom of the
vialo were begun ot the noxt 5-min interval past the hour. The flios wora

then oboerved in numuiical crdc'runl'ways utnrting'ﬁith the firot in the sories=-

| at 5-min intervais throughout tho experiment. Since a aqceenului mating
uoually laoto for Imn uvarige of oleven or more minutes those intarucis wero
~ chort cnough for uo to oboerve tho ouce_ep‘nial copulations, but probobly some -
attempmd copulations were w#issed; Records were made of the premating
‘and intermating periods and the durations of the copulationo. When a male
| had copalated with both femaloo, the vial contéining thoem wao removed fz-om
the tray. If o male had not copulnted with both temnles within two hourn
after being placed with them. obgervation of that group wao diocontinued,

The room temporature varled from 23.4 to 25.8° C during observations
of the mating bobavior, but within individuol experiments the range did not
 vary more than 0.9°C. At all other timas the fllds were kept in incubators

set at 25 C.
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A RESULTS
Mating;Pr eferences

‘Firot Partner

»

When cach of 294 males was givon the cholco between two red-oyed

- females ao the firoz mating partner, 90% (264) of the malec copulated at

lenot once. Wken oach of 282 males was pormitted to choose betweon two
vwh‘ita-oyed females, the froquency of males that copulatod at leaot once was
increnoed to 95% (264). When tho individual males were given the choice

| betwoen a white-oy&d‘mma!a and a red-eyed fomalo, the froquency of maleo
that copulated_ at least once was then ixictanaed to 98% {290 /29?).»

- When the males were permitted to chooso between the two dﬁierent
typen of femnles, the selection of their firot mating partnerc was not a random
cholce. The first copuletions occurred with white-eyed famales in 8-2%
(258/&90—) of the caoco aé oppoced to only 18% with the red-eyed females.

Eecand Fartnata
" Afmr the maloo had copulated for the firsot time, the wmating freqnenctesv :
| wieh the aoceud formalen of the palrn were influencod vary- ltelo by the type of
~ the occoné fomale.

Armang the 238 males thet firot copulated with white-eyed females,
81% t'lqi) then copulated with red-eyod femaleo. Of 52 males that copulated
firot with rod-eyed females, 85% (44) then copulated with whttl‘e—oyadfemalen.
Whon both femaleo in the poir had white eyeo, 83% (221) of 268 males that
copulﬁtéd once then copulated wmt tﬁe sacond fambie. and when both fomaleo
of the pair hnd rod eyea’ 85% (223/264) of the mélan that cWato&Emco then
copulated o emcond timao.

Ao an tndice.t&cu of the level of activity, o "mating index" may be uoaﬁ.
It in dofined oo the fraqnency of actual co;;ulauonu among the pousl‘blo total
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o! .zcopuluuond. In the serico in whicS individunl moleo wore oboorved with

) poiro of red-oyed femaolaos, tkctd wore 294 males, ond if ooch had copulated

with both femaloo, the indox would hovo boen 2.00, which §o the theorotical

morximum for any of the corics. However in thio octual oerieo thero wore

487 copulations ylolding on fadox of 1.65. The mating index in the white-

whito oerics chowed on incrense to 1.73, and in tho seriec containing ared-eyod

‘ond & whitoseyed fomnlo in ench pair, tho ‘maoting indox inecroaned to 1.77.
Table 1 chowo the :raqiamibo for malec that did not copulate, V copulated once,

or copulated twice. It com be coenm that aven though the white-white and white-

zod oeriec are oimilor the red-»réd series divorgoo quite sharply from both.

Fremnginﬁ Poriodo

The interval botweon the tima that the two fomalos and tho male were
placod togethor and the 'ﬁrof. time that the mole wao oboerved copulating with
ono of them io takon oo tho promating poried. For comparioono, the cwdaﬁmo
wore groupod into thosc that began within the average estimatod times of 5, 10,
15, 20, and greater than 20 min ofter the flico were placed together (Fig. 1).

Tha male wao not oboorvod when he mounted {a each case, therofore the period

1o & maximum estimate based on the time the male wao firot choerved copulating.

The maloo copulnted much cooner with the white-oyed than with the
roﬂ;eyed fomales. More than 54% of the double copulations with white-oyed
fomolao firot (WR = §4%; WW = 63%) werc initiated within 5 min, but leos than
25% of the double copulations with red-eyed females firot (RR = 20%;

RW = 25%) worc bogun within thic came period.
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Table 1

Frequency of copulationo.n
Two iemalas and one male precent in each vial.

- Fomalosn Neither Only one fernale Both femaleo Total males
presont = fomaole copulated  copulated copulated available
(%) - (%) ' (%)

Two red 19 13 76 294

Two white 8 - 17 78 282
One white and 2 18 80 297

one red - ,

8% =217.58, D.F. = 4, P <0.01,
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ln:aimating Puriodo

The interval botweon the time me a malo aiomoamod ot the termination

of the firot copulation and meunted the othor fomale for the bogkmiag of the
second eopulation ie rogm-dea an. the intermating patto& Tho exnct timos
that the mole Qio;acantaé aw:l mounted were not obgerved therefore an average
- ootimate woo calculated from tho timoo that tho male wao lasjﬁ oboerved to ba
mulating,wigh the firot fomalc and first ebsorvod to be copu_laung with the
 socond fomale. The froquencies of individunle within the givos intermating
. parmdo are prosented fn Fig. 2. in genernl, after the ﬂrct copulation the
~-maled tended to copulate sovacr wﬁth the occond femalo of the pair 5.( nhe wao

j ’a white-eyed rather than e red-eyed fomole. |

mratlonn of Gopn!aticus

i

The poriod batween tho timeo that a malo auccmnmny moumd and
diomountod o female {0 conoidered as the duration of ﬁm comlaﬂon. As the
malo wao aot oboerved whon ha mounted and diomounted in cach inotance an
- avcrage entimate of the durotions was booced on the first and the lact timeo
"‘that a male was bbberved copulating with a particelar female,

Siogles Ouly : , ‘

Tha average durationo of the copulotions with the whito-eyod femaleon
were 13.5 min in the whitc.white (WW) cerics and 13.9 min in the whtte-red
qwm serioo. ’I‘ho averago durationo with tha red-oyod fomales wore 12.3 min
fn the red~-rad (Rm oad 11.9 min in the red-wbﬁte (RW) verioo. The ranges
_ nnd diotrﬁbuttono of the dumtwno aro presented in Table . Tho results of
the x nuolyuen of theco data are vhown in Trblc . The avorage darhziona
with the white-cyod fomales (n onch caoe are greater than cither of the averagoc
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Purations of copulationo. Pnrsuut o! maloo that cepulated far dcaiguated intorvnla.
Tweo females and onc male preoent.

Femaleo Female % malee co , _
present . mated 5 ol b mils 15 min. 2Umin Total = Aversge
_ fh_'et = . L : : -m_alen duration
|  Singles ,
Two white W 2 28 - 68 2 4 13.5
Two red R o 54 46 B IS S 12.3
" Redand =W 2 18 80 0 45 13.9
white R 0 63 371 o 8 119
Firot of doubleo , o
Two white w i 37 55 7 181 13.5
Two red B : 1 62 35 2 178 11.3
Red ond W 1 39 s 4 193 132
white R 7 45 48 0 4 120
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Table 111

Homogeneity tests of differences between singles and first of doubles.

T oup % 2 Degrees of Probability
freedom
WWwW 4,34 3 0.2 - 0.3
RR 2.72 3 6.3 - 0.5
WR 10.70 3 0.01 - 0.02

RW 1.20 2 0.5 - 0.7
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with the red-eyed feméles. and although the differencas appear to be amall,
the white-eyed females did copulate for significantly longer periods than the
red-eyod (RR ve WR, P <0.01; WW vs RR, P= 0.02t00.05; WR ve RW,
P= 0,02 to 0.05)., These xz calculations were based on those individuals
that copulated for 10 min or leos compared with those that ceopulated for more
tﬁan 10 min. In one inetance (RW vp WW) the differences were not significant,
the probability that the. differences were cnnﬁad by chance fluctuations being
0.05 to 0.1. However, not much consideration should be given to this or any
other calculation involving the RW series, as it involved only eight males.
- There were no eignificant differences between the series involving white-eyed
fermales { P = 0.2 to 0.3) nor those invelving red-eyed females { P = 0.9 to 8.95)
regardleas of the type of the pecond female precent,

Firot of the Double Cbpulaﬁieus

In most caces the averages for the first of the double copulations were
not groatly different {rom the single copulations within their respective rhating
groupa, noy were the ranges and distributions much different from the singles
{Tableo Il and II1). The males copulated for longer durations with the white-
eyed than with the red-eyed femasles; in three of the comparisons (WW vs RR,
WR vs RW, sad RR vg WR) the probabilities that difference in distributions
between the series could be caused by chance fluctuationg alone were less than
0.01, and the probebility was 6.02 to 0,05 in the fourth instance (WW vs RW).

Second Copulations

The durations of second copulations were generally greater with
white-eyed fernales than with red-eyed females {Tables IV and V). In all cases,
the durationg of the second copulations were oignificantly greater than the

first of the double copulations (P < ¢.01). The xz values for white first ve
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Table IV

Durations of the second copulations. Percent of males that copulated for designated
periode. Two females and one male present.

Females mated %> males copulating Total

Average
First Second 5Smin 10 min 12 min 20 min 25 min 30 min males duration

W 1 14 58 24 3 o 141 15.
R R 1 33 57 8 1 0 175 13.7
W R 1 28 . 89 12 o 0 193 14.1
R W

a 18 59 23 ¢ ¢ 44 15.2
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Table V

Homogeneity tests for (A) white second vs red second, (B} white asecond,
and {C) red second.

Group ,XZ L;ig::azsm of Probability
WW va RR 24.98 4 < 0.01
WW vs WR 19.21 5 < 0.01

. RW vs RR 10,82 4 0.02-0.05
RW ve WR 4.9¢ 4 0.2+0.3

B WW va RW 2.16 4 .7-0.8

G  PRRvs WR 4.93 5 8.3-0.5
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white second are (a) WW vs WW: xz

x*=21.51, D.F. = 3; {c) WW vs RW: x

= 31.71, D.F. = 4; (b) WR vs RW:
2 2 11.60, D.F. = 3. For red first
vs red second, the values are (a) RR vs RR; xz = 32,68, D.F. = 4; (b)

2 - 49.46, D.F. = 4.

RW vs WR: x° = 15.89, D.F. = 4; (c) RR vg WR: x
The durations of the second copulations generally were positively

correlated with the durations of the first copulations. A short {irst copulation

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

first copulation (Table VI1).

DISCUSSION

Petit (195%a) concluded that it is the genotype of the male and not
of the female that influences the mating frequency. On the other hand, Tebb
and Thoday and alsc Santibanez and Waddington attribute much of the influence
on mating frequency to the female. The latter two authore 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 choose between them.
According toc Ehrman, female hybrids between two subopecies of D. paulistorum
repelled the‘courtahip of all males tested.

Apparently the mating frequencies may depend on the genotypes of
both the maleo and females. In the experiments reported here, about 82%
of the males that copulated at least once did so with white-eyed
females ’t'irnt, and only about 18% copulated first with red-eyed females.
Observations of individual males with white-eyed and red-eyed females
showed that white-eyed females were less active than the red-eyed

females, which {n most cases would avoid the male by



-17- UCRL-9284

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

o Number of Average female copulation time (min) Average male
males .copulation time {min}

White lst White &nd

1 L] 10.0 15.0

53 10 14.7 24.7

77 15 16.0 31.0

10 20 18.0 38.0

White 1st Red 2nd

1 5 15.0 20.0

76 10 13.2 23.3

108 15 14.8 29.8

8 20 16.2 36.2

Red st Red Znd

2 5 ! 10.9 15.0

109 10 12.8 22.8

61 15 15.5 30.5

3 20 13.3 33.3
Red 1ot White 2nd

3 5 13.3 18.3

20 10 15.8 25.8

21 15 - 15.0 30.0
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running or reject him by kicking. The white-eyed fomales showed less of
this avoidance reaction tcwéard the males and with only brief courtship would
permit copulation. Frequently males would switch their courtship from the
red to the white-eyed females and within seconds would have mounted the
white-eyed females for the first copulation.

0:;9 small test involved- 35 individual white-eyed males, sach of which
was permitted to choose betweon a red-eyed and 8 white-eyed fexﬁale.. The
results were similar to those obtained when the red-eyed males were given
the same choice. Among the males that copulated, about 80% did so first
with the white-eyed females,

The fact that the mating index was greater in the WW and WR series
than in the RR series also indicates that the genctyps of the female is an
important selective factor. The mating index does not distinguish 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 copuldted twice {Table I). The differences between the W¥W and the
WR aseries are not great { P = 0.2 to 0.3), but the differences between the WR
end the RR series are sigpificant at the 5% level, The WR series has an
activity level represented by a mating index 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 once, t.f'ae typea cof the second females
in the vials had littie influence on whether or not the maleés would copulate a
second time. Approximately 81 to 85% of the males copulated a second time
regardless of the; types of fernales with which they had copulated first, and

regardless of the types of the other females in the vials. In each case the
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analyges of these data yield probabilities of at least 50% that the differences

could have been caused by chance fluctuationo.

. Prematingﬁ?eriods

The fact that the males copulated much sconer with the wﬁite-eyed
than with the red-eyed females (Fig. 1) is a direct result ofthellesser avoid-
ance reaction of the white-eyed than the red-eyed females toward the males.
When the males were permitted the choice between two white-~eyed females,
63% cop\_;!ated 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 differences would

2 . 102.73, D.F. = 1).

have occurred by chance alone is less than 0.01 (y
When the individual males were permitted to choose between a white-eyed
and a red-eyed female, 54% copulated with white-eyed and only 25% with
red-eyed females during thic 5-min period. As in the previous analysis,
the probability that chance alone would bave accounted for the differences is
less than 0.01 (xz = 13,96, D.F. = 1). The two remaining analyses of the
difference between the mating frequencies within the first 5 min also show
that the males copulated sooner with the white-eyed than with the red-eyed
females, and the differences are very significant (WW vs RW: ¥ 2 . 25.47,
D.F. = 1; RR ve WR: x° = 63.34, D.F. = 1), |
When the males chose red-eyed females as their first partners,
the type of the second female present in the vial had little influence on the
frequency of copulations within the first 5 min., Twenty percent of the males
in the RR series and 25% in the RW series copulated with red-eyed femalesa
within thic period (P = 0.3 to 0.5, x = 0.7449, D.F. = 1). Apparently the

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

When the males chose white~ayed females as thetr {irst partners,
the type of the second female present did influence the frequency of
copulations within the first 5 min. During this period, there were
significantly more copuiations within the WW than in the WR series
(P=0.02 t0 0.08, x° = 4.40, D.F. = 1). This may have been because the

males unsuccessfully courted the red-eyed females before copulating with

 the white-eyed ones.

Intermating Periods

T he average intermating periods before the copulations ware shorter
with the white-eyed females in each instance than with the red-eyed females
(Fig. 2). The differences in distributions were found to be highly significant

when the WW waas compared with the RR group(P < ¢.01, x° = 17.76, D.F.=5)

2. 32.12,

and when the WW was compared with the WR geries {P < 0,01, %
D.F. = 5). In the other conparisons, WR vs RW and RR vo RW) the
diff@renéeo were not siganificant; however the RW series contained less than
a quarter as many double copulations as any of the other three groups, and
the statiotics involving thic group are not too reliable. The type of female
with which the male mated first bad little influence on the intermating
periods, as the differences in distributions between the WW and RW series
and between the RR and WR series were not significant.

The shorter intermating periods before the copulations with the
white-eyed females than with the red-eyed females also 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 shown in Fig. 3. In the WW geriece, 67%
of the first of the double copulations were begun within 5 min after the
flies were placed together and within 5 min after the termination of the first
copulations, 67% of these males had begun 8 second copulation (Fig. 3a).
The premating periods before each of the two successive copulations follow
similar diatribution patteras (Fig. 3a), and based on the freguencies of
copulations initiated within the first 5 min in each eof these categories, the
differences are not significant { P = 0.99+). The differences between
pre-WR (56%) and inter-RW (627%) are hardly eignificant as seen in Fig. 3b,
nor are the differences between pre-WW (67%) and inter-RW (62%). The
. probabilities for chance deviations accounting for the differences in the two
latter cages are 0.3 to 0.8 and 0.5 to 0.7 respectively.

Apparently, whether or not 8 male had copulated previously had
little influence in determining the durations of the pericda before either
the first or second copulations with white-eyed females. However, the
periods before the ccopulations with the red-eyed females were greatly
influenced by whether or not a copulation had occurred previously.

Distribution patterns for the periods before the first copulations
with red-eyed females d.iffered from the patterns {or the periods before
the pecond copulations with red-eyed females (Fig. 3c and d}. When the
males had not copulated previously, only about 20% (pre-RR, Fig. lc) to
27% {pre-RW, Fig. 3d) of the first copulations with the red-eyed females
were begun within the first 5 min from the time that the flies were placed
together. However, if the males had each copulated ence, then about 48%

(inter-WR, Fig. 3d) to 52" (inter-RR, Fig. 3c) of the second copulations
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of the males were begun within 5 min after the termination of the first,
In each case the distributions, based on the frequencies of copulations
within the first 5-min periods of the premating as oppoeed to the intermating
times, are significantly different from each other (P < 0,01, D.F, = |;

)(Z = 46.88, {or pre-REvs inter-RR, };2

= 6.93 for pre~-RW vs inter-WR).
A third test, comparing the premating periods of the RR series with the
intermating periods of the WR serics, aleo yielded results that ave bighly
significant (x© = 35.29, D.F. = I).

One posgible explanation why the males mated sconer with the red-eyed
females after previous copulations is that a chemical released during the
copulation in some way increases the matiag drive of either the red-eyed
female or the male. The former is more likely, because the premating
and intermating times before copulations with white-eyed females hardly
differed from each other. The type of femnale with which the male had
copulated previously was not important in influencing the intermating periods,
suggeesting that the same chemical atimulus is produced in the copulations
with each type of female. This would also suggest that the white-eyed
females do not react as strongly to the stimulus - as do- the red-eyed
{emales.

Mayr {1950) shq&ved that a chemical that affects the mating threshold
of the female is reléamed. by the male. Antennae {containing elfactory
organg) were removed from female Drosdghil . Males of one or more
types were placed with these females, and observations of their mating
behavior were made or, ix" some instances, fertility of the females was
used as the criterion to indicate mating activity. Petit (1959b), on the other
hand, minimized the rolec of chemical receptors of the fermales. FHer
experiments involved excision cf antennae and aristae from female D.

melanogaster and then observing courtship behavior of these and nonoperated
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females with red-eyed and white-eyed males. It was determined that it
was the perception, by organs within the antennae and aristae, of differences
in the patterns of the wing vibrations of the two types of males that accounted
for the higher frequency of red-eyed than white-eyed males being chosen
as partners, Sturtevant (1913) observed that a pair of flies would mate
sooner if placed ia a vial in which a copulation had just occurred than would
a pair placed in a clean vial. This would indicate that clfaction and not
perception of differences in wing-~vibration patterns was the important factor.
The present work indicates that olfaction is important, at least in
determining the frequency of second copulationo within the same mating
vials, but the perception of differences in wing-vibration patterns ie not

entirely ruled out.

Durations of Copulations

The white-eyed females generally copulated for longer periods than
did the red-eyed females regavdless of whether the copulation was the first,
pecond, or only one accomplished by the maie.. The white-eyed females
may be capable of copulating for greater durations than the red-syed females,
and {t is also possible that the duration is determined by the male, either
directly or indirectly. The red-eyed femaleo might force the males to
dismount, or the males might react to the copulations with the red-eyed
females by dismounting earlier, even though the duration could be prolonged.
Ancther possibility is that insemination of the red-eyed femalos may deplete
the sperm supply faster than does the insemination of the white~éyed females

thus correlating the duration of the copulation with the sperm supply.
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. The durationa of the copulations seem to depsnd on the male to a
large extent. Some copulate for short periods, while others co;mlateiior
greater durations. This role of the male is indicated by the fact that the
average durations of the second copulations were greater than the first,
regardless of the durations of the first. Scatter diagrams indicating the
correlation of the durations 'of the second with the first copulaticns are
presented in Figs, 4 and 5. The correlaﬁons are positive in each case,
though extremely olight in the RW series {(4d). In the other series, the
correlation coefficiente do not differ much from each other. Ewven though
the correlation ccefficients are not large, in each of the series except the
RW the positive increases in the durations of the second copulations dependent
upon the increases in the durations of the first were aignificant {P = 0.01).
The low correlation in the RW series may be a result of the small number

of individuals in the sample.
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FIGURE LEGENDS

Fig. 1. Premating periods showing percents of copulations begun within
indicated intervals (maximum periods). Numbers of copulations are
WW = 268, WR = 238, BR = 264, RW = 52,

Fig. 2. Intermating periods showing percents of second copulations. by
the males begun within indicated intervals (mean times used). Numbers
of double copulations are WW = 212, RW = 44, RR = 215, WR = 193,

Fig. 3. Comparia?n of premating and intermating pericds before copulations
with white-eyed females (a and b) and before copulations with red-eyed
fernales (c and d). Percents of males copulating within specified intervals
are shown. Numbers of double copulations are WW = 212, RW = 44,

RR =215, WR = 193, Maximum times used for premating and mean
timgs for intermating periods are given,

Fig. 4. Durations ia minutes of firat and gecond copulations. Here 1 is the
correlation coefficient and b is the regression of second copulations
dependent on firet. Area of the dots ie approximately proportional to
the numbers of individuals.

Fig. 5. Durations in minutes of {irst and second copulations., Total data
(4a-4d). Here r is the correlation coefficient, and b is the regression
of second copulations dependent on first. Area of the dots is approximately

propertional to the numbers of individualas.
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