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Discrimination o f the bumblebee species Bombus lucorum, 
B. cryptarum  and B. magnus by morphological characters 
and male labial gland secretions

(Hymenoptera: Apidae)

W ith 14 figures

Andreas Bertsch, Horst Schweer and Andreas Titze

Zusammenfassung
Frühjahrsköniginnen von B. lucorum, B. cryptarum und B. magnus von jeweils 2 Fundorten in Brandenburg 
(Deutschland) und Schottland (Vereinigtes Königreich) wurden mittels morphologischer Merkmale be
stimmt. Dabei erwies sich die laterale Begrenzung des Collare am Rand des Pronotallobus oder auf dem 
Episternum als besonders brauchbares Merkmal. Farbfrische Königinnen der drei untersuchten Arten las
sen sich sicher bestimmen, es sind gute Morphospezies. An Hand von sicher bestimmtem Material ( 9 ? )  
werden von B. cryptarum und B. moguus Verbreitungskarten für Berlin und Brandenburg erstellt, aus den 
Fangdaten wird eine Frühjahrsphänologie der Flugaktivität für Königinnen rekonstruiert. Königinnen von 
B. cryptarum kommen im frühen Frühjahr aus dem Winterschlaf, sie sind 2-3 Wochen vor den Königinnen 
von B. maguus aktiv. Von sicher bestimmten Königinnen wurden Kolonien gezüchtet und die Labialdrüsen 
von Männchen aus diesen Zuchten gaschromatographisch/ massenspektrometrisch untersucht. Etwa 50 
Substanzen, eine Mischung geradkettiger Fettsäurederivate (Alkohole, Ester und Kohlenwasserstoffe), wur
den identifiziert. An Hand der Labialdrüsensekrete lassen sich drei unterschiedliche Taxa sicher trennen. 
Die Labialdrüsensekrete der Männchen von B. maguus aus Schottland und Brandenburg sind identisch, die 
Arterkennungssignale sind also großräumig stabil. Die Labialdrüsensekrete der Männchen von B. cryptarum 
aus Brandenburg und aus Schottland sind ebenfalls identisch, damit ist B. cryptarum erstmals als Bestandteil 
der Fauna der Britischen Inseln nachgewiesen. Die Unterschiede der als Arterkennungssignale genutzten 
Sekrete der Labialdrüsen bestätigen den morphologischen Befund, B. lucorum, B. cryptarum und B. maguus 
sind gute Arten.

Summary
Spring queens o f B. lucorum, B. cryptarum and B. maguus from 2 localities in Brandenburg/Germany and 
Scotland/United Kingdom respectively were determined by morphological characteristics. The lateral border 
of the collare at the border of the pronotallobus or at the episternum proved to be an especially useful char
acter. Queens with fresh colour can be determined safely; they are good morphospecies without overlap of 
characters. Distribution maps ( 9 9 )  for B. cryptarum and B. maguus from Berlin and Brandenburg are given. 
From the catch dates available the spring phenology of the queens flight activity is reconstructed. Queens of 
B. cryptarum emerge early in spring, their activity is 2-3 weeks ahead o f B. maguus. Artificial colonies were 
reared from safely determined spring queens and the cephalic part of the labial glands o f males from these 
colonies was investigated by GC/MS. About 50 compounds were determined, a mixture of straight chain 
fatty acid derivatives (alcohols, esters and hydrocarbons). By the labial gland secretions three different taxa 
can be distinguished. The labial gland secretions o f males of B. maguus from Scotland and Brandenburg are 
identical the species recognition signals are stable over extended area. The labial gland secretions of males of 
B. cryptarum from Brandenburg and of males from artificial colonies reared from safely determined spring 
queens from Scotland are also identical, B. cryptarum has been identified to be part of the British bumble 
bee fauna for the first time. The differences of the labial gland secretions used as species recognition signals 
confirm the morphological findings, B. lucorum, B. cryptarum and B. maguus are good species.
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I n t r o d u c t i o n
The nearly  250  know n  species o f  bum blebees have been grouped  in  subgenera w hich  
are classified o n  the  basis o f  m orphology, especially the  structures in  the m ale genitalia 
(It o  1985; W il l ia m s  1985, 1994). In  spite o f  the ir size and  conspicuous co loration , 
identification  o f  species w ith in  a subgenus is o ften  difficult because several species share 
a sim ilar general appearance in co lour and  m orphology. Small differences in m o rp h o l
ogy have often  been used as d iagnostic characteristics to d istingu ish  the species. The 
subgenus Bom bus s. str. (syn. T errestribom bus) is a g roup  in  w hich  classification o f  spe
cies is especially com plicated , partly  due to considerable intraspecific variation  o f  colora
tio n  and  m orphological characteristics. In  E urope, five species in  the  subgenus Bombus 
s. str., Bom bus (Bombus) terrestris (L in n a e u s , 1758), B. (B.) lucorum  (L in n a e u s , 1761), 
B. (B.) magnus (Vo g t , 1911), B. (B.) cryptarum  (Fa b r ic iu s , 1775) and  B. (B.) sporadi- 
cus (N y l a n d e r , 1848), are know n. T heir taxonom ical sta tus has been extensively ex
am ined  based o n  m orpho logy  (K r ü g e r  1939, 1951, 1954, 1956, 1958; P e k k a r in e n  
1979; L 0 k e n  1973; R a s m o n t  1984; R a s m o n t  et al. 1986), enzym e electrophoretic  
data  (S c h o l l  & O b r e c h t  1983; S c h o l l  et al. 1992; Pa m il o  et al. 1984) and  analy
ses o f  the com pounds o f  the m ale labial glands (Pa m il o  et al. 1997; B e r t s c h  1997a/b; 
U ra ba n o vÁ et al. 2001). The species status o f  B. sporadicus, B. terrestris and  B. lucorum  
is generally accepted, how ever the taxonom ic status o f  B. magnus and  B. cryptarum  is 
still in dispute. W hereas R a s m o n t  (1983, 1984) treated  b o th  taxa as separate species, 
W il l ia m s  (1991, 1998) lum ped  them  w ith  B. lucorum. R ecent publications (Pa m il o  
et a l.1997; W il l ia m s  2000 ; P e d e r s e n  2002) could  n o t really solve these prob lem s and 
d id  n o t clarify the  status o f  B. cryptarum  and  B. magnus. In  the  presen t study, we use 
m orphological characteristics o f  the  collare and  the  com pounds o f  the m ale cephalic 
labial glands to elucidate the  taxonom ic status o f  B. cryptarum  and  B. magnus. For this 
pu rpose, the specim ens exam ined were taken from  localities w here these taxa occur sym - 
patrically  w ith  B. lucorum.

Ma t e r i a l s  a n d  M e t h o d s
Bum blebee samples
Q ueens o f  B. lucorum, B. cryptarum  and  B. magnus were collected in  B randenburg , 
G erm any, abou t 5 km  N orthw est o f  M enz, Lkr. O berhavel (13° 0 2 ’ 5 9 ’’ O , 53° 0 6 ’ 
0 8 ’’ N ) du ring  spring. All three species were ab u n d a n t in a p ine  forest w ith  sandy  soil 
and  a closed layer o f  mosses (L eucobryo-P inetum  sylvestris M a t u s z k ie w ic z ). In  the 
beg inn ing  o f  May, luxu rian t vegetation  o f  Vaccinium myrtillus is a good food source for 
spring  queens, w h ich  show  strong  flight activity  in  the early m orn ing . Specim ens were 
also taken  from  T eupitz, Lkr. D ahm e-Spreew ald  (13° 3 6 ’ 3 3 ’’ O , 52° 0 8 ’ 0 8 ’’ N ) feeding 
o n  p lan ted  Cotoneaster. In  Scotland B. magnus is ab u n d an t (A l f o r d  1975, m aps IT E  
1980). Specim ens were taken  from  the N o rth  coast o f  Scotland in the  Sand D unes o f  
D u n n e t, C aithness (3° 2 0 ’ 3 0 ’’ W , 58° 3 6 ’ 3 0 ’’ N ) feeding on  Anthyllis vulneraria  and 
near the ligh t house at D uncan sb y  H ead , C aithness (3°01’4 0 ’’W , 58°38’4 0 ’’ N ) feeding 
o n  Cirsium palustre . A t b o th  sites queens determ ined  m orphologically  as B. cryptarum  
w here also taken  for investigation.
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The spring queens collected in  the  field were used in  m orphological exam inations. For 
G C /M S  investigations, males ob ta ined  from  colonies developed artificially in  a green
house were used. A fter collection, bum blebees were kep t alive in  a cool-box. D u ring  
transpo rta tion , the characteristics essential for identification , such as the  tufts o f  hair at 
the  thorax and  abdom en, were som etim es soaked and  stuck  together, especially during  
w et w eather. In  such cases, we p u t the  bees in  small flight cages w ith  som e honey-water. 
A fter feeding, they  started  to clean and  brush  the ir hair by themselves, w hich resulted 
in  the  restoration  o f  all the essential m orphological characteristics. Specim ens were p re
served in  a deep-freezer at -30°C . V oucher specim ens o f  the exam ined bees are stored at 
the  E ntom ological C ollection  o f  the Zoological M useum , H um boldt-U niversity , Berlin.
M orphology
D etails o f  m orpho logy  were s tud ied  using a stereom icroscope (W ild  M 8, P lanar 1.0, 
O kulars 10x/21), on ly  fresh specim en w ith  und is tu rbed  co lour patte rns were used. As 
already described by E. K r ü g e r , details in  hair was best stud ied  in  diffuse ligh t (use o f  
diffuse filter and  ind irect ligh t com bined  w ith  N ovoflex M acro ligh t Plus) at h igh  m agn i
fication by strok ing  the hair w ith  a p in p o in t artists pain tb ru sh . D istrib u tio n  o f  hair on  
d ifferent parts o f  the  thorax  was thus carefully investigated. To avoid m in o r equ ipm en t 
v ibra tions pho tog raphs were taken  on  a table w ith  a shock absorb ing  granite p late, using 
extension bellows and  a m acro-lens (O lym pus Z u iko  1:1 M acro  1 :4 /80  m m ). The th o 
rax was m o u n ted  on  stubs w ith  conductive carbon  cem ent, coated w ith  gold and  viewed 
w ith  a H itach i S-530 scann ing  electron m icroscope.

G land preparation  and G C /M S
The cephalic p a rt o f  the labial glands were dissected from  the  heads o f  males (reared in 
artificial colonies) u n d e r freezing cond itions and  placed in vials (glands from  5 males per 
vial) con ta in ing  0 .2  m l p en tane . A  F inn igan  M A T  T S Q 7 0 0  gas ch ro m a to g rap h /tan d em  
mass spectrom eter was em ployed. Gas ch rom atog raphy  was carried o u t on  a H ew lett 
Packard U ltra  1 (50 m , 0 .2  m m  i.d ., 0.11 ^ m  film  thickness) in  the splitless m ode w ith  
he liu m  as carrier gas at an  in let pressure o f  300  kPa. In itial tem pera tu re  o f  120 °C was 
held  for 1 m in , th e n  increased at 8 °/m in  to 280  °C, at 3 ° /m in  to  310 °C and  at 1 °/m in  
to 320  °C. This tem pera tu re  was held  for 10 m in . M ass spectrom eter cond itions were: in 
terface tem pera tu re  300  °C, source tem pera tu re  130 °C, electron energy 70  eV, em ission 
cu rren t 0 .2  m A, and  electron  m u ltip lie r 1400 V. In  the  positive ion  chem ical ion ization  
m ode am m o n ia  C I gas pressure was 70 Pa. D im ethy l disulfide adducts were p repared  
as described by B u s e r  et al. (1983). C o m p o u n d s  were identified  by com paring  their 
mass spectra w ith  those o f  the  N IS T  ’02 L ibrary  (N ational In stitu te  o f  S tandards and 
Technology, USA) and  by co injection  w ith  com m ercially  available standards.
C haracter coding and data m atrix for C ladogram  (Fig. 14)
C harac ter cod ing  for phylogenetic  analysis:

Lateral bo rder o f  yellow  ha ir o f  collare
1 lateral border of collare at border o f pronotallobus (1); lateral border o f collare at upper 

part o f episternum, ± sharp (2); lateral border of collare in the middle o f the episternum, 
± diffuse (3).
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Sculpture of the cuticula in the middle of 2. gastral tergite
2 Cuticula smooth and shining (1); cuticula only little chagrined, punctuations narrow and 

oblique (2); cuticula clearly chagrined, punctuations large (3).
Components of Labial gland
3 M ain component (MC) = 2,3-Dihydrofarnesol (1); M C = ethyl tetradecenoate (2); M C = 

ethyl dodecanoate (3).
4 Tetradecanol existent (1); Tetradecanol absent (0).
5 Hexadecanol existent (1); Hexadecanol absent (0).
6 Octadecadienol existent (1); Octadecadienol absent (0).
7 Octadecatrienol existent (1); Octadecatrienol absent (0).
8 Octadecenol existent (1); Octadecenol absent (0).

Enzym e phenotypes (S c h o l l  et al. 1992), m ob ility  (m m ) relative to the  e lec trom orph  
o f  B. lucorum  =100
9 Aconitase 1 ACON1 = 105 (1); ACON1 = 100 (2).
10 Esterase EST1 = 95 (1); EST1 = 100 (2).
11 Glutamic-oxalacetic transaminase G O T2 = 105 (1); G O T2 = 100 (2).
12 Hexocinase HK1 =96 (1); HK1 = 100 (2).
13 Isocitrate dehydrogenase ID H  = 100 (1); ID N  = 97 (2).
14 Phosphoglucomutase PGM  = 100 (1); PGM  = 105 (2).

D a ta  m atrix:
i 2 3 4 5 6 7 8 9 10 11 12 13 14

terrestris i 1 1 1 1 1 1 1 1 1 1 1 1 1
lucorum i 2 2 0 1 1 1 1 2 2 2 2 1 1
magnus 2 3 3 0 0 1 1 0 2 1 2 2 2 2
cryptarum 3 3 3 0 0 0 0 0 2 1 2 2 2 2

The data  m atrix  o f  coded characters was processed by Pa u p  (Sw o f f o r d  1999) using 
B. terrestris as ou tg roup , the cladogram  o f  the  shortest possible tree (tree leng th  17) was 
analysed using the co m p u ter p rog ram  M a c C l a d e  (M a d d is o n  &  M a d d is o n  1992).

Re s u l t s
T he diagnostic character “coloration  o f the collare” and  “border o f collare a t p ronotal- 
lobus/ep isternum ” o f queens
Q ueens o f  B. lucorum  were carefully exam ined by K r ü g e r  (1939, 1951), according to 
his investigations the yellow  hair o f  the collare always end  at the  border o f  the p ro n o ta l
lobus, on ly  a few yellow  hairs m ay  be found  at the dorsal bo rder o f  the episternum . 
Q ueens o f  B. cryptarum  show  a characteristic S-shaped b and  o f  dark  hair, w h ich  follows 
the  border o f  the  p ronota llobus and  separates a yellow  collare from  tw o patches o f  yellow 
hair at the  u p per border o f  the ep isternum  (Fig. 1). In  n o rth e rn  G erm any  m any  speci
m en  o f  B. cryptarum  are strongly  m elanised, and  the  collare is n o t b righ t yellow  b u t often 
dark -b row n due to the  m ix ture o f  yellow  and  black hair. O n ly  the  two yellow  patches 
at the  u p per border o f  the ep isternum  rem ain  unchanged  by m elanisation , this d istinct 
characteristics m akes a safe d e term in atio n  o f  queens especially easy (Fig. 3 &  4).
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Figs. 1-2: REM of anterior part o f thorax (partly shaved). N ot = Notum, Pro = Pronotum, Lob = Pronotallobus, 
Epi = Episternum, Teg = Tegula (+ anterior border o f tegula). Fig. 1: B. cryptarum (Fabricius), pattern of 
yellow hair and dark S-band o f collare. Fig. 2: B. magnus (Vogt), pattern of yellow hair of collare.

The broad , b righ t collare o f  the  B. magnus queen  is never m elanised. It reaches far dow n 
below  the tegula to b o th  sides o f  the  thorax  (Fig. 2), w ith  b o th  the  low er and  an terio r 
bo rder o ften  characteristically  diffused by long yellow  hair strok ing  in parallel to the  la t
eral parts o f  the thorax  (Fig. 7  &  8). The co m b in atio n  o f  b road  b righ t collare and  the 
broad  b righ t b and  o n  the  ab d o m en  m ake the  queen  o f  B. magnus b o th  especially brilliant 
and  unm istakable.
In  Scotland B. lucorum, B. magnus and  B. cryptarum  queens are large and  bright, melanisa- 
tio n  nearly never occurs. The characteristic dark  S-shaped band  o f  B. cryptarum, w hich fol
lows the border o f  the pronotallobus is very faint (Fig. 5 &  6), som etim es it is com pletely 
absent. Nevertheless the characteristic curved patch  o f  yellow hair at the upper border o f 
the ep isternum  is always present, and  helps to d iscrim inate B. cryptarum  from  B. magnus, 
w here the yellow hair o f the collare extend m uch  lower on  bo th  sides o f  the thorax (Fig. 9 
&  10). H ow ever d iscrim ination  is no t easy and it is helpful to sharpen the eye for the char
acteristics by  first inspecting specim ens o f B. cryptarum  w ith  the characteristic S-shaped 
band  at the border o f the pronotallobus (Fig. 1). It is also very helpful to do field w ork 
early in  spring w hen only  queens o f  B. cryptarum  are in flight (see spring phenology).
Distribution of B. cryptarum and B. magnus in Berlin and Brandenburg
D istrib u tio n  m aps do n o t give in fo rm ation  abou t the  abundance o f  species, b u t they  are 
good first approxim ations for fu rth er studies. In  Berlin and  B randenburg  B. lucorum  is 
frequen t and  can be fo u n d  in  great num bers everywhere. B. cryptarum  is less frequent, 
b u t p robab ly  d is tribu ted  over the w hole A rea (Fig. 11). W herever we searched w ith  the
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Figs. 3-4: 9 B. cryptarum (Fabricius), lateral view of collare (+ anterior border of tegula). Fig. 3: Teupitz, 
Brandenburg, Germany. Fig. 4: Menz, Brandenburg, Germany.

Figs. 5-6: 9 B. cryptarum (Fabricius), lateral view of collare (+ anterior border of tegula). Fig. 5: Duncansby 
Head, Scotland, United Kingdom. Fig. 6: Dunnet, Scotland, United Kingdom.
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Figs. 7-8: 9 B. magnus (Vogt), lateral view of collare (+ anterior border of tegula). 
Fig. 7: Teupitz, Brandenburg, Germany Fig. 8: Menz, Brandenburg, Germany.

Figs. 9-10: 9 B. magnus (Vogt), lateral view of collare (+ anterior border of tegula).
Fig. 9: Duncansby Head, Scotland, United Kingdom. Fig. 10: Dunnet, Scotland, United Kingdom.
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I w) B. magnus & cryptarum
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Fig. 11: Map showing the distribution of B. cryptarum (Fabricius) and B. magnus (Vogt) in Berlin and 
Brandenburg with UTM  10x10 km grid. (Queens only, for details see appendix I).

necessary persistence we could  detect this species. B. cryptarum  is qu ite  co m m o n  even in 
the  suburbs o f  Berlin and  seems to be qu ite  resistant to  h u m a n  activities.
B. magnus was first detected  in  B randenburg  by A. K r a u s se  near Ebersw alde, Lkr. B arnim  
and  described by T r a u t m a n  &  T r a u t m a n n  (1915) as Bom bus terrestris var. flavoscutel- 
laris. This descrip tion  refers to a collection  o f  20 queens, so the species seems to be locally 
ab u n dan t. T hough  the  d is trib u tio n  p a tte rn  (Fig. 11) does n o t look  very d ifferent com 
pared  to B. cryptarum, the  d is trib u tio n  o f  B. magnus is m uch  m ore patchy. In  5 years o f  
fieldw ork we could  only  detect the  species tw ice, once at T eupitz, Lkr. D ahm e-Spreew ald  
and  again near M enz, Lkr. O berhavel. The m ost recent records from  the  ou tsk irts o f  
Berlin are from  the year 1965 (see appendix).
Phenology o f spring queens o f B. cryp tarum  and  B. m agnus  in Berlin and B randenburg 
Fig. 12 shows the d is trib u tio n  o f  catch-dates for all spring  queens tha t cou ld  be safely 
de term ined . I f  we take the  interval m ean  ± s tandard  dev ia tion  (theoretically  inc lud ing
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Fig. 12: Spring phenology of B. cryptarum (Fabricius) and B. magnus (Vogt) queens in Berlin and 
Brandenburg. Each dot represents a date of catch. (For details see appendix I).

abou t 95%  o f  all observations) for b o th  species, the  biological difference in  em ergence 
o f  sp ring  queens from  w in ter sleep is abou t 2 1/2  weeks. The data  also show  th a t in  early 
A pril the  p robab ility  o f  seeing B. magnus is very low, w hich  gives us the  possib ility  o f  
study ing  the  characteristics o f  B. cryptarum  w ith o u t in terference w ith  B. magnus. The 
am o u n t o f  da ta  available from  Berlin and  B randenburg , how ever is too  sm all for a rigor
ous statistical analysis. F u rth e r studies will thus be necessary to investigate this apparen t 
biological difference.
G C /M S o f the cephalic labial glands o f males
Typical gas ch rom atogram s (G C ) for the  cephalic labial gland secretions o f  males o f  B. lu- 
corum, B. cryptarum  and  B. magnus from  T eup itz  (LKr. D ahm e-Spreew ald , B randenburg) 
are given in Fig.13 and  the  co m pounds are sum m arised  in  Table 1. The m ajo r co m p o u n d  
in  B. lucorum  is ethyl 9 -te tradecenoate  (Fig. 7, peak  6) com pared  to ethyl dodecanoate 
(peak 4) in  B. cryptarum  and  B. magnus. All three g land secretions con ta in  the usual 
m ix ture o f  s tra igh t-chain  fatty  acid derivatives (alcohols, esters, aldehydes and  hydro 
carbons) no rm ally  detected  in  the  G C  o f  the  subgenus Bom bus s. str. (B e r g s t r o m  et 
al. 1981; B e r t s c h  1997 a/b; VAltero v a  &  U r b a n o v a , 1997). C onsiderab le  am oun ts 
o f  e thyl-te tradecanoate (peak 7) and  ethyl-9-octadecenoate (peak 21, B. magnus) and 
m in o r am oun ts o f  e thyl-9-hexadecenoate (peak 12) and  ethyl-hexadecanoate (peak 13) 
were also detected. Substantial am oun ts o f  dodecanoic acid (peak 3), 9-hexadecenoic 
acid (peak 11) and  9-octadecenoic acid (peak 19) were also identified.
H exadecenol (peak 8) an d  hexadecanol (peak 9) are on ly  fo u n d  in  B. lucorum, an d  are 
absen t in  B. cryptarum  an d  B. magnus. 9 ,1 2 -O c tad ecad ien o l (peak 14) an d  9 ,12 ,15 -oc ta- 
decatrieno l (peak 15) are characteristic for the  labial g lands o f  B. lucorum  an d  B. magnus, 
b o th  substances are absen t in  B. cryptarum. Icosenol (peak 23 &  24), docosenol (peak 
27  &  28), tetracosenol (peak 32) an d  hexacosenol (peak 37  &  38) w ere also iden ti
fied. W hereas for B. magnus a p ro m in e n t peak  o f  icosenol (peak 24) is characteristic , 
in  B. cryptarum  docosenol (peak 28) is the  d o m in an t alkenol besides tw o characteristic 
hexacosenol peaks (peak 37  &  38) at the  en d  o f  the  ch rom atog ram  (see Fig. 13 and  
Table 1).

DOI: 10.21248/contrib .entom ol.54 .2 .365-386

http://www.senckenberg.de/
http://www.contributions-to-entomology.org/


©www.senckenberg.de/; download www.contributions-to-entomology.org/

374 Bertsch, A., et al.: Discrimination of B. cryptarum and B. magnus by morphology

N O R T RI IU P A C -N am e M I L U C CRY M A G
1 6:02 1378 E thyl decanoate 200 — x x
2 7:41 1507 M ethy l dodecanoate 214 -- x x
3 8:31 1562 D odecano ic  acid 200 x x x
4 8:41 1579 E thyl dodecanoate 228 x xxxx xxxx
5 10:22 1709 M ethy l te tradecanoate 242 — — x
6 11:12 1764 E thyl-9-tetradecenoate 254 xxxx x x
7 11:25 1778 E thyl te tradecanoate 256 x x x
8 12:19 1847 H exadecenol 240 x -- --
9 12:32 1868 H exadecanol 242 xx -- --
10 13:09 1909 M ethy l hexadecanoate 270 — — x
11 13.18 1925 9-H exadecenoic acid 254 x -- --
12 13:32 1964 E thyl -9 -hexadecenoate 282 x x x
13 13:46 1978 E thyl hexadecanoate 284 x x x
14 14:46 2035 9 ,12-O ctadecad ien -1 -o l 266 xx -- xx
15 14:49 2040 9 .12 .15 -O ctadeca trien -1 -o l 264 xx -- xx
16 14:58 2047 O ctadecen-1 -o l 268 x -- --
17 15:15 2086 M ethy l octadecenoate 296 -- -- x
18 15:20 2100 H eneicosane 296 x x x
19 15:46 2125 9-O ctadeceno ic  acid 282 x x x
20 15:58 2146 E thyl octadecadienoate 308 -- -- x
21 16:08 2155 E thyl octadecenoate 310 x x xxx
22 16:16 2178 E thyl-octadecanoate 312 x -- x
23 17:04 2248 Icosen-1-ol 296 x x x
24 17:08 2258 Icosen-1-ol 296 x x xx
25 17:17 2270 Tricosene 322 x x x
26 17.38 2300 Tricosane 324 x x x
27 19:13 2453 D ocosen-1-ol 324 -- x --
28 19:19 2464 D ocosen-1-ol 324 x xx x
29 19:24 2471 Pentacosene 350 x x x
30 19:28 2491 Pentacosene 350 x x x
31 19:42 2500 Pentacosane 352 x x x
32 21:15 2658 Tetracosen-1-ol 334 -- x x
33 21:20 2266 Tetracosen-1-ol 334 x x x
34 21:24 2672 H eptacosene 378 x x x
35 21:27 2691 H eptacosene 378 x x x
36 21:38 2700 H eptacosane 380 x x x
37 23:18 2862 H exacosen-1-ol 380 x x x
38 23:25 2874 H exacosen-1-ol 380 x x x
39 23:31 2882 N onacosene 406 x x x
40 23:41 2900 N onacosane 408 x x x

Tab. 1. Compounds o f the labial glands of Bombus lucorum (Linnaeus), B. cryptarum (Fabricius) and 
B. magnus (Vogt) up to 25 min retention time. Retention time (RT), retention index (RI) und molecular 
ion (MI).
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Fig. 13: Gas chromatogram (GC) cephalic part o f labial gland o f males of B. lucorum (Linnaeus), B. cryp- 
tarum (Fabricius) and B. magnus (Vogt).
Major diagnostic peaks: B. lucorum: peak 6* = ethyl 9-tetradecenoate, 9* = hexadecanol, 14*/15* = octade- 
cadienol & octadecatrienol. B. cryptarum: 4* = ethyl dodecanoate, 28* = docosenol, 37*/38* = tetracosenol. 
B.magnus: 4* = ethyl dodecanoate, 14*/15* = octadecadienol & octadecatrienol, 21* = ethyl 9-octadeceno- 
ate, 24* = icosenol.

A  com plex m ix ture o f  abou t 20 w ax type esters w ith  carbon  chain  lengths o f  betw een 
32 - 38 was found  in  the  chrom atogram s. The characteristic M S fragm ent ions o f  the 
alcohol and  the acid p a rt o f  these esters (P e p e  et al., 1993) enable the de tection  o f  small 
am oun ts o f  the respective alcohols or acids, w h ich  are otherw ise difficult to detect and 
iden tify  in  gas chrom atogram s.
C haracteristic  com ponen ts in the  m ale labial g land secretions o f  m any  bum blebee spe
cies are p rim ary  alcohols, therefore it is likely th a t they  p lay a m ajo r role in  co m m u n i
cation. B o th  the  m ain  qualitative and  quan tita tive  differences betw een the  labial gland 
secretions o f  B. magnus and  B. cryptarum  are differences in  p rim ary  alcohols (9 ,12-octa- 
decad ien-1-o l, 9 ,12 ,15 -octadecatrien -1 -o l, icosen-1-ol, docosen-1-ol), the  species recog-
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nition-signals differ significantly, p roving the  specific sta tus o f  b o th  taxa. The chem istry  
o f  the labial glands show  tha t B. lucorum  is d istinc t from  the  species pair B. magnus and 
B. cryptarum, w h ich  share the  sam e m ain  co m p o n en t b u t differ in  alcohols.

D i s c u s s i o n
M orphology
A  dark  form  o f  B. lucorum  was described in itially  by S k o r ik o v  (1913; B. lucorum  var. 
pseudocryptarum  from  Poland and  Russia) and  Ba l l  (1914; B. lucorum  var. lucocryp- 
tarum  from  Belgium ). B o th  descrip tions refer to the lateral bo rder o f  the collare as a 
d iagnostic characteristic. R a s m o n t  (1981) m ade a detailed  descrip tion  o f  var. lucocrypta- 
rum  Ba l l  and  raised the  taxon  to species status. The special characteristics o f  B. magnus 
were first described by T r a u t m a n  &  T r a u t m a n  (1915; B. terrestris var. flavoscutellaris 
from  E bersw alde/G erm any), S k o r ik o v  (1922; B. audax  var. pseudosporadicus from  St. 
Petersburg/R ussia) and  K r ü g e r  (1939; B. lucorum Rasse latocinctus from  Sylt/G erm any), 
again the  characteristics “lateral bo rder o f  the  collare” were described. K r ü g e r  (1954) 
raised these taxa to species status. W e carefully s tud ied  the  co rresponding  type specim ens 
in  the collections at A m sterdam , Brussels and  St. Petersburg. These studies significantly 
clarified the  descrip tions in the  litera tu re  and  allowed us to use the  character “lateral b o r
der o f  the collare” as a d istingu ishing  characteristic.
As already described for B. cryptarum  (B e r t s c h  1997a/b ), con trary  to m any  discussions 
in  literature, the  d e term in atio n  o f  spring  queens in  G erm any  is n o t difficult. M ost ind i
viduals can easily be determ ined  w hile feeding on  plants. The strongly  m elanised dark  
collare, com pared  to the  ligh t yellow  band  o f  the  ab d o m en  characterises nearly  all fe
males o f  B. cryptarum, whereas the  broad , b righ t collare and  a sim ilar b road  b righ t band  
at the abdom en  m akes the  females o f  B. magnus especially b rillian t against the dark- 
green background  o f  Vaccinium myrtillus and  the  mosses o f  the forest floor. B. magnus is 
very shy and  all females d isappear im m ediately  i f  the  observer does n o t m ove slowly and 
avoids casting a shadow. I f  one queen  has been d istu rbed  all the o thers on  the  site will 
d isappear w ith in  a sh o rt tim e. Inspection  o f  the  characteristic “border o f  the  collare at 
the  p ro n o ta llob u s/ep is te rn u m ” w hile the  bee is in  a glass vial usually confirm s the  first 
judgem en t. O n ly  a few specim ens need closer inspection  at the  laborato ry  w ith  stereo
m icroscope. The situa tion  is m ore difficult in  Scotland, w here sp ring  queens o f  all three 
species are large and  b righ t coloured. Therefore, inspection  o f  the  specim en in  a glass 
vial is always necessary bu t, again, a closer inspection  o f  the  characteristic “bo rder o f  the 
collare at the p rono ta llobus/ ep isternum ” allows a safe d e te rm in a tio n  o f  m ost females in 
the  field. O n ly  a few specim ens m ust be transferred  to the  laborato ry  for closer inspec
tio n  u n de r a stereom icroscope. O n  w et and  rainy  days, rem oving the  specim en from  the 
n e t in  m ost cases results in  com pletely  soaked bees and  an inspection  o f  the  diagnostic 
characteristics is im possible. The bees have then  to  be transferred  to flight cages and 
fed h oney  so lu tion . There they  w arm -up , get d ry  and , after a sh o rt tim e, sta rt clean
ing and  b rush ing  the ir hair so tha t the d iagnostic characteristics com e o u t distinctively. 
D e te rm in a tio n  then  becom es easy.
Bom bus magnus from  Scotland was first described as a fo rm  o f  B. lucorum  by  Vo g t  
(1911) and  raised to rank  o f  species by K r ü g e r  (1954) w ho carefully described the
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diagnostic characteristics o f  this species. N evertheless the d ispu te su rro un d in g  the  taxo
nom ic status o f  B. magnus and  its d e lim ita tion  from  B. lucorum  is on-going. W il l ia m s  
(2000) for instance investigated a series o f  32 females from  Scotland from  w hich  6 had  
been m orphologically  determ ined  as B. magnus by P. R a s m o n t . A fter m easuring  “how  
far the  collare extends (dorso-ventrally) below  the tegula” and  the  “m ax im um  bread th  
(an tero-posterio rly )” and  p lo ttin g  the standardised  values P. W il l ia m s  concluded , tha t 
the  m aterial investigated show ed a co n tin u u m  and  n o t, as he expected, a d istinc t gap 
separating  the  m easurem ents for B. lucorum  and  B. cryptarum. A part from  the difficulties 
involved in  m easurem ents on  ha ir patches w ith  diffuse borders, a ttem pts at quantify ing  
subtle m orphological differences often  fails e ither because the  database is insufficient 
o r because B. cryptarum  is n o t treated  separately as for instance in the  m easurem ents o f  
L 0 k e n  (1973), P e k k a r in e n  (1979) and  Ba k e r  (1996).
D istribu tion  and biology
D iscussion abou t taxonom ic status is o ften  is restricted to m orphological characteristics, 
and  the application  o f  m o d ern  b iochem ical or m olecular m ethods is generally based on  
such  m orphological investigations. B ut species are biological entities and  therefore the 
insigh t fo rm ulated  by F r is o n  (1926) th a t good m orphological species are also always d if
ferent in  biology shou ld  n o t be neglected. M uch  m ore expert fieldw ork has to be done. 
As the taxonom ical sta tus o f  B. cryptarum  and  B. magnus is still in  d ispute, it is p rem a
ture  to discuss the ir biology by com paring  d is trib u tio n  data. I f  we take on ly  safely de
te rm in ed  queens as data, the  follow ing p ic tu re  is available: B. lucorum  is ab u n d a n t all 
over W estern , C en tra l and  N o rth e rn  E urope, data  o f  Pa m il o  et al. (1997  Fig. 1) m ake 
it p robable tha t it is less ab u n d a n t in the far n o rth  o f  Scandinavia and  F in land, w here 
B. cryptarum  m igh t be m ore p red o m in an t. In  S ou thern  E urope B. lucorum  is restricted 
to the  m o u n ta in o u s regions.
B. cryptarum  is d istribu ted  all over Europe. It is ab u n d a n t in  Benelux, N o rth e rn  and 
M idd le  G erm any, Poland and  W h ite  Russia, the eastern border o f  the  d is trib u tio n  in 
Russia is u n k n o w n  th o u g h  specim ens have been  found  at M oscow. The available data  
show  th a t B. cryptarum  is less ab u n d a n t in  the  S ou thern  parts o f  these countries, ab u n 
dance and  d is trib u tio n  in  the  Alps o f  France, Sw itzerland and  A ustria  has still to be in 
vestigated. O n  the  B ritish Isles B. cryptarum  is ab u n d a n t in  D artm o o r, E xm oor and  all 
over W ales and  Scotland, the  exact d is trib u tio n  has still to be investigated.
B. magnus is som etim es treated  as an  endangered  species, w h ich  m ost p robab ly  is n o t 
the  case. The d is trib u tio n  is m ore patchy, b u t locally B. magnus is ab u n d an t, som e
tim es even the  p red o m in an t species. Specim en are available from  Ireland, U n ited  K ing
d o m  (Scotland, W ales and  E ngland), Benelux, France, G erm any, Poland and  Russia 
(St. Petersburg). In  Scandinavia and  F in land  B. magnus is restricted  to the  so u th ern  coast 
o f  F in land, Sw eden and  the so u th ern  and  south-w estern  coast o f  Norway. C o n tra ry  to 
B. lucorum  and  B. cryptarum  the  d is trib u tio n  shows a d istinc t bo rder to the  n o rth . M any  
o f  the specim ens determ ined  as B. magnus by L0KEN (1973) belong to the b righ t unm ela- 
nised form  o f  B. cryptarum, so fu rth er studies will be necessary. So far no  specim ens from  
the  Alps o f  Sw itzerland and  A ustria  are available, however, the possib ility  tha t B. magnus 
m igh t occur in  som e valleys o f  the  S ou thern  Alps has to be investigated. The d is trib u tio n  
o f  the  species in  S ou thern  France, the Pyrenees and  the C an tab rian  M ou n ta in s  has also 
to be fu rth er investigated.
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B. cryptarum  differs biologically from  B. lucorum  by  the phenology  o f  the  spring  queens 
because B. cryptarum  em erges earlier than  B. lucorum  (B e r t s c h  1997a). K r ü g e r  (1939) 
repo rted  for B. magnus from  Sylt, th a t queens appear d istinctly  later in spring  than  those 
o f  B. lucorum, a fact w h ich  could  be confirm ed for B. magnus from  Belgium  (R a sm o n t  
1984). It therefore seems plausible th a t the  tim e difference betw een the  early B. crypta
rum  and  the late B. magnus should  be substantial. Fig. 12 shows this difference in  the 
em ergence o f  spring  queens, though , it is still a ra th er sketchy p ic tu re  and  m u ch  m ore 
field observations are necessary. It is already obvious, however, th a t in  the flow ering peri
od  o f  early Salix  species and  Erica carnea the p robab ility  o f  finding  B. magnus is very low. 
The reasons b eh in d  this p h en o m en o n  could  help define biological differences betw een 
B. cryptarum  and  B. magnus.
Gas C hrom atogram
The com ponen ts o f  the  cephalic p a rt o f  the  m ale labial glands o f  bum blebees used for 
scent m ark ing  are species specific, follow ing the discussion o f  P e t e r s  (1998) abou t spe- 
ciation  it cou ld  be useful to see them  m ore as cohesion m echanism  o f  the  species th a n  
as iso lation  m echanism . These co m pounds have been successfully used to d iscrim inate 
o r to recognise difficult bum blebee taxa, as for instance B. lapponicus and  B. monticola 
(Sv e n s s o n  1979) and  B. lucorum  and  B. cryptarum  (B e r t s c h  1997a/b ). In  this investi
gation  the  species recogn ition  signals o f  the labial glands are used to separate B. crypta- 
rum  and  B. magnus.
Besides the  m ain  co m p o n en t ethyl 9 -tetradecenoate, the gas ch rom atog ram  o f  B. lucorum  
is un iq u e  in  the occurrence o f  considerable am oun ts o f  hexadecan-1-ol, w h ich  is absent 
in  b o th  B. magnus and  B. cryptarum. The double peak  o f  octadecadien-1-o l and  octadeca- 
trien-1-o l o f  B. lucorum  and  B. magnus is absent in  B. cryptarum. A  p ro m in en t peak  o f  
ethyl 9-octadecenoate is characteristic for the  G C  o f  B. magnus com pared  to B. lucorum  
and  B. cryptarum. In  B. lucorum, besides dodecanoic acid, 9-hexadecenoic acid and  9- 
octadecenoic acid could  be detected  in  considerable am oun ts whereas B. magnus con
tains dodecanoic acid and  9-octadecenoic acid, B. cryptarum  on ly  dodecano ic acid. 
C orrespond ing ly  B. lucorum  has a larger p a tte rn  o f  esters com pared  to B. cryptarum  and 
B. magnus.
M ales o f  B. lucorum  in  the  broadest sense (B. lucorum  s. lat. - see W il l ia m s  1991, 1998) 
show  extensive co lour variance (P e k k a r in e n  1979), a variation  associated w ith  the chem 
ical com position  o f  the  m ark ing  pherom ones p roduced  by the labial glands (B e r g s t r ö m  
et al. 1973). P herom onal studies revealed tw o d istinc t types o f  males; one representing  
the  “b lo n d ” and  the  o th er one the  “dark” form . Later B e r g s t r ö m  et al. (1981) regarded 
these form s as two sibling species on  the basis o f  the ir pherom onal differences. As the 
“b lo n d ” form  was characterised by the  co m p o n en t ethyl tetradecenoate, w h ich  was de
tected  as the  m ain  co m p o n en t o f  B. lucorum  by  C a la m  (1969), the  “b lo n d ” form  was 
B. lucorum. In  an  a ttem p t to relate the figures o f  the  pub lica tio n  (B e r g s t r ö m  et al.1973 
Fig. 1-14) to taxa, R a s m o n t  et al. (1986) cam e to the  conclusion  tha t m ost o f  the  speci
m ens illustra ted  belong to B. lucorum, som e m igh t belong to  B. cryptarum  and , probably, 
no B. magnus was included.
A  new  a ttem p t to d iscrim inate betw een B. lucorum, B. magnus and  B. cryptarum  by G C s 
o f  the  m ale labial glands from  F in land  (Pa m il o  et al. 1997) gives a pecu liar result. The 
28 males analysed indiv idually  com e from  H an k o  (sou thern  F in land), w here all three

DOI: 10.21248/contrib .entom ol.54 .2 .365-386

http://www.senckenberg.de/
http://www.contributions-to-entomology.org/


©www.senckenberg.de/; download www.contributions-to-entomology.org/

Beitr. Ent. 54 (2004) 2 379

species can be expected. The males have n o t been  identified  m orphologically. A gain we 
are left w ith  the “b lo n d ” and  “dark” form  and  strange enough , in the  sum m arising  table 
(Pa m il o  et al. 1997, Fig. 3) and  text B. lucorum  is characterised by the  presence o f  ethyl 
dodecanoate. As C a la m  (1969) has show n and  as was confirm ed by U r ba n o v a  et al. 
(2001) the m ain  co m p o n en t o f  B. lucorum  is ethyl 9-tetradecenoate, so we are left w ith  
the  assum ption  th a t som ehow  in  this investigation  nam es or specim en have been  m ixed. 
M ost p robab ly  as already in  the  investigation  o f  B e r g s t r o m  et al. (1973) on ly  males o f  
B. lucorum  and  B. cryptarum  have been analysed. A gain the  d istinc tion  o f  “b lo n d ” and  
“dark” form  w ith o u t fu rth er m orphological in fo rm ation  is n o t helpful in analysing criti
cal taxa o f  bum blebees from  field collections and  Fig. 3 (Pa m il o  et al. 1997) shows th a t 
“b lo n d ” and  “dark” specim en are represented  in the  sam e category so the  d is tinc tio n  does 
n o t really separate the  taxa.
O u r  G C /M S  results from  B ran denb u rg /G erm any  and  S co tlan d /U n ited  K ingdom  for 
m ales, reared in artificial colonies from  unm istakable spring  queens clearly prove th a t 
carefully determ ined  specim ens result in  d istinc t d ifferent G C s. This difference o f  com 
p o un d s o f  m ale labial glands was confirm ed by m aterial (B e r t s c h  et al. unpublished) 
from  a range o f  places in  G erm any  (N urem berg/B avaria), Russia (St. Petersburg), France 
(C ol de la C roix  M oran d /P u y -d e-D o m e) and  the U n ited  K ingdom  (P orlock/E ngland, 
A bergavenny/W ales and  G lenm ore  Forest/Sco tland), w here all three species live sym pat- 
ric. B. cryptarum  is n o t restricted  to C en tra l and  N o rth e rn  E urope, it is also a species o f  
the  bum blebee fauna o f  the  B ritish Isles.
Enzyme electrophoretic data and M itochondrial C ytochrom e oxidase 1 D N A  sequences
M ito ch ro n d ria l cytochrom e oxidase 1 (C O 1) was used especially successfully in  analys
ing  different H y m en o p te ra  (Bom bus; P e d e r s e n  1996, 2002 , Lasius; H asagaw a  1998, 
Lasioglossum ; D a n f o r t h  1999, Apis; T a n a k a  et al. 2 0 01a/b ). R ecently  P e d e r s e n  (2002) 
sequenced C O 1  from  B. lucorum, B. cryptarum  and  B. magnus. H is results (P e d e r s e n  
2002 , Fig. 4 and  5) show  B. cryptarum  as very close to B. lucorum  (from  the con tinen t) 
and  B. magnus as d istinc tly  d ifferent b u t surprisingly  close to B. lucorum  from  the  U nited  
K ingdom . P e d e r s e n  (2002, page 382) concludes from  his investigation  “although  the 
B om bus group o f  species seems to form  a d istinc t m onophyle tic  g roup, observed differ
ences w ith in  the  group indicate taxonom ic prob lem s so severe tha t likely only  a closer 
stu d y  o f  m orpho logy  and  m olecular data  from  several localities in  E urope w ill delim itate  
the  species.”
W e th ink , th a t w ill n o t be necessary. The genetic  relationship  betw een the  taxa o f  the 
subgenus B. s. str. was stud ied  using p ro te in  electrophoretic  data  (S c h o l l  &  O b r e c h t  
1983; S c h o l l  et al. 1990; S c h o l l  et al. 1992). The phenog ram  o f  the  genetic relation 
ships o f  the  species (S c h o l l  et al. 1992, Fig. 2) based on  a sim ilarity  m atrix  (N E I coeffi
cien t o f  genetic iden tity  I), was constructed  by average linkage cluster analysis (U P G M A ), 
it clearly separates b o th  B. cryptarum  and  B. magnus from  B. lucorum. This view  is cor
robo rated  by our results o f  the  G C /M S  o f  the  labial gland secretions. It is therefore very 
im probab le tha t the  genetic distance betw een B. cryptarum  (Austria) and  B. lucorum  
(Austria) is so m u ch  sm aller (6 base substitu tions) than  the  genetic distance (43 base 
substitu tions) betw een B. magnus (Austria) and  B. lucorum  (Austria), as supposed  by 
P e d e r s e n  (2002). U sing enzym e electrophoretic  data  o f  S c h o l l  et al. (1992), the  m ain  
com ponen ts, the  alcohols o f  the labial g lands and  the m orphological characters “border
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B. terrestris [outgroup]

B. lucorum

B. magnus

B. cryptarum

Fig. 14: Cladogram (branching information) calculated using morphological characteristics, data from GC/ 
MS analysis and enzyme electrophoretic data from Scholl et al (1992).
For coding see methods.

o f  the collare at the p ro n o ta llob u s/ep is te rn u m ” and  “cuticula  scu lp ture o f  the  2. terg ite” 
we calculated the  shortest possible phylogenetic  tree w ith  B. terrestris as o u tg roup  (Fig. 
14). The cladogram  clearly separates B. lucorum  from  B. cryptarum  and  B. magnus, w hich  
shou ld  be treated  as sister species clearly d istinc t from  B. lucorum.
The specim ens o f  B. magnus investigated by P e d e r s e n  (2002) were collected from  Swit
zerland and  A ustria, at localities o f  ± subalp ine/a lp ine  hab ita ts  (Solkpass 1790 m , A ustria 
and  Julier-Pass 2284  m , Sw itzerland). B. magnus has un til now  never been  reported  
from  such subalp ine localities. A ccording to A m ie t  (1996) B. magnus is n o t a m em 
ber o f  the  fauna o f  Sw itzerland. H ow ever an exceptionally  b righ t fo rm  o f  B. crypta
rum  (ssp. reinigianus R a s m o n t  1984, Fig. 1b) can be found  in the  Alps o f  A ustria and 
Sw itzerland (R a s m o n t  1984, M ap  3; A m ie t  1996). The specim ens nam ed B. magnus 
by P e d e r s e n  (2002) should  be conspecific w ith  B. cryptarum. W ith o u t m orpho log i
cal inspection  the  specim ens nam ed  B. cryptarum  by  P e d e r s e n  (G enB ank AY181101 
D an m a rk  and  A Y 181100 A ustria) canno t be p u t in the ir p ro p er place. Probably  no 
specim ens o f  B. magnus were included  in  the  investigations o f  P e d e r s e n .

Conclusions
G C /M S  o f  the  m ale cephalic labial gland is an  excellent too l for clarifying the taxo
n o m ic  rank  o f  critical species. For species difficult to separate by m orpho logy  the  spe
cies recogn ition  signals o f  the  m ale labial gland secretions gives clear and  unequivocal 
evidence. Such results can, however, on ly  be expected if  the  m aterial involved has been 
carefully identified. M ales taken  for G C /M S  from  artificial colonies are useful to clarify 
prob lem s in  critical taxa and  shou ld  be preferred  to males collected in  the  field. 20 years 
ago P. R a s m o n t  by careful m orphological w ork  established the  species B. cryptarum  and 
B. magnus as p a rt o f  the C en tra l E uropean  bum blebee fauna, this jud g em en t could  now  
be confirm ed by biochem ical m ethods.
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A p p e n d ix  I

Checklist of specimen examined ( 9 9  only, localities with UTM  grid, UTM  Reference Zone 33U)

Abbreviations
DEIC Deutsches Entomologisches Institut, Müncheberg
ITZA Instituut voor Taxonomomische Zoölogie, Amsterdam
M NHB Museum für Naturkunde Humboldt Universität, Berlin, incl Sammlung G. Peters 
SBB Sammlung A. Bertsch, Berlin
SDL Sammlung H. D onath, Lukau

B om bus cryp tarum  (117 specim ens from  52 localities)
B ran denb u rg :
LKr. U ckerm ark : G ollin , 1 9 $  A hlim bsm ühle  U V 0 61 2 7  81393 , R ubus fruticosus 
(Bertsch ), 25 .V .2002, SBB.
LKr. O berhavel: Fürstenberg  U U 7 6 0 0 0  9440 0 , 4 9 9 , E rica carnea (Z im m e r m a n n ), 
10.IV .1928, IT Z A ; M eseberg U U 7 2 7 0 0  7070 0 , 1 9 ,  4 .V I.19 3 3 , IZTA ; Löw enberg 
U U 7 5 8 0 0  6240 0 , 1 9 , T rifo lium  pratense (Peters), 12 .IX .1966 , M N H B ; N euglobsow , 
1 9 F ried h o f U U 6 9 0 4 6  91034 , R h o d o d en d ro n  (Bertsch ), 25 .V .2002, SBB; M enz, 
4 9 9 K iefernw ald nordöstl. M enz U U 6 4 5 8 8  86843 , V accinium  m yrtillus (Bertsch ), 
11.V .2003, SBB; G erm endorf, 1 9 F ried h o f U U 76601  4 5 70 1 , Erica carnea (Bertsch ), 
7 .V .2002, SBB; Z ühlsdorf, 2 9 9 R ahm er See U U 9 2 3 8 9  45 09 2 , Salix (Peters), 
2 .IV .1967, M N H B ; M ühlenbeck , S um m t U U 8 9 2 1 7  39 09 1 , 4 9 9 K iefernm ischw ald, 
V accinium  m yrtillus (Peters), 22.V. 1965, M N H B .
LKr. B arn im : A hrensfelde, 1 9 F ried h o f V U 0 3 2 0 9  2706 8 , Erica carnea (Bertsch ), 
17.IV .2002, SBB; B iesenthal V U 0 6 6 3 2  4 6 92 4 , 2 9 9 , Salix (Bertsch ), 19.IV .1993, 
SBB; W andlitz , 4 9 9 R ahm er See U U 9 3 5 7 9  4 5 55 3 , Salix (Peters), 17.IV .1965, 
M N H B .
LKr. H avelland : G rünefeld  U U 6 3 0 1 0  3819 2 , 2 9 9 , Salix (Bertsch ), 20 .IV .2003 , SBB; 
Perw enitz, 1 9 F ried h o f U U 6 5 5 8 7  36294 , Erica carnea (Bertsch ), 18.IV .1993, SBB; 
N au en  U U 5 6 1 3 0  30630 , 1 9 ,  Salix, 8 .V .1929, M N H B ; B redow  U U 5 9 5 3 0  28430 , 1 9 , 
22 .IV .1911 , M N H B ; Falkensee, F inkenkrug  U U 68051  26375 , 1 9 , (St o b b e), M N H B ;  
1 9 , (En d e r l e in ), 18.V .1904, M N H B ; 3 9 9 , E nde M ai 1925, IT Z A .
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LKr. M ärk isch -O d erlan d : Bad Freienw alde V U 3 4 9 1 0  4 8 63 0 , 1 9 ,  (D o n a th ),
29.IV .1984 , SD L; B uckow  V U 3 7 3 0 0  24 62 0 , 4 9 9 , (Sc h ir m e r ), IT Z A ; L ebus/O der, 
M üh len ta l V U 6 7 4 9 4  0467 1 , 1 9 Salix (Peters), 23 .IV .1966 , M N H B ; 1 9 S ym phytum  
(Peters), 3 .V I. 1968, M N H B .
P o tsdam : Potsdam  U U 6 6 9 3 0  0755 0 , 1 9 ,  (Pape), D E IC .
LKr. P o tsd am -M itte lm ark : C apu th , 1 9 ,  T em pliner See U U 6 4 6 7 9  0204 0 , Salix 
(Bertsch ), 16.IV .1994, SBB; 1 9 ,  Beelitz U T 6 1 8 3 0  88950 , M ai 1936, IT Z A .
LKr. T eltow -F läm ing: G ro ß m achn o w  U T 9 5 2 8 0  92 74 2 , 1 9 W einberg  (B is c h o f f ), 
6 .V I.1922 , M N H B .
LKr. D ahm e-Spreew ald: Friedersdorf, 3 9 9 Scaby-Bruch V T 20128 96779, Salix (Peters), 
27.III. 1967, M N H B ; Teupitz, 3 9 9 Terrasse Schloßhotel V T 04598  77484, C otoneaster 
(Bertsch), 22.V.1994, SBB; M ärkisch-Buchholz, 19 Kiefernwald V T 16485 74772, 
Vaccinium  m yrtillus (Bertsch), 22.V.1994, SBB; L uckauV T11410 45360, 1 9 (N adolski), 
4.IV .1985, M N H B ; Luckau, 1 9 , G ießm annsdorfV T 10256  48424 (D onath), 12.V.1982, 
SDL; Luckau, 1 9 Zöllm ersdorf V T 08017  45445 (D onath), 20.IV .1987, SDL.
LKr. O der-S pree: R ieplos, 8 9 9 ,  A u to b ah n ab fah rt V T 2 5 1 8 0  9667 9 , V accinium  m yr
tillus (Peters), 3. &  13.V .1965, M N H B .
LKr. Spree-Neiße: Peitz, 2 9  9 Teufelsteich V T59334 44186, Salix (Bertsch), 17.4.1993, SBB. 
C ottbus: 1 9 , Park Branitz V T 56049 32430, Calluna vulgaris (Bertsch), 1.IX.1991, SBB. 
B erlin:
B erlin -P ankow : 1 9 B uchholz U U 9 3 9 4 3  29 81 0 , Salix (Peters), 7 .IV .1965 , M N H B ; 
Karow, 4 9  9 Fischteiche U U 9 5 7 6 0  31380 , Salix (Peters), 7.IV ., 14.IV., 17.IV. &  
30 .IV .1965 , M N H B ; Karow, 7 9  9 Rieselfelder U U 94851  3237 8 , L am ium  p u rp u 
reum , 3.V .1965 (Peters), M N H B ; 1 9 ,  B uch U U 9 8 3 1 2  32910 , 8 9 9 (Vo g t), M ai 
1936, IT Z A ; N iederschönhausen , F ried h o f U U 9 2 2 0 5  28427 , 1 9 C orydalis 2.IV. 1996 
(Bertsch ) SBB.
B erlin -S pandau : Spandau  U U 7 8 3 0 0  2236 2 , 2 9 9 (M üller), 29 .IV .1909 , M N H B ;  
1 9 (Z w ic k ), 21 .IV .1930 , M N H B ; H akenfelde U U 7 8 9 1 9  25800 , 1 9 (B is c h o f f ), 
M N H B . 1 9 (M üller), 6 .V III.1 9 30 , M N H B . 1 9 , Spandau , F ried h o f U U 7 65 3 5  
2442 4 , Erica (Bertsch ), 4 .V .2002, SBB.
B erlin -R e in ickendorf: Tegel U U 8 2 7 0 9  2671 8 , 1 9 , 10.V .1914, M N H B ; Jungfernheide 
U U 8 2 3 3 0  25433 , 4 9 9 , (Zw ic k ), 24. u n d  2 9 .4 .1 9 3 0 , M N H B . Tegel, 5 9 9 V olkspark 
R ehberge U U 8 6 5 1 2  23433 , C orydalis (Bertsch ), 3 .IV .2000, SBB; H erm sdorf, 1 9 
F ried h o f U U 8 4 5 0 3  32272 , Erica carnea (Bertsch ), 19.IV .2002, SBB.
B erlin -M itte : M useum sgarten , 1 9 , 17.IV .1906, M N H B ; A rbeitsraum  im  M useum  für 
N a tu rk u n d e  U U 8 9 9 7 4  21276 , 1 9 , (Peters), 1 .IV .1965, M N H B .
B erlin -M arzah n : N ied erb arn im  V U 0 3 0 9 8  21 71 8 , 1 9 , 13.IV .1914, M N H B ; M arzahn , 
1 9 F ried h o f V U 01071  2287 8 , C rocus (Ber tsc h ), 3 .IV .1997, SBB.
B erlin -Z eh lend o rf: D ah lem , 1 9 , B otanischer G arten  U U 8 4 8 2 3  12898, Corydalis 
(Bertsch ), 1 .IV .1997, SBB; 1 9 Schw anenw erder U U 7 5 4 8 8  12473 , E nde M ai 1936, 
IT Z A ; 1 9 W annsee U U 4 7 2 4 3  10198 (Lic h tw a r d t), 7 .IX .1919 , D E IC . 
B erlin -T rep tow : N iederschönew eide, 1 9 N euer F ried h o f U U 9 7 5 6 8  13219 , Erica car
nea (Bertsch ), 2 .IV .2000, SBB.
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B erlin -K öpenick : M üggelberge, 2 9 $ ,  Teufelsee V U 0 6 8 0 5  08 59 6 , Salix (Pe t e r s ), 
1.V .1965, M N H B ; G rü n au , 1 9 F ried h o f V U 0 4 0 7 6  07334 , Erica carnea (B e r t s c h ), 
29.IV .2002 , SBB.

B. m agnus  (31 specim ens from  20 localities)
B ran denb u rg :
LKr. O berhavel: M enz U U 6 9 4 0 0  85400 , 1 9 K iefernw ald nahe M enz, H o ch m o o r 
(Peters), 17.IX . 1968, M N H B ; 4 9 9 K iefernw ald nordöstl. M enz U U 6 4 5 8 8  86843 , 
V accinium  m yrtillus (Be r tsc h ), 11.V .2003. SBB; B irkenw erder U U 8 3 7 0 0  39100 , 
1 9 , (Walter), 24 .IV .19921 , M N H B ; M ühlenbeck , S um m t U U 8 9 2 1 7  3909 1 , 2 9 9 
K iefernw ald, V accinium  m yrtillus (Peters), 22.V .1965, M N H B .
LKr. B arn im : Ebersw alde V U 1 8 0 0 0  55000 , 1 9 ,  (Krausse), V .1915 , IT Z A .
LKr. H avelland : Falkensee, F inkenkrug  U U 68051  26375 , 1 9 ,  (Lich tw a r d t), 4.IV. 
1920, D E IC .
LKr. M ärk isch -O d erlan d : S trausberg V U 2 4 2 0 0  2610 0 , 1 9 , 18.V .1924, M N H B .
LKr. P o tsd am -M itte lm ark : K leinm achnow  U U 7 9 6 0 0  08 40 0 , 1 9 , (Bellow ), 12.V .1924, 
D E IC ; Beelitz U T 6 1 8 0 0  89000 , 1 9 , V  1936, IT Z A .
LKr. D ahm e-S preew ald : N iederlehm e V T 0 8 0 0 0  9730 0 , 1 9 , (Bis c h o f f ), 30.V .1920, 
M N H B ; T eupitz, 2 9  9 Terrasse Schloßhotel V T 0 4 5 9 8  7 7 48 4 , C o toneaste r (Bertsch ), 
22 .V .1994, SBB; Lieberose V T 5 2 0 0 0  59900 , 1 9 F ried h o f (Peters), 25.V .1966, 
M N H B ; Luckau, 1 9 , S traße C ahnsdorf-W illm ersdorf/S töbritz  V T 1 5 5 3 9  44 93 5  (Illig), 
22 .V .1985, SD L; Bergen, Bergen-W eißacker M oo r V T 1 1 7 4 3  3510 3 , 1 9 (D o n a th ), 
12 .V I.1984 , SD L; 1 9 , V accinium  vitis-idaea (D o n a th ), 3 0 .5 .1 9 8 5 , SD L; 1 9 , N ucks 
Teich, W iese an  C irsium  (D o n a th ), 13 .IX  1985, SD L.
LKr. O der-S pree: 1 9 ,  R ieplos, A u to b ah n ab fah rt V T 2 5 1 8 0  9667 9 , V accinium  m yrtil
lus (Peters), 13.V .1965, M N H B .
LKr. Spree-Neiße: Staakow V T59490 59360, 1 9 im Herdwald (Peters), 13.V.1965, M NHB. 
B erlin:
B e rlin -M itte : 1 9 , 9.V. 1913, IT Z A .
B erlin -S pandau : Spandau  U U 7 8 3 0 0  22362 , 1 9 ,  G lechom a hederacea (M üller), 
27.IV .1914 , M N H B ; 1 9 ,  (M üller), 8 .V III 1919, M N H B .
B erlin -R e in ickendorf: Tegel U U 8 2 7 0 9  2671 8 , 1 9 , IT Z A ; Jungfernheide U U 8 2 3 3 0  
2543 3 , 1 9 , 22 .V .1914, M N H B ; 2 9 9 , (Zw ic k ), 23. u n d  29.IV .1930 , M N H B . 
B erlin -W ilm erdorf: 1 9 ,  W ilm erdorf, 22 .V I.1 9 1 2 , M N H B .
B erlin -K öpenick : M üggelberge, 1 9 ,  Teufelsee V U 0 6 8 0 5  08596 , Salix (Peters), 
1.V .1965, M N H B .

A p p e n d ix  I I

Key for d e te rm in a tio n  o f  queens Subgenus B om bus s. str. in  C en tra l E urope using m o r
phological characters.
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The co lour change in m useum  specim ens som etim es is considerable therefore it is advis
able to study  the difficult taxa o f  the  subgenus B om bus s. str. on ly  w ith  fresh m aterial. 
Spring queens always have fresh colours, they  can be s tud ied  in  a glass vial and  released 
afterw ards, so a large n u m b er o f  specim ens can be com pared  w ith o u t dam age to local 
popu la tions. A  cool box is a good place to store specim en in  the field un til release.
1) Thorax black. strongly melanised, collare nearly invisible or dark brown

2) Females large, band on 2. gastral tergite chrome yellow, num ber of micropunctures 
o f ocellar field large (about 15), cuticula in the middle of 2. gastral tergite smooth and 
shining..............................................................................................................................B. terrestris
2*) Females smaller, often two yellow patches of less melanised hair on lateral border of 
collare, band on 2. gastral tergite citron yellow often pale yellow, num ber of micropunctures 
o f ocellar field small (about 5), cuticula in the middle of 2. gastral tergite chagrined.........
.....................................................................................................................................  B. cryptarum

1*) Thorax with distinct collare of yellow hair.
2) Hair band of collare and 2. gastral tergite chrome yellow, num ber of micropunctures 
o f ocellar field large (about 15), cuticula in the middle of 2. gastral tergite smooth and
shining..............................................................................................................................B. terrestris
2*) Hair band of collare and 2. gastral tergite citron yellow to milky yellow or pale yellow, 
num ber o f micropunctures o f ocellar field small (about 5), cuticula in the middle of 2. 
gastral tergite ± chagrined.
3) Hair band of collare and 2. gastral tergite citron yellow, lateral border of collare always 
along the border of the pronotallobus, sometimes with few yellow hair at the dorsal border 
o f the episternum. Cuticula in the middle of the 2. gastral tergite only little chagrined,
punctures (hair base) narrow and oblique..................................................................B. lucorum
3*) Hair band of collare and 2. gastral tergite citron yellow, milky yellow or pale yellow, 
lateral border of collare always clearly going down on the episternum. Cuticula in the 
middle o f the 2. Gastral tergite clearly chagrined, punctures (hair base) large and ± verti
cal.
4) Hair band of collare and 2. tergite citron yellow, collare often melanised, hair of 2. tergite 
often pale yellow. A S-band o f dark hair separates the dorsal part of the collare from curved 
patches of yellow hair on the episterna. Lateral border o f collare always going down below 
the tegula to 1/4 of the episternum, yellow hair of lower and anterior border of collare ±
vertical to lateral parts of thorax, border ± distinct............................................B. cryptarum
4*) Hair band of collare and 2. tergite citron or milky yellow, collare never melanised, hair 
band of 2. Tergite especially broad, bright citron or milky yellow. Sometimes 1. Tergite 
and Scutellum also with yellow hair. Lateral border o f collare always going down below 
the tegula 1/2 to 2/3 of the episternum, yellow hair of lower and anterior border of collare 
striking in parallel to the lateral parts of the thorax often, border ± diffuse. .. B. magnus
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