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Pheromonal and enzyme genetic characteristics of the Bombus
lucorum species complex in northern Europe
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Spatial and temporal distribution of the species in the Bombus lucorum species
complex, B. lucorum (L.), B. crvptarum (Fabricius) and B. magnus Vogt, were
studied in Finland. Morphological distinction between the species is not as clear as
in Central Europe, but B. lucorum can be distinguished from the other two with the
help of enzyme genetic markers. B. lucorum is the most common of the three
species in most of Finland, and B. cryptarum is abundant in the southwestern
coastal area and in northern Lapland. B. magnus was only rarely found among
the spring queens in southwestern Finland, and its range possibly restricts to
southern and central parts of Finland. A comparison of the chemical composi-
tion of the male labial glands and enzyme genotypes shows that males produce
species-specific marking pheromones.
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1. Introduction

The males of the bumble bee Bombus lucorum
show extensive colour variation (e.g. Pekkarinen
1979), and this variation has been shown to be
assoclated with the chemical composition of mark-
ing pheromones produced by the labial glands
(Bergstrom et al. 1973). The pheromonal studies
revealed two distinct types of males, one repre-
senting the ~“blonde™ and the other one the “dark”

form. Later, Bergstrom er al. (1980) regarded these
forms as two sibling species on the basis of their
pheromonal differences. Further genetic studies
based on enzyme electrophoresis have proved the
existence of at least two separate species in the
B. lucorum complex (Scholl & Obrecht 1983, Pa-
milo er al. 1984). Three enzyme genes have been
found to separate the taxa from each other (Scholl
et al. 1990), and there is a clear correlation be-
tween the electrophoretic types and male colour,
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Fig. 1. The occurrence of the two electrophoretic
types in Finland. The light sector represents the pro-
portion of B. lucorum, and the dark sector stands for
B. cryptarum and B. magnus. The sample sizes are
given in parentheses, and the sampling localities are:
1. Hanko, 2. Inkoo and Mustio, 3. Helsinki, 4. Hamina,
5. Hdmeenlinna and Lammi, 6. Pori, 7. Mantyharju,
Jaala, Mikkeli and Juva, 8. Keuruu, 9. Tohmajarvi
and Uukuniemi, 10. Kuopio, 11. Vierema, 12. Kajaani,
13. Rovaniemi, 14. lvalo, and 15. Enontekié (Kare-
suanto and Kilpisjarvi).

although there seems to be colour variation within
the taxa (Pamilo er al. 1984).

Simultaneously with the electrophoretic stud-
ies, De Jonghe and Rasmont approached the tax-
onomy of the B. lucorum species complex using
morphometry and crossing experiments (De Jonghe
1982, De Jonghe & Rasmont 1983). These, in ad-
dition to biogeographical and ecological evidence,
led Rasmont (1981, 1984) to suggest that there
are in fact three closely related species: B. lucorum
(L.), B. cryptarum (Fabricius) and B. magnus
Vogt. Morphological criteria for identifying the
species were first given for females (Rasmont
1984) and a little later also for males (Rasmont et
al. 1986). Comparisons with the enzyme electro-
phoretic results showed that one of the electro-
phoretic types represents B. lucorum while the
other two species have identical allozyme profiles
(Obrecht & Scholl 1984, Scholl et al. 1990).

The lectotype of Apis terrestris Linnaeus, 1758
designated by Day (1979) has been identified as
conspecific with B. cryptarum (Fabricius, 1775)
(Rasmont 1988: 52). For the sake of stability in
nomenclature, a proposal was made to the Inter-
national Commission on Zoological Nomencla-
ture (ICZN) (Loken et al. 1994), which affirmed
the proposal (ICZN 1996). Thus, the present no-
menclature follows that used by Rasmont (1984).

Our aim has been to combine the pheromonal
and enzyme genetic studies and to examine the
male pheromonal variation within and between
the species and the geographical and seasonal dis-
tribution of the species in northern Europe.

2. Material and methods

Samples for this study were collected in Finland
during 1985-1989. Three hundred and seventy-five
workers or males were collected from several lo-
calities during the summers of 1985 and 1986 in
order to clarify the geographical distribution of the
species. Combined with our earlier data (Pamilo
et al. 1984), the samples come from 15 localities
(Fig. 1) and consist of 582 individuals. An addi-
tional 28 males were sampled for pheromonal
analyses at the Tvéarminne Zoological Station in
Hanko (Locality 1 in Fig. 1) in September 1986.
One hundred and fourty-four overwintered queens
were also collected in Hanko in the springs of 1986
and 1987 (May and early June) for a phenological
study. Three queens collected in Hanko in 1989
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were set to produce small colonies in nest boxes.
All individuals collected in the field, or reared in
nest boxes, were frozen for later laboratory studies.

Enzyme electrophoresis was done from flight
muscles. A small piece of muscle was homog-
enized in ca. 50 Wl distilled water and the samples
were then applied to starch gels. We stained two
enzymes that were found to separate species in
earlier studies, phosphoglucomutase (PGM) and
esterase (EST) (Scholl & Obrecht 1983, Pamilo ez al.
1984). We used a tris-citrate EDTA buffer of pH 7.1
(tray buffer 135 mM for Tris, gel buffer diluted
1:16). A fluorescent staining was used for EST.

The overwintered queens were examined mor-
phologically. The species B. lucorum and B. cryp-
tarum, the two most common species in our sam-
ples, were identified using the following criteria
(see Rasmont 1984 for details): 1) form of labrum
(B. lucorum: large lamella somewhat folded, large
labral furrow with flattened tubercles; B. crypta-
rum: narrow lamella not folded, narrow labral fur-
row, raised tubercles); 2) cuticle in the middle of
the second gastral tergite (B. lucorum: surface not
very shagreened, punctuations narrow and ob-
lique; B. cryptarum: surface clearly shagreened,
punctuations very large, deep and nearly verti-
cal); 3) collar (B. lucorum: collar not extending
below tegulae on episternum and without black
hairs; B. cryptarum: collar extending below tegu-
lae on dorsal episternum often with an S-shaped
pattern with black hairs); and 4) ocellar field
(B. lucorum: few large punctuations not deeply
impressed along the margins of the compound
eyes; B. cryptarum: large, dense and deep punctua-
tions). A labrum index (Character 1 above), given
as a ratio of the width of the frontal furrow to the
basal width, was measured for each queen. Ras-
mont (1984) has shown this index to be on aver-
age 0.29 in B. cryptarum, 0.38 in B. lucorum and
0.41 in B. magnus.

The labial glands of frozen males were dis-
sected and extracted in pentane for gas chromato-
graphic analyses of volatiles. The samples were
run on a HP 5880 gas chromatograph, equipped
with an integrator (HP 5880 GC Terminal). The
separations were carried out on a 30-m fused silica
capillary column (0.22 mm i.d.) coated with Su-
perox FA under program from 50-220°C at arate
of 4°C/min. The peaks of the chromatograms were
identified based on the respective retention times
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(Rt). The same males were also used for enzyme
electrophoretic studies. We did not identify the
species of the males morphologically.

3. Results
3.1. Geographical distribution

Our electrophoretic results reveal the same two
genetic forms detected earlier. One form has been
identified as Bombus lucorum and the other one
includes both B. cryptarum and B. magnus. The
latter two species cannot be separated using the
enzymes we have studied. Combined with our
earlier observations (Pamilo et al. 1984), the two
genetic forms are found throughout Finland,
B. lucorum being the dominant species with a cou-
ple of exceptions (Fig. 1). We found B. lucorum
neither at Ivalo (Locality 14) in eastern Lapland
nor at Karesuanto (included in Locality 15) in
western Lapland. These sample sizes were small,
and B. lucorum was found previously at Kilpisjarvi
(Locality 15), the northernmost part of western
Lapland, as well as on the Atlantic coast further
northwest from Kilpisjédrvi (Pamilo ez al. 1984).
In the coastal area in the southwestern tip of Fin-
land (Hanko, Locality 1), the two electrophoretic
types are about equally common. Similar frequen-
cies have been observed in different years, and
they can be considered stable. We have also one
sample from central Finland (Vieremd, Locality
11), where the frequency of B. lucorum was only
25%. The sample included 54 workers but it prob-
ably represents a smaller number of nests. How-
ever, the individuals were collected from several
separate fields and the frequencies were similar
in different fields. Records about specimens with
largely yellow-haired dorsal episternum indicate
that the range of B. magnus is restricted to south-
ern and central Finland.

3.2. Phenology

The frequency of B. lucorum queens decreased in
Hanko with the progression of spring (Table 1).
Early May, the frequency of B. lucorum among
the queens was 73% but decreased to 51% in early
June. The difference between the samples in 1987
was significant (X*=12.1,df=3,0.01 > P> 0.001).
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Fig. 2. Distribution of the labrum index in overwintered
queens separately for B. lucorum (solid line) and
combined for B. cryptarum and B. magnus (broken
line). The labrum index is calculated as the ratio of
the width of the frontal furrow to basal width.

3.3. Morphology

The distributions of the labrum index of B. luco-
rum and B. cryptarum/magnus (Fig. 2) showed
an overlap and suggest that the queens in the lat-
ter group were mainly B. cryptarum. A closer
morphological examination of the latter group,
using other characters as well (see Rasmont 1984),
suggested that a small proportion of these be-
longed to B. magnus. The individuals that could
be identified with a high certainty included four
queens of B. magnus and 32 of B. cryptarum.

Table 1. Numbers of overwintered queens captured
in Hanko in the springs of 1986 and 1987.

Date B. lucorum B. cryptarum/magnus
1986
5 May 4 10
23 May 23 9
12 June 11 8
1987
9 May 115 42
19 May 51 18
27 May 7 4
4 June 33 32
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One of the three queens that produced a labo-
ratory colony, was identified as B. magnus. Yel-
low hairs of the collar covered about half of her
episternum dorsally, the radial length of the fore-
wing (RL of Rasmont 1984) was 4.72 mm, and
the labrum index was 0.33. The queen and her
progeny of 20 workers were of the electrophoretic
form expected in B. magnus, and all of them had
a similar collar, yellow hairs covering about half
of the episternum. The two other queens were elec-
trophoretically of the B. lucorum form, and their
labrum indices were 0.39 and 0.38. One of the
latter colonies produced eight workers and two
males, whereas the other produced only two work-
ers. The colour of hairs of the two males was quite
similar with the “normal” B. lucorum male ac-
cording to Rasmont et al. (1986: fig. 3) or “me-
dium light” according to Pekkarinen (1979: fig.
6), and the queens and workers had no yellow hairs
on the episternum.

The morphological examination also showed
that the separation of the species, particularly be-
tween B. lucorum and B. cryptarum was not as
clear as in the material from central Europe. Par-
ticularly the form of the labrum seemed to be more
variable in northern than in southern and central
Europe. The punctuations in the middle of the sec-
ond tergite were well typified, providing a good
morphological criterion for separating B. lucorum
from the other two species. A large majority of
the Finnish B. cryptarum had a characteristic black
S-shaped pattern at the sides of the collar.

3.4. Male pheromones

Twenty-eight males collected in autumn 1986 in-
cluded 22 B. lucorum and six others, based on
electrophoretic separation. The quantity of the
labial gland contents varied greatly and the number
of peaks in the gas chromatograms reflected this
variation; some individuals had a small amount
of very few substances. The number of peaks that
constituted over 2% of the gland contents in any
individual was 28, and the number constituting at
least 5% was 20. Ethyl tetradecenoate and 1-hexa-
decanol that were characteristic main compounds
for the “blonde” form reported by Bergstrom et
al. (1973) gave in our study Rt’s of 41.3 and 49.3,
respectively (Fig. 3). These Rt values were repre-
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Fig. 3. The major compounds in the labial gland secretions of 28 males (each represented by a column). The
proportions of the compounds in the total mixture are indicated by the squares as follows: white 2-5%, grey 5—
10%, and black > 10%. The colour form of each male is indicated under the specimen number (d = dark, b =

blonde). Rt is the retention time in gas chromatography.

sented by major peaks in the analyses of males
with the B. cryptarum/magnus electrophoretic
type. These peaks were missing in the B. lucorum
specimens, an absence that could be correlated
with the “dark” form of Bergstrom ez al. (1973).
The B. lucorum males had one major peak at a Rt
of 35.0, which corresponded to the retention time
of ethyl dodecanoate (Fig. 3).

We estimated the similarities of the compound
profiles by using a Euclidean distance of square
root transformed proportions. We used this trans-
formation because otherwise the very common
compounds would have entirely determined the
similarities. The distance matrix was then used to
cluster the individuals with a single-link cluster-
ing. The resulting dendrogram (Fig. 4) had two
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Fig. 4. Single-linkage ciustering of the pheromonal similarities of the 28 males studied. The species (Lu =
B. lucorum, CM = B. cryptarum or B. magnus) were determined by the enzyme electrophoretic markers. The
numbers of the specimens are the same as used in Fig. 3, and the colour morphs are indicated in B. lucorum

as b = blonde and d = dark.

main clusters, one included B. lucorum and the
other had B. cryptarum and/or B. magnus. In ad-
dition, there were two outliers, one B. lucorum
and the other either B. cryptarum or B. magnus.
The major division within B. lucorum (excluding
the outlier #22) was associated with the presence
or absence of a major peak with Rt = 52.5 and of
peaks with Rt > 60 (Fig. 3).

4. Discussion

All three species, B. lucorum, B. cryptarum and
B. magnus occur in northern Europe. In most parts
of Finland, B. lucorum is the most abundant spe-

cies but is either absent or rare in parts of north-
ern Lapland. Along the Baltic coast in southwest-
ern Finland, B. cryptarum can be as equally abun-
dant as B. lucorum, and it is reasonable to assume
that the environmental gradient from the main-
land to the archipelago is in many aspects similar
to that with altitude. Scholl and Obrecht (1983)
and Rasmont (1988) found that B. cryptarum in-
creases in frequency with altitude in central and
southern Europe. Interestingly, the opposite was
observed in Poland, where B. cryptarum is clearly
less abundant than B. lucorum (Banaszak & Ras-
mont 1994).

The queens from Hanko suggest that B. mag-
nus is a rare species. Pekkarinen (1979) doubted
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the species status of B. magnus and suggested that
this form represents the upper fraction of B. [uco-
rum size distribution, and he demonstrated that
the differences in metric characters on the head
(Loken 1973) are due to allometry. It is now clear
that B. magnus is different from B. lucorum, but
it would be important to get also genetic confir-
mation for the distinction between B. cryptarum
and B. magnus. The separation between them has
been described both on a morphological basis
(Rasmont 1984) and in crossing experiments (De
Jonghe & Rasmont 1983). The queens in our mate-
rial, however, showed less clear morphological
separation than found in Central Europe. For ex-
ample, the labrum index in the queens identified
as B. magnus was smaller than in B. lucorum,
unlike in Central Europe.

The most reliable characters for distinguish-
ing B. lucorum and B. cryptarum proved to be the
form of labrum and the punctuation of the second
tergite (Characters 1 and 2 in Material and meth-
ods). Rasmont (1984) described several morpho-
logical types within B. cryptarum at a subspecific
level. Most of the Finnish samples (ca. 80%)
would, in this classification, fit ssp. reinigianus
that otherwise occurs mainly in the mountainous
regions in Central Europe (Rasmont 1984). The
remaining individuals resembled morphologically
the type ssp. cryptarum.

The distinction between the pheromone pro-
files in “blonde” and “dark™ males, found by Berg-
strom et al. (1973), was here clearly associated
not only with colour variation but also with spe-
cies-specific enzyme gene differences. There ex-
isted also interesting pheromonal variation within
both enzyme genetic types, but the dark males
belonging to B. lucorum did not show any devi-
ant pheromonal patterns within that species.
Pheromonal variation within the species most
likely was caused by differences in age and the
physiological condition of males. They were col-
lected in September, after the main reproductive
activity. The pheromones are used for marking
flight routes (Svensson 1979) and this is likely to
alter the proportions of the compounds remain-
ing in the glands. There was one outlier in both
electrophoretic types (Fig. 3). It is premature to
suggest that they have any taxonomic significance.

The data on ecological differences between
the species are scarce. It would be interesting to

have information on the tongue lengths and ac-
tual flower usage patterns that affect resource com-
petition. Our observations suggested a phenolagi-
cal difference between B. lucorum and B. crypta-
rum queens in spring. The queens of B. lucorum
seemed to become active earlier. Whether the in-
crease in the frequency of B. cryptarum was due
to later activity of overwintering queens or to im-
migration from other localities is not known. Some
bumble bee species have extensive spring migra-
tions along the southern coast of Finland. These
include the B. lucorum species complex (Mikkola
1978) but it is not clear whether both B. lucorum
and B. cryptarum have similar tendencies to mi-
grate. The enzyme genetic type including both
B. cryptarum and B. magnus was common both
in the Baltic archipelago and near the Arctic Ocean
in northern Lapland. Whether this distribution
represented a single species with particular envi-
ronmental adaptations in these areas, or consisted
of the different distribution patterns of two spe-
cies, remains to be clarified.
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