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Pheromonal Control of Dealation and Oogenesis in

Virgin Queen Fire Ants

Abstract. In the fire ant Solenopsis invicta, sexually mature virgin females are
prevented from shedding their wings and becomzng Sfunctional egg layers by the
presence of the mated queen. Experimental data suggest that this inhibitory effect
results from the action of a relatively nonvolatile primer pheromone (or pheromones)
produced by the mated queen and distributed by the workers. Target ants are both

virgin queens and workers.

In most species of social insects indi-
vidual colonies have only one queen (1).
Virgin queens are reared seasonally, but
these do not become reproductively ac-
tive until they have either left the paren-
tal nest to mate and found colonies of
their own, as in ants, wasps, and ter-
mites, or until the old queen has left with
a swarm, as in honey bees. It has been
generally assumed that, among the ants;
either the act of shedding the wings
(dealation) after a mating flight, or flight
itself, initiates the complex physiological
and behavioral changes in newly mated
queens that permit them to found new
colonies (2). One of the most significant
of these changes is the development of
eggs in the ovaries (oogenesis) with ma-
terials from the now defunct flight mus-
cles and from the fat body. In the fire
ant, Solenopsis invicta Buren, the funda-
mental processes of dealation and oogen-
esis are usually prevented from occur-
ring while virgin queens are still in the
parental nest by the presence of one or
more primer pheromones secreted by the
mother queen (3).

" During 1979 we collected 151 colonies
of S. invicta in the state of Georgia, for
laboratory study. About 2 weeks after
collection, when the ants had moved

from the soil into artificial nests (4), we
found a single mated queen in each of
58.3 percent of the colonies. Among the
remaining colonies were many that ap-
peared to be polygynous, but dissection
of all- the queens present showed that
none was inseminated, although some
had many mature oocytes in their ovari-
oles. Since these colonies also contained
worker pupae, we assumed that they had
been orphaned during collection, and we
hypothes1zed that the presence of the
mother queen of a colony prevents de-
alation and oogenesis among sexually
mature virgin females (5).

To test the hypothesis, we orphaned
colonies containing sexually mature vir-
gin females. Dealates began to appear
within 24 hours, and a few days later the
workers started to execute some of them
(6). Dealation ceased while numerous
female alates were still present, but exe-
cution of the dealates continued for up to
3 weeks until very few remained. These
few had enlarged ovaries containing nu-
merous oocytes. It seemed, therefore,
that they had taken over the egg-laying
function of the mated queen and that
they too could inhibit dealation among
sexually mature virgin females. It was
also evident that the workers would tol-
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Fig. 1. Rate of dealation among virgin females
in queenless units. Cumulative totals for 15
units each containing five females have been
plotted.

erate very few such virgin replacement
queens in the nest. We used these results
to design the main test of the hypothesis.

We divided each of five colonies, con-
sisting of a mated queen, approximately
20,000 workers, 40 to 50 cm® of worker
larvae and pupae, and several hundred
virgin females, into four equal parts:
three queenless units and a queenright
control. We left only five virgin females
in each unit to prevent a protracted
series of executions by the workers,
thereby providing all units with an equal
opportunity to produce functional vir-
gin queens by the end of the experi-
ment.

One week after subdivision, no virgin
females had dealated in the five control
units, but a mean of 4.2 + 0.8 (standard
deviation) had dealated in each of the 15

ueenless units (Fig. 1). The workers
executed 12 of these dealates. At the end
of the 7-day period, the surviving virgins
in the queenless units, as well as all the
alates in the controls, were subjected to
an oviposition test. This consisted of
isolating them on a damp surface for 5
hours and afterward examining the sur-
face for eggs. At least one dealate in
every queenless unit oviposited  (the
mean number per unit was 2.5, standard
deviation' = 1.0), although none of the
remaining alates in these units, and none
of those from the controls, laid eggs.

Immediately after these tests we dis-
sected all the virgins. None had sperm in
the spermatheca, but the functional egg
layers nevertheless had moderately well

74

developed ovaries. On an arbitrary scale
from 0 to 6, in which ‘0’ denoted no
oocytes in the ovarioles and ‘‘6’” indicat-
ed the maximally developed ovaries of
physogastric queens containing many
hundreds of oocytes, these functional
virgins had ovaries that rated 2 and 3.
The alates in both the queenright and
queenless units rated 1 (7).

These results confirmed that the
mated queen of a fire ant colony inhibits
dealation and oogenesis among sexually
mature virgin queens. We anticipated
that one or more pheromones would be
involved, and therefore investigated the
mode of action experimentally as fol-
lows.

We divided small plastic nests into two
compartments of equal size with a single
wire screen through which ants could
make contact with each other, but
through which they could not pass, and
we divided other similar nests with two
screens 1.5 mm apart to prevent physical
contact. We placed workers and brood in
each compartment of a nest, together
with five sexually mature virgin females,
but a mated queen was added to one
compartment only. With this arrange-
ment dealation would be prevented in
both compartments whether a nest was
divided by a single or double screen if
the queen produced an inhibitory phero-
mone that was fairly volatile, because
the screens would not be a barrier to its
passage. On the other hand, if a phero-
mone had to be passed either orally or by
bodily contact from one compartment to
the other, dealation would occur in the
queenless compartment of the double
screen nests, but not necessarily in the
single screen nests. The results were
assessed after 48 hours, since most of the
dealation could be expected to occur in
that time (Fig. 1).

Some virgin females dealated in the
queenless compartment of every double
screen nest, and some, but significantly
fewer (P = < .02, t-test), also dealated
in queenless compartments of the single
screen nests (Table 1). No dealation oc-
curred in any queenright control com-
partment. These results are consistent
with the hypothesis that the queen pro-
duces an inhibitory pheromone that is
relatively nonvolatile and is distributed
by the workers either trophallactically or
through physical contact to target indi-
viduals (8). It appears that in the single
screen test the amount of this phero-
mone transferred to the queenless side
was inadequate to prevent dealation
completely.

The target ants appear to be both
workers and virgin queens. Young vir-

Table 1. Effects of separating sexually mature
virgin females from the queen by means of
double screens (DS) or single screens (SS).
Twelve plastic nests (8 by 7 cm and 3.5 cm
deep) with close-fitting lids were divided in
half with a single wire screen (11 mesh per
centimeter), and 12 similar nests were divided
with two screens 1.5 mm apart. A sieve of the
same wire mesh was used to remove from the
experimental colonies the few small ants that
could pass through the mesh. Into each com-
partment of a nest were placed about 300
workers, 1 ¢cm® of worker brood, and five
virgin female alates. A mated queen was
added to one compartment only. The ants on
both sides of a screen were fed. The number
of virgins that dealated were recorded after 48
hours.

Queenless side Queen-
right
side:

Itj;s; l\lvifttls Dealates nests
per with
dzz:}lat)es nest dealates

0. (No.)

DS 12 3.3 = 1.6* 0
SS 10 1.8 £ 1.4 0

*Mean = standard deviation,

gins (1 to 2 months old) separated from
the parent colony and kept either singly
or in small groups for 72 hours, dealated
rapidly if accompanied by workers, but
in very small numbers only in the ab-
sence of workers. Hence, the inhibitory
pheromone acted mainly indirectly on
the virgins by influencing the behavior of
the workers toward them (9). On the
other hand, older virgin queens (more
than 4 months) dealated readily in isola-
tion or in small groups even when unac-
companied by workers, and must there-
fore have been influenced directly by the
pheromone while in the parental nest.
We will report more fully on this aspect,
and on the manner in which disinhibited
workers cause young virgins to dealate,
in a separate paper.

Indirect evidence for the existence of
reproductive inhibition by queen fire
ants over other queens in the nest has
been described (10), but this appears to
be the first report of a social insect
pheromone that prevents dealation
among virgin queens. Pheromones serv-
ing this function may perhaps be com-
mon among the very large number of ant
species that found colonies in a similar
manner to that of S. invicta.

The delay that occurs between or-
phaning a colony and the responses of
dealation and oogenesis requires that the
inhibitory principle produced by the
mother queen be classified as a primer
pheromone, of which there are few
known examples among insects com-
pared with the large number of releaser
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pheromones that have been identified
(11). In the social insects primer phero-
mones inhibit oogenesis among workers,
and are probably also involved in caste
determination (/2), although little infor-
mation is available on the latter because
of the difficulties of bioassay.

If we should be able to isolate the fire
ant primer pheromone using inhibition of
dealation as a bioassay, it will then be
possible to determine whether this same
pheromone inhibits oogenesis in sexually
mature virgin queens, either directly or
indirectly, and whether it is also in-
volved in the execution of dealate virgins
by workers.

Our results may be useful for the fu-
ture control of fire ants. The execution of
supernumerary dealates once they be-
come functional egg layers suggests that
the workers will tolerate only a certain
level of a particular queen pheromone,
or complex of pheromones, in the colo-
ny, and hence, that artificial elevation of
the amount present above the critical
level may result in the execution of the
mother queen by her own workers. The
data also raise important questions as to
why pheromone levels are critical and
how many discrete queen pheromones
existin S. invicta (13). Further investiga-
tion of these and other aspects indicated
above should provide new information
on factors controlling the organization of
insect societies.

Davip J. C. FLETCHER
Murray S. BLuMm
Department of Entomology,
University of Georgia, Athens 30602
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Morphiceptin (NH4-Tyr-Pro-Phe-Pro-CONH,;): A Potent and
Specific Agonist for Morphine (i) Receptors

Abstract. The synthetic peptide NH,-Tyr-Pro-Phe-Pro-CONH; (morphiceptin),
which is the amide of a fragment of the milk protein B-casein, has morphinelike
activities and is highly specific for morphine (\) receptors but not for enkephalin (3)
receptors. It is as active as morphine in the guinea pig ileum but much less active in
the mouse and rat vas deferens. The discovery of this specific morphine receptor
ligand substantiates the hypothesis of multiple opiate receptors. The ligand, which
may be of physiological significance since a very similar, or identical, activity can be
detected in enzymatic digests of B-casein, may prove useful for further investigation
of the functions of opiate receptor subtypes.

Recent binding studies have indicated
that there are at least two subtypes of
opiate receptors, morphine (u) and en-
kephalini (3) receptors, in brain (I, 2).
Morphine binds to n receptors in the
absence of Na® with an affinity about
100 times greater than that for & recep-
tors (2—4). In contrast, methionine-, leu-
cine-, [D-Ala?, Leu’]-, and [Dp-Ala?, D-
Leu’lenkephalin bind to 3 receptors with
about five to ten times better affinity
than to p receptors (/—4). Naloxone
binds to w receptors with 20- to 30-fold
greater affinity than to  receptors (/I—4),
while diprenorphine binds about equally
well to both receptor sites (4, 5). Mor-
phine receptors can be studied by mea-
suring the specific binding of low con-
centrations of *H-labeled naloxone (1-7),
naltrexone (/), and dihydromorphine (I—
5), and *I-labeled Sandoz FK33824 (3,
4) or [D-Ala?, N°Me-Phe* Met(0)’ollen-
kephalin. Enkephalin receptors can be
characterized by using 3H-labeled en-
kephalins (I, 5, 6) or their metabolically
stable analogs (8) and *’I-labeled [D-
Ala?, p-Leu’lenkephalin (2—).

No opioid alkaloid selective for & re-
ceptors has yet been found with these
two binding assays. The binding affinity
of the enkephalin analog Sandoz
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FK33824 was found to be similar to that
of morphine, its aﬁimty for w receptors
being about 20 times greater than its
affinity for 8 receptors (3). However,
benzomorphan drugs such as ketocycla-
zocine, ethylketocyclazocine, and N-al-
lylnormetazocine can bind to & receptors
with affinities greater than morphine-like
alkaloids, and the difference in their af-
finities for the two receptor subtypes is
much reduced compared to morphine
(9). Sodium ion (/0) and guanosine tri-
phosphate (GTP) (11) preferentially de-
crease the affinity of opiate agonists and
enkephalins for both p and 8 receptors.
On the basis of the relative affinities to
these two subtypes of opiate receptors
and the differential effects of Na™ and
GTP, a subclassification of opioid alka-
loids and peptides into seven separate
classes was suggested recently (9); (i) w
agonists; (i) & agonists; (iii) mixed ago-
nist-antagonists; (iv) x agonists; (v) o
agonists; (vi) nalorphine-type antagonist;
and (vii) opiate antagonists.

We now report that a synthetic tetra-
peptide fragment, NH,-Tyr-Pro-Phe-
Pro-CONH,, of the milk protein B-casein
has potent opioid activity both in vivo
and in vitro (12). It binds to opiate recep-
tors in a highly selective manner, having
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