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Figure 3.12, Relationship of 10HDA, 10HDAA and 2-heptanons tc DAA dn
hest extracts of gueenless A.m.adansonii worksrs {qwenlsse pericd
two months ) :
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Figure 3,13, Relaticnship between DAA and sight other cherdoale Pound
im heat extracts of guesnless A.p.gdansonil workers BT

o AP A N Vs e i




RN PV P

e B

Teble 3,48, Relationship between proportions of DAA, 10HDAA, 10HDA and
2=haptanone 4in head extracts of groups of guesnliess
,;m%gwomers and the degree of ovarisl cevelopment
‘ % er 1979), Determined from Appandix Tebla B

Percentage chemical in secretior | !

s ‘ ~
Overial
development . 10HDA 2=heptencne

35.4 34,1
44,8 21,8
7.3 8.8
61.9 3.7
80,9 (%)

Teble 3.6. Relationship of 10HOAA, 10HDA and 2-heptanone to DAA in
head extracts of groups of A.m.adansonii workers rogard=

lgss of ovarial development (November 1979). Determined
fr . Appendix Table 5 :

et

Percentage otherchemical

s

Percantage DAA
4n secretion 10HOAA 0MDA

2.8 19,4 70,2
7,0 18,6 83,4
18,7 B1.8

40,3

5.6 24,2
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their secretions were mors gueenlike. Inatead sll three wers found to be
subordinetu to othere in their group (thsir sversge eoccial index being
only 0.58) snd somewhat inective socially (evsraging only twenty mm
~intsrsctions during the study period comparsd with en aversge of @’Mﬂby |
ons interections psr bee emong other individuals of similas vge) . (Appendlx
Tebls 7).

It wes slac thought, et ths onset of this study, thet dominent
individuals would probably be mors sctive socially, .end there wme
svidsncs to indicaete that this mey be so. In esven of nine groups (the
dets of group 2 wae sxcluded as sll the bess of this group disd by the
ssventh day) the most active individual hnd ths highsst or sscond
higheet sociel index. Howeve. ee occasions, dominent individusle
wers the leest active (Group, 5, .nd 9), and in Group 1 thes most sctive
individuel wes the lsast domina... member. This worker was ome of Lthe
three individuals found to be secreting 9KDA (Appendix Tabls 7).

4

Number of gvarﬁ.glg 8 in the ovaries of A.m. aduansonii mrkar M verial

davelopment during quee

During the study, numbers of overiolee in (he overiss of four sumplos of
A.m. sdansopii workers wers counted end cownared (Tebls 3.19). Four
hundred end ninetesn overies were msseened end the sverege numbsr of
ovaricles per ovaery was found to be 3.69, A highly eignificant differsnce
dn the rumber of ovaricles per ovary wee found betwssn the besa sempled
in November 1979 (mendibular glend snalymis on page 84) end the other
groupe, two of which were sempled in February 1979 (mendibuler glend
snelysis of both not done) end the third in Februery 1980 (emalysis on
page 128), While two of the Fobruary semples wers eignificemtly
different, neither was significently differsnt from the third semple
(Table 3.20). Ths mean mumber of ovaricles found in the overiss of
the Fabruery semplos wore 4.01, 4.36 emd 4.86, while the WOLDI® G-
amined in November had only 2.88 overicles per overy. The ovariss of
this group wers reducsd to such & degres thet in sleven inetsrces
overicles were present only es minuts filsmenta {mons having tisvaloped
germaris) & situetion found im only one bes dissected in | Fabrunry,
In sddition only one ovary diseected in the Novembsr sempls had more _
then asven ovarioles, whils ssventeen dissscted in the Februsry sumplss
had more than seven, the largest of which coneletsd of twslve ovaricies.
Of the bees dissected; 38 por cent were found to havs overies with




pygRge~nn-

Oﬁhﬁemwm(m‘maﬂﬁ}nnhiﬂ
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Teble 3.20. Comparisons between the number of overicles per ovary in
four colonise of A.m. edansgnil worksre

Comparison D.F. ueboet?
Nov. 1979 v Feb. 1979a 289 B.35%e
Nov. 1979 v Faeb. 1979 231 &, 68%%
Nov. 1979 v Feb. 1980 293 3.88e%
MNov. 1579 v Feb. mean 417 7. Then
Feb, 1979a v Feb. 1979b 122 0.B4aN.5.
Fob. 1979 v Feb. 1980 184 2. 76%%
Feb., 1979b v Feb. 1980 126 1.17N.5,

MNov, 1979 Feb. 197%a Feb, 1979b Fab. 1980
2,880 %.011 4,560 4,863 Mzane

®

{underlined meens not significantly different) . .

® Using central limit theorem %/n = 8'/n thersfore u= L
J He * B3
/ My N

an equal mumher of overioles, or & differrnce of only one. In contrast,

13 per cent wers found to have e difference of four or mors, the largsst

di Pfevence being seven (Table 3.21). Differences in the number of overioles
between left and right side overies were not found to bs significent

(Table 3.22). Relationshipe between the number of overioles and overiel
development were investigatoed in thu November 1979 esmpls only {(Tsble 3.23).
It was found that ovaries with n- - elopment had aignificently fower
overioles then did ovaries thet .. developed. In addition, overise Lhet
hed developed to degree 'l' had significently fewsr overicies then

degrees '3' end '4'. Although differences between degrses '2', '3° end

14! werp statisticelly insignificant, it sppears thet thers is s Lyend

for overisl development to occur more reedily, or mors Pully; in overise
with greeter numbers of overiolss (Figurs 3.14 and Tabls 3.24).

It wes slso Found that the left end right side overise did not
necessarily undergo equal development; elthough squel development hed
ooeurred in 51 per cent of the bose dissscted. Thirly five psr cent hed
averise whose development differsd by one degres of devslopmsnt, 7 pe
cent by two dogrees, 6 per uvent by thres degrasee and ons individuel wes
found to have one sntirely inactive overy end the other wilth fully
developed sgge. While differences in development between the overise of
gn individual did occur; devslopment did not ocour mers Vmwwmum@ly on
ons side thaen the other.

The boes diesscted in this esemple hed besn qusenises for & poriod
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0.1 (w.8.)

0.09 {N.S.)

0.36 (n@su)‘

0.03 (N.8.)

mumber of ovarioles / overy

Ll

0.06 (N.S.)

0.45 (N.S.)

Table 3.22, Differences in the nusber ¥
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Figure 3,14, Relationghip between the number of cvaricles end cverisl
development in queenless A.m.gtansonii workers -
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Teble 3.24. Differsnces in the number of overiclee of overise with
diffscent degrese of overisl development

Comparison D.F, usbowt®

gty 'l 1 I 2,674
gty 127 87 4,829
gt v 13! 101 6. 233
gt v 4! 0 3, 799@
11y '2° Ba 1.88N.8.
1ty '3 98 2,978
13ty A a7 2,3%% .
'3 v '3 112 1.10M.8,
120 v A 61 ' 1.06W.8.
13 v 4 73 0. 43M. 8.

0 1 2 3 b
1,590 2. 472 3,140 3.316 3.769

LR ELTLLKL

&W&ﬂ;im meons not significantly different st 3 per cont
level

& Comperieons celculated es for Table 3. 2@@

of st least Lwo months end tho distribution of ovarial mwlmwm m
therefore interesting when compared with that found in newly qwﬂlm@
beee. In the former only 16 per cent of overiss were found to bs in-
gctive and only 6 per cent had fully-developed sggs. The mejority

wers found to have intermediato stages of development - 16 per cont
wees clessifinrd '1°, 30 per cent '2' end 32 per cent '3,

Of interest, too, were soquentisl changes in the dietribution @@
developed overies that took plate smong the population of mewly mwé
loss workers during the first month (mendibuler gland enalysis page 81).
(Table 3.25). Within three days 38 psr cent of worksre hadt visibly
active overies elthough none had resched stage '2'. After mmw.y
thres weeks almost 60 por cent of bees dicsacted still ahowsd no
indication of ovariel ectivity. Ths percentage of insctive overise
sventually diminished; efter aix weske only &9 per cent mmw
inective, whils in the November semple after approximetely kwo m‘\km
without @ quesn only 16 per cent wers undavsloped.

Fivs days sfter queen losa, 8 per cent of ths overice sxemined
wars found to heve resched stage '2', ond only two deye leter, m peg
cont of the ovariss sesesssd wers found to be moderately o well
developed, 2 per cent of which wers found to havs fully=teyslopsd
sgge. The percentego of bees with moderstely to well-devslopad @'WMM
rose to mbout 40 per cent after six wesks end to slmoet 0 per oent
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alfter two months, The number of bees whoes overise wers fully developed
resched the highsst level of six per cent efter two monthe of q;wmmmm-
nese. Ths diffsrences in ovariel asctivily svident emong di PParant 0gs
groups are important, not sc much at the time they wers sempled but
rather at the time the queen waes removed (Table 3.26). The grsetset
amount of overisl sctivity occcurred in the overise of beee thaet wars
lsas then thres weeks old when the queen wes loet. Afler only thres
days; 50 per cent of the ovaries cof these individuels had begun to
tevelop, the greatsst sctivity being found emong ten dey clde. Ovarisl
dsvslopment in bses thet were clder than three wesks et dequeening
appeared to be retarded in that, although some development did
svenbuaelly ococur, the first active overise were found aftsr one wesk
end nons was Tound to have developed beyond stage '2'. Furthsr, overiel
sctivity in bese that eclosed after loss of Lhe quosn slac eppsered Lo
be alightly reterded. The only five day olds found to have scme degros
of development wers individuals that eclosed two deye after dequesning.
Those that erlcsed later were about ten deys old befors thelr overise
becems active.

The only wurkers, seven in ell, that were found to heve fullye

developed eggs in their overies were individuale thet hed ecloesd befote
the queen was removed but wers loss than thres weske old st the time.
This figure represents a very low percentage se neerly thres hundred
bees were dissectod.

Leying behaviour appearsd to be sesocieted with overisl m@wmum
ae might be expected; however the activity wee nob limited %o individueles
with meture egge. Laying behaviour ie hers desoribed se the soblon of
imserting the abdomen into celle, and ths depueition of sgge is mot
necsesary. OF sight individuele ceptured whils they wers lmesrting
their sbdomene into cells, two hed mature sgge, Lhe othsre heving
only modsretely to well-developed overiwe (Tebls 3.27). Six addibtionml
workere were seen to be showing laying behaviour, but thees secepsd
copturs. Thess individuals wers alsc under threse wesie old at dequeening.
Dther workere found with maturs aggr thet wers caplured during routins
sampling were mot showing laying beheviour st the tims, howsver it le
poseible thet these individusle could heve stteinsd thie Im@mvwmm'@

Ths only bese Lhet were sempled individuelly end found to be ‘
secreting 9KDA wers both lesa than five duys old when the gussn wea
romoved from the oolony, however neither had meturs sgge mmﬁ:h@wﬁh
their ovariese wars well developed.
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Teble 3.27. Ovarial development of queenlese A.m. sdensonii workars
showing leying behaviour (Age in days)

fge st osptucs/ Ags at Pariod
obesrvation dequesning guesnlese

0

=

=

@gm‘ s 8dansonii worker contect with the gueen

Obssryetions relating to worker contect with ths quesn wsre made
during preparation for the ege-rolated mondibulaer gland mmmyam @ff
mewly queenless bees {(pauge 51). Courts of worker bess were chesrved
wee 8 period of eixteen days, with e totel observation tims of sbout
twelve houte. fAs bees cbaerved attending the guesn wers not removed,
cbearvations of perticuler individuale could mol be ammmw o
independent and  differences could mot bs toetsd etetieticelly. Inm
sddition, when thess obeervetions were mede, not ell the workses of
the culony wers macked, end se & pceull, a mumber of unmeried mmwmm
wers eesn stiending the qusen, o
Indicetione were that the court ectivities ol fesding snd M@Mm
the queen wers performad by two distinct sge groupe of sttendant mmmm ’
although thers wes & coneldersble overlsp (Figure 3.13 end Teble 388).
Thoes individuela responsible for licking the sbdomen of ths quesn wWers
predominently older then two weuks, 3.2 per cent being urmesried, It
e significent that nonw younger then aix dayw wee easn to lick the
quasn. In contrest, workers responeibls for faeding the qusem wets
predominantly younger than two wecks, only 7.3 per cent were ummerimd
while 38.8 per vent were lses then a week old, |
The quesn wae approximately twe monthe old when thees @Wrmﬁm
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wers meds., She continuelly gtiracted en ettendant court of over ten
‘worksre end 'mmam@mlly ths court numbered me meny 88 twenby. By

pshaviour shown by woriksrs in the @m@ﬂ& wqummﬁmmmnl 
gtroking of the qusen. Antennal examinetion wea ind od almost &mﬁw@a5 1
iately efter & worker met the queen and ysually this wee the only
reepones, Fesding gcourred only sixty ssven timee in twelve hours,
roughly once every tsn or sleven minutes, while licking wae shearved
seventy four times, roughly every nine or ten minutes.

Thess cbservations puggest thet young workers may not be in contect
with the same smounts of SKDA es ere their plder nestmates, @8 it ie
thought that moat 9KDA recelved by workers is licksd from the body of
the gueen during grooming snd that very little ls received by sirborne
dispersel (Bui er, 1934by 5. Y 1979).
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DISCUSSION

The relevent questions to this discussion ere those addrsseing the
relstionship between chemicel signals, caete differentiation end femals
intsrcastes socisl interactions. In attempting to slucidete thess isaues
the study has provided initlal data on the mandibuler gland sscretione
of A.m, adansonil queens and workers in their netural habitet. The
irvestigation hos revealed a rumber of interesting diff ~ences thet
sxist between A.m. adansonii and certain other honeybes races including
the South African Cape bee, A.m. capensis, and the Europesn bess,
A.m, mellifera and A.m. digustice. -

Under normal queenright conditions the A. mellifera queens influsnce
the physiology and behaviour of workers largely by the secrastion of IKDA
from the mendibular gland. This influence not only inhibits overy |
mwlbpment in workers end prevents the secretion of 9KDA by thelr
ssndibular glands, but probubly alsc requlates normal worker beheviour
to & large degree (Reviawcd by Gary, 1974y slso see Teble 1.2). Thia
has become more apparent through recent studies of laying worksrs that
grise during queenless periods. During these periode the influsnces of
the gueen ere removed, end in A.m. mellifere gnd mors oo in A.m. cspeneis
& number of workers undergo extensive ovary devslopment to the point
that some have mature eggs in their ovaricles (Perepslove, 19293 Velthuls,
1970b). Simulteneously these individuals cesss most normel worker '
gotivities end become entirely involved in laying sggs. Mot only do
these bees change in both their behaviour end their physioclogy but in
addition, their interactions with other worksrs are affected to o polnt
where they may begin to sttract e sizeabls court of attendant worksrs in
the seme mennerT as & queen does. Thess changes in social position ers
thought to be taused by changes in the mendibular glend eignel; se
gmounts of 9KDA ere secrsted by laying workers of at lewet A.m. gepsneis
(Velthuis, 1976; Ruttner, ot al, 1976).

Sociel poeition emong colony members of most sotlally edvenced wasp
and bee specise (other than spine bess) is seteblishsd by physicel
maressment of wesker individuale by strongsr ones which roeulte in o

digtinct dominence hisrarchy, Lhe most dominant individuele sesuming
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ths sgg-leying role and the subordinates the worker rols (Batra, 1966
Cumber, 1949; Free, 1955; Michener, 1974; Michensr snd Brothere, 1974;
Plowright end Jay, 1977; Spredbery, 19733 Wilson, 1971). In fiple
mellifere the only displey of overt aggreseion emong colony members
occurs during the initisl pericds of queenlsssnese., Fighting i ssvars
among queenless A.m. capensis workers and hundreds of bess mey be killsd
within & few days, The fighting eventually abetes, poseibly owing to ths
selablislment of laying workers which may have sssumed e dominent position
by ascrsting dominant sociel signals from the mendibuler glande (Anderson,
1963 and 1968).

Morphological differentiation between the quesn and worker cesisa
of Apls species and A. mellifera races is sdvanced end intercsetss srs
slmost unknown in natural eituations (Eckert, 1934), slthough they cen be
produced ertificielly (Teber end Poole, 1973). Behevioural, physioclogicel
andenetomical differentistion, on the other hand; 4is mors verisble.
While these variations may indicute that ceste diffsrentistion within
the specive end races is merely of o diffsrent neturs, thers iz elso the
possibility thet it hes evolved to varying degress. This study hee
rovealed @ number of interesting qualities regarding the behaviourel,
physioclogical snd enatomical differentiation of the female cestes of
A«m. sdansonii which may suggest that ceete differentistion end soclel
interaction between queens and workers is markedly different from that
found in other A. mellifera races.

In A.m. mdansonii, the degree of cests difforentietion, which le
for all reces controlled by nurse workere in the diet fed to developing
lsrvae end which is alsc almost certeinly influenced by the dominant
gttributes of the queen, is clearly evident in the snetomy of the
reproductive system of workera. The mean number of ovarioles per ovary
sampled from four populations varied from 2.88 to 4.86 and ie coneistent
with the results of Cheud-Netto and Bueno (1979) elthough in their study
the range was alightly smeller, being one to slesven inetssd of zerc to
twelve, With regard to Lhe enestomy of the reproductivs syastsm, then,
B.p. pdapsonil workers ere similar to A.m. pellifers in that both recvse
have distinctly fewsr overioles per overy than eny othar honeybes yet
sxemined (ses Table 4.1).

¥elthule (1976} hes sugges®sd Lhat diffsrencee betwsen ths mumbsr of
ovaricles in the ovaries of queons end worksre is indicetive of Lthe
degros of difference betwsen the two cestes. In this regard, it may bs




qmmmm gre known to heve the lergest overies; this suggsets that mw@m

considersd en indicator of the degres of casle differentiation. The
immeturs Temsle et one etage of development has sbout esveniy overiolee;
snd it ie only differentiel feeding thet ceusse the number to diminliah
in ons ceete snd increses in the other (ds Wilde, 1976}, Ae A.m.gel

difPerentiction is most sdvenced in A.m. sdensonil end A.m. melllifere.

Tebls 4.1. The number of ovarioles in the ovarise of Apis workers

No. worker overioles

Specice

Mods Rengs
Spls dorsata 20 11-53
Apls (indica)=cerana 7 130
Apis flores 4 1-9
Apie mellifera capensis 19 359
Aym. ligustica 5 1-26
A.m. mallifere 3 1-1%
A.m. sdansonii 3 0-12

The physiologicel ubility of workers to develop their overiee during
queenless periods can also be regarded ae indicetive of ths degres of
differentiation between the fomale cestes. A. (indice)scersne, A. goresie
and A.m. cepensis workers undergo rapid ovariel development end within
@ fsw weeks, certain individuele begin laying egge (Vsithule, 1976} .
Development mmong queenless A.m. mellifers end A.m. gdsngonii workere ie
reletively slow and this study has shown that in ths lstter rece,
functionel leying workors do not appeer during the firet six weske of
quesniessnees. The significance of these differsncea in the sbility to
undergo overiel development is sssociated with behavioural differsntisticn
and should be viewed in that light.

The mendibuler gland secretion of queens has for & long Lime besn Kknown
to svoke retinus behaviour, suppross ovarial devslopment in workers, snd
influence & number of other important biclogicel functione (ses Tabls 1.2},
Apie dorsste, A. (indice)=cerene end 4.m. cspensis functionel laying
worksrs have besr tecmed folss queens ee they have besn found Lo svoks
mecked retinue bsheviour end sxhibit queen-like beheviour, sven o the
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sxtent of suppressing ovarial development in other workeras. {(Saksgemi,
1958, Velthuis, 1976). It is now known thet in A.m. cepensis, thees
individuale undergo substantiel chenges in their mendibuler glend signale
and begin to sscrste eignificent smounts of FKDA (Crews end Velthule,
1980y Ruttner st sl, 1976). Recently, it hes bsen found that the functional
laying workers of A.m. mellifera slsc escrete epprecieble smounts of KDA,
supporting observetions thaet these individuals ers cepeble of mvoking
ratinus behaviour end inhibiting ovarisl devslopment 'n others; although
to @ lsseer degres than the false queens of A.m. capenuis (Crewe and
Velthuls, 1980¢ Velthuis st al, 1965).

In contrest, A.m. adansonii laying workers have never besn cbearved
to svoks retinue behaviour; and this study haes shown thaet very few
individuals are caepable of secreting 9KDA. As wes predicted by Velthuis
(1976) for A.m. mellifera, muny A.m. adansonii workere experienced soms
degree of ovarizl sctivity. The number of 'indifferent ' bees (s Larm
Yelthuis used to describe individuale whose ovaries remein inactive),
i muined at betwecn 50 8.d 60 per cent during the first five wesks of
quesnloosness, whils in & sepaurate investigation they wers found to
number only 16 per cent efter two months without e queasn. Yary few bees
(less than 3 per cent of those that hed been queenlese lses Lthan aix
weeks, and only 6 per cent of those quecnless for at leaest two montha)
wsre found te have mature eggs in their overies. While it is nmocsamsery
to teke into account envirommental influences (thet is, influencss of
esason, quaentities of sveileble food, numbere of nures beoes and condition
of the guesn) the substential difference in ovarial development bstwssn
these two quuenless groups is probably dus lergely to ths length of Lime
the bees had beon without & queen. With time, mors and mors bese wars
able to develop their overies, the great majority to stagee '2' and '3',
on importent difference between A.m. gdensonii and other reces in which
leying workera begin to suppress overisl development in tims. ‘

During the investigation of newly-quesnlsss besa, only fourtssn were
cbeerved inwerting their abdomen into celle elthough rone lsid egge
(Table 3.23). Of these, sight were captured and what iz eignificent is
that only two hud mature eggs end neither wes sscreting SKDA. Only ons
individual wes found to be oecreting YKDA end this bes mersly had welle
developed ovaries (degree '3') but did not heve mature sgge. The remaining
fivs had neither maturs aggs in Lheir ovaries mor 9KDA im their mendabuler
glend secretion. Overlel ectivity, glandular activity and qusenliks
beheviour muet however be loossely sllied, since the sscration of PKDA




and egg-layng behaviour were slweys sssocieted with et lsest wsll-
devsloped ovariss (degres '3').
, Regarding socisl interantion, casts diffsrentistion and the
' dam amnes of the qusem, ons of the most important sspscie of A,
anggg@ig'bi@mugy .o emergs clearly ie thet workers sppser to bs
invepsble of secisting sufficient quantitise of 9KDA. This despits the
fact thet the two individuels found to heve 9KDA in their mendibular
plande wers sscrsting larget emounte of the chemical than were A.m.
cgpensis snd A.m. mellifera leying workers (Crews and Velthule,
1980). Mone of the beee obeerved stirected courts of any eize and
ovsrt sggrsssion was limited to mild harasement such me wing and leg
holding end occesional sttempte to sting. Thes only indications that
eoms influence may have beon exerted by either specific individuals
or by the queenless cclony ae & whols, was the fect thet bess emsrging
sfter the colony hed lost the queen appeared to be rsterded in their
ebility to develop their overies.

The wost ective workers were those that had emerged at the tims
ths queen was lost but which were then younger than thres wesks, ALl
individuels found to have mature eggs, es welil o8 ell those that showsd

loying behaviour were from this group. In addition; the {wo indi-
viduals found to be secreting 9XDA were lees Lthen & wesk old when the

colony became gquecenless.

Bese older than thres weeks st the time ths queen was removed
weTs elso reterded in their ability to undergo cvarial development.
Wherees up to 85 per cent of ten day olds had experienced srme dovelop=
mont within three days, three wosk old bees took up to o week bsfors
their overiee beceme mctive.

1t sppears thal Lwo ssparato fsctors ere responeibls for thees
differences betweon the diffsrent sge groupe of workers; nemsly the
influences of the guesn prior to her loss snd the influsncse of
gqusenless workere following her loes, the former being conelidersbly
more powsrful. Figure 3.15 indiceted thet very young bees e
primerily responsibls For feeding ths quesn end that it le the clder
onee that lick the guesn. With regard to the hypothesls of the
mechenism of $KDA trensport by workers proposed by Butler (1954b),
nemely thet workers lick the aubstence off quesne and trenemit it
to other colony membere trophollectically, these cbesrvalione of
an age-relatsd differsnvs in retinue behaviour by worksr bese gos
provocative. The cbesrvations suggest thet the sxposurs of very young




and sgg-lsyng behaviour wers alwsye essocimtsd with at lesest well-
dsveloped ovsries (degrss '3').

Regerding eccisl intsrection, casts differsntistion snd the
dominsnes of the qussn, ons of ths most impurtent sepscte of A.m.
pdene: biology to omerge clearly ie that worksre sppsar to bs
imwm@mhlc of serreting sufficient quantities of SKDA. This despite the
fact thet the two individuele found to have SKDA in their mendibular
glande wers sscreting larger emounte of the chemical then were A.m.
ggpensis end A.m. mellifers laying workere (Crews snd Vslthule,
1980). MNone of ths beess chesrved sttracted courte of sny sizs and
ovsrt aggrassion wee limited to mild heressment such ss wing end lsg
holding end occesional ettempte to sting. The only indicatione that
soms influence may heve bueon exertsd by either specific individualis
of by the gueenless colony &8 @ whole, wee the fect that bese smerging
after the colony had lost the queen sppearsd to be reterded in thelr
sbility to develop their overies.

The most sctive workers were those that had emerged el the tims
ths queen was lost but which were then youngsr then thres weeks. ALl
individuels .ound to have maturs eggs, ss wsll @s all thoss thet showsd

leying behaviour were from this group. In eddition, the two indi-
viduals found to be sscreting 9KDA wers less than a wesk old when the
colony became gueenless.

beoe older than thres weeks st the time ths quesn wee removed
webs also reterded in their ebility to undergo overisl development.
Whersas up to 85 per cont of ten dey vids hed sxperiencsd some dovelop-
ment within thres days, Gthree week old bess took up to @ week bsfors

their overies become sctive.

it sppears that two sepurats fectors ere reeponeibls for thees
differences betweon the different sge groupe of worksre; nemely the
influences of the quesn priocr to her loes snd the influsnces of
queesnless worksre Following her loes, ihe Turmer being coneidersbly
wors powerful. Figure 3.15 indiceted that very young beee ers
primarily reaponsibls for feeding the quesn end thet it le the oldse
onee that lick the gueen. With ragard to the hypothesls of the
mechanism of 9KDA treneport by workers propossd by Butlsr (19534b),
nomsly thel workers lick the substance off quesens end trenemit it
to other colony membera trophollecticelly, thess chesrvetions of
an sge-raletsd differencs in retimus behaviour by werksr bese srs
provocetive. The obesrvatlons sugyset that the sxposurs of very ymung




bese to FKDA is minimael, being limited to antennael contact with the quesn
and to trophellexia, whils clder individusle ars subject to grsater
gmounte owing to their licking the queen. If thie le true, and the
sPPscte of 9KDA srs sccumulative, and provided thet ths chemicsl is
systemic rather then olfectory in ite action, then ths influgnces of
9KDA upon the physiology end behaviour of worksre ere likely to be more
raversibly in young bess then they are in older individuels, and thers-
fore after loss of the gueen, it would be the younger bess that would
repldly undergo physiclogical and behavioural changs, while their
older neetmates would require & longer period before the influencee
of the queen's signels diceipate. However, recently Sesley (1979) wea
unebls to sxtrsct mors than one nanogrem of 9KDA Trom bees that left
ths retinue, thereby seriously questioning the regsoning of this
grgument, He found thet the dispersion of 9KDA wae largely carried cut
by ‘messenger’' bees leaving the retinue and dispersing the qummmm&
messags through olfaction, supporting the surface trenaport hypotheeis
of Vorhei jen-Voogd (1959). The diffsrences segarding the ability ef
workers of verious eges to develop their overies et the onset of queen-
lessness is more likely, then, to be a simple consequence of aging
and have no comnection with exposure to 9KDA et all.

Workers Lhat emerge in queenless coloniss, omergs into ®
situation in which the influence of the quesn has been replaced by
the iwﬂuenco' of queenless workers.

Among queenizss A.m. adansonii toloniee this influsnce may be dus
to the combined amount of 9XDA secrsted by a number of individusls.
in the newly queenless colony investigeted in this study; @ total
gmount of 378,3 micrograms of 9KDA wes detscted from twalve semples.
While this emount compares favourably with the emounte socretod by
individual queens, it did no more then retard pvariel devslopment
in newly-emerged bees. It is cleer that despiie the laevsl of IKDA
being es high ss that of a normal queenright mlmy, wdditional factore
that ellow recognition of the gueen have poseibly mot been simulated
in the queenless situstion in f.m. adansonii. It is possible thet the
high leval of 9XDA is not sustuined, Howevelr &n altsrnetive expleimtion
18 thet me 9KDA-secreting individuala ers not sppersntly recogniesd se
such by other workers, distribution of the compound le not edsquats
snough to induce @ queenright situation, sithough it e sufficient
to poterd ovuriel devslopment in bees thet subsequently sclces into
the queenisss aituation,

sordie s R




The a%ud§ revesled that ths majority of workers do not sxperisnce
marked changes in their mendibuler glend secrstion despits undergoling
conelderebls overiel development. It is not unrsescnable o suggeet
that cmets differentistion in e hypotheticel jple race could bs complats.
snough to prevent worksrs from chenging ths escretion of the mendibules
gland. Just se morphologicel end snatomicel stiributee sre nerrowly
determined, so it ie poseible to srgue that physiologicel and behevioural
attributes mey also bs cenelised. The degrse to which these lesturee ars
capable of change would indicets the lavel of caste diffsrentistion
sxperisnced by individuals during their development.

A.m. sdensonii workers, on the whole, do not expsrience marked
chengss in the mendibular glend secretion during quesnless periods, howsver
changes that do occur eppear to be toward & queenlike sacretion, No tracs
of 9XDA wae found in over 99 per cent of queenless bese enalysed; end
subetantiel amounts wers found in only two individuals. The mendibular
glend secretions of these workers wers slmost identical to those of guoens
sxcept thet the quantities of most components were greetly reduced, The
fect thot they feiled to elicit court behaviour among surrounding
nestmotes suggests that their signals, Lhough gualitstively similer to
queen signale, were quentitatively inadequate.

The displays of overt aggression that occur in gqueenloas colonise of
A.m. mellifers are not between laying workers but instesd the laying
workers are attecked by aggressive nestmates with moderately devsloped
pveriss (Velthuis, 1976). The layers eppesr to be esubmissive towsrd their
aggressors and never ettempt to defend themeslves but only atiempt to
egcepu. Velthuls equetes thess sggressive reections with behavioursl
dominance end reises the guestion of laying workers bsing reproductively
dominant yet behaviourally submissive. An aslternative explenation @wwmm
be that these laying workers are behaving in = menner similer to strenge,
introduced queens who offer no resistence when confrontesd by sggressive
workers end mey even be killed if unable to sscepe. Szaboc (19748} found
that Af strange gueens wers either less stirsctive or mors atiractive to
worikerse then was Lheir own queen, workere behaved esggreesively towarde
them. However, gueens that had similar degross of stirection wers ecceptoed
without eny eggressive reactions. In A.m. mellifera, laying workere |
possibly secrets queenlike signels in sufficient strength to be regerded
ge atrengs gusene Lhorsby eliciting aggreseive tendenciss in resimaisa,
gnd their inebility to reciprocets aggressively may be due to quesnlilis
behaviour. Rather than being regerded we aubmiseive, then, they should




bs regarded as behaviourelly different.
The leck of overt eggression in queenlsss A.m. gdensonii coloniee,

in the light of the sbovs argument, may be dus to the fect that laying
workste are incepsbls of ascrating quesnliks signels in sufficient

. smounta to reoch & lovel neceasery to svoke eggressive resctione in
noatmates. While it is possible thet the level is higher for
A5, gdansontd then for A.a. mellifers, the svidence suggeste thet 1t
1o mors likely thet A.m. mdansonii workers heve & vary limited sbility
of sscreting 9KDA despite being able to develop their overise. In other
worde, fi.m. edensonil leying workers are incepable of functioning se feles
quesns .

The object of making colonies queenloss is in fect aimply to induce

e aingls caste situation in which a pssudc caste diff-rentistion can
dsvelop bagsed purely upon physiologicel snd behavicural chengss among equel
nestmates, It follows that the queen supprofies thuse exprusaﬁmma in
queencight situetions end that the degree to «h'uh these exprassione ere
preeent in the worker caste depends upon the gegree tr which the cests hes
differentiated, The more complete this differentiotion is; ths mors
gueenlike and the more workerlike the two fumale castes are and the more
unlikely it is thet pseudo differentiation will cccur im the sbewsnce of
the influences of the queen.

'With incressing polymorphism the potencies of the two femels
costes become more distinct. Im fact, in the orphen colony
the workers sre brought back in an entique situation in the
svolution of their species 1 the females are wll more or lese
gliks. Whet they do in this situation depends on whal
remeins of their antique equipment, thus pointing to the
origin from which both queen and worker ars derived’.
¥slthuie, 1976.

The entique equipment roferred to in this gquotation must include il
the sttributes, both morphological, gnatomicel, physiclogical end
behavioursl, which normal ancestral females would possses. Following
caste differentistion most of the attributes regarding dominence end
reproduction are irreveraibly lost from the worker cests, snd those that
remein are suppressed by the communicetlion of dominanl signala by the
guesn individuel., From the evidence provided in this study, and in the
light of the sbove argument, it would eppesr thet ceete differsntistion
in f.m. sdonsonii ie ot e level high snough to rendsr the wovker ceels
uneble to secrsts dominant mendibuler gland signela, despits certein
individuals being sble to elter their signels to some extont,

The suppressive ebility of the quesn le almost certainly sescclsted
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with her mendibuler gland signal. The average secretion of meted Ao ms
sdeneonii queens was found to have very eignificant differencea in the

gmounts and proportions of certein components compared to thet of A. m.
mellifers queens (Cellow st al, 1964). The average amount of JKDA wes
250,% microgroms (Tebls 3.1) cunmpnred with their two hundred mnmmrm@
The lsvel of 9HDA wes lower, svereging only 80.9 microgrems (Teble %M
@@Wﬁmx‘@ﬁ‘ with one hundred snd fourteen microgreme in A. m. mellifers
quoens. Conssquently thess importent queen pheromonse wers found in =
very differcot ratio in A, m. adensonii queens, While the FKDA : JHOA
retio in A. m. mellifere queens was nearly 10:6 (Simpson, 1979}, in the
qussne of A. m. adanvonii the ratio was only 10:3. Recently Crews end
Yelthius {1980) found that in five mated, leying A. m. mollifere quasns
the 9KDA : 9HDA rstic was nearly 10:19. The queens produced on everage
71.2 micrograeme of 9KDA and 63.5 micrograms of 9HDA, the chemicale
constituting 36.1 per cent ond 32.2 per cent of the acid secretion
respectively.

Of additional interest were the levels »f DAA, & compound that is
mot known to have specific biological activity. While the emounte of
DAA ere reasonably high in A. m, mellifera queens (twenty five micro-
grams per head) (Simpson,1979), the amounte were extremely low in the
queens of A. m. adansonii, averaging only 2.4 microgrems (Tabls 3.1).
Consequently the 9KDA : DAA ratios were very different, being 81l in the
former race ond 10011 in the letter. In contradiction, Crews snd Velihuls
({1980) found no trace u” DAA in A, m. mollifers quesns during their
recent study. The level of DAA in A, m. mellifera workers hos not
induced comment in the literature, end it cen only bs concluded then
that the compound is probebly not found in appreclable quantitiss in
thess individuals. In contrast, DAA was usually found to be & mejor
component of the mandibuler gland secretion of older A. m. edensonil
workers. While the levels of DAA in A. m. mellifvra quesns snd workers
appear to wrouse little interest, the levels fourd in the femals ceostes
of A.m. sdansonii do., In younger workers DAA wae founu to be conaedlet-
ently less than 5 per cent of the secretion, but sfter the firet wesk
of .ife bees begen to incresse their secretion of DAA until the compound
regulerly comprised over 25 per cent of the secretion, snd in one bes
surpassed 50 per cent (Appendix Tuble £4). The biclogical function of
DAA, {f any, iu unknowr, however in queenlese beea the emount of DAA
decrsased conaidersbly with ovarial development; and in individusle
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vith well developed overies was absent, suggesting that the compound may
in some way bs & consequence of worker suppression in A.m. adensonii.

Levels of 2-heptancns, an alerm pheromone secrated by the mendibuler
glende of worksr honeybees (Mauchwitz, 1964) were slso found to decrsees

 susetentially with overtel development. In the only yToup of quesniste
baoe snelysed for 2-heptancns, the evarege smount wes Found to decrsase
from 17.9 microgrems perc head in worksrs with undeveloped cveriss to
0.4 micrograms per head in workers whose ovaries contsined meturs sgge
(Figure 3.10,Table 3.13). The decreased level of 2-heptenocns in quesn-
less coloniss may well influence the behaviour of such s group, end it
is possible that this feature is a contributing factor to queenlese beuos
often being noticeebly less aggressive towards intruders then their
gueanright counterparts (personal observation)

Velthuis (1976) concluded that for 'Apis the capacity of the worker
to develop into a false queen is iimited'. The degree to which workerse
_~e capable of becoming false queens in various species ond races of
Apiu depunds uoon tho degree of caste di fferentiation, & process that
is almost certianly influenced by the mondibular glend signals of the
quren. This study has revealed that the queens of A.m. adansonii have &
merkedly different mandibular gland signal from A.m. mellifora gueens,
mated, laying individuals secreting considerably greater smounts of
most of the acids including 9KDA,9HDA and 10HDA, end having o markedly
different 9KDA:JHDA ratio than their suropean counterparts, In addition
it has shown the amounts of 10HDA in queenright workers ere reescnably
similar Lo those found in European workers (Boch and ShearsT, 1967}
although the chemical cppeared to be more prevalent in younger bees,
two to five day olds having en average of 43.1 micrograme, end six Lo
eighteen hour olds having 13.9 micrograms. It is poesible thet this
eerly secretion of 10HDA represented an accumulation of the chemicel prior
to the onset of nursing behaviour, 10HDA being the main lipoid mpumm
of larval food (Bavker ¢tgl,1959),es the chemicel decrsesed noticesebly in
seven to ten day olds. Although it later increased tec en avsrege of
47.8 micrograms in fifteen day olds, it subsequently declined to only
19.9 micrograms in four week old bees. The study hae slsc ehown that the
total absence of false queens in queenless groups of thie race ia not
the result of an inability to develop ihe overies {functionel lnying
workers are present in all queenless A.m. adansonil colonies) Dut
rather the result ¢ an inability to elter ndequately the mandibular
gland worker signal to @ queenlike signal. Whils this is so, ocertaln
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significant changes in the biclogy of queenless bees did occur, suggesting
g shift toward queenness. There was a substantial increase in longevity,
queenlsss bees living at least twice as long e queentight individuasls.
Mumerous workers experienced ovarial development and e few began to ley
agge. Workers with developed ovaries had decressed levels of DAA and
2-heptenone, both features of the mandibular gland secretion of the queen,
gnd & smell parcentage began to sscrete FKDA.

Initially, queenless workers were also found to undergo a repid and
substentisl decrease in the secretion of 10HDA, levels dropping from an
everage of 33.6 microgreas in ten samples just prior to dequeening to
only 7.9 micrograms in thirty six eumples during the first two weeks of
queenlessness. The cause of this drop is unknown and no reasonable
sxplanation is apparent as larvae were not present in the colony. With
time workers began to secrcte more 10HDA and in bees that had been
queenless for over two months the average secretion conteined 32.. micro-
grems of 10HDA. Annther interesting feature was the differences in the ?
sacretion of 10HDAA and especially 10HDA in these workers,; the levels of
these chemicals increasing significontly with ovarial development (Figure
3,11). The increuse in the smount of 10HDA very closely followed a
decrease in 2-heptenone, whach, in view of t' opinion of Simpson
{1960), may further suggest that 2-heptanone is derived from the breakdown L
of 10HDA, i

Despite the initial changes toward queenlike signals in the o
mendibular gland secretions of newly queenless bees, including the
secretion of 9KDA, no workers evoked retinuc behaviour smong nestmates
and ovarial development was not inhibited. In addition, overt aggressive
reactions in newly queenless colonies were minor and no individuals were
stung to death.

Although these data were compiled from observa.icns of only a few
colonies, end generalisations must therefore be viewed cautiously,
together they indicate that the relationships hetween the queen and
worker castes in A.m. gdansonii may possible be more ad ancod then
in most races. They suggest that the process of caste d¢ifferentiation
may be so complete, morphologicolly, anatomicelly and physiologicelly
se to exclude all workers ..om altering their behavioural position
sufficiently to imitate the queen, explaining why 'foles' quesens heve
never been obscrved in quoenless colonies despite ths presence of
laying workers. It was hoped that data gathered from the small cage
study would provide evidence of the extent to which A.m. adacsmnid

R N




o7

workers were cepable of dominating other individuals during quesnless
psriods, however the experiment was inconclusive due to an allimentary
gilment which interfered with normal behaviour and ceused the prematurs
death of @ number of individunls, At thet siege, the overies of all bess
had. just. bécome active (elthough none had begun to decompertmentalies)
end slthough thres individuals were found to have minute amountse of |
9KDA inm their mandibular gland secretion, in gsneral, secreticne wers
not significantly different in their composition.

Some of the most intcresting features emerging from this study, then,
were the apparent secretion of mature mated queen signals by A.m.pdansondd
guecns in which at least the 9KDA: 9HDA: 10HDA ratio is reasonsble
homogenous § the significance of the age of workers at the time the
gueen is lost on their ability to undergo changes toward a yueenlike
disposition while queenless j the discovery that these changes (the
secrstion of gueenlike mandibular gland signals, ovarial devalopment
and laying behaviour) arc not necessarily synchronous § and laestly, the
unexpected prominence of DAA in the mandibular gland secretions of
clder workers.

The study showed conclusively that the mandibular gland secrations
of virgin queens are very dissimilar from those of mated queens, sspecially
during the first two to Lhreo days of life. Alsc the dissimilerity between
the secrotions of different virgins indicated that their mandibular glands
were probably in a transitory phase of ectivity. The sumple size was,
however, too small to reveal the precise timing und sequence of these
changes.

The possitility of there being n mature mated queen signal (in this
study the 9KDA:9HDA: 10IIDA ratio was opproximately 1034:2 and the three
components composed 80 per cent of the acid secretion) raised some
interesting questions. Is the signal age related, in other words; do
ell queens achicve & mature signal ot soms stage? ls the signel rsletod
to the season or to intrahival conditions? 18 it releted to the
developmont period of the individual end to weightj in other words ars
pome queens unublo to achieve o mature signul? And most ir-ortently,
if certein queens do not achicve the aignal (o8 appears to we the case
from thio study) can this inability be related to factore in the colonies
they heady factors such as small rolony size, poor bruod putterne and
perhape a poor foraging behaviour?
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The study very definitely showsed that .orkers that experisnce ths
most repid and most complete changes in their snatomy, physiology end
beheviour, sre those that sclosed from a week efter quesn lose to two
wssks bsfors queen loes. Ths celationshipe betwesn changes in the
mandibuler gland secrstion, overial development and leylng behaviour that
oceur in these individusls were not clear, although thie atudy did show
that the changes appeared to be neither consecutive mor synchroncus in
their occurrence. OF interest was the marked drop in the level of
2-heptancne that peccurred in the mandibular gland secrstion of workers
sxperiencing ovariul development. The phenomenon ralsee the question of

what happens to the gecretions of other honeybee glands, s8nd in perticulaer,

what happens to iso-pentyl acetete in the sting gland?

Lastly, the study unexpectedly revealsd DAA as n major component
in the mendibular gland aecretions of A.m. sdansonii worksre. Thie
chomical, which has never evoked comment in spicultural literaturs,
was Tound to increase markedly with oge, and in cortain three to four
woek old bees pecome the most abundant compunent of the secretion. It's
production was found to decrense rapidly with ovarial development, and
in bees with well-developed ovaries DAA was & minor component ; correleting
with the situation found in queens. it's prominence in workere end iis
insignificance in queens, together with its gharp declins in worksTe
sxperiencing cvariel development suggests that thie chemical i somshow
gssociated with queenness oi.J may even have en &8 yeb unknown biologicel
function in A.m. adansonii.

1t is hoped thutihis study will initiate edded interset in A.m.

adansonii and induce further research into some of the questions raised

during the discussion.
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