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SUMMARY 

t{ormonal ,  nu t r i t i ona l ,  and e n v i r o n m e n t a l  fac tors  inf luencing vi te l lo-  
genesis  in Lasiofflossum :ephyram females  were s tudied in bees m a i n t a i n e d  
in plas t ic  vials or in glass  nest  sites. 

A pro te in  source is necessary  for  in i t i a t ion  of egg development .  F u r t h e r ,  
it appea r s  tha t  p ro te in  inges t ion  t r iggers  juveni le  h o r m o n e  secret ion wh ich  
is fol lowed by the in i t i a t ion  vitel logenesis .  Social in te rac t ions  are no t  
r equ i red  for  ova r i an  development ,  a l t hough  the nest  site itself, w i t h  soil 
for  m ak i ng  cells, seems to s t imu la t e  p ro te in  ingest ion and there fore  vi te l lo-  
genesis.  

I n h i b i t i o n  of  egg developlnent  in r wor ke r  >> bees exer ted by  the << queen  >> 
can he overcome by t r ea t ing  r worke r s  >> wi th  juveni le  ho r mone ,  sugges t ing  
tha t  the inh ib i t ion  is media ted  t h r o u g h  the corpora  al lata .  

RESUMB 

Facteurs contr61ant le d6but de la vitellogen~se 
chez une abeille primitivement sociale 

Lasioglossum zephyrum (Hymenoptera: Halictidae). 

On a 6tudi6 les fae teurs  h o r m o n a u x ,  n u t r i t i o n n e l s  et e n v i r o n n e m e n t a u x  
inf luen~ant  la vi tel logen6se des femelles  de Lasioglossum zephyrum 61ev6es 
darts des t ubes  en p l a s t ique  ou darts des nids .ca verre.  

Une source de pro t6 ines  est  ' n6eessaire  p o u r  l ' in i t i a t ion  du  d~ve loppement  
des oeufs. De plus,  il a p p a r a i t  que l ' inges t ion  de pro t6 ines  d6clenche la 
s6cr6tion d ' h o r m o n e  juv6ni le  qui  est suivie du d6but  de la vitellogen~se.  
Des in te rac t ions  sociales ne sont  pas  n6cessaires  au d6ve loppement  ovar ien,  
bien que le hid lu i -m6me,  avec du t e r reau  p o u r  faire  les cellules, semble  
s t i m u t e r  l ' inges t ion  de pro t6 ines  el, p a r  eons6quent ,  la vitellogen~se. 

L ' i nh ib i t i on  du d6ve loppement  des oeufs chez les << ouvr i~res  >> pa r  la 
<< re ine >> peut  8tre lev6e pa r  le t r a i t e m e n t  des ouvr i~res  avec de l ' h o r m o n e  
juv6ni le ,  sugg6rant  que l ' i nh ib i t i on  passe  p a r  les corpora  al lata .  



254  WILLIAM J. BELL 

I N T R O D U C T I O N  

F e m a l e s  of Lasioglossum zephyrum w h i c h  

e m e r g e  in  s u m m e r ,  r e s i d e  in  c o l o n i e s  ave-  

r a g i n g  14 i n d i v i d u a l s .  Usua l ly  all  i n t e r g r a -  

d a t i o n s  b e t w e e n  q u e e n  a n d  w o r k e r s  a re  

p r e s e n t ,  a n d  th i s  a r r a y  is d e p i c t e d  in  t h e  

s ca l e  of v i t e l l o g e n e s i s  f r o m  i n a c t i v e  o v a r i e s  

to ac t ive  o v i p o s i t i o n .  In  t he  m a j o r i t y  of 

nes t s ,  h o w e v e r ,  a s ing le  r q u e e n  >> is r es -  

p o n s i b l e  fo r  n m c h  of the  egg- l ay ing  (BATRA, 

1966). 

TWO m a j o r  p r o b l e m s  are  e v i d e n t  con -  

c e r n i n g  the  c o n t r o l  a n d  i n h i b i t i o n  of vi. 

t e l l ogenes i s  in  t h i s  p r i m i t i v e l y  eusoc ia l  b e e :  

(1) t he  m o d e  of v i t e l l o g e n i c  i n h i b i t i o n  p r e -  

s u m a b l y  e x e r t e d  by  the  m o r e  q u e e n - l i k e  

i n d i v i d u a l  ove r  o t h e r  b e e s  of t he  co l o n y ,  

a n d  (2) f a c t o r s  w h i c h  m e d i a t e  i n i t i a t i o n  of 

yo lk  d e p o s i t i o n  in  r e p r o d u c t i v e  f emales .  

T h i s  p a p e r  deals  w i t h  v a r i o u s  e n v i r o n -  

men ta l ,  h o r m o n a l ,  a n d  n u t r i t i o n a l  f a c t o r s  

w h i c h  s y n e r g i s t i c a l l y  s t i m u l a t e  yolk  depo-  

s i t ion  in th i s  spec ies .  

METHODS AND MATERIALS 

Bees were main ta ined  under  summer  photo- 
per iod and air temperatures  similar  to tha t  
experienced in nature. Two different experi- 
mental  devices were employed. In some expe- 
r iments ,  bees were mainta ined in plastic vials 
wi th  a volume of 1.74 cm 3 eonnected to two 
60 mm long plastic tubes. One tube was pro- 
vided pollen and the other wi th  a mixture  of 
honey-water .  Certain variat ions were nsed as 
described below. 

The second apparatus,  described by MmHENm~ 
and BnOTHEns (1971), consisted of a 3 mm layer 
of soil between two glass plates. Pupae col- 
lected from the field were placed in artificial 
cells formed near  a tunnel  leading to the out- 
side of the glass nest site. The nest  was 
capped with a vial of the same dimensions  as 
described above so that  the bees were not per-  
mitred free flight. 

Vial tubes or cups within the vials at tached 
to glass nest sites were provided wi th  pollen 
collected from various flowers gathered near  
L. zephgrum nests in the field. Honey-water  

mixtures  of 50:50 (v:v) Apis mellifera honey 
mixed wi th  water,  or saturated sucrose-water  
solutions were also provided in a similar  man-  
ner. In some experiments  honey-water  mixed 
with calf-serum, 1:10 (v:v), was introduced into 
vial tubes of nest site vials, In all exper iments  
bees were provided with water.  

In both designs the glass nest  or tubes were 
mainta ined in darkness to mimic condit ions in 
soil, whereas the vials were exposed to light. 

Topical juvenile hormone applications were 
performed by coating the thorax of a res t ra ined 
bee wi th  0.15 ug of synthetic juvenile hormone 
(JH) in olive oil. The res t ra ining devise con- 
sisted of a vacuum-supplied disc co~,'ered wi th  
plastic mesh. The bee was held against  the 
mesh owing to the suction beneath,  and there-  
fore use of carbon dioxide or other anesthet ic  
was unnecessary.  

Ovaries were dissected in Dietrich's (Kahle's) 
solution and measurements  made on width  and 
length of basal  oocytes. Ooeyyte volume was 
calculated according to BELL (1969). 
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RESULTS 

1. Isolated bees. 

Newly emerged L. zephyrum females 

ma in tened  in plastic vials engaged in beha- 

vior  patterns wh ich  were  s imiIar  to those 

previous ly  descr ibed for bees in the field 
(BATRA, 1964, 1968) and in art if icial  colo- 

nies (MICHENER et al., 1971). Act ivi ty  was 

confined to t he  plast ic tubes from approxi-  
mately 4 hours  before sunset to 4 hours  

after sunrise (fig. 1), whereas  the bees enga- 

ged in short flying spurts and rap id  walk ing  

p ro t rud ing  into the vial. When disturbed 

the bees backed down into the tube. That 

bees s imulated work ing  behav ior  was sug- 

gested by their  pe r iod ic  pushing  of ei ther  
soil or pollen placed in the tubes. Work ing  

per iods  lasted 1 to 4 minutes  spaced by 

equal or greater  per iods  of grooming.  The 

most common pat tern observed  was moving  

pollen from the tube into the vial using 

hindlegs and abdomen. Up to 10 mma of 

pollen were  moved  in a 6 hour  period.  

Bees were  observed on a few occasions 
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FIG. 1. - -  Activity of isolated bees. Open circles represent the per cent of bees in the 
tubes (guarding, moving polIen), closed eirclees represent the per cent of bees in the 
vial (rapid walking, feeding). The heavy line below the lower axis depicts the dark 
period during the light cycle. Observations were made betx~een 5:30 am to 10:30 pro. 
Each point represents one observation. 

in the vials dur ing the ramain ing  por t ion  of 

the dayl ight  hours. Bees in the tubes spent 

on the average 50 % of thei r  t ime guarding 
tube entrances  facing the vial  wi th  antennae 

moving  pollen f rom one tube to another  on 

the h ind  legs and abdomen,  but whe the r  this 

was a conscious effort is not certain.  Bees 
were  commonly  observed dr ink ing  honey 
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w a t e r ,  a l t h o u g h  t h e i r  t i m e  i n  t u b e s  w a s  d iv i -  

d e d  a l l nos t  e q u a l l y  b e t w e e n  t h e  p o l l e n  t u b e  

(53 %)  a n d  h o n e y  w a t e r  t u b e  (47 %) .  

S e v e r a l  v a r i a b l e s  w e r e  i n t r o d u c e d  to 

d e t e r m i n e  w h a t  f a c t o r  o r  f a c t o r s  m i g h t  st i-  

m u l a t e  o v a r i a n  d e v e l o p m e n t  in  i s o l a t e d  

bees  no t  p e r m i t t e d  to m a k e  nes t s .  T a b l e  I 

d e p i c t s  t he  r e s u l t s  of t h e s e  e x p e r i m e n t s .  

Bees  p r o v i d e d  w i t h  p o l l e n  a n d  h o n e y - w a t e r  

w e r e  d i s s e c t e d  a f t e r  5 or  12 days ,  p e r i o d s  

J. BELL 

in  5 % of t he  f e m a l e s  e x a m i n e d ,  w h e r e a s  

t h e  c r o p s  w e r e  f i l led w i t h  h o n e y - w a t e r  i n  

al l  cases .  On t he  b a s i s  of  t h e s e  r e s u l t s  i t  

w a s  a E u m e d  t h a t  t he  p r o t e i n  c o n s u m p t i o n  

of  i s o l a t e d  bees  w a s  at  t h e  m o s t  m i n i m a l  

as c o m p a r e d  w i t h  p o l l e n - f i l l e d  guts  of  bee s  

c a u g h t  in  t h e  f ie ld or  c a p t u r e d  f r o m  a r t i -  

f ic ia l  co lon i e s .  W h e n  h o n e y - w a t e r  d i l u t e d  

w i t h  ca l f  s e r u m  w a s  o f f e r e d  to i s o l a t e d  

bees ,  a s i g n i f i c a n t  i n c r e a s e  in  m e a n  b a s a l  

TABLE :I .  - -  EFFECTS OF PROTEIN DIET AND JH 
APPLICATIONS ON OVA]tIAN DEVELOPMENT IN ISOLATED BEES 

TEEATMEN'r § N 

a. Fed honey-wa te r  and pollen . . . . . .  
b. Starved .. . . . . . . . . . . . . . . . . . . . . . . .  
c. Fed pollen and honey-wate r  wi th  

10 % calf serum . . . . . . . . . . . . . . . . . .  
d. Fed pollen and honey-wate r  wi th  

10 % boiled calf serum . . . . . . . . . . .  
e. Fed pollen and honey-water ,  topi-  

cal JH appl ica t ion . . . . . . . . . . . . . . .  
f. Fed pollen and honey-water ,  topi-  

cal olive oil appl icat ion . . . . . . . . . .  

40 
20 

~'~EAN VOLU31E I)EH CENT FEMALES 
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which  

Al though pollen was provided, few bees  ingested pollen when isolated.  
The re la t ively  large S.D. are accounted for by the inclus ion of volumes  of ooeytes 

failed to engage in vitellogenesis.  

of t i l ne  s u f f i c i e n t  for  i n i t i a t i o n  of egg de-  

v e l o p m e n t  in  bee s  p r o v i d e d  w i t h  n e s t i n g  

s i tes ,  or  a f t e r  30 days .  No y o l k  s p h e r e s  

w e r e  p r e s e n t  in  t h e  b a s a l  oocy tes ,  as de-  

t e r m i n e d  b y  p h a s e  c o n t r a s t  m i c r o s c o p y ,  a n d  

b a s a l  o o c y t e  v o l u m e ,  0.09 X 10 - n  mm:~, 

s h o w e d  no  s i g n i f i c a n t  i n c r e a s e  o v e r  o o c y t e  

v o l u m e  of  n e w l y  e m e r g e d  L. ~zephyrum 
f e m a l e s  ( T a b l e  I, a) .  S t a r v e d  f e m a l e s  a lso  

h a d  n o  o v a r i a n  d e v e l o p l n e n t ,  b u t  o n l y  su r -  

v i v e d  f o r  24 to 48 h o u r s  ( T a b l e  I, b).  No 

p o l l e n  w a s  o b s e r v e d  in  guts  of m o s t  iso-  

l a t e d  b e e s  p r o v i d e d  w i t h  p o l l e n  a n d  h o n e y  

w a t e r  a l t h o u g h  s l i g h t  q u a n t i t i e s  w e r e  f o u n d  

o o c y t e  v o l u m e  (8.67 X 10-:~ ram:0  w a s  ob-  

s e r v e d  ( T a b l e  I, c a n d  d) .  V a r i a t i o n  in  

o o c y t e  v o l u m e  a m o n g  p r o t e i n - f e d  bees  (,09 

to 48.40 X 10 - a  m m a )  m a y  re f l ec t  d i f fe-  

r e n c e s  in  t h e  q u a n t i t y  of l i q u i d  i n g e s t e d .  

No i n c r e a s e  in  o o c y t e  v o l u m e  o c c u r r e d  

w h e n  bees  w e r e  f ed  b o i l e d  ca l f  s e r u m ,  p r e -  

s u m a b l y  d e p l e t e d  of p r o t e i n ,  m i x e d  h o n e y -  
w a t e r .  

In  a v a r i e t y  of i n s e c t  s p e c i e s  t he  j u v e n i l e  

h o r m o n e  s t i m u l a t e s  v i t e l l o g e n e s i s  ( r e v i e w :  

ENGELMANN, 1968).  I t  w a s  of  i n t e r e s t ,  t he -  

r e f o r e ,  to  t e s t  t h i s  p o s s i b i l i t y  i n  i s o l a t e d  

L. zephyrum f emales .  J u v e n i l e  h o r m o n e  
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was topical ly appl ied to p rov ide  each bee 

wi th  0.15 micrograms  of synthet ic  hor- 

mone mixed  with  olive oil. The bees were  

also pe rmi t t ed  to feed on pollen and honey- 

water .  After 12 days the dissected ovaries  

conta ined  basal oocytes wi th  a mean vo- 
lume of 69.52 • 10 -3  mm:~, and vitello- 

genesis was ini t ia ted in at least 4 of the 

6 basal oocytes in each female. No growth 

was st imulated when bees were  t reated 

wi th  an equal quanti t ies  of olive oil, nor  

was pollen detected in guts of dissected 

bees (Table I e and D. 

soil-filled plast ic tubes. Apparent ly  nei- 

ther  contact  wi th  other  bees, nor provi-  

sions for b u r r o w i n g  were  sufficient to sti- 

mulate  pollen feeding and ovar ian  deve- 
lopment.  

Within  48 hours  after emergence,  bees in 

glass nest sites began inc reas ing  the length 

of their  burrows,  and wi th in  7 days cells 

were  constructed and provis ioned.  Suc- 

cessful cell cons t ruct ion  was indica ted  by 

egg hatching,  pupat ion,  and emergence  of 
male offspring. 

Groups of bees in s imi lar  nest sites, but 

TABLE I L  - -  0VAI~IAN GROWTH OF BEES IN ARTIFICIAL COLONIES IN GLASS NEST SITES 

NEST 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 

BEE #1  

55.60 
117.30 
55.60 

.71 
209.50 
219.5(} 

.92 
320.00 

54.60 
160.22 

8.30 
119.20 

B~,E #2 

20.90 
55.60 

.21 

.12 

.90 
157.20 

.91 
1.23 

47.50 
27.80 

.12 
1.47 

~%rO][.L'ME OF LARGEST OOCYTE (mnl a X I0 -a) 

]~EE #:~ BEE #4 

0.09 
2.35 .09 
.09 .09 
.09 
.90 .22 

16.30 .27 
.09 .09 

.54 .09 

.09 

~EE ~5  

.09 

.09 

Isolated bees in glass nests, but wi thout  

soil, fai led to develop eggs, and as in vials 

(discussed above) fai led to feed on pollen. 
On the other  hand,  isolated bees in glass 

nest sites wi th  soil fed on pollen and exhi- 

bited vitellogenesis.  

2.  B e e s  in  a r t i f i c i a l  c o l o n i e s .  

Vitellogenesis and pollen feeding were  
not ini t ia ted in unt rea ted  groups of 3 to 5 

bees main ta ined  together  in plast ic  vials, 

nor in groups of bees in vials complete  wi th  

wi thout  soil, failed to develop eggs, and 

as in isolated bees, failed to feed on pollen. 

Conversely,  bees in soil-filled nest sites 

showed var ious degrees  of ovar ian  develop- 

ment  as in normal  colonies.  In each of 
12 nests (Table II) one ind iv idua l  had ter- 

nfinal, chor iona ted  basal oocytes, whereas  

o the r s  showed some ovar ian  development  

often wi th  one or more  resorb ing  oocytes. 

Pollen-filled guts were  observed in 75 % of 
the bees. 

In some nests the bees were  p rov ided  

with  honey-water  but no pollen. In these 

cases 8 of 12 nests conta ined no bees wi th  

ovar ian development  after 12 days, whe-  



2 5 8  W I L L I A M  J. B E L L  

r e a s  o n e  bee  in  o n e  ne s t  h a d  m o d e r a t e  

o v a r i a n  g r o w t h  a n d  3 b e e s  in  3 nes t s  h a d  

less  o v a r i a n  d e v e l o p m e n t  ( T a b l e  I I I ,  b) .  To 

f u r t h e r  p r o b e  t h e  ef fec ts  of  f e e d i n g  p r o t e i n  

a n d  n o n - p r o t e i n  d ie t s ,  s ix  n e s t s  w e r e  p r e -  

p a r e d  as a b o v e .  P o l l e n  w a s  p r o v i d e d  in  

a d d i t i o n  to s u c r o s e  w a t e r  in  3 nes t s ,  w h e -  

r e a s  t h e  o t h e r  3 nes t s  w e r e  g i v e n  o n l y  

u s u r p e d  t h e  e g g - l a y i n g  f u n c t i o n  of  t h e  co- 

lony .  I t  w a s  of i n t e r e s t  t h e r e f o r e  to  i n v e s -  

t i ga t e  w h e t h e r  i n h i b i t i o n  of  << w o r k e r  >> 

o v a r i a n  d e v e l o p m e n t  is  m e d i a t e d  b y  c u r -  

t a i l i n g  t he  s e c r e t i o n  of  J H  b y  t h e  c o r p o r a  

a l la ta .  Nes t s  c o n t a i n i n g  3 to 5 p u p a e  w e r e  

o b s e r v e d  o v e r  a p e r i o d  of o n e  w e e k  d u r i n g  

w h i c h  t he  a d u l t  f e m a l e s  e m e r g e d ,  dug  t u n -  

TABLE III. - -  E F F E C T S  O F  R E C E N T  D I E T  A N D  H O R M O N E  A P P L I C A T I O N S  

O N  O V A R I A N  D E V E L O P M E N T  O F  B E E S  I N  A n T I F I C I A L  C O L O N I E S  I N  G L A S S  N E S T  S I T E S  

7 

i 

T R  EAT:~tE.~'T NU.XIBER N U S I B E R  ] ~VI~TIt F E ) I A L E s  A V E R A G E  V O L U ~ I E  
O V A R I A N  O F  L A R f i ~ S T  O O C Y T E  

l lEES  NF.S ' fS  i D E V E L O P M E N T  (1111711 8 ~ 1 0  .3 ~ ~ . D . )  
i 

/ ; 

a. Nests provided wi th  pollen and 
honey-wa te r  (Data f rom Table II) .  

b. Nests wi th  honeY-water  . . . . . . . . . .  
c. Nests wi th  sucrose-water  and pol- 

len . . . .  : . . . . . . . . . . . . . . . . . . . . . . . .  
d. Nests wi th  sucrose-water  . . . . . . . .  
e. Nests wi th  honey-water ,  pollen, 

topical  JH appl icat ion . . . . . . . . . . . .  
f. Nests wih t  honey-water ,  pollen, to- 

pical olive oil appl icat ion . . . . . . . . .  

41 
36 

10 
11 

15 

16 

12 
12 

3 
3 

5 

5 

i 
76 
22 

75 
0 

60 

109.53 ~ § 
5.23 -- 1.85 

97.65 ----- § 
.09 ----- .00 

174.22 -- 23.17 

88.78 :: 75 

': S tandard  devia t ions  for  the means of a, c and f were meaningless  owing to the inclu- 
sion of da ta  f rom bees wi th  no ovar ian  deve lopment  which a lways  occur in a nest. 

s u c r o s e w a t e r  ( T a b l e  III ,  c a n d  d).  In  t h e s e  

e x p e r i m e n t s  no  o v a r i a n  d e v e l o p m e n t  w a s  

o b s e r v e d  i n  bees  w i t h o u t  a c c e s s  to po l l en ,  

w h e r e a s  t h o s e  bees  p r o v i d e d  w i t h  p o l l e n  

e x h i b i t e d  t h e  n o r m a l  g r a d a t i o n  of o v a r i a n  

g r o w t h  f r o m  e g g - l a y i n g  f e m a l e s  to  f e m a l e s  

w i t h  o n l y  s l i g h t  o v a r i a n  g r o w t h .  Bees  

w i t h o u t  p o l l e n  d id ,  h o w e v e r ,  d i g  t u n n e l s  

a n d  c o n s t r u c t  cells,  b u t  d i d  no t  p r o v i s i o n  

o r  c lose  t h e  celIs.  
As d e s c r i b e d  above ,  J H  a d m i n i s t r a t i o n  

w a s  f o l l o w e d  b y  o v a r i a n  d e v e l o p m e n t  in  

i s o l a t e d  b e e s  e v e n  in  t he  a b s e n c e  of  pos t -  

e m e r g e n c e  p r o t e i n  f eed ing .  S e c o n d l y ,  in  

n e s t s  p r o v i d e d  w i t h  a p r o t e i n  s o u r c e  (pol-  

l en )  s o m e  f e m a l e s  e x h i b i t e d  l i t t l e  or  n o  

o v a r i a n  d e v e l o p m e n t ,  a n d  u s u a l l y  o n e  f e m a l e  

ne l s  a n d  c o n s t r u c t e d  cells .  T h e  nes t s  w e r e  

t h e n  c h i l l e d  to i n a c t i v a t e  t h e  i n h a b i t a n t s ,  

t h e  bees  w e r e  r e m o v e d ,  a n d  in  3 nes t s  t he  

bees  w e r e  t r e a t e d  w i t h  J H  a n d  in  t h e  re -  

m a i n i n g  3 nes t s  t he  bees  w e r e  t r e a t e d  w i t h  

o l ive  oil .  T h e  b e e s  w e r e  r e t u r n e d  w i t h i n  

4 h o u r s  to t h e i r  r e s p e c t i v e s  nes t s  a n d  le f t  

u n d i s t u r b e d  fo r  one  w e e k .  T a b l e  I I I  (e  

a n d  [)  d e p i c t s  t h e  i n c r e a s e  in  o v a r i a n  deve -  

I o p m e n t  in  b e e s  t r e a t e d  w i t h  JH as c o m -  

p a r e d  w i t h  t h o s e  t r e a t e d  w i t h  o l ive  oil.  

No c r e d e n c e  c a n  be  g i v e n  to d i f f e r e n c e s  in  

t h e  p e r c e n t  of bees  w i t h  o v a r i a n  d e v e l o p -  

l nen t ,  as  m o s t  bee s  in  n o r m a l  c o l o n i e s  h a v e  

at  l eas t  m o d e r a t e  o v a r i a n  g r o w t h ,  bu t  a 

s i g n i f i c a n t  d i f f e r e n c e  i n  v o l u m e  of t h e  l a r -  

gest  o o c y t e  w a s  o b s e r v e d .  
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D I S C U S S I O N  

In general ,  diet and seasonal  factors  
de te rmine  the extent  of ovar ian  develop-  
ment  in bees. Newly  emerged  w o r k e r  
honeybees  requ i re  a p ro te in  source  for ini-  
t ia t ion of yolk  deposi t ion,  a l though the 
source  may  be exper imen ta l ly  p r o v i d e d  by 
soybean flour (HEss, 1942), casein (VERHEI- 
JEN-VooGD, 1959), or  pol len (PAIN, 1961). 
P ro te in  requ i rements  for vi te l logenesis  are 
common in a var ie ty  Of insect  groups,  and  
in some species  feeding  t r iggers  secre t ion  
of juveni le  ho rmone  (JOHANSSON, 1964). 
Seasonal  in f luences  on ovary  deve lopment  
have been r epo r t ed  by  VELTHIUN (1971), 
especia l ly  wi th  r ega rd  to seasonal  var ia-  
t ion in oocyte  growth  dur ing  the sununer  
months .  

Inh ib i t ion  of w o r k e r  egg developlnent  is 
appa ren t l y  med ia ted  in social  Hymenop-  
tera by an effect the queen has over  wor-  
kers  ( r e v i e w :  BUTLER, 1964'). The inhib i -  
to ry  factor(s)  is appa ren t ly  sec re ted  by 
queen m a n d i b u l a r  glands.  The mechan i sm 
of ac t ion is not well  unders tood,  however ,  
especia l ly  s ince  the queen subs tance  vapor  
causes some inh ib i t i on  in add i t ion  to the 
s t rong effect of ingest ion.  Inject ions ,  
however ,  fai led to p rov ide  definite results.  

That  JH plays  a role  in w o r k e r  honeybee  
ovary  deve lopment  is suggested by a reduc-  
t ion in ovary  regress ion when  co rpo ra  
al lata  f rom 4-day-old queen la rvae  were  im- 
p l an t ed  into 4-day-old w o r k e r  larvae.  Cor- 
po ra  a l la ta  from w o r k e r  la rvae  fa i led  to sti- 
mulate  the act ion of queen la rva l  glands 
(CnaI and SHUEL, 1970) No oocyte  growth  
resul ted  from the above exper iments ,  howe-  
ver, whe reas  fa rnesy l  methyl  ether,  a juve- 

n i l e  ho rmone  analogue, d id  s t imula te  oocyte 

deve lopment  when a d m i n i s t e r e d  to larvae,  
Thus, a l though an effect of JH is suggested, 
the resul ts  also ind ica te  the  poss ib i l i ty  of 
different  hormones  or d i f ferent  concent ra -  
t ions of hormones  issuing f rom imp lan ted  
glands as compared  wi th  in jec t ion  of FME. 
The work  of CnAI and SHtJEL does not 
suggest, however ,  that  JH might  enhance  
vitel logenesis  when  a d m i n i s t e r e d  to adul t  
bees. 

The results  of topica l  app l i ca t ion  of JH 
in L. z e p h y r u m  point  out, a l though ind i -  
rect ly,  that  JH s t imula tes  ovar ian  develop-  
ment. A pro te in  meal is not  r equ i r ed  for  
this process,  however ,  if JH is adminis te -  
red;  but wi thout  the hormone ,  then pro-  
tein ingest ion is a r equ i rement .  S imi la r  
resul ts  have been r e p o r t e d  by  Bon~t (1972) 
on Polistes metr icus .  The only except ion 
to this hypothes is  was ti le subs tant ia l  num- 
ber  of bees wi th  deve loping  ovar ies  in nests 
p r o v i d e d  wi th  only honey  water .  Accor-  
d ing  to WHITE et al. (1962), Apis mel l i fera 
honey  contains  only 0 .041% ni t rogen,  an 
obviously  insuff icient  quan t i ty  of p ro te in  to 
s t imulate  egg development .  Because no 
vi te l logenesis  was  observed  in bees fed 
sucrosewater ,  it  is conc luded  that  e i ther  
soil or  honey  eon tamina t ion  is respons ib le  
for the above result .  The f indings lend 
themselves  to the  hypo thes i s  that  p ro te in  
ingest ion s t imulates  JH secre t ion ,  a l though 
the p roduc t s  of p ro te in  metabol i sm are  not 
immedia t e ly  r equ i r ed  for synthes i s  and mo- 
b i l iza t ion  of yolk  p recur so r s .  Exac t ly  
where  yolk  p recur so r s  are  s tored  in female 
L. z ephyrum is ce r ta in ly  a p rob lem to be 
inves t iga ted  more  closely.  

In te rac t ions  wi th in  a L. z e p h y r u m  colo- 
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ny  a p p a r e n t l y  a re  no t  r e q u i s i t e  fo r  v i te t lo-  

genes i s ,  a n d  th i s  is in k e e p i n g  w i t h  t he  

p r i m i t i v e  soc i a l i t y  of  t h i s  spec i e s .  T h e  

nes t  i t se l f  in  s o m e  w a y  is r e q u i r e d  fo r  egg 

d e v e l o p m e n t ,  h o w e v e r ,  as g r o u p s  of  bees  

m a i n t a i n e d  in  a s p a c e  equal  to t h e  s p a c e  in 

a nes t ,  a n d  w i t h  i d e n t i c a l  p r o v i s i o n s ,  fail  to 

d e v e l o p  eggs. In  soi l - f i l led nes ts ,  h o w e v e r ,  

n o r m a l  egg d e v e l o p m e n t  ensues .  

S e e m i n g l y  the  q u e e n ' s  i n f l u e n c e  on 

(< w o r k e r  >) o v a r i a n  d e v e l o p m e n t  is vul-  

n e r a b l e  to t he  c o u n t e r a c t i o n  of JH.  Th i s  

f i n d i n g  sugges t s  t he  poss ib i l i ty :  t h a t  a q u e e n  

e f fec t  is e x e r t e d  on the  s e c r e t o r y  c a p a c i t y  

of t h e  c o r p u s  a l l a tum or  i ts  c o n t r o l  c e n t e r  

in  t he  b r a i n .  On the  o t h e r  h a n d ,  t he  no r -  

real  s t i n m l a t i o n  of JH s e c r e t i o n  a c t i v a t e d  by  

p r o t e i n  i n g e s t i o n - - a n d  w o r k e r s  do i n g es t  

p o l l e n - - m i g h t  be s h o r t - c i r c u i t e d  by  the  

i n h i b i t i o n  e x e r t e d  by  the  queen .  In  t h i s  

s p e c i e s  t he  m o d e  of q u e e n  i n h i b i t i o n  is 

u n c l e a r  a n d  i d e e d  t h e r e  is l i t t le  e x c h a n g e  

of m a t e r i a l s  a m o n g  m e m b e r s  of  a c o l o n y  

(MICHENER et al., 1971). M o r e o v e r ,  t he  

e x t e n t  of  o v a r i a n  d e v e l o p m e n t  va r i e s  a m o n g  

w o r k e r  i n d i v i d u a l s  a n d  i n t e r g r a d a t i o n s  a re  

o b s e r v e d  w h i c h  cou ld  be c a u s e d  by  v a r ) i n g  

d e g r e e s  of i n h i b i t i o n  b y  the  q u e e n  ove r  spe-  

cif ic  s u b j e c t s  o r  by  i n d i v i d u a l  v a r i a t i o n  in  

JH s e c r e t i o n  by  the  c o r p o r a  al lata.  
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