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]. I~:r~{ODVCTIO~ 

Hollingsworgh & Maynard Smith (1955) studied an inbred line of Droso3gdb, subobscura,, 
referred to as the O line, in which tile males were infertile. When females known to be 
fully fertile were rouged go O maffes, a large pro]?orgion of ghe eggs laid fa.iled go hatch ; the 
fraction of eggs from such a ma,tiug which ha,gehed was ga;ke:a as a measure of the fertility 
of the -male parent. Far ther  sbudy of dais male infertili W is made more diNeuJ.t by the 
greag varia,tion in ~he fertilities of di:fferent O males, which may rauge from 1 to 85 ~ .  
Such variation could be due go: 

(i) Genetic differences between males, 
(ii) D].:fferenees in the environme:t~.ta], eondigions in which glue males were raised, or 

1%2 
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(iii) The age at which the male was mated, the number of occasions on which the male 
had mated ]?review,sly, and the period elapsing between mating and[ the collection of eggs. 

I t  was decided eo study first the effects of the third group of factors, since these are the 
easiest to eon~roI. This paper describes such an investigation; it still leaves much of the 
variation in fertility nnexplained, but it has shown that O males are deficient both i~ 
the quantity and in ~he qualRy of the sperm produced when compared[ to outbred males. 

I t  was necessary to watch, the mating of the pairs whose fertility was measured. As 
a reszflt of observing both. the l~rtility and the mating b&avionr of individual flies, some 
stu'prising Nets have been discovered concerning the conditions influencing mating 
behavioar in this species. 

A case of sexu~l selection in ;D. subobscura has previously been demonstrated by Rendel 
(1945). Another case, which may have a closer resemblance to ehe selection occurring in 
wild populations, is described here, and it is suggested that one feature of ~he couztship 
behaviour of females may have evolved because it results in a female mating with one 
conspecifie individual rather than another, the ' selection' of a mate being such that the 
female leaves a greater number of progeny. 

2, M~T~ODS .r TEa~ZNOr~O~Y 

All the females used were H~ hybrids between two inbred lines, B and K, and are referred 
to as B/K hybrids. 

Four types of males have been used: 
6) Outbred males, i.e. B/K F, hybrid males. 
(ii) Inbred males, taken from the F,8 of the O brother-sister m~ted line. 
(iii) Inbred testis-less males, which are the sons of females homozygous for the recessive 

mutant gran&/dldfess (Spurway, 1948). These males have no testes, but the external 
genitalia, accessory glands and ducts are normal; ~hey are highly inbred, sil~ce the stock 
can be kept only by crossing close relatives, and carry the sexdinked mutant vet,milieu 
(bright red eyes), which is present in the grandchildless stock. 

(iv) Outbred testis-less males, obtained by crossing females from the grandehildless 
stock to B/K males. Like the previous type, they have verr~igon eyes and no testes, but 
they are not inbred. 

The testis~less males were used only in ~he experiments on behaviour. 
A number of O and B/K males, 3 days after eclosion, were pared with "Lday virgin 

B/K females. Where mating was observed to take place, the pair was immediately 
separated, and the male paired with a second virgin female. A second mating often 
oce~_rred within approximately 1 hr. of the w In this way, ten pairs of females were 
collected; the two members of a pak having been observed to mate with -the s~me O male 
in rapid succession. The ten O males are referred, to as d O I, ~ O 8, etc., the first female 
mated to <~ O 1 as _~ O Is, and the second as 9 0  It. Similarly, six pail's of females were 
obtained, the {we members of a pair having been observed to mate with the same B/K 
male. Such males are referred t:o as c~ B/K1, etc., and[ the females as 9 B / K l a  a~d 
o B/Klb, as before. 

The thirty-two females were subsequently transferred everyday into a fresh vial, until 
they died, were killed for dissection, or were remated. Each vial contained a slip of balsa 
wood on to which had been poured, a drop of food consisting of agar and molasses, with 
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:living yeast suspension added. The females laid eggs on this food, and, 48 hr. after the 
transfer of tke female from a vial, the wood was removed and the numbers of" eggs laid and 
=tiabChed were recorded. Where only one or two eggs had hatched, the hatch was always 
~onfirmed by the presence of living larvae. All vials were kept covered with a damp cloth, 
nader which t.he temperature varied from 64 to 67 ~ F. 

The ben 0 males were kept in separate vials, and were paired at weekly intervals with 
l~day virgin females. The females mated, for example, to c? O 1 are referred to as 9 0  le, 
Oid, OIe, according to whether mating took place ~, 2 or 3 weeks after the original 
ms~ings. Samples of eggs were collected from these females before discardillg them. 

It is therefore possible to compare the percentage hatch of eggs laid by different females 
ma~ed to the same male at different times, and by the same female at different periods 
~.Rer mating. 

3. F~,RTILITY 

( ct) Represen~a~ive femc~e~ 
Any grouping of ~he data on numbers of eggs laid and hatched tends to obscure what is 
happening. Therefore the results for the first 4:0 days after mating for three representative 
females are given in Fig. 1. Considering first the females fertilized by B/K males, four 
periods can be recognized: 

Period A, during which all or almost all the eggs hatch. 
Period t3, during which there is a rapid decline in the proportion of eggs hatching. This 

period is taken as starting on the first of two consecutive days on which ths percentage 
egg hatch is less than 90 %. 

Period C, during which only an occasional egg hatches, taken as starting on the first of 
two consecutive days on which less than 20 ~ of the eggs hatch, and ending on the day 
when ~he last hatched egg was recorded. This period was short or absent in some females 
{e.g. ~ B/K].6a,  Fig. 1) and prolonged in others ( e . g . 9 0 l a ,  Fig. 1). 

Period D, during which no eggs hatch. 
The boundaries between these periods have been ehosel~, arbitrarily. I t  is ahnost 

certain tha t  the reason for the low hatch d~ring periods C and D is that  only a small 
quantity of sperm remains in the female receptacle. This has been confirmed for some 
femates by dissection. The faiIurs to hatch cannot be due to the qualRy of the eggs 
produced, since on the few occasions on which such females h.ave remated and have laid 
further eggs, these eggs have hatched. Females in periods C and D will be referred to as 
exhausted' females. 

Females fertilized by O males differ in that. an appreciable proportion of the eggs laid 
immediately after routing fail to hatch. This is thought to be because a proportion of the 
sperm produced by O males are in some way inadequate. 2rIowever, there is an initial 
period A during which the percentage hatch for a given female is fairly constant. I~a such 
eases period ]3 is taken as starting on the first of two successive days, on each of which the 
percentage hatch was lower than the mean for the whole prec, eding period., the differersce 
for the two days combined being significant (P < 0"01). 

( b ) Inadegu~el, y inseminated females 
In all, eight females (five of the original thirty-two fem.~,les a m" b, and three of the 

females e to e) proved to have been inadequately inseminated, although copulation was 
observed. The histories of the five original females are sh.own in Fig. 2. tn  all. cases they 
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laid few eggs, and of these few or none ha~ehed. Failure to inseminate m a y  occur because 
~he male has exh.aus{cd his sperm in s previous mals (e.g. 9 B /K  17b), or possib]y because 
the male f~iled ~o produce sut~cien~ sperm (.~ O 2 0 a  and -9 O20b). In  four of the eight 
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cases, the females w e r e  paired again with B/K males afl, e r a  week, mating ~ook place: and 
the fern.ales stzbsequent.Iy laid fertile eggs. In  three cases ~he femaIes .were dissected, and 
proved to ]:ave few or no spe~'m in their receptacles. Lastly, 9- O 28 b rema~ed after a week 
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~i~li the same O male, and ~he mating was again ineffective. After another week, this 
fem~ie was paired with a B/K ma.le, and after a number of trials mated for a third time, 
eMlaid fertile eggs. 
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Fig. 2. Number of eggs laid daily, hagched (bl~ek) and anh~ehed (white), by five inadequ~l,ely inseminated 
female,~, .D, &isearde&; ]~fs, killed, l%w me Bi].e sperm preseng; ]~ns, killed, no molile sperm present ;.rm, rema~ed 
t,o B tK male; r'm,O, remated go O malt. Shading below the ~beeissa inckie~l, ea t,ha~ the eggs were not. recorded 
dtlring thai: period. 

(c) Summarized datc~ 
The results for all thirty-two females are summarized in Table I. 

(i) A&~t ~o~z.qevity of B/K ./~vz~l~s 

Th.e data on %hi8 are ~tnsatisfaetory when compared to the resu]:es of Clarke & 13/Iaynard. 
gmitl.l (1955), since fewer females were used, and some were discarded in. the coarse of the 
experiment. Ilowever, the %re.ales i1~ the present experiment lived longer; eighb of I:he 
origiaal thirty-ewe females were alive I00 day,s at%er eolosion, and one lived for 133 days, 
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~ere~s none of the fifty females kept by Clarke & M.aynard Smith lived le~ger ~han 
N ~t~ym The difference is probably due to the slightly lower temperature in the present 

i~@rimen~. 

i(~)/~ate of egg layiny 
;Table 2 gives the mean numbers of eggs laid at various ages; the following conclusions 

~m]Je drawn: 
Fertilized females with sperm in ~he receptacle lay approximately thirty eggs a day for 

~tie:first 30 days after mating: after which they lay eggs at s toa t  half that rate. These are 
~erage figures ; there are large ituotttations fl'om day to day in the ~umbers of eggs laid 
il~y the-same female. No female retaiued an adequate quantity of sperm for more than 

!~:.days. 

Table 2. l~te of egg k~ying 
D~ysa l te rmat i rN ... 1 2, 3 4~10 11-17 18-~24 25=31 32-gg 39--~5 !6-52 53-59 60-73 7&94, 95 101 

.~g~. 5iean daffy lay 28"9 33-4 30"S 28-8 32-0 15.,1 ].9.0 13-7 . . . .  
~ : e i M u s t e d  _No. of females 2 S 13 12 10 S { "/ 9 8 6 
~ ' . ~  . Mean daffy lay 37'7 29"6 -P2-5 8'9 9-8 I3-1 t6"g 9.-i 5"5 3"7 

~N~t~ly  No. of females - -  "{ 7 . . . . . . .  
~ted Nean daily lay - -  6'2 8"4 . . . . . . . . . .  

~ a  
~ I ~  ma~ed t~ _No. oI iemales 9 9 9 . . . . . . . . .  
g~u~I~si males _.'~Ie~n daffy lay O 1-2 4-2 . . . . . . . . . .  
~i{~;:fehmles No. of females 2 4 2 . . . . . . . . . .  
~ t : ~ 1 7  days h'tean d~"Cdy lay O 20-9 18-0 . . . . . . . . .  
~ i f e m a l e s  No. e~ ~emales 6 6 6 . . . . . . . . . .  
~,30-4~ days Mean daily lay 0 0'5 19'3 . . . . . . . . . . .  

The ra~e of egg laying by females exhausted of sperm is not greatly different, but the 
d~dine occurs slightly earlier. The rate continues to decline with age. 

In~decN.ately inseminated females, or females mated to testis-Iess males, lay few eggs. 
Virgin females also tay a few eggs. 

There is a delay in egg tayi~g ~fter remaging, which is particularly markedin old 

females. 

(iii) Male fe~'tility 
The total number of eggs laid by females which died a natural death ;stied l.'~om 536 to 

2276, with a mean valua of 1287. The number laid did not differ significantly for females 
mated ~o differen~ types of males, llowever, the number of eggs which hatched varied 

greatly for different kinds of mating, as follows, 

]First, m a t i n g  of m a l e  Second toss ing  of  male  

T'U?. e of ma le  B / K  0 B / K  O 
Mea,n h a t c h  t13A 26~ 301 176 

Eggs ]aid by females mated ~o O males failed, to ha~cl~ for two differen.t reasons. Duriztg 
~Ite initial period A a fraction of the eggs, approximately constant for a given mating, 
failed go hateli, probafbly ~baeause a fraction of the sperm produced by O males are 
inadequate to ensure the d.evetopmet~.t, of the zygote. The fl'aetion of eggs hatching daring 
~his period is taken as a measurs of male fe~f~ility, and vm:ied from 0-_4-29 go 0'836 for 
different rantings to O males. In co]arras% the fertility of marinas to B/N males varied 
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from 0-978 to I-0. During the first t0 days, the ten :females which were adequately 
inseminated by B/K males laid 3724 eggs, of which only fourteen failed to hatch, so that 
during this period 99-6 ~ of the eggs hatched. 

Th~s ~he difference in fertility between O and B/K males is clear-cut. There are, how- 
ever, differences between different O males, and between different matings by the same 
O male. Table 3 gives the fertilities of matings to O males, excluding c~ O 20, which faiied 
to produce sufficient sperm to make a measarement of fertility possible. 

Table 3. Variations in the feq'tility of O males iq~ s~tccessive marinas 

I hr. 
Mating a b 

d O I Eggs counted 544 71 
% hatch 59'5 45.0 

c~ 0 S Eggs counted 261 74 
% hatch 42-9 58-1 

0 10 Eggs cmmted 287 44,t: 
hatch 83.6 82-2 

d ~ O 14 Eggs coun'~ed 265 339 
% h~teh 55.4 64.2 

<~ O 15 Eggs coLm~ed 393 334 
% hatch 80"I 68-5 

c~ O 21 Eggs counted 332 3t7 
% hatch 68'0 81"4 

d' O 22 Eggs counted 349 127 
% hatch 75-4 76-4 

O 27 Eggs counted 962 96 
% hatch 74-0 54-1 

d O 28 Eggs textured 99 -- 
% hatch 45.5 

Time ~ff~er firsl~ mating 
z ~  

7 days 14 days 
s d 

38 69 
84.3 8%0 

- -  52 
67-4 

21 days 

45 
89-0 

52 158 204 
75.0 74-7 71.6 

58 - -  63 
65-5 85-7 

132 261 
82-5 84.16 

72 55 - -  
75.0 76.4 

- -  1 6 5  

75 "7 

87 - -  
57"5 

Considering first the original rantings a and b, for the eight males which successfully 
inseminated both partners, it can be shown that  there are significant differences between 
the fertility of a given male as measured by the first and second mating, a difference 
which may be in either direction. Eowever, these differences are small compared to the 
differences between different males: 

V~ri~nee 
X 2 d.f. X"/d.f, ~atio -P 

Differences begween [he fiwo makings by ~he same male 56 8 5-0 
4.8~ 0-03 

Differences between males 237 7 33'9 

Total 293 t5 

Secon.d_[y, considering the later rantings c, d and e, in some eases the fertility increased 
with age (e.g. males O 1 and O 8), and in others there was no change (e.g. male O 29). I t  is 
impossible at present to explain these variations in the fertilities of different makings to 
the same mate, Consequently, although there are signiffoan~ differences between the 
fertilities of different O males, it is difficult to give an accurate estimate of the fertility of 
any particular male. 

The infertility of O males will aceotmt for a reduction of about 40 % in the number of 
hatching eggs laid by a female mated to an O male as compared to a B / K  male. 
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liv] ~ld~e fec~z~ity 
During periods C and D many eggs fail to hatch because there are insufficient sperm in 

~h~ receptacle to ensure fer~iliz~tion. The data in Table 1 show that the duration of 
p~iod A, during which th~ percentage hatch is constant, is usually greater for femMes 
:m~t~d to B/K males than to O males. The most likely explanation is the% B/K males 
~r0clace more s p e r m . . i n  alternative exI?]anation is that the sperm produced by B/K 
m~les survive for a longer time. The latter explanation, however, fails to ~ecoun.t for the 
~c~ tha~ the second female mated to ~ male, whether B/K or O, ~sually laid fertile eggs 
f0r a shorter time than did the fi.rst femgle to be mated. This woald be expected if the 
differences in the daration of period A a]:e due to differences in the number of sperm 
.ijee~ed, hub no3 if they are due to differences in the sarviva~ time of sperm. 

It/will therefore be assumed that we are concerned with a difference in t.he number of 
sperm produced; th.is will be o~lled a difference in fecundity, as compared to the difference 
in fertility already discussed, which concerns the quati~y rather th~n the qu~nti~y of 

sperm. 
k measure of male fecundity is given by the number of eggs laid by the female mated to 

that male before the percentage egg hatch ~tarts to decline, i.e. by the number of eggs laid 

d~i~g period A. The mean s, alaes are: 

First mating Second mating 

Type of rome B/K 0 B/I{ 0 
]Eggs ~aid d~ring period A I0()3 _9.7[ 289 I~6 

There is an approximately fourfold difference between the feeundities of B/K and O 
males as iuclged by their first rantings; this ~ecountu for most of ~he difference ]~etweea 
~he total numbers of hatching eggs laid by females mated by the two types of male. 
There is also a great reduction in the number of sperm produced in the second mating by 

both types of male. 

4-. ~ATINQ B~IKAVIO~JK 

(rl,) Nor~m~ co~.r~sAi; 

~?hs courtshi 9 of D. s~bob~c~'a has been described by P~endel (1945) and SlJ.eth. (1952), 
~nd in greater detail by Milani (1951 a). tn this species visual stimtdi are ~he most im]?of 
%~1~t in influencing courBship behaviour; me . t i n t  dOeS not gal[e place in the, dark, and, 
unJike other species in the obsm~'a group, msle.s will attempt to copulate with wax models, 
i.e. lumps of wax about the size o:f a flY, provided the latter are moved in an appropriate 

manner (Nilani, ].951b). 
In the %llowing descrigbion of normal courtship, whieh is based on my own observa- 

tions, I h.ave adopted Spieth's terms 'scissoring', 'tapping' and ~decampi~g'. The terms 
'mating' and 'copulation' have been ased synonymously, and ira.ply thab the an~le has 
mauaU~d the fenmle, and that th.e pem.s haa been inserted, into gh.e female wgin& In 
Practice it is difficull; to observe the insertion of the penis, and it has bee~ assumed to 
Mve take~? place if the male has mounted in the norton1 position, a id  remained there for 
at least 1 nab. Copulation usaal~y b,sts for from 10 be 30 .mhL Ey 'insemination' is 
meant that sperm has bee~. injected into the -~agiaa. 
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An ~olated male may make quick out-and-back .movements of the wings, the move_ 
merits often being repeated several times in succession. The frequency of such. scissoring is 
greatly increased by the presence of other flies, and a male which, scissors will usually eo~zt 
whea opportunity arises. 

When a male and female are paired, the rome, as sool~ as he notices ~he female, approaches 
her and t~ps her with his If'out legs. The male then moves ro~md so as to approach ~he 
femafe hoe&to-head, gLnd protrudes his proboscis. The female then sidesteps rapidly to 
and fro, the name movillg so as to maintMn his position facing her; ]7 shall refer to 
these movements ~s the 'dance'. A d~nce may be terminated wighou.t mating, if the 
female fi~mas away D:om the rome, or decamps, i.e. jumps or flies away. However, the 
female may stand s~i/1, extend her proboscis, and slightly part her wings (which in the 
closed position cover the abdomen), thus enabling the male to meant. In this case ghe 
male ex~ends his wings stit~ly sideways, the male and female probosces may touch, and 
the male then circles romxd behind the female and m.olm~s. 

The position of' the rome's wings during the dance varies, bu~ usually they are slightly 
raised and extended, and are stretched stiltty sideways immediately prior to mounting, or 
if the female shows signs of decamping. ~{oun~ing and copulation occasionally occur 
immediately ~fter ~he head-on up:pro:rob, of ~,he rome, without g d~nce. Males a.t~ays 
protrude the proboscis, but there is much variation in the movements of tlae female 
proboscis. In consecutive courtships of threefemales in which the proboscis was observed, 
in o~ze the female did not protrude the proboscis at all, in one the proboscis was protruded 
s~iffty, c~me into contact wil~h the male proboscis, and remained extended for several 
seconds a~er the male had mounted, and in the third eotu.~ship the female protruded and 
withdrew the probosci s rapidly, several times immediately before the male mounted. 
Spie~h observed that  oecasionMly the Iabellar surfaces of the two individuals are brought 
into contact, and ~he proboscis moved alternately back and forth for about 5 see., but 
I have not observed such. behaviour. 

When the first approaches of ~he male are uzasnccessfnl, he may display movements of 
elaborate courtship' (gilani, 1951 a), standing facing {,he femMe for several mkmtes at 

a time, ~ot ~eeessarily head-on, protruding the proboscis, tappix~g the female with his 
front legs, or re,sting his middle pair of legs. 

The above deseriptioa =agrees closely with that of ~Iiiani (195Ia). Spieth (1959~) 
emphasizes that D. s@obs~ura is unique in that the main regularly postures wkiIe facing 
the female head-to-head, bu~ does not mention the dance, which I have found to be the 
most striking fe~tt~re of most courtships. Fmrl,her, he states that, unlike lgendel (19t5), 
he rarely observed scissoring by mains. It  seems therefore that the behaviom" of the s~ock 
studied by SplaSh differed in importan~ respects from those studied by tC~endei, iViilani and 
myself; Spieth states that his stock was obtained from England, but gives no further 
details. 

The moven~ents of the dance could be interpreted as resulting from attempts by ~he 
female to avoid the ~aMe, and by the male to maintain his position facing her. This was 
my ow~. view for ~ time, and may be part of~he truth, but it is incomple% for Swo reasons. 
First, as will be described below, a female may occasionaIly step to and fro in frost of 
a stationary male. Secondly, Milani's (1951b) results with wax models demonstrate that 
bhe rapid side-to-side movements of the female s~imulate the mate 6o urge'rapt copulation- 
If a model is held stationary after first being moved rapidly t?:om side to side, She male will 
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~mpt ~o eopul~te with it; if such movements have not been m.acl~, the male wiE m~k e th s 
movements of elaborate com'tshi]?, but will not attempt copulation. It is ]perhaps not 
~Dgether unfami]iar to fend that at]. incipient movement of escape or avoidance has 

9ee~ ritualized a~ a 'come&ither' signal. 

( b ) Factors 4~gi~s~4~,g tl~e ~c~t4%g sucssss o/~na~es 
~lating success is measured by the proportion o:[ pairs observed to copulate within I hr. 

gbdng placed togebher in a vial. Since a number of pairs were observed simultaneously 
v~hoat magnification, copulation was the only event which was counted accurately. 
ffow~vm', striking dii~erences in behaviom" in different experiments were noted. 

If virgin B/K males, a 5 clays after eolosio~, were paired with 7-day virgin females, 
~o~al~bion almost always ooourred within ] hr., provided tha~ bo~h m~lss and femal~ had 
b eu~ kept isolated for 24 b_-, before pairing. G~ouping together all such tests, mating 
~eacoess w~s 47/52; mating usually occurred within I5 rain. of pairing. This high level of 
~n00ess provides a standard with which the success of pairs of d~fferent history or genotype 

~'~n be compared. 

(i') Diseo~rateme~** el ~ee 
Forty-it-at B/K males were pabed with virgin females, hut in this case the male~ had 

Been kept in groups of We per vial until immediately before pairing, l~lating success was 
0~ly 12/4r in most cases no male courtship was observed. The thb~y-two ~nmated pa t s  
~ere then kept i~ t].e dark for 24 hr. Within 15 rain. of returning to the light, 30/32 pairs 

hd ma~ed. 
On another occasion, thirteen B/K males were paired with inseminated females. All the 

~aIes courted, but  were repetI~cl by the females. The pairs were separated, and $ hr. later 
the males were paired again with virgin females. Mating success was only 5/15, and in 
most of the remaining cases no male courtship was observed. The unmated pairs were 
kept in the dark for 2r hr., and mating mtceess on retmrn to the light was 7/8. 

These two experiments suggest that males can be discouraged by cottrtship, either of 
~h~r males or of inssmhzated females, in which the partne~ does not p~ovide all the 
~equisits s~lm~di, and which does not. lead to mating. Such discouragement leads to 

~empomry cessation of courtship activities. 

(ii) @e%etic giffe,re%r betwee,~ 9~alee 
}Iating success of O males with virgin females was 19/30, or signi:&cant]y lower than for 

B/K males. 3fating success of inbred testis-less m.>~les was lower sti]l. To obtain su:[fioient 
females which had mated with such males, it was sometimes n~oessary be tes~ pairs 
repeatea.ly, with intervening periods in the dark. The results, for three s~coessive tJa.tehes 
of males, were: 

7/lJ, ai'~er one trial, a/4 after two trials, 8/].6 after eight trials. 

The low sttccess of these inbred ~sstis-less males is not mainly due to their lack of 
~stes, nor to their ver.mi~go~ eyes, as was shown by tests with outb-,-ed testis-less males. 
~Iating ,~uocess of onObred testis-less males was 11/12; ten of the males mated within 
15 rain. 

* This ~vox'd h~s been borrowed by" 8purwa,y (195.58) :[i'om Sha.w's BaJ~ to Jfe/,AusehII~. She de:fines i*~ as 
'the w'miag or iJhysiologicat o~paoigy the ~u gol, ivity ct~,e be hmk of oonsummationL 
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Observation of the inbred males suggested that die reasons for the ~aek of mating were 
different from those for diaco~traged B/K males. In. mo~I; cases active coaz'tship was seen. 
although mating did not follow. Prolonged dances, however, were 1'are, On two occasions, 
once wRh an inbred testis-less male, and once with a~ old O male (not iacluded in. the total 
of successes given above), the male approached the female head-on, and the female thee 
stepped sideways to and fro several tim.e~ in front of ~he statim~.ary rome before turning 
away. More uslzally, the males followed the sideways-stepping %male, but lagged behind, 
a~.d did not keep faciug her, as did B/K males. S~leh dances usually ended wRh the 
female turning away. If, however, the female s~ood still and ex~ended her :proboscis; the 
male us~alty attempted go mount. Sometimes copulation was successful, blot more often, 
particularly with irlbred testisoiess males, the male wend fall ca his back, or land too far 
forward or too far back on the female. In the Iatger ease, the female would stand still with 
the wings partly extended for up to 10 sec. beNre kicking off the male. Such an unsuc- 
cessful attempt to mou~t a virgin female has only once been observed in a B[K malt  
aRhongh it is not infrequent with nonovirgin females, which immediately kick off any male 
which attempts to motmt. B/K males may also attempt ~o moutat ~ virgin female aRer 
a dance, o~y to find that the female has decamped. The special feature of the unsuccessful 
attempts at monnting by i~bred males is that the female may be standing stir with the 
wings partly extol.deal throughout the attempt. 

Finally, inbred males which have courted a virgi~ female continuously bat masnecess- 
fully for some time may approach the female from the side or from behind, and ~tteml~ 
to mo~ng dbectly. Such bekavioar prd~bly results when a male h~s been couj:tlng, and 
has bee~ receiving all the requisRe stimuli to lead him to attempt mounting, but has no~ 
received the consummatory shimukls of eopalatiom The aondRion of such a male woulct 
be better termed desperation than discouragement. Direct attempts at mou_uting from 
the side or from behind were ~ever stto~essfu[, and were never seen from B/K .m~les wRh 
virgin females, although sometimes attempted with non-virgin femates. 

It seems therefore that the lower musing success of i~bred males is clue, ~ot so mttch to 
a lower intensity of cotzrtship, as to lower atMetic ability. This term is intended go include 
those capacities which in hnman beings contribute to athletic s~ecess, n~meiy, physie- 
logioa.]ly efficient muscles, sense organs and neuromuscular co-ordination. The spirit is 
willing but the flesh is weak. 

,i 

(iii) Abeam.co of sped'm, or .of teste~ 
The high mating success of ou~bred tes~isdess males shows that the presence of gonads 

is not necessary if a male is to court or to mate. ttoltingsworth (1955) deseribed.a 
19. s~bobsc~ra gy~andromorph with a male-head and female abdomen which courted like. 
a male, orientating towards females and flicking the wings; unfortunately, the s d{e~l 
before its behaviour when paired wRh males could be observed, t:fowever, Nilani & 
Y~ivosecchi (1954) found that gynanclromorphs i~ M~sca showed courtship behav~our 
eorrespon.diag to ~h.e sex of t~aeir ~bclomens, and not of their heads. 

The Net t)xat a male has just mated does uot cause any marked reduction in his sexaa[ 
aetivi.ty. Nathxg success of males paired within one houx of their fzrst mating was: 

B/K mates: 12/14 in I5 ram. 
O males: 7]18 in 15 mia,, ],2]lg iu ]. hr. 
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.~hese values do not differ: from those for virgin males. The dat~ i~ w 3 b show that iu at 
least: three oases the male had exhausted his sperm in ~he first mating, and could not 

~semin~te the second female. 
T.he res alts of experiments on the mating success of various types of males are sum- 

s~t~zed in Table 4. 

Table 4. Results of pai~ing mates of va~'ious ty2es ~oith you'n 9 B/K vi.rgin femaZes 
Na~.in g success 

z 

%Te of male In 15 mJn In i hr. 

:jj/71~ m~les Vh'gha --. 47[5Z 
1 hr. ai%er firs~ m~bix~g 1 2 / 1 ~  - -  

"O:males Virgin - -  19/30 
] hr. after first m~ti~g 7/18 12/18 

Discouraged' ]3/K m~les Xep~ in mass o~t~re (m~les only) - -  12/r 
Previously paired with fertilized females - -  5/13 

Oagbred %astir-less m~les 10#2 t 1/12 
tiigred testis-Ices males - -  7/11 3/~ (2 trials) 

8/16 (8 %rials) 

(c) Factors i~fluencing the veadiness of females to mate 

(i) J~ertibi,,ed fe~aZes 
Thirteen B/K females which had been observed to mate with B/K males 6 days after 

ecto~ion were paired with young B/K males 7 d~ys later. None of these pairs m~ted. On 
the ~pproaeh of a male, fertilized females ex~0rude ~he ovipositor and bend the abdomen 
~0wards the ~pproaohing male. Buttock & N~ning  (1955) h~ve observed a sirail~r 
movement in D.*neZas~ogaste~, and find that it often leads to a temporary cessation of 
courtship by the male. The data N w ~ b suggest that the same may be true in D. subobseu~'a. 

(ii) I~a&~ehj j~semina~ed f~mdes 
]~ight females which had beell observed to mate were classified as inadequately 

inseminated, because they ]aid few eggs, of which few or none hatched. Three of t, bese 
females were dissected; two contained very few motile sperm, and one no sperm. The 
other five female.s were paired again about 1 week later, four with B/K males and one 
with an O male. In a]I five oases ram.sting occurred. The female remated to the O 
male again proved to have been inadequately inseminated; she was paired again with a 
B/K m~le, ~nd mailed for ~ third time ~fter five unsuccessful trials. 

These facts suggest that th.e stim.ul~s which prevents fertilized females from remating 
is not the act of copulation, but of insemination. Only females which have received 
a qllantity of sperm sufticient to enable them to lay fertite eggs refuse to female. 
This conclusion was confirmed by using testis-less males. Nine females which had been 

observed to mate with i~.bred I:esbis-less m.~les were paired with B/K mate~ 6 days later, 
~M m.a~ing took place in all cases. A. similar result was obeained with eleven females, 
~hich had been observed to m~te with euchred testis-less m~les; ~1l cle~-en females 
remated with B/K males 2 days lager. Whatever it is that is responsible ['or the ehm.~ge i~ 
the b ehaviour of fertilized :females must be a produ.et of the testes, ~nd not of the aeee,ssory 
glands, which are present in [astir-less males. 
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(iii) Delay y~'iod after ~nati'n 9 zvithout insemi~tatio~, 
Although females whid~ have mated witho~t being inseminated will tern.ate 2 days 

later, glue stimulus of mating may nevertheless prevent remating for a shorter period. 
Eight B/K females were saccessNlly mated to inbred gestisdess re.ales, and then paired 

with B/K males. Tes~,s of 1 hr. in the light were then made at various i~tervals after the 
{h'st mating, with intervening periods in the dark. 

Six of the eight females were tested within 1 hr. of the first .mating, and seven of them 
from 3 to 4 hr. after the first mating. I~ no case did a female tern.ate, and daring beth 
tests the females were observed to extrude the ovipositor at approaching males. AI1 
eigh~ females were retested approximately 24. hr. after the first mating, and in seven cases 
rematixg occarred within 5 rain. of removal from the dark. The remaining female did not 
remate; she was ~es~ed agsin 2 days lager, again without success. On dissection she 

proved to contain no sperm. 
Thus, apart from one female whose behaviour was an.omalous, mating without insemina- 

tion prevented remating for a period greater than 4- hr. and less than 2r hr. 
k co~tr.ol series of six B/K females ware mated ~o B/K males, separated after mating; 

and paired again to :fresh B/K males. The six pairs were retested on eight occasions at 
intervals :h'om 1 hr. to 5 days after ~he first mating. Four oft, he six females did not female. 
One remated 27 hr. ~fter I/he first mating, dvkring the fourth test, and one rematec~ 4"4 hr. 
after, dtlring the fifth ~est. Both rantings were normal, no a~tempt bemg made to kick off 
{he male. However, although two of the inseminated females did female, the difference 
between the behaviour of inseminated and uninseminated females was qmte sharp. 

ItoIlingsworgh (tmpublished) has=fotmd that males will copulate wi~h intersexes (females 
komozygous for the aatosomai recessive ,~x), and that such intersexes will rema~e rapidly; 
~ke behaviour of intersexes, unlike that of females, is not altered by insemination. 

(iv) ]~e~des ea~ha~sted of spe*'r~ 
It  has been shown that it is the act of insemination, not of copulation, which alters 

a female so that she does not female after 24 hr. This suggested tha~ the effective 
stimulus might be the ,presence of an adequate quantity of sperm in the receptacle, 
However, this is not the{ease, as is show~ by the behaviour of exhausted females, i.e. of 
females which are laying eggs which do not hatch, although they have been observed to 
mate, and have previously Iaid many fertile eggs. Such females when dissected have proved 
to have no motile sperm in the receptacle, or more often a few motile sperm. 

The results of pairing such females with young B/K redes were: 

Days after 
fu's~ mating 3~I~ing success 

26 319 
30 0113 
87 0/13 (Two 'erials) 
4~ 2/1]. "(Three ~,rials) 
5o 0IS 
7~5 1/9 
ss o18 

These resttlts cont>~st sharply with Lhe behaviour of inadeqlaately inseminat.ed females; 
although the la g~er also ]may contain a few motile sperm. Ig seems therefore that  adequate 
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.~uemination is the effective stimulus which prevents remating for the rest of a femMe's 
No, ~nd that  its effect continues even when the female receptacle no longer contains an 

i,~a~.qa~te quanti ty of sperm. 
�9 T.tle results of experiments on the readiness of females to mate are summarized in. 

Table 5. 

Table 5. Resuhs of y)airing femMes of va~'isus types with virgin B / K  ma~es 
Mating success 

Type of female in 1 hr. 
Virgin 4V/5~ 
~'er~ilized O/l.~ 
Inadequu~ely inseminated 5/5 
T~viee inadequately inseminated 1/1 (6 trials) 
Previously mated to testis-less males : 1 hr. after first mating 0/6 

4 hr. after first matiag 0/7 
24 h~- after first muting 7/8 
2 days after first mating 11/11 
I week afar first mating 9/9 

Fert.ilized femMes exhausted of sperm 6 successes hr 
].15 tests in 
,volvi~g 19 
"females 

5. DIsousslolv 

Elaborations of courtship behaviottr, and of associated structures, are common among 
a~ima.ls. Since these features, both of hehavionr and of struGturs, a~G the results of 
~a~ural selection, R is reasonable to inquire what selective advantage has been conferred 
on the individuals possessing them. Different features of the courtship of an individual, 
and in part icular  of. the courtship of the two sexes of a g~ven species, may result from 
different selection pressures, es]?eeially where, ss in D. subobseu~'a, the males can mate 
~t~ny times and the females ~asually once only. 

Three types of selective advantage, not  necessarily mutually exclusive, have been 
iuggested to account for these secondary sexual characters: 

(i) Sack characters ens-c~e that  an individual will mate with a member of its own, and 

not of a related species. 
(ii) Such characters inereaus the breeding success of i~?dd:viduMs possessing them. This 

may be because only such individuals can breed successfully; for example, robins which 
do not establish a terri tory do not breed. (Lack, 1953), while th.e ' appeasement ceremonies' 
ef feraMe galls may be necessary to elicit a sexual rather ghau an ag, gressive response from 

male (Tiz3bergen & Moynilxan, 1952). Alternatively, individuals witlh well-developed 
~econdary sexual characters may mate more frequently, a possibility whioh arises mainly 
for the ma].es of polygamous species, or such characters may  ensure that  an individual will 
mate st an appropri~te time; for example, bitches during oestrus produce a characteristic 
odour. 

(iii) Such characters result in an individual m~ting with one eonspeeif~c individual 
~ather than another, th~ selection of a mate being such that  the xnating leaves a greater 
aumber of progeny. Tihis requires that individuMs possessing characters increasing their 
aa~ing success ace also fitter as pacents, either because they are more fertite, or more 
elt~eient in earing for their young, or because their genotype is such that their progeny are 
on the average fitter than the progeny of other individuals. 

18 Gen st,. 5"[ 
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])arwiz (1889) believed that  such a correlation between success in mating and success 
as a parent, once mated, was necessary in most cases if secondary sexual characters were 
to evolve, l ie argued that  where the n~mhers of the two sexes are equal, and in the 
absence of polygamy, all mature individuals can mate. Therefore success in sexual com- 
petition would not increase the fitness of a mate, unless it m3sured mating wi~h a female 
of high fi~ness as a parent; conversely, the selection by a female o:[ a male with well- 
developed secondary sexual characters would net  increase her fl~ness, unless tha t  male 
was also fit as a parent. Darwin thought that  such eorreIations would in :fact be found, 
because s~mcess both in sexual competition and as a parelzt would be features of the mos~ 
vigorous individuals in a population. 

I t  is doubtN1 whether Darwin was correc~ in thinking that correlations of gh.is sort are 
a necessary condition for the evolution of secondary sexual characters in monogamous 
species, since even in su&~ species a mnmber of individuals of boeh. sexes may fa.il to breed, 
so tha~ selection of the kind discussed in w (ii) above can operahe. Tkey are certainly 
act  necessary ~o acconrlt for the behaviour of males in polygynous species such as 
D. subobsm~ra. Nevertheless, it seems that  some features of the courtship of a female 
D. suboba'eu~'a increase the 5kdihood of her ma.~ing with a male of high fertility, and 
may have evolved because of the advantage so conferred. 

Considering ftrs~ the results of the presen~ experiments, it has been shown: 
(i) The ma~ing s~ecess of oufbz'ed males is greater than that of inbred males. 
(ii) A female mated by an outbred male leaves approximately four times as many 

progeny ~s one mated by an inbred male. 
(iii) Females probably discriminate because males of high athletic ability follow witll 

greater accuracy the rapid side-to-side movements of the femate during [he dance. 
I t  follows that  ff the population contained only B/K and O males, the side-to-side 

movements of a female would confer selective advantage by increasing the likelihood of 
her mating with a fertile male. Whether seleetien of this type has been responsible for the 
evolution of the dance depends upon whether there is in wild populations a similar 
association between mating success, athletic ability and fertility. AH are fea~u_res of hybrid 
vigour, and the correlation between them has been exaggerated in the present work by 
comparing F 1 hybrids wi~h inbred flies. However, differences in vigour, whether due fo 
genetic, envirommentaI or age differences, must exist in wild. popN~tions, and may well 
ensure suffmienl~ correl[tion betwee~ the fertility and athletic ability of males to enable 
selection to operate in the way suggested. 

The situation is probably a common one; i~s essential feature is that  ~here is a eorrela- 
tio~ betwee~ the presence in am imdividuaI of characters responsible for mating sltcee,s, 
and for fitness in other respects. If  so, there, wi~I be a selective advantage for aspects of 
behavio~r which have the effect of discriminating between different possible conspeeifie 
mates. The occurrence of this type of Darwinian sexual selection is of some interest, 
Recent discussions of the evolution of courtship behaviour (e.g. Mayr, i948; Dobzhansky, 
].951) have tended to emphasize its importance in preventing interspeciftc rantings. Tha~ 
selection can produce this result has been demonstrated by Koopman (].950). However, 
Sparway (1955e) argued that  tt~e most generalized selection pressure influencing cour~-. 
skip may be to in{reduce a non-random element in fertiiizatioa. The present results te~d 
to support this view. 
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(b) tnsemi~a~ior~ q'eaction 

~fl:has been shown that  it is the s[imulus of insemination, and not of copulation, which 
~ettuces the readiness of a female to tomato, and which causes an into-ease in the rate of egg 
t~;yi~g, in some species of Drosophila. insemination is followed by a reaction between the 
~ja~/date and the walls of the v~gina (Patterson, 1946; P~tterson & Stone, 1955), and 
~ere may be some connexion between this reaction and the ensuing change in behaviour. 

Aff, er insemination, the vaginal pouch becomes swollen with an opaque ~:eao~ion mass, 
~t/i& m intraspecifio rantings remains fluid and is ejected after fl'om 6 to 12 hr. In 
:mt~rspecifio marinas, the reaction mass may become crystallinG and persist for a week or 
more. In such eases the re~ction reduces the number of sperm which reach the ventral 
~e~:eptacle, interferes with fertilization of the eggs, and may cause cytolysis of the eggs. 
Since the reaction may oocm" after insemination by s$erile hybrid males, it does not 
:depend on the presence of motile sperm, but the work of Lee (I950), who injected 
?~r substances into the vagina, mtggests that  the reaction is induced by some produc~ 
:~f the testes, and not of the accessory glands. 
A visible reaction occurs in some but not all species in the. genus (Wheeler, 1947). 

lIendel (I943) observed a substantial .sperm plug, which sometimes interfered with egg 
hying, in D. sv, bobscurr females insemlna.ted by D. joseudoobscura males. I-{owever, 

M. J. t-Iollingsworth (unpublished) finds that  there is no visible reaction in intraspeeiflc 
rantings of aubobscura. A reaction may nevertheless take place with similar physiological 
effects, but  without producing a visible reaction mass. ]gven so, his observation oon- 
~radigts the statement of Patterson & Stone that :it is known that females in which the 

reaction does not occur will rema%e two or more times, often at frequent intervals'. 
Patterson & Stone suggest various possible 'functions'  of the insemination reaction; 

however, their discussion appears to confuse the possible effects of the reaction with the 
possible selective advantage conferred by iV. The possible functions suggested are: 

{i) The ~eaction preps, roe the reproductive tract for the fertilization mechanism, ~nd 
{0~: egg laying. This may well be the ease, and if so the reaction has a selective advantage 
~n Jntraspeeffie rantings, 

(it) The reaction, reduces gent exchange between species. This is almost certainly 
r ~'esulg of the prolonged reaction in ingerspeoific magingm However, a female which 
skews such a prolonged reaction is thereby sterilized, or at least her fertility is reduced. 
The reaction ca.m~ot increase her 6these, and the prolonged reaction in interspeeffic 
marinas cannot therefore be the direct :result of selection, 

(iii) The reaction prevents remating. ]~a~gerson & Stone argue that  this would, be of 
~elective advantage in two ways. i~'irst, ' it would more J)ea.rly e~su:re that all females are 
fertilised within a species'. This does not seem go follow. Secondly, ' the prolonged 
reaction in interspeoifio marinas would prevent remating of the female to males of her 
Own species, a~d so select for more coinplete sexual isolation'. New if females which 
range with males of another species a:t'e e:ireotively sterilized, this wil~ increa.set, he selective 
advantage of any behaviour reducing the freque~cy with which a female accepts such 
a male. I t  does not follow that  the prolonged reaction in interspecifie rantings is itself an 
~dvantage to the female, or t]lat it is selected for. 

(iv) Finally, ~ mutation which -would ca.use the semen of ~ male to induce this reaction 
~oald spread, as a male with snch a mutation could follow other males and rome.to wib]l 

18-2 
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a female, whereas normal males coaid not remain wi~h females ~fter such a rome. This is 
an ingenious argument, but it seems unlikely that such a mutation could spread unless the 
reaction conferred some advantage o~ the reae~ing female as welt as on ~he inducing. 

male. 
I t  seems thm:efore that  the inseminatiotz reaction must be a seiective advantage to one, 

and probably to both partners in intraspecific maei:ags, bat  that  the nature of this 
advantage is tmcertMn. The prolonged reaction in interspeeifie re.stings both reduces the 
gone flow between species, a~.d imposes additional selective advantage on behavioural 
isolating mechanisms. However, the prolonged reactio~ does not i~self con.for advatxtages 
which hava been selected for, any more than hybrid inviability or infertility confer such 

advantages. 
Whether the unwillingness of ~bobxeu~'a females to remain is due to a reaction anMogous 

to the insemination reaction or to some other cause, i~ results, in laboratory conditions, in 
a long post-reproductive life, and in some reduction in the number of fertile eggs laid. 
}Iowever, it is unlikely that  either of these results ensues in the wild. First, relatively few 
wild females may live to such an advanced age, and, more important, :few wild females can 
lay eggs, and so use up sperm, at such a high rate, since this would imply the continuous 
presence of suitable oviposition sites. Little is known either of the longevity of females in 
the wild, or of where the eggs are la.id. However, a number of females caught in November 
by Dr Dyson-~-iudson and subsequently kept by the writer were jadgsd to be old, bo~h 
from their dark cuticles and damaged wings, and from the fact that  they laid few eggs and 
died soon after capture. O~ly nine of some twenty females laid eggs in test vials, b~t all 
~he eggs laid hatched. These facts suggest that  the long post-reproductive tife may be 
a laboratory artifact. 

6. ~U~MAI~Y 

The eggs laid by outbred females have been collected from the time of mating lmtJ  the 
death of the females, and the proportion of eggs hatching recorded. Initially over 99 % of 
the eggs hatch after mating to o~tbred males; after about 30 days the quantity of sperm 
in the ventral receptavle is fiaadaquate to ensure fertilization, and few or no eggs hatch.. 
After mating to inbred males, the initial hatch varied from 43 to g~%, and a sharp 
decline in the proportion hatching occurred after about 10 days. Thaws inbred males are 
inferior both in the quality and quantity of sperm prod~lced. 

The effects on fertility of the age of the male, and of previous matings by the male, have 
bee~ studied. 

Females which have once been inseminated rarely remain, even when tested 2-3 months 
later, when their receptacles have been exhausted of sperm. However, females which have 
been observed to mate ~vith testis-less males; and which therefore have not been 
inseminated, will remain 24; hr. later. 

The mating success of inbred males is iower than t h a t  of ontbred males. Observation 
suggests that  this is becatlse inbred males do not follow the rapid[ side-to-side courtship 
movements of the female, and that  ehis failure of inbred males is due to low athletie 
ability, a~ad. not ~o low sexual ch'ive, t f  a similar correla{ion exists in wild populations 
between the athletic ability and the fertility of males, the courtship moveme=gs of 
a female will confer selective advantage in ensuring that  she mates with a fertile male. 
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