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The sbility of queenless Apis mellifera sdansonii workers to produce
quesn pharomones in their mendibular glands wes sxemined ges
chrometographicelly, snd was compared with tte degrse of ovsrial
development that occurred in these individuals., Anelyses were slso
mads of the mandibular gland secrstions of Apie mellifsre sdansonii
gqusane snd queenright worksrs.

The ovaries of workers were found to be sxtremely undsrdevasloped.
Dverioles were Filamentous and often lacked a distinct gsrmarium,
Mumbars per overy veried from none to twelve (sversye 3,69) snd in one
sanple from none to eight (everage 2.88). Ovaries that lacked distinct
overiclies hed only fine strands ettached tc the latsral oviducts to
suggest their presence. A

Overy development wes found to occur more readily in queenless
bese that were less than threec weeks old when the quesn wes removed
than in workets Lhat were clder. Mhile e number of individuels becems
functional leying workers in queenless Apis mellifera pdensonii colonise,
none evoked retinue behaviour and none suppressed overy development in
nestmates, Over 99 per cent of queenless bese wers found mot o
pscrate 9-keto decencic scid. Two ten day olds that wers escreting
9-ksto decenoic ecid had secretions that were qualitetively very similsc
to those of mated gqueens, however neither hed meture sggs in thelr
overise.

Levels of decancic ecid end 2-heptenons, which were both major
components of the mendibular glend sscretions of queanright worksrs,
wers found to diminish markedly with overv development.

The escretions of meted quoens of fpis mellifere sdansonii wers
romarkably homogencus with regard to the retio of 9-ksto decenoic soid,
9-hydroxy decencic acid end 10-hydroxy decencic scid, slthough smounte
varind substentislly. The emounts of 9-keto decencic scid in meted
quesn sscretione veried betwsen 116,86 micrograme and 390,3 microgrems
{everage 250,5 microgrems).

The secretiore of a number of virgin queene of verious agee were
sleo analyssd, snd were Tound to be significantly differsnt from thoss
of meted quesne.
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INTRODUCTION

Apis mellifera is probably the best known and most widely studied of gll
social insect species as it has been of particuler interest Lo men sincs
ancient times (Rembold, 1965). The speciss is thought to be representer
in Africa by at least eleven geographicei rsces of which two, A.m. gapensis
and A.m. scutellata are found in southern Africe. MWnils the formse ie
restricted to the south western Cape, the lstter rengee throughout the
south and east efricen savenneh (Ruttner, 1977). As this clessificetion
is recent and incomplete, the neme A.m. gdensonii will replecs

A.m. scutellats throughout this text ss ths aynonym et present identifies
sll bees south of the Sehara other than the Ceps and Medagescen roces
(Anderson, 1977).  The south sfricen bee, A.m. sdaneonii, hes svoked
perticuler intarest outeide South A-rice fcllowing ite introduction inkc
Braz! in 1956, where it hes become renowned owing to its aggrsseion end
migrating tendesncies ir thet country (Wiese, 1977) snd bescouss of Lthe
impending threat of it epreading to the United Stetee through Cenmizel
tmorica (Weaver, 1977).

Two distinct female ceates occur in honsybee colonies, & quesn casts
end @ worker cests. In A. mellifere et least fifty morphologicsily
distinct diffsrences heve been recorded betwsen thees cesiss, soms of whish
are fllustrated in Teble 1.1, In sddition to thess morphologicel end
snatomicel Pesstures; the castes ars elsc significently different in thelr
physiclogy end behaviour.

¥ithin @ colony, the queen cests usually coneiats of ¢ single
individuel, the only fully developsd femele. She morwelly laye il the
sgge end hence ls the mother of the emtire populetion, Unlike moet other
wesp and bes queens, she does not participets in eny worksr activity, but )
instead ia highly specislised for reproduction commonly laying over o
thousend egge daeily,

Her mouthparts ere recuced ; her syes wrs emeller ... § her
entennee are shor.. und bear fawer ssmellle § she heo &
conspicucuely smeller brein j she lacke pollen collecting
heire 3 and her hypophuryngeal and wex glends, which in
the worker ere the principal sources of lervel food mnd
bullding meterial,; are underdevelopsd,

(Wileon, 1971).

The quesn ia alsc conspicucusly larger then the worksrs and in




Tabls 1.1, Soms morphologicel and enstomical diffsrsncee bstwsen
ths workers snd queens of Apis mellilsra

F@m&mf@ ' | HWorker Quesn

»@?@&Dy welght 80-100 rg 150-250 mg
Abdamsn eizs Smaller Elonguted
Nypopheryngeal glends Lerge Yoatigel
Mandibuler glends b.v@8 Vory large
NaspanofT'es glends Present Absant
Wast glende Present Abasnt
Doresl ebdominal gland - Absent Prossnt
Overiss Small Enormous
Number of ovariocles l-13e 150-330
Sparmatheca Small or Rudimentary® Lerge
Sting exis | Straight Curved
8ting barbe Strong Minute
Mamd, Wﬂmr form $lsnder

" Mamdibuler tooth Abeent
Corbioule Prosent
huricle or Pecten Pruaent
Length of Proboscis Longer

Modified from Mighener (1974).

@ Ams aﬁs ie sn exception, having between 5-39 overiclse and 8
aparmet ost half the size of the quesen (Andsreon, 1963).

pe. tdculer her abdomen, filled with ective ovariclee; le diw&m&d to
a noticesbly greeter degres. |

In contrest the worker casts is comprissd of meny thousende of

ctive, emeller individuals which perform all the normel

m‘MvﬁMm of the colony, imeluding nsst construction, neet mlwmim,
colony defenes, mureing of brood snd foreging. They heve &
comperstively short 1ife time, living for little longer then o month,
whezous the guesn may live for @ mumber of ssssone (Winelon smd Otls, mﬁa)g

It hee been kmown for slmost one hundred ysers thet quesns and
woriere erc derived Trom the seme typs of sgg end thet they ere WMW
geneticelly identicel (Persz, 1889). Whet remeine lergely uncescived
though, s the mechenism by which gensticelly identicel metscisl produces
two morphologicelly distinet forme, snd secondly how such & mechenism
vould heve svolved. It is hoped thet the investigetion undsrieksn in
this atudy will bromdsn our krnowledgs of the affacts of cestes y |
differantiction on excorine sscretions end improve our understending
of quesn-worksr socisl intersctions in the apeciss.

Some zepects of Lthe mechaniem of ceeto dslsrmination hevs ) R
detecmined recently. It hee besn lkiwwn for soms tims thet 4% i = pursly
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physiclogicel process implemented by differentisl trsetment affordsd to
lsrvas by nures worksrs particulaerly during their serly devslopment
{Zender end Becksr, 1925), ‘Yeaver (1957) timed the svente of cesis
differantistion in the Europsen honeybss snd found thet up to thres daye
inke lervel development, larves trsnafsrred from workse celle to mmm
calle ware ebls to develop into distinct quesns. After thres days,
worker characteristice began tu appesr and eftsr only three snd a helf
to four days, larvee developed into intermediate forme with distinet
worker-like quelities. Woyke {1971) showsd latsr thet diffsrentistion
begins slmoet immediatsly when he found thaet quesns had dietinct
differances in body weight end fertiiity depending upon the egs of the
brood from which they were resred, Guesns rsared from sgge everaged two
hundred snd nine milligrems end had over thres hundrsd overiolss per
overy, while thoss reared from four dey old worker larves avsreged ons
hundred and ninetesn milligreme and had nesrly one hundred cverioles per
ovary fewsr. Ths mean volums of the spsrmathece of the lettsr qusone
wae epproximately helf that of the former end conteined only 2 quarter
ths mumber of spesrmetozoe. ‘

It is interesting, then, thet the development of both cuetes ie
#ynchronous during the first thres déys. The larves of both moult thres
times within eixty houre end during this period both hevs aimilor wsighte.
It is only during the fourth larvel inster thet diffsrsnces begin to
occur, thess becoming more spparent during the finel inetsr. Duzing
this period e marked regression in certein sapects of growth sccurs in
the worker cests. While st ssventy two hours worksr lszves have Pull
eate of cveriole primordis identical to quesn lervas of squivelent ege,
within twenty four houre oriy Tour to six remain whils gusen larves MW
bstwesn one hundred end fifty and one hundred end aighty (ds Wilds, 1978).
In addition, fifth ineter worker lerves pupets & dey letsr then quean
latves and sre slmost helf the weight (Weng, 1965). The pupel stegs
gleo extende over & longsr pericd, strstching over mirs days &m&m of
four. Conesquently the overall developmentel pericde in Buropsen bese
ags twenty one deye for workere and only sixtesn deys for cussne
(Bertholf, 1925).

The devalopmentel pariods of the two csetee of f.m. sdensoy
found to be somewhet shorter. Whils Smith (1958) found the @mmmmm
psriod of worksrs to be butween ninetesn end twenty deye ; umder mops
conotent conditione Tribe end Flatcher (1977) showsd that development
can be complated in sighteen end & helf days. Bimilerly the development
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of queens was found toc teke between fourteen snd fifteen daye (Andsrson,
st 8l, 1973). Tribs end Flstcher (1977) found that the shorter
development period of A.m. sdensonlii workers is dus lergely to @ ehortse
lerval stage which 2 eppervently relsted to e emellsr worksr coll edzs
{e charscteristic of thie recs), this being sxpresssd in ths adulte which
#rs slightly emaller then those of Eurcpsen racee. It ls suggestsd thet
the feater rate of development together with smeller body sizs provids
sdeptive edventeges in the Africen snviromment, perticulerly with respect
to the utilizetion of the ehort end often unrelisbls honey Tlows from
indigenous flore snd to the rete at which coclonies are eble Lo build uwp
to swepming strength during thess flowe {Tribe snd Flstcher, 1977).

Returning to the chenges thet occur during the lster steges of
davalopment of quesn end worker larvas, & considsrabls emount of svidencs
hos sccumuleted suggesting poseible fectors that influsnce the remarkebls
thangss in growth rete that occur in the larves. Histologicel dets
indicats thet worker lscvas lngsst lses food then queen larvess sepecielly
during their sarly development, slthough the quentity ie obviously
sufficisnt toc snsurs & growth rete similer o that of quesn larves
(de Wilde, 1976). Their fet bodies contain littls stores of glycogen
and heve largs waetery vacucles, while thoss of queen larvee stoumulete
glycogen from haetching (Wirtz, 1973). In eddition thress day old queen
larves heve aix timee as meny mitochondria as worker larves of the sews
ags (Osenal snd Rembold, 1968). The fact thet thers ars eignificently
grseter numbere of mitochondriae in queesn larvee supports sarlier svidsnce
thet the rete of respiratory metaboliem is higher in two or thrse dey old
quesn lervee (Melampy and Willis, 1939), and indicetee thet while Lhe
weighte of gueen and worker laerves may bs similer during sasly duvelopment
the rete of food inteke must be substentielly higher in quesn lszves.

Thie wes demonsiratsd by Distz and Lembremont (1970) who Pound thet
lerves which ingested epproximetely three hundred snd sighty mMMmm
of royal Jelly devsloped into queens, while thoese imgesting thres humdred
and sight milligrems developed into workers, s difference of only 19

psr cent in the meen rate of ingestion.

In sddition to differsnces in the rets of ingmation, workss mmrwu e
known to receive food of @ difforent gquality., For instencs, Rembold (1963)
found thet royal jelly and worker jelly, the foode fed to ths lsrves of Lhe
roepective castes, diffored in content of vitemine such es pantothenic
scid, biopterin snd neopterin, roysl jelly slweys containing substentislly
greater lsvels of these biclogicelly importent substences sven though worlss
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Jolly conteined greater emounte of most smino scids. Also, Shusl and
Dixon.(1959) found thaet the food of ons to four dey old queen larves
contsined sbout 34 per cent (dry weight) reducing suger whils worksr Jelly
fod to larves lese then thirty hours old conteined only 12 psp cent

(dry weight). Finelly there is evidence that quesn larves sre fad
proportionally mors mendibular glend sscretion then ers worker larves
(Jung-Hoffman, 1967).

¥Weever (1955) successfully rearsd adult quesne in viiro on e diet
conedeting sclely of fresh royal jelly. However he found thet storsd
roysl Jelly lost its ebility to promote queen cherscteristice and thie
lsd him to hypolhesise thaet royel jelly contsined specific substences
thet controllied or initisted differentiamtion and thet sn sessntisl
component wee sither highly lebile or at least unevelleble to lerves
following storags. A rumber of resserchers, including Weavar (1962),
subesquently sttempted to identify these compounds snd Rembold st al
(1974) cleimed toc have partielly purified e gueen bes detsrminetor from
royel jelly. Although ths compound was not identifisd, tests showsd
thet it was not a peptide, a suger; a polyol or en arometic compound.

While it is poseible thul additional chemical componenta of royal Jjelly
such es that suggested by Rembold ot sl (1574) may yst be implicated se
triggers for queen determination, Asencot snd Lensky (1977) eppeer Lo hove
resolved the problem by showing thet the apperent 'lebilsnsse’ of royel
Jolly may be due to the eveporstion of water snd subsequent crystallisetion
of reducing sugars, for im this state the sugars sppser Lo bs uneveilebls
to lerves. With the wss of ges-liquid chromatography they detsrmined
thet in stored roysl jJelly two thirds of the fructcss end glucoss wee
crystelline; snd by supplementing the jelly with epproprists quentitise
of thess sugers, they wers sble to reer queens, intsmmedimtes and wnrmrm
in & retio similer to thet induced by fresh royal Jelly. CEsrlisr Shusl
and Dixon (1959) showed thet worker jelly conteined spprowimately thoos
times lese suger then royel jelly during ssrly dhvmmm@mmm&} and Assmost
end Lonsky (1976) demonutreted thet by edding glucoss snd fructose to
worker Jelly; the production of qusens end intsrmedictse wee inducsed.

The sxect process by which reducing sugers inducs ﬂmWWMmmmﬁiw&&wm.ﬁm&m
quesne le not underetood; howsver it mpposrs that in some way they hevs s
phegoetimulatory effect. This le supportsd by ths fect thet thres Lo
four dey old lecves ere known to snter @ 'gorging' phaes (Bsrtholf, 19%3),
for Shuel end Dixcn (1959) found thet worker Jsily fed to thess lorves
vontained up to 47 per cent {dry weight) reducing suger, a Tourfold increces




in asuger content of jeslly fad to young worker larvos. In addition

Goewis (1978) found thai the chemoreceptors of lervel mouthparte &ra
particulsrly ssneitive to sugers such es fructoes and glucoes u*tzmmﬂwm&m@
the suggestion thet these chemicels mey act g8 m@mitMWamm for laoves
to ingest greeter emounts of food,

For & number of years e substentisl smount of asvidence hee scoumulsted
indiceting that ceste differsntiation is controlled by the endocrins
syatem. A number of euthors have suggestsd that & diffsrence in horwmons
belence during sarly stages of larvel development iz & factor in casts
dstermination (Haydak, 1943 ; Osenai end Rembold, 1968 j Shuel snd Dixon,
1960}, It hes only been during the lest ten ycars, though, thet juvenils
hormons end the ectivity of the corpors sllete huve been sesocizted with
ceete determinetion (Bestsma, 1979). MWirtz (1973) found that the
corpore ellate of worker larves were coneldsrublv cmallsr then thoss of
qusen larves and increased in both size end activity when worksr lsrves
wers trensferred to queen cells. Copijn st 8l (1979) end Wistz (1973)
heve alsc shown thet three day old queen larvee have up to ten times wore
Juvenile hormone in the haemclymph then worker larves of the oems um@

Ber-Lin Chai and Sheul (1970) found en incresss in the mumbsr of
ovaricles in workers they reared in vitre from four dey old lerves into
which they had implanted the corpore sllate of thres and four dey old
queen lerves, The effect is not induced by the corpors sllate of
worker lervee ond therofors suggests & significant differsncs in the
activity of the corpora sllste of the two csetse. A mmber of suthors
heve also demonstrated that topicel epplicetiors of Juvenils horwonss
inducs differentietion of quesn cheracters in worker lervas @me@. wnd
Leneky, 1977 j Goewis end Bestsma, 1976 ; Wirtz snd Bestems, 1972 j
Copijn gt &1, 1979), Mirtz and Beotems (1972) showsd that this wee wso
wven if three to five dey old worksr larvas recelvs normaol smounte of
worker jelly end grow up in worker cells, for they mersly dsvslop into
worler-sized individuals with obvicus queen featurss. Adults smscged
dn sixtesn daye instead of twenty to twenty one days end hed batwssn Pive
and sighty ovaricles w@mm:ﬁm upon the age at whioch they wers irestst
with juvenils hormo

At preesnt Tthma sppears to be some uncurteinty concerning %m mmmm
rols of Juvenils hotmone in differentimtion. Wirtz (1973) and Wirtxz and

Bestema (1972) found no svidencs that the hommone hes o mmwmmm
sffeot on lervee ee euggested by Asencot end Lenaky (1977}, The prociss

link between thes sndocrine system end ingested reducing sugers ie sleo mot




undsrstood (Bestsme, 1979 ; Asesncot end Lemsky, 1977).  An importent
advencs hes recently besn mads by Hegenguih end Rembold (1979) whe
demonatrated by gee chromstogrephy end iectope dilution thet juvenils
hosmons 3 is the predominent hommone homclog in sil thres devslopment
stages of the honeybes, juvenile hormens 2 bsing sbeent and juvenils
hommons 1 being prssent in only trrct esmounts.

In eummery, eccording to our pressnt knowledgs femele lsrves possese
the capecity for bipotent development (Weiss, 1978}, Ceets difforentistion
is the result of & distery menipulaetion of larves during the firet thres
days of development. In presumptive worker larves thies appsare to bs dus
to reduced phegoetimulation which in some way ie rsleted to the low lovsl
of juvenils hormone in the hasmolymph. The low lsveles of reducing sugers
in the diet, or the reduced rete of food intske by one te three day old
workst larvae, somshow regulates corpors sllate activity redueing the
Juvenile hormone titre by the third dey to a levsl sllowing for the
tetsrmination of worksr cherscteras only. How thie mechaniem rogulates
genetic expression is unknown, @8 nc-one hes stismpted to investigate
this topic.

Fer less understood is how & mechenism of this neture could have
avolved. In examining the life historiss of presccisl end primitively
suoocial bee snd wasp speciee (see Michenmer, 1969 j Michenmer, 1974 ;
Spradbery, 1973 ; Wilson, 1971) it eppears that the svolution of ths
stariles worksr cests ie the snd result of & struggle for dominence betwsen
interscting females. In the ousoclel halictine; sllodapins and bombins
societiss, females sre morphologically very m‘miler, slthough in meny
specise & gradetion in size occurs, Ae fer ss le known ell Psmelss &ps
capebls of being ineeminated and meny ars in fect fariils., In moet
pocietiza, howsver, it is ueuslly only one femels or et the moel & fow
thet sctuslly function es sgg leysrs. An uneesy oligarchy eppeere to
sxiat, competition is rifs and seting the sggs of rivel layscs le
commonplece. Thet thers exists & aignificent dominencs hiscerchy iw
svident sspecielly emong eemisociel and primitively susocisl bese end
waape.

Michener end Brothers (1974) found thet in the sueocisl helictid bes,
Lesloglossum zephyrum, celonise contain & single dominent female, What
ie interseting is that they were sble Lo demonetrate thut « domimsnos
hisrerchy eppenrs to be im opsration, for when they removed the quesn,
annther bes scon adopted quesnliks behaviour, snd when shs wes semoved @
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third became the functional gueen. They continued ths procees unti]
Juet two bese remeincd, & quesn and & worksr, Thees observetions suggest
thaet the originel gueen inhibited ovary development end quesnlilke behavioup
mmong nestmetes, end it wes determined thet this cortrel wee schisved

4 part through the queen's high level of ectivity and frequent 'mudging!
of others, the 'nudging' being particulerly directed towerd nseimatse with
largsr overies.

Bombines slsc show & distinct social dominencs hierarchy, Hers the
dominent femalee behave aggressively toward nestmetes whenever they
sneroach upon their bshavioural position &s egg leyers, and it is mot
uncommon for offending individuela to be mauled end even killed, Egge
ledid by workers end rivals ure immedistely satsn by dominant Femeles who
replacs them with their own eggs which ars nevsr salen by subordinets
individuals (Free end Butler, 1959),

In moat primitive insect sccieties, therefore, que 'nu sstablish snd
retein their behevioural position by physically dominating the other
fomales of their colonies. Dominance based upon overt aggression ie
virtuslly ebeent in sdvanced eusocial societies such se epine bess, snis
and termites. In ant and temmite colenies, considered to be the most
advenced eusocial insects, workers have never beesn cbssrved to sol
&ggressively towards nestmates, and thers is no indication of & dominencs
hisrarchy oxisting smong them (Wilson, 1971). In the epine bses, ths
aituation is not as refined. In the genus Melipona there ie svidence of
overt aggression emong leying workers in queeniese colonies ond Lhe sopliel
position of the queen may be influencad by sggression (Velthuie, 1976).

Queenless workers of A._mellifera are -alec known to behavs sggreseively
towards each other, in what might be considered s atruggls for dominence,
and in A.m. cupansis large numbers of bees are ectually ikilled {Andermon,
1963).  In the presence of the Apis quesn the quest for dominencs ie no
longer en issue, for the gueen is totelly dominant snd the workeras totally
domineted without any indicatior of overt aggresaion,

The question then is how cen dominance by the quesn be related to the
machaniem of caste differsntistion and the development of e totelly sterils
caste se found in A. mellifers? There is svidencs in both halictide and
bombines thet their primitive ceote systems are nol entirely regulsted by
the Dehevioural end physiclogical consequences of the intsrections of
queena upon subordinate individuala, Knepsr mnd Atwood (1966) found that
in four North American halictine specise, larves rspred in spring usuelly
turned into emall worksre whsreea thoss rwared in summer wars sither mmm




! 3
: MW“W.,. e S

= ‘ g

workers or queens. They found thet in Evyleeus cinctipes apring rearsd
lerves received slmost half the amount of food, 33.9 milligrems compered Lo
61.7 milligrems in summer rsered lerves., Similar cbsarvations have besn
mads on & numbsr of othsr halictine epscise etrongly num@mutimm thet
differentiel fesding i@ a decisive factor influencing cests differentistion
in this group of bess (Batra, 1966 § Michener, 1969 j Michensr snd Brothsce
1974 § Sekegami snd Hayashira, 1960). Although not se well documsnted,

@ aimiler situstion appsare to exist in bombine coloniss whers generally
undernocurished lervas give rise to workers (Michener, 1969 ; Wileon,

1971 j Free end Butler, 1959 j Plewright and Jay, 1977).

However fartuilous differsntiel fesding may be in these sccistise
(it hes been suggested that there may aimply be too few workers or too
little food to feed the brood sufficiently to induce queens) it suggests
@ posaible early stage in the evolution of the more stringsnt procese of
differential fesding that occurs in Apis species. In bombinea st lsaet,
there is some indication thet the presence of the quesn influsnces
differential feeding, es the production of virgin queene is limited to the
Jato summer. At present it is not known whether this is dus simply to
& roduced oviposition rate by the queen thereby increesing the worksr : leove
ratio (Cumber, 1949) or whethor it is duo to inhibitory subetsnces or soms
other lows obvious factor being lifted (Wilson, 1971), It ia interesting
thet in queenless colonies of A. mellifera, where the sbsence of the qusen
sneures en increesed worker t larva retis, lerves are fed more requently
and develop into individuels having significantly mors ovariclee im theis
overies than those rearcd under queonright conditions {Williems and Frse
1973},

The sugyestion that differentisl feeding occurs in @ mumber of primitively
susocial bess is indeed interesting. It could be thet s fortuitoue |
eitustion of  similer nature existed in snceetrsl spine specise resulting
in the development of individuels that were smaeller end had & lowsr
reproductive potential, and that from this eituation svoclved the cests
determining mechenism operative in Apie species. A Pundementel diffsrence
betwsan edvanced susoclal spsciss end semisuvcisl and primitively susocial
specise is that while females of the latter ars morphoclogicelly very
similar in most ceese and workere sre besicelly undsrmourished quesns, in
advenced susocial species Temales ere distinctly dimorphic snd worlsre
cannot be regarded me mersly undernourished queens. Their dimerphism is
20 complote that it has affected not only the morphology, smetomy and
physiology of ths two castes but sleo their bshaviour. Quesne do nob
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attempt to forage end construct comb and do not posesss the squipment
to do so. They rsmein in the nest laying egge and sre fed by worksre,
Yorksre on the other hand heve lost the ability to mets.

Several thecriss havs besn devsloped to attempt to sxplain the
evolution of the worker caste. Alexandsr (1974) and Michener snd
Brothers (1974} have advocated a theory of control by the guesn. Tk -y
postulste that the worker casts erocee by sslection on yusena resulting
in thelr ecquiring the ebility to control the activitise of their
deughters, thus enhancing their own productivity, In their study of
the helictid bee Lasioglossum zephyrum, Michener and Brothers (1974)

Pound that ths smeller females produced during summer wers both
reproductively inferior and cnvirormentally disfavoursd, snd suggestad
that as such ers aubject to selsctive pressures at the individual lsvel
for remaining in the maternal nest. The rslationship batween the queen
and her daughter workers is actually for their mutusl good for the latter
ars more productive remeining with the quesn then attempting to ssteblish
their own neets (which they are capoble of doing) whils at the soms Lime
their presence is beneficial to the queon.

An eerlier theory (Lin und Michenor, 1972) proposed that worksr snd
queon castes erose by sslection such that Lhey ovolved differsnt social
stiributes eimulteneously beneficial to each sther. Whils egresing thaet
sociel attributes beneficinl to both castes have arisen; Michensr snd
Brothere (1974) suggest that such features could result From individuel
aslection ecting on the queen slone. Particulerly, they suggeet thet

the evolution of worker sttributes that permit contro) by the quesn could
in fact have arisen by selsction favouring gueens thet producs controllebls
workers.  However whils they omphasise Lhe theory thet cussne hevs ovelvad
to control workers, they do not exclude the poselibllily thet workscs
subsequently evolved in some way Lo sesist Lhe quesn,

The presence of eltruistic traits in the worker csets, Lhey maim&mmm@
ie @ consequence of sdvanced eusocielity end cannct by ussd to wxmﬁmim
ite svolution us has been atiemptsd by soms euthors (Hemilton, 1964 snd
1972 § West Cberhard, 1975 j Wilson, 1971 and 1975). This confliicting
theoty, proposed by Hemilton (1964), e besed upon the genstic sesymmetry
that exlste in the Hymenopters where malee are haploid and femeles diplold,
resulting in femalee sharing a greater proportion of their gense with their
eletare than with their deughtere. As overy orgeniom bDehavss 20 se Lo
enhence Lthe proportion of ite own genes in the next generation and ee the
averege frection of genes sharsd by common descent emong hymsnoptersn




females is 0.75 between sisters compared to 0.5 betwsen mothsr and
daughter, Hemilton (1964) proposed that workers eacrificed their
roproductlve potentiel in Fevour of caring for their younger eletare.
Thue rether then sdvoceting thet scciality arces through eslsction upen
domirant females to produce controlleble nestmetos, this theory propoesd
thet workers avolved Lo sssist their mothers produce more offapring, the
reduced reproductivity of workers (which Hemilton regarde se sltrulstic)
being mors than compenseted in terms of fitness by ths incroesed
reproductivity of mothers.

The secretion of phercmoncs as continuous chemical signele by Aple
fuesns toward workers, influencing both their physiology and behaviour,
asems to support the view that dimorphism and particularly worker
sterility ere products of queen control and the struggle for dominance.
Among certain epecies of the wasp subfamily Polistines, and in gll
epocies of Veapinua, thers is a complete dimorphism of queens end worksrs
which appears toc be entirely regulated by differential feading oe e remvlt
of the retic of workers to larves (Wilson, 1971), Guesns are not lnown
to produce pheromones and their influence on differential foeding, 4f
sny, i unknown. In bombines, where o similer procsss is in oporation,
thers is some indication that queens exert an influence whether it be
tue to inhibitory substances or some olher less obyious Factor (Wileon,
1971},  The presence of castes in these hymenopteran groups suggeeta
thet e simile' eitustion probably existad in the ancestore of fipis end
thet from thie situation evolved chemical signale enforcing differentiel
Pesding end ultimately e totelly sterils worker cests,

The svolution of chemicel signals is thought to bs one af the most
eignificent milestones in the evolution of the honeybese. They snebls
the quesns to retein control over the reproductive capacity of worksre
(apparent under quesnless conditions when worksre may bscome functionel
%9y layers) by means other than overt eggrassion, thus ellowing them ¢o
loy many more oggs. It is thought, therefore, that thw sdvent of qusen
pheromones may be implicated in the svolution of colonise of hugs
proportione and of persnnial existence. The elgnale ssem to heve
s#tablished the behavioural position of the quesn ae sgg laysr withinm the
hpls colony, o much esc that worksrs ers incepsble of competing for the
8gg laying rols es they are murphelogicelly inompebls of ferillisstion.
Ultimately, quesn pheromones probably played & pert in influsncing
subsequont svolution in the then dominant queen cnets lseding to
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individuals that wuba@ smong other rolee, aspeciaslist egg laysre incepebls

of forsging or rnursing, They svolved to become Lotally dependent on

thair deughter workere for their existence, yst their b@hwvimmm&liy

dominant poeilion sesured them that very sxistence. , SR N
mebuhﬁudly the evolution of phercmonee in gersral hee bmem of &

snormous eignificencs in the evolution of eusceiality in insects, for while

thers ere ths expected visual, tsctile and suditory signels common among

wll insect spsciss, chomicel signals have bsen essocietad with simost

svsry communication system of eusocisl speciss. Pharomones appesr to

be invelved in the rocognition of nestmates, in recruitment, almem snd

sseembly as well as in the regulation of social interactions betwean

quesns and workers (Wilson, 1971),

Apie mellifera hus ot least sisven major exocrine glands,; the
apcrotions of six of which ars known to have pheromonal ectivity, Of
theee eix, three ars sctive in the werker caste only, the pheromones of
which are ussocisted with foraging and colony defence. As ~en bs seen
from Table 1.2. (compiled at the onset of this study) only the queen
produces pheromones mesocieted with dominanco, and the only pheromons
components that have been identified are found in the mandibular gland
secretion.

Hess (1942) provided the first indication that ovary devslopmont in
the worker casto was suppressed through direct contact betwesen the Qussn
and the workers. She postulated that ovary development occurred in
the sbeence of the queen cither through lack of en inhibitory substance
which the queen produced and which workers obtained directly Trom her,
or by the eccumulation of food which workers would normally have Pad to
the queen. 1t wes not until the next decade thet Butler (1954a)
suggested that the queen secroted e substance (which he tetmed 'quesn
substence’) that onabled workers to recognise her presence in the hive,
The following ysar, Voogd (1955) extrectsd a substance of fetty soid
rharecter from the queen that mot only attracted atbendant workers, bub
wlse .ohibited their ovary development, Subssquently 'guesn subetoncs’
wie also found to inhibit queen reering (Butlsr end Gibbonme, 1958) snd
in the aame year shown to be produced by the mendibuler glsnd (Butlst and
Simpeon, 1958),

'Queen eubatance' wae finally isolatmd and identifisd ge
P-loto-(E)-2-deconoic ecid (hereafter dosignated SKDA) by Callow snd
Juhnaston (1960) and Barbisr end Ledsrer (1960), end wes synthesiesd by
Cellow end Juhneton (1960) end Barbise ot el (1960). The scid iteslf
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Inhibition of queen rearing (Butler &t

9-keto-(E)~-2-decenoic_acid
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§

s 1976)

—

1976 ; Crewe and Velthuis,

Present in laying workers (Vel
Ruttner st al

L

developmert in worker

1963)

(Butler and Fairey,
Sex phercmone (Gary, 1962 and 1963)

Promotes foraging (Jaycox, 1970

1962)
Inhibition of ovary

.
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(Velttwis snd

Showers, 1967)

Evolees retinue behavi

(Butler,

tresaive resm;uss in gm@ém

(Maschwitz, 1968)

10-hydroxy-(E)-2-decenoic ae

van Es, 1964)

Worker attrasctant

during swerming (Morse

and Boch, 1971)

ie seid
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ydroxy-(E,
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queen rescing and ovary development
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was then shown to heve e significent imhibitery influence on both queen
rsaring end ovary development in worker bses (Butler end Feirsy, 1963 $
Butler snd Paton, 1962 ; Butler 8t 8l, 1962) and wee slsc found to bs the
primery sex pheromons (Gary, 1962 end 1983).

The poesibility of sdditionel substencss being pressnt in ths
mendibular gland pheromone led Cellow st sl (1964) to meke & complaste
chemicel study of the secretion. They determinsd by gss chromstography
the presence of thirty two components, fourteen of which were identifisd
by comparing relative retention times of natural asnd synthetic materiele,
end Butler end Feirey (1964), working with Cellow wers eble to show that
the sscretion contained st leasy & second activs chemical , 9-hydroxy-(E}=
2-decenoic mcid (hersefter designated 9HDA). They did not find thet
the substance reinforced the effects attributed to 9KDA, except that it
may have scted es & sscondary component sttractive to drones. Blum st sl
{1971) subsequently showed that 9HDA was not ettrective to drones; whils
¥elthuis (1976) found that the chemical hes some amctivity on worksr
phyeiology and behaviour in that it evokes @ certain degres of retinus
behaviour and decreases ovary desvelopment when presented to quesnleses
workers. There is elso some svidence that it suppresses smergemcy cell
construction albeit to e lesser degree than 9KDA (Butler end Callow, 1968),
Butler and Fairey (1964) and Butler et sl (1964) found svidencs thet IHDA
was the only substance produced by the gueen that functionsd to stabilise
eawarm clusters. Leter Butler and Simpson {(1967) concluded that 9XDA snd
PHDA were complementery in action during swarming, SKDA acting to attrect
flying bees, SHDA stimuleting elighting and clustering, but Morse end
Boch (1971) subsequently questioned this conclusion. They Tou  that
@lighting bees reloased Nassanoff'e gland pheromones and propossd Lhet
these pheromones in concert with 9KDA wsrs entirely responsible o
attrection and stabilisation of the swarm cluster.

It remeins then, that at present only two components of ths QuUESH
mendibuler glind secretion ere known to hevs pheromonal propsrtise, ths
role of one of which ia questionasble. 9KDA, the mejor componsnt of ths
sscration appears to have a multiplicity of functione in the 1ifs of the
‘honeybee colony. Outside the nest it not only functione ea the primery
ssx pheromone during the mating flights of young virgin gqueene, but it
alsc ensbles workers to locate the presence of their quesn during the
ewarming process.  Within the hive, 9KDA ie largely responsibls Por
the inhibition of quesn rearing end the euppression of overy devslopment
in worksr beee. In addition, the speciel Lreetment affordsd ths qUBBN
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in the hive, including retinus beheviour, fseding end grooming ie dus at
lsmet in pert to the influsnces of 9XDA (Cary, 196laénd 1974 ; Velthule
snd ven Ee, 1964 ; Imarlicki and Mores, 1964 ; Butler gt gl, 1973).

~ 9XDA hee nsver besen found to be e sffective ae whole mendibuler
glend extracts. Velthuie (1976) demonstretsd that FHDA svcked eimilae
responees [rom worker bees suggesting that while 9KDA le the mejor
component of thes mendibular glend secretion, the queen pheromons le et
lsset & combination of both 9KDA and FHDA, and io mors likely to involvs
additional components us well., The fact thet queens partially retain
their dominant position without their mendibular glends causcd some
authors to investigets the possibility thaet other glends of the gusen or
other factors within the nest influence the physiology end behaviour of
workers (Velthuis, 1970a ; Gery end Morse, 1962 § Velthuis and ven ke,
1964). Gary and Morse (1962) postuletsd that either FKDA or other as
yot unidentified inhibitory substances were being pruduced in glends other
than the mandibular glends; or that othsr factors such as physicel
contect were lnvolved.

Butlar end Simpsen (1965) found some evidence to indicate thet a
volatile substence secreted by Kuschevnikov's gland in the sting chamber
is attractive to workers, while Velthuie (1970a) propossd ihat dermel
glands on tho dorsal surface of the queen abdomen (beneath ths sscond,
third and fourth teryites) were responsible for enebling guesns to melintein
dominence wilhout their mandibular glands., Vierling snd Renmer (1977) and
Renner and Yierling (1977) heve demonstrated thet drones end young worksee
ers atrongly ettracted to the sbdominel glend secretion. They found thet
the secrstion functioned as & closs-up stiractant increeeing copulatory
potivity in drones and stubilising the worker court sround the queen
within the nest.

In eddition to the possibility of other pheromone sources besing
suggested es influencing the dominent poaition held by the yusen, thers
ie svidence that the presence of worker brood hee an inhibitory offect on
avary development in worker bess. Jay (1970 ; 1972) found thet workse
brood inhibited overy development significently more then did qusene
without brood, end suggested thet e voletlils scent produced by developing
larvee was responeible. Similer resulte wers obteined by Kropecova and
Heelbachova (1970 § 1971) when they sxemined overy dsvslopment im
awarming honeybees. They found that workers showsd significently grsetsr
development both in the sbsence of lerves end in the sbesncs of ths
gueen; but the former hed the greatsr influencs.
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1t is apparent that the question of dominence cennot be completely
gnewsred in terme of the quentity of 9KDA slone. Other imterscting
factors are undoubbedly involved in oreeting en oversll sffect on the

intermotions between the two castss, ot yst mentionsd ars fectore eush

g8 semaonal end circedisn fluctuations in pheromons production by queens
and workers observed by Pein and Roger (1970 i 1978) and Pein st s (1972 §
1974) and the merked seasonal variation in the trophellactic trensfer of
food smong workers (Donault et al, 1975). Physiclogicel chenges of this
neturs strongly suggest that similar chenges may occur in receptivily

to deminance signsls by worker bees, and elsc in the relsasn of thess
signale by queens. Thess physiological fectors may be responsible for
the spparent fluctuations in the inhibitory effect of 9KDA obssrved by
some suthors. For instance, Jay (1975) found thet the presence of works?
comb appeared to stimulate ovary development in workere while the queen
med 1ittle effoct, but later Jay and Jay (1976) found the inhibitory
sffsct of the queen to be greatly increased while comb hed no offsct.
Kropacova and Heslbachovs (1969) found evironce for both esesonal and
intracolionial variations in ovary development in workora, including
reduced development during honey flows and increased development st

the onset of winter and immediotely after swarming.

Undoubtedly tha relationshipa existing between the gueen end wodler
castes are complex, being influenced by a number of interrelated factore.
The important role played by the mendibular glend sscretion, snd by OKDA
in particuler, cannot be denied howevar. yelthule (1972) concluded
that Lhe sensory perception of 9KDA on the body of the queen and on
ths bodies of workers that stiended her played the major role in svoking
queenright behaviour among worker bees, while Butler (1973) ettributed
the very 'spirit of the hive' to its influence and sffaect upon the
physiology and behaviour of the worker caeste, 5incs the mendibuler
mﬂawﬁ secretion of the queen appears to be criticel in detsemining socisl
interactions between tha fomale castes, the investigation of the
secretions of thess glands in both &.m. adansonil workers end quesna
will form the besis of this study.

The production of 9KDA by the mendibular glende of newly-smsrged
virgin queens of A.m, mellifera appesrs on average to bs low until the
fourth or Fifth day immedietoly befors their mating flighte. Young
gusens betwean one and two deys old wers found to have loee than Len
micrograms (Velthuls, 1970 § Butler end Paton, 1962) slthough Crows and
velthuie (1980) have Found their production to bs much highsr. Thet '

S A DA Rl SR




98

the dominence of qusene is influenced by the secretion of IKDA is
further svident in thet young virgin queens ars neither sble to ettract
workers as sffectively ae mated laying quesne (Gery, 196lm j Szebo, |
19740 and 1978b y Yedave end Smith, 197ib) nor ers their mendibuler glend
sscretiocne mble to inhibit overy development sffectively in worksre
(Jay, 1968) or supprsss smergency queen cell conmstructlion (Butler snd
Pston, 1962), After about the Fifth day, howevaer, FKDA production
increesss markedly., Butler and Paton (1962) estimeted that ths
averege production of five to ten day old virgine was about 132.5
micrograms, while Pein st sl (1967) found thet five to seven day clde
produced between 28,5 end 356,0 micrograme with e meen of 108.2
micrograme. Pain st al (1972) and Pain gt sl (1974) found thet twenty
three dey old virgine produced from two hundred to & thousend micrograms
of 9KDA, These queens wers confined in sxperimentel cages with groupe
of only forty workers and Pein et sl (1972) suggested thet the lacgs
smounts of 9KDA wers probably due to ite accumulation becmuse of the
sbnormally low level of distribution,

On average it has been found that mated laying quesns normally
have sbout two hundred micrograms of 9hDA (Cellow ot al, 1964 ; Shesrer
et 81, 1970). Butler enc Pelon (1962) estimated that three to eix
wesk old mated queens average about one hundred and Tifty microgrems, the
amount dropping to less than one hundred in queens over sighteen monthe.
Butler st &', (1973) who found between eight and Five hundred and twenby
microgrums of 9KDA in matsd queens of various age, demoneirated that
@ poeitive correletion existed between the smount of 9KDA end the size
of the court of workers attractsd by the queen; the lowsr amounts
attrecting as few es four bees & minute while the higher emounts
sttracted up to sixty nine. Recently Crsws end Velthuis (1980) Found
sn sverege of 71.2 microgrems of $KDA in Five meted A.m. mellifere
quoens, the chemical constituting 36.1 per cent of ths totel ecid sscrstion
| of the mendibular glands.
S The secretion of the worker mendibular glends hes sleoc bsen
. sxtensively studied. Sheeror and Boch (1965) identifisd the pressncs
of 2-heptenone, & volatile chemical which asvoked alerm. Howsver; se
up to seventy times es much Z-heotenone is required to slicit the sems
rseponses ae lso-pentyl scetats (an alarm phsromone from Lhe sting
glend) ite significence ss an slaom substencs le squivosml (Boch gf al,
1970).  2-heptonone has been shown to rspsl foragsre (Butlsr, 1966 s
Simpeon, 1966) and Simpson (1966) hae auggestsd thet se such the
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chemicel may be used to repsl robbers from other nsets. In workers
secretion begins in the second week and gradually rises to ebout forty

microgreme (Boch and Shearer, 1967 ; Crewe end MHastings, 1976).  2-~hsptenons

ie not secreted by quesna.

Boch end Shearsr (1967) have alss followed the production of @ sscond
susstance, l0-hydroxy-(E£)-2-decenoic ecid (herseftsr 10MHDA) with sge,
finding that while newly-emerged bees have only tracs amounts, up to
eixty micrograms may be found in bees after about threes weeke. This
chemical, although closely related in structure to 9KDA and 9HD&, snd
slec secreted by the queen mandibuler glands (Callow st sl, 1964) hae nob
bessn shown to have pheromonal sctivity, It was firet identified in the
mendibuler glands of workers by Barker st sl, (1959),

Until fairly recently it was thought that 9KDA wes ‘producsd sntirely
by the queen's mandibular glands' (Wilson, 1971). This was sccepted
despite the fact thot earlier Velthuis gt al (1965) hed shown that laying
workers taken from queenless coloniuvs and placed in expsrimentel cages
with fifty newly-emerged bees not only inhibiled ovary development but
#lsc svoked retinue behaviour. Head oxtracts from these bses avokad the
sams reactions when presented on objects toc small groups of bees and
strongly suggested that laying workers wers secreting 9KDA.  Similar
resulls were obtained by Jay end Nelson (1973) who found that Punctionel
laying workers effectively inhibited ovary development in worksr bees.

It 48 now known that the laying workers of A.m. cepsnsis (Ruttner ot al,
1976) and A.m. mellifera (Crews and Velthuis, 1960) can producs
significant amounts of 9KDA. The former offectivsly inhibit overy
deve.opment and attract courts of up to fifteen workers, & respones
compareble to that evoked by A.m. carnice gueens (Ruttmer st gl, 1976).

Quesnright workers of e number of A, mellifera races; on the other
hand; are known not Lo produce 9KDA, These include f.m. ligustice
(Pain st wl, 1967), A.m. carnica (Ruttner st al, 1976) and A.m. mellifore
(Crews mnd Volthule, 1980). At present the only known sxception le
h.m. cepensis where queenright workera heve been found toc have very
emell mmounts of FKDA in their mandibular glend secrstion (Crews,
unpublished data). No work hes beon done on the mendibular gland
secrotione of workers of other Apis specise; and informetion of this
nature would be most useful in the lighi of dete rscordod below.

It ie interesting that the number of overivles in the overise of
worker bees of A. mellifers reces varise according tu the smount of PKDA
in the mendibuler glend eecrstion uf the guoens. A.m. mellifsre worksrs
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have on averags ebout three to five ovariocles per ovary (Velthuls st sl,
1971), A.m. ligustice workers between four and nine (Weaver, 1956 i
Lngvﬁ:m and Haydak, 1951), end A.m. capensis workers heve on avsrags
neerly twenty (Andsreon, 1963). The size of ths spermethece mles verise
sccordingly, thet of A.m. mellifera measures epproximately 0.11 x 0.08
millimetres (Hess, 1942), that of A.m. adansonii 0.13 x 0.17 millimetrse
(Anderson, 1963) whils that of A.m. capensis measurss 0.28 x 0.33
millimstres, nearly half the size of the spermathece of the queen
{Anderson, 1963),

The number of ovarioles in the ovaries of workers of the four
BAple epecies also shows marked differences. With the exception of
A.m. capensis, the races of A. mellifera everage sbou* four Lo aix
ovaricles per ovary with a range of between one and twenty four (Valthuis,
1970h; Chaud-Netto and Bueno, 1979). A. indice (scerana) everage nesrly
ten renging from one to thirty (Velthuis, 1976). A. florea average
nearly five ranging from one to nine (Velthuis, 1976) and f.m. dorsots
twenty four cvarioles per ovary ranging beiween eleven and fifty thres
{(Velthuis, 1976 ; Velthuis et ml, 1971). The varistions in the number
of overioles in worker ovaries has little significence in iteelf, but
Yelthuis (1976) considers the difference in number betweon workere snd
their queens to be important and suggests that it mey be indicative of
the degree of differcnce between the cestos. Using thie se e criterian,
the four species can be arranged in the following order i mellifera,
flores, indice (=cerann) and dorsota es the queens of sech species
sverege one hundred and Tifty, seventy, ssventy and one hundrsd and
thirty respectively (Velthuis, 1976). As it is generally coneidersd
that A. doruaia and A. flores arc more primitive, the diffsrencs in
the nunber of ovariocles in gueens and workers may well be a good
messure of the degree of differsntistion betwesn the castse.

Weaver (1955) estimated that in the A. mellifsra colonise with
which ho was working, normal queens had between ons hundred end Fiftuen
to two hundred end Lhirty eight ovariocles per overy {mesn ors Mundrsd
and elxty nine) while workers had only four. (ueens reared in yilro
from young undifferentisted larvec fed on fresh royal Jolly, howsver,
hed one hundred and two to one hundred end eixty one ovariclse per
- ovary (moan one hundred end twenty four). Furthermore, larves fed onm
varioue diste of stored royal jelly developed inmto intermedimts
individuals (whose overicle count ranged from mixty eix to ons hundred
and thirty five) and completely differentisted workers with only four
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overiocles.

Intsrmedietes of this nature ere almost entirely limited to artificial
rearing and there is very little evidence to suggest they sccur in
matural colonies of A, mellifsra sxcept that Eckert (1934) did find
gn intermediate in e nuclsus swaerm which wee no bligger then a worker.
This individual had two hundred and thirty one ovariclea, substantislly
more then Weaver's petimates for average quesns. [Eckert (1934) also
recorded substantially higher ovariole counts for quesns, numbars .
verying from two hundred and sixty to three hundred and seventy three.
These metimates compare favourably with those of Woyke (1971) who found
that queens reared from eggs had between two hundred end ninety Five
and thrse hundred and forty ovarioles per ovary, the numbers stesdily
dacreasing to only one hundred and seventy seven to two hundred and sixty
thres for queens reared from four day old larvee.

In A. meilifera caste differentiation appears to heave svolved to &
significantly higher level then in other Apis species. Whils the
workers of the other species do not bear anv morphological fastures indicating
a degree of interrediacy, the fact that the overiole ratic betwean queens
gnd workere is ocubstontially lower then in A. mellifera (with the
sxceptions of A.m. cepensis and perhaps A.m. ligustica) end the fact
that the laying workers function as 'false' queens; suggests Lhel caste
differentiation in these species is either of & differsnt neture or of &
lowsr degree.

While quesns successfully meintein a dominent position aemong their
deughters owing to the sdventage gained by their differentistion; in
their absencs there ies every indication thet & struggls for dominance
snsues emong the remeining workers. If e new queen is not reered,
coctain individuals eventually become functiocnel lesying workers and may
sct s 'fales' queens (Sekagomi, 1958 § Ruttner gt sl, 1976 ; Velthuls
st 8l; 1971). That this has probably been the outcoms of a struggle
for dominance has been suggested by Anderson (1963) who found thet in
response to the loss of the queen in A.m. cepensis colonies, widespread
fighting smong workers ensued until the emergence of functional laying
worksrs, whereupon the fighting ebeted. Anderson (1968) commonly found
thaet hive deethe rose ninefold to over five hundred delly for a psriocd
ol sbout twelve days following loss of the quesn. Me (Anderson, 1963)
suggested thet this phenomenon mey indicets thet leying workers bscems
tominent, stabilizing the colony in much the seme wey oe the quesn.

The fighte thaet occur in thess qusenlisae colonise ars not Lhe reeull of




intsractions between laying workers, but aere ectually interactions
betwesn leying workers and other aggressive bees whose ovaries were
found to be only partially developed (Velthuis, 1976). Ths reason for
thie i not clser. Velthuiu (1976) concluded thet the laying workers
wsrs ot the sams Lime dominent in a reproductive ssnes but submissive
behaviourally. However in light of ths work dons by Yedeve and Smith
{1971la ; 1971b § 1971lc) end Gery (196le i 1961b) whe found that workere
beheve sggressively toward young or strange queens that have e diffsrent
degres of attraction from their own queen, the sggressivensse ahown to
leying workers may be due toc e similar reaction, the laying workers .
being regarded es strangs queens because of & change in their mendibules
gland secretion.

It eppears that furthor resecerch on the mandibular gland secrstions
of queens and workers of other A, mellifera races {(and indesd tho other
fAple specivs) ie imperstive for a complete sxplanetion regarding the
complex social interactions that occur between the castes. For this
poeson it was decided that en investigation of this nature on the
south african honeybee, A.m. adansonii, would be significant in eupplying
some of the criticel comparestive data necessary. An important feeture
regarding this race is that while queenless colonies contain functional
laying workers, these individuales erec not known to ettract e coust of
workere (Fletcher, pers. comm.). Furthermore fighting to the degree
obsarved in queenless A.m. capensis colonies never occurs end incressed
death retes during the first few days of queonlessness ers yery rere
(Fletcher, pers. comm).

These cbservations suggest that A.m. sdansonii laying workers ars
unable to secrete sufficient emounts of 9KDA Lo slicit obvioue qusenright
rassponses from nestmates during queenless periods. In order to test
this hypothesis, it wes decided to analyse the mandibuler gland secretiome
of queens and workers, both queenright end queenlsss, toc detsrmins
quentitative end qualitetive differences of mejor components. In
addition, it was decided to compare the mandibular gland sserstione with
the number of overivles and the degres of ovary development found in
worker bese of both queenright and queenlese colonise. It wee thought
that this information would indicate the social rslstionshipe or
intsractions occurring in &.m. adensonii colunies end in so doing
incrseee our understanding regarding thees intersctions, dominence end
noste differentietion in Apls.
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LS _AND METHODS

A small apiery consisting of a varying numbsr of colonies (between fivs
and ten) was established on the University of the Witwatersrend farm,
Frenkenwald, just morth of Johennesburg in Jenuary, 1978. In sddition,
ons shd occassicnally two observation colonies wsre kept in the

Zoology Department from nucleus swerms split from parent colonise in
the spiary. Almost all the biclogical matsriel enelysed during thie
etudy was obteined from either of these two sources. Apert from

thsas sourcss, six queens were obtained from Zimbgbwe, end o small
quesnless colony was provided by & local beekeeper.

The epiary colonies were housed in standard, ten-frame Longstroth
hives, consisting of @ brood box and none, one or two supere depsnding
upon the strengt! .. each colony. On one occasion when e& large mumber
of young bees was required for an experiment, @ astrong colony with a
particularly active queen was supplied with a second brood box for e
short period, The stronger colonies probably hed on the order of eixty
thousend workers during the summer while weeksr ones had about thirty te
forty thousand.

The observation colonies wers eeteblished in structurss consisting
of three breod frames arrenged verticelly one sbove the other in e
wooden framework with trensparent perspex side walls. Ths perspesx sids
wall sheets werc perforated by e seriee of circular windows (dismeter,
five centimetrss) normally closed by perepex squarse hsld in position
by Tixings mounted onto the shests. The perspex side walle snabled
the bees to bes observed without interfersncs,; whils the windowe sllowsd
scoess Lo the colony for sempling purposes. The hivee wers normally
shclosed by & worm woolen cover providing estiefactory imeulation egeinet
sxcessive heat lous. Workers were sbls to forege via an snirence
funnel paseing through a hole cut into an edjacent window pans.

Bacauss of the small size of the cbssrvetion hivee, colonise repldly
bscame overcrowded in spring end it wae frequently necsessry to remove
sxcoes bess Lo prevent swarming. Occealonelly quesne ware alec
removed in vrder to control the populetlon; thelr hsede bsing retained
for snelyticel purposes. The small size of the hives repldly lod to
the reverss situation in winter, nemely thet mumbere dropped to such &
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degree that it was neressary for colonies to be strengthened by the
gddition of young bees hatched in incubators to evold sxtinction. Alse,
ge honey and pollen ressrves wers lergely limited to e single comb, it

" wne msossesry to supply coloniss with honey-suctoes weitsr end pollsn
to prevent starvetion, ss winter conditione in Johennesburg ueually
restricted foraging to a few hours sach day.

Biological Material

gguena
The head extracts of fiftsen queens were analysed during the study,

8ix of which were obtained from Mr M. Schmolke of Zimbabwe, the
remgining nine coming from the Tranoveel. The head sxtracts donalsd
by Mr Schmolke were from queens that had been rsured during his queen
breeding programme. The programme is unique in thet the queens ars
reared in queenright colunies in specially designed long hives in which
the colony queens ars restricted at one end of the structurs while ths
programme is operoted r e oppesits end under en spparently induced
queeniess situation. rour of the queens supplisd wers newly-hatched
virgins less than sixty hours old, while the remeining two wers mated
quesns whose ages were unknown. Alsc unknown wers the welights of the
queens and the time of the 'ear in which they wers resred.

The Transvaal quecns angl,.ad during the study consietsd of thrse
virgin end six mated individuels. Significent deteils regerding sech
of the queens are as follows:-

Queon 6. A thirty six to forty sight | up old virgin quesn wsighing
two hundred and twelve milligrams. This queen wes one of & number
donated by Mr Fraenk Steoinhobel during his queesn breeding progremms

at the Aloe honeyflow in August 1978. The unhetched queens wslo
brought to the Frankenwald apiery in emell 'hair-curlsr’ cegse in &
nucleus hive containing bees thut had been gueenlsse. After two days
it vaes found that all the queens had smerged, but thet only two hed
survived. One was allowed to becoms ths colony quesn; whils the
other was killed for analyticel putrposss.

Queen 5. A twenty four to thirty six hour old virgin quesn weighling
two hundred end twanty milligrama, removed from ons of the fisld
hives in May 1979 while still in the queen cell, She scloesd sisven
deys efter_dequeening indicating that she hed been s two to Lhres dey
old larva when selected for queen reering by the workere.
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Quessn 7. A forty day old virgin reared in & particularly strong fisld
colony in November 1978, Shs sclosed fifteen deys after dequeening
indiceting thet shs wes reared as & queen throughout her larval
development. Her queen cell wes secured within & amall (muze cage
of spproximetely fifty cublc centimetres in volume snd left in the
brood . haber of the parent colony which et that time wee gQuesniees.
Whad is remackeble is that she was not rejectsd by the workere o8
ths colony wee gquasnright throughout her confinement, the colony quesn
heving been reered at the same time,
Quesn 13. A& fifteen week old mated, lsying quesn rearsd in an
obesrvation hive by queenlese bess separated from ons of the spiery
nives in October 1978. She eclosed sixtsen deys after ths hive wea
setablished indicating thet si~ too was reared as @ queen throughout
lervel developn.nt.
Quesn 1l. A thres week cld uted, laying quosn weighing two hurdred
gnd Fifty five milligrams when analysed. This gueen wes rearsd in en
cbestvation hive after ' “tural swarming had occurred in mid October
1979,
Quesn 10. A two week old mated queen weighing twe hundred and sixty
milligrems, reared in an cbeervation hive in November 1979 following
romovel of Queen 11.  She sclosed fourteen deys efter dequssning
indiceting that she was resrsd as & queen throughout lurval development.
When enalysed she had just started to lay eggse.
Quesn 12. A meted, laying queen weighing one hundred snd thirty nine
milligreme, removed from e moderately strong fisld colony in Juns, 1979,
The presence of eggs end & queen in the hive only sight deys lster when
fremes were wxemined for queen cells, etrongly suggesting the p@aaih&mm%y
that the queens had coexisted, & phenomenon spperently ncl ae rers &8
once sseuned {(Pretorius, pers. comm.).
Gueen 14. & metsd, laying queen weighing two hundred snd Tive
milligrems, removed from a relatively weak field colony during Mey 1979.
Quesn 15. A mated, laying queen wsighing two hundred end eix milligreme,
romoved from the seme hive ss Queen 1& in May 1979 only ssven daye sflor
the letter wes removed, suggesting that thess queens also cosxiated.
, The proceduce employed for the enalysis of queen head sxiracte wid ths seme
na that usad for snalyeis of worker head extrecte and is described
under leboratory methods elsewhera in thia chapter.

Norkata

Four ssperste onelysis wers mads of unrelated groupe of worksrs unds?
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