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VARIATION IN BOMBUS TERRESTRIS
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Summary: While several conspicuous subspecific taxa of Bombus terrestris are recognised in the
Western Mediterranean, only two exist in the Eastern part: dalmatinus from Balkans and
surrounding areas; lucoformis from Anatolia. These two taxa are poorly differentiated. In order
to verify the pertinence of their subspecific differenciation, allozyme and morphometric variation
were studied in both taxa by using six enzyme systems and 28 morphological characters. 157
specimens, queens and workers, from Bulgaria, Greece and Turkey were studied. Of the
specimens examined, electromorphs seemed to be fixed in all populations. Both taxa were
monomorphic in all loci scored. No heterozygotes and different electromorphs were observed.
All the band patterns were found identical except Me which had exhibited 2 alleles in the
specimens of B. t. lucoformis found in Ankara region as Me-100 and 102. The morphological
characters were discriminated by multigroup discriminant function analysis (canonical variates
CANOVAR) and principal component analysis (PCA) for both castes. The results, from both
electrophoretic mobility and traditional morphometric approaches led us to think that there is not
enough difference between Iucoformis and dalmatinus to take them as separate sub-species. The
name lucoformis Kriiger is a junior synonym of dalmatinus Dalla Torre.
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Introduction

Bees occupy a unique role in the world of Arthropods.
More significant, perhaps, than their pervasiveness in
human society is that bees serve as the most significant
pollinators of flowering plants, helping to sustain and
underpin major ecological systems worldwide'. Among
all the species of bees, the bumblebee Bombus terrestris
has a unique role with its economical potential in the
pollination industry®. Interest in Europe presently
concentrates on this species which is used for high-

value crops in both greenhouses and fields’. Bombus
terrestis is geographically differentiated into several
subspecies in the Palearctic. Kriiger*® recognised a
large number of these infrasubspecific taxa at the
subspecific level. However, more recent authors®”'?
have reduced the number of these taxa to nine
subspecies: africanus Kriiger (N. Africa); audax
(Harris) (British Islands); calabricus Kriiger (South
Italy); canariensis Pérez (Canary Islands); dalmatinus

Dalla Torre (South-East Europe); lusitanicus Kriiger
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(Iberian Peninsula); sassaricus Tournier (Sardinia);
terrestris (L.) s.s. (Central and Western Europe) and
xanthopus Kriechbaumer (Corsica). ’

Some of these taxa are geographically isolated and
strongly differentiated. Such is the case of canariensis,
from the Canary Islands, xanthopus from Corsica and
sassaricus from Sardinia. This led some authors to the
hypothesis that some are separated at the species level'*.
However, no recent analysis confirmed this hypothesis.
On the contrary, De Jonghe' and many unpublished
experiments made on plants that bumblebees forage
from, show that all these taxa can freely interbreed. This
very strong evidence leads us to confirm the
conspecificity of these taxa.

Estoup et al.® confirmed that the taxa from Western-
Mediterranean islands and peninsula show a much more
conspicuous genetical and geographical differentiation
that in the Eastern-Mediterranean. Widmer et al
showed from the analysis of nuclear and mtDNA data
that bumblebees from the Canaries and Maderia did not
share a common colonization history. The same study
also indicated the distinctness of the Canary Island
populations, whereas the Madeira sample wa;
genetically more similar to the continental populations
of B. terrestris terrestris from Europe. In East
Kriiger*®
recognised two main taxa at the subspecific level:
dalmatinus Dalla Torre in the North of Italy, the former
Yugoslavia and the whole Balkan peninsula and

Mediterranean countries and islands

Iucoformis Kriiger in Anatolia. However, these taxa are
poorly differentiated and their coloration characters are
particularly inconspicuous. It is difficult to draw a
definite borderline and to separate these two
subspecies'’. By 1996 there had been a high import of
B. terrestris colonies into Turkey from different
companies of which the origin of the colonies-were not
well known'®, but possibly these were the latest
generations of the queens collected from the Balkan
peninsula and Aegean arcipelago. As the Bombus
terrestris populations from Greece and Turkey are very

commonly used for initiating large-scale rearing for
pollination purposes, it is important to verify the
pertinence of the subspecific separation between

dalmatinus Dalla Torre and lucoformis Kriiger.

The low level of polymorphism in bumblebees'”? may
be an advantage in solving such problems in macro and
micro taxonomic studies. The electrophoretic mobility
differences among subspecies or closely related species
would be distinguished and valued as alternative
taxonomic characters”? when the morphological
characters would not be sufficient. Morphometrics- the
quantitative description, analysis and interpretation of
shape and shape variation in biology*® would be another
key. Medler”” is one of the first taxonomists who has
used morphometrics for attempting to clarify the
bumblebees systematics. Various authors have used
different biometrical methods in bumblebees
systematics™>?**!, Rasmont®™” grounded a revision of
the European species related to Bombus ferrestris on
morphometrics. Improvements both in statistics and
computer technology have now brought us to a place
where the mathematical modelling of morphology is
expected to provide remewed objectivity for the

subspecies differentiation.

Materials and Methods

157 specimens of B. terrestris lucoformis and B.
terrestris dalmatinus were examined. The specimens
were all caught on plants while they were searching for
nectar or pollen. Insect specimens were put in small
labelled boxes and kept in a mobile-ice box to bring
them to the laboratory alive. Bumblebees were kept
alive in Hacettepe University Bumblebee Rearing
Room until dissection, therefore all the specimens
studied were fresh. B. t. lucoformis were collected from
Marmaris, Ankara, Bolu, Bursa, Artvin, Nevsehir and
Osmaniye provinces of Turkey, while B. t. dalmatinus
were from Bulgaria (Dimitrovgrad, Gorna Orjahovitza,
Varna) and Greece (Thessaloniki, Volos, Larissa,
Lamia, Petras) in 2000. The specimens were numbered
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after dissection as follows: 1-12 B. terrestris lucoformis
queen, 13-67 B. terrestris lucoformis workers, 68-89 B.
terrestris dalmatinus queens, and 90-157 B. terrestris

dalmatinus workers.

Electrophoretic analysis

The thoraces of the females were ground and
homogenates were kept at — 80 °C till needed for
electrophoresis. Six enzyme systems, MDH (malate
dehydrogenase, EC 1.1.1.37), ME (malic enzyme, EC
1.1.1.40), PGM (phosphoglucomutase, EC 5.4.2.2
formerly EC 2.5.7.11), PGI (phosphoglucose
isomerase, EC 5.3.1.9), EST (esterase, EC 3.1.1), and
HK (hexokinase, EC 2.7.1.1), were studied by

horizontal starch-gel electrophoresis.

Three enzyme systems (EST, PGI and HK) were
studied using the Tris-citrate, pH 7.0 buffer system®*
two enzyme systems (MDH and ME) were studied
using the Tris-HCI, pH 8.6 buffer system* and PGM
was studied using the Tris-EDTA-maleate-magnesium,
pH 7.4 buffer system*. Gel and sample preparation and

experiment conditions were as in Kandemir & Kence®.

Morphometric analysis

All the specimens were controlled for the presence of
known ecto and endo-parasites to prevent the
morphometric data from possible traumatic variation®.
The body parts were then removed from each specimen
with a plier and mounted in entellane on numbered
slides. By using a Leica MZ-7.5 streoscobic zoom
dissection microscope with a DC-300 digital camera
system, all slides were photographed, digitized and
archived. A total of 28 characters were measured by
using TPSdig™ software. Of the 28 variables; 13 lengths
from the fore and hind wings (Figure 1); 8 lengths from
the legs (Figure 2); and also the length and width of the
head, length of the malar area, length of the right
compound eye, distance between lateral ocellus and
compound eye, length of the prementum and glossa
were examined. As the glossa is stretchable'’, it was
firstly removed before it was folded®™. Of the paired
organs the one on the right was measured". As there
were no heterozygote individuals observed, bilateral
asymmetries were thought to be insignificant®.
Nevertheless, the data were tested for allometry by
Huxley’s model and transformed into common
logarithmic form®.

Figure 1. Right\fore and hind wing of a bumblebee showing points for which coordinates were measured.
Forewing [ (A-B), (C-D), (E-B), (G-B), (H-D, (J-K), (K-L), (M-N) ], hind wing [ (A-B), (C-D),

(E-B), (F-G), (E-H) ].
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Figure 2. Right hind, mid and fore legs of a bumblebee showing points for which coordinat

were me,

Hind [ (P-R), (S-T), (U-V), (Y-Z) ], mid [ @-)), (-M) ], foreleg [ (A-B), (E-B) ]

In the statistical analysis of the morphology; the log
transformed data were discriminated by multigroup
discriminant function analysis (Canonical variates
CANOVAR) and principal component analysis (PCA)
with Syn-tax 2000 package for both castes.

Results and Discussion

Allozyme comparisions

Of the 157 specimens examined electromorphs seemed
fixed in all populations. Both subspecies were
monomorphic in all loci scored. No heterozygotes were
observed. All isozymes were designated using relative
mobility with respect to the common isozyme used as
standard (mobility 100).

No different electromorphs were observed. All the band
patterns of the examined alleles were found to be
identical except Me, which had exhibited 2 alleles in the
specimen of B. t. Iucoformis found in Ankara region as
Me-100 and 102. Since populations of B. ferrestris were
homozygous for either Me-100 or Me-102 no
heterozygotes could be observed.

Morphometric comparisions
Results were illustrated by plotting the individuals
along the first two canonical variables (Figure 3). There

were significant differences among the castes (workers
and queens) as reflected in discriminant function
analysis. This caste differentiation appeared as two
subgroups (Figure 3) along the first two axis in our
analysis. But no morphometrical difference appeared
between lucoformis and dalmatinus. Similar results
were obtained by PCA also (Figure 4) which shows the
different size among castes whereas there was no

difference between subspecies’.

Bombus terrestris Iucoformis and B. t. dalmatinus did
not show any differentiation in the enzymological
system studied here. While not completely identical,
their morphometrics were also largely overlapping,
preventing establishment of any discriminant function.
Until possible further counter evidence, mainly from
geometric morphometrics and DNA analysis, becomes
available, we conclude that Jucoformis Kriiger must be
taken as a junior synonym of dalmatinus Dalla Torre
which confirms the opinion of Rasmont®. This also
confirms some of the results of Estoup et al.’, showing
that the Oriental populations of tferrestris are less
polymorphic than the Occidental ones.
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