
various conditions during the course of the study.
At the end of November 1978 two groups of newly-emerged worker bee® 

were marked on the thorax with paint e-pete and released into an 
eatabliahed qweenrlght observation hive heeded by Quean 13$ who at 
the time was only four weeks old. The groups, each numbering two 

.hundred and f if ty  individuals, wore allowed to  live  normally, and a t 
in tervals of roughly every three days, nine bees from each group ware 
removed and analysed in  samples of three heeds in order to fallow 
changes which occurred in quesnright worker mandibular gland secretions 
with ago. Sampling continued un til mid-December covering a period 
of four weeks, and a total of one hundred and forty seven worker heads 
was analysed in  forty nine samples, The ovaries of the bees sampled 
were -not examined as i t  was assumed that they were undeveloped,

A second study was made -on the same -observation -colony in February 
1979. In th is study the colony was made queenless and i t  was hoped 
tha t a -direct comparison would ho possible with the results obtained 
in  the preceding study of queenright bees* This was -done in order to 
determine the degree to which mandibular gland signals of A.m. adansonll 
workers change during queenless periods, and how significantly  they change 
toward queenlike signals. Other aims of the study were to identify  
the age group of bees most capable of experiencing changes in  the ir 
mandibular gland secretions, how soon afte r dequoening changes occur, 
and to what extent these changes are related to ovary development.

the study necessitated the identification of the age (in  days) 
of every worker in the colony, end in  order to do th is, brood was 
incubated at about 33®C and each day between three and four hundred 
newly-emerged bees were marked. The marking system required two thoracic 
paint spots on each bee, one placed centrally on the scutum (indicating 
the specific day of the week in which the bee emerged) the other placed 
on the scutellum and into the Irene ecutal ridge (indicating the week 
of emergence). As bees are efficient at removing paint spots from each 
other i t  was essential to paint the week spot well Into the Irene scutel 
ridge, thereby making i t  -more d ifficu lt to remove. The system was 
largely successful for although many spots had been gnawed to acme extant, 
less than 1  per cent had lost their week spot rendering them ageless.
As many as 9 per cent had had their day spots removed, while the remainder 
retained their mgs iden tification  un til the study was terminated,

M .toto, approximately fifteen  thousand workers were marked during



ffi seven week period, ten thousand five hundred during the first five  
weeks prior to deqweening and the remainder afterwards. In order to  
prevent unmarked bees emerging In the hive It was necessary to 
debrood the colony on three occasions $ at the start of the exercise

dclorty was made queenleee on the 8 th February. . The fir st operations. ■ ■ ;1
were performed at night • the queen ms captured end the combs in  the |
hive replaced with empty drawn comb end comb containing honey end . ?
pollen before the queen was released. This method was extremely
disruptive since the design of the hive required that i t  be almost
entirely dismantled. Despite the fact that the colony appeared to
have settled down by morning i t  was decided that a more gentle procedure
was necessary for the final operation. A second observation hive was
assembled' containing empty comb and food comb and the queen was removed
and caged in th is hive* The exit from the occupied hive was sealed
end the hives switched in position, the new hive being connected to
the ex it. The hives were 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 j
smoke. The process appeared to be less drastic than the ea rlie r one
used, and many beos had begun inspecting ce lls long before the operation
ended.

After twenty four hours the queen, who had remained caged in  the i
new hive throughout this period, was removed end analysed. Tine queen 
(Queen 13) was eight weeks old when the first marked bees were released 
into the colony and was fifteen weeks old when she was removed* It ;
wee decided to continue to release marked bees into the colony fbr •  
period of two weeks after dequeening as under normal conditions new 
bees might emerge for up to three weeks following the loss of the queen. j

Sampling of the colony took place just prior to dequeening, and j
then again three, five, seven, fourteen and nineteen days after 
dequeening, and finally at the termination of the experiment nearly 
six weeks after the queen was removed. The bees of eadi sample were 
dissected and the ir ovaries examined to determine the degree of 
development* Heads were grouped according to ovary development and' 
age, up to seven 'heads being sampled together. During dissection, 
severed heads were stored in clean, dry Lent tubes in a container of 
liquid nitrogen to prevent lu. s of volatile head compounds » In 
addition, the colony was observed repeatedly and: « number of individuals

on the 5th January, sixteen days later and finally  the day before the '



mhowing laying behaviour were captured. Theaa beee were aamplad 
individually and th e ir ovary development determined.

After eampling on the nineteenth day i t  wee decided to leave the 
eolony for three weeka to enable laying workere to eatablteh th e ir 
behavioural poaition , however the colony begem to be aerioualy

18 dlecoui^ . the unt. had f .U .d , the study M . prsmstur.ly temlrated  
shsn th . bMS wsre cptursd outside the hlvs In the ptoeeee of 
sbsoonding* The absconding swam numbered several thousands and as 
It MS practically impossible to analyse each boo, the heads of cnly 
on. hundred and fifty  two randomly selected individuals wars extracted 
for analysis and only forty seven ovary dissections completed.
A l t o g e t h e r  t h r e e  hundred and sixty bee. wars analysed in the • ‘ u *  

uhich two hundred and fifty  six had t h e  degree of development in  thei
ovaries determined.

In November 1979 s small colony of queenlesa worker# wee transferred 
to  an observation hive. Over a period of four week#, eighty f* *  b *  
mm removed, their head extracts analysed separately, the degree of 
development in the ir ovaries estimated end the number of ovariolee in  
the ir overlee counted. The remaining bees, numbering only eighty eix, 
t*re then simultaneously killed end similarly analysed except that heads 
were extracted in  groups according to  ovary development, the sample#
containing between three end eight heads. . ^

The age. of the beee analysed in  th is  colony were unknown ; however
the fact that i t  consisted of fewer then two hundred workers suggest#
that the beee were of a considerable age end had probably been queenlea.
for a t least two months. The colony had ea rlie r had laying worker# ## ^
there were at least ten stunted drones present. At the time of th# study*
however, there was no live brood although dried up group# o f egg# i*
some c e lls  suggested that certain  indlviduela wore s t i l l  laying.

In March 1980 i t  wee decided lo  establish email groups o f queenla## 
workers in  cages in an attempt to study th# social interactions occurring 
between th# individuals of esch defined group and to  compere the aeo a 
position of each bee with i t s  mandibular gland signal end the condition 
of i t#  ovaries. Five newly-emerged workers were d istinctively  "arks* 
by thoracic paint spots and released into each of ten smell wooden end ^
perspex cages (Llebefeld cages) containing e email (four by four oafltlM t i l



aquar* of undrmwn wax p la te , and water and food container# (Verheijen-Voogd* 
1959)* The beee ware incubated a t about 35®C and were only removed from 
tlie Incubator for periods of observation. Six such periods were held 
d a l l y ,  aaah lasting  for tan ainutea. During these periods two major 
isalad in ta raa io n a  war# recorded, namely th .  trophollaotlo soUona of 
'begging' and 'o ffe rin g ', free (1957, 1959) ha# deeoribed those 
interactions as well me the ir frequency of occurrence* Begging is  
described me the thrusting of the proboscis between the mouthparts of a 
nsstmste, while offering describes the movement of a a t . 1 I-folded 
proboscis downward end forward between open mandibles and la often 
accompanied by the extrusion of a droplet of regurgitated liquid. Both 
ac tiv itie s  are accompanied by entennial stroking and foreleg tapping.
The role a worker will assume appears to depend largely on the s ta ts  of 
her crop content at the moment of ac tiv ity , and often both bees w ill beg 
or offer simultaneously before one may give way end commence the opposite

action.
As i t  is  thought that the act of receiving food by trophollexis may 

be on indication of the dominance of tiie recipient over the donor, e simple 
formula was derived to equate the social position of each individual 
within a group j this was termed the social index*

€ was the number of times other bees 'offered* to  a specific worker* 
while E was the number of occasions that the worker 'begged* from others. 
I>£ therefore representwd the number of occasions that an individual had 
the opportunity to feed by trophollaxie* D mbs the number of times t  
bee accepted food 'offered* * while F was the number of times other 
workers gave in  response to so lic itin g . D+F then represented the number 
of occasions that an individual actually received food by trophollaxie, 
and the ra tio  of D+F i C+E provided an indication of the degree of 
dominance of each individual in  the group. A was the number of 
occasions that a bee 'offered* to other workers, end 0 the number of 
times other 'begged', A+G representing the opportunities others hod of 
feeding from that Individual. B was the number of times beee accepted 
offerings and M the number of occasions that a bee gave in  response to 
being so licited  by others, B+M representing the number of occasions rn 
individual fed others trophollectically . The ra tio  of B+B I A+C 
therefore provided an indication of the degree of subordination of en

Social index * or



a '

*
individual. The social Index was in essence a comparison between the 
degree of dominance end the degree of subordination, the higher the Index 
being, the more dominant the individual. . •

the OKperlaent was terminated on the ten th  day e* twmty theee.bee# ,, 
h .d died end a roenber of others appeared to  be dying* I t  was found, upon 
dissection, that the deed end dying Individuals -had greatly diet ended 
hlndguts and hod obviously developed an alimentary disorder, The 
majority of these bees had ceased to interact socially prior to  death, 
and the number of interactions observed in each group was therefore 
affected*

On the termination of the study (or upon the premature death of 
any individual) each bee was dissected for ovary assessment and l ie  
head extracted for chemical analysis.

In addition to the ovariole counts made on the ovaries of bets from 
the small queenJess colony and the* smell cages, two further counts were 
made on queenrlght workers sampled from field  hives in February 1979,
In a ll , the ovariolea of four hundred and nineteen ovaries were counted 
from ever two hundred bees. In tho case of the small queen!ess colony 
where ovary development was also assessed the relationship between the 
number of ovariolea and degree of development was tested,

-During the preparation of the observation hive for the study of the 
effect of queen!essness on workers (and whilst the qtrsn was present end 
marked workers were being added daily to the colony) a survey was 
conducted of the attendant court constantly present around the queen in  
order to determine which age groups of workers were responsible for 
attending the queen,

W y tice%  Techniques

■Ivjry. dissection .and assessment
Dissections were performed on newly-killed bees as i t  wee found that 
refrigerated ovaries end preserved ovaries tended to undergo changes In 
texture which ofton caused them to disintegrate or become detached from 
the lateral oviducts making assessment extremely d ifficu lt owing to the 
netwoz !< of tracheal tubes.

Decapitated, chilled bees were pinned1 doreally through the thorax 
onto a perspex dissecting dish containing transparent plastic mounting
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grouped according to the degree of ovary development) heads were frozen 
temporarily in test tubes in liquid nitrogen until the ovaries had been 
assessed after which they were transferred to the appropriate sample vial* 

Meads were le ft  in  solvent for two to three days under standard 
refrigeration after which they were removed to avoid contamination by 
larger, less soluble cuticular and glandular compounds which were found 
to interfere with the resolution of key components of the mandibular gland 
secretion during the ctmmatographic process.

Analysis of mandibular gland oocretion
I t  was decided that only eight compounds, common to the secretions of 
both castes, would be analysed during the study. These were decanoic 
acid, p-hydroxy benzoic acid, 8 -hydroxy octanoic acid, 9-keto decenoic acid, 
2~(4-hydroxy-S -m etbw yphenyl) ethanol, 9-hydroxy dercioic acid, 10-hydroxy 
decanoic acid and 1 0 -hydroxy-decenoic acid, 1 ,, addition, the amount 
of 2 -heptanone in the secretions of some bet-u uos determined.

Owing to the chemical properties of kets. ins, 2-heptenone was analysed 
separately using a glass column (2m x 5mm 1,0.) pac' id with 10% SP-1000 
on Supelcoport (80/100 mesh). The chromatogiaph was operated 
isothemally at 80°C, and after each run the column was flushed at 130*0 
before reuse, A known amount of 4-methyl-3-heptanonc in solution in  
dichloromethane was added to each sample and was used as an Internal 
standard to quantify amounts of 2-heptanono, The ketone was chosen as 
the Internal standard because i t  was similar to 2-heptanone in both i t s  
detector response and it s  retention time enabling accurate quantitative 
analysis. (See Appendix Figure 3),

Immediately following 2 -hoptanone analysis (where this was performed) 
the sample solutions were transferred to small five m illilitre  pyrex 
reaction vials and evaporated to dryness under a slow stream of gaseous 
nitrogen in preparation for fatty acid analysis.

The method adopted during this study, derivatized the fatty acids to 
their N-trimethylsilyl esters using the sllylating reagent, bis 
(trim ethyls i ly l) trlfluoroacotomide (BSTFA), The technique was a 
modification of one developed for preparing amino acids for gas
chromatography (Gehrko and Lolmer, 1971)*

Dried sample residues were redissolved in fifty  mlcrolltrea
dichloromethane (containing the internal standard n-tetradeeene) and



fifty  microlitrea BSTFA, and the reaction vial was sealed before being 
heeled in an o il bath at 150"C for forty five minutes. After the 
solution had cooled the derivatives wore analysed, A glass column 
(2e x 3mm l.D .) -acked with 5% UV101 on Supelcoport (80/100 mesh) wa#
U8 ed, the column oven being tpuretH under a temperature programme 
initiated at 150°C and rising immediately at three degrees per minute 
to 25D°C, Ihe l>% 0V101 liquid phase was selected for use in the fatty 
acid analysis an i t  wee found to give a better separation of the 
relevant component chemicals than did 10% 0V101 and both the 5% and 10%
□YU liquid phase:*, n-Tetradecane was chosen as the internal standard 
ee i t  eluted from the column before the compounds of interest and 
consequently did not interfere with the resolution of any components of the 
mandibular giant secretion, as did n-pentadecane and n-hexedecsne, In 
addition, since i t  was a straight chain hydrocarbon, i t  was not subject 
to silylation. Detector responses to n-tetradecone were therefore 
uniform and reliable, allowing accurate quantitative analysis of the

fatty acids.
Because the derivatizotion of fatty acids to their silylaled esters

was never complete, detector responses to these esters were relative 
and the amounts of the fatty acids present in the extracts had to be 
quantified by means of the relative weight response (RWR). The actual 
amount of ociu was then determined by Formula 1, a simple weight/response
ratio corrected by the RWR.

Weight (acid) .  ^  »

The RWR for each acid was determined by derlvatizing known amounts 
of authentic acids and using Formula 2, I.S . being the internal standard 
and response being the area of the peak produced by the acid* as measured
by an electronic integrator.

RWR (acid) .  x <FM"U1‘  M

Silylation of the authentic fatty acid standards was found to occur 
more rapidly than did amino acid silylation at 150*C* and equilibrium 
was reached within forty five minutes fur a ll acids. It was found that 
the use of aeetonitrils in place of dichlorcmethane in the silylation  of 
fatty acids wae not necessary, end that the importance of drying the 
eampla residues wae not as cr itica l as for amino acid residues, possibly



Table 2.1. Relative weight responses and relative retention times 
of the eilyleted ester derivatives of some fatty acids 
occurring in the mandibular gland secretion

Fatty acid

decsnolc acid 
p-hydroxy benzoic acid
8 -hydroxy octanoic acid
9 -keto decenoic acid 
Z_(4 _hydroxy methoxy phenyl) ethanol
9 -hydroxy decenoic acid
1 0 -hydroxy decenoic acid 
1 0 -hydroxy decenoic acid

RWR RRT

0,92 1,14
0,75 1,24
0,75 1,69
0,70 1,9)
0,75 2,02
0,65 Z,)4
0,65 2,)7
0,60 2,46

because less water was present in the head extracts. The silylated  
fatty acid derivatives were found to be stable for ever two weekst although 
this information was not necessary as a ll samples were analysed earlier.

The RWR determinations used In the study are shown in Table 2,1.
^,ther with the relative retention times for each acid, the latter 

being the ratio of the retention times between the relevant acid and
n-tetrudecane )•

All standard solutions and > u  extracts were analysed on a Packard 
417 gas chromatograph equipped with flame ionisation detectors. 
Quantification of the responses from the detectors was per formed by a 
Spectra Physics minlgrator and chromatograms of these responses were 
traced by a Nippon U-125M recorder. Identification of the peaks in  
the extracts was by comparison of relative retention times*



RESULTS

The mandibular gland secretions of A.m. adansonii queens and workers 
were, analysed for only eight compounds» namely decanolc acid (DAA), 
p-hydroxy benzoic acid (pHBA), 8 -hydroxy octancic acid C8H0AA), 
f-keto-2-decenoic acid (9KDA), 2-(4-hydroxy-S-matfioxyphenyl) ethanol 
(43HPC), 9-hydroxv-2-decenoic acid (9HDA), 10-hydroxy decanolc acid 
ClOHDAA) and 10-hydroxy-2-decenoic acid (10HDA), In addition, the 
amount of 2 -heptanone in the secretions of some workers was determined, 
the decision to analyse the above chemicals only was taken in view of 
the fact that they constitute the major part of both the queen and 
worker mandibular gland secretion, other components seldom being found 
in more than trace amounts in queens, while in workers they were 
normally absent, Percentages of each component were determined with 
respect to these compounds alone rather than with respect to the total 
head extraction. This was necessary os head extracts occasionally 
contained unidentified, additional con; ndo eluted between 225-250°C 
which were probably cuticulor in origin. These were therefore ignored in 
order to obtain a direct comparison between the eight compounds just 
mentioned.

Mandibular gland secretions of A.m. adrnoonll queens

The amounts of the eight components of the mandibular gland secretions 
of adansonii queens were highly varied (Table 3 .1 .), The total 
amount of secretion produced varied from between 230,3 mlcrogrems to 
798,9 micrograms In mated queens, but was considerably lower in virgin 
queens apart from a fort) day old virgin in which the secretion was 
found to be 926,8 micrograms. The most abundant component, 9KDA, varied 
from 116,6 mlcrogrems to 390,3 micrograme in mated queens, the average 
being 250.5 mlcrogrems, while 9HDA varied from 38,4 mlcrogrems to 
16e,i mlcrogrems and 1'HDA from 19,2 micrograms to 81,2 micrograms. In 
the forty day old virgin queen there was 456.5 micrograme 9KDA, 211.3 
mlerogrem; 9MDA and 115,5 micrograms 10HDA, roughly double the 
quantities found in the average mated queen signal {see Appendix Figure l), 

Although the age, weight, development period, mated state and
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date of extraction were known for most queens, the ample was too email 
to Indicate why substantial variation exists between queens. Of in terest 
wee the fact that queens reared free the ease colony nt about the sees 
tin® of year appeared to secrete reasonably similar signals, • these 
queene being the two mated individuals from Zimbabwe and the two pairs 
of franavaal queens indicated in Tables 3.1 and 3,2# The weights of 
these queens were also found to be similar#

The determination of the mount of each component as a percentage 
of the whole secretion (Table 3.2 ,) revealed that While absolute amounts 
vary greatly the proportions of each compound in the signal are relatively  
constant. Percentage eatlmitea were substantially less varied in mated 
queen secretions then in  virgin queen secretions, the C.V. being only 
15 per cent compared with 46 per cent. The high C.V.e obtained for 
v irgin queen data are indicative of the fact that the mandibular glands 
i f  these individuals were not as yet secreting a mature queen signal, 
but are in a transitory phase of activity. The mandibular glands of a 
pupal queen (Stage 6 according to Thompson 1970) analysed during th is  
study did not have detectable quantities of the eight compounds. An 
hour-old virgin queen (Queen 1) was found to  be secreting small amounts 
of BROAA and 10HDA, The accretion of the remaining compounds began 
within twenty four hours, and within two to three days virgin queens 
were found to be secreting a ll eight components.

There was some evidence that the mandibular glands of Zimbabwe 
virgin queens matured more rapidly than did those of Transvaal queens*
The secretions of one to three day olds had already reached a level where 
the components were in similar proportions to those in mated queen 
secretions although the quantity of secretion was somewhat smaller* 
Secretions of Transvaal virgins of the same age were totally different 
from those of mated queens* In these queens 10HDA wee the most 
abundant constituent, the levels of 9KDA and 9HDA being significantly
lower.

From the data available i t  would appear that 8H0AA is  possibly the 
first compound secreted by the queen mandibular gland, the secretion 
of 10HDA, 9 KDA, 9HDA end 10HDAA following within hours, and la s tly  the 
secretion of DAA, pMBA onU 43HPE,

Of particular significance to this study was the possib ility  of 
the existence of a mature queen signal. On average about 80 per cent 
of the mated queen secretion consisted of 9KDA, 9M0A end 10HDA, these 
components being found in a ratio approximately 10*3*2 (Table 3,2*)
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In contrast the three components were found In a significantly  
d ifferen t ra tio  in  four of the seven virgin queans analysed (Table ) . ) )  
Heterogeneity in  the data for mated qu sna (Table 3.3) wee due largely 
to # soiMMhat different ratio of 9KDA i 9HDA $ 10HDA in  qweni I# .f  end- 
12,the proportion of 9HDA being low, and i f  these individuals were ew- 
clwded, the remaining five mated queens (Queens 10, 11, 13, 14 and 13) 
were found to have remarkably homogenous secretions with regard to 9KDA, 
mm  end 10HDA, these components being found in  a ra tio  of 10;4;2. 
(Table 3.4).

Tin other compounds found in the mandibular glands (DM, pHM,
BHOAA, 43HPE and 10HDAA) which constituted only 20 per cent of the
total secretion, were found to vary considerably and a common ratio 
was not evident (Table 3.5). Compared with works: data, DAA was 
noticeably the least abundant component, constituting less than one 
percent of the to ta l secretion in  twelve of the fifteen queens, and
never exceeding more than eight micrograms (Figure 3,3),

Table 3.5. Ratios of DAA, pHBA, BHOAA, 45HPE and 10HDAA in queen 
mandibular gland secretions (* indicates compound
present but lews than 1 )•

Queen
N". DAA pHOB BHOAA 43MPE 10H0AA

2 0 2 3 3 10
3 1 1 3 3 10
4 8 3 8 10 3
7 1 # 10 1 I
8 3 1 3 s 10
f 0 0 4 3 10

10 2 1 10 3 4
11 1 9 8 10 10
12 « 1 10 1 2
13 * 9 4 10 T
14 8 9 5 10
15 * S 10 ? 7

The mandibula r aland secretions of gueenright_A.m, adaflsonli 

f t fM ff.lt  3flS&

The amounts of the eight compounds found in the mandibular gland 
secretions of queonrlght workers of known ogee were highly variable



(Appendix Tables 1 end 21, As expented, 9KDA was not found in any worker
regardleae of i t s  ege, but in addition pBBA was absent from most seoretions 
and1 where i t  was present amounts were minute. As in queens3 eyn%h#tio 
activity in the mandibular glands probably begins about the time of 
acloaion, since six to eighteen hour old bees had up to twenty five 
•lerograms of 10HDA (Table 3.6). The highest level of secretion was 
attained within two to five days where workers had on average over forty 
aierogreme of 10HDA, constituting 55 per cent of the total secretion 
(Table 3.7). However Immediately following this in itia l period) and 

(coinciding with the age when workers most often nurse larvae, the amount 
of 10HDA dropped markedly to an average of only twenty micrograms.
Although the level of 10HDA was found to increase again as workers grew 
olderj on average i t  never constituted more than 40 per cent of the 
secretion, or about thirty micrograms per head (Figure 3 .2),

The ratio of 9HDA to ICHOA was found to vary from I t20 to 111 
although 75 per cent of the workers had ratios between 1:10 and 4*10, In 
a ll only seven individuals (representing 14 per cent of the sample) had
a 9MDAflOHDA ratio similar to that found in the secretions of Queens 8,
f  and 12, None had a ratio approaching that found in the other mated
queens (Queens 10, 11, 13, 14 and 15).

An unexpected feature of the mandibular gland secretions of queenright 
workers was the production of DAA which was found to increase markedly 
with age (Figure 3.3), In ton older workers DAA constituted over 20 per 
cent of the whole secretion, and in six Individuals was the most abundant 
component, (sea Appendix Figures 3 and 4).

The mandibular aland secretions of guoonleasj#, qdgnm il w f jg a

The mandibular gland secretions of newly queenless A,m, idjR^ni j m l a a  
of different eons and different degrees pfjpvafjal dbYelogmgQt
Samples of queenright bees of various ages captured just prior to 
dsqueeniny and debrooding the colony in February 1979* were found to have 
a markedly different mancibular gland secretion from the queenright bees 
sampled from the same colony in November 1976 (Figure 3,2 and Table 3,6), 
Half of the workers sampled were secreting much lower amounts of 10H0A 
causing the 9HDA:10HDA ratio to be Inverted with 9HDA being the major 
component. The levels of DAA were elbo considerably lower then in the 
November sample, workers being found to have from 1*5 to 6,1 miorogra##*
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13,9jjg
3S*7)t

1
33»%0
39,4%

6*18 hours old I

Q . ELC

43.ipg65.0% A&=
12 days old

2-5 days old

G

20-,7pg37.1% ILnri
18-27 day# old

7 -IP days old

figure 3,2, Head extracts of nuaenrlght A,mtadanftgn|.| worker# of 
different ages (November 1978)
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♦the letter  constituting l i t t l e  over 10 per cent of the whole secretion 
(T e b le ) ,8) .

■ The average coefficient of variation of the mesne of the components
of the February secretion was 17 per cent, Indicating that variation wee 
sligh tly  more pronounced than in the November secretion where the 
coefficient of variation was only 12 per cent. The secretion of 10HDA 
me particu larly  variable, the coefficient of variation being 33 per cent 
compared vo only 8 per cent in  November workers. While the workers of 
both samples were of similar age, and both had equal exposure to  immature 
brood, two factors could have influenced the mandibular gland secretion. 
The first factor was the difference in season, the affect of which could 
have been magnified in an observation hive, the second that although 
both groups had the same queen, she was only a month old in Moveroer 
while by February she was three months old and had probably experienced 
significant changes in her own mandibular gland secretion which would 
have had an influence upon the workers,

During the first two weeks of qucenlesoness, workers experienced 
eubei itial ovorial development (complete data relating to ovarial 
development is  presented in Tables 3.25 and 3.26) and highly significant 
changes in their mandibular gland secretions* The moat significant of 
these was the decrease in the production of IOWA. Amounts of the chemical 
dropped from an average of 23.3 micrograms just before queen loss to only 
7,9  micrograins, a decrease of about 66 per cent, so that i t  was only the 
third most prevalent component of the secretion after 9HDA end MfOAA
(Table 3.9 and Figure 3*4).

Although the production of a ll compounds other then IQ’HOAA decreased, 
the substantial decrease in 10HDA resulted in a 13 per cent Increase in  
the levels of the other components in the secretion, the proportion of 
10HDAA largely accounting for this by increasing by 11 per cent.

The average ratio of 9HDA i 10HDA had altered from 7 i 10 prior 
to queen loss, to approximately 10:9, 75 per cent of workers having
more 9H0A* Bees sampled two weeks or more after lose of the queen, 
however, had an average ratio of 0 i 10 indicating a return toward the 
original queenright secretion, although nearly half s t i l l  had more 
9HDA than IQtDA.

The increase in the level of 9HDA was not closely related to 
ovary activity and laying behaviour, as four of the seven bees with 
stage *4* development had more IQtDA than 9HDA, while only five of
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Average CV 12%

1

I
A

i t

28.4ug39,6%
Average CV 17% L

Queenright November 1978 (average age 12 days)

I b3.e%

Jueenrlgtit February 1979 (average age 17 days)

Average CV 26'« 7,9ug Average CV 14% 
20.8%

Queenleas less than 2 weeks (average age 17 days)
Queenlesa 2*5 we*a 

(average age 34 daya)

queenlesa workers sampled less than two w e * s  and two to fivr 
after loss of the queen



*lght laying workers had more 9HDA (Appendix Table 3).
Of « *  hundred ,md nine bees enslysed in  th ir ty  six w m pl.,, only 

tw einddvlduelem re found to  be secreting 1MDA. Althow#* both 
*gfk#r# were captured in  the brood comb section o f the hive, end * *  
wee showing egg-leying behaviour, neither wee found to  heve mature 
egg#. Their mandibular gland secretions had, however, undergone 
massive changes. The production of 10HDA and 1CHDAA was significantly  
lower than the average production of these compounds by workers of 
similar age end with the same degree of ovarial development. Of great 
in te re s t was that the ra tio  of 9KDA , 9M* , 10HDA in  these bees was 
not significantly  d ifferent from a queen signal, 9KDA constituting over 
30 par cent of the secretion and 9H0A being more abundant than 10HDA
(Figure 3,5 ) , (sea also Appendix Table 2).

The only other bees found to be secreting 9KDA were individuals
sampled when the colony was k illed  th ir ty  eight days a fte r the queen 
had been removed. Of necessity these bees were grouped with others 
in  samples of up to eleven heads, and consequently th e ir individual 
.aerations were lost (Appendix Table 3). 9KDA was iden tified  from 
ten such samples indicating that a t least ten other bees were .aerating  
the compound. The bees of only one sample ware dissected end i t  was 
found that none of the ovaries were developed beyond the second stage 
The amounts of 9KDA varied between 17,0 and 41.8 microgrsme par 
sample, the average being 30.5 microgrsme, and when compared with 
the amounts found in  the two 9KDA secreting individuals who had 43.* 
end *5.5 micrograns respectively, suggest tha t these samples probably 
contained only one or two individuals tha t were secreting WDA. Oh 
th is  assumption, i t  was estimated that only twelve to  twenty bees 
out of three hundred and sixty (roughly 3 to 6 per cant) analysed ware
secreting 9KDA.

An alternative method of analysing the data, end one mm  comp- 
rehenaive than simply assessing the gross influences of qweenleseneaa
on the mandibular gland secretion of workers, wee mads by relating 
the secretion to age, the degree of ovarial development and the age 
of each bee when the queen was removed. The data indicate that 
changes in  ovarial ac tiv ity  cannot be closely correlated with changes 
in the secretion of the mandibular gland (Tables 3.10, 3,11 and Figure 3,8) 
{Relationship is  probably most obvious in- the secretion of DAA which 
me found to decline markedly as workers experienced ac tiv ity  in their 
ovaries. While no biological function for DAA has been determined, Its
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19*fM dey ©Id bees
Qyeriel dev, 0/0

5-14 day old beea 
Owrlal dev, 0/0

.-LELu
1W 0 day Old' bee# 
Overlal dev, .fl/t/l

5-10 day old bees 
Overlal dev, 0/1/1

n =
B-13 day old b#ee 
Overlal dev, */3/3

10-40 day old beea 
Overlal dev, 1/2/2

•-07 day old beea 
Overlal dev, 3/4/4

1&-28 day old beea 
Overlal dev. 2/3/3

Figure 3.6, Heed extracts of groups of newly queenlesa A,m«adana©nii 
workera of various ages and overlal development stages



reduction in  quemleee b@aa whoa® ovaries -have developsdswy b# related 
te the feet that queens secrete very l i t t l e  DAA« Differences found fc® 
s e w  in  the eecretion e f  BAA by (WUWMsnrl#* end q%*Mnl#ee w h e re  wen#

' e j e e r t y  e ee e e ie te d  w ith 'eg e  end w ith  ehengee in  e^ery devejxseht-
(figures 3,7 and l.B ) . Fen to  twelve day olds whose ovaries had 
developed to some degree were found to be secreting only half the 
amount of BAA then were bees whose ovaries were Inactive. Six week 
eld -bees whose ovaries had -developed slightly experienced a SO per cent 
reduction in  the secretion of BAA, while bees with well-developed ovaries 
experienced a reduction of ju s t over 70 per cent to levels sligh tly  
higher then those found in  queen secretions.

The age of bees at the time the queen wee lo s t wee fbund te  be am 
additional factor influencing the degree to  which workers were able to 
undergo changes in  glandular ac tiv ity . Bees tha t aclosed from a week 
prior to loss of the queen to a week a fte r loss of the queen experienced 
.the greatest changes in- secretion (Table 3.125* Tan o f the twelve 
easplee found to  contain 9KDA were of bees lees than e week old a t the 
t i s e  the queen wee loot. Workers of th is  age group also had eigmlfl" 
eantly lower quantities of BAA, and were the only age group which had 
on average sore 9HBA then 1BHDA (Table 3.12 and Appendix Table 3).

I t  appeared that workers that had bean queenright during the f i r s t  
two to  thren weeks of l i f e  were largely incapable of undergoing radical 
changes In th e ir mandibular gland secretions, and th is was particu larly  
f  with regard to  9KBA. As younger bees appeared to  be able to change 
th e ir  secretionst i t  must -be concluded that this ab ility  la  lost with 
t is e  and may well be eaaociated with the length of exposure to  quean 
Signals (Figure 3 .9 ).

The memdibwlar olend a sf*# ! ? *  *f ouaenlesa_A.m, adenaonil pg fijm  , 
with different decrees of  ovarial development (qyaenlaea P fS M lB

m m ?  *f twRmsaSbs)'
the assumption that the bees of th is  colony had been quoanlaaa for aver
two- months was based upon two observations« In the previous study (In 
the daqueanad observation hive) workers did not lay eggs during the 
first six weeks of queenleaanesa. Similar observations have bean made 
by Hastings (pars, comm.) which suggest tha t th is  is  a normal phenomenon 
of queenleea $»m, adenaonil colonies, The second observation was th a t 
the present colony had a considerable number of stunted drones Which
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bed bwm dwived fro , egg* l*id by worker* in  worker se ll* . Adding the 
d*yeiop**nkel period of drone* (which Is twenty four deye, Andereon 
j& j& , IPD) to  the in i t ie l  *i* week period, i t  can be estimated tha t 
bh® colony had been without a queen for at least two «enthe*  ̂ Bearing 
In mind that the queen may have la id  eggs on the day of her loss end 
that the developmental period of workers i# between nineteen to twenty 
day*, the youngest bees analysed in  th is  study were probably older

than six  weak*.
the en tire  colony was sampled over e period of four weeks* Eighty . 

four base were analysed individually, while the remaining eighty ei* 
were k illed  #a masse and analysed in  group* of between three and eight.
The moat s trik ing  feature regarding the mandibular gland secretion*

the absence of individual* producing large amounts of 9KDA (Appendix 
Table* )  and 6) . Having identified  two individual* among newly queenlee* 
worker* that were exhibiting queunlik* mandibular gland algnela, i t  
wee expected that bees with sim ilar signal* would be present her*.
However although nineteen of ninety seven wsmplas were found to  have 
*KDA, the extracted quantity amounted to  only 1B.9 mlerogreme, 1*** 
then 5 per cent the to ta l amount extracted from only twelve sample* 
of newly queenlese bees. Of ten base sampled individually and found to  
have 910A, six had well-developed ovaries (stage* ‘5* end *♦*) end 
only one had undeveloped ovaries (stage "O'). (Table ) . ! ) ) .

A second feature of these bee* wee tha t on average DAA, lOHDA,
10HDAA and 2-heptanone consbliued ever 9G per cent of the mandibular 
gland secretion, the level* of the other components, including 9MDA, 
being extremely low (Tables 3.19 and 3.14, f l p r *  3*18). The la tte r  
was found to be absent from IT per cent of sample* and the highest 3f®A» i 
IflHM ratio was only 2s 10 (Appendix Table 5). In addition, bee* with 
well-developed ovaries did not have higher percentages of 9HDA ms
might have been expected.

Of interest were the relationships between DAA, 10HDA, 18H0AA end
2-heptanone. While DAA and 2-heptanone decreased with ovarlal develop- 
went ( 2-heptanone markedly so), 1QHDAA end especially 10MOA increased 
(Figure 3.11 end Table 3.13). In newly queenlese bees only DAA had been 
found to a lte r  d irectly  with ovarial development (Figure 3.#) although
there was some evidence that 10H0AA end 10MBA were also Influenced*
2-heptanone was not analysed.

Nearly 60 per cent of workers with well-developed ovaries Cdegree *3*)
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h#d 1### than one microgrm of 24*pt#none in  the mendibuimi gland 
mmeetlon, while over 60 per cent of thoee with fu ll; -*v»iop#d o w i# #  
(doyee *4*) had mo Z^ptanone a t a l l :  the aitoation tha t exiete in  
the queen eecretion. In contrast, lees than 30 per cent of workers with 
eUghtly-developed ovaries (Degree# O ', and '%') were found to  have 
lass than a aierogran of 2-heptanone (Appendix Table 5)» The feet tha t 
certain individuals with l i t t l e  or no ovarial development were not 
secreting 2-heptanone clearly demonstrates that ovary ac tiv ity  and 
mandibular gland ac tiv ity  are not synchronous. Certain bees experienced 
considerable changes in  eecretion before th e ir ovaries became active 
and vice versa Ignoring the degree of ovarial development, i t  wee 
found tha t the levels of 10HDA, 10HDAA end 2-heptanone were very closely 
rela ted  to  levels o f DAA (Figure 3.1D to 13), low levels air IMA being 
associated with low levels of 2-heptanone end with high levels of 
10H0A and 10HDAA (Table 3.1(5). Tables 3.17 «md 3.18 show that e number 
o f the minor components of the mandibular gland secretion, including 
8MDA, were also related to the level of DAA, the amounts of a l l  but 
jpHBA increasing oa DAA decreased. The tables also indicate th a t, on 
average, bees that experienced s reduction in  the secretion of DAA, had 
undergone greater ovarial development and possibly had more overioloa 
per ovary than bees that were secreting large mounts of DAA.

■Iho mandibular aland eec^tiog#
BiHr.
the mandibular gland secretions of ten email groups of gwmenleoo workers . 
(five 'bees in each group) were analysed end related to the nwbor of 
ovariolea, the degree of ovarial development and the social behmyiour of . 
each individual (Appendix Tables 7 and 8) . The summaries o f  modal o W d ty  
between the members of each group are presented in  Appendix fafclos #0»#j. 

Under the 'Conditions tested  the mandibular gland secretions dduld 
not be related to social activity as defined. There were no slgnifieont 
differences between the secretions of the bees with d ifferen t le v e ls  of 
social ac tiv ity , The 9HDA ilONDA ra tio  wee found to  be about lili'.W . 
average, although there was some indication tha t i t  tended to be.. hl#*T  
in  more active groups. This was not true for individual beam hpwavdf#' ■ ‘ 

Three workers found to bo secreting small quantities of ##A 
had an average 9H0A tlQffiA ra tio  of 2*10, I t  was axpeoted that theme 
individuals would be dominant (as defined) members of th e ir  groutte me
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