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The use of pheromones in animal

communication is ancient and wide-

spread. These semiochemicals are
generally divided
groups — releaser pheromones which
act on the nervous system to elicit

into two main

rapid behavioral responses, and prim-
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er pheromones which act physiologi-
cally to modify the endocrine or re-
productive system [1]. Both releaser
and primer pheromones play a critical
role in regulating the behavior and
physiology of social insects. Whereas
the glandular source and chemical
structure of dozens of social insect re-
leaser pheromones have been docu-
mented [2], the glands producing
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primer pheromones of social insectsthese in a tissue grinder. Extracts of
have been identified in only three in- the poison sac and the Dufour’s gland
stances: the honey bee queen subwere prepared by excising the glands
stance inhibiting queen cell construc-and homogenizing them in a tissue__
tion by workers [3]; a pheromone that grinder. The extracts were tested by<
delays reproductive development inapplying them to glass cover slips §
workers of the bumble beeBombus (18x18 mm), allowing the solvent to &
terrestris[4]; and a secretion that sup- evaporate for at least 30 min, and §
presses the differentiation of new sol-then introducing the treated cover® 40
diers in the termiteNasutitermes lu- slips to the test chambers at the inter-;
jae [5]. Of these only the chemical val indicated for each experiment. g
composition of honey bee queen sub-Controls did not receive cover slips+ 20
stance has been elucidated (reviewetlecause several experiments had

60

in [6]). shown that introduction of cover slips
Ants are by far the largest group of treated with solvent had no effect. 0 ~ v
social insects. Despite the importantThe virgin queens were inspected vaQ Q Q

role that primer pheromones play inevery 8 h for dealation (wing shed- Control sting  sting extract

regulating many basic features of antding). The colonies used in the bioas-rig. 1. Ability of hexane extracts of whole
societies [7, 8] information on their says were monogyne (single-queen)queen body (Q extract), queen sting appara-
glandular source and chemical iden-while the source of queens for prepa-tus (Q sting), and virgin queen sting appara-
tity is lacking. The function of phero- ration of extracts was polygyne colo- tus (VQ sting) to inhibit dealation in virgin
mones in colonies of the fire aSole- nies collected in Austin, Texas. All dueens. Results are given as mean+SE.
nopsis invictahas received consider- extracts were prepared and stored inf'éaiments with different lower case letters
able study, with three effects of hexane, because of several solvent%'firze?n :gmff;:eﬂ)y £<0.05, Tukey test;
gueen-produced primer pheromonegested hexane yielded the most active ™
having been documented: inhibitionmaterial of whole body extracts (data
of dealation (wing shedding) and not shown). The results of each ex- 5, -
ovary development in winged virgin periment were analyzed by ANOVA "

gueens [9]; inhibition of the produc- followed by the Tukey testR<0.05) + L]

tion of winged male and female sex-for multiple comparison of treatment i %/5 agrzan
uals [10]; and mutual inhibition of groups. Control

egg production among egg-laying To narrow down the glandular sourceg +

queens in polygyne (multiple-queen)of the inhibitory pheromone, the ac- 2 4o
colonies [11]. | report here the identi- tivity of an extract of whole queen &
fication of the queen poison gland asbodies was compared with extracts of”
the source of the pheromone inhibit-queen sting apparatus and virgin ol ——w iiiiw o vviiw

ing dealation and ovary developmentqueen sting apparatus. Extracts were > 0 oo 10

in virgin queens ofS. invicta applied at a rate of 5 queen equiva-

“Queen” is defined as the dealated,lents (QE) at 24-hour intervals (0, 24, Fig. 2. Effect of different dosages of extract
reproductively active members of theand 48 h). The experiment wasof queen sting apparatus on dealation in vir-
queen caste. “Virgin queens” arestarted on 9 May 1994 using a singledin queens Rs6=6.9, P<0.0001). Shown
young members of the queen castecolony collected from Calcasieu Par-2"¢ MeansSEng12 of each dose)

that have not yet shed their wings orrish, Louisiana, in April 1994 as the

become reproductively active. Bioas-source of virgin queens. As shown inTo test the effect of dose, the follow-
says were performed following the Fig. 1, there was a significant effecting dilutions of queen sting extract
method of Fletcher and Blum [12], of treatment 3 44,=13.8, P<0.0001). were compared: 0.05, 0.5, 1, and
which involves placing two winged Whole body extract of queens was2 QE applied at 8-h intervals for
virgin queens in a small chamber with highly inhibitory, causing virgin 48 h, as well as 5 QE at 24-h inter-
several hundred nestmate workers andueens to retain their wings morevals for 48 h. This experiment began
brood, and monitoring the virgin than 40 h longer than the controls, aon 13 June 1994; the source of virgin
queens for dealation. Whole body ex-duration close to the 48-h period dur-queens was a colony collected from
tracts were obtained by extraction in aing which the extract was applied. Calcasieu Parrish, Louisiana, in April
Soxhlet extractor for 72 h. Extracts of Moreover, extract of queen sting ap-1994. The results are seen in Fig. 2.
the sting apparatus were prepared byaratus was as inhibitory as the wholeThere was no discernible activity in
removing the sting, the attached poi-body extract, indicating that one ofthe 0.05 QE treatment, whereas the
son sac containing the poison glandthe glands associated with the stingd.5, 1, and 2 QE treatments were
the Dufour’s gland (a gland asso-apparatus is the source of the pherohighly active, differing significantly
ciated with the sting in aculeate Hy- mone. In contrast, extract of the stingfrom the controls. In this case, appli-
menoptera) and small bits of asso-assembly of virgin queens was not in-cation of 5 QEs once every 24 h
ciated cuticle, and then homogenizinghibitory. showed intermediate activity, but this

alation (h)
(o]
o
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Table 1. Effect of glandular extracts on dealation by virgin queens to be active in the bees. mellifera
[20] and B. terrestris [4], the two

Treatment n Time to dealation Results of Tukey test gther hymenopteran species in which
(h) the glandular source of primer phero-
Control 12 26.7+ 9.2 b mhones hast been |d_ent|f|,§d. (3||L4een
Dufour's gland 12 51.3+37.4 b pheromone transmission 1R. Met-
Poison sac 12 102.0+21.6 a fera has been studied in detail by
Dufour’s gland + poison sac 10 104.0+16.9 a Naumann et al. [21], who found that
Whole sting apparatus 12 111.3+ 9.9 a secretion of 1 QE/day appears to be

well within the physiological limits of
both pheromone production by the
gueen and pheromone perception by
treatment did not differ significantly glandular secretions are stored in thewvorkers.

from any of the other treatments. Be-poison sac which empties into theS. invicta,a member of the myrmi-
cause the application of 1 QE at 8-hsting apparatus [15]. During the pro- cine subfamily, is the only ant species
intervals gave the greatest activity,cess of oviposition poison sac con-in which a function has been demon-
this dose was used in the next experitents are exuded [14]. This mecha-strated for the poison gland in repro-
ment. nism of pheromone dispersal directlyductively active queens. The poison
The glandular source of the phero-links the quantity of pheromone se-gland of worker ants is generally used
mone was located by testing extractscreted with egg production, providedin defensive activities [7], but queens
of queen poison sac and Dufour'sthat the same amount of poison glandof the more specialized subfamilies,
gland. These were compared with exsproduct is released with the laying of including the Myrmicinae, rarely en-
tract of the queen sting apparatus. Aeach egg. Such a relationship betweegage in defense. In virgin queens of
colony collected from Austin, Texas, pheromone secretion and fecundity isthree other myrmicine genera the poi-
in early Dec. 1994 served as thepredicted [16] if queen pheromonesson gland has been shown to serve as
source of virgin queens, and the ex-are “honest signals” that accuratelythe source of a sex attractant [22—24].
periment was started on 20 Dec.convey the reproductive condition of Studies of reproductively active
1994. The extracts were applied at athe queen. Indeed, previous studies ofjueens of other species are needed to
rate of 1 QE/8 h for 72 h. The results S. invicta queens found [17, 18] a determine whether the poison gland
presented in Table 1 show that theregpositive association between egg procommonly produces primer phero-
was a significant difference amongduction and pheromone release asnones in the Formicidae, but so far
treatments K, 53=35.4, P<0.0001). measured by bioassay. the lack of effective bioassays has slo-
The poison sac extract contained therhe primer pheromone is relatively wed research in this area [8].

full activity of the whole sting extract, nonvolatile and must be transmittedThe few glands that have been impli-
both causing a delay in dealation ofthrough the colony by direct contactcated in primer pheromone production
more than 72 h, the full period during among colony members [9]. Becausein other social insects also serve as
which the extracts were made avail-the primer and queen attractant ardhe source of releaser pheromones. In
able. In contrast, the Dufour’'s gland produced by the same gland, thethe honey bee secretions from the
extract exhibited only minor activity, primer is assured of being transferredqueen mandibular gland prevent the
not differing significantly from the from the queen to the workers duringdevelopment of new queens through
control. Addition of Dufour’s gland queen tending and distributed throughinhibition of queen cell construction
extract did not enhance the activity ofthe colony to the virgin queens by by workers and elicit several releaser
the poison sac extract, indicating thatsurface contact and/or trophallaxis. Aresponses including queen tending be-
the poison gland alone is the majorprevious study using radiolabeledhavior by workers, stimulation of for-
source of the inhibitory substance. markers [19] indicated that both sur-aging and brood rearing, and attrac-
The results of the present study, to-face contact and trophallaxis are effi-tion of drones [6]. The queen mandib-
gether with previous investigations cient means of transmitting queen-de-ular gland of the bumble bed&. ter-
showing that the queen poison glandrived substances withi§. invictacol- restris produces both a primer phero-
of S. invictais the source of a relea- onies. mone that inhibits young workers
ser pheromone that elicits attractionThe results of the present study indi-from developing their ovaries [4] and
and queen tending activities by work- cate that queen poison sac extract exa substance that releases copulatory
ers [13], demonstrate that this glandhibits dose-dependent inhibition of behavior by males [25]. In the termite
has both primer and releaser func-dealation by virgin queens in small N. lujae the frontal glands of soldiers
tions. In addition, the poison gland se-colony fragments, with effective do- produce primer secretions that inhibit
cretion, which is rich in alkaloids, is sages of 0.5-2 QE/8 h, or 1.5-6 QE/the production of new soldiers in the
the source of potent antimicrobial day. At the present time it is not pos-colony [5] as well as defensive com-
agents that are applied to the eggsible to relate this dosage to physiolo-pounds and probably alarm phero-
during oviposition [14]. gically relevant quantities withinS. mones [26].

The poison gland is ideally situatedinvicta colonies. However, compar- The occurrence of multiple functions
for dispensing queen pheromone. Theable dosages of 1 QE/day were foundn a single gland raises the question
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of whether the separate responses are

elicited by the same or different
glandular products. Only in the honey

bee has the chemistry been thor-
oughly studied, and in this species the
same mix of five compounds elicits
several releaser responses and a prim-

er response (reviewed in [6]). It is not

yet possible to say whether a single 8.

mixture of compounds is responsible
for queen attraction and the primer ef-
fect in the fire ant. The queen attrac-
tant of S. invictaappears to be a mul-
ticomponent blend; two of the consti-
tuent compounds have
been identified [27, 28], but the active

mixture has not been fully character-1o0.

ized. Recent results (E. Vargo, S.
Baird, and K. Slessor, unpublished
data) indicate that there is a mixture
of compounds responsible for inhibit-

ing dealation and ovary development

in S. invictavirgin queens, and work
is currently in progress to isolate and
identify the active components.
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