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SUMMARY 

The effects of worker  age, b rood  stage and time of brood introduct ion or brood 
withdrawal on the hypopharyngeal  (HP) gland activity of worker  bees were examined. 
Worker age exerted a marked influence on gland activity. Only larvae affected HP 
gland activity, while eggs and pupae did not. Bees had inactive glands until their  third 
day of larval feeding and they mainta ined high gland activity for approximately three 
days after  larval removal. The data are congruent  with the hypothesis  that  feeding 
behaviour itself causes gland activation, al though the possibility that  larvae produce a 
pr imer pheromone cannot  be excluded. 

R E S U M E  

Facteurs d6terminant I'activit6 des glandes hypopharyngiennes des ouvri~res d'Abeille 
(Apis mellifera L.) 

On examine diffErents facteurs qui pourraient  affecter l'activit~ des glandes hypo- 
pharyngiennes (HP) des ouvribres d'Abeille, tels que l'gge des ouvri~res, les s tades de 
d6veloppement du couvain et le momen t  d ' in t roduct ion ou de retrai t  du couvain. L'fige 
des abeilles exerce une influence marqu6e sur  l'activit6 des glandes H P ;  celle-ci est 
corr616e avec la croissance et la r6sorption des glandes d6crites dans  la litt6rature. 
Seules les larves sont aptes ~ activer les glandes HP, alors que les eeufs e t l e s  nymphes  
ne le sont  pas. Les glandes de l'abeille res tent  inactives pendant  trois jours  apr~s le 
d6but du nourr issage des larves ; elles conservent  leur activit6 pendant  trois jours  
environ apr~s le retrai t  des larves. Ces donn6es sont  en accord avec l 'hypoth~se que c 'est  
le compor tement  de nourrissage lui-m6me qui acffve les glandes;  cependant ,  on ne peut  
exclure la possibilit6 que les larves produisent  une ph6romone stimulante.  

(1) Present  address  : Depar tment  of Entomology, 1-87 Agricultural Building, University 
of  Missouri-Columbia, Columbia, MO 65211, U.S.A. 
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I N T R O D U C T I O N  

In most  social insects, interact ions between adults and brood  are 
universal  and impor tan t  par ts  of the social organization (MICHENER, 1974). 
In the honey bee society, the b rood  plays several impor tan t  roles in its 
social organization. I t  has been repor ted  to mediate  pollen collecting activity 
(FREE, 1967), mainta in  the normal  social s t ruc ture  by inhibiting worker  bees'  
ovarian development  together  with queen substance (JAY, 1970; KROPACOVA 
and HASLBACHOVA, 1971) and initiate warming behaviour  of worker  bees 
through a phe romone  (KoENIGER and VEITH, 1983, 1984). 

The hypopharyngeal  (HP) glands are paired food glands located in the 
heads of worker  honey bees. The glands are of p r imary  impor tance  to 
the brood-adult  interactions,  as they provide secretions rich in protein,  
which are fed to larvae of all three  castes, and also to a d u l t  queen and 
drones (RIBBANDs, 1953; SNOD~RASS, 1956). 

I t  has been shown that  honey-bee brood can have a profound  effect  on 
the hypopharyngeal  (HP) gland activity of adult  worker  bees (BRouWERS, 
1982, 1983). After hypothesizing that  threre  might  be a larval signal to 
activate the prote in  synthesizing process of HP glands in worker  bees, a 
series of studies was under taken  to investigate the proper t ies  and mode  of 
action of the signal (HuANG, 1988; HUANG, submit ted;  HUANG et al., in press). 
In this study, several factors  which could potential ly affect  the HP-gland 
activity were examined. 

The age of worker  bees could have a large effect on the HP-gland 
activity. I t  is well known that  the HP glands are undeveloped when bees 
just  emerge, and develop to full size within 6-12 days (OTTo,' 1955) if pollen 
is supplied. They usually degenerate  when bees s tar t  foraging (R6scH, 
1925; SOUOEK, 1927; HASSANEIN, 1952; HAYDAK, 1957). Even though BROUWERS 
(1982) showed that  summer  bees with fully developed glands and high gland 
activity were at least 6-7 days old, no systematic studies have been conducted 
to moni tor  the change of HP-gland activity as the worker  beeg age. I t  is 
also of interest  to determine the effect  of age on the different ia t ion of HP- 
gland activity under  broodless  and brood-right  conditions. 

The t e rm " b r o o d "  generally refers  to any of, or a mixture  of, eggs, larvae 
and pupae.  A previous s tudy has demons t ra ted  that  bees must  have direct  
access to b rood  to activate the pro te in  synthesis of the HP gland (HUANG et 
al., in press),  but  it is not  known which b rood  stages have the ability to 
do so. Results f rom a s tudy to compare  the relative effects of different  
stages of b rood  would provide some clues as to the p roper ty  of the b rood  
signal. For  example, if egg and pupal  stages both  were to have the ability 
to activate the HP glands, the signal would be more  likely to be chemical 
than behavioural .  Two other  impor tan t  questions also remain unanswered:  
the latency of HP gland act ivat ion af ter  brood is in t roduced  and how long 
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t h e  H P  g l a n d s  s u s t a i n  t h e i r  e l e v a t e d  g l a n d  a c t i v i t y  a f t e r  b r o o d  is  w i t h d r a w n .  

A n s w e r s  t o  t h e s e  t w o  q u e s t i o n s  w o u l d  l e t  u s  k n o w  w h e t h e r  b r o o d  i s  

i m m e d i a t e l y  e f f e c t i v e  o n  g l a n d  a c t i v a t i o n  o r  s o m e  i n t e r m e d i a t e  s t e p s  a r e  

n e c e s s a r y .  

W e  r e p o r t  i n  t h i s  p a p e r  s e v e r a l  e x p e r i m e n t s  c o n d u c t e d  t o  e x a m i n e  (1) 

t h e  H P - g l a n d  a c t i v i t y  o f  d i f f e r e n t l y  a g e d  b e e s  u n d e r  b r o o d r i g h t  a n d  b r o o d -  

l e s s  c o n d i t i o n s ,  (2) t h e  r e l a t i v e  e f f e c t i v e n e s s  o f  v a r i o u s  b r o o d  s t a g e s  i n  

a c t i v a t i n g  t h e  H P  g l a n d s ,  a n d  (3) t h e  H P - g l a n d  a c t i v i t y  o f  b e e s  a t  d i f f e r e n t  

t i m e s  f o l l o w i n g  i n t r o d u c t i o n  o f  b r o o d  a s  w e l l  a s  a f t e r  r e m o v a l  o f  b r o o d .  

M A T E R I A L S  A N D  M E T H O D S  

Exper iments  were carr ied out  f rom May to August, 1985 and 1986. The honey bees  
used were f rom the s tock ma in ta ined  by the  Apiculture Field Laboratory ,  Universi ty 
of Guelph, which  represents  a mix ture  of European  bee races (Apis mellifera L.). 

The HP-gland activity was measured  by  an  in vivo bioassay (Huang, submit ted) .  
Radioactive leucine (337 mCi/mMol,  New England  Nuclear) was used as a t racer  by in ject ing 
one p.l (0.1 p.Ci) of it into the thoraces  of sampled bees. After injection,  they were 
incubated  in room t empera tu re  for  2 hours ,  which was found to be the opt imal  durat ion.  
The bees were then  killed by immers ing  in 20% TCA (tr ichloroacet ic  acid) and  the i r  HP 
glands removed in 7% TCA. The glands of each bee were washed three  t imes ind iv i -  
dually wi th  7% TCA and dissolved in 0.2 ml 1 N NaOH. Finally 10 ml of Aqueous 
Counting Scint i l lant  (ACS, Amersham)  was added to the  dissolved glands and  radio- 
activity was measured  wi th  a l iquid scint i l la t ion counter  (Packard Scint i l la t ion Counter  
460C). HP-gland activity was expressed as dis integrat ions  per  minu te  (DPM) per  
bee, a m eas u r em en t  of radioact ivi ty  recovered f rom the dissected HP glands. Stat is t ical  
analyses were conducted  a f te r  logar i thm t r ans fo rma t ion  of data, as it was found tha t  he 
responses  were not  normal ly  d i s t r ibu ted  and  the i r  means  and s t anda rd  er rors  were 
correlated.  All s tat is t ical  models  (General  Linear  Models Procedure)  were cons t ruc ted  
following FREUND and  LITTLE (1986), and  pe r fo rmed  by SAS (SAS Ins t i tu te  Inc., 1985), 

~-IP-Gland Activity of Differently Aged Bees Under Broodless and Brood-right 
Conditions 

Four  colonies, each kept  in a f ive-frame hive wi th  Langs t ro th  frames,  were establis- 
hed in early May of 1987. In early ffune, two of these were randomly selected to become 
broodless  colonies. This was done by confining the queen in a wire-gauze cage, t h rough  
the aper tures  of which  bees could feed and  communica te  wi th  the queen. Therefore  
the colonies became broodless  yet no  laying workers  appeared because the queen 
still exerted her  inhib i tory  effect on the ovar ian  development  of worker  bees (BUTLER 
and FAIREY, 1963). 

After the two colonies wi th  caged queens had  been broodless  for  two weeks, 
200 newly-emerged bees (a mix ture  f rom two o ther  colonies) were in t roduced  to each 
of the four  colonies (two broodless  and  two brood-right) .  These bees were m a r k e d  
within 20 hours  a f te r  emergence w i th  Testor ' s  pa in t  on the thorax and  sprayed wi th  
sugar  syrup pr io r  to in t roduct ion.  Because different  colours were used for  bees 
in t roduced to broodless  and brood-r ight  colonies, bees tha t  dr i f ted be tween  t r ea tmen t  
colonies were dis t inguished and  avoided dur ing  sampling.  

Five bees were sampled daily f rom each colony, s ta r t ing  from the day the marked  
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bees were int roduced (day 0). HP-gland activity was assayed within half an hour  
after bees '  removal  f rom the colony. For unknown reasons, more  bees in t roduced 
into the broodless  colonies were rejected relative to those added to brood-right  colonies. 
Therefore, fur ther  samples could not  be taken f rom the broodless colonies af ter  16 days 
of sampling, while for brood-right  colonies sampling continued until 27 days after  bee 
introduction. A total of 398 bees were sampled and assayed for  HP-gland activity. 

Since the age factor  here was nested within each colony, the data conformed to 
a split-plot design and were analysed as such. The brood t rea tment  was t reated as 
the main unit  and age as the subunit,  colonies within each main unit  (broodless or  
brooa-right) t reated as replicates. Correlation analysis was also per formed between 
the means of the HP-gland activities of bees f rom broodless and brood-right  colonies 
over different  ages. 

Effects  of  Various Brood Stages on HP-Gland Activity 

A 6 • 6 Iatin square design was used to examine the effectiveness of various b rood  
stages. This design eliminated possible variation caused by colony condit ions or  seasonal 
factors. Six 10:frame colonies, each with its queen caged, were used in this experiment.  
Six replicates were used, whereby six t rea tments  were allocated to the six colonies for 
each replicate. The six t rea tments  used were broodless control, eggs, capped brood,  
larvae younger than 3 days, larvae older than 3 days, and a mixture of eggs, pupae and 
various ages of larvae (with about 1/4 eggs, 1/4 capped brood and 1/2 larvae). Each 
colony therefore received all six t reatments ,  but  in a different order.  Larvae of known 
age were obtained by confining the queen in a compar tment  made of queen-excluder 
material within the hive. 

The experiment  s tar ted when all colonies had been broodless for two weeks. Thirty 
newly emerged bees were marked wi th  Testor 's  paint and introduced into each colony 
(one different  color for each colony). On the fifth day after  bee introduction,  a f rame 
of comb containing the appropriate  brood stage was put into the centre of each of the 
six colonies. The colonies were checked daily to ensure that  the stage of brood had not  
changed. For example, the egg comb was replaced daily with newly laid eggs to be 
certain no eggs would hatch into larvae. For the broodless control t rea tment ,  an empty 
frame was replaced daily to make it comparable to other  t reatments .  After three 
days of t rea tment  (the 8th day after bee introduction),  the colony-specific colour-marked 
bees (aged 8 days) were sampled. Five bees were sampled f rom each colony, and their  
HP-gland activity assayed as described earlier. Only marked bees on "the t rea tment  
[rame" (the f rame with eggs, larvae, capped frood, or mixture) were sampled. A total 
of 180 bees were sampled and their HP-gland activities measured.  

HP-Gland  Activity of  Bees at Different T imes  After Introduct ion and Withdrawal  
of  Brood 

To determine how quickly the HP glands become activated after introduct ion 
of brood, two experiments  were carried out. 

In the first  experiments.  30 newly emerged bees were placed in a Liebefeld cage 
(size 10.5 • 9 • 7.5 cm) with the front  side made  of glass and the lower side of screen 
gauze. These cages were similar to that  pictured in the study of I~ULINCEVIC and ROTHEN- 
BUHLER (1973; figure 1). Distilled water  and sugar syrup (50% by weight) were provided 
ad libitum through the two holes on the top of the cage; pollen was provided in a vial 
cap (diameter 2.5 cm) on the bo t tom of the cage in the form of pollen-sugar syrup 
mixture. The cage was kept in an incubator  at 35 + 1~C and relative humidity approxi- 
mately 50%. When the caged bees were 5 days old, a piece of comb (6 • 6 cm) 
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conta in ing larvae abou t  1-2 days old was pu t  into  the cage. Five bees each were sampled 
and  the i r  g land activity assayed a t  1, 2, and  3 days af te r  larval  in t roduct ion .  

A second exper iment  was conducted  wi th  bees in a 10-frame Langs t ro th  hive as 
follows. A f rame  of b rood  wi th  eggs and  larvae up  to 2 days old on  one side and  larvae 
2-4 days old on the  o ther  was in t roduced  to a colony which  had  been broodless  for  
2 weeks, as a resul t  of caging the  queen. Five bees were sampled at  t ime 0 ( jus t  
before in t roduc t ion  of bee brood),  5 rain., 15 rain., 30 rain., 1 h, 2 h, 3 h, 5 h, 10 h, 24 h 
and  72 h af te r  the  in t roduc t ion  of the  brood.  Only bees  actually visi t ing larval  cells 
were sampled.  The major i ty  of these bees were  found in a p re l iminary  tr ial  to be 
nurse  bees (wi th  great ly elevated HP-gland activities). HP-gland activities were measured  
for  the 53 bees sampled  (only three  bees were sampled at  3 h). 

Another  exper iment  was designed to invest igate  the  main tenance  of HP-gland 
activity following removal  of all larvae. Four  cages of bees unde r  the same condi t ion 
as above were ma in t a ined  in the  incubator .  Each  cage had  about  30 bees (aged 5 days) 
and  a piece of comb (6 x 6 cm) conta ining larvae 1-2 day old. After the  bees had  fed 
the  larvae f o r  th ree  days, the  comb conta in ing larvae wi thdrawn,  and  the bees 
were sampled  subsequent ly  to m on i to r  the i r  HP-gland activity. Three to five bees were 
sampled f rom each cage 0, 3, 4, and  5 days af te r  the larvae were removed.  A total  of 
43 bees were sampled.  

R E S U L T S  A N D  D I S C U S S I O N  

HP-Gland Activity of Differently Aged Bees Under Broodless and Brood-right 
Conditions 

T h e  s t a t i s t i c a l  r e s u l t s  o f  t h i s  s t u d y  a r e  p r e s e n t e d  i n  t h e  A N O V A  t a b l e  

(table I) as  o b t a i n e d  w i t h  SAS .  I t  c a n  b e  s e e n  t h a t  b o t h  b r o o d  a n d  w o k e r -  

b e e  a g e  h a v e  s i g n i f i c a n t  i n f l u e n c e s  ' o n  t h e  H P - g l a n d  a c t i v i t y  (F1,1 = 186.65, 

P = 0.047; Fe4,a s ~--- 6.48, P = 0.0001, r e s p e c t i v e l y ) .  R e p l i c a t e  e f f e c t  a n d  i n t e r -  

a c t i o n s  b e t w e e n  b r o o d  a n d  a g e  a r e  n o t  s i g n i f i c a n t  (F1, t = 0.09, P = 0.818; 

F14.3s = 1.09, P = 0.39, r e s p e c t i v e l y ) .  

Table I. - -  ANOVA table for exper iment  s tudying the change of HP-gland activity wi th  
bee age u n d e r  brood-r ight  and  broodless  condit ions.  

Tableau I. - -  Tableau d 'analyse de var iance (ANOVA) pour  l 'exp6rience sur  la var ia t ion 
d e  l 'activit6 des glandes HP d'abeil les 61ev6es avec ou sans couvain. 

Source DF * SS # Mean Square  F. Value Pr  > F a 

Replicate 1 0.01 0.01 0.09 0.8178 
Brood 1 57.44 57.44 186.65 0.0465 
E r r o r  A 1 0.18 0.18 
Age 24 159.32 6.64 6.48 0.0001 
Age x Brood 14 15.58 1.11 1.09 0.3936 
E r r o r  B 38 38.68 1.02 

Sampling E r r o r  318 138.47 0.43 

Total 397 409.58 

Note: * DF: degrees of freedom. 
# SS: sum of squares.  
d P r  > F: figures presented are actual  probabi l i t ies  of obta in ing a larger  F while 
the  null  hypothes is  is true. Therefore,  when  Pr  is smal ler  than  5%, it is significant 
at  5% level, and  so on. 
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Days After Emergence 
Fif. 1. - -  Change o[ HP-gland activity of bees as they age under broodless and brood- 

right conditions. 
Solid triangles represent the mean HP-gland activities of 10 bees sampled from two 
brood-right colonies on each day (connected with dotted line). Circles represent 
similar data from bees in broodless colonies (solid line). The vertic'al bar above and 
below the two mentioned lines represent the standard error of the mean. 

Fig. I. - -  Activit~s des glandes HP en fonction de i'~ge d'abeilles ~Iev~es en presence 
ou en l'absence de couvain. 
Les triangles pleins (reli6s par des lignes pointill~es) repr~sentent chacun une 
moyenne de 10 abeilles pr~lev~es dans deux colonies contenant du couvain. Les 
cercles (reli6s par des lignes pleines) repr6sentent des donn~es similaires pour 
des colonies sans couvain. 
Les barres verticales repr~sentent l'erreur type de part et d'autre de la moyenne. 

HP-g land  ac t iv i ty  u n d e r  b r o o d l e s s  a n d  b r o o d - r i g h t  c o n d i t i o n s  is pre-  

s e n t e d  g r a p h i c a l l y  in fig. 1. I t  a p p e a r s  t h a t  e x c e p t  fo r  the  f i r s t  t h r e e  days,  

HP-gIand ac t iv i t i e s  f r o m  b r o o d l e s s  and  b rood - r i gh t  co lon ies  m a i n t a i n e d  a 
c o n s i s t e n t  d i f fe rence .  Bees  f r o m  b r o o d - r i g h t  co lon ies  m a i n t a i n e d  e l eva t ed  

HP-g land  ac t iv i ty  f r o m  9 to 19 days of  age. T h e r e  is a s u b s t a n t i a l  dec l ine  

at  day  20 a n d  a s u b s e q u e n t  i n c r e a s e  of  HP-g land  ac t iv i ty  on day 21. A 

s im i l a r  p e a k  of  HP-g land  ac t iv i ty  was  p r e v i o u s l y  r e c o r d e d  a t  a b o u t  the  t i m e  

bees  b e g a n  to fo rage  (HUANG, u n p u b l i s h e d  data) ,  u s ing  the  m o d i f i e d  in vitro 
m e t h o d  of  BROUWERS (1982). I t  is poss ib l e  t h a t  the  d r o p  ind ica t e s  the  

t e r m i n a t i o n  of  n u r s i n g  dut ies ,  wh i l e  t he  next  p e a k  in ac t iv i ty  r e p r e s e n t s  
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the p roduc t ion  of forager-specif ic  prote ins  such as invertase,  which  coincides 
wi th  the onset  of  foraging. 

Although the HP-gland activit ies of bees f rom broodless  colonies are 
consis tent ly  lower  than  those of bees in brood-r ight  c o l o n i e s ,  a gradual  
increase  in g landular  act ivi ty is evident  in bo th  groups  be tween  days 5-15. 
A corre la t ion  analysis  shows that  the two means  are highly cor re la ted  over  
0 to 16 days (data  were  miss ing f rom days 13-14 for  broodless  colonies, so 15 
pairs  of  means  were  analyzed; Pearson corre la t ion  coefficient  R = 0.894, 
df = 13, P ---- 0.0001). This p robab ly  indicates tha t  bee age has  a m a r k e d  
effect  on the pa t t e rn  of change in HP-gland activity, no m a t t e r  whe the r  bees  
are  unde r  broodless  or  brood-r ight  condit ions.  However ,  o ther  fac tors  
c o m m o n  to the four  colonies, such as nec ta r  and  pollen availabil i ty and  
wea the r  condit ions,  could also have played roles in influencing the HP- 
gland activity.  The exper iment  could not  exclude the l a t t e r  t empora l  fac tors  
because  the age of bees was confounded  with  them.  The exper imen t  would  
have to be  repea ted  over  di f ferent  seasons and different  resource  condi t ions 
to separa te  the effects,  if any, of these variables.  

The general  pa t t e rn  of HP-gland activity of bees f rom brood-r ight  colo- 
nies a shown in [igure 1 matches  the three  phases  of glandular  deve lopment  
(HASSANEIN, 1952; HAYDAK, 1957). The activi ty was min imal  in newly emerged  
bees which have undeveloped glands. Then it rose sharply  in the f irst  three  
days a f te r  emergence  as the glands developed to full size. The act ivi ty 
s tayed at  a high level while the bees were  engaged in b rood  rearing,  and 
declined when  bees  s t a r t ed  foraging. The glandular  act ivi ty of bees  f r o m  
broodless  colonies had  a s imi lar  t rend,  but  as there  was no b rood  for  bees 
to care for, thei r  glands displayed a much  lower  level of activity. The 
gland act ivi ty of these bees actual ly decl ined steeply 3 days a f te r  emergence.  
The peak  of act ivi ty on day 2 p robab ly  represen t s  synthesis  of " s t r u c t u r a l  
p r o t e i n s "  which are necessary for  g landular  deve lopment  but  would not 
a p p e a r  in the b rood  food. 

I t  is un fo r tuna t e  that  the shor tage  of m a r k e d  bees in broodiess  colonies 
obvia ted  compar i son  of gland activi ty be twen  bees under  the two b rood  
condit ions at  older  ages. Never theless  a decline in HP-gland activi ty f rom 
day 23 on was observed  for  bees in the brood-r ight  colonies (fig. 1), possibly  
due to the s t a r t  of  foraging. The HP-gland activi ty of bees f r o m  the two 
b rood  condit ions may  converge again at older  ages. A s imi lar  decline 
in HP-gland activi ty for  broodless  bees would not  be  expected,  because  1) 
the bees f r o m  broodless  colonies a l ready had  a lower gland activi ty com- 
pa red  to tha t  of  brood-r ight  bees; and 2) the shif t  of tasks  to foraging in 
broodless  bees may  be less dist inct  because  the absence  of b rood  reduces  
foraging act ivi ty (FREE, 1967) and broodless  bees  have grea te r  longevity 
(MAURIZlO, 1950; FLURI et al., 1982). We observed  tha t  general ly foraging 
was m u c h  less intensive in broodless  colonies than  in brood-r ight  ones. 
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Effects  of  Various Brood Stages  on the HP-Gland Activity 

T h i s  e x p e r i m e n t  w a s  d e s i g n e d  to  d e t e r m i n e  t h e  r e l a t i v e  e f f e c t i v e n e s s  

o f  d i f f e r e n t  b r o o d  s t a g e s  in  e l e v a t i n g  H P - g l a n d  a c t i v i t y .  T h e  r e s u l t s  o f  t h e  

A N O V A  a n a l y s i s  a r e  p r e s e n t e d  i n  table II. B o t h  t h e  e f f e c t s  o f  t r e a t m e n t  

a n d  of  r e p l i c a t e s  w e r e  h i g h l y  s i g n i f i c a n t  (F5,20 = 4.29, P = 0.0082; F5,20 = 25.21, 

P = 0.0001, r e s p e c t i v e l y ) .  T h e  c o l o n y  e f f e c t  (F5,20 = 2.29, P = 0.09) w a s  n o t  
s i g n i f i c a n t  a t  t h e  5% leve l .  T h e  H P - g l a n d  a c t i v i t y  as  a f f e c t e d  b y  v a r i o u s  

b r o o d  s t a g e s  is  p r e s e n t e d  in  figure 2. T o g e t h e r  w i t h  e i g h t  p l a n n e d  c o n t r a t s  

s h o w n  in  table III,  w e  c a n  s u m m a r i z e  t h e  f o l l o w i n g  r e s u l t s .  T h e  e f f e c t s  
o f  p u p a e  a n d  eggs  w e r e  n o t  d i f f e r e n t  f r o m  t h e  b r o o d l e s s  c o n t r o l  ( c o n t r a s t s  

1 a n d  2 in  table II l) ,  i n d i c a t i n g  t h e i r  i n a b i l i t y  to  a c t i v a t e  t h e  H P  g l a n d s  o f  

t h e  s a m p l e d  bees .  T h e  e f f e c t s  o f  l a r v a e  y o u n g e r  t h a n  3 d a y s  (LA1) a n d  

o l d e r  t h a n  3 d a y s  (LA2) w e r e  n o t  s i g n i f i c a n t l y  d i f f e r e n t  f r o m  e a c h  o t h e r  (con-  

t r a s t  3 in  table III).  L a r v a l  t r e a t m e n t s  c o n s i d e r e d  t o g e t h e r  w e r e  s i g n i f i c a n t l y  

m o r e  e f f e c t i v e  t h a n  e i t h e r  t h e  c o n t r o l ,  o r  eggs  a n d  p u p a e  c o m b i n e d  i n  t r ig -  

g e r i n g  H P - g l a n d  a c t i v i t y  (figure 2; c o n t r a s t s  4, 5, 6 in  table III).  A m i x t u r e  o f  

a l l  b r o o d  s t a g e s ,  o n  t h e  o t h e r  h a n d ,  w a s  i n t e r m e d i a t e  b e t w e e n  e g g s / p u p a e  
a n d  l a r v a e :  i t  w a s  m o r e  e f f e c t i v e  t h a n  e g g s / p u p a e  b u t  less  e f f e c t i v e  t h a n  

l a r v a e  (figure 2, c o n t r a s t s  7 a n d  8 in  table III) .  

Table II. - -  ANOVA table for a 6 x 6 latin-square design to study the effect of various 
brood stages on HP-gland activity of worker  bees. 

tableau II. - -  Tableau d'analyse de variance (ANOVA) avec un plan d'exp6rience en carr6 
latin 6 • 6 pour l'6tude des effets des diff6rents stades de d6veloppement du couvain 
sur l 'activit6 des glandes HP d'ouvri~res d'Abeilles. 

Source DF SS Mean Square F Value Pr > F 

Replicate 5 1.79 0.36 4.29 0.0082 
Colony 5 0.96 0.19 2.29 0.0848 
Treat 5 10.53 2.11 25.21 0.0001 
Error  20 1.67 0.08 

Total 35 14.95 

Table III. - -  Planned contrasts between various treatments or t reatment  combinations 
of the latin-square experiment. 

Tableau III.  - -  Tableau des contrastes entre diff6rents traitements ou entre combinaisons 
de traitements dans le plan d'exp6rience en carr6 latin. 

Contrast df Mean Square F Value Pr > F 

1. control vs pupae 
2. control vs eggs 
3. control vs mixture 
4. old larvae vs young larvae 
5. control vs both larvae 
6. eggs + pupae vs both larvae 
7 mixture vs eggs § pupae 
8. mixture vs both larvae 

1 0.01 0.11 0.7415 
1 0.00 0.02 0.8818 
1 1.42 17.05 0.0005 
1 0.01 0.15 0.7013 
1 6.01 71.91 0.0001 
1 8.43 20.14 0.0001 
1 1.68 100.86 0.0002 
1 1.15 13.78 0.0014 
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Fig. 2. - -  Means  and  s t anda rd  er rors  of HP-gland activity of bees f rom var ious  brood- 

stage t r ea tmen t s .  

Each  ba r  represen ts  the  da ta  f rom 30 bees. 
Legend for  x-axis label: 

Crl: b roodless  control; 

Egg: egg stage; 

Pup: capped brood; 
Mix: a mix tu re  of all brood stages; 

Lal:  larvae younger  than  3 days; 
La2: larvae older than  3 days; 

Bars  wi th  the  same  let ters  are not  significantly different  f rom one ano the r  at  5 % 
level, tes ted  by p lanned contras t .  

Fig. 2. - -  Moyennes  et e r reurs  types de l 'activit6 des glandes I tP d 'abeil les ayant  6t6 
en pr6sence de couvain h divers s tades  de d6veloppcment.  Chaque colonne repr6sente  
la moyenne  des donn6es de 30 abeilles. 
L6gendes de l 'axe des abscisses:  

Crl. : t6moins  sans  couvain ; 
Egg : ceufs ; 

Pup : couvain  opercul6 ; 

Mix :  m61ange de t o u s l e s  s tades  de d6veloppement  du couva in ;  
Lal  : larves de moins  de 3 j o u r s ;  

La2 : larves de plus de 3 jours .  

Les va leurs  des colonnes po r t an t  la m~me lettre ne sont  pas  s ignif ica t ivement  diff6- 
rentes  au  seuil  de 5 % pour  les cont ras tes  planifi6s du tableau 3. 
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I t  is of  i n t e r e s t  to n o t e  tha t  a m i x t u r e  of all  b r o o d  s tages r e s u l t e d  in  
i n t e r m e d i a t e  levels of HP-g land  act ivi ty.  The  only  e x p l a n a t i o n  we  can  
p rov ide  for  th is  is t ha t  poss ib ly  fewer  n u r s e  bees  w ou l d  be  n e e d e d  to care  
for  the  m i x t u r e  (because  on!y  a b o u t  ha l f  of the  cells c o n t a i n e d  l a rvae  t ha t  
n e e d e d  to be  fed), so t ha t  a sma l l e r  p r o p o r t i o n  of bees  in  the  s a mp l e s  ha d  
ac t iva ted  HP  g lands .  

BROUWERS (1983) sugges ted  t ha t  eggs a lone  seem to have  the  ab i l i ty  
to ac t iva te  the  HP g lands  of bees  kep t  in  Liebefe ld  cages, b u t  fa i led  to 
p r e s e n t  s t a t i s t i ca l  ev idence  to s u p p o r t  t ha t  conc lus ion .  I n  c on t r a s t ,  no  
effect  by  eggs was  de tec ted  in  this  expe r imen t .  I t  m a y  be  seen  f r o m  figure 
2D of BROUWERS (1983) t ha t  a m o n g  50 bees  s a m p l e d  f r o m  the  egg t r e a t m e n t ,  
on ly  3 bees  h a d  g l and  ac t iv i ty  above,  a n d  a n o t h e r  3 bees  h a d  ac t iv i ty  
a b o u t  the  s a m e  level as, the  " m i n i m a l  g land  ac t iv i ty  d i sp layed  by  k n o w n  
n u r s e  b e e s " .  Iy  s eemed  tha t  the  egg stage has  on ly  a sl ight ,  if a n y  a t  
all, effect  on  HP-g land  ac t iva t ion .  

HP-Gland Activity o f  Bees at Different T imes  After Introduct ion and 
Withdrawal  of  Brood 

Table IV p r e s e n t s  the m e a n s  a nd  s t a n d a r d  e r ro r s  of HP-g land  ac t iv i ty  
of bees  s a m p l e d  at  d i f f e ren t  t imes  a f t e r  la rva l  i n t r o d u c t i o n .  I n  the  cage 
expe r imen t ,  on ly  bees  s a m p l e d  three  days a f te r  larval  i n t r o d u c t i o n  showed  
a n  e leva ted  HP-g land  ac t iv i ty  ( u p p e r  par t ,  table IV). The resu l t s  f r o m  the  

Table IV. - -  HP- gland activities of bees sampled at various time intervals after brood 
was introduced. Top: experiment carried out in cage. Bottom: experiment carried 
out in hive. 

Tableau IV. - -  Activit6 des glandes HP d'Abeilles pr61ev6es h des moments diff6rents 
apr6s introduction du couvain. 

Time * N Mean DPM ~ Std error 

Cage: 1 d 5 3291.3 700.1 
2 d 5 5932.3 2030.4 
3 d 5 11357.2 1933.6 

Hive: 0 m 5 6674.9 793.0 
5 m 5 5801.3 1614.8 

15 m 5 7271.2 1367.2 
30m 5 5562.0 1475.0 

1 h 5 4162.3 861.7 
2 h 5 7089.1 1225.2 
3 h 3 7608.3 2024.5 
5 h 5 4238.5 1295.8 

10 h 5 3248.6 848.0 
24 h 5 7267 4 1262.8 
72 h 5 17071.7 5739.5 

Note: * for time intervals, d denotes day, m minute, and h hour. 
DPM: disintegrations per minute per bee. 
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hive experiment  studying the precise timing of HP-gland activation are pre- 
sented in the lower par t  of table IV. No sign of elevated HP-gland activity 
was found until  72 hours  after  brood introduction.  Unfortunately,  the 
status of the glands at 48 hours  could not  be determined. However,  it is 
clear that  bees did not have their glands activated within 24 hours,  even 
though the larvae were undoubtedly  being fed in this period, for otherwise 
they would have starved to death. (Most larvae 3-5 days old move out of 
their cells when  not fed for more  than 10 hours;  personal  observation by 
Z.-Y.H). Therefore,  there is a t ime lag between the initiation of actual 
feeding behaviour  and gland activation. The similarity in results between 
this experiment  and the cage experiment seems to suggest that  the time 
lag is about  three days. This result  is compatible with that  of BROUWERS 
(1983), who noted that HP glands "demons t r a t ed  the highest activities 
after 3 days; ' ,  when eggs and young larvae were present.  The time lag 
here probably  indicates that  the HP glands are activated after, ra ther  than 
before the larval feeding, i.e. the elevated HP-gland activity is a result of, 
ra ther  than a pre-condition of, larval feeding. 

1 0 . 5  
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n 10 ~ 

9.5 I ~ - -  ~ _  

> 8.5 * ~" 

0 ~- , , 
< 8 

-~ 7.5 Y = 9 . 4 6 7 + 0 . 1 7 1 • 2 1 5  2 ~ * C- , 

-q 7 
(D 

-F  

Days After Larval Removal 
Fig. 3. --  HP-gland activity of caged bees sampled at different times after brood was 

removed. 

Fig. 3. --  Activit6 des glandes HP d'abeilles pr61ev6es h des moments diff6rents apr~s le 
retrait du couvain. 
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No difference in HP-gland activity was found between different 
cages F3,31 = 0.33, P = 0.80), but  larval removal reduced the gland activity 
dramatical ly (Fs,31 = 2,71, P = 0.0214). Fur ther  analysis showed that  there 
was a quadrat ic  regression between the number  of days after  larval with- 
drawal and HP-gland activity of caged bees (F2,~0 = 13.54, P < 0.001). Figure 
3 depicts this relationship graphically. This result demonstrates  once again 
that  the elevated HP-gland activity is dependent  on the presence of larvae, 
but  also there is a time lag between the removal of brood and the decline 
of gland activity. The gland activity re turned to approximately the same 
level as that  of bees f rom broodless colonies .about  4 days after  the larvae 
were withdrawn.  

This time-lag phenomenon for gland activation can have several expla- 
nations. One possibility is that  the brood indeed has a signal to activate 
the HP gland, but  the signal has a " p r i m e r "  effect instead of a " re leaser"  
effect, so some time is required for the signal to effect a response. Alterna- 
tively, one can postulate that  feeding behaviour itself is sufficient for gland 
activation, if there is a simple negative-feedback mechanism. One inevitable 
result of the feeding is that clusters of HP glands cells would become 
smaller as glandular  secretions are t ranspor ted  through the ducts to the 
mouthpar ts .  With operat ion of a negative-feedback mechanism, the glands 
could start  protein product ion if they are smaller than a threshold size, and 
conversely stop protein product ion if glands are larger than an upper  
threshold. Such a mechanism could be accomplished through stretch 
receptors or a direct biochemical feedback system. 

Both the above hypotheses can satisfactorily explain the time lag before 
gland activation. However, the negative-feedback model also predicts that  
1) once larvae are removed, the size of glands would increase because there is 
no protein output  and 2) the glands would therefore stop protein product ion 
after a certain time (while the glands reach the threshold size) as a result of 
signals f rom stretch receptors. The predictions are met by the facts that  1) 
glandular hyper t rophy  occurs in broodless or winter  bees and 2) there is also 
a time lag for gland "de-act ivat ion" (i.e. for the elevated HP-gland activity 
to re turn  to the level of inactive glands). According to the hypothesis,  the 
time lag for activation and "de-act ivat ion" should be of about  the same 
length, which is what  the experiments showed (three-four days). 
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