rate with their nonphysogastric queens
(group 2). After five more weeks, the
queens in the two groups were weighed,
killed by freezing, and tested for the
inhibitory pheromone (/1).

The mean weight of the queens of
group 1 was 20.1 mg (S.D., 1.17) and of
group 2, 10.7 mg (S.D., 1.52). The mean
times taken by virgin queens to dealate
were controls, 1.2 days (N = 9); group 1
queens, 8.6 days; and group 2 queens,
1.6 days. The difference between the
queens of groups 1 and 2 was significant
[P < .001, #(26) = 5.3], but group 2
queens were not significantly different
from the controls. This result showed
that queens produce different amounts of
inhibitory pheromone and that the
amount is positively correlated with fe-
cundity. However, we do not yet know
whether this pheromone is causally in-
volved in the selection of queens for
execution by workers. There is a distinct
possibility that it is, but we believe that
fire ant queens (and the queens of other
social insects) produce a number of pher-
omones (/2) that interact with each other
and that the first step in understanding
their effects should be to define their
integrated functions and develop bioas-
says for these. »

Although we developed our quantita-
tive pheromonal hypothesis to explain
the role of workers in maintaining mo-
nogyny in colonies of social insects, it
may also explain the occasional occur-
rence of polygyny in essentially monogy-
nous species. A lower fecundity of
queens in polygynous colonies is evi-
dently a general feature in the social
insects (/3) and is indicative of a lower
pheromone production. More queens
may therefore be present in a colony
before the tolerance threshold of the
workers is exceeded. Our experimental
results suggest that this threshold is, in
any case, higher among the workers of
polygynous colonies.

The hypothesis also suggests explana-
tions for other well-known social phe-
nomena. For example, it seems probable
that the behavioral dominance hierar-
chies formed in colonies of primitively
eusocial Hymenoptera, such as paper
wasps, Polistes spp., reflect quantitative
pheromonal hierarchies, since position
in the dominance order is positively cor-
related with the degree of ovarian devel-
opment, with the queen occupying the
alpha position (/4). Further, temporary
social parasitism occurs in a variety of
ant genera, for example, Formica and
Lasius (1), and acceptance of the parasit-
ic queen by the workers of the host
colony may well depend on her being
pheromonally superior to the host
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queen. Since host and parasite are close-
ly related taxonomically, their phero-
mones are probably very similar or even
identical, and quantitative superiority
would be a relatively minor evolutionary
adaptation.

Our hypothesis may well have implica-
tions for the management of both benefi-
cial and harmful species of social insects.

Davip J. C. FLETCHER
MURRAY S. BLuM
Department of Entomology,
University of Georgia, Athens 30602
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An Unusual Lepidopteran Sex Pheromone System

in the Bagworm Moth

Abstract. The female sex pheromone of the bagworm moth is (R)-1-methylbutyl
decanoate. The antipode is biologically inactive and it neither enhances nor detracts
from the potency of the R enantiomer. Unlike other moths for which female
pheromones have been identified, the female secretes the pheromone from glands on
her thorax and it is disseminated from hair that is shed from her body.

We report a novel sexual communica-
tion system in the bagworm moth, Thyri-
dopteryx ephemeraeformis (Haworth).
Unlike other moths that secrete sex
pheromones (/) from glandular tissue on
the tips of their abdomens (2), the wing-
less adult female bagworm produces
pheromone from glands situated on its
thorax. The cryptic female dispenses the
chemical from morphologically special-
ized, deciduous hairs that are cast from

Table 1. Male bagworm responses to the
enantiomers and racemate of 1-methylbutyl
decanoate on cotton rolls or to a virgin female
placed in Pherocon 1C (Zoecon) insect traps
positioned 20 m apart, 1.5 m from the ground,
and baited daily. The test was replicated five
times on each of 5 days in mid-September
1981, near Beltsville, Maryland; a randomized
complete-block design was used. Means fol-
lowed by the same letter are not significantly
different from each other according to Dun-
can’s New Multiple Range Test. Male re-

sponses to S enantiomer treatments was due .

to 2 percent R in the S enantiomer (9).

her body. We have identified the phero-
mone as (R)-1-methylbutyl decanoate;
the males are ostensibly anosmatic to the
antipode. The pheromone is among the
first long-chain fatty acid esters to be
identified as a sex pheromone in the
Lepidoptera (3), and it is one of the rare
chiral pheromones discovered in the or-
der.

The herbivorous bagworm is a biologi-
cal curiosity and a serious defoliator of

Capture

(males

Treatment per trap
per
day)
R (0.5 mg) 273 a
Racemate (1.0 mg) 24.6 a
Racemate (0.1 mg) 73b
R (0.05 mg) 4.1b
Virgin female (one) 3.0c

S (0.5 mg) 2.1cd
S (0.05 mg) 02e
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ornamental shrubs and trees throughout
the Southeast and lower Midwest. Like
most members of its family (Psychidae),
it spends the greater part of its life con-
fined to a fusiform bag, which is open at
both ends and which the larva constructs
from silk and bits of host plants. The
larva carries the bag about and enlarges
it as it grows; only its head and thoracic
legs protude from the top opening (Fig.
1A). Before pupation, the larva seals the
top of its bag with silk and spins a
cocoon within the hanging bag, position-
ing itself with its head pointed down.
After pupation, the winged diurnal flying
male emerges from his bag to search for
a mate; the adult female, an amorphous
creature without functional appendages,
remains in her bag with merely her head
and thorax protruding from a fracture in
the pupal shell. Pheromone-laden hairs
dislodged from a female’s thorax (4) are
expelled through the anterior aperture in
the pupal shell (Fig. 1B) toward the
bottom opening of the bag. The male
perceives the pheromone, flies to the
bag, and inseminates the female by a
rather extraordinary process: he hangs
upside down on the bag containing the
inverted female, thrusts his abdomen
into the bottom of the bag, and extends it
(Fig. 1C) pneumatically about 4 cm into
the female’s pupal shell, past the length
of her body, to contact her caudal genita-
lia. We have shown that this copulatory
behavior is mediated by the pheromone,
(R)-1-methylbutyl decanoate. Visual
cues (such as those that might be associ-
ated with the female bag) are apparently
not required to elicit such behavior. In a
field experiment, males alighted on a
white cylindrical roll of cotton contain-
ing 50 pg of the compound and tele-
scoped their abdomens specifically into
the treated end (Fig. 1D). Inspection of
the probed cotton revealed that the
males had not transferred sperm to the
cotton. Therefore, sperm delivery un-
doubtedly requires additional stimuli
that may be provided by the female.
These observations, however, make it
clear that (R)-1-methylbutyl decanoate
plays an essential role in the insect’s
reproductive behavior.

For identification, the thoracic hair
from approximately 200 females was
washed with hexane and the concentrat-
ed solution was fractionated by prep-
arative gas chromatography, yielding a
single compound (~ 75 pg) that was at-
tractive to males in the field (5). This
substance was identified by gas chroma-
tography, high- and low-resolution mass
spectrometry, infrared and nuclear mag-
netic resonance spectroscopy, and mi-
crochemical reactions (6). It was found
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to be a Cs ester of decanoic acid. Synthe-
sis of all possible Cs esters showed that
the pheromone was identical to 1-meth-
ylbutyl decanoate. The alcohol portion
of the structure contained an asymmetric
center; therefore both antipodes were
synthesized (7) from commercially avail-
able (§)- and (R)-2-pentanol, and field
tests showed that only the R enantiomer
was biologically active. The alcohol from
the natural ester was derivatized and
shown to have only the R configuration
®).

Males responded with equal intensity
to the R enantiomer or to a quantity of
racemate that contained the same
amount of the R enantiomer; they
showed no response to the antipode (Ta-
ble 1) (9). Ten times more males were

attracted into traps by 500 pg of synthet-
ic pheromone than by the virgin female
(10). The optical isomer differentiation
exhibited by the males is not surprising,
inasmuch as the involvement of chirality
in pheromone perception is well known
in other orders of insects (/). The bag-
worm pheromone perception system,
however, differs from the only other
species of moth in which pheromone
chirality is documented, the gypsy moth
[Lymantria dispar (L.)]. Although the
male gypsy moth is attracted to only one
enantiomer, the antipode has a definite
biological effect (12, 13). In the case of
the bagworm, the antipode in the race-
mic mixture acts only as a diluent. It may
well be that while the gypsy moth pos-
sesses sensory chemoreceptors to ac-

Fig. 1. (A) Bagworm larva feeds on arborvitae with only its head protruding from the top of the
bag. (B) Adult female bagworm sequestered in her pupal shell expels golden pheromone-laden
hair to attract a mate. (C) The winged male bagworm pneumatically extends its abdomen to
inseminate the female. Each chitinous abdominal segment is connected by translucent
intersegmental membrane. (D) Male bagworms respond sexually to a cotton roll treated with
synthetic female sex pheromone.
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commodate both optical isomers, the
bagworm has one type of receptor that is
tuned to receive the R enantiomer exclu-
sively.
B. A. LEONHARDT
J. W. NEAL, JRr.
J. A. KLUN
M. SCHWARzZ
J. R. PLIMMER
Beltsville Agricultural Research Center,
U.S. Department of Agriculture,
Agricultural Research Service,
Beltsville, Maryland 20705
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Quinolinic Acid: An Endogenous Metabolite That Produces

Axon-Sparing Lesions in Rat Brain

Abstract. A current hypothesis links the neuroexcitatory properties of certain
acidic amino acids to their ability to cause selective neuronal lesions. Intracerebral
injection of the neuroexcitatory tryptophan metabolite, quinolinic acid, has behav-
ioral, neurochemical, and neuropathological consequences reminiscent of those of
exogenous excitotoxins, such as kainic and ibotenic acids. Its qualities as a
neurotoxic agent suggest that quinolinic acid should be considered as a possible

pathogenic factor in neurodegenerative disorders.

Kainate and ibotenate are neuroexcit-
atory and toxic amino acids of plant and
fungal origin, respectively (/). Injection
of either of these two substances into the
brains of experimental animals produces
effects that have been construed to pro-
vide models of human neurodegenera-
tive disorders. In particular, striatal le-
sions caused by these agents closely
resemble the neuropathologic and neuro-
chemical changes characteristic of Hun-
tington’s disease (2). Intraventricular (3),

intrahippocampal (4), or systemic (5) ad-
ministration of kainate results in seizures
and concomitant nerve cell changes simi-
lar to those observed in temporal lobe
epilepsy in the human. The structural
resemblance of exogenous amino acids,
such as kainic and ibotenic acids, to
endogenous excitatory amino acids,
such as glutamic and aspartic acids, has
led to the hypothesis that hyperfunction
of the body’s own ‘‘excitotoxins’’ may
be related to neuronal damage in certain

Fig. 1. Light microscopic analysis of 30-um thionin-stained cryostat sections. (A and B)
Micrographs of rat striatum 4 days after intrastriatal infusion of 60 nmole quinolinic (A) or 800
nmole nicotinic (B) acid. Arrows in (B) delineate the track of the injection needle (x50). (C and
D) Effects of intrahippocampal administration of 30 nmole of quinolinic acid (C) or 800 nmole of
nicotinic acid (D). Rats were killed 4 days after operation. Tracks of the injection needles are
clearly identifiable in both micrographs. Arrows in (C) indicate the sharp border between
degenerated and intact pyramidal cells (x10).
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