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350 A. J. BATEMAN

Intra-sexual selection has been demonstrated in Drosophila a number
of times in the shape of sexual isolation between species, geographic
races and mutants. Table 1 gives some typical examples.

TABLE 1

Examples of sexual isolation in Drosophila spp. arranged in
descending order of magnitude

Isolation between Authority

D. pseudoobscura and D. miranda Dobzhansky and Koller, 1938

D. pseudoobscura strains A and B .
Certain mutants of D. pseudoobscura A .
Yellow mutant and wild type of D. subobscura
Geographic races of D. sturtevanti . .
Geographic races of D. melanogaster

Selection lines of D. melanogaster

33 b 3 »
Tan, 1946
Rendel, 1944
Dobzhansky, 1944
Mather unpublished
Mather and Harrison, 1948

The standard technique is to enclose one kind of male with two
kinds of female, one of them the same as the male, and then to observe
the relative frequency of insemination of the two kinds of female.

Now it is generally assumed that intra-sexual selection almost
invariably involves competition between males, the females exercising
choice, and not the reverse. The presence of secondary sex differences
does not allow one to decide the issue, since there is no a priori reason
for assuming one sex to be primitive and the other derivative. It
would be conceivable that both sexes had deviated equally from an
unspecialised ancestral type. The assumption that it is the males
which are mainly subject to the intra-sexual selection is in fact based
mainly on the behaviour of animals. Darwin took it as a matter of
general observation that males were eager to pair with any female,
whereas the female, though passive, exerted choice. He was at a
loss, however, to explain this sex difference, though it is obviously of
great importance for an understanding of intra-sexual selection.

Drosophila seems to be no exception to the rule. In the paper
cited above, Rendel observed courtship in D. subobscura. It is the
male which makes the advances to any female and often even to
other males, and it is the female which accepts or rejects the advances.
This observation was supported by the peculiar effect of the mutant
vellow as shown in reciprocal matings :—

yellow 22X+ 33
+ @9 Xyellow 33

The males courted equally vigorously in both matings. Thus wild
type females found yellow males objectionable, but wild type males
failed to discriminate between yellow and wild type females. Females
differed genetically in their discrimination against yellow males and
it was possible by selection to obtain wild type strains which gave

100 per cent. inseminated
2 per cent. inseminated

INTRA-SEXUAL SE

fully effective matings with ye!
effect of yellow on mating beh:
obscura by Tan (1946). Othe
in this species were aristapedia,
the mating capacity of the fem
ability to detect courting mal
which again did not affect mz:
of females. (Perhaps Curly fe
wings between their abdomina
of all these mutants stress that it
Nevertheless there is some
Stalker (1942) using the two su
found that the males of one s
and were actually courted by
that if males are enclosed with
show discrimination. Stalker’s
the males showed more discrir
subspecies. Dobzhansky and
discrimination by males. Mal
kept with their own females fo:
kept isolated from females for th
of D. pseudoobscura and D. mi
D. pseudoobscura females were i1
males inseminated the higher |
was interpreted to mean that
appetites and were therefore le:
which again involves the assur
would be that males accustome
would show a greater preferenc
than males with no previous ex
not involving male discriminat
males which had been isolated
both species more frequently, b
be detected, the additional m
D. miranda females most of whic
Dobzhansky has been most
commit himself on the matter o
tion. Tan (1946), on the other
without evidence that it is th
now standard experiments on
enclosed with two kinds of fen
on the ventral tubes of the fen
until a new technique is perfec
of assuming that it is the male v
female : the results could equall
that the two kinds of females
against the same males.
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352 A. J. BATEMAN

Thus, so far as the evidence from observations on b_ehaviour goes,
it would appear that though discrimination is sometimes found in
males, it is almost confined to the females. In otper words mtra—sexuz}l
selection is predominantly intra-masculine. - Widespread though this
sex difference in discrimination is generally understood to be, it does
not appear to be a primary feature of sexual rcproduct.ion : it must
be supposed to have evolved as a secondary sexual dlf.ferencc. In
so far as the so-called secondary sex characters have arisen through
the action of sexual discrimination, which is itself only secondary,
they must be regarded as strictly tertiary. . : '

The mating system of a species was considered - by Darwin to
be an important element in determining sext.lal :t;el(_:ctlon. . Th.c
only mating system in which intra-sexual selection is ineffective is
strict monogamy with numerical equality of the. sexes. (Monogamy
implies that the mating group in any one brchmg season is a smgle
pair. It is immaterial from the point of view of sexual selection
whether or not the same pair is mated for life.) All othc.r systems,
polygyny, polyandry, promiscuity, and_numerical inequality of the
sexes alone, will allow intra-sexual selection. . .

Darwin supposed that intra-masculine sclcc.:tlon predominated
because it was produced by the commonest mating systems. These
were, monogamy combined with an excess of males, and polygyny
(he used the ambiguous term “ polygamy ). ' But wh}j, .thcn, shquld
not the two corresponding systems inducive of intra-feminine selection,
namely monogamy with excess of females anc% polyandry, be equ?,lly
common ? It must be that only those mating systems compatible
with intra-masculine selection have arisen. Conscquently. one must
assume that intra-masculine selection determines the mating system

and not, as Darwin supposed, that the mating system determines .

intra-masculine selection. '

It is thus desirable to search for a fundamental cause of intra-
masculine selection, independent of mating system a:nd probably
inherent in the mechanics of sexual reproduction. 'Irhls same cause
should show us why it is a general law that the male is eager for any
female, without discrimination, whereas the female cho_oses the mal.e.
The experiments to be described concern a species, Drosop{nla
melanogaster, in which the sexes are n}lmerlcally equal and mating
is promiscuous. Though discrimination bet'wc‘en races has been
demonstrated (Mather and Harrison unpub.) it is less marked thgn
in some of the species referred to above. This species would not,
therefore, appear at first sight to be partlcularly fa}voura.ble material
for demonstrating intra-sexual selection. Even in this species, however,
as the results will show, sexual selection, if not confined to the ma.le§,
preponderates in them. The results also indicate the cause of this

sex difference in intensity of selection.

~
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The experiments use in a nc
and fertility. The fertility of
its actual contribution to the
sometimes meant, its potential
made is that for a given gene:
increases with selection. Varia
the intensity of selection.

The paradoxical relation be
considered further. On the one
genotypes, reduces the genetic
genetic variation in fertility).
an immediate increase in the
selection proceeds and genetic
variation in fertility will of cou
selection is relaxed the immec
decrease in phenotypic variation
will only increase gradually as a

To return to the main argu
fertility is therefore a measure
selection, which indicates that i
sex than the other.

The fertility of individual 1
means of dominant marker ge:
mated together in one bottle, e:
marker gene. In this way, as
the marker genes, half the prog
Any effects of differential viabilii
and removed in the experiment
identifiable progeny were used
of their parents.

- Moreover one quarter of the
marker genes, one from each p
determine which matings have
inseminations each fly has partici
identified should, however, be
reasons : the possibility that son
the inability to distinguish single
the same pair of flies.

First, it may not be possible
the female has been inseminated.
(Nachtsheim, 1927 ; Dubinin,
1942), when a female is insemina
supersedes the first which only -
second batch has been consume
two matings occurred in quick
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first mating to appear. Lobashov (1939) on the other hand claimed
to get complete mixture of sperm. Some of the data enable one
to assess the likelihood that replacement of one kind of sperm by
another might interfere with the results. In series 5 (see table 3)
the mated flies were transferred each day for 4 days to new bottles.
In this way it was possible to observe whether a female producing
progeny derived from the sperm of two males utilised the two batches
of sperm separately or together.

Kind of sperm . . . 1st 2nd

Day when first used . . 1st Ist 2nd ard 4th
|

Mixing of sperm . . 11 4 6 1

No mixing . . . 3 1 1 I

Evidently if the second insemination occurs soon after the first
there is complete mixing of sperm, but as the interval of time between
inseminations increases the second insemination becomes more likely
to supersede the first. A mating would escape detection only when
a second occurred a short time after the first and there was no mixing
of sperm. The evidence is that this is rare.

An examination of the papers referred to above supports this
conclusion. Kaufmann and Demerec introduced the second male

3 days after the first and Nachtsheim allowed 8 days to elapse before

allowing a second mating. If Lobashov (whose original paper is
not available) used a shorter interval the contradictions between
their results would be resolved.

The second source of error is that one cannot measure directly
the number of inseminations, but only the number of mates. The
number of mates need not of course equal the number of inseminations,
though it can never be greater. If, however, mating is unassortative
and there is no tendency to monogamy, the discrepancy between
the number of mates and the number of inseminations will be slight,
unless the number of mates per fly is large. The average number
of mates per fly varied from 1 to 1-9, whereas the maximum possible
number was in most cases 3, sometimes 5. The error introduced
by regarding the number of mates per fly as the number of insemina-
tions will not, therefore, be serious.

The marker genes used in the experiment were extracted from
various laboratory stocks. They are listed and described briefly in
table 2. Some (Pm, Cy, CyL%, Sb, M¢) marked inversions. The
rest (B, Bl, H, Mc) were unaccompanied by inversions. The
extracted mutants were at first kept in mass cultures by mating marked
females to wild type males from the same stock. These stocks would
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contain a large amount of in
desired to reduce to a minimu
fertility, all these stocks were la
had been maintained by brother
They were then backcrossed t
females carrying the marker g
variability within stocks must ]
would differ from one another

]
Description of the dominant

Chromosome | Symbol Name
I Huw Hairy-wing
B Bar
II Pm Plum
Gy Curly
GyLs Curly-Lobe
Bl Bristle
I Sh Stubble
Mé Moire
H Hairless
Mc Microcephalous

parts of the chromosomes closel
this backcrossing the fertility fel
monogamous. The males may
than one fertile copulation. Th
experiment, so fertility and m
uniformity retained by crossing
the Samarkand-inbred. The pare
matings were then F;s between tl
Full identification of flies c:
always possible because of intera
matings when five flies of each
Hw, Pm, Sb, Mé and H while the
The former group of genes was c:
were® indistinguishable from one
bination with another marker.
also carried a marker from grou
from group C (i.e. $6). When BI
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356 A. J. BATEMAN

phenotype developed more extreme than either. The fertility of Bl
and Sb flies was calculated by assuming that the ratio of simple Bl
to simple Sb was the same as the ratio of combined Bl to combined
Sb and dividing the unclassifiable flies between Bl and Sb accordingly.

Another complication arose through the interaction of Pm and M¢
with M. It is impossible completely to score Mc flies for eye colour,
as some of them are eyeless. This would have the effect of reducing
the apparent fertility of Pm and M¢ genotypes, but only when the
fertility of a mating between Mc and Pm or Mé was very low could
the mating be overlooked as a result of this interaction.

In later experiments the number of flies of each sex was reduced
to three, the markers being Pm, H and Sb (group 4) and CyL%, Cy
and M¢ (group B). To minimise error variation in any series of
matings all the flies of one sex were kept in the same sexing tube

TABLE 3
The distinctive features of the various series of matings
< 0
g 2wy
s ‘é § g ) _
.z exd “6 ;‘; E :; Age relationship Pedigree of parents
Ty
3 Bt E]
£ JEHE
3 3 :E; § 3
Z Z |z Z
1 |[CxD}| 5 5 3 | O, M and N mixed at | Mass cultures
random
2 | CxDj g 5 3 | g bottles each of O, M | Mass cultures
and N
3 | BxAl 9 3 4 | All 9 combinations of { Mass cultures
O, M and N. Flies
of same sex in a
bottle all of same age
4 |AxB| 8 3 3 |2 boglcs of O, 3 of M | Crossed to Or+ for g generations
and N.
BxA| 9 3 3 | 3 bottles of O, M and
N
AxB | 4 3 4* Al M F, between Skd+ and backcross to
BXxA| 4 3 4* Or+- after 6 generations
AxB| 8 3 3 Al M F, between Skd+ and backcross to
BxA| 8 3 3 Or+ after 15 generations
Skd+ = Inbred stock from Samarkand wild type.
Or 4+ = Inbred stock from Oregon wild type.
A = Pm, H and Sb. O = Flies mated at 6 days old.
B = GL, Cy and Mc. M = Flies mated at g days old.
C = Hw, Pm, Sb, H and M¢. N = Flies mated at 1 day old.

D = B, Cy, CyL, Bl and Mc.
* Flies transferred to new bottle every day.

until the day before mating. They were then grouped into sets of
three or five and given a day to recover from the effects of ether
before both sexes were introduced into the bottles. Copulating pairs
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were . frequently observed within
sexes. The flies were allowed to
(series 5 of table 3) the flies we
day for 4 days.

The age of the flies was variz
according to the ages at which th
6 days old. The distinctive feat:
shown in table 3. An example
was analysed is shown in table 4
used as parents in the experiment:

TA

Sample result of one mating.
(GL, &y, M

(}3 or | o
Sb . . 13 o
Pm . . 10 12
H . . 7 29
+ . . 6o 38
Total . .
No. of mates 9; 73

Out of 459 flies emerging in one bottle,
markers. The mean squares for fertility of th

RES

As explained above, the inten
variability of fertility which is ex
TAE

Overall mean squares for the two sex

Males
Series | Mating —
Mean square, d.f. Me
1 CxD 13778 19
2 CxD 734°6 44
3 .| BxA 24330 26
4 |AxB 4637 23
BxA 13677 26
5 AxB 16044 11
BxA 17004 It
6 AxB 27984 23
BxA 1098-0 23
Probability * = -05 or less. bl

mean squares showing the gross v:
sex in each series are shown in t
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358 A. J. BATEMAN

those where reciprocal matings were used, the mean square for males
is greater than that for females. The variance ratios bc?we-en the
two sexes vary from 16 t0.8-1 and in most cases are highly significant.
In series 1-3 it might be argued that the stocks used for males were
more variable in their effect on fertility than those chosen for fer.ng.l-es.
In all other series, where reciprocal matings were made, that possibility
has been eliminated. . - N

A second possibility is that the fertility of males is more sensitive
to environmental effects such as age. This can be Fested in series
1 and 3. In series 1, the ages of flies in a bottle .var%ed at randpn}.
In males the mean square due to age is 20-5 whilst in fc'males it is
424°6. There is a probability of 5 per cent. that t.hls. difference is
random, Thus if there is any sex difference here, it is the females
which are the more sensitive to age. In series g the variation between
bottles is analysable into that due to age of males, age of females
and error variation. Age is without effect in both sexes. N

A third possibility is that males are i.n}.lerently more sensitive to
changes in genotype. The best test of this is the variation in fertility

TABLE 6
Analysis of variance showing mean squares for effect of marker and error
Marker Error Variance ratios
ies| Mating|S
Series| MarioglSer df | MsS. | df Marker P Marker | P. | Error; P.
M.S. £ S, e . 39 3/9
R EA - R =41 | I B R PR R B
2 | CxD g 2919'2 }4{ ‘I}fg? }24{ 22; *:: }5'58 * g6 | #re
523" :
s | meale) popla (g2l 29| 5 Lon |fgs) o
Rt S I P S W
BxA g 4888'2 }2{ Iggig }12{ :g‘; }4'88 .| 53] **
36 .
5 |AxB | g lasssa ||, (om0l 6| et | o | gag| s
44590 *
BxA g 32735 }2 { 1930°5 }5{ é:gg v } 752 |...|2g-as| *ex
4352 i
6 |AxB g PR b2 38560 }14{ e | ¥ }1-25 443 **
BxA | 3| 3480 16762 0-21 066 args] **
3| 8|2 1] sies|fel| 756 | 494
; . . .88 | **»
Weighted . | @ |2602°1| 22 |1568-8| 112 | 1-66 * 68 |14
lefn il Q]1548-9| 22 | 321°6] 112 | 482 | #** }I
Probability * = -05 or less. ** — .01 or less. *%¥ — -001 or less.

between marker genes as measured by the mean square. Table 6
shows the analysis of variance of all the data into the mean squares
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due to markers and to error.
that variation between individt
due to all analysable causes (.
between bottles) has been extra

The mean square for marke
than for females. The compa
reciprocal matings, either betw
between sexes in the same matin
way the comparison is made.
mean squares is actually much
error mean squares by which th
One can at least conclude that
to genotypic changes to accoun
fertility.

It should be noted that the
from mass cultures, whereas in
or first crosses between inbred:
were having an important influ
squares in the first three series
three. This is not apparent.

The wide variation between
not surprising since there is va;
of the parents, their pedigree, ar
picture is quite definite, howev
square is higher in the male th
parison is made between flies
same mating. Every variance r:
for the 5 per cent. level of signifi

The results can be summari
data in table 6. The sums of s
and divided by the total numbe
squares so obtained are at the :
produced by combining hetero
agree with the general trend.
are compared with their errors t
of significance and in the female
The ratio between error mean
significant, the males having th
marker mean squares would in
are more sensitive to differences
sensitivity, however, is quite ins
sex difference in mean squares,
significant.

It has now been demonstrate
of fertility is not due to the great
changes, environmental or genet
must be sought in the mechanism
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360 A. J. BATEMAN

Further detailed examination of the results showed that whereas
only 4 per cent. of the females were unrepresented in the progeny,
21 per cent. of the males were unrepresented (bottles in which any
parent had died during the laying period were discarded). Since
the males as a whole must mate as frequently as the females, if many
males fail to mate there must be a similar number who mate excessively.
Statistically speaking, the variance in number of mates is higher in
males than in females. Table 7 shows the distribution of mates per

TABLE 7
The distribution of number of mates per fly in the two sexes
No. of mates per fly
Series | Mating| Sex - Mean Mean square
o I 2 | 3| 4|5
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fly in the six series, together with the mean squares for number of
mates. This discloses an obvious clue to the high variance in fertility
of males. One has only to assume that there is a relation between
the number of mates of an individual and its fertility. These results
can also be expressed in terms of sexual selection. There is greater
competition for mates between males than between females, which
confirms that the sex difference in selection intensity is due to intra-
masculine selection. The pressure of this competition results in a
high variability in number of matings. This intra-masculine
competition is in fact that which was recognised in the introduction
as the true secondary difference through which all so-called secondary
sex differences are derived.

There is yet a further cause of the sex difference in fertility variance,
which can be recognised if the mean fertility according to number
of mates is estimated. These figures are given in table 8. It will
now be observed that the fertility of the males increases steadily
with the number of mates. There is a much weaker correlation
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between fertility of females anc
exclude those which have not m:
the fertilities have been expresse
with a single mate. The data c
being introduced owing to the
series. In combining the ratios

n,n

factor —1—%  where n, and n,
n;-ng

which the numerator and denon

TA
The variation in fertility with
(num
Series Mating
I 2
1 CxD 282 | 38
10 I
2 CxD 163 | 16§
10 ¥
3 BxA 19-8 | 69
10 | 3
4 AxB 327 | 46°C
10 14
BxA 354 | 70-C
10 3.
5 AXB 48-0 | 81+
10 x-6
BxA 478 | 70-5
10 14
6 AXB 49'5 | 933
10 1-8
BxA 356 | 72-0
10 | 20
Combining all data . 10 x5
Combining series 1-4 . 10 1 ;1
Combining series 5 and 6 | 45-2 770
10 P82

The upper figures for each mating are th
means expressed as ratios to the fertility wit
together by means of their ratios. Series 5
of their mean fertilities which are then conve:

is the standard method of weight
relative fertilities, at the foot of the
however, that series 5 and 6 differ
1-4 were therefore combined in tl
results also shown at the foot of
graphically in fig. 1 (2). There is ai
not responding so markedly to incre
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362 A. J. BATEMAN

The difference is even more noticeable, however, in series 5 and 6.
These are more comparable with one another than with the other
series since they both involved the use of parents which were F,’s
"between inbred lines. The fertilities of the two series are also very
similar, so that the fertilities themselves have been combined subject
only to weighting according to the number of observations on which
each is based. The ratios obtained from these combined fertilities
are shown in table 8 and in fig. 1 (). The males show direct propor-
tionality between number of mates and fertility (as before). The
females, provided they have been mated with at least once, show
absolutely no effect of number of mates.

That the sex difference is more obvious in these series than in the
rest, may be due to the reduced vigour of the latter. If the stock

4}

w

Relative Fertility
)

No. of mates.
(b) Series 5 and 6 combined.

No. of mates.
(a) Series 1-4 combined.
Fic. 1.—The relation between number of mates and fertility relative to that with one mate.
Solid line, males ; Broken line, females.

is weak, mating is less likely to occur immediately on introducing
the sexes. There would then be a correlation between number of
matings and earliness of the first mating which would itself be related
to the fertility of the females. Again in a weaker stock, the sperm
transferred per insemination may be insufficient to ensure full fertility
over the g or 4 days of the experiment. This also would produce
a correlation in females between number of mates and fertility.

It can now be seen that the sex difference in variance of fertility,
which is itself a sign of intra-masculine selection, is due to the effect
of number of mates per fly on fertility. This takes effect in two ways :—

(a) The higher variance, in males, of the number of mates per fly.
This is a sign of intra-masculine selection.

(6) The stronger correlation, in males, between number of mates
and fertility. This is the cause of intra-masculine selection.

To test whether these two factors offer a complete explanation of
the sex difference, the sum of squares due to the effect of number of

INTRA-SEXUAL SELI

mates can be subtracted from th
If there are no other causes of
remainder mean squares of the
analysis is shown in table g. Th

TA
Variance of fertility analysed into that
Nunxlnal::;‘ of Remainder
Series | Mating|Sex

M. |df.| M.S. |d.f

1 CxD | g |44010| 4| 5716 15
2| 8772 2| 4276| 17

2 CxD g‘ 6ogr-1| 4| 1990| 40
740°9 | 3| 143°1 I

3 BxA | & |12019°4| 3 | 11826 33
21234661 3| 6644 23

4 | AxB %‘ 30576| 2| 2166 21
499'9| 2| 187:9/ a1

BxA g‘ 8050'3| 3| 496-1| 23
2255'5| 2| 3044| 2

5 AXB | 3 |6732:0] 2 462-3 3
2| 4941 1 |1033-7| 10

BxA %‘ 5208-1 3| 384-7| 8

59°3| 2| 242°¢4

6 AXB %‘ 147(2537‘3 3 | 10001 22
300771 2| 7951 21

BXA | 3 Bo46-2| 2| 3506( a1

?| 4170 2| 2633 a1

Combined 3 | 76784 26 240 | 80
data| Q | 1268-8| 19 39‘7}-9 187

Probability * -05 or less. *?

remainder mean squares to be the
Variance in number of mates is, |
of the sex difference in variance of

DISCL

It has been demonstrated th:
selection is much more effective
phenomenon is likely to occur a
It might be expected to produce
less discriminating in their matir
situation would mean that sex
Drosophila species by Dobzhansk:
determined by discrimination on t
on that of the males.

The standard practice, howeve
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364 A. J. BATEMAN

with females of two kinds, gives the latter no choice. It will disclose
differences between strains of female only in the resistance they offer
to a given strain of males. This would be compounded of their ability
to discern whether males were of their own strain, their general mating
propensity, and their ability to repel males with which they do not
wish to mate.

An apparent outbreeding tendency could then be explained by a
combination of weak discrimination with a strong mating propensity
in the females of strain B when enclosed with females and males of
strain A. It would seem desirable to carry out mating in which
females were given a choice of males. Though there would be great
technical difficulties, it would be informative to obtain comparative
data from both types of mating.

On the assumption that all the discrimination is exercised by the
females, further information can be obtained from the data on sexual
isolation. The complementary matings [(A+B) 2 XA g3 and
(A+B) 22 xB 33] then bear a special relation to one another. The
degree of sexual isolation is measured by the isolation index which
varies from +1 to —1. A positive index denotes a preponderance of
intra-strain matings, a negative index a preponderance of inter-strain
matings. The additional information is obtained from the sum of
the isolation indices of complementary matings and from their
difference. The sum denotes the degree of sexual isolation. The
difference denotes the degree of non-specific sexual selection favouring
females of one strain. Theoretically the sum could be negative though
this would imply discrimination in favour of cross-breeding as distinct
from the non-specific effect, which is unlikely. A study of the
numerous data on the subject shows no evidence of this.

Beyond demonstrating the strength of intra-masculine selection in
Drosophila melanogaster, the experiments described in the first part of
this paper have also shown its cause, namely, the greater dependence
of males for their fertility on frequency of insemination. Though
this will clearly apply to all animals in which the female can store
sperm, it can be shown that it is in fact an almost universal attribute
of sexual reproduction.

In most animals the fertility of the female is limited by egg
production which causes a severe strain on their nutrition. In mammals
the corresponding limiting factors are uterine nutrition and milk
production, which together may be termed the capacity for rearing
young. In the male, however, fertility is seldom likely to be limited
by sperm production but rather by the number of inseminations or
the number of females available to him. In promiscuous species the
share of males in the progeny of any female will be proportional to
the number of inseminations for which each is responsible. In general,
then, the fertility of an individual female will be much more limited

than the fertility of a male.
The primary cause of intra-masculine selection would thus seem
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366 A. J. BATEMAN

in the pollen. The general tendency for the production of microspores

far in excess of the minimum required to produce effective fertilisation

is explicable in this way. In dioecious plants or moneocious plants
where the sexes are separated the results of intra-masculine selection
might be more obvious. A possible example here is the insect-
pollinated sallow (Salix caprea) in which the male catkins are brightly
coloured whereas the female catkins are inconspicuous (though both
produce nectar).

The widespread distribution of intra-masculine selection would
appear to be linked to another sex difference which has not yet been
explained, namely, that when sex determination is by the XY mech-
anism, the male is usually the heterogametic sex. In animals the
XY mechanism has become stabilised in large groups of common
origin and has therefore probably arisen only a few times. The
female is heterogametic in Lepidoptera, birds and a few fishes. The
male is heterogametic in all other insects and vertebrates. In plants
where dioecism has arisen independently on many occasions the
position is even more indicative of a selective advantage in hetero-
gametic males. Of the several species in which the X and Y have
been distinguished, only one, Fragaria elatior has a heterogametic
female. On the other hand Rumex, Humulus, Mercurialis and Melandrium
are only the best known examples with heterogametic males.

In the early stages of differentiation between X and Y, the Y
could act as a store of genes which were of intra-masculine selective
value but deleterious in females. As differentiation proceeded by
disorganisation of the Y and before dosage compensation became
complete the heterogametic sex would be at a disadvantage owing
to the functioning of genes in the hemizygous condition. A still
greater handicap for the heterogametic sex is that when the Y is
greatly disorganised and XY individuals are hemizygous for many
genes the genetic balance normally obtained through the diploid
condition is lost as far as the sex chromosomes are concerned. It
has been shown that the loss of males can be compensated for by
greater reproductive activity of the remaining males whereas the loss
of females can not be made up so easily. Species with heterogametic
males would therefore have an advantage over those with hetero-
gametic females. The primary sex difference can therefore account
for not only intra-masculine selection but also the sex distribution
of the XY mechanism.

SUMMARY

1. The evidence on intra-sexual selection has so far indicated
that it acts mainly in males, but it has given no adequate explanation
why this should be so.

2. Experiments with Drosophila melanogaster using multiple matings
in which each fly carries a different dominant marker, show that

INTRA-SEXUAL SELE

the contribution of males to the
than that of females.

3. This sex difference is in
heritable effects. Males must -
stronger selection than females, w
intra-sexual action.

4. The intensity of intra-masc
dependence of the fertility of m
This seems to be inherent in pri
animals and plants.

5. Undiscriminating eagerness
in females must have been early
and are naturally widespread.
isolation in Drosophila can be ir
females (not males) exercise discri

6. Intra-masculine selection an
the evolution of animals and plant
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