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SUMMARY 

The volatile secretions produce d by the labial gland in male bumble-bees,  Bombas 
Latr., belonging to the subgenus Pyrobombus D. T., have been studied in six species : 
B. cingulatus Wahlb., B. hypnorum L., B. jonellus K., B. pratorum L., B. lapponicus Fabr. 
and B. scandinavicus Friese. Totally, 181 specimens have been analyzed. The secre- 
tions, which are used for marking different objects along the flight-route, have been 
analyzed by capillary gas chromatography  and combined capillary gas chromatography/  
mass spectrometry. Isoprenoids and fa t ty  acid derivates together make up the secretions. 
The former  group of compounds dominates  the marking secretions f rom the species 
studied, wi th  the exception of B. scandinavicus. The composit ions of the secretions are 
characterist ic for each species. 

RESUME 

Les s~cr6tions volatiles de marquage de la glande labiale 
des m61es Pyrobombus D. T. (Hymenoptera, Apidae) d'Europe du Nord. 

Les s~cr~tions volatiles de la glande labiale chez les bourdons tomes Bombus Latr., 
appur tenant  au sous-genre Pyrobombus D.T., ont ~t~ ~tudi~es chez six esp6ees : B. cingu- 
laths Wahlb.,  B. hypnornm L., B. jonellus K., B. pratorum L., B, lapponiens Fahr. et 
B. seandinavicus Friese. Au total,  181 spdeimens ont ~t6 analys~s. Les s~er6tions, clui 
servent h marquer  difffirents objets  sur le t ra je t  du vol terr i torial ,  o n t  fit~ soumises h 
la chromatographic en phase gazeuse (eolonne eapillaire) et ~t l 'analyse combinde par  
chromatographic en phase gazeuse et speetrom~trie de masse. Les sderfitions sont 
eompos~es d'isopr~noides et de dfiriv~s d'aeides gras. Les isopr~noides sont les eomposds 
dominants ,  sauf e h e z  l'esp6ee B. seandinavicus. Les composit ions des s~er6tions sont 
earaet~ristiques pour ehaque esp6ee. 
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I N T R O D U C T I O N  

The large and diverse subgenus Pyrobombus D. T. has a holarct ic  d is t r ibut ion.  
About twentyfive species are recognized in  the western  hemisphere  (MmLmON, 
1971) and n ine  in  western  Europe. Six species occur in  Fennoscand ia ,  B. cingu- 
latus Wahlb., B. hypnorum L., B. jonellus K., B. pratorum L., B. lapponicus Fabr .  
and B. scandinaoicus Friese. 

The mark ing  secretions of the males originate from the cephal ic  par t  of 
the labial  gland (KULLENBERG et al., 1973). The results from the n ine teen  species 
of Bombus a l ready  reported shows that  the mixture  of components  forms a 
species-specific secret ion (BERGSTR6M et al., 1973; BEaGSTRSU and SVENSSON, 
1973a, b; CALAM," 1969; KULLENBERG et al., 1970). 

The perfume is used by the males when  they make their  route-flights. Along 
the route the males stop at different places and  mark  leaves, twigs, grass, etc. wi th  
their  perfume. The different elements of behaviour  pe~-formed dur ing  the route- 
flight activities are found to be species-specific (HAAS, 1949; SVENSSON, unpubl . ) .  

Species of the subgenus Pyrobombus emerge early from their  h ibe rna t ion  
quarters and form small colonies wh ich  reach their  max imum size early in  the 
season (FREE and  BUTLER, 1959; W6~TOWSKI, 1963). Several authors  have 
discussed a double generat ion for some species (ALFKEN, 1913; MEIDELL, 1968; 
HOBBS, 1967). HOBBS (1964) has suggested that Pyrobombus is a l ink  between 
the pr imi t ive  group Odontobombus Kriiger (pocket-makers) and Anodontobombus 
Kriiger (pollenstorers),  based on brood-rear ing  studies. 

In  this study we report  new analyt ical  results  from B. cingulatus, B. 
hypnorum and B. pratorum and compare and summarize  the studies on the 
chemical  composi t ion of the mark ing  secret ions of nor th  European  species wi th in  
the subgenus Pyrobombus. The secret ions of B. hypnorum and B, pratorum are 

compared from two different populat ions ,  about 1.300 kilometers apart. 

MATERIAL AND METHODS 

T a x o n o m y  a n d  d i s t r i b u t i o n .  

B. cingulatus was earlier treated, except by its author, as a subspecies of B. hypno- 
rum until REINm (1936) re-established its specific rank. A similar taxonomic confusion 
earlier existed between B. pratornm and B. jonellus, the latter being regarded as a 
subspecies. From southern Europe, the three closely allied species B. pratornm, B. 
brodmannicus Vogt and B. pyrenaeus Pfir., form another such relationship. Recently, 
TKALCU (1973) demonstrated their specificity. Earlier studies on B. lapponicus (Svv.r~ssoN, 
1973) showed that males of the two allegged subspecies could be distinguished, both by 
morphological criteria and by the composition of the marking secretion. In later studies 
on specimens from nests, where the males could be used as reference to the identification 
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of queens , -d i f fe rences  be tween the  queens  were found (SvENSSON, to be publ.).  On 
account  0s morphological ,  physiological  and  behaviora l  character is t ics ,  the  two Fenno-  
scandian  subspecies  of B. lapponicus were raised to the r ank  of ful l  species, viz. B. lap- 
ponicus and  B. r scandinauieus >>. The nomenc la tu re  of B. scandinavicus r e ma ins  
uncer ta in  unt i l  the  s t a t u s  of the  sou th  European  fo rms  of B. << lapponicus >> is es tabl ished.  

The species s tudied are all widely  d i s t r ibu ted  in an  Eas t -Wes t  d i rec t ion  except 
B. scandinauicus which  seems to exh ib i t  an European  horeo-alpine  d i s t r ibu t ion .  The 
d is t r ibu t ion  of species s t u d i e d  in Fennoscand ia  is shown by LeKEN (1973). 

B. hgpnorum and  B. pratorum are bo th  common  in the whole  of Fennoscandia ,  
l ikewise B. jonellus which  is, however,  more  a b u n d a n t  in the no r the rn  par ts .  B. cingu- 
latus is restr ic ted to the  n o r t h e r n  coni ferous  fores ts  and  B. lapponicus and B. scandina- 
uicus are m o s t  often found  in and  close to alpine and subalp ine  areas.  B. scandinavicus 
does not  seem to occur in the ad jacen t  coniferous  forests .  

The t axonomic  l i t e ra ture  consul ted  for  identif icat ion dur ing  the  ear ly  s tudies  was  : 
ELVVXN6 (1960), KNECHTEL (1955), BIcnAnDS (1927) and la te r  LeKEN (1973). The sub-  

~generie classification follows BICHABDS (1968). 

Collection of the bees. 

The bees were collected in the  no r the rn  par t  of Sweden. Torne L a p p m a r k  (in the  
vicini ty of Abisko and Kiruna)  and  on Oland, an  is land in the sou the rn  Baltic.  A full  
account  of the  collection da ta  together  wi th  the  chemical  ana lys i s  is given in Table I. 
The males  were collected on different  occasions dur ing  the i r  flight period and  u sua l l y  
dur ing  several  years .  The p repa ra t ion  of the bees for  chemical  a n a l y s i s  has  been 
discribed earl ier  (BEnGsTn6,~t and  SVENSSON, 1973 a). After  ana lys i s  the  bees analyzed  
are pinned,  labelled and  kept  at  the  Depar tmen t  of Entomology,  Uppsa la  Univers i ty .  

Analysed material. 

The m a r k i n g  secret ion e m a n a t e s  f rom the labial  gland (cf. KULLENBEnG et al., 1973), 
the cephalic par t  of wh ich  occupies more  t h a n  ha l f  the vo lume of the  head,  see 
fg u re  1 a. Whole  heads ,  decapi ta ted alive, were put  in hexane  or d i e thy le the r  and 
glands were also prepared and  p u t ' i n  hexane.  Glands f rom l iving ind iv idua l s  were 
analyzed in a f resh  state. On these  occasions a par t  of the  g lands  was  suff icient  for 
the direct chemical  ana lys i s ,  see figure 1 b. B. lapponicus and B. scandinauicus males  
have  been s tudied ind iv idua l ly  in order to get an  absolute  correlat ion between t h e  
chemical  composi t ion  of the  secret ion and  the  morphology  (of. BsnasTn~M and  SVENSSON, 
1973 a ; SVENSSON, 1973). 

Analytical techniques. 

The techniques  .employed in these  ana lyses  have been described ear l ier  (STALLBERG- 
ST~.NrIAGEN, 1972; BEnGsTn6M, 1973 and  STXr~LBEnG-STENHAGEN et al., 1973). In t roduc t ion  
of volat i le  mate r ia l  into the  gas c h r o m a t o g r a p h  was made  via a p r e - c o lumn  sys tem.  
Glass capi l lary  co lumns  were used,  both  unpo l a r  Silicone co lumns  (OV-101 a nd  SE-30) 
and polar  FFAP columns.  Both direct  coupled capi l lary gas c h r o m a t o g r a p h y / m a s s  
spectrometry,  us ing  a LKB 2091 i n s t r u m e n t ,  and  separate  capi l lary gas c h r o m a t o g r a p h y  
(flame ionizat ion detector) were employed.  In  the  identif icat ion we re ly  to a large 
extent  on data  accumula ted  in our  l abora to ry  f rom a n u m b e r  of reference compounds .  
In the  ana lyses  th in  layer  ch roma tog raph ic  p resepara t ion  was  applied toge ther  wi th  
compara t ive  olfactory e x a m i n a t i o n  of extract  and  fract ions.  Original  ana ly t i ca l  da ta  
regarding the  objects reported here  are kept  a t  the  Ecological Stat ion on 01and.  
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Fro. 1. - -  The position (a) and 
the general appearance of a 
part of the labial  gland's 
cephalic part (b) of a Born- 
bus lapponicu s male. m g :  
mandibular  gland;  I g :  la- 
bial gland. Scale in 1 b : 
0.1 mm (SEM-photo 1 b :  L. 
,~gren). 

F'I6. 1 . -  Position (a) et appa- 
rence g6n6rale d'une partie 
de la rdgion edphalique (b) 
de la glande labiale du mhle 
de Bombus lapponicus, m g :  
glande mandi lmlai re ;  Ig : 
glande labiale. Eehelle en 
1 b : 0,1 ram. 

RESULTS  OF CHEMICAL A N A L Y S E S  

Bombus cingalatus Wahlbe rg .  

F i g u r e  2 s h o w s  a t yp i ca l  c a p i l l a r y  gas c h r o m a t o g r a m  (total  ion  c u r r e n t  

de tec t ion)  of  the  vo la t i l e  c o m p o n e n t s  f r o m  a m i n o r  p a r t  of the  l ab ia l  g l and  of 

one  B. cingulatas male .  T h e  two  l a r g e r  peaks ,  c o m p o n e n t s  1 and  2, a re  i d e n t i f e d  

as 2,3-dihydro-6-trans-farnesol and all-trans-farnesol, r e s p e c t i v e l y .  T h e s e  iden-  

t i f i ca t ions  a re  ba sed  on c a p i l l a r y  gas c h r o m a t o g r a p h i c  r e t e n t i o n  ind ices ,  r e l a t i ve  

to s t r a igh t  c h a i n  s a t u r a t e d  h y d r o c a r b o n s ,  and  mass  spec t ra .  T h e  da ta  w e r e  

c o m p a r e d  w i t h  those  of r e f e r e n c e  c o m p o u n d s .  2,3-dihydro-6-trans-farnesol was  

s y n t h e s i z e d  s t e r eospec i f i c a l l y  e a r l i e r  (ST~LLBEr~G-STENrIA6EN, S., et  aL, 1972). 
Mate r i a l  of  th is  spec ies  has  been  c o l l e c t e d  in  n o r t h e r n  S w e d e n  and  ana ly sed  

bo th  in 1974 and  1975, see Tab l e  I, w i t h  v e r y  good  a g r e e m e n t  b e t w e e n  the  

s epa ra t e  analyses .  
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Fro. 2. - -  Capi l lary  gas ch roma tog ram showing volat i le  compounds f rom a pa r t  of the 
lab ia l  g land of a Bombu+ cingulatus male.  

Fie+ 2 , -  Ch roma tog ramme  en phase  gazeuse sur colonnes capi l la ires  des compos6s 
vola t i l s  d 'une  part i~ de la g lande lahia le  d 'un  ramie Bombus eingulatus, 
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Fro. 3. - -  Capi l lary gas ch roma tog ram which  shows the m a j o r  components  f rom a par t  
of the labia l  gland of a male  Bombus hgpnorum. 

Fie. 3 . -  Chromatogramme en phase  gazeuse sur  colonnes capi l la i res  m o n t r a n t  les 
cons t i t uan t s  ma jeu r s  d 'une  par t i e  de la glande labiale  d 'un  rome Bombus hgpnorum. 

S o m e  m i n o r  c o m p o n e n t s  h a v e  also b e e n  i den t i f i ed .  T h u s ,  t w o  i s o m e r s  of 

f a r n e s e n e  a re  p r e s e n t  in  t h e  s e c r e t i o n  a n d  a lso  m i n o r  a m o u n t s  of  2 , 3 - d i h y d r o - 6 -  

trans-farnesal a n d  d o d e c a n o l .  

B. hypnorum L i n n a e u s .  

T h i s  s p e c i e s  w a s  a n a l y s e d  o n  s e v e r a l  o c c a s i o n s  i n  1966 a n d  i n  1968-1972 

a n d  1975 w i t h  m a t e r i a l  c o l l e c t e d  o n  0 1 a n d  a n d  in  1973 a n d  1975 on  m a t e r i a l  
c o l l e c t e d  at  Ab i sko ,  see  T a b l e  I. A v a r i a t i o n  i n  t h e  p r o p o r t i o n  of  t h e  m a j o r  

d i t e r p e n i c  c o m p o n e n t s  h a s  b e e n  no ted .  T h i s  v a r i a t i o n  s e e m s  to b e  in  t i m e  r a t h e r  

IXSECT~S SOCIAUX, 1977, T. 24, r~ + 2. 14 
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T A B L E  I .  - -  Collection data  and chemical  a na ly s i s  pe r fo rmed  of Pyrobombus species 
studied.  CGC, capi l lary  gas c h r o m a t o g r a p h y ;  GC/MS, capi l la ry  gas c h r o m a t o g r a p h y /  
m a s s  spec t romet ry ;  TLC, th in  layer  ch roma tog raphy .  

T A B L E A U  I .  - -  Ensemble  des doun~es et m~thodes  d ' ana lyse  ut i l is~es pour  l '~tude des 
diverses esp~ccs de Pyrobombus. CGC : ch roma tograph ic  en phase  gazeuse su r  
colonnes capi l la i res ;  GC/MS : ch roma tograph ic  en phase  gazeuse / spec t rom~tr ie  de 
m a s s e ;  TLC : ch romatograph ic  en couche mince.  

Species Locality Date of Number of Anal:ctical 
collection individuals methods 

B. cingulatus T. Lpm. Laxforsen  22/7 1974 1 CGC; GC/MS 
>> ~ * 1 CGC ; GC/MS 

>) >> 1 CGC ; GC/MS 
31/7 1974 1 CGC; GC/MS 

>> >> 5/8 1975 1 GC/MS 
>> 5/8 1975 4 GC/MS 

H. hypnorum T. Lpm. Abisko 26/7 1973 2 CGC 
5> 5> 31/7 1973 1 CGC 

5> 25/8 1975 1 GC/MS 
()1. To r s lunda  1966 2 GC/MS 

�9 5> 1968 3 GC/MS 
>> ~> 1969 5 GC/MS 
5> >> 1970 2 GC/MS 
�9 >> 1971 5 CGC 
)> 5> 1972 18 CGC 
, ~ 1975 1 GC/MS 

B. jonellus T. Lpm. Abisko 26/8 1975 7 GC/MS 
5> >> Laxforsen  5/8 1975 1 GC/MS 
5> ( f rom BergstrSm and Svensson ,  1973 b) 5 CGC; GC/MS 

B. lapponicus T. Lpm. Laxforsen  5/8 1975 1 GC/MS 
5> ~ 5/8 1975 1 CGC; GC/MS 

(from ~ergs t rSm and Svensson,  1973 a) 24 CGC; GC/MS 

B. scandinavicus T. Lpm. Abisko 10/8 1975 1 GC/MS 
~> ~ 19/7 1973 l0  TLC 
>> ~ 31/7 1973 6 TLC 
5> (from BergstrSm and Svensson,  1973 a) 10 CGC; GC/MS 

B. pratorum T. Lpm Abisko 11/7 1972 1 GC/MS 
~, Lfiktatj ~kka 4/8 1973 3 CGC 

01. Tors lunda  1965 28 GC/MS 
;> ~ 1967 5 GC/MS 
~> ~ 1968 1 GC/IVIS 
~> �9 1969 11 GC/MS 
>> 5> 1971 14 CGC 
>> ~ 18/7 1976 1 GC/MS 
5> 5> 11/8 1976 1 GC/MS 

t h a n  d e p e n d i n g  on  p l a c e  of c o l l e c t i o n .  T h e r e  a r e  n o  m a r k e d  d i f f e r e n c e s  b e t w e e n  

t h e  c o m p o s i t i o n s  of  s e c r e t i o n s  f r o m  ( ) l a n d  a n d  A b i s k o .  

T h e  m a j o r  c o m p o n e n t  i s  all-traas-geranylcitronellol (see c h r o m a t o g r a m  f r o m  

p a r t  o f  t h e  l a b i a l  g l a n d  i n  f igure  3) c o m p o n e n t  3. I n  a f e w  of t he  a n a l y s e s  all- 

trans-geranylgeranyl a c e t a t e  h a s  b e e n  f o u n d  to be  a m a j o r  c o m p o n e n t .  M i n o r  

c o m p o n e n t s  i d e n t i f i e d  a re  a h e x a d e c e n o l  ( c o m p o n e n t  1) a n d  h e x a d e c a n o l  
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(componen t  2). A p r e l i m i n a r y  account  of the  resul ts  of ana lyses  of th is  and  
some o the r  spec ies  was  pub l i shed  in 1970 (KULLENBERG et at., 1970). 

B. jonellus Kirby.  

Resul ts  f rom analyses  of this  species  have  been r epo r t ed  ea r l i e r  (BERaSTRS~,I 
and SV~NSSON, 1973 b). Some add i t iona l  analyses  were  pe r fo rmed ,  see Table  I. 
The ma jo r  volat i le  ma rk ing  substances  of B. jonellus are 2 ,3-dihydro-6- t rans-  
farnesol  w i th  the co r r e spond ing  a ldehyde  as a m i n o r  component .  F igu re  4 

2 
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F t G .  4 .  - -  Capillary gas chromatogram of volatile compounds from a part of a labial 
gland of a Bombus jonellus male. 

Fro. 4 . -  Chromatogramme en phase gazeuse sur colonnes eapillaires des eomposds 
volatils d'une partie d'une glande labiale d'un male Bombus ]onellus. 

shows the p ropo r t i on  be tween these compounds  in the na tu ra l  secre t ion .  The  
gas ch roma tog ram was ob ta ined  f rom a smal l  pa r t  of one lab ia l  gland.  Mater ia l  
of this  spec ies  was col lected in the no r the rn  pa r t  of Sweden (see (Table  I). 

B. lapponicus F a b r i c i u s  and B. scandinavicus Friese .  

These  two species  have also been t rea ted  in deta i l  in a ea r l i e r  pub l i ca t ion  
(BERGsTRSM and SVENSSON, 1973 a). There  we demons t ra t ed  the  large  and constant  
d i f ference  be tween  the mark ing  secre t ions  of the two forms lapponicus and 
scandinavicus and put  the question w h e t h e r  these forms should  be recognized  
as sepa ra te  species.  

B. lapponicus is domina ted  by  ge rany lc i t rone l lo l  ( componen t  2) see cap i l l a ry  
gas ch roma tog ram in figure 5. Hexadecano l  ( componen t  1), is p resen t  in 
app rec i ab l e  amounts  and oc tadecy l  acetate  and e icosyl  acetate  as m i n o r  com- 
ponents .  B. scandinavicus, cap i l l a ry  gas ch roma tog ram in figure 6, has  a hexa-  
deeeny l  acetate  as the ma jo r  const i tuent  (component  2). In  add i t i on  i t  has  as 
m i n o r  componen t s  hexadecano l  ( componen t  1) and  h e x a d e c y l  acetate  (com- 

ponent  3). 
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Fz6. 5. - -  Capillary gas ehromatogram of volatile compounds from the labial gland of 
a Bombus lapponicus male. 

FE6. 5 . -  Chromatogramme en phase gazeuse sur eoloanes eapil laires des compos6s 
votatils de la glande Iabiale de tomes Bombus lapponic~s. 
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Fz6. 6. I Capillary gas ehromatogram of volatile compounds from the labial gland of 
a Bombus scandinavicus male. 

FI6. 6 . -  Chromatogramme en phase gazeuse sur colonnes capillaires des compos~s 
volatils de la glande labiale de males Bombus scandinavicus. 

B. pratoram Linnaeus. 

B. pratorum has been analysed on severa l  eccasions,  s tar t ing in 1965, 1967- 

1969 and again in 1971 and 1976 wi th  mate r ia l  collected on Oland (see Table  I). 
Invar iably ,  smaller  amounts  of volat i le  mate r ia l  have been found in this species  
than in the other  species invest igated.  

B. pratorum is a species r ich  in i sopreno id  components .  Thus the secre t ion  

conta ins  geraniol,  geranyl  acetate, c i t ronel lol ,  c i t ronel lyl  acetate, all-trans- 

farnesol  (main component) ,  all-trans-farnesyl acetate, geranylgeraniol  and geranyl-  

geranyl  acetate. P r e l im ina ry  results on this species were  given in an ear l ie r  
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TABLE II. - -  Volatile componen ts  (dominan t  components  in bold figures) of the  labia l  
gland secretion in six species of P y r o b o m b u s .  The n u m b e r s  correspond to the  m a j o r  
components  in figures 2-7. Minor components  are indicated by •  

TABLEAU II. - -  C o n s t i t u a n t s  v o l a t i l s  ( le  ou  l e s  e o n s t i t u a n t s  d o m i n a n t s  s o n t  e n t o n r 6 s  p a r  
u n  eere le)  de l a  s6er6t ion  de la  g l a n d e  l a b i a l e  ehez  s i x  e sp6ees  de  P y r o b o m b u s .  Les 
n u m ~ r o s  e o r r e s p o n d e n t  a u x  e o n s t i t u a n t s  m a j e u r s  des  f igures  2-8.  Les  e o n s t i t u a n t s  
m i n e u r s  s o n t  i n d i q u 6 s  p a r  u n  •  

B. c i n g u l a l u s  . . . . . . . .  

B.  h y p n o r u m  . . . . . . . .  

B.  j o n e l l u s  . . . . . . . . . .  

B.  l a p p o n i c u s  . . . . . . .  

B.  s c a n d i n a o i c u s  . . . . .  

B.  p r a t o r u m  . . . . . . . . .  
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FI6. 7. - -  Capil lary gas c h r o m a t o g r a m  of volatile compounds  f rom the labia l  gland of 
a B o m b u s  p r a t o r u m  male.  

FIG. 7 . -  C h r o m a t o g r a m m e  en phase  gazeuse sur  eolonnes eapi l la i res  des eompos6s 
volat i ls  de la glande labiale  de tomes  B o m b u s  p r a l o r u m .  
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report (KULLENBERG et al., 1970). A var ia t ion  in the  p ropo r t i on  be tween  the 
i sop reno id  componen t s  dur ing  the season has been noted.  This  is also t rue  for  
some other  species  but  the phenomenon  has  not  yet  been s tud ied  sys temat ica l ly .  
Thus in B. pratorum gerany lge rany l  acetate  and  t races  of ge rany lgeran io l  seem 
to be p resen t  in the  m a r k i n g  secre t ion  t o w a r d s  the end of the season but  absent  
at the beg inn ing  of the  fligh t pe r iod .  In  f igure 7 a c ap i l l a ry  gas c h r o m a t o g r a m  
of volat i le  ma te r i a l  f rom a pa r t  of the  lab ia l  g land of an ind iv idua l  (col lec ted  
11 Aug. 1976) is shown.  The  ma in  componen t  (n ~ 1) was ident i f ied as all-trans- 
farnesol .  The c o r r e s p o n d i n g  acetate  (n ~ 2) is p r e sen t  together  wi th  hexadecano l  
(n ~ 3) and  a oc tadeceno l  (n ~ 4) in a p p r e c i a b l e  a m o u n t s .  

B. pratorum was also col lected at Abisko (see Table  I) in 1972 and 1973. 
The resul ts  of ana lyses  show a large degree of s imi l a r i t y  be tween ma te r i a l  f rom 
the two popula t ions .  

D I S C U S S I O N  

The p resen t  r epo r t  gives the resul ts  f rom ana lys i s  of the mark ing  sec re t ions  
of 6 species  of the subgenus Pyrobombus. This  enables  us to make  some 
compar i s ions  be tween  them. Ins ide  this  group all  species,  w i th  the excep t ion  
of B. scandinavicus, have sesqui-  or  d i t e rpenes  as the i r  major  c o m p o n e n t s . .  Only 
a few non- i sopreno id  compounds  are  present .  The  ana ly t i ca l  f indings have  been 
summar ized  in Table  II. I t  is c lear  f rom an inspec t ion  of this table that  all 
secre t ions  are  species-specif ic .  B. scandinavicus s tands  out pa r t i cu l a r ly  by  its 
total  absence  of i sop reno id  compounds  and B. pratorum by its very  complex  
secret ion.  The resemblance  in habi tus  be tween  B. cingulatus and B. hgpnorum 

�9 has no chemica l  co r respondence .  Ins tead  thOre is a great  chemical  r e semblance  
be tween  B. hypnorum and B. lapponicus. T h e s e  two species  are  morpho log ica l ly  
wel l  s epa ra t ed  and use d i f ferent  he ights  above  the ground  when  p e r f o r m i n g  
the i r  route-fl ights (KULLENBERG, pe r sona l  communica t ion ;  SVENSSON, unpubl . ) .  
When  s tudying  the geni ta l ia  of Pyrobombus males,  KRi)GER (1942) c o n c l u d e d :  
<~ Die Unte r sch iede  in den nISnnl ichen Geni ta lanhSngen s ind  bet allen un te r -  
suchten Arten so ger ing  dass sie nicht als isolierend Faktoren f/Jr d ie  Artent -  
s tehung in Bet racht  kommen  kSnnen ~>. If  this  is so, that  the s imi la r  fea tures  of 
the geni ta l ia  could pe rmi t  successful  copula t ions ,  the i so la t ion  wil l  be ma in t a ine d  
in ano ther  way.  Regard ing  the males,  the cepha l i c  mark ing  secre t ions  are 
supposed  to funct ion  as t e r r i t o ry  recogni t ion  marks ,  t e r r i to r i a l  flight s t imula tors  
and  copula t ion  exci tants  (BRINGER, 1973; KULLENBERG, 1956, 1973; KULLENBERG 
and BERGSTRSM, 1975). The species-specif ic  pe r fume  and route-fl ight behav iou r  
may  funct ion  as a pa r t  of the isola t ion mechan i sm.  It  seems as if the morpho-  
logica l ly  closely re la ted  species  has  evolved a l a rge r  d i f ference in the compos i t ion  
of the sec re t ion  than  the wel l  s epa ra t ed  species .  

Up to now resul ts  have  been r e p o r t e d  by  us  for  18 species.  These r ep re sen t  8 
subgenera.  In addi t ion ,  Calam has r e p o r t e d  on B. ruderarins Mfitl. F r o m  the 
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genus  Psi thgrus  Lep. ,  c u c k o o - b u m b l e b e e s ,  s ix  spec ies  h a v e  been  ana lyzed .  T h e y  

w e r e  also f o u n d  to h a v e  a s im i l a r  spec ies  spec i f ic  c o m p o s i t i o n  of  t he  m a r k i n g  

s e c r e t i o n  as in  t he  genus  Bombus  (KULLENBERG et al., 1970). W i t h  th is  back-  

g r o u n d  one  can  say tha t  the  m e m b e r s  of the  subgenus  Pgrobombus  fa l l  in to  

the  g e n e r a l  p i c t u r e  of spec i e s - spec i f i c  m a r k i n g  s e c r e t i o n s  m a d e  up  of  d i f f e ren t  

c o m b i n a t i o n s  of a ce t0gen ins  ( fa t ty  ac id  de r i va t i ve s )  and  i s o p r e n o i d s  ( te rpenes) .  

A c o m p a r i s o n  b e t w e e n  the  s u b g e n e r a  Pyrobombus  and  Bombus  Latr .  (s. s.) f o r  

ins tance ,  r evea l s  tha t  w h i l e  m e m b e r s  of the  l a t t e r  g roup  p r e d o m i n a n t l y  seem to 

h a v e  e v o l v e d  the  a c e t o g e n i c  w a y  of  b iosyn thes i s ,  the  Pyrobombus  group  w i t h  

the  e x c e p t i o n  of  B. scandinavicus  ut i l izes  m a i n l y  the  i s o p r e n o i d s  p a t h w a y .  

I f  w e  c o n s i d e r  the  g e n e r i c  d i v i s i o n  of  Bombus  p r o p o s e d  by  Tkalcf i  (1972, 

1974 and  in s eve ra l  o the r  pape r s ) ,  Pyrobombus  is r e g a r d e d  as a genus  and  d i v i d e d  

into  s eve ra l  subgenera .  In  F e n n o s c a n d i a  t h r ee  s u b g e n e r a  are  r e p r e s e n t e d ,  viz. ,  

Pyrobombu  s (s. s.), Melanobombus D.-T. and  Cullumanobombus Vogt.  W i t h  

this  b a c k g r o u n d ,  th ree  f u r t h e r  spec ies  a re  a d d e d  to the  genus  Pyrobombus  
a l r e a d y  c h e m i c a l l y  ana lysed ,  P. (Pyrobombus)  soroeensis Fabr . ,  P. (Melano- 
bombus)  lapidarius L. and  P. (Cul lumanobombus)  cul lumanus K. (KULLENBERG 

et al., 1970). T h e s e  t h r ee  spec ies ,  c o m p a r e d  w i t h  the  s ix  spec i e s  t r ea t ed  in 

th is  p a p e r  (Pyrobombus  subgenus  Pyrobombus ,  sensu  Tka l c5 ) ,  c o i n c i d e  as r ega rd s  

the  m a i n  g r o u p s  of  c h e m i c a l  c o m p o u n d s  w i t h  the  i s o p r e n o i d - g r o u p ,  e x c e p t  fo r  

lapidarius w h i c h  has  chosen  the  a c e t o g e n i c  w a y  as in scandinavicus .  
Thus ,  t h e r e  seems  to be a r e l a t i o n s h i p  r e g a r d i n g  the  b i o s y n t h e s i s  of  vo la t i l e  

subs tances  - -  w i t h  s o m e  e x c e p t i o n s  - -  i n s ide  a c e r t a i n  s u b g e n u s / g e n u s .  
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