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S U M M A R Y  

Females of three European species of cuckoo bumble bees (P. bohemicus, P. vestalis, 
and P. campestris) were introduced into free-foraging laboratory colonies of their  Bombus 
hosts  (B. lucorum, B. terrestris and B. pascuorum, respectively). The colony develop- 
meat  of one successfully parasitized colony of each bumble bee species was studied. 
Psithyrus females cohabited with host  queens and workers,  but  monopolized brood 
development through oophagy, larval ejection and the a t tempted dominance of host 
bees. Some Psithyrus brood also was destroyed, and host  bees in all three colonies 
were successful in rearing reproductive offspring. Prolonged social contact  between 
Psithyrus females and their hosts,  and the possibility of host reproduct ion in parasitized 
colonies, suggest that  there is considerable opportuni ty for coevolutionary complexity in 
Bombus - Psithyrus relationships. 

R E S U M E  

Observations sur le comportement reproducteur 
de trois esp6ces de bourdons ,, coucou, europ6ens (Psithyrus} 

Nous avons introduit  des femelles de trois esp~ces europdennes (P. bohemicus, P. 
vestaIis et P. compestris) dans des colonies de laboratoire de leur h6te Bombus (B, luco- 
rum, B. terrestris et B. pascuorum) pouvant fourrager  librement.  Pour chaque esp~ce de 
bourdon, nous avons 6tudid le ddveloppement d 'une colonie, off des parasites avaient 
dtd introduits  avec succ6s. Les femelles Psithyrus ont cohabitd avec les reines et les 
ouvri~res h6tes, mais ont monopolis~ le d~veloppement du couvain ~t travers l 'oophagie, 
l 'expulsion des larves, et les tentatives de dominer  les bourdons  h6tes. Une partie du 
couvain Psithyrus a 6td ddtruite aussi, et les bourdons  h6tes des trois colonies ont 
r~ussi h dlever du couvain de reproducteurs.  Les contacts sociaux prolongds entre 
les femelles Psithyrus et leurs h6tes, ainsi que la possibilit6 de reproduct ion de l 'h6te 
au sein des colonies parasitdes semblent  indiquer que des complexit6s codvolutives dans 
les rappor ts  Bombus-Psithyrus ne sont pas rares. 

(*) Present  address: Department  of Botany and Zoology, Massey University, Palmerston 
North, New Zealand. 
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I N T R O D U C T I O N  

Nest  pa ras i t i sm is expressed  in a var ie ty  of diverse fo rms  in bees, 
ranging f r o m  the usurpa t ion  of nest  bu r rows  of soli tary bees to social 
pa ras i t i sm in more  advanced species. In  this la t ter  group, including the 
al lodapine (Anthophoridae)  and bumble  bee (Apidae : Psithyrus and Bombus)  
parasi tes ,  there  m a y  be pro longed social contact  be tween  the pa ras i t e  and 
its hosts  (MICHENER, 1974). I n t imacy  of this sor t  can be s tudied as a means  
of discovering the ways in which colony social organizat ion is mainta ined,  
and in tu rn  man ipu la ted  by paras i tes  for  thei r  own reproduc t ive  benefi t  
(FISHER, 1987a, b). 

Despite  the answers  that  studies like these provide abou t  such quest ions 
as the acquisi t ion and main tenance  of reproduc t ive  control ,  the impor t ance  
of colony size, and the al locat ion of colony resources ,  there is a surpr is ing  
pauci ty  of da ta  on the behav iour  of bee social parasi tes .  For  example,  
the behav iour  of only one of the twelve European  Psithyrus species has 
been  descr ibed in detail  (P. vestalis Geoffroy:  VAN HONK et al., 1981) a l though 
Psithyrus is a c o m m o n  and conspicuous  e lement  of the fauna. Observat ions  
of Psithyrus biology first  made  by  HOFFER (1888) and SLADEN (1912), and 
those of VAN HONK et al., (1981), suggest  that  the invading Psithyrus female  
effectively replaces  the Bombus  queen, a l though the extent  of queen-paras i te  
cohabi ta t ion  and how paras i tes  control  host  colony deve lopment  are  un- 
known.  In  this study, the reproduc t ive  biologies of the following three 
European  species of Psithyrus were examined:  P. bohemicus Seidl, P. vestatis 
Geoffroy,  and  P. campestris (Panzer).  The recorded  bumble  bee hosts  for  
each paras i te  are, respectively,  B. lucorum L, B. terrestris L, and B. pas- 
cuorum (Scopoli),  (ALFORD, 1975). 

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

Females  of P. bohemicus, P. vestalis and  P. campeslris were field-caught in the 
vicinity of Oxford and  Manchester ,  England,  dur ing  the last  week of May, as they 
searched for hos t  nests .  They were ma in ta ined  in smal l  wire cages with access to sugar- 
water  and  pollen unt i l  they were in t roduced into hos t  nests .  Colonies of B. terrestris 
and  B. lucorum were reared in the labora tory  f rom queens  caught  nes t -searching dur ing  
the first  week in May. One nes t  of B. pascuorum was collected f rom the field on 22 
3une. At the t ime of collection it conta ined the queen and 24 workers .  All the nes ts  
were kept  in observat ion  hives in a room at 24cC, with access to the outs ide  th rough  
wire m e s h  fl ight tunnels .  

Each Psithyrus female was in t roduced unde r  red light, by placing the parasi te  
beside the comb in the nest  box, wi thout  d i s turb ing  the colony. Following its intro- 
duction,  the  in terac t ions  between the paras i te  and  hos t  bees were recorded for one hour .  
P. bohemicus females  were in t roduced into five B. lucorum colonies, each conta in ing 
f rom 4 t o  12 workers  and a queen (one in t roduc t ion  per  colony). P. vestalis females 
were in t roduced into two B. terrestris nes t s  conta in ing three and  seven workers  
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respectively as well as a queen. Finally, two P. campestris females were introduced in 
succession into the single B. pascuorurn colony, which contained 32 workers. 

Introductions were judged to be successful if the Psithyrus female remained in the 
nest for at least 24 h. These colonies were observed under red light for 15 minutes 
each day (at various times) until the end of colony development. During each observation 
period the behaviours of the parasite and host bees were recorded. A map of the comb 
was drawn every other day, indicating the presence of egg ceils, larval~ clumps and 
cocoons. In this way, the fate and development of egg cells and larvae could be 
determined retrospectively. 

R E S U L T S  

Introduction suceess 

C o n s i d e r a b l e  d i f f i cu l t y  w a s  e n c o u n t e r e d  in  i n t r o d u c i n g  Psithyrus fema-  
les,  e i t h e r  b e c a u s e  t he  p a r a s i t e s  w o u l d  n o t  s t a y  in the  h o s t  n e s t  o r  b e c a u s e  
t h e y  w e r e  a t t a c k e d  a n d  k i l l ed  b y  h o s t  bees .  Only  one  of  f ive P. bohernicus 
f ema les ,  i n t r o d u c e d  in to  s e p a r a t e  co lon ies ,  s t a y e d  in a B. lucorum nes t ,  
d e s p i t e  the  c o n s i s t e n t  l a ck  of  a n i m o s i t y  d i s p l a y e d  b y  h o s t  bee s  t o w a r d s  
t hem.  H o s t  q u e e n s  d i d  no t  r e s p o n d  to P. bohernicus f e m a l e s  in  a n y  not i -  
c eab l e  way ,  a n d  w o r k e r s  d i d  no t  a t t a c k  t h e m  d u r i n g  the  in i t i a l  1 h in t ro -  
d u c t i o n  p e r i o d .  

I n  c o n t r a s t ,  queens  a n d  w o r k e r s  of  B. terrestris a t t a c k e d  P. vestalis 
f ema le s .  I n  one  of two  co lon ies ,  a l l  t h r e e  w o r k e r s  a n d  t h e n  the  q u e e n  
a t t e m p t e d  to sting, the  p a r a s i t e .  The  Psithyrus f ema le  m a u l e d  the  queen ,  
w h i c h  t hen  le f t  the  nes t .  The  q u e e n  r e t u r n e d  t h r e e  m i n u t e s  l a t e r ,  b u t  
c o n t i n u e d  to  l eave  the  c o m b  a t  t he  a p p r o a c h  of  t he  p a r a s i t e .  The  P. vestaIis 
f e m a l e  l e f t  t he  n e s t  a f t e r  19 m i n u t e s  a n d  d i d  n o t  r e t u r n .  S i m i l a r  b e h a v i o u r  
was  e x h i b i t e d  b y  h o s t  bee s  in t he  o t h e r  nes t ;  b o t h  w o r k e r s  a n d  the  q u e e n  
a t t a c k e d  the  p a r a s i t e ,  a f t e r  w h i c h  t h e  q u e e n  t e m p o r a r i l y  a b a n d o n e d  the  
nes t .  The  P. vestalis f e m a l e  m a u l e d  w o r k e r s  a n d  the  queen .  By the  e n d  
of  t he  1-h i n t r o d u c t i o n  p e r i o d ,  no  a n i m o s i t y  b y  hos t  bees  w a s  ev iden t ,  a n d  
the  h o s t  q u e e n  a n d  p a r a s i t e  j o i n t l y  o c c u p i e d  the  c o m b .  

S i m i l a r l y ,  the  f i r s t  P. campestris f e m a l e  w a s  a t t a c k e d  by  h o s t  w o r k e r s  
as  soon  as  she  was  i n t r o d u c e d .  W o r k e r s  f o r m e d  a ba l l  a r o u n d  the  p a r a s i t e  
as  t hey  a t t e m p t e d  to s t ing  her .  The  q u e e n  le f t  the  c o m b ,  a n d  s t a y e d  a t  
t he  e n t r a n c e  of  the  ne s t  fo r  seven  m i n u t e s .  A l t h o u g h  she  t h e n  r e t u r n e d  
to  t he  c o m b ,  she  d i d  n o t  a t t a c k  the  Psithyrus f e m a l e  a t  any  t i m e  d u r i n g  
the  a t t e m p t e d  i n t r o d u c t i o n .  A t o t a l  of  seven  w o r k e r s  (22 % of  t he  t o t a l  
w o r k e r  force)  w e r e  s t u n g  a n d  k i l l ed  b y  the  p a r a s i t e  b e f o r e  i t  w a s  k i l l ed ,  
35 m i n u t e s  a f t e r  i n t r o d u c t i o n .  

One h o u r  l a t e r ,  the  second ,  P. campestris  f ema le  was  i n t r o d u c e d  i n to  t he  
s a m e  nes t .  P r i o r  to ~this i n t r o d u c t i o n ,  n e s t  m a t e r i a l  ( d r y  g rass )  was  a d d e d  
to the  n e s t  to  p r o v i d e  the  p a r a s i t e  w i t h  a p o s s i b l e  r e fuge  f r o m  w o r k e r  
a t t a c k .  H o w e v e r ,  the  r e s p o n s e s  of  t he  p a r a s i t e  a n d  h o s t  bee s  w e r e  s i m i l a r  
to  t h a t  o b s e r v e d  d u r i n g  the  f i r s t  i n t r o d u c t i o n :  t he  q u e e n  a b a n d o n e d  the  
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c o m b  w h i l e  w o r k e r s  a t t a c k e d  the  Ps i thyrus  f ema le .  To a s s i s t  t he  p a r a s i t e  
in  ga in ing  acces s  to  t he  nes t ,  a l l  t he  w o r k e r s  w e r e  r e m o v e d ,  l e a v ing  the  
q u e e n  a n d  p a r a s i t e  on  t h e  c o m b .  N e i t h e r  o f  t he  t w o  b e e s  a t t a c k e d  t h e  
o the r ,  a n d  t h e y  w e r e  o b s e r v e d  i n c u b a t i n g  a d j a c e n t  c o c o o n s  15 m i n u t e s  
l a t e r .  F ive  w o r k e r s  w e r e  r e i n t r o d u c e d ,  16 h l a t e r .  T h e s e  w o r k e r s  d i d  
n o t  a t t a c k  t h e  p a r a s i t e ,  a n d  no  f u r t h e r  i n t e r s p e c i f i c  a n t a g o n i s m  w a s  o b s e r v e d .  

P. b o h e m i c u s  - B. l u c o r u m  c o l o n y  d e v e l o p m e n t  

The  p a r a s i t e  f e m a l e  s t a y e d  in  t he  B. l u c o r u m  co lony  fo r  28 days ,  f r o m  
24 June  u n t i l  h e r  d e a t h  on  22 July .  An e t h o g r a m  fo r  th i s  f e m a l e  w a s  cons-  
t r u c t e d  (fig. 1), b a s e d  o n  a n  a n a l y s i s  of  da i ly  o b s e r v a t i o n  p e r i o d s .  E i g h t  
c a t e g o r i e s  of  b e h a v i o u r  w e r e  q u a n t i f i e d .  T h e s e  i n c l u d e d  t h e  r e l a t i v e  a m o u n t  
of  t i m e  in e a c h  o b s e r v a t i o n  p e r i o d  d u r i n g  w h i c h  the  p a r a s i t e  w a s  seen  
on  the  c o m b ,  i r r e s p e c t i v e  of  w h a t  t y p e  of  b e h a v i o u r  i t  w a s  exh ib i t i ng .  
" I n a c t i v i t y "  w a s  d e f i n e d  as  l a c k  of  m o v e m e n t .  " D o m i n a n c e  b e h a v i o u r "  
i n c l u d e d  a n y  a t t e m p t s  b y  the  Ps i thyrus  f e m a l e  to  p u s h  o r  m a u l  h o s t  bees .  
P a r a s i t e s  " t e n d e d "  t h e i r  egg cel ls  b y  d e f e n d i n g  t h e m  a g a i n s t  h o s t  b e e  
a t t a c k  ( see  be low) ,  as  we l l  as  f e e d ing  a n d  i n c u b a t i n g  t h e i r  d e v e l o p i n g  off- 
sp r ing .  T w o  o t h e r  c o m m o n l y  o b s e r v e d  b e h a v i o u r s  w e r e  g r o o m i n g  a n d  
buzz ing .  

D u r i n g  the  f i r s t  few days  of  ne s t  o c c u p a t i o n  the  p a r a s i t e  a p p e a r e d  to  
a t t e m p t  to  e s t a b l i s h  a p o s i t i o n  o f  d o m i n a n c e  b y  m a u l i n g  a n d  p u s h i n g  the  
q u e e n  a n d  w o r k e r s .  M a u l i n g  was  a c c o m p l i s h e d  b y  g r a b b i n g  a b e e  as  if to  
s t ing  it,  a n d  t h e n  l e t t i n g  i t  go. A t t e m p t s  to  s u b o r d i n a t e  h o s t  b e e s  in  th i s  
w a y  c o n t i n u e d  t h r o u g h o u t  co lony  d e v e l o p m e n t .  D o m i n a n c e  b e h a v i o u r  w a s  
e x h i b i t e d  t o w a r d s  b o t h  q u e e n  a n d  w o r k e r s ,  a l t h o u g h  the  q u e e n  r e c e i v e d  
m o r e  a t t e n t i o n  f r o m  the  p a r a s i t e  (62 % of  t o t a l  e n c o u n t e r s  d i r e c t e d  a t  the  
q u e e n  v e r s u s  38 % t o w a r d  al l  o t h e r  a d u l t s  ( w o r k e r s )  c o m b i n e d ) .  H o s t  bee s  

Fig. 1 . -  (top) Ontogeny of brood development in the parasitized B. lucorum colony. 
Horizontal lines indicate relative durations of development of individual clumps 
of eggs (E), larvae (L), cocoons (C), and periods of adult emergence (A). Adults 
which emerged were workers (W), males (M), or reproductive females (F). 
(+ denotes brood which the parasite was observed eating or ejecting). (Bottom) 
Ethogram of P. bohemicus reproductive behaviour. Depths of hatched areas indicate 
the relative amounts of time the parasite was engaged in the various behaviours 
during each observation period. 

F i g . 1 . -  En haut :  ontogen~se du couvain clans les coionies parasit6es de B. Iucorum. 
Les lignes horizontales indiquent ies dur6es relatives du d6veloppement des groupes 
d'ceufs (E), des larves (L), des cocons (C), et les p6riodes d'6mergence des adultes (A). 
Les adultes ayant 6clos 6taient soit des ouvri6res (W) soit des mhles (M), soit des 
femelles reproductrices (F). (+ indique le couvain que nous avons vu 6tre mang6 
ou expuls6 par les parasites). En bas :  Ethogramme du comportement reproduc- 
teur de P. bohemicus. La largeur des zones hachur6es indique la dur6e relative 
des diverses activit6s des parasites pendant chaque p6riode d'observation. 
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responded  to the paras i te  by moving  away,  and  did not a t t ack  at  any t ime 
dur ing or  subsequen t  to paras i te  in t roduct ion.  

Inc luded  unde r  the heading of dominance  behaviour  were  a t t emp t s  by  
the P. bohemicus female  to contro l  b rood  deve lopment  by eat ing host  eggs 
and  eject ing larvae.  Larval  e ject ion was  f i rs t  not iced on 28 June, four  days 
before  the paras i t e  began to lay eggs. The paras i te  uncovered  larvae and  
d ropped  them beside the b rood  c lump.  These larvae were  subsequent ly  
p icked  up by  worke r s  and car r ied  f r o m  the nest.  I f  i n t e r rup ted  by  the 
ap p roach  of a worker ,  the paras i te  ceased uncover ing host  b rood  and  moved  
away. I t  then r e tu rned  to the b rood  c lump once the worke r  had  resealed 
the waxen envelope sur rounding  each c lump and left. Egg ceils were  
t rea ted  similarly,  a l though the eggs were  eaten ra the r  than ejected.  

The deve lopment  of individual  b rood  c lumps  f rom egg cell to ma tu r i ty  
in the paras i t ized  B. lucorum colony is shown in figure 1. At the t ime of 
in t roduct ion,  the nest  conta ined developing Bombus worke r  and male  brood.  
Some  male  and female  b rood  c lumps  were  left und i s tu rbed  by the parasi te .  
As a result ,  the worke r  popula t ion  increased  f rom 8 at the t ime of in t roduct ion  
to 28 at the peak  of colony development .  In  addit ion,  a total  of 20 Bombus 
males  were  r ea red  f rom eggs laid before  and dur ing nest  occupat ion  by  the 
P. bohemicus female.  

Psithyrus egg cells were  rougher  in shape  than those of hosts,  and were  
cons t ruc ted  f rom wax collected f rom des t royed  host  egg cells and wax nec tar  
pots.  As Psithyrus eggs hatched,  the pa ras i t e  as well as the host  worke r s  
fed the young larvae by regurgi ta t ing  food collected f rom nea rby  pollen 
receptacles  th rough  the waxen envelope su r round ing  b rood  clumps.  Notwith-  
s tanding the ass is tance it received f r o m  w o r k e r s  in caring for  its offspring,  
the P. bohemicus female  failed to r ep roduce  because  all of its of fspr ing 
were  eventual ly  eaten or  e jected by host  bees (fig. 2). The B. lucorum queen 
lost dominance  over  her  worke r s  on 6-7 July ( for  quant i f icat ion of queen 
dominance,  see Fisher  1987a), which  coincided with  the first  loss of 
Psithyrus brood.  The paras i te  a t t e m p t e d  to p ro tec t  its offspr ing by pushing 
host  bees away f rom its egg cells while buzzing loudly, and by f requent  
examina t ion  of cells. However ,  this fai led to p ro tec t  its developing larvae 
f r o m  host  a t tack.  F rom 12 July onward ,  the Psithyrus female  spent  in- 
creasing amoun t s  of t ime ei ther  incubat ing hos t  cocoons, or  inactive beside 
the comb.  I t  died on 22 July. 

The B. tucorum queen cont inued to lay eggs while the Psithyrus 
female  was in the nest, and one w o r k e r  also laid eggs on July 15. This b rood  
was eaten by  the Psithyrus female.  The last  hos t  bees,  including the queen 
and  four  workers ,  died on 26 July. Besides the host  males  that  developed 
f r o m  eggs laid pr ior  t o  paras i te  in t roduct ion,  no o ther  reproduct ive  off- 
spr ing of e i ther  species were  reared.  
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Fig. 2 . -  Psithyrus bohemicus female ~in a nest of Bombus lucorum. The parasite 
is attempting to push a worker away from a destroyed egg cell, the remains 
of which can be seen atop a cocoon below the Psithyrus female. 

Fig. 2. - -  Femelle de Psithyrus bohemicus dans un nid de Bombus lucorum. Le parasite 
tente de repousser une ouvri~re ~t l'6cart d'une cellule h ceuf d6truite, dont les 
restes, visibles, se trouvent sur un cocon au-dessous de la femelle Psithyrus. 

P. ves ta l i s  - B. terrestr is  co lony  d e v e l o p m e n t  

Like the pa ras i t i zed  B. lucorum nes t ,  an  ex tended  pe r iod  of nes t  coha- 
b i t a t i o n  took place b e t w e e n  the P. vestalis female  a n d  B. terrestris hos t  
bees,  f r o m  21 J u n e  un t i l  the pa ra s i t e ' s  dea th  on  6 Augus t  (46 days).  The  
P. vestatis female  a t t e m p t e d  to d o m i n a t e  the  que e n  a n d  w o r k e r s  by  m a u l i n g  
and  p u s h i n g  them.  I t  began  to e jec t  hos t  la rvae  a n d  eat  eggs w i t h i n  a day of 
be ing  i n t r o d u c e d ,  a n d  la id i ts  f i r s t  eggs on  27 June .  Some hos t  b r o o d  wh ich  
was  p r e s e n t  in  va r ious  stages of d e v e l o p m e n t  at  the  t ime  of ne s t  u s u r p a t i o n  
were  r ea red  to a d u l t h o o d  (see fig. 3), i n c l u d i n g  25 w o r k e r s  a n d  19 hos t  males .  
D o m i n a n c e  b e h a v i o u r  by  the p a r a s i t e  d i m i n i s h e d  over  t ime,  a l t hough  the 
Psithyrus female  c o n t i n u e d  to gua r d  its egg cells by  p u s h i n g  bees  away  f rom 
t h e m  and  by  m a u l i n g  hos t  bees.  The  p a r a s i t e  q u e e n  also i n c u b a t e d  hos t  a n d  
pa ras i t e  cocoons  at  i r r egu la r  i n t e rva l s  t h r o u g h o u t  co lony  deve lopmen t .  

On 8 July,  the  hos t  q u e e n  was  f o u n d  dead  on  the comb.  The  w o r k e r s  
rhoved very  r ap id ly  a b o u t  the comb,  a n d  the Psithyrus female  was  a t t a cked  
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Fig. 3 . -  Brood development  in the paras i t ized B. terrestris  nest,  and  e thogram of the  
P. vestalis female. Legend as in figure 1. 

Fig. 3. - -  D6veloppement du couvain dans le h id  paras i te  de B. terrestris et 6 thogramme 
de P. vestalis femelle. L6gendes ident iques  ~ celles de la figure 1. 
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twice dur ing the observa t ion  period.  In  addition, 6 of 11 Psithyrus brood  
c lumps had  been  des t royed since the previous  day (see fig. 3). Psithyrus 
dominance  behav iour  r e tu rned  to levels comparab le  to those when  the 
paras i te  was f i rs t  in t roduced,  but  d iminished again over  the course  of the 
next few days. Fu r the r  loss of Psithyrus brood  did not  occur  unti l  July 20, 
a f ter  which all Psithyrus brood  gradual ly  were  ejected,  wi th  the except ion 
of b rood  f r o m  the f irst  two egg cells cons t ruc ted  by the paras i te .  This 
loss occur red  despi te  a t t emp t s  by the paras i t e  to p ro tec t  of fspr ing  by  pushing 
worke r s  away f rom egg cells while buzzing loudly. 

One a t t e m p t  to reproduce  by host  workers  was p reven ted  when  the 
Psithyrus female  ate  the eggs. Fur the r  b rood  loss occur red  when  worke r s  
e jected the larvae of o ther  host  bees. Workers  guarded their  brood,  as 
did the Psithyrus female,  by pushing and  maul ing other  bees that  contac ted  
their  egg cells. 

In  all, a total  of 18 host  males  and 14 P. vestalis males  were  reared  
in the paras i t ized  B. terrestris colony. The Psithyrus female  became  inactive 
towards  the end of July, and  died on 8 August. None of the remain ing  
Psithyrus and Bombus brood were  reared  to adul thood.  

P. campestris - ]3. pascuorum colony development 

Following its int roduct ion,  and for  long periods throughout  its occupa- 
tion of the comb,  the mos t  c o m m o n  behaviour  exhibited by  the P. campestris 
female  was inactivity (fig. 4). I t  s tayed beside the comb,  periodical ly grooming 
itself for  the f irst  eight days (range = 1 to 5 grooming bou t s /obse rva t i on  
period),  a l though increasing amoun t s  of this appa ren t  inact ivi ty were  spent  
on the comb,  r a the r  than beside it. On 30 June, the paras i te  began to inter- 
fere wi th  host  b rood  deve lopment  by uncover ing and eject ing hos t  larvae,  
and by eat ing eggs. Unlike the behaviour  of the o ther  two Psithyrus females,  
no pushing or maul ing behaviour  accompan ied  the manipu la t ion  of host  
brood,  or  any o ther  paras i te  activity. 

Like the o the r  paras i t ized colonies, some host  b rood  was al lowed to 
develop, resul t ing in an increase in the n u m b e r  of worke r s  f r o m  5 on the 
date of in t roduct ion  to a peak  of 45 on 14 July. The first  des t ruc t ion  of host  
b rood  coincided with  the appearance  of paras i te  egg cells on 2 July (fig. 4). 
These egg cells were  cons t ruc ted  with the wax of des t royed hos t  egg cells, 
a l though not  necessar i ly  on the same site (only 1 of 4 egg cells). Unlike 
those of P. vestalis and P. bohemicus females,  P. campestris egg cells 
were  difficult  to dist inguish f rom host  egg cells. They were  identif ied by 
la ter  examina t ion  of b rood  maps ,  and by  the behaviour  of the Psithyrus 
female.  I t  s tayed near  its egg cells until  the eggs hatched,  periodical ly 
manipula t ing  the wax of each cell wi th  its jaws.  

The P. campestris female  collected wax f rom Bombus larval  c lumps  
and nec ta r  pots  and added it to its own b rood  c lumps  as larvae increased 
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in size. Psithyrus larval  deve lopment  was  similar  to tha t  of hos t  bees: 
larvae were  enclosed in waxen envelopes containing outpouchings  ( =  pocke ts  
sensu SLAOEN 1912 when  describing the b rood  development  of m e m b e r s  
of the bumble  bee subgenus to which B. pascuorum belongs). Pollen was  
deposi ted in these pocke ts  by  re turn ing  foragers .  The paras i te  and  worke r s  
collected the pollen and  fed it to larvae via regurgi tat ion,  a f te r  bi t ing a small  
hole in the top of larval  c lumps.  The paras i te  never  fed hos t  larvae I t  
did however  exhibit  a novel  me thod  of caring for  its own larvae.  In  30% 
of all observed  feedings by  the P. campestris female,  it chewed a hole in the 
tops of larval  c lumps,  and  then moved  away f rom the clump.  Upon encoun- 
ter ing these open holes, worke r s  regurg i ta ted  into the c lump and resealed it. 
In  this way, the am oun t  of feeding care carr ied  out by the paras i t e  was 
reduced.  

During the ear ly and middle  stages of colony development ,  two Psithyrus 
brood  c lumps were  destroyed,  e i ther  as eggs or  young larvae.  The relat ive 
involvement  of the queen and  worke r s  in this des t ruc t ion  was unknown.  
On 22 July, the f irst  instance of w o r k e r  oophagy was observed.  F rom this 
day until  27 July, the worke r s  ha rassed  the Psithyrus female  and  each o ther  
by pushing o ther  bees off  the comb.  On 22 July (33 days a f te r  introduct ion) ,  
the P. campestris female  was found outs ide the nest, in the f ront  por t ion  of 
the observa t ion  hive. An a t t e m p t  was made  to re in t roduce  it, bu t  it was  
a t tacked  by workers ,  and pushed  off the comb.  The next day, the Psithyrus 
female  was once again found outside the nest. Although it was  re in t roduced,  
it was again pushed  off the comb by worke r s  and did not  re turn .  

The host  queen cont inued to occupy the nest  with her  workers .  She 
was observed  laying eggs twice a ferwards ,  and the B. pascuorum colony 
succeeded in rear ing 16 males,  in addi t ion to 10 male  and 3 female  Psithyrus. 

D I S C U S S I O N  

The resul ts  of this s tudy are no tewor thy  in the way tha t  a small  sample  
size has p roduced  observat ions  which cont radic t  the anecdotal  studies of 
Psithyrus behaviour  by ear ly s tudents  of bumble  bee biology. These early 
views of Psithyrus females  as unwelcome bumble  bee guests which usu rp  the 
queens '  role, cont r ibu te  nothing towards  b rood  development  (e i ther  their  
own or tha t  of thei r  hosts),  and direct  colony resources  exclusively towards  
their  own reproduc t ion  have been pe rpe tua t ed  in the l i te ra ture  (e.g. WILSON, 
1971), and do not  emphas ize  the potent ia l  longevity and complexi ty  of inter- 
actions be tween  a given Psithyrus female  and its hosts.  To some extent,  
this s tudy is also at fault,  in tha t  a lack of repl icat ion may  lead to e r roneous  
conclusions abou t  the general  pa t t e rn  of Psithyrus reproduct ion.  Tempered  
by the caut ionary  view that  var iabi l i ty  in host-parasi te  re la t ionships  can 
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and does occur  (see FISHER, 1987 a), the ma jo r  findings of this s tudy may none- 
theless help to dispel the apparent  simplicity of Psithyrus-Bombus inter- 
actions, and may be summar ized  as follows: 

Queen-parasite and worker-parasite cohabitat ion m a y  be extensive in duration 

In some species, including those of this study, and in others  observed 
by Webb (1961: P. variabilis) and FISHER (1987 a: P. ashtoni), cohabitat ion 
can persist  th roughout  colony development ,  a l though the Psithyrus female 
and its b rood  can be at great  risk f rom at tack by the host  queen and 
workers .  Indeed,  the two P. vestalis females observed by VAN HONK et aL, 
(1981) bo th  were  ejected f rom their  respective host colonies by queenless 
workers .  The success of the P. vestalis female of this s tudy in quelling 
a t tempts  by host  workers  to expel it a f ter  the death of the queen may  have 
been a funct ion of colony size (only 15 workers  were present  at the t ime of 
queen death),  and the free-foraging condit ions under  which the bees were 
kept. Confined labora tory  workers  like those studied by VAN HONK et al., 
(1981) experience unnatura l  longevity and maximal opportuni t ies  for  ovarian 
growth and subsequent  increases in dominance behaviour  (TOD, 1986). 

Psithyrus females  contribute a substantial  amount  of  parental care to their off- 
spring. 

This care may  included protect ion f rom host at tack,  feeding, and incuba- 
tion of cocoons. The t ime spent  by parasi tes in apparent  inactivity may 
represent  a t ime pool which can be al located to the varying needs for 
dominance,  egg-laying and brood  care. While a parasitical lifestyle has re- 
duced brood  care behaviours  by Psithyrus females, these behaviours  can 
be evoked should the need arise. As pointed  out  by G.C. EICKWORT (personal 
communicat ion) ,  b rood  care by parasi tes may be especially impor tan t  if 
Psithyrus females are a t tempt ing  to rear  reproduct ive  offspring before  their  
hosts normal ly  do so, or in colonies of host  species in which Psithyrus repro- 
ductives are larger than those of hosts. 

Parasite control over brood deve lopment  is not  absolute,  and does  not  necessari ly 
involve overt dominance  by the parasite 

Control of b rood  development  by the P. campestris female, for  example, 
was accomplished not  by behavioural  dominance  and suppression of egg 
laying by hosts,  bu t  by dest ruct ion of host  brood.  The B. pascuorum queen 
cont inued to lay eggs, and monopoly  of b rood- rear ing  was achieved by the 
P. campestris female through oophagy and larval ejection. Similarly, B. ter- 
restris and B. lucorum host  bees cont inued to lay eggs af ter  Psithyrus 
females had been introduced.  Buzzing by  parasi tes may assist them in ad- 
vertising a posi t ion of behavioural  dominance within a nest  (FISHER and 
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WEARY, 1988). Although some species of Psithyrus (and some facultative 
bumble  bee social parasites) appear  to be capable of suppressing ovarian 
development in queenless workers  (FISHER 1984, 1987 b), such  an ability is not  
a prerequisi te for reproduct ive success. 

Because parasite control is not absolute,  
host  bees have a chance to reproduce in parasit ized nests  

Observations have been made of host  reproduct ion in bumble  bee nests 
parasitized by the European species P. sylvestris (HOFFER, 1888), and P. bohe- 
micus (CUMBER, 1949) and in Nor th  America in nests parasitized by P. varia- 
bills (WEBB, 1961), P. ashtoni (FISHER, 1987 a), P. suckteyi, P. insularis and P. 
fernaldae (K.W. Richards, personal communicat ion) .  Some of this reproduc- 
tion can be explained as a consequence of the conflict between the queen and 
her workers  over the rearing of queens and males (TRIVERS and HARE, 1976). 
If  queens are unable to suppress worker  ovarian development,  workers  may 
engage in oophagy as they a t tempt  to rear  male offspring (FREE et al., 1969). 
The queen may even be killed or expelled (VAN HONK et al., 1980). Host  
reproduct ion in the B. pascuorum colony was achieved after the P. campestris 
female was ejected by fecund workers,  following the loss of queen dominance.  

Similarly, B. terrestris workers  a t tempted  to reproduce,  and ejected large 
quantities of Psithyrus brood after their queen was dead. 

The failure of Psithyrus females to reproduce in parasitized colonies 
is not  u n c o m m o n  (see the data for P. ashtoni in F~SHER, 1987 a), and may be 
due in par t  to the destruct ion of b rood  by the host queen and her workers.  
I t  has been sugested that Psithyrus females distinguish their eggs from 
those of hosts by differences in surface sculpting (C. O'TOOLE, personal  
communicat ion,  and see SALKELD (1978) for electron micrograph studies of 
Psithyrus and Bombus  eggs). If such a difference in egg morphology exists, 
one might  expect that  selection would favour similar discr iminatory powers 
by host  bees which reproduce in parasit ized colonies. 

Bumble bee nest parasi t ism involves potentially complex interactions 
between parasite and host. The response of host bees to parasites and 
their brood suggests that  there is considerable scope for coevolution in 
these relationships. However, fur ther  studies of parasite invasion frequency 
and success, and host reproduct ion will be required before the magnitude 
and scope of these coevolutionary forces can be determined. 
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