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Ropalidia maginatais a primitively eusocial (truly social) wasp found in peninsular India. Itferdifit from the typical

primitively eusocial species in having docile queens that cannot use aggression to maintain reproductive iReoepbly

studies using chemical analysis and bioassays indicate that Bugdamnd is a source of the queen pheromone in this
species. Queens appear to signal their presence to workers through theirdyléma compounds, possibly by applying

them on the nest surface, and this results in suppression of reproduction by workers, resulting in reproductive monopoly
by the queenThe Dufouts gland was found to contain saturated long chain hydrocarbons, which have recently been
suggested to be the ancestral state of fertility signals in HymendfiterBufouts gland composition déred significantly

between queens and workers, and was also correlated with the state of ovarian development, varying continuously as a
function of ovarian development, thereby advocating the honesty of the queen phefidnisoglacidates the mechanism

of maintenance of eusociality through pheromonal queen signalling by the Bujtand compounds.

Key Words: Eusocial; Repoductive Monopoly; Queen Pheomone; Dufour's Gland; Ropalidia marginata; Honest
Signal

Social insects like bees, ants and wasps have arouseahole theoryl allude to the neuters or sterile females
the interest and imagination of humans since agesin insect communities: for these neuters oftefedif
They captivate our attention by the ways in which widely in instinct and in structure from both the male
they oganise and regulate their complex societies, and fertile females, and yet from being sterile they
employing their social design to solve various cannot propagate their kind.” (Darwin, 185%his
ecological problemdhey have been held among the paradox was formally solved . D. Hamilton in
greatest achievements of evolution, illustrating the 1964 in two seminal papers where he gave a formal
entire range of levels of ganisation, from the theory stating evolution of altruism (Hamilton, 1964a;
molecular to the societal level (Mbn, 1971).The 1964b). $ated simply it implies that even if an
functioning of a social insect coloninvolving individual does not reproduce at all in its lifetime, it
hundreds, or even thousands of individuals can still have some fitness by helping another
simultaneously has been compared to the functioningindividual to which it is genetically related, to
of a single aganism, or “superganism” (Holldobler  reproduce.Thus an individual can give up
and Wilson, 1990). How and why such complex reproduction and still pass on its genes to the next
altruistic societies evolved from solitargelfish generation by helping its relatives to reproduce, as it
individuals remained unexplained for a long time. always shares some genes with its relatiVess is
Even Charles Darwin was [flgfd by social insects  now famously known as “Hamiltos’rule” or “kin

and remarked “...one specialfdifilty, which at first ~ selection theory”, and has subsequently stimulated
appeared to me insuperable, and actually fatal to myentire fields of research resulting in the betterment
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of our knowledge and understanding as to why 1964 a, b). It specifies certain conditions under which
animals should help each other eusociality should spread in the population,
fsimultaneously explaining conditions under which

_SQC|aI_|nsects are perhaps the best ex_ample Oltruism is expected to evolve and those under which
altruistic animals, as here altruism can be said to have

reached its zenith, resulting in most individuals of a selfishness is expected to evolve.

colony (workers) permanently sacrificing their ability Hamilton’s rule can be stated in a simplified
to reproduceThey work for the benefit of the colony version by the algebraic inequality:

instead, with a few individuals specialising in

reproduction alone (queens), literally functioning as 9 S }

egg-laying machineghis is why social insects are cC r

considered as “eusocial” or “truly social'gamisms,

characterised by cooperative brood care, where “b” is the benefit to the recipient of altruism,
differentiation of colony members into fertile “C’isthe costtothe altruist, and “r" is the cheient
reproductives and sterile non-reproductives, andof genetic relatedness between the recipient and the
overlap of generations (Batra, 1966; Miched669; altruist, i.e. the probability of any gene presentin the
Wilson, 1971). Eusocial insects are further subdivided altruist also being present in the recipient by common
into primitively eusocial and highly eusocial species. descent. Benefit and cost are measured in fitness
Species where the reproductive caste or queen i$€rms, i.e. number of surviving fspring. The
morphologically distinguishable from the non- €quationcan be rewritten askr > ¢, meaning the
reproductive caste or worker are called as highly benefit to the recipient devalued by the genetic
eusocial, while the species where there is no'relatedness should be greater than the cost of the
morphological diference between queen and worker altruist. Thus it can be understood as to why workers
are called as primitively eusocial. Howeyer remain sterile for their whole lives, working to help
irrespective of the existence of morphological casteraise the quees’ofispring. They gain indirectly
differentiation, the main feature of queens is that theyincreasing their inclusive fitness by helping a relative
either monopolise reproduction, or carry out a (the queen, who is usually their mother), that far
disproportionately laye fraction of reproduction in  Outweighs any direct fitness they might have gained

the colony with workers generally functioning as Py attempting to reproduce themselves. Hamifion’
sterile individuals. rule has pioneered a new era in the study of social

_ o behaviour and social insects have been at the
Amongst insects, eusociality has been observedtgrefront of this new field (Wson 1971, Holldobler

mostly in Hymenoptera (all ants, some bees andandwilson 1990, Crozier and Pamilo 1996).
wasps) and Isoptera (all termites), with a few

examples being observed in Hemiptera (some aphids)Maintenance of Eusociality by Queens of Social
Thysanoptera (a few thrips) and Coleoptera (oneHymenoptera

species of beetle) (Holldobler antlilson, 1990;
Michener 1974; Michener2000; Ross and Mathews,
1991;A0ki, 1977; Crespi, 1992; Kent and Simpson,
1992).Amongst all social insects, hymenopterans
have received the majority of attention.

Maintenance of eusociality refers to maintenance of
reproductive monopoly by the queen, and there are
generally two modes by which this occurs in social
insects — aggression and pheromohggression
refers to direct physical confrontation or dominance
Study of eusociality can be broadly divided into behaviouy where the dominant individual (queen)

two categories: (a) evolution of eusociality and (b) directly attacks, bites, attempts to sting or shows other
proximate mechanisms involved in maintenance ofacts of aggression towards the subordinate
eusocialityThe first part was addressed successfully individuals, who are thereby socially dominated into
by kin selection theorywhich remains as the taking up the role of workers. Pheromone refers to a
predominantly accepted paradigm till date (Hamilton chemical signal or cue released by the queen, which
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when perceived by the workers results in inhibition eusocial and have behaviourally dominant queens
of reproduction by workers resulting in reproductive who do not participate in or show very low rates of
monopoly by the queen. Hence aggression orforaging, and can behaviourally regulate colony
dominance behaviour is also called as a physicalactivity. Queens are mated and havedarovaries
method of queen control over worker reproduction, while workers are mostly unmated have slender
while pheromone is considered as a chemical methodvaries. Queens are believed to use aggression to
of the queen signalling her presence to the workerssuppress worker reproduction (Michene390a). In
(Keller and Nonacs, 1993). some ants of subfamilie®\mblyoponinae,
Lo . . Ectatomminae and Ponerinae, there is no
In most primitively eusocial species (queens and morphological diference between queens and

Worke.rs morphologlcglly S|m|Iar)., the qugen usually workers, and the morphologically distinct queen caste
occupies the top-rank in the dominance hierarchy and

_ _ _ 7 7 7Is believed to have been lost secondarily and replaced
is generally believed to use aggression to maintain
her statusThe queen is believed to subdue other
females into restraining them as reproductively sterile
workers in the colony (Pardi, 1948/est-Eberhard,

1969; Roselerl981).The queen stays on the nest
while workers go out for foraging, and the queen often

acts as the central pacemaker or work regulator o

:jhe golony Smce rc:ueens OCCL.pr t:e tog ?[Lthe In some species, reproduction is regulated by a
ominance hierarchthe aggression shown by them dominance hierarchyand the individual occupying

is often believed to play a dual role of suppressingthe top-most rank in hierarchy (alpha individual)
worker reproduction and regulating worker activity

(West-Eberhard, 1969; Brothers and Micheh@r4;
Breed and Gamboa, 1977; De%983; Reeve and

Gamboa, 1983, 1987; Litte, 1981, Gambmzal, gamegate clips dfthe wing buds or gemmae of all

199,[%;_ fReesr; 1991). In sorTehsnglestH@aI[[dl?h newly eclosed workers of the colgmgndering them
cyathiformisthe queen (or alpha) directs most of her unable to mate, and thereby ensuring reproductive

aggressmn towardsthe'one who is nextin dom,mancemonopoly by enforcing them to lead sterile lives
hierarchy or beta, who in turn shows aggression to

Il oth | b Kardile. 2006: Bhad (Peeters and Higashi, 1989; Peetdral., 1992). It
all other colony members (Kar .I © . _? ' should be remembered however that these Ponerine
2008). In hover wasps {&ogastrinae), in addition

. . _ ants are derived from other highly eusocial ancestors
to being the most dominant, the queen is also the

ldest individual of th I 4 domi and can be considered as an example of reverse
oldest individual ot Ine ColonRS age and dominance o) \tiony - wherein they have secondarily lost the
have a strong correlation (Field et al., 1999; Fatld

. : _ characteristics of highly eusocial species that were
al., 2006). In addition to aggression or dominance

behaviour diff tial h licing is al present in their ancestral lineagéherefore, any
ehaviourdmerential oophagy or policing 1S &S0 e a5 of chemical control of worker reproduction

Fr%plt?yfr?’ Whel:e the:\[hquegn destrqys ;n(i ealts ;gggy the queen pheromone that might have existed in
a r)mls © WOTKeTs, etre t%’ en3u;|ng a tf’” Y ItAe their ancestors may have been lost secondarily in them
queens eggs give rise to the next generation (Ito, resulting in evolving alternate strategies of achieving

;9?.3),[' n thf p?pe'r \Ilvaspsk.Pol|st§?bdobm|tnulus andreproductive monopoly by the queen by dominance
olistes sataptaclal markings r between hierarchy or by mutilating the gemma.

dominants and subordinates, and hence between
gueens and workers, which hint at a possible visual The external body surface of insects is called
gueen recognition system based on facial markingsthe cuticle. It is a hard exoskeleton and is covered by
(Tibbetts and Dale, 200Fannure-Nascimentt al, a waxy layer of hydrocarbons whose primary function
2008). Sweat bees (Halictidae) are primitively is to prevent desiccation and protecting the insect

by mated workers, called “gangates” (Peeters,
1993, 1997; Peeters and Crewe, 1984hough such
ants are perhaps not equivalent of other typical
primitively eusocial species, like wasps, the absence
of morphologically distinct caste qualifies them as
fDrimitively eusocial and they also present other
situations similar to other primitively eusocial groups.

attains the status of gargate, and workers can show
aggression to periodically overthrow senile
gamepgates. In some species Dfacamma the
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from injury and pathogensThe cuticular maincomponentis the mandibular gland pheromone
hydrocarbons have secondarily acquired a role inwhich is believed to be directly responsible for
chemical communication in many insects. Cuticular inhibition of ovarian development in workers (Free,
hydrocarbons have been shown to vary betweenl987;Winston and Slesspi993).When the quality
foundresses and workers infdifent species of paper of the queen pheromone becomes poor due to
wasps, and have been also shown to be correlatededuction or loss of fertility of the queen, the workers
with the fecundity of the individuals (Bonavita- can kill the queen and rear a new queen (Engels and
Cougourdaret al, 1991; Sedget al, 2001 Tannure- Imperatriz-Fonseca, 1990)he Dufouts gland has
Nascimentet al., 2008; I1zzo et al., 2010). Chemical also been shown to be a source of fertility signal in
difference of queens and workers in secretion of thehoney bees (Dor et al., 2005; Katzav-Gozansky
van deVecht’s gland has also been shown in waspsal., 2002a, b), and bumble bee queentedifrom
(Dapporto et al 2007). In queen-less ants as well, workers in their cuticular chemicals that may act as
differences in cuticular hydrocarbon profiles of queen signal (Sramkowet al, 2008). Queens in
gamegates and workers have been found, and thevespine wasps are also believed to use pheromones,
profiles have been shown to be correlated with which seem to be transferred by trophallaxis or other
fertility (Monnin et al., 1998; Peeteet al, 1999; direct contact (Landokt al., 1977Akre and Reed,
Liebig et al, 2000; CuvillierHot et al, 2001). Since  1983; Greene, 1991). In ants, cuticular compounds
gueens in primitively eusocial species are generallyare believed to be the main perpetrators involved in
believed to use dominance to maintain their status,queen signalling, and most of the evidence of
this growing evidence for chemical fifences  cuticular hydrocarbons signalling reproductive status
suggest that chemical cues or pheromones may beome from ants. Cuticular hydrocarbons have been
used along with dominance to signal the presence ohown to be correlated with reproduction in several
a queen to her workers. Queen control by aggressionmajor ant subfamilies — Myrmeciinae, Myrmicinae,
is generally believed to be restricted to species that~ormicinae and Dolichoderinae, in addition to the
have comparatively smaller colonies, and thus, archaic subfamily Ponerinae, where queen-less
achieving such control through dominance should species are placed (reviewed in Monnin, 2006). It
become diicult and inefective in lager colonies  has also been shown by electrophysiological studies
owing to the sheer numbers of individuals that would in conjunction with bioassays that workers actually
have to be dominated (Keller and Nonacs, 1993;perceive and react to compounds characteristic of the
Seeley1995). gueen cuticle (D’Ettorre et al2004). Since queens

. . _ in highly eusocial species are docile, they are
In highly eusocial species that have mucbédar expected to rely heavily on pheromones for

colony sizes, the queen main.tains her status thrOLJgQ:ommunicating with workers, and the maintenance
chemlc_al means b.y producing a pheromone thatof reproductive monopoly depends on chemical
results in suppression of worker reproduction (Free,Signalling The pheromone has anfedt on the

1987;W|nston .and Slegsp&993; Monnin, 2_006)' physiology of workers resulting in the prevention of
Highly eu_soual_speues are charactenseql byovarian development. Both aggression and
morphologically distinct queens and workers. Since pheromone seem to serve their purpose well in

.th(.e queen is morphologically .th’rent, and body size maintenance of eusociality in the species concerned.
in insects cannot change during the adult stage, caste

determination in such species usually takes placeQ
during larval stage, and the fate of an adult individual
that ecloses from the pupa is already fixed. In most primitively eusocial species, the queen
Pheromonal signalling by the queen is the hallmark dominates other individuals behaviourally and is
of highly eusocial hymenopterariBhe honey bee generally believed to suppress reproduction by
queen pheromone has been extensively studied, andorkers by sheer aggressitvorkers have no choice
although multiple sources have been identified, thebut to be dominated by the queen and hence are forced

ueen Control Versus Queen Signal
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to either stay on the nest as sterile individuals, or toprimitively eusocial societies, the queen is believed
leave the colonyThis is easy to understand, because to actively suppresses workers by aggression, while
in general, receiving aggression can have an adverse highly eusocial societies, she signals her presence
effect on the physiology of anganism by increasing by pheromone, and the onus is on workers to abstain
stress, thereby rendering the individual sterile. from reproduction in presence of the queen
Regarding pheromone howeyiewould be relatively ~ pheromone. Such contrast between queen control by
easier to escape from itdedft, if the need arises, by aggression and queen signal by pheromone has
biochemically neutralising the ffct of the implications on the level of conflict over reproduction
pheromoneTo explain the maintenance of queen in a colony Conflict is expected to be higher in
status by using pheromone and contrast it with species where the queen uses aggression, and lower
aggression, in a landmark papiéeller and Nonacs in species where she uses pherom®hés probably
(1993) put forth the idea of honest pheromonal results in higher colony productivity in highly
signalling.The queen pheromone should be an honesteusocial species like honey bees and ants as compared
signal of fertility of the queen, and on perceiving it to primitively eusocial species like paper wasps.
workers should refrain from reproduction by o _

themselves (sometimes called as “self policing”). Ropalidia marginata

Here the workers are not being forced to abstain fromRopalidia maginatais a tropical paper wasp found
reproduction directly as in case of aggression, and;, peninsular India, Sri Lanka and South-Easia
they are free to evolve some strategy to evade the{Vecht 1962; Das and Gupta, 1983) (Fig. 1). It
effect of the pheromoneet, workers do not  pejongs to subfamily Polistinae under family

reproduce in presence of the queen, who is severalsespidae of order Hymenopetfey construct open
folds more fecund than the workers and advertises,agtg (not covered by envelope) with paper which

this through her pheromon®/orkers would gain ey prepare by masticating cellulose material
more inclusive fitness by allowing such a fertile queen 4jected from plants and mixing it with their saliva;
to reproduce, rather than reproduce themseéN®s.  {he nests have one or more pedicels (stalks). Nest

signal should be honest, otherwise it will not be able jitiation occurs throughout the year with absence of
to evolve, as both signaller and receiver will not

benefit from such a signaAlso, if it is not honest,

the system will be prone to invasion by cheafEngs

idea finds support in the fact that the queen can be

overthrown and even killed by the workers when her

fertility starts to decline (Engels and Imperatriz-

Fonseca, 1990)The quality or strength of the

pheromone can be a useful proxy by which the

workers assess the fertility condition of their queen.

It has also been guwed that a signal should be costly

in order to be honest, as that would be ditieft

way of advertising the quality of the signaller thereby

increasing the chances of the receiver responding to

it, and this would also automatically make it resistant

to invasion by cheaters. In absence of high cost

associated with a signal, a reliable communication

system using that signal should béidiflt to evolve Fig. 1: Photograph showing a colony oRopalidia marginata with
(Zahavi and Zahavi, 1997; Zahavi 2008). However individuals marked with non-toxic, quick-drying enamel
studies that specifically look at the cost of the queen paint to enable identification of individual waspsThe queen

. . . is indicated with an arrow and is morphologically similar
signal are yet to be conductékhus in general, in 10 workers profogicaly
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any well-defined seasonal colony cycle, and nests alsalominance over the workers despite being docile and
get abandoned throughout the year (Gadagkar,et al non-interactive creates interest in studying the
1982). Nests occasionally get preyed upon by hornetproximate mechanisms by which eusociality is
(Vespa topica), and the wasps can get parasitised by maintained.

solitary parasitic wasps (families Ichneumonidae and _ _

Torymidae), flies (family Tachinidae) and The Queenin R. marginaa

strepsipterans (ordetrpsiptera) (Gadagkd&2001).  The queen iR. maginatais morphologically similar
Colony sizes have been found to range from .1to 200y workers, and is the sole egg layer of a calony
females (Gadagkat al, 1982), and the approximate  confirmed from observations as well as ovarian
colony sizes found are generally between 10 to 304issections (Chandrashekara and Gadagle®! a;
females (personal observation). Male§ .are p_rOducedGadagkarzom) (Figs. 1 and 2). Queens are also
throughout the yeaand they rarely participate inany - generally mated, as are some of the workers, but
colony maintenance taskiter eclosion, males stay nmated queens have also been observed occasionally
on the nest for about a week and then leave the nes(‘Chandrashekara and Gadagka91 b: Mitra, 20L).

to lead a nomadic solitary life, and mating does notQueens usually do not participate in any dominant
occur on the nest (Gadagka@01; Sen, 2007). Each - gypordinate interactions, rarely occupy top-ranks in
nest has a sole egg layer at any point of time, theyye gominance hierarchgnd behaviourally belong
queen, who lays single eggs in each cell, which theny, the docile “sitter” caste, amongst the three
develop into larvae, are fed by workers and grow into pehavioural castes — sitters, fighters and foragers
pupae from which they eclose out as adultse  (chandrashekara and Gadagi91a; Gadagkar and
approxmattaT time taken for brood development from Joshi, 1983). Since the queen is a docile and non-
egg to adultis around 62 days (Gadagkat, 1993).  jnteractive individual, unlike other primitively

Although there is only one queen on a nest at a giverysocial species, she is not the central pacemaker of

point of time, throughout its existence, a nest CaNipe colony and the workers themselves regulate
experience several queens, temporally separated fror@olony activities by dominance- subordinate

each othera phenomenon called serial polygyny interactions (Bruyndonckx et al., 2006; Lamba et al
(Gadagkar et al 1993). Both queens and workers 7008). Queens can have longer life span than workers,
can be mated, and queens have been found to bgse span of workers being 27 + 23 days (mean +
multiply mated as well (Muralidharan et al986).  standard deviation) while that of queens being 103.5
Nests can be founded by solitary or multiple : 653 days (Gadagkar et al., 1982; Gadagkar. et al
foundresses and nest joining, usurpation and adoption 993).When a new queen establishes herself in the
have also been observed (Shakarad and Gadagkagolony it has been found that the individual who
1995).A wasp eclosing on a nest has several optionspecomes the potential queen and subsequently the
available. She can (i) leave her natal nest and starpew queen, does not fiif from other workers with
her own solitary foundress colarfyi) leave her natal  respect to general behaviouank in dominance
nest and initiate a multiple foundress colony along hierarchy age, body size or ovarian development
with her nestmates or with wasps from other nests,status, in presence of the existing queen
(iii) leave her natal nest and join another coldiy)  (Chandrashekara and Gadagke992; Gadagkar et
stay in her natal nest as a worker for her entire life, al., 1993; Deshpande et,&2006) Thus the individual

or (v) stay in her natal nest as a worker for somewho becomes thgotential queen has been called as
time and then become the queen of her cology  an “unspecialised intermediate”. It has been found
overthrowing the existing queen or when the existing that there is a queen succession hierarchy in the
queen dies (Gadagk&001).This variety available  colony and the wasps themselves seem to know the
in options, makeR. maginataan interesting species identity of at least the first successor (Bhadra and
to study with respect to evolution of eusocialapd Gadagkar2008; Bang and Gadagk&012). How

the fact that the queen maintaimeproductive  the hierarchy is determined and how the wasps
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A

(B)

Fig. 2: Photographs showing the ovaries of a worker and a queen
of Ropalidiamarginata. The queen ovary can be seen to have
many mature eggs, while the workeovary is undeveloped

themselves identify the next successor remains

unknown.

to do so (Sumana and Gadagk2®03).Workers
constantly perceive the presence of their queen, as
they realise her absence within approximately half
an hour of queen removal, and it was found that the
rates of interaction of workers with the queen are not
frequent enough to explain the rapidity with which
the queers absence is perceived (Bhaetral, 2007).

It was also found that workers do not perceive their
gueen when separated from her by a wire mesh
partition, suggesting that if a pheromone is indeed
involved, it is likely to be non-volatile (Sumana et
al., 2008). In a bioassay it was found that a crude
macerate of the queanDufours gland can act as a
proxy for the queen herself, suggesting that the
Dufour's gland is probably one of the sources of the
gueen pheromone in this species (Bhadra, 2008;
Bhadra et al 2010).

ThusR. maginata queens possess characters
of both primitive and highly eusocial speci&beir
morphological similarity with workers places them
in primitively eusocial categoriput features like non-
dominant behavioural profile, non-interactive nature,
not featuring as the central pacemaker of the colony
and presence of pheromone bring them closer to
highly eusocial specieslthough the queen is docile,
when she establishes herself as a new queen of her
colony, she undeyoes a phase of intense dominance
behaviourand can be said to be similar to queens of
other primitively eusocial species in this phase of her
life. This makesR. maginataan interesting system
to study concerning the proximate mechanisms by
which the queen maintains reproductive monopoly

The Dufour’'s Gland as a Soure of the Queen
Pheromone in R. marginag:

It had been speculated that the queen in Ryimata
might be using pheromones to communicate her
presence to the workers (Sumana and Gadagkar
2003). If the queen is lost or experimentally removed
from the colonyone of the workers becomes highly
aggressive within a few minutes, and if the queen is
not returned, this individual develops her ovaries,

As the queen is a docile individual and hence gradually loses almost all her aggression and becomes
cannot be using aggression to maintain her status, ithe new queen of the colony after a few dayss
was speculated that she might be using a pheromon@dividual has been designated as the potential queen
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(PQ) (Chandrashekara and Gadagk®®2; Premnath  bioassay was developed in which it was found that a
et al,, 1996; Deshpande et al., 2006). If the queen iscrude macerate of the quesnDufours gland
returned to the colony within a day of her removal, (Dufour's gland crushed in Ringersolution)can act
the PQ decreases her aggression and goes back @s a proxy for the queen herself in making the PQ
being a worker in the colony (Sumana and Gadagkardrop her aggression, while the worleDufours
2003).The fact that the PQ becomes very aggressivegland macerate had nofeft on PQS aggression
soon after queen removal suggests that at least théBhadra, 2007; Bhadra et.aR010).This suggests
PQ perceives the absence of the queen within a fewhat the Dufou's gland is a source of the queen
minutes. It has been shown that the rates of interactiorpheromone in this species.

of the PQ with the queen (both direct as well as

relayed interactions through other workers) are notPufour’s Gland Morphology of Queens and
frequent enough to explain the rapidity with which Workers

the queers absence is perceived (Bhaelral, 2007).  gecause the queen alone applies contents of her

So, if the queen indeed uses a pheromone tgPufour's gland onto the nest, it was expected that
signal her presence, how the signal reaches thdhe activity level of queen gland should be more than
workers remained poorly understood till the that of worker gland, as the gland contents would
possibility was explored that queens may apply have to get replenished periodically for queens but
pheromone onto the nest surface. It was observed thd?Ot for workers.The activity of a gland is often
the queen (but not the workers) frequently rubs hercorrelated with the size of the gland, and this has
abdomen on the nest surface leading to thebeen found in vertebrates, as well as insects, and even

speculation that this might be a method of depositing!" Pufours gland of other hymenopterans (Herrera,
pheromone on the nest surface (Bhadra et al., 2007)1992; EImer and Ohlin, 1969; Ravi Ram and Ramesh,
Since the queen rubs the ventral side of the tip of her?002; Hassanet al, 2010;Tobe and &y, 1985;

abdomen, another study focused on the Dugour Roseleret al., 1980Ali et al., 1988Abdallaet al,
gland, which opens into the tip of the abdomen (Fig. 1999a, b). Hence, because the queen is expected to
3), and has been shown to be one of the soarfces have a more active Dufogrgland than the workers,

the queen signal in honey bees (Katzav-Gozaesky the queers Dufours gland can also be fer than
al., 1997; Katzav-Gozansket al, 2002a, b: Dor et that of the workers. Size tiirence between Dufoar

al., 2005), and considered the possibility that the 9/ands of queens and workers was investigated by
Dufour's gland is a source of queen pheromone in R.dissecting out the glands in insect saline,
maminata Using the fact that the PQ loses her photographing them and then taking measurements

aggression immediately on return of the queen, afrom the images with respect to length of the gland,
maximum width of the gland, perimeter of the gland

and area covered by the image of the gland. However
no difference was found between queens and workers
for any of the parameters, or for all the parameters
combined together in a multivariate analysis (Mitra
and GadagkaR012 a)This suggests that Dufdar
gland activity and size are not correlated in this
species. It also suggests that the total quantity of
chemicals present in the gland should be similar for
gueens and worker3hus, if the Dufours gland
indeed conveys the queen signal, and if there is no
_ _ _ _ _ . difference in quantity of chemicals between the
Fig. 3: D|agr-am showing location of the Pufours gland inRopalidia Dufour's glands of queens and workers. one way in
marginata among otherabdominal organs (not to scale, !
reproduced from Mitra, 2013; copyright: author) which the queen gland can befdient from the
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worker gland, is the composition of gland chemicals. Table 1: Compounds identified by gas chomatographic-
mass spectometric analyses of Dufouts glands ofRopalidia

Chemical Composition of Dufours Gland of

marginata.

QueensVersusWorkers

Peak #

Identity of compound

Chemical analysis of the Dufolsr gland was 1
performed by dissecting out the glands and »
performing gas chromatography and gassj
chromatography coupled with mass spectrometry 4
(Bhadraet al, 2010). Dufours glands were foundto g
contain a series of lineanonomethyl and dimethyl g
branched alkanes with 21 to 33 carbon atoms in their;
main chains. Unsaturated compounds were not foundg
Amongst the branched alkanes, some compounds
were represented by a mixture of two or more g5
positional isomersAbout 30 diferent compounds 1o
could be identified by mass spectrometrgi{[e 1). 1
Any compound or set of compounds present 1o
exclusively in queens or in workers was not found. ;3
The total quantity of all compounds taken together 14
was similar for queens and workers as had beemns
predicted from the morphology of the Duftaigland 16
(Mitra and Gadagkaf012 a). Queens and workers 17
differed in the composition of their Dufdargland 18
and could be separated into clear non-overlappingig
clusters in multivariate analysis done using relative 194
proportions of all Dufous gland compounds (Fig. 2o
4). They also difered for categories of compounds: g5
gueens were higher than workers for monomethyl 51
alkanes and converseliower than workers for 5,
dimethyl alkanes, while they did not f@if for linear 23
alkanes (Mitra and Gadagka2011). This is 24
interesting as it has been suggested that linear alkanes;
do not have any role in communication and are not
perceived by polistine wasps, while methyl branched 26
alkanes are discriminated by wasps and are good7
candidates for fertility signalling (Dani et a2001). 28
Queens and workers also tHfed for single  28a
compounds: queens were consistently lower than29
workers for four compounds (Heneicosariemethyl 30

Heneicosane

11-methylheneicosane

Tricosane

11-methyltricosane

Pentacosane

Mixture of 11- and 13-methylpentacosane
Heptacosane

Mixture of 11- and 13-methylheptacosane
3-methylheptacosane

Octacosane

Mixture of 12-, 14-, 16- and 18-methyloctacosane
4-methyloctacosane

Nonacosane

Mixture of 11-, 13- and 15-methylnonacosane
5-methylnonacosane

11-, 15-dimethylnonacosane
3-methylnonacosane

2-methylnonacosane

8-methyltriacontane

14-, 16-dimethyltriacontane
6-methyltriacontane

2-methyltriacontane

Hentriacontane

Mixture of 11-, 13- and 15-methylhentriacontane
Mixture of 7- and 9-methylhentriacontane
Mixture of 11-, 17- and 13-, 17-dimethylhentriacontane
3-methylhentriacontane

Mixture of 5-, 21-, 5-,19- and 5-, 17-
dimethyldotriacontane

14-methyldotriacontane
8-methyldotriacontane

14-, 18-dimethyldotraicontane

6-, 14-dimethyldotriacontane

Mixture of 13-, 15- and 17-methyltritriacontane

13-, 19-dimethyltritriacontane

heneicosandricosane andIltmethyl tricosanepll
these results suggest that the overall composition of

the Dufouts gland plays a role in defining the queen queen-like signal, and the converse gives rise to a
signal, as queens did not have any compound thatvorkerlike signal. This suggests that the Dufosir
was absent in worker&bsence or decrease of certain gland compounds can be having a bougdetgfvith
compounds, and the automatic increase of relativeoverall chemical composition being more important
abundance of other compounds contributes to athan single compounds in defining the queen signal.
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methyl heneicosanelricosane and I-methyl
tricosane) (Mitra and Gadagk&011). This implies

that queens with better developed ovaries tend to have
a lower relative proportion of the four compounds
than queens with less developed ovaries. Conversely
ovarian index of queens was positively correlated
with the relative proportion of the remaining
compounds. Since queens with betaetivated
ovaries have lower percent areas for these four peaks,
this shows that the reduction or absence of these
peaks, which automatically causes increase in relative
proportion of the remaining peaks, might comprise

the efectiveness of the queen signal.
Fig. 4: Queens (q), workers (w), solitay foundresses (sf), potential

queens immediately afterqueen emoval (pqd0), potential Previous studies on other species that have
queens 3 days aftequeen emoval (pqd3), and potential jy astigated the link between fertility and queen
queens 5 days aftequeen emoval (pqd5) plotted on 2 .
discriminant functions that differ entiate them based on the pheromone have mostly concentrated ofecghces
relative proportions of their Dufour’s gland hydrocarbons. between qgueens and workers (Bonavita—Cougourdan
Figures in pamenthesis on each axis denote the pmmt et a|_' 2001;Winston and Slesspﬂ993; Peeters et
variance explained by the espective discriminant function. . .
It can be seen that queens and workers arwell separated, al" 1999; Slquet al" 2001; Katzav-Go.zansI@t
with solitary foundresses intermediate between them, and al., 2002 b; D’Ettorreet al, 2004; Monnin, 2006)
potential queens ae similar to workers immediately after where the information on fertility gets reduced to
queen removal and move away fom workers and come  categories. Howevethe state of ovarian activation
closerto queens by 5 days aftegueen temoval (graph is not a categorical but a continuous variable, and
produced by combining data eported in Mitra and g g '
Gadagkar, 2011; Mitra and Gadagkar, 2012 b, c) test for correlation between pheromone composition
and ovaries (both treated as continuous variables)
should provide clues regarding the honesty of the
o _ _queen signal at a finer scale, as queens with better
It is interesting to note that only non-volatile ,¢tivated ovaries are expected to have pheromones
hydrocarbons were found from the Dufugland. ¢ are more diérentiated from workers than queens
Earlier it has been found that workers do not PErceiVenaying less activated ovaries. Chemicafedénce
the presence of their queen across a wire meshyy,ong established queens with respect to their
partition, advocating the non-volatility of the queen ,4riation in fecundity has generally not been
pheromone (Sumana et &2008). investigatedThe study orR. maginatalooks at the
ovarian development of the queen on a continuous
scale and thereby shows that the composition of the
gueen signal can vary continuously with the ovarian
The Dufoufs gland composition of the queens was activation status of the que&korkers might perceive
also found to be correlated with their state of ovarian the fertility status of their queen through her Dufeur
developmentThe ovaries of the queens were gland compounds that she applies to the nest surface,
dissected out and various measurements were donand thereby react accordingly (Bhaetaal, 2010).
to construct an index of ovarian development that This could have important implications in cases
serves as a proxy for the fertility of the queen. Scoreswhere queen turnover occurs (when a queen gets
of queens on the ovarian index were found to beoverthrown by workers), presumably due to decline
negatively correlated with those four compounds for in fertility of the queen, perceived through change in
which queens were found to have a consistently lowerqueen pheromone. It is possible that factors involved

relative proportion than workers (Heneicosarke, 1 in the ovarian activation pathway influence the

Correlation of Dufour’s Gland Profile of Queens
with Ovary Development
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biosynthesis of Dufols gland compounds. It can also enegy consuming tasks like foraging and nest
be concluded that the Dufdargland profile of a  maintenance that they have to perform. Queens of
gueen may honestly signal the fertility status of the established post-enggnce nests never go out to
gueen, as it is inevitably constrained by the state offorage and do almost no work for colony
ovarian development of the que&hus queens may maintenance, and this could be a reason as to why
maintain reproductive monopoly by advertising their their ovariesre better activated than those of solitary
fertility status to workers through their Dufésigland foundressesThis adds to the evidence for the link
compounds. between fertility of individuals and chemicals likely
to be involved in fertility signalling (Sledge et al.,
2001; Monnin, 2006; Izzet al, 2010; Mitra and
Gadagkar2011), and reinforces the idea that a signal
A solitary foundress is an individual female who has that arises as a by-product of fertility is bound to be
left her natal nest and has started building her ownhonest and hence can be easily incorporated in a
nest. She will maintain the nest, start laying eggs incommunication system for fertility signalling.
it and will forage and take care of her brood alone,
without any worker to help heBolitary foundresses  Potential Queens
provide an interesting system to study the honesty of _ _ ,
qgueen signalling. Since solitary foundresses do noth‘S mentioned earliewhen theR. maginataqueen
s removed from her colonyne of the workers

have any nestmates, expressing a queen signal IB ¢ | _ difth _ ;
. . : ecomes extremely aggressive and if the queen is no
redundant, as there is no one to receive the signal. yagg q

But, if the pheromone is an honest signal arising aSLeturned', she gdrr;dually IOS::;S her aggressmfrl[,hdevellops
an inevitable by-product of the state of fertilite. erovaries and becomes (e hew queen o the colony

inextricably linked to the fertility of the individual, W/thin a few days; this individual is called the
expression of pheromone and pheromone potential queen (PQ) (Chandrashekara and Gadagkar

composition should necessarily be correlated with the_}_?lgz Pr?mnaﬂat a_l’ 19ﬁ6; Debshfr)]angﬂ ?"’ 200.6?' i
degree of fertility of the individual (Keller and ftehoverttaggressmn Sd anthy © $|s|rem|n|sqe?
Nonacs, 1993; Heinze and D’Ettorre, 2009; van ot the pattern observed in other primitively eusocia

Zweden, 2010). Such a signal should be produced b)?rzfc_';s Ivvhtere thehbeta (secqnd most do.mlntz:]nt
any fertile individual, irrespective of the presence or individual) steps up her aggression on removing the

absence or receivers of the signal (hest-mates), bgpha (mOStlggg?"CI‘?m st\)/;)dlL-jgll) (Hulgggglgnd
virtue of being physiologically linked to fertility rassmann, ; Viyano, ; Sleegel, ’

(Maynard Smith and Harped995; Searcy and Deshpandet al, 2006). In such species, the original

Nowicki, 2005) A fertile individual cannot help but geta_a”dtr_‘og t.:Ie ”Ie."" ti'phalcom'”“;fhto bf the most
produce the signal due to this physiological ominant individual in the colony and therelore may

constraint. use dominance for regulation of reproduction of other
colony members (Hughes andr&smann, 1988;

It was found that solitary foundresses were Miyano, 1991; Sledge et.aP001; Deshpands al,
intermediate between queens and workers with2006). In R. majinata howevey the aggression of
respect to both their Dufolgr gland hydrocarbon PQ is expected to drop down over time, as eventually
composition (Fig. 4) and their ovaries, suggesting thatthe PQ will transform into a docile queen. It is also
gueen pheromone composition in R. giaata can expected that the ovaries of the PQ will develop
be a by-product of the state of fertility and hence mayduring this stage from poorly developed state
honestly signal fertility (Mitra and Gadagk&012 (similar to workers) to a highly developed state
b). Although all solitary foundresses had laid eggs, (similar to queens)The PQ presents an interesting
they had lower fecundity than queemkeir state of  opportunity to look at the development of the
ovarian activation was intermediate between queengpheromone profile in conjunction with ovarian
and workers, and this could be a consequence oflevelopment and change in aggressive behavieur

Solitary Foundress
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the Dufouts gland hydrocarbon composition of removal may suggest that the PQ could be using
gueens is known to be fiifent from workers (Bhadra aggression to maintain her status in the initial queen-
et al, 2010; Mitraet al, 2011; Mitra and Gadagkar less phase, and latas her ovaries activate, she loses
2011, 2012 a, 2012 b), PQs can be expected to béher aggression and uses pheromone to maintain
similar to queens by the time they have developedreproductive monopolyThis may hint at an
their ovaries. It would be interesting to find out interesting transition in maintenance of eusociality
whether PQs are initially similar to workers in their from ‘queen control’ (aggression) to ‘queen signal’
Dufour's gland hydrocarbons, on account of having (pheromone) (Keller and Nonacs, 1993). It is
undeveloped ovaries, or whether they can beinteresting to note that gin honey bee queens have
differentiated from workers even at an initial stage. also been observed to engage in dominance
Therefore tracing the road to royaltyRnmaginata, interactions with workers (Baver andWeaver
that is following the transition of the PQ from a 1980), and they may express low quantities of queen
workerlike state to a queen-like state, in terms of pheromone at this stage @#kleret al., 2006),
her ovaries, aggression, and Duftairgland suggesting a possible mixture of dominance and
hydrocarbons should shed further light on the link pheromone as strategies used to maintain
between ovaries and pheromone and also show howeproductive monopolyHence it may also be possible
these two factors change along with change inthat theR. maginata PQ is using both aggression
behaviour during the queen re-establishment phasend pheromone to maintain her status in the initial
after queen removal. gueenless phase. Howeyvearlier work has showed
.. that the overt aggression of the PQ may be needed
It was found that the PQ shows extremely high for her own ovarian activation, rather than be used

Iev;zltshof aggress_lon |r?$ed|:|)ate(ljy after qu(;aen re;nov?l,for suppressing ovarian activation of workers (Lamba
afnt_ € aggression ot the IQ egreaze af atunc '?Qt al, 2007).Thus, it is possible that the aggression
ottime since queen removal, coming down o nOrMaly, o i< \ysed for mediating reproductive conflict during

gueen-right level by four days after queen removal . . .
) _ the queen establishment phase in other species may
(Mitra and GadagkaR012 c)At the same time, the have a difierent function in R. mainata

ovaries of the PQ increased graduabigcoming

significantly lager than workers by three days after Universality of the Queen Pheomone
gueen removal, and becoming significantly similar

to queens by four days after queen remowth The Dufouts glf_:lnd _ha.s be_en shown _to be- inyolved
respect to Dufous gland composition, it was found N nNestmate discrimination, i.e. éfentiating
that PQs were similar to workers immediately after Meémbers of one’own nest from those of another
queen removal, and came closer to queens by five'€St in the European paper wasp Polistes dominulus
days after queen removal (Fig. Fhis shows that as (Dani et al, 1996a, b)Also in statistical analysis
PQs lose their aggression and develop their ovariesdoné on the chemical composition of the Dufsur
they also start developing the queen pheromone, oncd!and ofR. maginatait was found that individuals
again showing a strong link between ovarian from different colonies can be thfentiated into clear
development or fertility and queen pheromone. non-overlapping clusters based on their colony
membership (Mitr&t al, 2011). Thus, itis interesting
The aggression shown by the PQ might be to find out if the queen pheromone from Dufeur
considered analogous to the situation in typical gland of the queen from one colony is recognised
primitively eusocial species, where the queen isand accepted as the queen signal in another colony
aggressive and occupies the top-rank in dominanceas well. Earliera bioassay had been developed using
hierarchy (Pardi, 1948West-Eberhard, 1969; the observation that the PQ immediately reduces her
Gadagkar and Joshi, 1984; Deshpande.e2806). aggression when the queen is returned to the colony
The changes in aggression, ovaries, and Digour In this bioassayit was shown that crude macerates
gland composition of PQs with time since queen of the Dufouts gland of the queen (but not that of
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the worker) mimics the return of the queen by a queens Dufoufs gland macerate, this leads to the
similar reduction in aggression of the PQ (Bhadra etexpectation that classification of individuals on the
al., 2010). In a similar bioassaafter queen removal, basis of colony membership should not be possible
the Dufouts gland macerate of a queen from another from their Dufouts gland composition. Howevel
colony was applied on the nest to test tiieatfof a individuals can be correctly classified according to
foreign queers gland contents on the PQ, thereby their colony membership in a multivariate
testing whether the queen signal is perceived acrosgliscriminant analysis done on the chemical
colonies and whether the PQ can discriminate composition of their Dufous glandsThis leads to
between gland macerates of nestmate and nonthe important precautionary conclusion that our
nestmate queens. Live queens are known to beability to correctly classify individuals in a statistical
dominated, attacked and even killed when presentedanalysis does not necessarily imply that the animals
to a foreign colony (§hkataraman and Gadagkar themselves can make similar classification with the
1993).Thus it can be expected that if Duftaigland same informationThe proof of whether animals make
conveys only the queen signal and does not carrydiscriminationis therefore best sought through
colony signal, the queen signal should get perceivedbioassays.

across colonies and a foreign quseagiand macerate

should cause reduction in aggression of the PQ,Cuticular Hydrocarbons

similar to the reduction in aggression known to occur
in response to her own gquegmland macerate. On
the other hand, in addition to conveying the queen
signal, if the Dufours gland is also involved in
nestmate recognition, it can be expected that the P

should not reduce her aggression in response to Z?[991' Peeters et.all999; Liebig et al., 2000; Sledge

foreign queerﬁ gland macer.até'.hereby how bOth. etal, 2001; Dapportet al, 2005) Analysis of CHCs
gueen signal and colony signal can be transmitted.

through the Dufous gland chemicals, was tested in INR. maglnatgshowed that the cuticle and Dufeir .
o glands contained the same set of hydrocarbons in
this bioassay

similar proportions (Mitra and Gadagka014a, b).

It was found that the PQ reduced her aggressionThe same compounds were found to occur in the
significantly in response to the Dufdargland haemolymh as well (in similar proportions)
macerate of a foreign queen (Mitra et al., 20The suggesting that these compounds may be synthesised
degree of reduction of aggression was similar to whatin the oenocytes of fat bodies (as it occurs in general
had been observed in response to Dufogtand in insects) and is then transported in the hameolymph
macerate of own queen (Bhadra et al., 20T0)s from where they are sequestered into the Dugour
suggests that the queen signalRnmaginata is gland or into the cuticle (Mitra and Gadagk114b).
perceived across colonies, and also shows that thé\lso, patterns related to fertility signalling found in
PQ does not di¢rentiate between nestmate and non- the Dufouts gland hydrocarbons were found to occur
nestmate queens on the basis of their Dugogland  in the CHCs as well. Queens and workers could be
macerates. Earligwhen it was found that PQ reduced differentiated using their CHC profiles. Solitary
her aggression in response to her own queen’ foundresses were intermediate between queens and
Dufour's gland macerate but not to Duftsigland ~ workers in their CHC profilesThe CHCs of PQs
macerate of a workeit led to the expectation that showed similar dynamics, as seen in the DG
queens and workers should befeliéntiated in a  hydrocarbonsThe CHC profile of PQs were similar
statistical analysis using the composition of their to workers immediately after queen removal, but
Dufour's glandsThis expectation had been found to gradually appeared to come closer to that of queens
hold true (Bhadra et al., 2010). Similarkince the  with the passage of tim&hus not only the Dufols
PQ reduced her aggression in response a foreigrgland, but also the CHC profile of R. rgaratacan

The major focus of studies investigating chemical
communication of fertility status in primitively
eusocial species has been ofedénces in cuticular
ydrocarbons (CHCs) between reproductive and non-
eproductive classes (Bonavita-Cougourdaral.,
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be linked to the state of ovarian development. linked to the state of ovarian development, advocating
the honesty of queen pheromoh&o ways by which

aR. maginataworker can become a queen and hence
can achieve reproductive monopoly have been

Since the R. mainata queen is remarkably non-
interactive, it should not be possible to convey the

qu.eilr.] Slgtr.]il fror? quee.rt] htf[)hworkers tgrr?u dgh dlreldeIucidatedAIthough most workers remain as workers
g(r)'g? |re|_(|: N erzi(::;'%ns Wi € quetteln( I'T( :a(te 6:)" in their natal nests for their entire lives, some leave
). Hence, S are apparently UnliKely 10 D€y oir hatal nests and make their own solitary foundress

caqdldates involved in cgnveylng the. queen S!gnal'colonies, successfully raising brood to the adult stage,
as it should not be possible to perceive any signals

. . ) . . . and become the queens of post-agaace colonies.
carried by CHCs without physically n_wt_eraptlng W'th Another way by which a worker can become a queen
the gqueen. Howevethe patterns of feru! Ity 3|gna|I|.ng is through becoming a potential que&nvorker can
found in the DG hydrocarbons are being fognd in thereplace the existing queen of a colony when the old
CHCs as W?”’ and the hydrocar_bon profile of the qgueen dies, by first becoming a potential queen, and
DG and cuticle are correlated with each other and

| lated with the h | h hvd b then eventually becoming the new queen of the
also correlated wi € haemolymph hydrocarbon colony. In both of these options, as a worker goes on

proflle,suggestmga_lcommon source of hydro_carbonstO become a queen, her ovaries gradually develop,
for the DG and cuticleThus, for any change in the

) . and correlated with ovarian development, her
hyd.r.ocar.bon !oroflle relateq tg .fertlllty status and Dufour's gland profile shifts from being workkke
fertility signalling between individuals, the change to Jlike (Ei
- . . queen-like (Fig. 5).
is likely to occur at the hydrocarbon production site
itself, and the physiological factors th&tat fertility With respect to maintenance of eusociality
signalling by hydrocarbons are thereby likely to act was found that during the queen establishment phase,
on the site of hydrocarbon synthesis itself (oenocytes) potential queen had poor ovaries, had Dufogtand
with the cuticle and DG acting as portals for profile similar to workers and was highly aggressive,
conveying information present within the showing more aggression towards the individuals
haemolymph. It is not clear at this stage whether thewho had better developed ovaries than fdis
wasps themselves can perceive the queen signasuggests that the potential queen may use aggression
through the CHCs. Future studies using bioassaygo suppress reproduction by workeFhe condition

should be able to solve this question. is reminiscent of typical primitively eusocial
societies, where the queen is generally the most
Concluding Remarks dominant individual of a colony (Pardi, 1948;

Gadagkar and Joshi, 198West-Eberhard, 1986).

TheR. maginataqueen is docile and non-interactive Gradually as the aggression of the potential queen
and thus, cannot use aggression or other behavioural

interactions to suppress reproduction by workdils. S

she maintains reproductive monopoly and is always

the sole egg layer in a colarijow the queen conveys

her presence to workers had remained an enigma for

many years. Recent investigations reviewed herein,

involving chemical analysis and behavioural assays

show the role of Dufous gland in conveying the

gueen signal. Now there is fiafent evidence to

identify the Dufours gland as at least one source of

the queen pheromone in R. miaata. Queens and

workers have been found to féif in the chemical

compositions of their Dufots glands, and this Fig. 5: Schematic epresentation of 2 pathways of achieving queen
difference in chemical composition has also been status by a workerof Ropalidia marginata
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decreases, her ovaries develop, and her Didour inthe same species, but also within the lifetime of an
gland profile becomes more and more queen-like.individual, as the potential queen urgtegs transition
Finally, when she establishes herself as the newto become the queen of her colony (Fig. B)us,
gueen, she does not need to show any aggression, &opalidia maginata can be said to be at a higher
she has well-developed ovaries and can advertise heposition on the continuum of social complexity
presence to the workers through a pheromone, whicthigher than other typical primitively eusocial species
is a universal status badge (perceived across coloniesyyho have aggressive queens acting as central
and is an honest signal of her fertility (correlated with pacemakers of their coloniebhis throws light on

her state of ovarian developmernithis conditionis  the evolution of complex societies from simple and
similar to highly eusocial species, where maintenanceprimitive societies.

of reproductive monopoly through the queen ) _ _
Maintenance of reproductive monopoly in

pheromone is well known (Free, 198Vinston and Lo
Slessar 1993) Although it has been suggested that social insects has generally been found to take place
through pheromones (Holman, 2010; Richard and

the dominance shown by the potential queen may beH t 2013)This is al h i highl il
needed for her own ovarian activation, rather than be, unt, )This is always the case in highly eusocia
used for suppressing ovarian activation of workers

insects, but there is growing evidence for a similar
(Lamba et al., 2007), in a recent study it was found phenomenon in primitively eusocial Hymenoptera as
that dominance behaviour shown by a wasp is not

well (Monnin 2006). IrR. maginatait can be inferred
only correlated with her increase in ovaries, but alsothat aggression can also possibly play a role in queen
causes suppression of ovarian development in the

establishment, which may be similar to the situation
wasp that is being dominated by the dominant during colony founding in other primiti\{ely eusocial
individual (Shuklaet al, 2014) Therefore it is oo (?ﬂgf;%séailhg@sr?marclg 11982%0'\(’3“3’3”0* 1991;
possible that the aggression of the PQ can suppres! € gee ak, L eshpanag at, )- ,OWGYer
the ovarian development of workers, and it is likely it definitely shifts to pheromonal queen signalling at
that the PQ may be using a mixture of aggressiona later stage, as R. ngarata queens are known to be

and pheromone to maintain reproductive monopoly non-interactive and non-aggressive, and this could

in the early stages of queen establishment, which IateFlg-:’_a'_n_be remlnlsgent Of the situation found in other
shifts to pheromonal queen signalling alofibis primitively eusocial polistine wasps (Sledgeal.,

suggests that a transition in maintenance oftzhocil)' Inarf:(;ﬁ:nt mteta-?r:jalg/s(;s, It h‘f been sugbgetsr:ed
eusociality could be occurring from queen control at hon-volatile saturated hydrocarbons may be the

by aggression to queen signal by pheromone, not Only':mcestral state of queen phero_mgnes n Hymenoptera
(Van Oystaeyent al., 2014). It is interesting to note

that the compounds that are potentially involved in
comprising the queen pheromon®immaginataalso
belong to this class of compound#is adds to the
growing evidence of hydrocarbons as semiochemicals
involved in chemical communication between
individuals. In species where the queen pheromone
has been identified, usually one or a few compounds
have been singled out as components of the
pheromone (®n Oystaeyest al, 2014 ).This does
not appear to be the case in R. girzaita, where the
entire Dufouts gland composition seems to be
Fig. 6: Schematic epresentation of transition in maintenance of Importam'The Only consstent d‘é'rence found

reproductive monopoly during transition of potential queen between queens and workers in their Dufegtand

to queen during queen e-establishment phase aftequeen compounds is that queens have lower relative

removal in Ropalidia marginata proportion than workers for four compounds. Since
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the absence of a chemical cannot give rise to a signalhe Dufoufs gland plays a primary role in the
unless the change in entire blend is taken intomaintenance of reproductive monopoly by the queen
consideration, it is likely that the Dufdsrgland in R. maginata

compounds have a “bouquefesit” with the entire

blend being important in dérentiating queens from  Acknowledgement

workers.Also, in addition to Dufouss gland  The experiments dRopalidia maginatasummarised
compounds, whether CHCs can also be involved inj, this review were performed at the laboratory of

reproductive monopolyis not clear at this stage. prof. Raghavendra Gadagkar at C.E.S., I.1.Sc.,
Future studies should be able to address these issueﬁangalore and | thank him for providing logistic

It can be concluded that queen pheromone fromSUPPOrt, guidance and feedback.
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