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various conditions during the courss of the study.

At the snd of November 1978 iwo groups of newly-smerged worker bsse
wers merked on the thorex with peint spote end rslesssd intoc an
setablished queenright cbesrvetion hive heeded by Queen 13; ho at
the tims wee only four weske old. The groupe, sech numbering two
undred end fifty individuels, wcre sllowed to live normally, and at
imtsrvels of roughly every three days, nine bese from esch group wers
removed and snalysed in semples of thres heads in order to follow
changes which cccurred in queenright worker mendibuler gland secretione
with ago. Sampling continued until mid-Decembsr covering s period
of four weeks, end & total of one hundred and forty seven worker heade
wee enalysed in forty nine semples, The ovarise of the bess eampled
wers not examined ae it wes mssumed that they wers undeveloped.

A sucond study was mede on the same observation cclony in February
1979. In this study the colony wae mede quesnless and it wee hoped
thet @ direct romparison would be possible +ith the resulta obteined
in the preceding study of queenright bess. This was done in order to
detsrmine the degree to which mandibular glend signele of A.m. edensonil

workers change during quecnless periods, end how aignificantly they changs
toward queenlike signals. Other aims of the study wers to identify
the age group of beos most capabls of experiencing changee in their
mandibular glend secretions, how scon aflter dequeening chengse ocour,
and to what extent these changes ers releted to overy devslopment.

The study necessitated the identification of the ege (in days)
of svery worker in the colony, cnd in order to do this, brood wee
imcubeted et ebout 33°C end each day between three and four hundred
newly-emerged boes were marked. The marking system requircd two thorseie
peint spots on sech bee, one pleced centrally on the scutum (indiceting
the specific dey of the week in which the bes emerged) Lhe other pleced
on the scutellum end into the Lrans scutel ridge (indicating the wask
of smergence). As beea ere efficient at removing paint spote from sech
other it was sesentiel Lo peint the wesk apol wsll into the treme socuteml
rddge, thersby making it more difficult to remove. The system wes
lergely succesaful for although meny epots had been gnawed to scme sxisnt,
leee then 1 per cent had lost thelr week spot rendsring them agslscss.
he many es 9 per cent had hed their day spots rsmovsd, whils the remsindsp
rotained thelr ege identificetion umtil the study wae tsrminetaed,

In toto, approximatsly fiftecn thouesand worksre wers mepisd during
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& ssven week perisd; ten thousend five hundred during the Tirst fivs
wesks prior to dequsening and the remainder afterwards. In ordesr to
pravent unmarked bess emerging in the hive it wes necessary to

dsbrood the colony on three occeaions t st ths start of the sxsrciss
on the 3th January, eixtsen days later end finelly the dey befors the -
colony was made quesnlese on the 8th Februery. The firel operstions
wers perfommsd et night - the queen was ceptured and the combe in the
hive zepleced with smpty drawn comb end comb conteiming homsy snd
pollien before the queen wes relessed. This method wes sxtremely
disruptive since the deeign of the hive required that it be elmost
sntirely dismantled. Despite the fact thet the colony sppeared to
heve settled down by morning it was decided that @ mors gentls procedure
wes necessary {or the final operation. A second observation hive wes
gsaembled containing empty comb and food comb end the queen wes removed
and caged in this hive. The exit from ths occupisd hive was seslad
snd the hives switched in position, the new hive being connected to
the exit. The hives wers then linked by their perspex windows and the
workers allowed to leave the old hive and join the queen. The
procedure lasted about three hours and was hastened by the use of
smoks. The process appeared to be less drastic than the earlier one
used, aend many beos had begun inspecting cslls long befors the operstion
snded.

After twenty four hours the queen, who had remeined ceged in the
new hive throughout this period, was removed end analyssd. The gueen
{Queen 13) wes eight weeks old when tho first marked bees were rslesasd
into the colony and was fifteen weeks old when she wea removed. It
wes decided to continue to release marked bees into the colony for @
period of two weeks after dequeening ss under normal conditione new
bess might emorge for up to three weoks following the loes of the quesn.

Sempling of the colony took place just prior to dequeening, snd
then sgain three, five, seven, fourteen and ninetsen days sfter
dequeening, and finally at the termination of the experiment nearly
alx weeks sfter the queen was removed. The bess of sech semple wers
dissected and their ovaries examined to determine the degree of
dovelopment. Heads wers grouped mcrording to overy development snd
#ge, up to seven heads being sempled together. During dissection,
sovered heeds wers stored in nlsan, drytesttubes in & conteinsr of
liquid nitrogen to prevent lu. s of volatile head compounde » In
addition; the colony wes observed repestedly and & mumber of individuele
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showing laying behaviour were ceptured, Thees bees wers eampled
imdividually and their overy development determined.

After sampling on the nineteenth day it wee decided to leave the
solony for thres weske to snable laying worksre to satablieh their
bsheviourel poaition i hawsver the colony begen to be esriocusly
- disturbes >y lridomyrmex humilis foregers, gnd efter repsated offorts
to discourage the ante hed feiled, the study wes prematursly termineted
when the bses were captured outslds the hivs in the procses of
gbeconding. The absconding swarm numbered several thousands end as
it wes practically impossible to analyse each bee, the heads of only
ons hundred and Fifty two randomly selected individuals wers pxtracted
for snalysis end only forty seven ovary disssctione complaied.
Altogether three hundred and sixty bees wers snolysed in the study of
which two hundred and fifty eix had the degree of development in thelr
overies determined.

In November 1979 a small colony of queenless workers was trensfarred
to en observation hive. (Over & period of four weeks, eighty four bsee
were removed, their head extracts anulysed separately, the degres of

development in their ovaries estimated and the number of overiolse in
their overies counted. The remaining bees, mumbering only eighty six,
werz then simultancously killed end similarly analysed sxceph that heads
wers extracted in groups according Lo overy development, the samples

containing between three and pight heads.

The ages of the bees ghalysed in this colony were unknown § howsvsl
the fact that iL consisted of fewer than two hundred workere suggeets
that the bees were of & considereble age end had probebly been queenlses
for at leost two months. The colony had sarlier had laying worksrs &e
thers were at least ten stuntod drones present. At the time of ths study;
however; there was no live brood although drisd up groups of egge in
some cells suggested thet certain individuala werse still laying.

In Merch 1980 it was decided ic esteblish small groupe of gqueshlses
workers in ceges in an sttompt to study the sociel intersctions ocousring
petween the individuals of each defined group end to compere the sociel
position of each boe with its mandibular glend signal snd the condition
of ite ovaries. Five newly-omerged worksr® wers distinctively meried
by thoracic peint spote and relessed into sach of tsn emall wooden end
perspex cages (Lisbefeld cages) conteining e emall {four by Pour centimstrs)
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equers of undrewn wex plets, end weter and food containsre (Verheljsn-Yoogd,
1959), The bees were incubated et ambout 33°C and were only removed from
the incubstor for pericds of observation. Six such periods wers held

5 \g@m@&y@‘om@m‘mmuﬁmmm for tsn minutes. During thess periode two mejor

" acolal interections wers rscorded, nemely the toophollsctic sctione of
'begging' end 'offering'. Free (1957, 1955) hes desoribed thess
interections as well ms their frequency of occurrence. Begging is
deecribed es the thrusting of the proboscis betwssn th» mouthperts of &
nsetmete, while offering describss ths movement of & 8t. " 1-Tolded
proboscis downward end forward between open mendibles and ie often
pccompenied by the extrusion of & droplet of regurgitsted liquid. Both
getivities are sccompanied by entennial stroking end forsleg Lapping.
The role s worker will sssume appears to depend largely on the etete of
her crop content at the moment of activity, and often both bess will beg
or offer simultansously before one may give wey end commence the opposits
action,

As it is thought that the ect of receiving food Ly trophollexis may
be en indication of the dominunce of the recipient over the donor, & eimpls
formula was derived Lo equate the scciel position of gach individuel
within a group § this was termed the gsocial index.

(DaF)
Soclel index & -%%%é or %%*W A*“g

{A+G)
C was the number of Limes other becs 'cffored’ to & specific worker;
while E was the mumber of occasions that the worker 'hegged' from othere.
C+f therefors representud the number of occasions that an individual hed
the opportunity to feed by trophollexis. D was the number of Limes &
bes mccepted food 'offered’; while F was the rumber of times other
workers gave in responee to scliciting,  D+F then repressnted the mmbst
of oecesions that sn individual ectually recelived food by trophollexie;
and the ratic of Def 1 C+E provided en indication of the degres of
dominance of sach individual im the group. & wes the number of
secesione that e bes 'offered' Lo other worksrs, end G the mumber of
times other 'begged', A+G representing the opportunitise cthers had of
fesding from that individual. B was the number of Limes bses acespbed
offerings and i the number of cccasicne thet e bes gave in reeponse Lo
being solicited by others, B+ representing the mumbsr of occasione 6
individual fed others trophollectically. The rtatic of BeH 1 MG
thersfore provided an indicetion of the degres of subordinetion of an




individusl., The sociel index wes in essence & comparison betwesn ths
tsgres of dominance end the degres of subordination, the highsr the indsx
being, the mors dominant the individual. ‘

The sxpesiment wee terminated on the tenth dey me twenty thoes Dsse .

P.d died end @ mmber of others appeared to bs dying, It wee found, upen
tissection, thal the dead end dying individuale had grestly dietsndsd
hindgute end hed obviously developed an elimentary disorder. The
majority of these beee had ceased to intersct socilally prior to desth,
and the number of interactions observed in sach group wes thersfors
affected.

On the termination of the study {(or upon the premsturs deeth of
gny individuel) each bee was dissected for overy ssecsasment and ita
head sxtracted for chemicel analysis.

In addition to the ovariole counts made on the ovaries of bees rom
the small queenless colony and the:small ceges, two furthsr counte wers
mede on queenright workers sampled from fisld hives in February 1979,
In ®ll, the ovarioles of four hundred and nineteen overiss wers counted
from over two hundred bees., In tho case of the small queenless colony
where ovary development was alsc sesesscd tiw relationship betwesn the
number of ovarioles and degree of development wae tosted,

During the preparation of the observation hive for ths study of the
sffect of queenlessness on workars (and whilst the quean was pressnt end
marked workers wers being added deily to the colony) a sur.ey was
conducted of the attendent court constantly present around the quesnh in
otder to determine which age groups of worksre were responsible for
attending the queen.

Anelvtical Techniques

Dvery dissection and aswesasment
Diesectione were performed on newly-killsd bess es it wes found thet
refrigerated ovariss and prouerved overins tsnded to undesrgo chengse in
texture which ofton veused them to disintegrete or bucoms detached from
the lateral oviducts meking eusessment extrsmely difficult owing to the
networ '« of trachoal tubea.

Decepitated, chilled bees ware pinned dorsally through the thotex
onto e perapex dissecting dish conteining treneparsnt pleetic mounting
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ed with a weak ethanol golution, Under @
gnification of ebout ten times, the Tirat three
11 - 1Y) wers removed using Jewellar's
pulled from the thorax, end the

material, and cover
starsomicroscops &t 8 M@
gbdominel tergitea (tergites
forcepe (Size No. 5), the pesophague
sntire gut lifted and inverted posteriorly thus revealing the ventral
gepect of the hind gut end the ventral, in.ernal floor of the sbdomen
on which the ovaries 1ia. The ovaries, whose terminal Tilaments mest
ovar the dorsel aspect of the hindgut, are loossly sttached to the gut
by the tracheal tubes, and the critical part of the dissection wae the
goparation of the two., Once this was accompliched, the fres ovarise
gnd leteral cviducts were detached from the common oviduct end placsd
irto the dissecting fluid for inspection.
Under & magnification of between thirty and forty timos and with
the light source dirocted from beneath the atage, the degree of overy
deveslopment could be determined and the number of ovaries counted. The
cluesification of ovary development developed for this study wae mors
slaborate than that of yelthuis (19708 and followed closely that of
Mastings (pers. comm.). The following stoges of development were
definable (sew Figure 2.1) &=

1" gveries undeveloped i resting and almost inacti
compertmentation of vitellarium,

11! gveries slightly developed ¢ awelling and compartmen%atiwm‘@@
vitellarium visible @ compariments, or folliclea; mey be
slightly olongated but are generally round, ebout as wids 88
long. follicular contents_granuler but otherwisg vitrecus.

12+ Ovarioles having marked icrease in size ¢ follicles bean-
shaped but may be round, et most twice ne long ss wids.
Follicular contents opague.

131 intermodiate between 120 gnd '4', Egys up to thres times
longer than wide 1 nurse cells closrly visible.

ya; No

14t pgge having sausage form.

Solvents and sempling Qrocedure

Throughout the study queens and workers ceptured for sampling wers
gnelysed identicelly. Cmp%ured‘imdividwmls wers placed in darkness
for ebout half en hour in the hope that they would lergely rsgenerats
any pert of the mendibuler gland secretlon they mey have releessd
during cepture. Thersalter they wers trensferred Lo @ cold room st
4oC where they were immobiliced by the low tompersturs and their heede
wero cut off end immedistoly dropped in fifty microlitrea
(Merck ert 6048),  Wnere semples conteined more Lhe

dichioromsthens
n one head (thess wers
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insctive, no compartmentation of vitellarium

mmm W stege *1'. Ovariss alightly d@

Figure 2.9, Stages of cveriel development ncwn'ing in tha overiss of

gusenisss A.m.pdansonii vworkers

Overiss undevelopes i resting snd slaoet

wpertmantation of vitallarium viaibls 1 ¢ a %37 or mmmm,
'fg@y m oliﬁmz.y ml@mmw but ars mmlmy mm, mm& [ 1]
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Ovarisl development atege '2'. Overicles having markad incrosss in size
follicles r-shepsd but mey be round, et most twice s long as wide,
? 9

Overiel davelcpmant stage '3'. Interwedizte betwesen 2! end '4°, Eggs up
to thres times longesr than wide | rnurse calls cloarly visibls
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grouped according to the degree of ovary development) heeds wers frozen
temporerily in test tubes in liquid nitrogen until the overiee hed besn
gessssed after which they were transferred to the spproprists sempls visl.

Heeds wers laft in soclvent for two to thres daye undsr stendard
refrigeration after which they were removed to evold contemination by
lsrger, less soluble cuticular and glandular compounds which wers found
to interfere with the resolution of key components of the mandibulsr gland
ascrstion during the cﬁéma%ngraphic process,

Anelyasis of mandibuler gland secretion

It wee decided that only eight compounds, commun to the secretions of

both cestes, would be snelysed during the study. These wers decanolic

gcid, p-hydroxy benzoic acid, 8-hydroxy octanoic ecid, 9-keto decenoic acid,
2-(4~hydroxy-3-methaxyphenyl) cthanol, 9-hydroxy decenoie acid, 10-hydroxy

decancic acid and l0-hydroxy-decenoic acid. 1l addition, the amount

of 2-heptancne in the secrstions of some bees wo3 determinad.

‘ Dwing to the chemical properties of ket: ns; 2-heptanone was analyse.

S ssparetely using a glass column (2m x 3mm I.D.) pac’ »d with 10% SP-1000

' on Supelrcoport (80/100 mesh).  The chromatogiaph was operated

isothermally at 80°C, and efter each run the volumn was flushed at 150°C

before reuse. A known emount of 4-methyl-3-heptanone in solution in

dichloromethane was added to esch sample and was used as an interral

standurd to quantify amounts of 2-heptanone. The ketone was chosen ae | 1
ths internal stundard beceuse it was similar tc 2-heptanons in both ite e
detector response ond its retention time enabling eccurete quantitstive

B : gnalysis. (Ses Appendix Figure 5).

Immediately following 2-heptanone analysis (whers this wae per formsd)
the sample solutions were transferred to small five millilitrs pyrex
reection vials and evaporated to dryness under @ slow strsaem of gasecus
nitrogen in preperation for fatty acid enalysis.

The method e-opted during this study, derivatized the fatly sclde to

their N-trimethylsilyl esters using the silylating reagent, bis

{trimsthylsilyl) trifluorcacetomide (BSTFA), The techniqus wee s

modi ficetion of one doveloped for preparing emine ecids for gee :

chrometography (Gehrke and Leimer, 1971). | ‘7 g
Dried sample residues were redissclved in fifty microlitres ‘ S

dichloromethene {containing the internal stendard n-tstredecene) end
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Fifty microlitres BSTFA, and Lhe reaction vial was sealed before belng
heeted in an oil bath et 150°C for forty five minutes. After the
golution had cooled the derivatives were snalysed. A glses column

{2m x 3mm 1.D.) ~acked with 5% 0V1D1l on Supelcoport (80/100 mesh) was
used, the column oven being cperated under a tempcrature programme
inttiated at 150°C and rising imuwcdiately at three degrees per minute
to 250°C, The 5% OVIOl liquid phase was selected for use in the fatty
gcid enalysis as it wes found to give a better separation of the
relevant component chemicals than did 10% OV101 and both the 5% and 10%
ovil liquid phasus. n-Tetradecane was chosen &s the internal standerd
ge it eluted from the column before the compounds of interest and
consequently did not intecfere with the resclution of any components of the
mandibular glar) secretion, as did n-pentadecane end n-hexadecane. In
addition, since it was a straight chain hydrocasrbon, it was not subject
to silylation. Detector responses to n-tetradecane were therefore
uniform and reliable, allowing accurate quantitative analysis of the
fatty ecids.

Beceuse the derivatization of fatty acids to their silylated esters
was never complete, dotector responses to these esters were rolative
and tho amounts of the fatty acids present in the extrects had to be
quantified by means of the relative weight response (RWR).  The actusl
amount of aciu was then determined by Formula 1, @ simple weight/respenes

ratio corrected by the RWR.

. Height (1.5.) Responge(acid) |
Weight (acid) = flesponse(l.5.) X RW(acid) (Fermula 1)

The RWR for vach acid was determined by derivatizing known amounts
of suthentic ecids and using Formule 2, 1.S. being the internal standerd
and response being the area of the peak produced by the scid, as meeaured

by en slectronic integrator.

‘ Weight(1.S.) Response(erid) ‘
RWR(acid) * Teoponse(l.5.) % ﬁEI%%ETEcid) {Forwmula 2)

Silylation of the authentic fatty ecid standards was found to oceour
more rapidly then did emino acid ailyletion at 150°C, end pquilibrium
wes roached wittan forty Five minutes fus all ecids. It wae found thel
the use of ecetonitrile in place of dichioromethane in the eilylstion of
fatly acide was not necessary, and that the importance of drying the
semple rosidues wes not ae criticel es for eminoc ecid residucs, poasibly
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Tebls 2.1. Relative weight responses and relative retention times
of the eilylated ester derivatives of some fatty asclds
gecurring in the mandibular gland secrstion

Fatty scid RWR

decencic acid 0,92
p~hydroxy benzoic acid 0,75
B-hydroxy octancic acid 0,75
9-ksto decenoic acid 0,70
2-(4=hydroxy methoxy phenyl) ethanol

9-hydroxy decenoic acid

10-hydroxy decaenoic acid

10-hydroxy decencic acid

because less water was present in the heed extrects. The silylated
fatty acid derivetives were found to be stable for over two weeks, although
this informalion was not necessary as sll samples were analysed earlier.

The RWR determinutions used in the study are shown in Table 2.1,

_.ther with the relative retention times for each scid, ths latter

being the ratio of the rctention times between the relevant ecid and
n-tetraudecane 0%%%%%% ).

All standard solutions and uru extrecte were snalysed on e Peckard
417 gas chromatograph equipped with flame ionisation detactors.
Quantification of the responses from the dotectors was performed by &
Spectra Physics minigrator and chromatograms of thesc responsss wers
traced by a Nippon U-1254 recorder. identification of the peseks in
the extracts was by comparison of relative retention timos.
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ESULTS

The mandibular gland secretions of A.m. adansonii queene end workers
ware enalysed for only eight compounds, namely decancic acid (DAA),
p-hydroxy benzoic ecid (pHBA), 8-hydroxy octancic acid (BHOAA),
9-keto-2-decenoic acid (9KDA), 2-(4-hydroxy-3-methoxyphenyl) athanol
(43HPL), 9-hydroxv-2-decenoic acid (9HDA), 10-hydroxy decancic acid
(10HDAA) end 10-hydroxy-2-decencic acid (1OHDA). In eddition, the
mmount of 2-heptanone in the secretions of some worksre wss determinad,
The decision to analyse the above chemicals only was taken in view of
the fact thut they constitute the major part of both the queen and
worker mandibular gland secretion, other components seldom being found
in more then irace amounts in queens, while in workers they wers
normally absent. Percentages of each component were determired with
respect to thess compounds alone rather than with respect to the total
head extrection. This was necessary os head extracts occasionully
contained unidentified, additional cont .nds eluted betwsen 225-250°C
which were probably cuticular in origin. These were therefore ignored in
order to obtain a direct comparison bei:ween the =ight compounds just
mentioned.

Mandibular gland secretions of A.m. adrnsonii queens

The amounts of the eight components of the mandibular gland secretions
of A.m. sdansonii queens were highly varied (Table 3.1.}. The total
smount of secretion produced varied from betw en 230.3 micrograms to
798.9 micrograms in mated queens; but wes considerably lower in virgin
queens apart (rom @ forty day old virgin in which the sscretion was
found to be 926.8 micrograms. The most abundant crmponent, 9KDA, varied
from 116.6 micrograms to 390.3 micrograme in mated quesns, the averago
being 250.5 microgrems, while 9HDA varied from 38.4 micrograms to
1é6.8 micrograms and 17HDA from 19.2 micrograms to 81.2 micrograms., In
the forty day old virgin queen {here was 456.5 m’crograme 9KDA, 211.3
microgrem: $HDA and 115.5 micrograms 10HDA, roudghly double the
quentities found in the averaye mated quesn signal (sse Appendix Figure 1),
Although the aye, weight, development period, mated state and
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date of sxtraction were known for most gqueens, the sempls was too small
to indicete why subetential varistion exists between gussns. Of interest
wes the fect thet gussns reared from the same colony =t gbout the same
tims of yssr sppearsd to secrste reascnably eimiler signals, thees
quesns being the two mated individuals from Zimbsbws end the two peirs
of Trenevael guesns indicated in Taebles 3.1 end 3.2. The weighte of
these qusens were slsc found to be similar.

The determination of the amount of esach component as @ percentage
of the whole secretion (Teble 3.2,) revealed that while ebsolute emounts
yary greatly the proportions of each compound in the signel sre relatively
constant. Percentage sstimites wers substantielly isess veried in meted
qusen secrstions then in virgin queen secretions, the C.Y. being only
13 per cent compared with 46 per cent. The high C.Y¥.s obtained for
virgin queen date are indicative of the fact that the mendibuler glends
of thess lndividuals were not a@s yet secreting o mature queen signal,
but srs in e transitory phase of sctivity. The mandibuler glends of &
pupal queen (Stage & according to Thompson 1976) analysed during this
study did not have detectsble quentities of the eight compounda. An
hour-old virgin queen (Queen 1) wes found to be secrating emell smounts
of BHOAA end 10HDA. The secretion of the remaining compounds bagen
within twenty four hours, and within two te three days virgin queene
wars found to be secreting all eight components.

There wos soms svidence that the mandibulur glands of 1imbabws
virgin queens matured more repidly than did those of Tranevas] quesns.
The secretions of one to three day olds haed elrcady reachsd isvel whers
the components were in similar proportions to thoss in meted quesn
secrotions although the quontity of secretion was asomewhat emmlls?.
Spcretions of Trensveal virgins of the seme age wers totally different
from those of mated queens. In these queens 10HDA was Lhe most
gbundant constituent, the levele of FKDA end 9HDA being significently
lower.

From the dete evailable it would appear that BHOAA is posoibly the
first compound secreted by the queen mendibular glend, the sscrstion
of 10HDA, 9KDA, 9HDA and LOHDAA following within hours, und lestly the
secrotion of DAA, pHBA and 43HPE.

Of perticuler eignificence to this study wes the posaibility of
the sxistence of u mature queen signal, On averegs sbout 80 per cent
of the mated gueen secrotion consisted of 9KDA, FHDA snd 10HDA; thses
componente being found in & retio epproximately 101312 (Tabls 3.2.)
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Table 3.4. X2 amlysis to test goodness of Fit for & 10:8:2 retio of SKDA, SHDA and MDA in «
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Figure 3.1. Head extravts of mated and virgin A.m.gdensonii queens
: {*sem Appendix Figure 1)
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In contrest the thrss componente wers found in & significently
diffsrent retio in four of the ssven virgin qussns gnalysed (Tebls 3.3)
Mstsrogensity in the dats for meted qu. ~ne (Teble 3.3) wes dus largely
to & somewhat different ratio of 9KDA : 9HDA ¢ 10HDA in quesns B, 9 and
12,%he proportion of $HDA being low, end if theus individunls wers ox-
cluded, ths remaining five mated queens (Queens 10, 11, 13; 14 end 15)
wers Tound to heve remarkably homogenous sscretions with ragerd to IKDA,
9HDA and 10MDA, thess components being found in & retioc of 10jé;2.
(Teble 3.4).

The other compounds found in the mendibular glends (DAA, pHBA,
BHOAA, 4IHPE and 10OHDAA) which constituted only 20 per cent of the
total secretion, wers found to vary considerebly end & common ratio
wee not evident (Tabls 3.5). Compared with worke: data, DAA wes
noticeably the least sbundunt component, constituting less than ons
percent of the total secrelion in twelve of the fiftean yueens, and
mever axceeding more than eight micrograms (Figure 3.1).

Teble 3.5. Ratios of DAA, pHBA, BHOAA, 43HPE and 1O0HDAA in queen
mandibular gland secretions (* indicates compuund
present but less than 1 J.

Bugen DAA pHOB BHOAA ABHPE
2 0 2 3 3 10
3 1 1 3 3 10
I 8 3 B 10 5
7 1 ® 10 1 3
8 3 1 3 6 10
9 8 0 " 3 10
10 2 7 10 5 8
11 1 9 8 10 10
12 o 1 10 i ?
13 » 9 & 10 7
14 ® 8 9 5 10
15 # 3 10 7 7

The mandibular glaend secrstions of gueenright A

different ages

The smounts of the eight compounds found in the mendibuler glend
secretions of queonright workere of known egee wers highly varlabls

WY NN R AN NN 92
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{Appendix Tables 1 end 2). As expented, 9KDA was not found in eny worker
tegendless of ite sge, but in eddition pHBA was ebsent from moei secrstiocne
and whers it wes pressnt smounte were minuts. As in quesns, synthetic
sctivity in the mandibuler glands probably begins about the tims of
sclosion, since six to eighteen hour old bses had up to twenty Five
micrograms of 1OHDA (Teble 3.6). The highest level of sscration wae
sttained within two to five days where workers had on aversge over forty
microgrems of 10HDA, constituting 55 per cent of the totel secretion
(Teble 3.7). However immediately following this initisl period; end
_co-inciding with the age when workers most often nurse lervee, the amount
of 10HDA dropped morkedly to an average of only twenty micrograme.
Although the level of 10HDA was found to increase sgain as workers grew
older, on everage it never constituted mors than 40 per cent of the
ascrotion, or sbout thirty micrograms per head (Figure 3.2).

The ratic of 9HDA to 1CHDA was found to very from 1:20 to 1lil
although 75 per cent of the workers had ratios between 1110 end 4110, In
all only seven individuals (representing 14 per cent of the semple) hed
2 OHDA:10HDA ratio similar to that found in the secrations of Queens 8,

9 and 12. None had a ratio approaching that found in the other mated
queens (Queens 10, 11, 13, 14 and 13).

An unexpocted feature of the mandibular gland secretions of quesnright
workers was the production of DAA which wae found to increees marksdly
with age (Figure 3.3). I ton older workers DAA constituted over 20 per
cent of the whole sescretion, end in eix individuals was tha moet sbundant
componient. (ses Appendix Figures 3 and 4).

The mendibuler gland secretiona of queenless A.m. adanaonid worksr

he mandibular glond secretions of newly

of different egus and different degrees of ovarial development

Semples of queenright bees of various ages ceptured Just prior tu
dequeeniny and debrooding the rolony in February 1979, wers found to have
& markedly diffsrent mancibular gland secretion from the quesnright bese
eempled from the same colony in November 1978 (Figure 3.2 and Teble 3.6).
Helf of the workers sempled wers secrasting much lower smounte of 1OWOA
pausing the YHDA110MDA retic to be inverted with SHDA being the mejor
component. The levels of DAA were elso ronsiderably lowsr then In the
Novamber ssmple, workers being found to have from 1.5 to 6.1 microgrems,

gueenless A.m, sdan
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Figure 3.3, Amounts of decanoic acid in head extracts of grours of
aueenright A,m acansonil workers of different eges (November 1978)
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‘the letier constituting little over 10 psr cent of the whole sscretion
(Table 3.8). |

 The mverege coefficient of variation of the meene of the components
of the Februery secretion was 17 per cent, indicating that varistion wae
@lightly more pronounced than in the November secretion where the
coefficient of variation was only 12 per cent. The secrstion of 10HDA
wee particularly verisble, the coefficient of varistion being 33 per cent
comparad o only B per cent in November workers. while the workers of
both samples wers of eimilar age, and both had equal exposure to immature
brood, twe factors could have influenced the mandibular gland secretion.
The first factor was the difference in season, the affect of which vould
have been magnified in an observation hive, the second thet although
both groups had the same queen, she was only a month old in Nover cer
while by February she was three months old and had probably experisnced
significant changes in her own mandibular gland secretion which would
have hed an influence upon the workers.

During the first two weeks of queenlescness, workers experisnced
subst tial ovarial development (complote date relating to ovarisl
dovelopment is presented in Tables 3.25 and 3.26) and highly significant
changes in their mandibular gland sccretions. The most significant of
these was the decrcase in the production of 10HDA, Amounts of the chemicel
dropped from an average of 23.3 micrograms just bafors gueen loss to only
7.9 micrograms, a decrease of sbout 66 per cent, so that it was only the
third most prevalent component of the secration after 9HDA snd 10MDAA
(Table 3.9 and Figure 3.4).

Although the production of sll compounds other then 1OHDAA decrsesed,
the substantial decrease in 10HDA rosulted in a 13 per cent incrsese in
the levels of the other components in the secretion, the proportion of
1OHDAA largely asccounting for this by increasing by 11 per cent.

The sverage ratio of 9HDA s 10HDA had eltered from 7 i 10 prior
to queen loas, to approximetely 10:9, 75 per cent of worksrs heving
more SHDA. Bees semplod iwo weeks or mors after lose of the quesn,
however, hed en averege ratio of 8 1 10 indicating s rsturn towerd the
originel queenright eecretion, elthough nearly helf still hed more
9HDA then 10HDA.

The increase in the lovel of $HDA was not closely related to
overy ectivity and laying behaviour, e four of the ssven bese with
stage '4' development had mors 10HDA then 9HDA, whils only flvs of

gl
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Average CV 12% Average CV 17%
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gueenright November 1978
(average age 12 days )

GQueenright February 1579
{average age 17 days

| 7.9ug Average CV 1%
8%

Average CV 26

Queenless less than 2 weeks Queenless 2-5 weeks
{average age 17 days) {average age 34 days]

Figure 3.4, Head extracts of groups of queenright A.m.adan vm‘km
compared with groups of

sampled in November 1978 and February 1979
gueenless workers sampled less than two wecks and two to five wesks

after loss of the queen
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sight laying workers hed more SHDA (appendix Tabls 3).

0f ons hundred and nine beee snelyssd in thirty six samplee, only
two individusle wers Tound to be sscreting SKDA., Although bath
workers wers ceptursd im the brood comb section of the hive, end ons
wae showing egg-leying beheviour, neither wes found to heve mature
sgge. Their mendibular gland secretions had, howsver , undergons
ngsaive chenges. The production of 10HDA and 1OHDAA wes significently
lowsr them the sverage production of these compounds by worksrs of
gimiler sge and with the same degree of overisl development. Of grest
intersst wes that the retic of 9KDA 1 SHOA 1 10HDA in thsss bess wee
not eignificently different from & gquecn signel., FKDA constituting over
50 per cent of the secrstion end SHDA being mors sbundent than 10HDA
(Figure 3.5 ).{sea alsc Appendix Table 2},

The only other bees found to be secrating IKDA ware individuels
sempled when Lhe colony was killed thirty sight days sfter the queen
hed beson removed., OF necessity thess bees wers groupsd with others
in samples of up to aleven heads, end consequently their individusl
sscretions wers lost (Appendix Table 3). 9XDA wes identifisd Prom
ten such somples indicating that st least tan other bese wers ssersting
the compound. The bees of only one saemple were dissected and it wee
found that none of the ovaries wers doveloped beyond the second stags.
The emounts of 9KDA variod between 17.0 end 41.8 micrograme per
somple, the averege being 30.5 micrograms, and when compared with
the amounts found in the two 9KDA secreting individuale who hed 43.2
end 25.5 micrograms respectively, suggest that thess aemplos probebly
sonteined only one or two individuals that were secrsting gKDA. On
this sssumption, it wae estimated that only twelve to Lwenty beoe
out of three hundred end sixty (roughly 3 to & per cent) snelyesd wers

sacrating IKDA.

An slternetive method of analysing the dste, end ons MO COMPe
rshensive than eimply essessing the gross influsnces of gueenlsesnses
on the mendibular glend secrstion of worksre, wae meds by releting
the secretion to sge, the degres of overiel development and the ags
of sach bee when the queen was removed. The dute indicete thel

chenges in overiel ectivity cannot be clossly correleted with chenges

in the secretion of the mendibular glend (Teblee 3.10, 3.91 snd Figurs 3.8).

Reletionship is probably most obvious in the secration of DAA which
wae found to derline merkedly es workers sxperienced sctivity in their

ovaries. While no biclogicel function for DAA hes been detsrmined, ite




Lo
: i

«
Sl 2

worker secretion

;

Meted guesn sscration

Figure 3.5. Head extracts of mated A.m. gdansonil guesns compared with
those of two gqueenless workers found to be sacreting 9KDA,

iy e R A L SR




6L SEEr 590 TSR L6 S EFO LUETY WOSYEZ  @OFEY .aﬂ%ﬂ@ﬂ”&au@ﬂ

COFOM LTEEIL L ESR SHTEFLD LEFY SHVTFO WOTEL WRXOFCT WEFITN 2

FOLE s RPFOC S7FEM SrIL¥IL  WOFEY LFLE  WBOESE DL EFEE il

BCST OSC ZWOCFLL ML FSOL E0F0L SBOF VS 9t ¥ 1°¢ Mney €12

NQ.N S.9 GLFLE UL SYE (0T ZE &CFIIL &EOFLY MDFLS

e F gy €T ¥2°¢9 IS'Z 5L 0¥ 98 WOF LY e8"0 ¥ v'8

1Bt B O0OL ISBF 22 WCF¥EO SKEEF LKL S8 ¥6%D KL 09 SHOFLO WETFEZE wnio

CECTEE ELLFLS SYL¥OY ZDFEY 0¥ 02 Z0TL UVEVYO EOTED Wl

PSR S 2

SVT LW ML IYE WLTFTYD S0F0E BWOoFEC 4 0 S 2°0 ofo

P FTE TZF2'M 9V0FZTY ML F9e ODFFr o RS

. . s © oyuey sy wyp sy (T'g ¥ veew) (65 Amnmpg) ‘
g%%“%%%%&ii SOnGaD S0 SITRIPM PR U STEOTMME WETS g0 SyAww (L °C ST




A

e

A" ¥ 9000

Lt ¥ o2

20°s ¥ 5°% =0 ¥ 99

Qe v ew

c ¥ L6

W ¥ re ®"t ¥ £°8

e ¥z

£y ¥ 1°m

09" ¥ 662

st ¥ U

e ¥ 2o

0°e ¥ 1002

e5°0 ¥ 1°61

0L FOCLE LB F OB 68 ¥ s

52 ¥ '€

P SCS R Y Y

50°8 ¥ §°9C

ses Fy'l2

29’y ¥ v'I2

o'y ¥ 9'O2

PII ey

(9°y ¥ 5°8

WE ¥ Ose oe F2°41

s ¥ 002

"2 #9432

99°t ¥ L6

WUW2eTFLR @ ¥ st

06°C # &L

96°0 ¥ &1

oTIPL pmy wamp way ("B ¥

%gg‘gtgﬁmﬂiiiztgisg




5«14 day old bees 18-54 day old bese
Ovarial dev. 0/C Dveriel dev. G/0

[

B-10 dey old bees 48-00 day old bLeee
Overiel dev, 0f1/4 Ovariel dev, 0/4/1

90-40 day old bess 843 day old bees
Overiel dev. 1/2/2 Dverial dev. 2/3/3

98-28 day 0ld bees B=-57 tlay 0ld buss
Overial dev. 2/3/3 Ovarial dev. 3/4/4

' Figura 3,8, Head extracts of groups of newly guaenless A.m.pd
workers of various sges and overisl developmant stages '

P L R S SR G R

i

o
i

i
A ot
LA

e,
$ il




reduction im quesniees bsss whoss ovarise heve devslopsdmey bs related
to ths fsct thet queens sscrste very little DAA., Diffsrences found to
@@w@ in tha escration of DAA by queenright end quesnlses worksre wers
cloesly sesccieted with age and with chenges in overy dsvel-omsnt
(Figuree 3.7 end 3.8 ). Ten to twelve day olds whoss overise hed
devsloped to soms deyres were found to bs escrating only helf the
gmount of DAA than wers bese whose overies wers inective. Six wesk
old bess whose ovariee hed developed slightly expsrienced & 30 psr cont
seduction in the secrstion of DAA, while beee with well-developed cvaziss
sxpsrisnced a reduction of just over 70 per cent to levsls siightly
higher then thoss found in queen secrstions.

The sge of besa ut the time the guesn was loet wes found to bs =n
additionel fector influencing the degres Lo which workerc wers abls to
undergo changes in glandulsr asctivity. Bess thai sclosed from & week
prior to loss of the quesn to a week sfter loas of the qussn experisnced
the greatest changes in sscretion (Teble 3.12), Tsn of ths twalve
esmples found to contain SKDA wers of bess Jess then o week old at che
bims the queen wee loot. Workers of this ege group alec had eignifi-
cantly lower quentities of DAA, snd wers the only sge group which hed
on avsrage mors SHDA then LOHDA (Teble 3.12 end fppendix Tabls 3).

It eppearsd thet workers that hed besn gquesnright during the firet
two to ihre+ weeks of 1ifs wers largely incepable of undergoeing redicel
chengea in their mendibular glend secrstions, end this wee mmummmmy
»~ with regacd to 9KDA. As younger bees eppearsd to be sbls to changs
their secretions, it must be concluded thet this gbility 1o loel with
tims and mey wsll be sssocisted with the tsngth of sxposurs to qussn
aignels (Figure 3.8).

gxcoes of two @

T sumption that tho bees of this colony hmd besn qussnlsse or over
two months wes besed upon two cbesrvations. In the previcue atudy (in
the degueened cbservation hive) workers did not lsy sgge during the
first six weske of gueenlessness, Similer cbesrvatione hevs besn made
by Heetings (psre. comm.) which suggest thet this ie @ normal phenomenen
of quesnless A.m. yduneonii colonise. The sscond cbesrvetion wee thet
the present colony hed m conslderebls mumber of stunted deonse which




G ussniess cweriel dev, ofc
- § quesniess cverisl dev. if2
E qusanless ovarisl dev, a/a

. ‘Plgurs 3.7, Amounts of decencic scid in head sxtracts of)wunﬁm
werksrs of verious sges and ¢iffarent degrees of cvarial develophent
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18.853.26 €3.549.15
11,081.74 5584:4.92
25,842.69
21.121.78
19.141.82

102,98
13.721.61
18,421.56
19.641.68

i
AT

6.081.12 12.2%1.71

8.840.74
8. 74108  19.921.20 25.542.05
8.430.91  16.931.8 24.842.01

040,95 22.081.77

11.340.7%6  21.9s1.2%

0.530.21 6.650.97
6,440,864
1.990.49
2.%0.53 1054108  4.63.90
0. 20,22 1075198 0.60.08

0.721. 57 0.440.15
902,235
124336

mamam“ummcmwu—aﬂg@gmmumwm(m w7}
0.720.87
9.940.57  3.080.85

Table 3.12.
{muen = 8.E.) fan data Mppendix Yebles 3 et &
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+ 17 days old at 5-18 days old at
dequaoening daqueaning

‘ @-‘7 tdays old at
decpspening

Figure 3,9, Head extracts of gueenless A.m.
sclosed at diffarent timas
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had besn derived from sgge leid by workers in worksr celle. Adding the
dsvslopmentel pericd of drones (which ls twenty four daye, finderson

gk 81, 1573) to the initisl aix week psricd, it cen be sebimsted thet
the colony had besn without e quesn for st leset Lwo monthe. Besring
in mind thet the quesn mey have laid sggs on the dey of her loes and
that the devslopmentalperiod of workers ie betwesn ninetesn to twsniy
deys; the youngest bees snalysed in thise study wers probebly oldsr

then aix weaks.

Ths entirs colony was sampled over s period of four weeks. Eighty
four bses were enelysed individually, whils the remeining sighty aix
wers killed gn mgsse end enalysed in groups of betwsen thres snd sight.
The moet striking feeturs regarding the mendibuler gland sscrstions
wes the absence of individuals producing large amounts of 9KDA (Appendix
Teblse 5 and 6). Heving identified two individuels emonr newly gueenless
worksrs that were exhibiting gueunllike mandibuler glend eignals, it
wep sxpected that bees with eimilar signale would be pressnt hers.
However although nineteen of ninety seven pamples wore found to heve
9KDA, the extracted quantily amounted to only 15.9 microgroms, less
than 5 per cent tho totel amount extrected from only twelve samplee
of newly quesnlsse bees. Of ten bese sampled individually end found to
have FXDA, six had well-developed overies (steges '3' and '4') end
only ons had undeveloped ovaries {stags '0'). {Teble 3.13).

A sscond Pesture of thsss bess wes that on ayerage DAR, 1OHDA,
10HDAA end 2-heptenone constitued over 9C per cent of the mendibuler
glend secretion; the levsls of the other components; including FHDA,
being extremely low (Tables 3.13 end 3,18, Figure 3,10). The letter
wes found to be ebsent from 17 per cent of senples and the highost FHDA s
10HDA ratio wae only 2: 10 (Appendix Teble 5), In sddition, bess wilth
well-developed overies did mot heve higher percentages of FHDA &
might have besn expected.

OF interest were the rsletionships between DAK, 10HDA, LOHDAA amnd
2-heptenone. Yhile DAA end 2-heptancne decressed with overisl develop=
ment (2-heptenone markedly so), LOHDAA end sspecially 10HDA incresesd
(Figure 3.11 end Teble 3.15). In newly queenlees base only DAR hed been
found to eiter directly with ovariel development (Figure 3.8) elthough
there wes some svidence that 10HDAA end 1CHDA were alao influenced.
2-heptanone was not analyesd.

Nearly 60 per cent of workers with well-devsloped overies {degroe '3')
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het lsse than one microgram of 2-heptencne in the mendibulsr glend
ssorstion, whils over 60 per csnt of thoes with @’mm"aaﬁmwlmw W@Mm
{degrss '4') had no 2-heptanons et all: the situetion thet sxiste in
the gueen escretion., In contrest, less than 30 per cant of workers with

" alightly-developsc ovaries (Degrees '0', 'l' snd '2') wers found to have

ises than a microgrem of 2-hsptenone {Appendix Tebls 3). Ths fesct that
osrtain individuels with little or no ovarial dsvelopment wers mot
sscrating 2-heptenune clearly demonstrates that ovary sctivity and
mandibular gland mctivity are not synchronous. Certeln bees sxparisnced
conelderable changes in secretion before their ovarise bsceme sctivs
and vice versa. Ignoring the degree of overisl development, it wee
found that ths lsvsls of 10HDA, 10HDAA and Z-hesptenons wers very clossly
related to levels of DAA (Figure 3.10 ©13), low levels of DAA baing
geeccisted with low lovels of 2-heptenone end with high lsvels of
10MDA and 10HDAA (Table 3.16). Taebles 3.17 and 3.18 show that & number
of the minor components of the mandibuler gland secretion, including
PHDA, were nlso related to the level of DAA, the emounts of ell but
pHBA incressing os DAA decreased. The Lebles elsc indicate thet, on
gverege, beea that exporienced @ raduction in the sscration of DA&, hed
undergone greater ovariel development snd possibly hed mots ovariclse
per ovary then bees that were secrsting large erounte of DAA.

mm IMWMWMR mlmmﬁ U@emuom of ton smell groups of gquesnloss worksre
(fivs bess in each group) were enelyssd snd releted to the mmbsr of
ovarioles, the degrse of ovarisl development end the soclel bshevioue of
sach individual (Appendix Teblee 7 snd 8). The suwmerics of socisl mwmy
between the members of sach group ers presented in Appendix Teblse Pne o
Under the conditione tested the mendibuler glend secrstiome could
mot be releted to socisl metivity ss defimed. There were mo mwmmm
differencee batwesn the ascrstione of the bese with differsnd MWM w
social sctivity., The SHDA 110HDA retic wee Pound to be sbout 1110 on
mverage, although there wee some indicetion thet it tended to be highsr
in mors sctive groups. This wee not trus Tor individuel besw howsYeTs
Three workscs fPound to b®  escreting emell quamtitise of PUBA
hed an averags JHDA 110MDA ratic of 2110. It wes sxpected thet thews
individuale would bs dominant (se definsd) membore of their groupe se
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