since, when the bat was at rest, the
membrane was so drawn up into it-
self that there appeared only very little
tail membrane; at least, there was noth-
ing to compare with the tail mem-
branes of other insectivorous bats.
(In noninsectivorous bats, such as the
fruit eaters and the nectar and blood
feeders, there is only a very short
tail and almost no tail membrane.)

The early morning dive of the bats
into the cave was observed and photo-
graphed by a different method. The
camera was located on the surface
near the edge and flashed at random
with a focal distance setting of about
4 meters at f/4.5 and 1/60 of a second
exposure, an electronic flash (Hei-
land with 1500 BCPS) being used.

One Kodachrome slide showed seven
bats silhouetted against the early morn-
ing sky. The cover picture is an en-
largement showing the position of
the wings in the power dive into the
cave. The wings made a characteristic
fluttering sound, which we believe is
caused by the air action as the bat
exceeds his normal flying speed. A
blur against the light of the sky

shows the motion in the 1/60 second
shutter time. If the bat is 10 cm in
length, head to tail, the blur caused
by motion during 1/60 of a second
from this photo is 25 cm. The veloc-
ity of the diving bat is 1500 cm/sec,

e . ;
Fig. 3. A Mexican freetail bat in his rest
position.
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as estimated very roughly from the
above-mentioned blur.

The photographic blur of the wings
against the sky indicates that the bat
does not flutter his wings in a normal
manner, but uses them in a half-folded
position as air brakes to limit his ve-
locity during the dive.

HAroLD E. EDGERTON

Massachusetts Institute of Technology,
Cambridge

PauL F. SPANGLE
Western Museum Laboratory,
San Francisco, California

JaMEs K. BAKER
Joshua Tree National
Monument, California

References

1. J. K. Baker and P. F. Spangle, Southwest.

Nat. 7, 76 (1962).

2. F. A. Webster and D. R. Griffin, Animal Be-
havior 10, 332 (1962); F. Webster, Proc. Int.
Congr. Technol. Blindness 1, New York, 1963;
J. J. G. McCue, Nat. Geogr. Mag. 119, 571
(1961).

18 April 1966

Mating Speed in Male
Drosophila melanogaster:
A Psychogenetic Analysis

Abstract. A diallel analysis of mating
speed as measured by the copulation
frequency of male Drosophila melano-
gaster revealed strong directional domi-
nance for high frequency involving a
minimum of five genes. The trait as
measured is highly correlated with sex-
ual drive and fitness. Consequences for
artificial selection and the nature of the
heterosis displayed by the crosses are
discussed. High copulation frequency
of the male is probably the result of
unidirectional natural selection.

Mating speed in Drosophila melano-
gaster, measured in both sexes simul-
taneously, has been subject to artificial
selection by Manning (1), thus demon-
strating that genetic variation exists for
this trait. Parsons, following recent
trends in behavioral biometrical genetics
(2), has partitioned this variation and
calculated heritabilities (3).

However, mating speed measured in
both sexes at once relates to the be-
havioral interaction of a particular pair
of genotypes only, and generalization to
other possible genotypic combinations,
such as would certainly arise in natural
populations, is consequently dubious.
This report is concerned, therefore, with

mating speed in males only, measured
against a broad range of female geno-
types. Mating speed was taken as the
number of successive copulations ac-
complished by a male during a 12-hour
period, and not the time to first mating,
as previously used. These variations al-
lowed a more extensive observation of
behavior and a simple and valid method
of scoring to be devised.

In the first experiment each 36-hour-
old male fly was placed in a tube con-
taining six virgin females. The females
were chosen one from each of six avail-
able inbred lines to provide a heteroge-
neous, but standard, test situation for
the males. The tubes were set in a rack
and observed every half minute during
the first 30 minutes, and thereafter every
2 minutes, to detect further copulations.
Observation was carried out at 25°C for
12 hours, after which time each female
was placed, singly, in a fresh tube, and
scored for the yield of progeny pro-
duced during 8 days. In this experiment
four measures were therefore obtained
for each male—time to first copulation,
number of copulations, number of cop-
ulations resulting in fertilization, and
the total number of progeny he pro-
duced. The sixty males tested were ob-
tained from the same six inbred lines as
the females and also from a sample of
six F, crosses made from these lines,
five males being taken from each of
these twelve genotypes. The 12 male
genotypes and their average scores on
the four measures are given in Table 1.

Table 1 shows that there were few
repeat matings between males and par-
ticular females, since the number of
copulations that occurred resulted in al-
most as many individual fertilized fe-
males (mean discrepancy = 0.7).

The product-moment intercorrela-
tions of measures, presented at the foot
of Table 1, indicate that males which
mate fast on the first occasion also cop-
ulate more often, more successfully, and
leave more progeny. The four measures
thus appear as aspects of a general
characteristic of male mating behavior.
The intercorrelations further suggest the
number of copulations resulting in fer-
tilization as a convenient method of
measuring mating speed, since, with r =
0.96, the two measures are practically
interchangeable. This proposal has the
advantage that it avoids constant obser-
vation during the 12-hour period of
mating. This method was used in the
second experiment involving the genetic
analysis of a diallel set of crosses.
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The necessary subjects for the diallel
analysis were provided by crossing the
six inbred lines of the first experiment
in all 36 possible ways, thus producing
36 families, six of which were the origi-
nal lines and the remaining 30 the 15

F, crosses and their reciprocals. Five
males from each family were tested,
singly, each with six females, exactly as
before, and the number of females fer-
tilized during 12 hours was recorded.
Individual scores, which could thus vary

Table 1. Mean scores for 12 male genotypes and intercorrelations*. (Each mean is based on five

individual males.)

Item 3)*
(rIrt.em b (Item 2)* I\gumber)of (Item 4)*
Genotype 12]1; tto Observed copulations Number of
of males . number of resulting in offspring
copu} ation copulations fertilization produced
(min)} (maximum 6)
Edinburgh (Ed) 9.2 4.6 4.0 147
6CL 34.6 1.6 1.0 33
Samarkand (S) 26.4 2.8 1.8 98
Wellington (W) 16.4 4.2 3.6 236
Oregon (Or) 18.2 2.8 2.4 158
Florida (F) 14.8 3.6 2.8 118
F X Ed 3.6 6.2 5.4 302
FXW 6.8 5.8 5.4 340
Or X W 5.6 5.2 5.0 270
6CL x Ed 5.6 5.0 4.6 234
6CL X S 7.6 3.2 1.4 63
Or X Ed 5.2 5.4 4.2 225

# Intercorrelations: Item 1 and item 2, —0.87 (p < 0.001); item 1 and item 3, —0.78 (p < 0.01);

item 1 and item 4, —0.69 (p < 0.02); item 2 and
(p < 0.001); item 3 and item 4, 0.95 (p < 0.001).

item 3, 0.96 (p < 0.001); item 2 and item 4, 0.90
i Times greater than 40 minutes were recorded

as 41 minutes. This practice (3) serves to normalize a very skewed distribution.

Table 2. Replicated diallel cross of mating speed
of females fertilized out of six possible).

in male Drosophila melanogaster (units = number

Lines of

fathers Lines of mothers of males tested Statistics
of males
tested 6CL Ed Or w S F V¥ w,.*
6CL 1.4 3.6 2.2 3.2 2.6 3.0 0.759 0.547
1.2 2.6 2.6 3.8 3.4 3.2
Ed 4.0 3.0 3.7 3.4 3.2 3.2 0.172 0.001
3.2 3.8 4.6 4.0 2.8 4.2
Or 2.3 3.4 1.8 3.4 2.4 2.8 1.120 0.903
1.6 4.6 0.8 4.0 1.6 3.8
w 3.2 4.4 3.8 3.0 2.4 3.6 0.218 0.020
3.4 3.0 3.2 2.2 3.6 4.2
S 2.4 3.6 2.0 2.4 1.2 2.4 0.707 0.585
3.2 4.0 2.2 4.6 1.2 3.8
F 3.3 4.0 3.2 4.6 2.0 2.8 0.524 0.382
3.8 4.2 2.8 3.4 3.6 1.8

#* Vy is the variance within an array, and W is the covariance of the members of an array with the
nonrecurrent inbred line. Wr and Vr were calculated from the diallel table averaged over both recipro-

cals (above and below the inbred lines, shown in

italics in the diagonal) and replicates.

Table 3. Hayman’s analysis of variance of the diallel table.

Degrees
Ttem Aspect of C111‘1ode1 of Mean Fratio
teste freedom square
a D+H —H: —F 5 4.958 15.95%
b Ha , 15 1.481 4.77*%
b Directional dominance 1 16.684 54.10*
b: H; — He 5 0.047
bs Residual dominance 9 0.589 1.90
c Maternal effects 5 : 0.125
d Other reciprocal effects 10 0.156
Replicate 1 0.408 1.05
Error Environmental effect 35 0.391
Total 71

* p < 0.001. Pooled error mean square (including the nonsignificant ¢, d, and replicate items) 0.311 for
51 degrees of freedom was used for tests of significance and as an estimate of environmental effects (E).
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between 0 and 6, were averaged for
each family and arranged in a 6 X 6
table. Two weeks later the diallel table
was replicated with the outcome shown
in Table 2.

Such a replicated diallel cross has the
structure of a two-way analysis of vari-
ance with randomized blocks where
rows and columns detect additive ge-
netic effects, and rows X columns, the
nonadditive effects of dominance and
genic interaction. Although this ap-
proach may be useful (4, 5) in the pres-
ent instance a more informative analy-
sis follows the methods of Hayman (6,
7) and Jinks (8) and yields five param-
eters. These are: D, the additive genetic
variation present; H, and H,, the two
dominance variation parameters which
differ only in the presence of unequal
gene frequencies; F, which indicates
whether dominant or recessive alleles
are more frequent; and E, the environ-
mental variation (9). The significance of
some of these parameters is shown by
the Hayman analysis of variance (Table
3). The analysis shows significant addi-
tive (item a) and dominance (item b)
variation for mating speed with the
dominance strongly directional (b,) for
high mating speed, as indicated by the
means in Table 2. Since H, — H, (b,)
is not significant, gene frequencies are
on average equal and the five original
parameters contract to three, D, H, and
E. In this diallel there were no differ-
ences between reciprocal crosses due to
maternal effects (c) or to other causes
(d) as found previously (3), so that the
diallel table could legitimately be aver-
aged over reciprocals (above and below
the diagonal in Table 2) and the W, -V,
analysis of Jinks (8) could be used to
test the adequacy of a simple additive-
dominance model of the genetic vari-
ance and to estimate the relative magni-
tudes of D, H, and E.

The six pairs of V, and W, statistics
obtained for each line or array in Table
2 were plotted in the form of a variance-
covariance diagram (Fig. 1). These
points representing the six inbred lines
define a straight line of unit slope [b =
0.97 == (S.E.) 0.05], and this absence
of curvature indicates that there is no
evidence of a failure of the assumptions
underlying the simple model postulated
above. In consequence, gene effects de-
termining male mating speed are cor-
rectly represented by D, H, and E, there
being no significant genic interaction or
correlated gene distributions for these
data.

The ordering of points along the line
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Fig. 1. Variance-covariance diagram for
mating speed in male Drosophila melano-
gaster. The graph shows the regression of
W: on V, for number of females fertilized
for a replicated diallel cross of six inbred
lines.

in a variance-covariance diagram indi-
cates the proportion of dominant to
recessive alleles carried by each line,
Edinburgh carrying mostly dominant
alleles and Oregon mostly recessives.
The rank-order indicated correlates
+0.87 (p = 0.03) with the mean mat-

ing speed of the lines, confirming that-

genes for high speed are dominant over
those for low.

D, H, E, and a parameter for the
square of average dominance (Xh)?
were estimated by a least-squares pro-
cedure (6) and gave estimates of D =
0.69, H = 1.31, E = 0.26, and (Xh)* =
6.56.

These parameters are useful in at-
tacking three important psychogenetic
problems: how high and low selection
lines may be established from a heter-
ogeneous base population, the nature of
the heterosis displayed by those crosses,
and the biological importance of mating
speed.

Advance under selection depends
mainly on the “narrow” heritability,
given by ¥2D/(¥2D + “4H + E) and
equaling 0.36 in these data, and on the
number of gene blocks, given by
(2h)2/H as 5.01. With only half the
total genetic variance or ‘“broad” heri-
tability, given by (¥2D + “4H)/(¥2D
+ ¥ H + E) as 0.71, being fixable even
under ideal conditions, advance under
selection is expected to be slow. Fur-
thermore, since the dominance is for
high mating speed, most advance should
be in the low direction, and, indeed,
Manning, by later selecting through one
sex, on an individual basis, achieved a
response for low mating speed only
(1). With blocks of genes numbered at
five—almost certainly an underestimate
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(8)—the complete homozygote will oc-
cur with a frequency of less than (V4)?3,
that is, one in about 1000 individuals.
Hence a large number of generations of
selection would be required to achieve
the maximum possible advance.

As regards heterosis, the level of
dominance, given by (H/D)% and
equaling 1.38, draws attention to the
striking heterosis in these crosses sug-
gestive of overdominance. However, a
small amount of apparent overdomi-
nance could easily be produced by the
dispersion of dominant and recessive
genes among the parents making up
these crosses and yet fail to produce
significant curvature in the W, -V, dia-
gram. It is clear though, from the
W. -V, diagram, that genic interactions
play no part in producing this heterosis.

Mather argues that the genetic archi-
tecture of inbred lines may be regarded
as a vestigial form of that found in
natural populations in spite of consider-
able natural selection during inbreeding
(10). Consequently, the genetic archi-
tecture for genes controlling male mat-
ing speed in these lines has important
implications relating to the biological
importance of this trait. In natural pop-
ulations of Drosophila melanogaster,
where most gene combinations would
necessarily be heterozygous, highly di-
rectionally dominant genes, either dis-
persed or slightly overdominant, would
ensure a high proportion of fast mating
males. Such architecture argues for a
history of strong natural selection for
maximum rather than for intermediate
or for low expression of this trait (10).
Independent evidence for the impor-
tance of this high mating speed as a
component of fitness is provided by the
high correlation with yield (r = 0.90)
found in the first experiment. But the
genetic evidence must be preferred,

since it can be related to the long his-
tory of the organism in the wild state.

The genetic approach to individual
differences in behavior is thus able to
provide information, not only concern-
ing laboratory experiments, but also the
adaptive value of the behavior to the
species. The approach adopted is quite
general. It is not even necessary that the
phenotype observed should have a very
large genetic component, for natural
selection may be expected to operate in
a characteristic way when acting on
even very small genetic differences. In
such cases the analytical problem is
largely one of stringent environmental
control (2) in order to emphasize the
genetic effects and make them detecta-
ble in an experiment of reasonable size.

D. W. FULKER
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Opposite Responding in Two Sense Modalities

Abstract. Monkeys were trained to respond in one way to a pair of solid objects
when discrimination was by touch; in the opposite way, when by vision. These
opposite habits are formed independently and can be used concurrently. The find-
ing suggests that the neural systems responsible for tactile and visual learning are
separate, even with a single pair of objects.

In a report primarily concerned with
cross-modal transfer of a conditional
discrimination task, Ettlinger and Blake-
more (/) mentioned that four monkeys
readily learned to make opposite
responses to one pair of test ob-
jects when discrimination was in the

light and dark. This incidental observa-
tion has an important bearing on the
question of cross-modal effects in the
monkey. We now report replication of
the finding of concurrent and opposite
responses in two modalities, using less
ambiguous training procedures; we used
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