ceptor blocking agent naloxone hydro-
chloride. The disruption of the onset and
quality of maternal responsiveness in the
morphine-treated animals appeared to be
somewhat specific, since activity in the
open field test was enhanced rather than
depressed in these animals. Taken to-
gether, these findings indicate that mor-
phine affects maternal behavior by way
of an opiate receptor mechanism, and
lend support to the hypothesis that the
normal expression of pup-oriented be-
haviors is opiate mediated.

That the intensity of behavioral re-
sponsiveness rather than the absolute
incidence of the responses to pups was
affected by morphine indicates that the
action of the opiate system on maternal
behavior is modulatory. One neural site
of morphine’s disruptive action on ma-
ternal behavior appears to be the medial
preoptic area (/7). Direct application of
morphine to the medial preoptic area, an
area involved in the estrogen-stimulated
onset (/2) and the nonhormonally regu-
lated maintenance (/3) of maternal be-
havior. in the rat, disrupts pup-oricnted
responses in previously maternal rats.
The site of morphine’s action appears to
occur with some degree of neural speci-
ficity, since application of morphine to
the ventromedial nucleus of the hypo-
thalamus fails to disrupt ongoing mater-
nal behavior (/7). It is not known wheth-
er morphine disrupts hormonal events
responsible for the onset of maternal
behavior or whether it has an indepen-
dent nonhormonal mode of action.

The effect of morphine on maternal
behavior does not appear to be simply a
performance effect, since maternal be-
havior appeared in the morphine-treated
rats after about 5 days of exposure to
pups, at about the same time that mor-
phine treatment affected open-field ac-
tivity. Furthermore, the appearance of
the behavior at this time does not appear
to result from habituation or tolerance to
morphine, since retrieval of young from
the arms of the T-maze was relatively
absent in the morphine-treated females
that showed full home cage maternal
responsiveness. Given these disruptive
effects of morphine on maternal behavior
in rats, the possible effects of opiate
administration and opiate addiction on
maternal responsiveness in other ani-
mals, including humans, warrant exami-
nation.

ROBERT S. BRIDGES
CorDELIA T. GRIMM
Laboratory of Human Reproduction
and Reproductive Biology,
Department of Anatomy,
Harvard Medical School,
Boston, Massachusetts 02115

References and Notes

I. S. L. Wardlaw, L. Thoron, W. B. Wehrenberg,
M. Ferin, A. G. Frantz, Endocrine Soc. Abstr.
No. 49 (The Endocrine Society, Bethesda, Md.,
1981).

2. H. Akil, S. J. Watson, J. D. Barchas, C. H. Li,
Life Sci. 24, 1659 (1979); M. M. Wilkes, R. D.
Stewart, J. F. Bruni, M. E. Quigley, S. 8. C.
Yen, N. Ling, M. Chretien, J. Clin. Endocrinol.
Metab. 50, 309 (1980).

. A. R. Gintzler, Science 210, 193 (1980).

. H. Moltz, M. Lubin, M. Leon, M. Numan,
Physiol. Behav. 5, 1373 (1970); M. X. Zarrow,
R. Gandelman, V. H. Denenberg, Horm. Behay.
2, 343 (1971); H. 1. Siegel and J. S. Rosenblatt,
Physiol. Behav. 14, 465 (1975); R. S. Bridges, J.
S. Rosenblatt, H. H. Feder, Endocrinology 102,
258 (1978); R. S. Bridges and D. W. Russell, J.
Endocrinol. 90, 31 (1981).

5. A. A. Shaikh, Biol. Reprod. 5,297 (1971); M. S.
Soloff, M. Alexandrova, M. J. Fernstrom, Sci-
ence 204, 1313 (1979).

6. R. S. Bridges, H. H. Feder, J. S. Rosenblatt,
Horm. Behav. 9, 156 (1977). A pregnancy-termi-
nation model was selected in lieu of a parturient
model, since the former model permits precise
experimental control of time of pregnancy-ter-
mination and the interval between surgery and
the onset of behavioral testing, .

7. R. Bridges, M. X. Zarrow, R. Gandelman, V. H.
Denenberg, Develop. Psychobiol. 5, 123 (1972);
J. M. Stern and D. A. MacKinnon, Horm.
Behav. 7, 305 (1976); J. Cohen and R. S.
Bridges, J. Comp. Physiol. Psychol. 95, 450
(1981). For T-maze testing we attached a T-
maze, with a pup placed in each arm, to a
modified home cage. Latencies and incidences
to enter the maze, contact the test pups, and

LN}

retrieve the pups to the home cage wete record-
ed for 10 minutes daily.

8. Naloxone probably prevents the disruption of
maternal behavior by preventing morphine’s
binding to opiate receptors, since treatment of
pregnancy-terminated rats with the opiate antag-
onist naltrexone hydrochloride alone does not
stimulate maternal behavior [C. T. Grimm and
R. S. Bridges, Pharmacol. Biochem. Behav., in
press].

9. C. S. Hall, J. Comip. Psychol. 18, 385 (1934); A.
E. Whimby and V. H:. Denenberg, J. Comp.
Physiol. Psychol. 63, 500 (1967).

10. The mean number of rears during the 5-minute
open field test over the 4 days ranged from 14.8
to 18.8 for morphine-injected and from 10.8 to
15.5 for saline-injected animals.

11. B. S. Rubin and R. S: Bridges, unpublished
data.

12. M. Numan, J. S. Rosenblatt, B. R. Komisaruk,
J. Comp. Physiol. Psychol. 91, 164 (1977).

13. M. Numan, ibid. 87, 746 (1974); W. P. Smother-
man, J. W. Hennesey, .S. Levine, Physiol. Psy-
chol. 5, 243 (1977); J. Terkel. R. S. Bridges, C.
H. Sawyer, Brain Res. 169, 369 (1979); C. D.
Jacobson, J. Terkel, R. A. Gorski, C. H. Saw-
yer, ihid. 194, 471 {1980).

14. This research was aided by NSF grant BNS-80-
14670 and by Basil O’Connor Starter Research
grant No. 311 from the March of Dimes-Birth
Defects Foundation awarded to R.S.B, and by a
grant to Harvard Medical School from the An-
drew W. Mellon Foundation, The gifts of nalox-
one hydrochloride and morphine sulfate from
Endo Labs and Eli Lilly and Company, respec-
tively, are greatly appreciated. We thank D.
Staples for preparation of the manuscript.

27 April 1982; revised 19 July 1982

Male Lek Formation and Female Calling in a

Population of the Arctiid Moth Estigmene acrea

Abstract. Abdominal coremata in male Estigmene acrea (Lepidoptera: Arctiidae)
are inflated and displayed in aggregations to which females and males are attracted
and where mating occurs (leks). Female E. acrea also release a sex pheromone
which attracts males. These two mating behaviors occur in the same populations at
different peak times on the same nights. Thus male lek formation and female calling
occur in the same species, and the male coremata, or related structures, appear to

be integrally associated with lek behavior.

Males of the North American salt
marsh moth, Estigmene acrea (Drury),
aggregate and inflate paired abdominal
coremata (air-filled tubes covered with
hairs) (Fig. 1). Male brushes, hair-pen-
cils, and analogous organs are found
throughout the Lepidoptera, in both but-
terflies and moths, where precopulatory
eversion by males is associated with the
release of scent (pheromone) (/). Large
coremata arec inflated by males of the
Asian arctiid moths, Creatonotos gangis
and C. transiens (2), but their biological
role has not yet been determined. Only
in one species of arctiid moth, Utetheisa
ornatrix, has the biological function of
the coremata been defined (3) and, in this
species, males that inflate the coremata
and release pheromone just before mak-
ing genital contact are more likely to
succeed in mating. Males of many other
arctiid moths also have a variety of mor-
phologically different coremata and hair-
bearing structures whose behavioral
roles are not known (4). The few reports
of live male E. acrea with inflated core-
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mata are of isolated males and not in the
context of natural behavior (5).

As is typical of moths, female £. acrea
release a sex attractant pheromone (6)
which stimulates upwind flight and ori-
entation to the female by males. In this
case, copulation occurs without any dis-
play of the coremata. In addition, how-
ever, male E. acrea form aggregations in
which they adopt a specific display pos-
ture with their coremata fully extended
and inflated (Fig. 1). We observed aggre-
gations on alfalfa plants or other low
vegetation, and some males would dis-
play cxtended coremata while on fence
posts or barbed wire adjacent to plants.
Males adopted a display posture from
almost ground level up to about 1 m
above ground and did so on the tips of
vegetation (Fig. 1) or other structures
where they were clearly visible and ac-
cessible. Females and males oriented
upwind to these male aggregations;
males would join the aggregations, and
females would fly directly to them and
mate with males in them. Females were
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only observed to mate with males that
were in full display posture. Once in this
posture, males were not observed to
move nor were any male-male behavior-
al interactions observed, which might
have indicated that males competed for
optimal sites in an aggregation.

To investigate this behavior further,
we recorded the number of males dis-
playing inflated coremata, the number
mating, and the number that were nei-
ther mating nor displaying in natural
aggregations in an alfalfa field in Davis,
California. The responses of males and
females to mating stations that contained
either five male or five virgin female E.
acrea were measured (7), and the com-
position and changes within male aggre-
gations were followed throughout the
natural period of nocturnal activity (2000
to 0130 hours).

Aggregations contained an average of
9.2 males [maximum 22, minimum 3 (by
definition): N = 55]. Just over half of the
males in natural aggregations mated dur-
ing the course of observation (mean, 56
percent). For all aggregations there was
an initial peak in the proportion of males
in display posture, and this occurred just
after dark (that is, between 2000 and
2030 hours, with sunset at 2000 hours)
(Fig. 2A). The number of displaying
males then decreased as males mated
with females that were attracted to the
aggregations, retracted their coremata,
and remained quiescent or left the aggre-
gations. A second, smaller peak of male
display activity consistently occurred
about 2 hours after the first, but little
mating occurred during it.

Male response to virgin females was
monitored by means of pheromone traps
(7), each containing two virgin females.
Males were not caught in these traps
until an hour after the initial peak in the
proportion of males displaying and mat-
ing in aggregations. Also, maximum
male response to females (between 2230
and 2330 hours) occurred about 2 to 3
hours after maximum female response to
male aggregations (Fig. 2B). Observed
natural matings of calling females in the
field coincided with the time of male
attraction to the pheromone traps. The
mean time of onset of matings resulting
from female response to males (in natu-
ral aggregations and at mating stations)
between 2100 to 2130 hours (peak 2030 to
2100 hours) was significantly different
(P < .05) from the mean time of matings
resulting from male response to females
(in traps and at mating stations) which
occurred between 2230 and 2300 hours
(peak 2300 to 2330 hours).

These mating behaviors have appar-
ently not been described from the Lepi-
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doptera. In the vast majority of species
females attract males, either with phero-
mones (moths) or by visual cues (butter-
flies) (8). In a few species of moths,
males attract females (though from what
distance is not clear) (9). In the tortricid
moth, Grapholitha molesta, the eversion
of brushes and release of pheromones by
the male during courtship stimulate the
female to orient toward him over a short
distance (a few centimeters) just before
copulation (/0). But long-range orienta-
tion behaviors to both male and female
have not been reported from other spe-
cies (/1), nor have coremata been shown
to produce pheromones stimulating long-
range attraction.

The male aggregations, and behavior
of females toward them, fit the classical
concept of lek behavior (/2), in which
the males aggregate at sites which are
not associated with any resource (/3).
Females respond and select males from
within the aggregations. Where leks oc-
cur in other species they are, as in this

Fig. 1. Male Estigmene
acrea in the typical dis-
play posture with core-
mata fully extended in
the field.
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species, a rare alternative to other mat-
ing strategies more typical of species in
the taxon. However, an alternative fe-
male-based mating strategy available in
the same population has apparently not
been reported. We have no information
about the relative success of mating by
either strategy (/4), but the proportion of
males mating in larger aggregations was
not significantly different from that in the
smaller ones.

The role of the coremata in aggrega-
tions, though as yet undetermined, may
be visual, complementing the brilliant
white and yellow appearance of the
males (/5), or olfactory. No chemical
secretion has been identified from the
coremata, but their structure and mecha-
nism of inflation appear to be similar to
those in Utetheisa, from which hydroxy-
danaidal, a pyrrolizine, has been isolated
as the principal pheromone in facilitating
female acceptance (3). In Creatonotos,
where the behavioral function of the
coremata is not known, hydroxydanaidal

2000 2030 2100 2130 2200 2230 2300 2330 2400 2430

to 2030 2100 2130 2200 2230 2300 2330 2400 2430 0100
Period of observation (hours)
Fig. 2. (A) Structure of natural aggregations of E. acrea, Davis, California, 1979-1981. Each
point represents the mean proportion of displaying (@) or nondisplaying (O) males for each time
period for 55 aggregations. (B) Time of onset of mating in natural male aggregations (solid bars)
and on mating stations baited with virgin females (open bars); T,, and T, indicate the mean time
of mating in male aggregations (N = 245) and on mating stations (N = 45), respectively.
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on the coremata is derived (as in Utethe-
isa) from defensive pyrrolizidine alka-
loids sequestered in the larval food
plants (2). The morphogenesis and pher-
omone content of the coremata are influ-
enced by the dietary alkaloid so that
females might be able to directly assess
the alkaloid content—that is, the degree
of chemical protectiveness—of the males
by the size of their coremata, the phero-
mone content, or both. However, nei-
ther Crearonotos nor Utetheisa are
known to form leks.

If a similar situation occurs in E.
acrea, females visiting leks may be able
to assess the fitness of assembled males,
although we never observed females to
move from one male to another: they
flew straight in and mated with the first
displaying male contacted. Unlike Crea-
tonotos, however, E. acrea shows no
readily discernible natural variation in
the size of male coremata with diet, and
the larvae feed on a wide range of garden
and crop plants without any apparent
deleterious dietary effects (16).

Male léks have not been well substan-
tiated in the Lepidoptera, especially
moths, nor has the use of male brushes
or coremata in long-range attraction.
Furthermore, the occurrence of a dual
system of mating, one based on female
attraction and the other on male attrac-
tion, in the same species (and popula-
tion) has apparently not been reported.
What sort of stimuli are provided by the
coremata and by the lek as a whole, and
what sort of selection pressures led to
the evolution and maintenance of both
strategies in this species is not known.
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Ecological Correlates of Paternal Investment of

Urates in a Tropical Cockroach

Abstract. Feinales of the tropical cockrodch Xestoblatta hamata feed on urates
offered by the male after copulation. Females on nitrogen-deficient diets ingest and
transfer to their maturing oocytes more male-derived uric acid than do females on
high-protein diets. In isolated females, the greatest uptake of uric acid by the ovaries
occurs during the mating stage in the reproductive cycle. Uric acid from males
contributes significantly to the female’s nitrogen pool and may help shorten the time
between mating and oviposition. In both field and laboratory experiments males
choose high-protein foods and dietary uric acid.

Cockroaches, unlike many terrestrial
insects, void little uric acid (/). Instead,
they store urates in specialized cells of
the fat body or secrete them into acces-
sory glands in males of some species. In
three subfamilies of cockroaches the
male coats his sperm package with uric
acid after inserting it into the female (2).
Roth (3) suggested that uric acid might
protect the spermatophore from being
prematurely consumed by the female or
by other insects, and Cornwell (4) that it
might act like a plug to prevent females
from mating repeatedly. Mullins and
Keil (5) reported, however, that the sper-
matophore-urate complex may disappear
shortly after mating and that male uric
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acid could be recovered from mated
Blattella germanica females and their
oothecae. They found that the transfer of
the urates was related to the nutritional
state of the female: those on a low-
protein diet transferred more to oothecae
than did those on a high-protein diet.
Mullins and Keil (5) suggested that the
transfer of urates might represent ‘‘pa-
ternal investment of a nitrogen resource
from which the female and her progeny
might benefit.”

We report a postcopulatory behavior
in the tropical rain-forest cockroach Xes-
toblatta hamata that supports the pater-
nal investment proposal (6). After copu-
lation the male raises his wings, tele-

SCIENCE, VOL. 218, 8 OCTOBER 1982





