Competition Among Courting Male Moths:

Male-to-Male Inhibitory Pheromone

Abstract. The behavioral function of a pheromone released by males of the army-
worm moth Pseudaletia unipuncta was investigated both in laboratory wind-tunnel
experiments and in experiments with moth-baited traps in the field. Such male moth
scents have been thought to act at close range as sexual stimulants for females of the
same species. However, the only obvious effect of the P. unipuncta male pheromone
was upon other males, decreasing their tendency to approach sexually receptive,
pheromone-releasing females and to exhibit copulatory behavior when near those
females. The adaptive significance of the male pheromone may be related to the
increased reproductive efficiency that results if multiple males are prevented from

competing for a single female.

Male noctuid moths possess a variety
of brushlike structures associated with
glandular organs that secrete volatile
chemicals. These ‘‘scent brushes’ are
often conspicuous and have attracted
considerable attention from morpholo-
gists and taxonomists (/, 2). The chem-
icals that evaporate from the brushes
have generally been speculated to play
an aphrodisiac role, stimulating a female
so that she more readily accepts an odor-
releasing male in copulation. Although
several experiments have suggested that
the scents of male noctuid moths may in-
deed influence female behavior, the data
supporting this proposed role are scant
and sometimes conflicting (/, 3).

In studies with the armyworm moth,
Pseudaletia unipuncta (Haworth) (Noc-
tuidae), we have found a marked influ-
ence of a male-produced odor on the be-
havior of other males. This male phero-
mone inhibits the approach and
copulatory behaviors that are normally
exhibited by the males when they are
stimulated by the sex pheromone re-
leased from sexually receptive females.
By contrast, we have found no inhibitory
influence of the male pheromone on the
premating behavior of nearby females,
as measured by their tendency to release
pheromone.

Males of the armyworm moth have a
distinct almondlike odor, which is due to
benzaldehyde. The benzaldehyde, plus
benzyl alcohol and benzoic acid, have
been identified from the pair of scent
brushes found on the anterior portion of
the moth abdomen ¢). The males also
have smaller scent brushes at the poste-
rior of the abdomen. In our experiments
we used living, intact moths and we have
not intended to elucidate which organs
release the pheromone that causes the
male-inhibition effects (5).

An armyworm colony was maintained
in the laboratory (6). Males and females
were separated from each other when in
the pupal stage and were thereafter
maintained in separate chambers having

independent air supplies. All laboratory
experiments were performed at the nor-
mal time of mating, between hours 7 and
9 of the dark period, under a light in-
tensity of 0.2 lux (7). Sexually mature
male and female moths were placed in
various combinations in small wire-
screen cages situated in series in a glass
wind tunnel (8). Air was continuously
pulled through the tunnel so that moths
in the downwind cages were exposed to
any odors released from moths in the up-
wind cages.

In one experiment, seven cages were
placed in the tunnel. The three upwind
cages were loaded with ten males each,
and the four downwind cages were load-
ed with five males each. For comparison,
three empty cages were placed in the up-
wind part of the tunnel, followed by four
five-male cages. At 30-minute intervals
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Fig. 1. Responses of males of Pseudaletia uni-
puncta to female sex pheromone. Closed cir-
cles represent responses of males confined
in seven cages arrayed in series in a wind tun-
nel, with numbers of males per cage, starting
at the unwind end of the tunnel, being
10,10,10,5,5,5,5. Open circles represent re-
sponses of males in a series consisting of
0,0,0,5,5,5,5 males per cage. Vertical lines in-
dicate the magnitudes of standard errors.
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for each of these treatments, a cage hav-
ing one armyworm female with her sex
pheromone gland obviously exposed was
selected from a group of such cages con-
taining three females each and was
placed in the tunnel upwind of all the
male cages. Observations of responses
induced by sex pheromone were then
made for all of the males in the tunnel
9). The female cage was removed, and
the positions of the male cages in the
tunnel were rotated, preserving the
10,10,10,5,5,5,5-, or 0,0,0,5,5,5,5-male
sequence, in preparation for the next
stimulation by female sex pheromone 30
minutes later (/0). Males downwind from
other males exhibited a decrease in wing-
fanning response when all the males
were exposed to female sex pheromone,
with the degree of inhibition of this re-
sponse being proportional to the number
of upwind males (Fig. 1). Similarly, the
upwind males directed more copulatory
attempts toward each other than did the
downwind males.

In another experiment, some of the
cages contained three virgin males plus
three virgin females, and others con-
tained ten males only. The sequence of
cages in the tunnel, starting at the up-
wind end was three cages with both sex-
es, three cages with males only, and
three cages with both sexes. The cages
containing both sexes were observed for
2 minutes at 30-minute intervals through-
out the period of mating on eight dif-
ferent nights to determine the number of
copulatory attempts or completed copu-
lations between males and females.
There were 26 attempts among the moths
upwind of the ten-male cages and eight
attempts among those downwind (/7).
This decrease in copulatory behavior
must have been caused by an inhibitory
effect exerted from upwind to downwind
males and not from upwind males to
downwind females, because no inhibi-
tion of female pheromone-releasing be-
havior in the downwind cages was noted
12).

Two traps, each baited with four virgin
female moths confined in a wire-screen
enclosure, were placed in a cornfield on
nine separate nights. The female enclo-
sure was surrounded by a larger enclo-
sure which, in one of the traps, con-
tained ten males that were prevented by
the screen barrier from being able to cop-
ulate with the females (/3). Means of
4.3 = 0.9 (standard error) and 1.3 = 0.3
male moths were captured each night in
the traps baited with females alone and
females plus males, respectively. On the
basis of the laboratory data presented
above, we propose that this 70 percent
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reduction in the male capture in the
male-plus-female-baited traps was caused
by a male-to-male inhibitory pheromone
that interfered in some way with the nor-
mal approach response of males to fe-
males that were releasing sex phero-
mone (/4).

Interactions among male moths prob-
ably occur only at those times when two
or more males approach and attempt to
copulate with the same female simulta-
neously. Thus, the biological signifi-
cance of this male-produced pheromone
might be associated with the increased
reproductive efficiency that results when
multiple males are prevented from com-
peting for a single female.

Electrophysiological evidence indi-
cates that males of a variety of noctuid
species may be able to sense their own
scent-brush odors (/, 4, 15). Whether
such scents could be dispensed into the
air of fields containing males and females
of certain pest lepidopterous species, so
as to prevent mating and thus provide a
selective means of pest control, remains
to be determined.
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male cages, copulatory attempts were directed
from one male toward another. These responses
were measured at 15 and 60 seconds after the
female cage was placed in the tunnel, and the
percentage of response for any one cage was cal-
culated as follows:

N,+ N, - 2B

2(N, — B)
where N, is the number of males in the cage, N,
and N, are numbers responding after 15 and 60

seconds, respectively, and B is background
number responding immediately before stimula-

% 100

tion.
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Echo Detection and Target-Ranging Neurons in

the Auditory System of the Bat Eptesicus fuscus

Abstract. Some of the neurons in the nucleus intercollicularis and auditory cortex
of the echolocating bat Eptesicus fuscus respond selectively to sonar echoes occur-
ring with specific echo delays or pulse-echo intervals. They do not respond for a wide
range of other types of sounds or for sonar echoes at longer or shorter pulse-echo
intervals; they may, therefore, be specialized for detection and ranging of sonar

targets.

We have made single-unit recordings
from the auditory cortex, inferior collic-
ulus, and nucleus intercollicularis in
lightly anesthetized bats of the species
Eptesicus fuscus (big brown bat, Vesper-
tilionidae). These bats orient themselves
and seek prey by echolocation. The re-
sponses of neurons were studied with
pairs of acoustic stimuli simulating sonar
sounds and echoes, and several types of
response patterns were observed. Some
of these neurons responded exclusively
to echoes following more intense pulses
and then only when the echo time delay
or pulse-echo interval was within a re-
stricted range. These units exhibited
properties that were expected from
knowledge of echolocation behavior and
the acuity of target range (echo time
delay) perception by bats (/).

Each bat was initially anesthetized
with sodium pentobarbital (25 mg per
kilogram of body weight). The top of the
skull was exposed and dried, the head of
a small nail was glued to the skull with
acrylic adhesive (Eastman 910) and den-
tal cement, and a small hole was made

through the skull to insert a recording
electrode. The bat was placed in a Plexi-
glas holder, which was suspended from
an aluminum rod with a rubber band to
absorb mechanical stress from the bat’s
movements, and the bat’s head was rig-
idly held by clamping the attached nail to
another aluminum rod. Both rods were
mounted on a small steel platform used
for supporting the preparation. The bat
and the platform were placed in a sound-
proof room at 34°C for 3 to 4 hours be-
fore physiological recordings were be-
gun. Generally, the bat’s eyes were
open, and pinching a leg elicited a with-
drawal reflex, indicating that the bat was
lightly anesthetized or awake. Either a
tungsten microelectrode (tip diameter 2
to 5 wm) insulated with Insl-X, or a 3M
KCl-filled glass micropipette (tip broken
to about 1 um diameter) was then low-
ered onto the surface of the brain over-
lying the desired recording site. Sub-
sequent advance of the electrode into
brain tissue was controlled from outside
the soundproof room with a calibrated
hydraulic microdrive. The stability of
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