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ARTICLE

The remarkable diversity of bumblebees (Hymenoptera: Apidae:
Bombus) in the Eyne Valley (France, Pyrénées-Orientales)

STEPHANIE ISERBYT, EVE-ANNE DURIEUX & PIERRE RASMONT
Université de Mons-Hainaut, Laboratoire de Zoologie, Place du Parc 20, B-7000 Mons, Belgium

Abstract. Despite its small area (20.18 km?), the Eyne Valley, (France, E. Pyrenees) is known to be
a place of great faunistic and floristic diversity. The authors have studied the bumblebee fauna of
the valley for six years, gathering more than 5000 detailed observations. They observed 33 species,
of the 46 living in continental France. For each species, the distribution and ecological preferences
(altitude, vegetation type, CORINE biotopes, floral choices) were recorded. Floral resources may be
the most important ecological factor. The altitude, the abundance, the diversity of food plants, and
the heterogeneity of habitats seem to explain the survival and the coexistence of this great number of
species of bumblebees with various ecological affinities.

Résumé. La remarquable diversité des bourdons (Hymenoptera : Apidae : Bombus) de la vallée
d’Eyne (France, Pyrénées-Orientales). La Vallée d’Eyne (France, Pyrénées-Orientales) est bien
connue pour la grande diversité de sa faune et de sa flore. Pendant six ans, les auteurs ont étudié
les bourdons de cette vallée, accumulant plus de 5000 observations détaillées. Malgré la superficie
réduite de la vallée (20,18 km?), 33 especes de bourdons y ont été relevées sur les 46 espéces
présentes en France continentale. Dans I'état actuel des connaissances, la vallée d’Eyne apparait
comme une des stations les plus riches au monde en especes de bourdons. Pour chaque espéce,
une carte de répartition et les préférendums écologiques (altitude, formations végétales, typologies
CORINE, choix floraux) ont été établis. La caractérisation écologique de chaque espéce de bourdons
indique que les ressources florales jouent un réle important dans la structuration des communautés
de bourdons de la vallée. Laltitude, 'abondance, la diversité des ressources florales et 'nétérogénéité
en habitats permettent la survie et la coexistence de ce grand nombre d’especes de bourdons aux

affinités écologiques diverses.
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he very rich bumblebee (Bombus Latreille 1802)

fauna of the West-Palaearctic region is well known
(Appendix A) (Ranta 1983; Laverty & Harder 1988;
Rasmont 1988; Pekkarinen & Terids 1993; Rasmont
et al. 1993; Williams 1994, 1996; Goulson 2004;
Williams 2007).

Due to their endothermy, bumblebees play a large
role in cold and temperate ecosystems, where they
are the main pollinators of a wide diversity of plants
(Heinrich 1979). For the last few decades, some
bumblebee species have drastically regressed in large
regions of western Europe (Pekkarinen er al. 1981;
Williams 1982; Rasmont & Mersch 1988; Osborne et
al. 1991; Osborne & Corbet 1994; Berezin et al. 1995;
Rasmont 1995; Mind et al. 1999; Peeters et al. 1999;
Benton 2000; Carvell 2002; Goulson ez 4/ 2005;
Rasmont ez 2/. 2005; Williams 2005; Benton 2006;
Goulson ez al. 2006). Most authors ascribe this decline
to the evolution of modern agriculture. Intensive

E-mail: stephanie.iserbyt@umbh.ac.be, pierre.rasmont@umbh.ac.be
Accepté le 20 mars 2008

farming has led to the fragmentation and reduction
of the bumblebee habitats (Williams 1988; Osborne
& Corbet 1994; Williams 2005). For Kevan (1999)
and Goulson ez al. (2006), the change in availability
of nesting sites and food resources are both important.
Potts et al. (2003), for their part, estimate that the local
bumblebee fauna depends only on the diversity and
abundance of floral resources.

A particular aspect of these changes is the drastic
reduction of fodder crops and several authors (Rasmont
& Mersch 1988; Rasmont 1995; Mind et 2/ 1999;
Goulson et al. 2005; Rasmont ez al. 2005) stressed
the connection between this reduction and that of
bumblebee diversity.

A global understanding of bumblebee populations
and of the regression or extension of some species is,
indeed, very complex. Among the many ecological
variables that have been taken in account, altitude
has often been regarded as an essential parameter (e.g.
Pittioni 1938; Pittioni & Schmidt 1942; Reinig 1970;
Amiet 1977; Ornosa Gallego 1984; Rasmont 1988;
Williams 1991; Obeso 1992; Amiet 1996). On a very
wider scale, the distribution of each bumblebee species
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may be defined as an interval between two isotherms
(Pekkarinen ez al. 1981; Rasmont 1988), keeping in
mind that these lines are strongly correlated, especially
in central Europe, with altitude and latitude (Gorodkov
1986).

Many authors have described the vegetation types
preferred by the various bumblebee species (e.g. Pittioni
& Schmidt 1942; Moéczdr 1953; Dylewska 1957;
Reinig 1970; Comba 1972; Ranta & Tiainen 1982;
Pekkarinen 1984; Teris 1985; Rasmont 1988; Williams
1988; Banaszak 1996; Benton 2000; Carvell 2002;
Benton 2006; Goulson ez /. 2006). However, as Brian
(1957), Bowers (1985), Osborne ez al. (1991), Carvell
(2002), and Goulson (2004) have noted, the relation
between vegetation type and bumblebee distribution
is generally a loose one. Goulson (2004) and Goulson
et al. (2006) suggest that most bumblebee species may
be regarded as generalists, loosely associated with a
particular environment.

Floral resources are the ecological factor most often
mentioned as governing the structure of bumblebee
communities (Brian 1957; Reinig 1970; Terds 1976;
Inouye 1977a; Pekkarinen 1979; Lundberg & Ranta
1980; Ranta & Vepsildinen 1981; Pyke 1982; Ranta
1983; Pekkarinen 1984; Bowers 1985; Teris 1985;
Soltz 1987; Rasmont 1988; Osborne ez a/l. 1991, 1999;
Obeso 1992; Banaszak 1996; Benton 2000; Carvell
2002; Goulson 2004; Benton 2006).

It is important for plants to attract pollinators
and, therefore, to invest in the production of nectar
and pollen. However, the availability of this reward
should be kept low enough to force bumblebees into
visiting many flowers, to ensure their cross-pollination
(Ranta ez al. 1981). Bumblebees and flowering plants
are bound in a co-evolutionary process (Leppik 1957;
Banaszak 1983; Potts et al. 2003; Goulson 2004). As
the availability of pollen and nectar resources puts a
limit to the growth of bumblebee populations (Pelletier
2003), italso raises selective competition between them
(Inouye 1978; Heinrich 1976; Ranta & Vepsildinen
1981; Bowers 1985; Soltz 1987; Goulson 2004). This
has caused the behavioural strategies of nectar gathering
to become diversified among bumblebees (Heinrich
1979; Pekkarinen 1984; Goulson 2004; Benton 20006).
The energy expenses of food gathering should be kept
as low as possible (Heinrich 1979; Dafni 1992). Many
elements, such as proboscis length, learning capacities,
flight distance to the flowers and their richness in
pollen and nectar play a role in the optimisation of
food gathering (Goulson, 2004). Learning enables
bumblebees to become familiar with the particular
morphology of flowers, making food collecting more

efficient (Heinrich 1979, Chitkka ez 2. 1999).
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Optimisation of nectar and pollen collecting
may drive bumblebee species to food specialisation
(Waser 1986; Chitkka ez /. 1999). Rasmont (1988)
defined three levels of this specialisation: polytropic,
mesotropic and oligotropic (or polylectic, mesolectic
and oligolectic for pollen choices). Polytropic species
exploit a wide variety of plants; examples mentioned
by Ruszkowski (1969, 1970a, 1970b) and Rasmont
(1988) are: Bombus hortorum, B. lucorum, B. pascuorum,
B. pratorum, B. ruderarius, and B. terrestris. On the
contrary, an oligotropic species exploits a restricted
array of phyletically related plants. The more extreme
cases are those of Bombus consobrinus Dahlbom and B.
gerstaeckeri Morawitz, that strictly depend on the genus
Aconitum L. Bombus consobrinus has been observed in
Scandinavia, on Aconitum septentrionale Koelle, by
Loken (1961, 1973) and Mjelde (1983). B. gerstaeckeri
has been observed most often on Aconitum vulparia
Reichenb. ex Sprengel, but also on Aconitum napellus
L. and A. anthora L. (Pittioni 1937; Delmas 1976;
Rasmont 1988; Osborne ez al. 1991; Utelli & Roy
2000, Hagen & Aichhorn 2003; Ponchau ez a/. 2000),
and Delphinium dubium (Rouy & Foucaud) (Mahé,
2007). Many species belong to an intermediary level of
food specificity for which Rasmont (1988) coined the
term “mesolectic” (or “mesotropic”) (Pekkarinen 1998).
Recently, taking into account the pollen gathering only,
Cane & Sipes (2006) proposed a quantified definition
of these categories.

The range of food choices of a bumblebee species
is one dimension of its ecological niche (Hutchinson
1957). Many species may coexist within a given
environment if their dietary niches only slightly
overlap (Brian 1951, 1954; Leclercq 1960; Inouye
1977; Yalden 1983; Teris 1976, 1985; Rasmont 1988;
Goulson 2004). Another parameter of the dietary niche
is the feeding speed that may vary widely according to
species. It is optimal when the proboscis length is well
suited to the depth of the visited corolla (Lundberg &
Ranta 1980; Williams 1989; Benton 2006). Together
with the food preferences, the proboscis length may
explain how different species may share the resources
of the same vegetation (Inouye 1978; Heinrich 1979;
Pekkarinen 1984; Soltz 1987; Williams 1989; Carvell
2002).

Hobbs (1964), Osborne et al. (1991), Svensson et
al. (2000), Potts et al. (2005), and Goulson (2004)
stress that the complex distribution of bumblebees is
to be explained not only by their dietary niches, but
also by the availability of nesting places.

Williams et al. (2007) studied the interaction,
on a continental scale, of the various parameters
mentioned: altitude, latitude, climatic parameters,
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and discussed also the habitat, floral resources, and
availability of nesting sites. In Britain, they found
that without climatic change, an interaction between
climatic niche and food plant reduction can explain
which bumblebees species have declined, where they
have declined, and how they have declined. But for
Williams et al. (2007), it would be better to evaluate
reproductive success compared to climatic niches and
resource levels according to the effects of altitude in
mountainous regions than with the effect of latitude.
It is allowed that a vertical rise in 200 m causes a fall of
temperature of 1.1 °C, corresponding to a mean of 180
km towards north (Dendaletche 1997).

However interesting this far-reaching study may
be, it may be easier to tackle the same problem at a
local scale. In a mountain region, a climatic gradient
corresponds to an altitudinal one. The mosaic of
habitats and floral resources may be analysed in depth,
through a sampling efficiency that cannot be achieved
on a continental scale.

In the present contribution, the authors present the
first results of a study, spanning several years, of the
bumblebees of the Eyne valley (France, E. Pyrenees). A
list is presented of all the species observed, compared
with the bumblebee fauna of the rest of continental
France (see tab. 1), of the West-Palacarctic region and
of the world. For every species, the altitudinal range
and the dietary and habitat preferences were recorded,

Table 1. Principal contributions to the knowledge of Bombus Latreille of
the fauna of France

Number
Authors Studied area of
species
Benoist (1928) .
Tkalct (1974) Alpes francaises 22
Cavro (1950) Nord — Pas de Calais 25
Gadoum et al., 2005 Parc Naturel Régional du 14

Vexin francais

allowing some inferences on the bearing of these
parameters on community structure. The community
structure and the food niche of bumblebees species
will be studied in another paper.

Material and methods
Geography

Eyne is located in the S.-W. of the “Département des Pyrénées
orientales” (E. Pyrenees) in France, at WGS84: 42°24°36” to
42°29’36”N and 2°04’16” to 2°08’53”E. Its valley extends
between two crests, from the Spanish border, down to the
Cerdagne plateau. The altitude near the village itself is 1450 m,
it reaches 2850 m on the slopes (Torre d’Eina) (fig. 1). The area
studied extends over 20.18 km? (fig. 2).

The mountain climate is strongly influenced by the
Mediterranean region, with hot, dry summers. At a more local
scale, the climate is influenced by altitude, snow, exposure to
the sun, and winds: cold and dry northerlies, cold and moist
easterlies, and from Spain (the S.-W.), warm and dry.

Microclimate and relief determine several vegetation zones
(Braun-Blanquet 1948). Following the vegetation map
of the CNRS (1970), the study area includes four main
vegetation types: - Mountain meadows, around the village, at

erdagneplat i

s

. FRANCE [

) - B § . >)f/

& o 4'3(,
- _Eyne
®1574m
. oy

Gosselin et al. 2007 Réserve Nalturelléde Nohedes 29
(Pyrénées-Orientales)

Iserbyt (in lit.) Parc National des Pyrénées 30
Kruseman (1958)

E:S[I:Z;E 1(?32)8) Pyrénées-Orientales 36
Iserbyt ez al. (2002)

Marion (1977) Nievre and Morvan 23
Pérez (1890) Sud-Ouest 24
Rasmont (1988) : France L 44
Rasmont (1989) : Larzac : 24
Rasmont & Adamski (1995) Corse 9
Rasmont & Parat (2002) i Limousin P26

Figure 1

Localisation of Eyne. White: meadows; squared: woods; hatched: subalpine
grasslands and moors; dotted: alpine grassland (after Centre National de
la Recherche Scientifique 1970). Solid circle: the Eyne village (WGS84,
42°28'13”N, 02°05°06”E). Upper right corner: localisation of Eyne in
France.
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Figure 2
The Eyne Valley, seen from the N.-W. (Photo P. Rasmont).

1450 to 1650 m; - Forests of mountain pine (Pinus uncinata
L.) climactic series, at the subalpine stage (1650 t01800 m);
- Grassland and moors of mountain pine (Pinus uncinata L.)
climactic series, at the subalpine stage (1800 to 2500 m); - Short
grassland on screes, at the alpine stage (2500 to 2850 m) (figs 1
and 2). Several transitional environments extend between these
principal vegetation types.

Following the CORINE biotopes (Anonymous 1991; Bissardon
et al. 1997) twenty habitat zones may be recognised over the
study area (tab. 2).

Origin of the data

For the list of species and their relative abundance, we mainly
resorted to our own collections and those of R. Delmas (tab. 3).
These data are stored in the “Banque de Données Fauniques”
at the University of Mons and the Faculty of Gembloux
(Belgium).

For the distribution maps, we considered only the data for
which the topographical location had been established by
the most recent use of the Global Positioning System (GPS)
(Rasmont 1999; Durieux 2000; Iserbyt 2000, Rasmont et 4/.
2001; Iserbyt ez al. 2002; Ponchau 2002; Vandenbergh 2002;
Coppens et al. 2003; Viart ez al. 2003). The precision of the
topographical co-ordinates has increased through the years
(Rasmont ez al. 2003), with the technological advances in the
GPS technology. In five years, the spatial resolution increased
tenfold, from 30 to 50 m in 1998 to 3 to 5 m in 2002. For this
reason, no data prior to 1998 has been figured in the maps or
considered in the analyses.
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Specimens were collected with a net or a pooter. Given the
complexity of the terrain, the unpredictability of the weather
and the lack of adequate traps, it has not been possible to devise
an apriori collecting protocol. Whenever the specimens could
be identified on the spot, the observations were performed
without collecting.

For each observation, the collected data included the species,
sex and number of specimens, the flower species on which they
fed and the surrounding vegetation type, CORINE biotopes,
the date, topographical co-ordinates and altitude.

During the months of July and August from 1998 to 2002, a
total of 5020 observations were recorded.

Data processing and mapping

The data were computerised with the Data Fauna Flora software
(Barbier ef al. 2002) and mapped with the Carto Fauna Flora
software (Barbier & Rasmont 2000).

Estimation of the species diversity

The species diversity of a location was quantified with the
Shannon-Weaver index and the Hurlbert expectancy (Rasmont
et al. 1990; Legendre & Legendre 1998). The mathematical
expression of the Hurlbert expectancy (Hurlbert 1971) used
in the present work is its simplified version by Rasmont et
al. (1990). It expresses a number of species expected to be
encountered in a random sample of 100 specimens.

The originality of the surroundings is expressed by the
Cumulative rareness index computed by Rasmont er al

(1990):
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R=3(1/N)

where N.is the number of individuals of the species  observed
in a reference area (France including Eyne and excluding
Corsica).

This index expresses (in specimens ') the richness of a location
in rare or endemic species in comparison with the reference
area.

The ecological preferences

To study the factors relevant to the location (altitude, vegetation
types, CORINE biotopes), we drew a matrix of 32 bumblebee
taxa x 457 locations.

For the study of flower preferences, we drew a matrix of 32
bumblebee taxa x 120 plant taxa. For any given bumblebee
taxon, we considered a flower taxon as a minor one if it
supported less than 10% of the bees (i.e. the last decile).

Bumblebees have been allocated to thirteen 100 m altitude
intervals with the K-Means method (R: stz package;
MacQueen 1967). For each species, the symmetry of the
altitudinal distribution has been tested with the Agostino test
(R: moments package; Agostino 1970). In some relations, we

Table 2. CORINE biotopes characteristic of the habitat in the Eyne valley.

CORINE biotopes

Abbreviation used in this
work

Montane Calluna-Genista heaths

Pyrenean rusty alpenrose (Rhododendron
ferrugineum L.) heaths

Juniperus nana Willd. scrub
Pyrenean Cytisus purgans (L.) Boiss. fields

Willowherb (Epilobium) and foxglove
(Digitalis) clearings

Pyreneo-Catalonian Mesobromion
Pyrenean Xerobromion
Mesophile forest fringe grasslands

Alpine and sub-alpine acidophilous
grasslands

Pyreneo-Alpine mesophile mat-grass
(Nardus stricta L.) swards

Festuca paniculata (L.) Schinz & Thell.
swards

Festuca eskia Ramond ex DC grasslands
Festuca airoides Lam. grasslands

Pyrenean naked-rush (Elyna myosuroides
(Vill.) Fritsch and Oxytropis halleri
Bunge ex Koch) swards

Bistort (Polygonum bistorta L.) meadows
Mountain hay meadows

Mountain pine (Pinus uncinata Miller ex
Mirbel) forests

Pyrenean alpenrose (Rhododendron
ferruginewm L.) mountain pine
forests

Vaccinium mountain pine forests

Ruderal communities

Heaths-Genista
Heaths -Rhododendron

Scrub-Juniperus
Cytisus
Clearings-Epilobinm
Mesobromion
Xerobromion

Forest fringe

Sub and -alpine grasslands
grasslands -Nardus
grasslands — Festuca paniculata

grasslands — Festuca eskia
grasslands — Festuca airoides

grasslands -Oxytropis

Meadows -Polygonum
Meadows

Pine forests

Pine forests-Rhododendron

Pine forests - Vaccinium
Ruderal

Table 3. Principal contributors of the Eyne data. UMH: Université de
Mons-Hainaut; ENSAM: Ecole Nationale Supérieure Agronomique de
Montpellier; RNVE: Réserve Naturelle d’Eyne. *: Data not used because
inaccurate coordinates.

Contributor Periode.of Num.ber of
observation specimens
S. Iserbyt (UMH) 1999-2002 1389
E.-A. Durieux (UMH) 1999 1085
R. Delmas (ENSAM) 1960-1975 957 *
P. Rasmont (UMH) 1978-1997 98 *
P. Rasmont (UMH) 1998-2002 741
S. Viart (UMH) 2002 465
M. Terzo (UMH) 2002 396
J.-E. Godeau (UMH) 1999 259
F. Leclant (ENSAM) 1960-1970 180 *
M. Baracetti (RNVE) 1999-2000 156
P. Coppens (UMH) 2002 110
Autres 456

transformed the data logarithmically [In(x+1)] to ensure the
normality. The best estimation of the relation between two
variables has been obtained through linear regression (Legendre
& Legendre 1998). The confidence interval has been estimated

:

Figure 3
Position of the 457 observation points. Interval of the altitude lines: 100 m;
light grey: below 1800 m; medium grey: 1800 to 2300 m; dark grey: above
2300 m.
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Table 4. Species and numbers of specimens collected in France and in
Eyne. *: Data of Delmas (1960-1975), Leclant (1960-1975) and Rasmont
(1978-1997); **: autumn and winter data are not included.

Eyne
Species France | pefore | since
1999* | 1999 | Total
Bombus lucorum (L. 1761) 5777 102 945 1047

Bombus ruderarius (Miiller 1776) 4835 263 681 944
Bombus soroeensis (Fabricius 1793) 5150 107 449 556

Bombus monticola Smith 1849 1660 15 537 552
Bombus pyrenaeus Pérez 1879 1659 75 402 477
Bombus hortorum (L. 1761) 3390 68 261 329
Bombus  mesomelas  Gerstaecker

1869 2086 91 195 286

Bombus sylvarum (L. 1761) 2774 22 210 232
Bombus mendax Gerstaecker 1869 1062 30 201 231
Bombus sichelii Radoszkowski 1859 § 2070 31 186 217

Bombus humilis llliger 1806 3330 18 190 208
Bombus pascuorum (Scopoli 1763) 8379 32 120 152
Bombus pratorum (L. 1761) 3219 42 99 141
Bombus sylvestris (Lepeletier 1832) 1375 103 15 118
Bombus subterraneus (L. 1758) 1115 25 82 107
Bombus bohemicus Seild 1837 1519 69 35 104
Bombus terrestris (L. 1758) 5891** 3 98 101
Bom?1§559 wurflenii - Radoszkowski 2526 33 59 9
Bombus lapidarius (L. 1758) 6760 29 54 83
Bombus mucidus Gerstaecker 1869 775 20 51 71
Bombus gerstaeckeri Morawitz 1882 | 333 20 30 50
Bombus rupestris (Fabricius 1793) 1128 21 20 41
Bombus flavidus Eversmann 1852 273 18 20 38
Bombus  quadricolor  (Lepeletier

13 2)4 263 ¢ 31 4 35
Bombus hypnorum (L. 1758) 682 10 13 23
Bombus confusus Schenk 1859 532 4 17 21
Bombus norvegicus (Sparre

Schneider 1918) 135 B ? ?
Bombus magnus Vogt 1911 857 - 7 7
Bombus ruderatus (Fabricius 1775) 1898 1 5 6
Bombus campestris (Panzer 1801) 432 3 1 4
Bombus cullumanus (Kirby 1802) 95 3 1 4
Bombus (Allopsithyrus) sp. 423 1 - 1
Bombus alpinus (L. 1758) 94 - - -
Bombus argillaceus (Scopoli 1763) 434 - - -
Bombus barbutellus (Kirby 1802) 156 - - -

Bombus brodmannicus Vogt 1909 371 - - -

Bombus cryptarum (Fabricius 1775) i 599 - - -

Bombus  distinguendus  Morawitz
1869

Bombus inexspectatus (Tkalcti 1963) 98 - - -

38 - - -

Bombus jonellus (Kirby 1802) 311 - - -
Bombus maxillosus Klug 1817 49 - - -
Bombus  mocsaryi  Kriechbaumer

1877 7 163 ! i i
Bombus muscorum (L. 1758) 253 - - -
Bombus pomorum (Panzer 1805) 923 - - -
Bombus vestalis (Fourcroy 1785) 327 - - -
Bombus veteranus (Fabricius 1793) 299 - - -
Unspecified 114 1 3 4
Total number of specimens 76632 : 1292 : 5000 : 6292
Total number of species 46 31 31 33

on basis of the lower and upper confidence limits, with a risk
of o = 0.99 (R: stats package, predict./m; Dalgaard 2002). The
data have been processed with Microsoft Excel 2000 and the R
software version 2.1.1 (http://www.r-project.org/).

Results

Species diversity

Since 1960, 6291 bumblebee have been observed
within the limits of the Eyne commune (tab. 4). The
observations were made over this whole territory, in 457
locations (fig. 3). The present fauna of the commune
includes 33 bumblebee species.

The lists of species observed before 1999 (31 species
from 1292 specimens) and since (31 species from 5000
specimens) then are almost identical (tab. 4). We may
therefore consider that our sampling is reproducible
and that the fauna is relatively stable, without any
noteworthy expansion or regression.

70% of the species present in continental France
have been observed in Eyne. The most common
species are Bombus lucorum, B. ruderarius, B. soroeensis,
B. monticola, and B. pyrenaeus (tab. 4). The local fauna
also includes species that are uncommon or very rare
elsewhere, such as Bombus gerstaeckeri, B. confusus, and
B. cullumanus. Bombus mocsaryi was collected only
once in the sixties by R. Delmas. Obligate inquiline
species (Bombus bohemicus, B. campestris, B. flavidus, B.
norvegicus, B. quadricolor, B. rupestris and B. sylvestris)
are relatively uncommon (5.6 % of the observations).

The most common species (Bombus ruderarius, B.
lucorum, B. soroeensis, B. monticola, B. pyrenaeus) and
those that occupy the largest number of locations, make
up a very large proportion of the total observations
(73.7 %, tab. 4). There is a very strong positive
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o

Figure 4

Log-log relation between the relative frequency of each species and the
number of stations it occupies in the Eyne valley. Black: the regression line,
grey: confidence intervals (ot = 0.99) of the regression.
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5. Bombus (All;psfiﬁ yrr;s) s;u'. I: 6. Bambus bohemicus |- 7. Bombus ca.mp-estr.is +
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Figures 5-13

Distribution maps of the species. 5, Bombus (Allopsithyrus) sp. * (1 specimen, 1 station); 6, B. bohemicus * (110 specimens, 28 stations); 7, B. campestris *
(5 specimens, 1 station); 8, B. confusus (23 specimens, 8 stations); 9, B. cullumanus (4 specimens, 1 station); 10, B. flavidus * (45 specimens, 10 stations); 11,
B. gerstaeckeri (46 specimens, 20 stations); 12, B. hortorum (318 specimens, 101 stations); 13, B. humilis (192 specimens, 67 stations).
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Figures 14-22

Distribution maps of the species. 14, B. hypnorum (25 specimens, 21 stations); 15, B. lapidarius (118 specimens, 26 stations); 16, B. lucorum (1069 specimens,
200 stations); 17, B. magnus (7 specimens, 7 stations); 18, B. mendax (224 specimens, 59 stations); 19, B. mesomelas (285 specimens, 94 stations); 20,
B. monticola (548 specimens, 129 stations); 21, B. mucidus (69 specimens, 29 stations); 22, B. norvegicus *(9 specimens, 7 stations).
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23. Bombus pascubrum T 24. Bombus pratlaru.m T 25. Bombus pyre:.meus T
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Figures 23-31

Distribution maps of the species. 23, B. pascuorum (157 specimens, 64 stations); 24, B. pratorum (146 specimens, 63 stations); 25, B. pyrenaeus (458
specimens, 128 stations); 26, B. quadricolor * (43 specimens, 5 stations); 27, B. rupestris * (45 specimens, 20 stations); 28, B. ruderarius (906 specimens, 212
stations); 29, B. ruderatus (7 specimens, 6 stations); 30, B. sichelii (194 specimens, 47 stations); 31, B. soroeensis (541 specimens, 135 stations).
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correlation between the abundance of each species and
the number of stations occupied by them (r=0.98,
p<0.001, fig. 4). However, two species: Bombus
rupestris and B subterraneus, deviate notably from the
regression line.

Local distribution of species

A distribution map has been drawn for every
species (figs. 5-36). Bombus (Allopsithyrus) sp. (fig.
5), B. campestris (fig. 7), B. confusus (fig. 8, 44), B.
cullumanus (ig. 9), B. humilis (fig. 13), B. ruderatus
(fig. 28), B. subterraneus (fig. 32) and B. sylvarum (fig.
33) live below 1700 m. Bombus bohemicus (fig. 6), B.
gerstaeckeri (fig. 11), B. hortorum (fig. 12), B. hypnorum
(hg. 14), B. magnus (ig. 17), B. pratorum (fig. 24),

B. pascuorum (fig. 23), B. quadricolor (fig. 26), B.
sylvestris (fig. 34) and B. wurflenii (fig. 36), live mainly
between 1700 and 2100 m. Bombus flavidus (fig. 10),
B. mendax (fig. 18), B. mucidus (fig. 21), B. norvegicus
(fig. 22) and B. sichelii (fig. 30) stay rather at the higher
altitudes, beyond 2100 m. Bombus lapidarius (fig. 15),
B. lucorum (fig. 16), B. mesomelas (fig. 19, 41), B.
ruderarius (fig. 27), B. rupestris (fig. 29), B. soroeensis
(fig. 31) and B. rerrestris (fig. 35) are found all over the
Eyne commune. This is true also for Bombus monticola
(hg. 20, 42) and B. pyrenaeus (fig. 25, 43) but with
populations that increase with the altitude.

As expected, the overlapping of their distribution
maps shows that the inquiline species and their hosts
live mostly in the same surroundings (B. bohemicus fig.

35. Bombus terrestris T

EE

Figures 32-36

—,
R

33. Bombus @ln;amm i 34 Bombus S'yl\;esrﬁs T

o iaan )

36. Bombus wurflenii |

Distribution maps of the species. 32, B. subterraneus (110 specimens, 39 stations); 33, B. sylvarum (233 specimens, 65 stations); 34, B. sylvestris * (119
specimens, 13 stations); 35, B. terrestris (100 specimens, 63 stations); 36, B. wurflenii (105 specimens, 39 stations). Captions: see fig. 3 . The «*» indicate
obligate inquilines. B. mocsaryi is not mapped because of the imprecision of the original data (1 ¢ ,Cambre d'Aze* leg. R. Delmas, likely in the 1960)
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6 inquiline of B. lucorum fig. 16; B. campestris fig. 7
inquiline of B. pascuorum fig. 23 and B. humilis fig.13;
B. flavidus fig. 10 inquiline of B. monticola fig. 20 or
B. pyrenaeus fig. 25; B. norvegicus fig. 22 inquiline of
B. hypnorum fig. 14; B. quadricolor fig. 26 inquiline of
B. soroeensis fig.31; B. rupestris fig. 29 inquiline of B.
lapidarius fig. 15 and B. sichelii 11g.30; B. sylvestris fig.
34 inquiline of B. pratorum fig. 24).

Ecological preferences

Altitudinal preferences

The altitudinal distribution is presented in table 5.

Four groups of species can be distinguished by the
cluster reallocation procedure (K-means).

In the group of lower altitudes, we find species

for which the median of altitudinal distributions is
below 1700 m. For the intermediate altitude group,
this median is between 1700 and 2100 m. The higher
altitude group has median over 2100 m. We left in a
last group the ubiquitous species and the very rare ones
(Bombus campestris, n=1; B. cullumanus, n=1 and B.
magnus, n=0).

In the most widespread species (Bombus lucorum,
B. ruderarius, B. soroeensis, and B. hortorum), with
the exception of B. monticola, the distribution is
skewed towards the low altitudes (fig 37, tab. 5). The
same is true for the common low-altitude species
(B. humilis, B. subterraneus, and B. sylvarum): their
altitude distribution is also highly significantly skewed
towards the lower altitudes. On the contrary, two high-
altitude species (B. mucidus and B. monticola) have an

Table 5. Altitudine distribution of bumblebee species. Skew: Skewness or asymmetry. *: Obligatory inquiline species. NS: symmetrical distribution.

* okk kKK,
PR :

asymmetrical distribution with critical value: p<0.05, p<0.01 and p<0.001 (Agostino test).

Species Minimum :;:islte Mediane dI::?lte Maximum Skew Symmetry
ruderatus (n=5) 1530 1530 1600 1720 1925 - -
confusus (n=17) 1570 1570 1610 1630 1630 -0,16 NS
humilis (n=190) 1480 1555 1610 1740 2050 1,87 ok
subterraneus (n=82) 1480 1570 1610 1815 2390 2,41 ok
sylvarum (n=210) 1480 1570 1610 1700 2060 3,55 ok
campestris (n=1) * 1680 - - - - - -
terrestris (n=98) 1480 1570 1700 2335 2685 1,43 o
cullumanus (n=1) 1715 - - - - - -
lucorum (n=945) 1480 1580 1740 2450 2830 1,46 oK
pascuorum (n=120) 1480 1600 1740 1840 2050 -0,17 NS
ruderarius (n=681) 1480 1585 1790 2160 2740 0,91 ok
bohemicus (n=35) * 1630 1750 1800 2005 2385 1,30 *
magnus (n=6) 1600 1600 1800 2160 2160 - -
hortorum (n=261) 1480 1610 1815 2060 2725 1,33 ok
soroeensis (n=449) 1480 1600 1815 2330 2740 1,17 ok
pratorum (n=99) 1530 1700 1830 2050 2320 0,59 NS
hypnorum (n=13) 1720 1740 1850 2000 2050 0,56 NS
sylvestris (n=15) * 1680 1750 1850 2720 2740 0,98 NS
lapidarius (n=54) 1555 1555 1865 2390 2390 0,38 NS
norvegicus (n=9) * 1750 1750 1930 2320 2320 0,49 NS
gerstaeckeri (n=30) 1580 1750 1970 2060 2180 -0,57 NS
mesomelas (n=195) 1480 1600 1975 2390 2740 0,32 NS
wurflenii (n=59) 1740 1800 1980 2255 2740 1,56 o
quadricolor (n=4) * 1610 1610 2005 2075 2075 - -
rupestris (n=20) * 1580 1610 2050 2385 2410 —0,46 NS
sichelii (n=186) 1815 1975 2125 2390 2685 0,47 NS
Sflavidus (n=20) * 2040 2135 2155 2740 2740 1,29 NS
pyrenaeus (n=402) 1630 1800 2160 2500 2830 0,17 NS
mucidus (n=51) 1670 1975 2270 2330 2450 -1,10 *
mendax (n=201) 1650 2160 2310 2500 2750 0,08 NS
monticola (n=537) 1580 1940 2340 2740 2830 -0,36 ' *
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Figure 37

Altitudinal distribution of the species. The horizontal line indicates the complete distribution, the star indicates the median value; the vertical dashes, the first

and last deciles of the distribution.

altitude distribution significantly skewed towards the
higher altitudes (fig. 37). In the other species, the
altitude distribution, either uni- or plurimodal, is
symmetrical.

The altitudinal distribution of the inquiline species
is more restricted than that of their hosts (e.g.: B.
bohemicus 1630-2385 m is inquiline of B. lucorum
1480-2830 m), with the remarkable exception of
Bombus sylvestris (1680-2740 m), that lives at higher
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Figure 38

Numbers of species and Hurlbert expectancy as a function of altitude.
Black: the number of species observed; grey, the number of species expected
in a random sample of 100 specimens (Hurlbert expectancy). *: species
diversity peaks, **: maximal Hurlbert expectancy.
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altitudes than its host B. pratorum (1530-2320 m).
This could be the result of a significant presence of
Bombus sylvestris queens which seems to be more erratic
than males.

When the species numbers are ranked by altitude,
in 100 m-intervals, two peaks appear: from 1600 to
1700 m and from 2000 to 2100 m. The number of
species strongly decreases beyond 2400 m (fig. 38).

Computing the Hurlbert expectancy as a function
of altitude gives one maximum, in the 2000-2100
interval. The difference between the observed and
expected numbers of species is very large in the 1600—
1700 m, 1700-1800 m and 2000-2100 m intervals.
This could suggest that these intervals have been over-
sampled.

Distribution of the bumblebees as a function of
other environmental factors

Computing the correlation’s between bumblebee
species and the environmental factors (vegetation types
and CORINE biotopes) brings to light the optimal
surroundings for each species (tab. 6). For instance,
the species B. confusus, B. humilis, B. ruderatus, B.
sylvarum, and B. subterraneus are correlated by the
vegetation types and the “meadow” CORINE biotope
(hg. 45); B. mendax, B. mucidus, B. pyrenaeus, and B.
sichelii, however, are characteristic of the subalpine
grassland vegetation types and of the “subalpine and
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alpine grassland” CORINE biotope. The species B. pine forests, Rhododendron-pine forests). Other species
hypnorum, B. norvegicus, and B. pratorumare characteristic (Bombus lucorum, B. ruderarius, and B. soroeensis) are
of wooded surroundings, but more specially of the clearly ubiquitous and not specially related to a given
CORINE biotopes related to the pine forests (Vaccinium- vegetation type nor to any CORINE biotope.

Table 7. Genera of the visited plant. In bold, main genera of the visited plant (more than 100 observations).

Genera Num.ber of Relative Genera Nlun.ber of Relative
specimens abundance specimens abundance

Trifolium 648 13.10 Helianthemum 17 0.34
Rhinanthus 566 11.44 Teucrium 17 0.34
Vicia 372 7.52 Sempervivum 16 0.32
Epilobium 329 6.65 Anthyllis 15 0.30
Eryngium 266 5.38 Delphinium 15 0.30
Rhododendron 249 5.03 Senecio 14 0.28
Aconitum 220 4.45 Armeria 10 0.20
Centaurea 189 3.82 Digitalis 9 0.18
Phyteuma 166 3.36 Symphytum 9 0.18
Thymus 144 291 Lamium 8 0.16
Carduus 143 2.89 Scabiosa 8 0.16
Gentiana 135 2.73 Crepis 7 0.14
Prunella 123 2.49 Galeopsis 6 0.12
Sideritis 110 2.22 Lupinus 4 0.08
Echium 90 1.82 Ononis 3 0.06
Potentilla 87 1.76 Scutellaria 3 0.06
Knautia 81 1.64 Astragalus 2 0.04
Geranium 76 1.54 Carlina 2 0.04
Pedicularis 70 1.42 Dianthus 2 0.04
Stachys 68 1.37 Geum 2 0.04
Lotus 63 1.27 Solidago 2 0.04
Adenostyles 57 1.15 Antennaria 1 0.02
Taraxacum 52 1.05 Ballota 1 0.02
Allium 47 0.95 Biscutella 1 0.02
Jasione 46 0.93 Cynaoglossum 1 0.02
Minuartia 46 0.93 Euphrasia 1 0.02
Lathyrus 36 0.73 Filipendula 1 0.02
Rubus 34 0.69 Heracleum 1 0.02
Melampyrum 31 0.63 Hieracium 1 0.02
Cirsium 30 0.61 Malva 1 0.02
Linaria 27 0.55 Melilotus 1 0.02
Genista 26 0.53 Orchis 1 0.02
Campanula 25 0.51 Plantago 1 0.02
Chamaespartinm 23 0.47 Polygala 1 0.02
Alchemilla 22 0.44 Polygonum 1 0.02
Sedum 21 0.42 Silene 1 0.02
Hypericum 20 0.40 Veratrum 1 0.02
Oxytropis 20 0.40 Viola 1 0.02
Number of foraging specimens 4946

Number of specimens flying or seeking a nest 74
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The inquiline species are found in less diversified
surroundings, rather different from those of their hosts.
Bombus bohemicus seems to prefer the CORINE biotope
“Scrub - Juniperus” and the vegetation type “Forest
fringe/Meadows” whereas its host potential B. lucorum
prefers CORINE biotopes “Mesobromion, Clearing -
Epilobium” and the vegetation types of edges (Forest
fringe / Meadows, Forest fringe / Subalpine heaths)
and Meadows (tab. 6). Bombus sylvestris seems to prefer
CORINE biotopes “Scrub- Juniperus, Pine forests” and
the vegetation type “ Forest fringe / Meadows” whereas
its host potential B. pratorum seems to prefer CORINE
biotopes “Clearing - Epilobium, Mesobromion”, and
the habitats related to edges and the vegetation type
Forest fringe / Meadows” (tab. 6).

All together, more than ten species co-exist in most

of the vegetation types studied (tab. 6).

Flower choices

Table 7 lists the plant genera on which bumblebees
were seen feeding. In our 5020 observations, 4997
bumblebees were seen feeding on 120 floral species,
distributed in 76 genera. Fourteen genera, with more
than 100 visits, are regarded as principal. They account
for 74 % of the observations.

The most visited flower families are: Fabaceae
(Trifolium, Vicia), Scrophulariaceae (Rhinanthus),
Asteraceae (Centaurea, Carduus), Lamiaceae (Sideritis,
Thymus, Prunella), Onagraceae (Epilobium), Apiaceae
(Eryngium) and Ericaceae (Rhododendron).

Appendix B lists the visited plant species for each
bumblebee species. From this list, we can draw the
more or less narrow flower preferences of each species.
For six species (B. campestris, B. cullumanus, B. magnus,
B. norvegicus, B. quadricolor, and B. ruderatus) however,
observations are too few to allow such conclusions to
be drawn.

Bombus ruderarius, B. lucorum, B. soroeensis, B.
monticola, and B. pyrenaeus are among the most
common species and among the most broadly
generalist (polytropic) as well, with more than 40
flower taxa visited (fig. 39). Some species, as Bombus
lapidarius, B. mucidus, B. wurflenii, B. mendax, B.
subterraneus, B. sichelii, B. pascuorum, and B. pratorum
are more specialised. However, even for these species,
the spectrum of visited flowers remains large: 13 taxa
for Bombus lapidarius and 28 for B. pratorum. The sole
narrowly specialized (oligotropic) species is Bombus
gerstaeckeri that is restricted to two taxa of the genus
Aconitum. In fig. 39, this species is located farthest
from the regression line. From the same graph, it
appears that B. confusus and B. subterraneus are more

broadly polytropic than expected while B. ruderarius
is less so.

Most species feed on two to seven favourite flowers
during the sampling season. These support 10 to 60 %
of the population of the species. Beside these preferred
plants, each species may visit “second choice” ones, the
diversity of which may be very large: 62 taxa in the case
of Bombus lucorum.

In most cases, inquiline bumblebees and their hosts
feed on different flower species (Appendix B). Bombus
bohemicus seems to prefer Eryngium bourgatii, Knautia
sp., and Rubus idaeus whereas its host potential B.
lucorum mainly prefers Rhinanthus pumilus and Vicia
cracca.

Bombus flavidus seems to prefer Carduus carlinoides
and Adenostyles alliariae whereas these two supposed
hosts B. monticola mainly prefers Potentilla nivalis,
Rhododendron ferrugineum and B. pyrenaeus mainly
prefers  Eryngium  bourgatii, — Gentiana  burseri,
Epilobium angustifolium, Rhododendron ferrugineum,
and Phyteuma hemisphaericum.

Some flower taxa are favoured by many bumblebee
species. For instance, Rhinanthus pumilus, Epilobium
angustifolium, Eryngium bourgatii, Trifolium pratense,
Vicia cracca, Trifolium repens, and Centaurea jacea are
visited by more than fifteen species (Appendix B).
Some flower taxa, on the contrary, are visited by very
few bumblebees.

Discussion

Species diversity

The exhaustive study of the bumblebee fauna of
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Figure 39

Log-log relation between the numbers of stations occupied by each species
and the number of plant species on which it feeds in the Eyne valley. Black:
the regression line; grey: confidence intervals (o = 0.99) of the regression.
Con, Bombus confusus; Ger, B. gerstaeckeri; Hor, B. hortorum; Rur, B.
ruderarius; Sub, B. subterraneus.
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the Eyne valley during the summers 1998 to 2003 con-
firmed the presence of 31 species. This diversity is very
high in comparison with the fauna of other regions of
France (tab. 1). The diversity and originality indices are
very high in comparison with other studied locations
(tab. 8). Compared with similar studies on areas 10
(Larzac; Rasmont 1989) to 22 times (Parc National des
Pyrénées; Iserbyt in [it.) greater in area, the species di-
versity in Eyne is much larger. The cumulated rareness
index, clearly higher for the Eyne location, indicates the
presence of more uncommon species (tab. 8).

The comparison of the species diversity of Eyne
with that of the nearby Nohedes valley (29 species;
Gosselin e al. 2007) and of the Pyrenees National
Park (Parc National des Pyrénées; 30 species) makes it
a reasonable guess that could be extrapolate over the
entire Pyrenees ridge. As Banaszak (1996) showed for
the Pyrenees and the Alps, the population density of
the bumblebees in Eyne is especially high, compared
with the other European mountain ranges.

For the whole of the West-Palacarctic region
(Appendix A), there is a strong correlation between the
areas of the studied zones and their species diversity
(fig. 42). The species diversity in Eyne appears clearly
greater than expected from the area of the location.

From the review of the zones of greater species di-
versity established by Pekkarinen & Teris (1993), it
may be concluded that the diversity encountered in
Eyne is not matched anywhere else in such a small area.
The only West-Palacarctic regions where the species di-
versity is as large are these of Erzurum (Ozbek 1990),
the Asturias (Obeso 1992) and Moscow (Berezin et al.
1995). These three regions, however, are far more ex-
tended than the Eyne valley. The region of Erzurum,
in Turkey, harbours 30 bumblebee species on 25 000
km?. In the Asturias Province (Spain) 31 species were
discovered in an area of about 10 600 km?. In the Mos-
cow region, 34 species were discovered in an area of
47 000 km?. Obeso (1992) states that the species di-

versity in the Asturias is larger than that in any area
of the same size, ecither in the rest of Europe (Ranta
1983) or in North America (Laverty & Harder 1988).
With a larger number of bumblebee species for a much
smaller area, the Eyne valley may now be considered
as the most diversified location in the West-Palacarctic
region.

Rasmont ez al. (2000) compared the species diversity
of the Eyne bumblebees with that of other regions
known for their large species diversity. In the Dombai
reserve (Teberda valley, W. Caucasus), Dathe (1981)
lists 19 species. In the Kashmir, Williams (1991) finds
29 bumblebee species. In the New World, the diversity
is highest in California, where 26 species live (Thorp ez
al. 1983). The only regions where the species diversity
is higher than in Eyne are the Sichuan and the Altai,
with respectively 60 and 54 species, although on areas
much larger than Eyne (Williams 1994, 1998). To our
present knowledge, the species diversity in Eyne is quite
exceptional.

For some uncommon species, the valley accounts
for a large proportion of the specimens collected
in France (tab. 5). Bombus gerstaeckeri Morawitz is
one of the less common species in France, as in the
whole West-Palaearctic region (Rasmont ez a/. 2003;
Rasmont ez al. 2005; Ponchau ez al. 2000). B. confusus
Schenck still well represented in the Eyne fauna, is
regressing elsewhere throughout Europe (Rasmont
& Mersch 1988; Berezin ez al. 1995; Rasmont 1995;
Soderman 1999; Goulson ez 2/. 2005; Rasmont ez al.
2005; Williams 2005). Bombus cullumanus (Kirby)
has strongly regressed or even disappeared from the
northern part of its former geographical extension
(Rasmontezal. 2005). The species is presently restricted
to a few locations in the E. Pyrenees, the Massif Central
(France), and Navarra (Spain).

Eyne is interesting, not only for its species diversity,
but also for the presence of very uncommon species.
As this situation has remained unchanged for a half

Table 8. Estimation of the diversity and the originality for the studied sites.

. Shannon- Cumulative
Superficie Hurlbert
Number of Number of Weaver rareness
Country, Area (ref) . .
specimens species . Number of species expected . 0
km? Bit . . specimens
in a 100 specimens sample
France, Larzac (Rasmont 1989) 1723 24 200.00 3.45 14.58 0.036
France, Parc National des Pyrénées
(Isetbyt in lir) 4385 30 456.40 3.91 18.90 0.039
France, Nohedes
(Gosselin et al. 2007) 3092 29 28.93 3.45 17.15 0.034
France, Eyne 6288 33 20.18 4.04 21.14 0.054
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century (Kruseman 1958; Delmas 1976), it may
be presumed that its origin lies in some permanent
structures and relationships.

Ecological preferences

Altitude

The mapping data (figs. 5-36) clearly indicate that
the distribution of the species is not uniform over the
whole territory of the commune. These discrepancies
may be explained by the altitude, the vegetation and
the floral resources.

The altitudinal ranges of the various species overlap
in a way that suggests the complexity of their ecological
requirements. Despite this overlapping, these ranges
fall into four categories: lower, intermediate and
higher altitudes, the fourth category containing
the ubiquitous or very uncommon species. This
subdivision is consistent with the observations of many
authors (Pittioni 1937; Dylewska 1966; Comba 1972;
Svensson 1979; Lundberg & Ranta 1980; Dathe 1981;
Rasmont 1988; Williams 1991; Obeso 1992; Gosselin
et al. 2007).

The study of species diversity as a function of
altitude shows two frequency peaks: 1600 to 1700 m
and 2000 to 2100 m and a decrease at higher altitudes
(above 2400 m). In the Eyne valley, these altitudes
correspond respectively to the meadows and to the
transition between woods and subalpine grassland.

The most common species present an asymmetric
distribution according to altitude. These species seem,
however, to prefer the higher altitudes.

The curves of altitudinal range are mostly flattened
out towards the higher altitudes. Svensson & Lundberg
(1977) explain it by the consideration that bumblebees
tend to forage along the flowering periods of their
favourite plants. However, Terds (1985) stresses that
bumblebees may forage on their favourite plants away
from their preferred habitat. Rasmont (1988) explains
the asymmetric distribution by a better resistance of
bumblebees to lower than to higher temperatures.

Habitats
By classifying the observations along the vegetation

types and the CORINE biotopes, it has been possible
to determine, for some bumblebee species, one or more
favourite habitats. However, most species cannot be
regarded as forest, wood edge or open field ones, along
an ecological classification advocated e.g. by Pittioni &
Schmidt (1942), Reinig (1970) and Rasmont (1988).
Furthermore, the favourite habitat of a given species
may differ from region to region. Bombus lucorum, e.g.
is an ubiquitous species at Eyne, whereas elsewhere,
it is regarded as a forest species (Pekkarinen 1984;

Rasmont 1988), as a wood edge species (Pittioni &
Schmidt 1942; Méczér 1953; Dylewska 1957; Reinig
1970; Terds 1985; Benton 2000, 2006), as an open
field one (Leken 1973; Delmas 1976; Svensson 1979;
Ornosa Gallego 1984) or as ubiquitous (Ranta &
Tiainen 1982). In the Eyne valley, as in most places,
Bombus hypnorum is characteristic of the forest habitat
(Pérez 1890; Pittioni & Schmidt 1942; Méczér 1953;
Dylewska 1957; Reinig 1970; Delmas 1976; Ranta &
Tiainen 1982; Rasmont 1988) but elsewhere, it is an
open field species (Loken 1973; Ornosa Gallego 1984),
or an ubiquitous one (Terds 1985), or characteristic of
human habitats (Benton 2006) suburban areas.

As suggested by Terds (1985), Osborne ez al.
(1991), Goulson (2004) and Goulson ez /. (20006),
most bumblebee species live in more than one habitat.
According to Lundberg & Ranta (1980), Teris (1985)
and Benton (2000, 20006), the spatial heterogeneity of
the resources forces the bumblebees to visit a succession
of foraging sites and of new habitats through the
seasons.

In the Eyne region, the vegetation types that support
a large diversity of bumblebees are also rich in visited
flower species (72 taxa in the meadows and 65 in the
subalpine grassland). As stated by Banaszak (1996) and
Goulson (2004) the species diversity of bumblebees is
positively correlated with the floral diversity (r = 0.89,
p < 0.001; fig. 40)

Floral resources

According to many authors (Alford 1975;
Rasmont 1988; Benton 2000; Carvell 2002; Goulson
2004; Benton 2006), bumblebees mostly feed on
the following families: Fabaceae, Scrophulariaceae,
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Figure 40

Log-log relation between the numbers of bumblebee species and the area
of countries in the West-Palaearctic region .The solid circle indicates the
European countries (Appendix A). The grey dots indicates the islands
(Appendix A) . The cross indicates the Eyne valley. Black: the regression
line; grey: confidence intervals (o = 0.99) of the regression.
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Lamiaceae, Onagraceae, Asteraceae, Ericaceae and
Ranunculaceae. However, the list of plants on which a
given bumblebees species forages may differ from one
region to another. For instance the genus Aconitum
L., which is an important flower resource for Bombus
mendax in Eyne, is also important elsewhere in France
(Rasmont 1988) and in Austria (Hagen & Aichhorn
2003). On the other hand,, in Austria (Pittioni 1937;
Aichhorn 1976), the genus Rbhododendron is favoured
by the species (e.g. fig. 42, 43). In the Eyne valley, as
in many regions, a general preference for some plant
genera (7Trifolium, Vicia, Centaurea, and Epilobium)
has been described in many studies (e.g. Brian 1957;
Dylewska 1958, Elfving 1968; Ruzskowski 1969a,
1969b, 1969¢, 1970a, 1970b, 1970c, 1970d; Loken
1973; Terds 1976; Pekkarinen ez al. 1981; Steffny ez al.
1984; Terds 1985; Rasmont 1988; Corbet ez a/. 1991;
Fussell & Corbet 1992; Macior 1994; Monsevicius
1995; Benton 2000; Carvell 2002; Benton 20006).
Most bumblebee species feed on 2 to 7 favoured plants
and on various numbers of minor taxa. Most favoured
species are visited by more than 10 bumblebee species.
As Rasmont (1988), Fussell & Corbet (1993), and
Benton (2006) stated, a restricted number of plant
taxa pool the preferences of the bumblebees. The
fact that so many bumblebee species feed on so few
flower species raises the question of the competition
for resources. This could be explained by the plenty
of flower resources and by the use of many minor
resources.

In the present study, no distinction has been
made between visiting plants for nectar or for pollen.
It is therefore impossible to rely upon the criteria of
Cane & Sipes (20006) to determine a scale of dietary
specialisation. Indeed, the same bumblebee species
may be specialist for pollen and generalist for nectar.

With the exceptions of Bombus lucorum and B.
ruderarius, the list of generalist species in Eyne is
different from those established by Rasmont (1988) for
the whole Languedoc-Roussillon region (France) and
by Benton for Essex (England) (2000, 2006). Three
species (Bombus pascuorum, B. pratorum, B. terrestris),
regarded as generalist in these studies appear to be
less so in the Eyne valley where they feed on a score
of flower species. It is true that these species are less
plentiful. In a given region, the more or less restricted
dietary choice of a bumblebee species appears to result
from the interspecific competition for the resources.
The most broadly generalist species are among the
most common (fig. 40). It may be asked whether
the observed polytropy reflects only the abundance
of specimens or if polytrophy is, in self, a factor of
commonness? Rasmont (1988) established that in
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France there is a very strong correlation between the
diversity of plants visited and the number of UTM grid
cells in which the species was observed, whereas there
is no significant correlation between the diversity of
visited plants and the number of bumblebee specimens
in each UTM grid cell. This means that it is the
geographical distribution of a species, rather than its
commonness, that is related with polyltropy. Rasmont
(1988) concluded that prosperity is an outcome of
polytropy, rather than the reverse proposition. A more
recent study by Pekkarinen (1998) points to the same
conclusion. Goulson et /. (2005) concluded that the
regression of some bumblebee species in England is
the result of their dietary specialisation. The disruption
of plant communities by modern agriculture may
cause the restriction of the distribution of the more
specialised species, as Bombus sylvarum, B. ruderatus,
B. subterraneus, and B. cullumanus. Discussing the
problem on a European scale, Williams (2005) does
not find an obvious relation between the regression
of a bumblebee species and its dietary specialisation.
He would rather consider climatic or environmental
specialisation as potential regression factors (Williams
2005; Williams ez al. 2007).

In the Eyne valley, most (77 %) of the plants visited
by bumblebees are perennial, some (20 %) are biennial,
very few (3 %) annual (Appendix B). This preference
for perennial plants has already been observed (Fussell
& Corbet 1991; Corbet et al. 1994; Calabuig 2000;
Ortwine-Boes & Silbernagel 2003). Osborne & Corbet
(1994) concluded that: “7he most important factor in
management for pollinators on farmland is to safeguard
and extend areas of perennial herbaceous vegetation”.
On their side, Dramstad & Fry (1995) stressed that
the maintenance of a perennial herbaceous vegetation
depends on periodical perturbations to avoid its
evolution into a forest environment.

Can the floristic richness and the juxtaposition of
many micro-habitats explain the particularly complex
structure of the bumblebees communities of Eyne?

Inquilinism

Two species: Bombus bohemicus and B. sylvestris,
make up 63 % of the observations of inquiline
bumblebees. Bombus bohemicus and its host Bombus
lucorum are the most common species. Conversely,
Bombus  sylvestris seems as abundant and more
widespread as its host B. pratorum. Alford (1975) and
Benton (2006) mentioned a study of Awram (1970)
which stating that the invasion ratio of the Bombus
pratorum nests by B. sylvestris (50 %) is greater than in
any other inquilinism relation. The invasion ratio of
Bombus lapidarius by B. rupestris is 20 to 40 %, (Sladen
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1989) and that of B. lucorum by B. bohemicus is 30 %
(Miiller & Schmid-Hempel 1992). This difference in
the invasion ratios suggests that some ecological factors
favour the reproductive success of B. sylvestris. Many
aspects of bumblebee social life, foraging behaviour
and mating strategies may have impact and can be one
element of response to the risk of infestation (Benton
2006). As Pekkarinen et 2/. (1981), Rasmont (1988),
Pekkarinen & Teris (1993), and Benton (2006)
already stated, we found that the inquiline species,
however less common than their hosts, have the same
or a more restricted distribution. In the Eyne valley as
in other regions, the distribution maps of the inquiline
species and of their hosts do not completely coincide.
In the Eyne valley as in England, the ecological
preferences appear to be more restricted for the
inquiline species than for their hosts (Alford 1975).
Few comparative study of the ecological preferences
of the inquiline species and their hosts has yet been
published. According to Benton (2000, 2006), the
flower preferences of the inquiline species may be more
restricted than those of their hosts and their habitats
somewhat different. In Eyne, Bombus bohemicus seems
to prefer transition vegetation (CORINE biotope
“Scrub - Juniperus”) whereas its potential host B.
lucorum seems especially to prefer pioneer vegetation
(CORINE biotopes “Mesobromion”). For Rasmont
(1988), the inquilines and their hosts live in the same
vegetation types. However, he showed differences
between their altitudinal ranges and their flower
preferences. In the Eyne valley, the altitudinal ranges
and the environmental preferences of the inquilines are
more restrictive than those of their hosts. Furthermore,
the flower preferences of the inquiline species and of
their hosts are different (they forage just for nectar).
Within sight of the relatively low number of specimens
of Prsithyrus, one can understand that the ecological
preferences presented in this study do not account for
reality completely. From the point of view of diversity,
its seems probable that inquilinism has a negligible
effect on the species composition of local bumblebees
assemblages.

Competition

It may be wondered how more than ten bumblebee
species may coexist in the same altitudinal range, in
the same surroundings or within a single vegetational
type. The spatio-temporal heterogeneity of the flower
resources must play a role in the complex Eyne
communities. A continuous supply of nectar and
pollen is essential for the survival of bumblebee colonies
(Pelletier 2003). For many authors, competition for
resources is one of the main mechanisms of resource

division and the main factor that could explain the
local structure of the bumblebee fauna (Inouye 1977a,
1977b; Pekkarinen 1984; Soltz 1987; Obeso 1992).
Inouye (1977a) explained the bumblebee fauna of the
Colorado Rocky Mountains by the hypothesis that
only four species may coexist: a short-tongued one,
a medium-tongued one, a long-tongued one, and a
nectar robber. According to Rasmont (1989), this
hypothesis is valid only in some regions as in Corsica
while it is falsified on other places, like the Massif
Central or Pyrenees. The diversity described in Eyne
also falsifies this hypothesis (Rasmont ez a/. 2000):
at any time, in any place, the number of co-existing
species is obviously greater than four.

Several factors may explain this co-existence.
Species competing for the same resources may differ in
their altitudinal and environmental preferences. Other
factors may also be taken in account: the nesting site,
the time of hibernation ending, the size of the colony,
competitors and predators, feeding strategies and
resistance to bad weather (Pekkarinen 1984; Osborne
et al. 1991; Obeso 1992; Svensson et 2. 2000; Carvell
2002; Pelletier 2003; Potts et 2. 2005). As Ranta
(1982) and Ranta & Vepsildinen (1981) imagined,
resources may be plenty in regard of the needs of
bumblebee populations. The natural increase of these
populations would gradually restrain the possibility of
co-existence until accidental events; mainly climatic
(thunderstorms, out-of-season frost or snow) but
also epizootic periodically diminish the population
densities. To quote Ranta & Vepsildinen (1981): “Effects
of competitive relaxation may be studied in two following
ways: (1) When resources are superabundant [...](e.g.
on large clover fields in full blossom), even monocultures
are able to maintain a diverse assemblage of bumblebees
species. This should provide a good test for the behavioural
[lexibility of individuals with different proboscis lengths,
but also for the functional flexibility of tongue morphology.
[...]. (2) Due to the harsh climate, an average northern
community should include a higher proportion of the
geographical species pool, as populations are kept below
competitive interactions by physically stressing and even
catastrophic environmental vicissitudes’. As the Eyne
valley includes nearly all the bumblebees of the regional
pool, Ranta & Vepsildinen hypothesis may afford a
good explanation of the exceptional species diversity in
Eyne (Rasmont ez /. 2000).

The traditional mixed agriculture, still in use at
Eyne, contributed to the floral diversity of the place,
known since the seventeenth century (Marage 2004).
As in the National Reserve of Mt Carmel (Israél) (Potts
et al. 2003), the diversity of floral resources, as well
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as the altitudinal diversity of habitats may explain
the co-existence of species with diversified ecological
requirements.

Conclusion

The great diversity of the bumblebee fauna in the
Eyne valley and the presence of many uncommon or
even very rare species stress the exceptional character
of this location. Four groups of species may be distin-
guished by their altitudinal range. On the other hand,
it was not possible to draw a clear-cut distinction based
on the vegetation types. Some CORINE biotopes look
very attractive for bumblebees. A total of 120 flower
species are visited, among which 14 genera are specially
favoured. Each bumblebee species has favourite plants
species (this might vary during season). The altitudi-
nal diversity of habitat and flower resources may play a
role in the complex structure of this fauna.

Acknowledgements. We thank A. Bousquet (Mayor of Eyne),
M. Baracetti (manager of the Eyne reserve), A. Mangeot
(manager of the Nohedes reserve), P. Bricault (in charge of the
“Connaissance du Patrimoine Naturel du Parc National des
Pyrénées” department) for their welcome and technical aid
during our many journeys in Pyrenees. We acknowledge the
Fonds National pour la Recherche Scientifique who granted
several parts of this project. We are also grateful to P. Coppens,
E. Delattre, J.-E Godeau, M. Gosselin, Dr. S. Patiny, O.
Ponchau, Dr. M. Terzo, M. Vandenbergh and S. Viart, for the
parts they took in collecting. We thanks the referees S. Robert
and J. R. Obeso for their judicious comments and advices.

References

Agostino R.B.D’ 1970. Transformation to Normality of the Null
Distribution of G1. Biometrika 57(3): 679-681.

Aichhorn A. 1976. Beitrag zur Hummelzucht und zur Biologie von Bombus
mendax. Berichte aus dem Haus der Natur, Salzburg 7: 13-29, 2pls.

Alfken J.D. 1927. Apidae, p. 442. in: Roemer C. Fr. Zoologische Streifzuge
in Attika, Morea und besonders auf der Insel Kreta. 1. Abhandlungen
des Naturwissenschaftlicher Vereins zu Bremen 26: 432-448.

Alford D.V. 1975. Bumblebees. Davis-Poynter, London, XII + 352 p., 16 pls.

Amiet F. 1977. Die Bienenfauna in der Umgebing von Solothurn. Bulletin
de la société entomologique suisse 50: 307-320.

Amiet F 1996. Insecta Helvetica, 12: Hymenoptera Apidae, 1. Teil.
Allgemeiner Téil, Gattungsschliissel, die Gattungen Apis, Bombus und
Psithyrus. Schweizerschen Entomologischen Gesellschaft, Neuchatel.

Anagnostopoulos I.Th. 2005. The bumblebee fauna of Greece: an
annotated species list including new records for Greece (Hymenoptera:
Apidae, Bombini). Linzer biologische Beitrige 37: 1013-1026.

Anonymous, 1991. EUR13231 - CORINE biotopes - The design, compilation
and use of an inventory of sites of major importance for nature conservation
in the European Community 132 p.

Atanassov N. 1972a. Vidove Hymenoptera ot zpadna Stara planina. Chast
L. Lsvestiya na Zoologicheskiya Institut s Musej 35: 179-228.

Atanassov N. 1972b. Vidove Hymenoptera ot zpadna Stara planina. Chast
11. Isvestiya na Zoologicheskiya Institut s Musej 36: 23-59.

230

Atanassov N. 1974. Zemni pcheli (Bombus Latr. i Psithyrus Lep., Hym.) ot
sredna i iztochna Stara Planina — Hummeln und Schmarotzerhummeln
(Bombus Latr., Psithyrus Lep., Hym.) von dem mittleren und dem
ostlichen Balkangebirge. Izvestiya na zoologicheskiya Institut s Muzej
(Bulletin de UInstitut de Zoologie et Musée) 41: 107-121.

Awram W.J. 1970. Flight route behaviour of bumblebees. Ph.D. thesis,
University of London, London.

Baker D. B. 1996. On a collection of humble-bees from northern Iran
(Hymenoptera: Apoidea, Bombinae). Beitrige fiir Entomologie
46(1):109-132.

Banaszak J. 1983. Ecology of bees (Apoidea) of agricultural landscapes.
Polish Ecological Studlies 9: 421-505.

Banaszak J. 1996. Effects of habitat heterogeneity on the diversity and
density of pollinating insects, p. 123-140 in: Interchanges of Insects,
2000 Kluwer Academic Publishers, Netherlands.

Banaszak J. 2000. A checklist of the bee species (Hymenoptera, Apoidea)
of Poland, with remarks on their taxonomy and zoogeography: revised
version. Fragmenta Faunistica 43(14): 135-193.

Barbier Y., Rasmont P. 2000. Carto Fauna-Flora, logiciel de cartographie
de données biogéographiques. Version 2.0. Universit¢ Mons-Hainaut,
Mons, 59 p., 1 CD-ROM.

Barbier Y., Rasmont P, Dufréne M., Sibert J.M. 2002. Data Fauna-Flora.
Version 2.0. Université Mons-Hainaut, Mons, 106 p., 1 CD-ROM

Benoist R. 1928. Etude sur la faune des Hyménoptéres des Alpes francaises.
Annales de la Société entomologique de France 97: 389-417.

Benoist R., Berland L., Bliitghen P. 1936. Voyage de MM. L. Chopard et
A. Méquignon aux Agores (aolit-septembre 1930). IX. Hyménopteres.
Annales de la Société entomologique de France 105: 9-10.

Benton T. 2000. 7he Bumblebees of Essex. Lopinga Books, Wimbish, 179 p.

Benton T. 2006. Bumblebees. Harper Collins Publishers, London, 580 p.

Berezin M.V., Beiko V.B., Berezina N.V. 1995. Bumble bees of the
Moscow region. Entomologists Monthly Magazine 131: 259-268.

Bissardon M., Guidal L., Rameau J. C. 1997. CORINE biotopes. Rapport
de recherches, Laboratoires de recherches en Sciences foresti¢res de
I’Ecole Nationale du Génie rural, des Eaux et des Foréts, Ecosystémes
Forestiers et Dynamiques des paysages, Nancy, 390 p.

Bowers M. A. 1985. Bumble bee colonization, extinction, and reproduction
in subalpine meadows in northeastern Utah. Ecology 66(3): 914-927

Braun-Blanquet J. 1948. La végétation alpine des Pyrénées-Orientales.
Consejo superior de investigaciones cientificas, Barcelona, 307 p.

Brian A.D. 1951. The pollen collected by bumblebees. Journal of animal
Ecology 20: 191-194.

Brian A. D. 1954. The foraging of bumblebees. Bee world 35: 61-67.
Brian A.D. 1957. Differences in the flowers visited by four species of
bumblebees and their causes. Journal of animal Ecology 26: 71-98.
Cane J.H., Sipes S. 2006. Characterizing Floral Specialization by Bees:
Analytical Methods and a Revised Lexicon for Oligolecty, p. 99-122
in: Waser N.M., Ollerton J. (eds.), Plant-Pollinator interactions
from specialization to generalization. The University of Chicago Press,

London.

Calabuig I. 2000. Solitary Bees and Bumblebees in a Danish Agricultural
Landscape. Thése de doctorat, University of Copenhagen, Department
of Population Ecology, 103 p.

Carvell C. 2002. Habitat use conservation of bumblebees (Bombus spp.)
under different grassland management regimes. Biological Conservation
103: 33-49.

Cavro E. 1950. Catalogue des Hyménopteres du département du Nord et
régions limitrophes. 1. Aculéates. Bulletin de la Société entomologique du
Nord de la France, suppl., 52: 1-86.

CNRS (Centre National de la Recherche Scientifique) 1970. Carte de la
végétation n° 78, 2*édition, Perpignan.

Chitkka L., Thomson J.D., Waser N. 1999. Flower Constancy, Insect
Psychology and Plant Evolution. Naturwissenschaften 86: 361-377.



The bumblebees of the Eyne Valley

Comba M. 1972. Bombus e Psithyrus delle regioni alpine occidentali.
Memorie della Scieta Entomologica Italiana 51: 39-70.

Coppens C., Terzo M., Rasmont P. 2003. Histologie de la région céphalique
des glandes labiales de Bombus mesomelas Gerstaecker et de Bombus
terrestris L. (Hymenoptera, Apidae). Rapport annuel de recherche,
Université de Mons-Hainaut — Réserve Naturelle d’Eyne, 62 p.

Coste Abbé H. 1927. Flore descriptive et illustrée de la France, de la Corse et
des contrées limitrophes. 3 tomes, Blanchard, Paris.

Corbet S.A., Saville N.M., Osborne J.L. 1994. Farmland as a habitat
for bumble bees, p. 36-46 in: Matheson A. (ed.), Forage for bees in
an Agricultural Landscape, International Bee Research Association,
Monkshood.

Corbet S. A., Williams I. H., Osborne J. L. 1991. Bees and the pollination
of crops and wild flowers in the European community. Bee World 72:
47-59.

Dafni A. 1992. Pollination Ecology. A Practical Approach. Oxford University
Press, Oxford, 250 p.

Dafni A., Shmida A. 1996. The possible ecological implications of the
invasion of Bombus terrestris (L.) (Apidae) at Mt Carmel, Israél. p.
183-200, in: Matheson A., Buchmann S.L., O’Toole C, Westrich
P, Williams I.H. (eds), 7be Conservation of Bees, Academic Press,
London.

Dalgaard P. 2002. [ntroductory statistics with R. Statistics and computing.
Springer-Verlag, New-York, 267 p.

Dathe H.H. 1981. Zur Hymenopteren-Fauna des Naturschutzgebietes
Teberta im Westkaukasus. Milu 5(1/2): 194-217.

Delmas R. 1976. Contribution a I’étude de la faune francaise des
Bombidae (Hymenoptera, Apoidea, Bombidae). Annales de la Société
entomologique de France (n.s.) 12: 247-290.

Dendaletche C. 1997. Les Pyrénées. La vie sauvage en montagne et celle des
hommes. La bibliothéque du naturaliste, Delachaux et Niestl¢, Paris,
335 p.

Dramstad W., Fry G. 1995. Foraging activity of bumblebees (Bombus) in
relation to flowers resources on arable land. Agriculture, Ecosystems and
Environment 53: 123-135.

Durieux E.A. 2000. Erude des choix floraux des bourdons (Hymenoptera,
Apidae) de la vallée d’Eyne (France, Pyrénées-Orientales). Rapport
annuel de recherche, Université de Mons-Hainaut — Réserve Naturelle
d’Eyne, 101 p.

Dylewska M. 1957. The distribution of the species of genus Bombus Latr.
in Poland. Acta Zoologica Cracoviensa 2(12): 259-278.

Dylewska M. 1958. The Bombus Latr. and Psithyrus Lep. fauna of the
Polish part of the Tatry Mountains. Acta Zoologica Cracoviensa 3(5):
138-197.

Dylewska M. 1966. The Apoidea of the Babia Gora Montain. Acta
Zoologica Cracoviensia 11(5): 111-175.

Elfving R. 1968. Die Bienen Finnlands. Fauna Fennica 21: 3-69.

Friese H. 1902. Die Arktischen Hymenoptera mit Ausschluss der
Tenthrediniden, p. 439-500, 1 pl. 77z: Rémer F., Schiudinn E., Fauna
Aprctica 2(3), Gustav Fischer, Jena.

Friese H. 1923. Hymenoptera. Apidae, p. 3-9. in: Report of the Scientific
Results Norwegian Expedition to Novaya Zemlya 1921. 1, No. 14.
Videnskapsselkapet I Kristiana, Oslo.

Fussell M., Corbet S. A. 1991. Forage for bumble bees and honey bees in
farmland a case study. Journal of apicultural Research 30(2): 87-97
Gadoum ., Iserbyt S., Michez D., Terzo M., Rasmont P. 2005. Les
abeilles sauvages du Parc naturel régional du Vexin francais: Bourdons,
Anthophores, Ceratines, Xylocopes et Melittidés (Hymenoptera :
Apoidea: Apidae: Bombus; Anthophoridae: Anthophora, Ceratina,
Xylocopa; Melittidae: Dasypoda, Macropis, Melitta). Courrier

Scientifique du Parc naturel régional du Vexin francais 1: 28-33.

Gogala A. 1999. Bee Fauna of Slovenia: Checklist of Species (Hymenoptera,

Apoidea). Scopolia, Ljubljana 42: 1-79.

Gorodkov K.B. 1986. Three-Dimensional Climatic Model of the
Potential Range and Somme of Its Characteristics. II. Entomological
Review 65(2): 1-18 (article original en russe dans Entomologicheskoye
Obozreniye, 1986(1): 81-95).

Gosselin M., Iserbyt S., Rasmont P. 2007. Faunistique comparée et
écologie des bourdons (Hymenoptera, Apoidea) de la vallée de
Nohedes (France, Pyrénées-Orientales). Notes fauniques de Gembloux
60(1): 13-23.

Goulson D. 2004. Bumblebees. Their Behavior and Ecology. Oxford
University Press, New York, 235 p.

Goulson D., Hanley M.E., Darvill B., Ellis J.S. 2006. Biotope
associations and decline of bumblebees (Bombus sp.). Journal of Insect
Conservation 10: 95-103.

Goulson D., Hanley M.E., Darvill B., Ellis J.S., Knight M.E. 2005.
Causes of rarity in bumblebees. Biological Conservation 122: 1-8.
Gribodo G. 1925. Missione Zoologica del Dr. E. Festa in Cirenaica. X.
Bolletino dei Musei di Zoologia ed Anatomia compara della R. Universita

di Torino 39: 1-52.

Hagen E. von, Aichhorn A. 2003. Hummeln. Bestimmen — ansiedeln —
vermehren — schiitzen. Fauna Verlag, Nottuln, 327 p.

Heinrich B. 1976. Resource partitioning among some eusocial insects:
Bumblebees. Ecology 57: 874-899.

Heinrich B. 1979. Bumblebee economics. Cambridge, Massachusetts,
viii+245 p.

Hobbs G.A. 1964. Phylogeny of bumble bees based on broodrearing
behaviour. Canadian Entomologist 96: 115-116.

Hurlbert S. H. 1971. The nonconcept of species diversity: a critique and
alternative parameters. Ecology 52: 577-586.

Hutchinson G. E. 1957. Concluding remarks. Cold Spring Harbor Symposia
on Quantitative Biology 22:415-427.

Inouye D. 1977a. Species Structure of Bumblebee Communities in North
America and Europe, p. 35-49 in: Mattson W.]. (ed. ), 7he role of
Arthropods in _forest ecosystems. Springer-Verlag, New-York.

Inouye D. 1977b. Ressource partitioning in bumblebees. New York
Entomological Sociery 85(4): 253-254.

Inouye D. 1978. Ressource partitioning in bumblebees: experimental
studies of foraging behavior. Ecology 59(4): 672-678.

Intoppa E, Piazza M.G., Riiciardelli d’Albore G. 1995. Catalogo
Bibliographico delle specie di Bombidae (Hymenoptera Apoidea)
segnalate ter I'Ttalia. Apicoltura, Firenze, (suppl.) 10: 1-135.

Iserbyt S. 2000. Ecologie des bourdons (Hymenoptera, Apidae) de la commune
d’Eyne (Pyrénées-Orientales, France). Rapport annuel de recherche,
Université de Mons-Hainaut — Réserve Naturelle d’Eyne, 98 p.

Iserbyt S., Durieux E.-A., Rasmont P. 2002. The Bumblebees
(Hymenoptera, Apoidea, Bombus Latr.) of the Eyne valley (France,
East-Pyrenees) p. 127 in: Abstracts of the 9" Benelux Congress
of Zoology Adaptation and Constraint, in University of Antwerp
(Belgium), 8 to 9 November 2002, 291 p.

Iserbyt S., Rasmont P. 2005. Faune de bourdons (Hmenoptera, Apidac,
Bombinae) du Parc National des Pyrénées (France). Rapport annuel de
recherche, Université de Mons-Hainaut — Parc National des Pyrénées,
40 p.

Iserbyt S., Viart S., Delattre E., Ponchau O., Coppens P., Terzo M.,
Rasmont P. 2002. Faunistique et écologie des Bombinae (Hymenoptera,
Apoidea) de la vallée d’Eyne et zones adjacentes. Rapport annuel de
recherche, Université de Mons-Hainaut — Réserve Naturelle d’Eyne,
19 p.

Kerguélen M. 1993. Index synonymique de la flore de France. Secrétariat de
la Faune et de la Flore, Muséum National d’Histoire Naturelle, Paris,

France, 196 p.

231



S. IserByT, E.-A. DUriEUX & P. RASMONT

Kevan P. G. 1999. Pollinators as indicators of the state of the environment:
species, activity and diversity. Agriculture, Ecosystems and Environment
74: 373-393.

Kruseman G. 1958. Notes sur les bourdons pyrénéens du genre Bombus
dans les collections néerlandaises. Beaufortia 6(72): 161-170.

Laverty T.M., Harder L.D. 1988. The bumble bees of eastern Canada.
Canadian Entomologist 120: 965-988.

Leclercq J. 1960. Fleurs butinées par les Bourdons (Hym. Apidae Bombinae)
dans la région Liégeoise (1945-1959). Bulletin de ['Institur Agronomique
et des Stations de Recherche de Gembloux 28(2): 180-198.

Legendre L., Legendre P. 1998. Numerical Ecology. Developments in
Environmental Modelling 20. Elsevier Scientific Publishing Company,
Amsterdam, 853 p.

Lehrer A.Z., Ciurdarescu G. 1979. Raspindirea si zonarea insectelor
polenizatoare in R.S. Roménia. 1. Genul Bombus Latreille (Apidae,
Hymenoptera). Analele Institutului de Cercetari pentru Cereale si Plante
Tebhnice Fundulea (extra) 44: 405-513.

Leppik E.E. 1957. Evolutionary relationship between entomophilars
plants and anthophilars insects. Evolution 11: 466-481.

Lieftinck M.A. 1958. A preliminary acount of the Bees of the Canary
Islands (Hym., Apoidea). Societas Scientarum Fennica, Commentationes
Biologicae, Helsingfors, 324 p.+ 1 pl.

Leken A. 1961. Bombus consobrinus Dahlb., an oligolectic bumble bee
(Hymenoptera, Apidae). Transactions of the XI International Congress
of Entomology 1: 598-603.

Leken A. 1973. Studies on Scandinavian Bumble Bees (Hymenoptera,
Apidae). Norsk entomologisk Tidsskrift 20(1): 1-218.

Loken A. 1984. Scandinavian species of the genus Psithyrus Lepeletier
(Hymenoptera: Apidae). Entomologica Scandinavica suppl. 23: 1-45.

Lundberg H., Ranta E. 1980. Habitat and food utilization in a subarctique
bumblebee community. Oikos 35: 303-310.

Macior L.W. 1994. Pollen-Foraging Dynamics of Subalpine Bumblebees
(Bombus Latr.). Plant Species Biology 9: 99-106.

MacQueen J. 1967. Some methods for classification and analysis of
multivariate observations, p. 281-297 in: Le Cam L.M., Neyman
). (eds), Proceedings of the Fifth Berkeley Symposium on Mathematical
Statistics and Probability, University of California Press, Berkeley.

Mahé G. 2007. Comportement de butinage de Bombus gerstaeckeri
(Hymenoptera, Apidae) sur Delphinium dubium (Rouy & Foucaud)
(Ranunculaceae) dans les Alpes Francaises. Osmia 1: 16-19.

Miind M., Kaaviste H., Kase K., Mind R. 1999. Cultivated land as
habitat for Bumblebees in Estonia, p 83-86 in: Proceedings of the XXIV
Nordic Congress of Entomology, Tartu.

Marage D. 2004. Déterminisme, dynamique et modélisation spatiale de la
diversité floristique dans un contexte de déprise agricole. Application & la
gestion durable des espaces montagnards sous influence méditerranéenne.
These de doctorat, Ecole Nationale du Génie Rural, des Eaux et des
Foréts, Paris, 236 p.

Marion H. 1977. Les bourdons de la Ni¢vres et du Morvan (Hymenoptera:
Bombinac). Bulletin mensuel de la Société Linéenne de Lyon 7: 225-
231.

Mavromoustakis G.A. 1956. On the bees (Hymenoptera, Apoidea) of
Siria, Part 1. Eos 32: 215-229.

Mavromoustakis G.A. 1957a. On the bees (Hymenoptera, Apoidea) of
Cyprus, Parts I-VIIL. Annals and Magazine of Natural History 10(12):
321-337.

Mavromoustakis G.A. 1957b. On the bees (Hymenoptera, Apoidea) of
Cyprus, Parts I-VIIL. Annals and Magazine of Natural History 10(12):
843-850

May J. 1959. Cmeldci v CSR. Ceskoslovenskd Akademie Zemédélskych
Véd, Praha, 172 p.

Mjelde A. 1983. 'The foraging strategy of Bombus consobrinus. Acta
Entomologica Fennica 42: 51-56.

232

Méczar L. 1953. Magyarorszag es a kornyezd teriiletek dongoméheinek
(Bombus Latr.) rendzere és okologiaja (Systeme et écologie des
bourdons (Bombus Latr.) de la Hongrie et de ces régions voisines).
Annales Historico Naturales Musei Nationalis Hungarici 4: 131-149.

Monsevicius V. 1995. A check-list of wild bee species (Hymenoptera:
Apoidea) of Lithuania with data to their distribution and bionomics,p.
7-144 in: New and Rare for Lithuania insect species. Records
and  descriptions of 1994-1995. Institute of Ecology Lithuanian
Entomological Society, Vilnius.

Mosse F. 2005. A la découverte des Réserves Naturelles de France. Edition
Nathan, Espagne, 391 p.

Obeso J.R. 1992. Geographic distribution and community structure of
bumblebees in the northern Iberian peninsula. Oecologia 89(2): 244-
252.

Ornosa Gallego C. 1984. La subfamilia Bombinae (Hym., Apidae) de
la fauna espariola. These de doctorat, Universidad Complutense de
Madrid, 333 p.

Ortwine-Boes C., Silbernagel J. 2003. Bumblebee conservation and
around cranberry marshes. In: School proceedings 2003, Wisconsin
Cranberry Crop Management library, 10 p. (http://www.hort.wisc.
edu/cran)

Osborne J. L., Clark S.]J., Morris R.]J., Williams I. H., Riley J. R., Smith
A.D., Reynolds D.R., Edwards A.S. 1999. A landscape study of
bumble bee foraging rang and constancy, using harmonic radar.
Journal of Applied Ecology 36: 519-533.

Osborne J.L., Corbet S.A. 1994. Managing habitats for pollinators in
farmland. Aspects of Applied Ecology 40: 207-215.

Osborne J.L., Williams I.H., Corbet S.A. 1991. Bees, pollination and
habitat change in the European community. Bee world 72: 99-116.

Ozbek H. 1990. Palandsken ve Kargapazari daglari ari (Hymenoptera:
Apoidea) faunasi. p. 153-162 in: X. Ulusal Biyoloji Kongresi 18-20
Temmuz 1990, Erzurum.

Pekkarinen A. 1979. Morphometric, colour and enzyme variation in
bumblebees (Hymenoptera, Apidae, Bombus) in Fennoscandia and
Denmark. Acta Zoologica Fennica 158: 1-60.

Pekkarinen A. 1984. Resource partitioning and coexistence in bumblebees
(Hymenoptera, Bombinae). Annales Entomologici Fennici 50: 97-107.

Pekkarinen A. 1998. Oligolectic bee species in Northern Europe
(Hymenoptera, Apoidea). Entomologica Fennica 8: 205-214.

Pekkarinen A., Terids I. 1993. Zoogeography of Bombus and Psithyrus in
northwestern Europe (Hymenoptera, Apidae). Annales Entomologici
Fennici 30:187-208.

Pekkarinen A., Teris L., Viramo J., Paatela J. 1981. Distribution of
bumblebees (Hymenoptera, Apidae: Bombus and Psithyrus) in eastern
Fennoscandia. Notulae Entomologicae 61: 71-89.

Pelletier L. 2003. Facteurs affectant le succés reproductenr des bourdons en
milieu naturel. Thése de doctorat, Université Laval, Québec, 170 p.

Pérez J. 1890. Catalogue des Melliferes du Sud-Ouest. Actes de la Société
linnéenne de Bordeaux 44: 133-200.

Peeters T.M. ]., Raemakers I.P., Smit J. 1999. Voorlopige atlas van de
Nederlandse bijen (Apidae). EIS-Nederland, Leiden, 230 p.

Pittioni B. 1937. Die Hummelfauna des Kalsbachtales in Ost-Tirol.
Festschrift fiir Prof. Embrik Strand 3: 64-122.

Pittioni B. 1938. Die Hummeln und Schmarotzer hummeln der Balkan-
Halbinsel. Misteilungen aus den kiniglichen naturwissenschaftlichen
Instituten in Sofia 11: 12-69.

Pittioni B., Schmidt R. 1942. Die Bienen des siiddstlichen Niederdonau.
I: Apidae, Podaliriidae, Xylocopidae und Ceratinidae. Niederdonau,
Natur und Kultur 19: 1-69.

Ponchau O. 2002. Structure de la population de Bombus gerstaeckeri
Morawitz (Hymenoptera, Apidae) de la vallée d’Eyne (France, Pyrénées-
Orientales). Rapport annuel de recherche, Université de Mons-Hainaut
— Réserve Naturelle d’Eyne, 54 p.



The bumblebees of the Eyne Valley

Ponchau O., Iserbyt S., Verhaeghe J.-C., Rasmont P. 2006. Is the
caste-ratio of the oligolectic bumblebee Bombus gerstaeckeri Morawitz
(Hymenoptera: Apidae) biased to queens? Annales de la Société
entomologique de France (n.s.) 42(2): 207-215.

Potts S.G., Vulliamy B., Dafni A., Ne’Eman G., Willmer P. 2003.
Linking bees and flowers: How do floral communities structure
pollinator communities? Ecology 84(10): 2628-2642.

Potts S. G., Vulliamy B., Roberts S., O’toole C., Dafni A., Ne’Eman G.,
Willmer P. 2005. Role of nesting resources in organising diverse bee
communities in a Mediterranean landscape. Ecological Entomology 30:
78-85.

Prishchepchik O.V. 1996. Ozbor fauny pchelinykh (Hymenoptera,
Apidae) Belarusi, p. 119-136 in: Aktualnyye prablemy vykladannya
Biyalagicnykh dystsyplin i arganizatsyya navukovykh dasledavannyaj u
pedagagichnykh vnu, Materaly navukova praktychnaj kanfersantsyi 2-4
kastrychnika 1996, Minsk.

Prys-Jones O., Olafsson E., Kristjansson K. 1981. The Icelandic bumble
bee fauna (Bombus Latr., Apidae) and its distributional Ecology.
Journal of apicultural Research 20(3): 189-197.

Pyke G.H. 1982. Local geographic distributions of bumblebees near
Crested Butte, Colorado: competition and community structure.
Ecology 63: 555-573.

R, Development Core Team R 2005. A language and environment for
statistical computing 2.1.1. R Foundation for statistical computing
(http:/[www.r-project.org), Vienna, Austria.

Ranta E. 1982. Species structure of North European bumblebee
communities. Oikos 38: 202-209.

Ranta E. 1983. Foraging differences in bumblebees. Annales Entomologici
Fennici 49: 17-22.

Ranta E., Tiainen M. 1982. Structure in seven bumblebee communities
in eastern Finland in relation to resource avilability. Holarctic Ecology
5: 48-54.

Ranta E., Teris I., Lundberg H. 1981. Phenological spread in flowering
bumblebee-pollinated plants. Annales Botanici Fennici 18: 229-236.

Ranta E., Vepsiliinen K. 1981. Why are there so many species? Spacio-
temporal heterogeneity and northern bumblebee communities. Oizkos
36: 28-34.

Rasmont P. 1983. Catalogue commenté des Bourdons de la région ouest-
paléarctique (Hymenoptera, Apidae, Bombinae). Notes fauniques de
Gembloux7: 1-72.

Rasmont P. 1988. Monographie écologique et zoogéographique des Bourdons
de France et de Belgique (Hymenoptera, Apidae, Bombinae). Thése de
doctorat, Faculté des Sciences agronomiques de Gembloux, 309 +
LXII p.

Rasmont P. 1989. Centres de richesse et centres de pauvreté de la faune
des Bourdons de France (Hymenoptera, Apidae). Théorie d’Inouye
contre théorie de Ranta & Vepsiliinen p. 215-225 in: Beaufort J. de,
Maurin H. (eds), Lutilisation des Inventaires informatisés d’Invertébrés
pour [ldentification et la Surveillance d’Espaces de grand Intérét
Jaunistique, Paris, novembre 1987, 275 p.

Rasmont P. 1995. How to restore the Apoid diversity in Belgium and
France ? Wrong and right ways, or the end of the protection paradigm!
p. 53-64 in: Banaszak J. (ed.), Changes in Fauna of Wild Bees in
Europe. Pedagogical University, Bydgoszcz, 220 p.

Rasmont P. 1999. Rapport préliminaire sur la faune des bourdons
(Hymenoptera, Bombinae) des Pyrénées-Orientales; réserves de la
Massane et du Vallon d’Eyne. Travaux de la Réserve naturelle de la
Massane, Banyuls-sur-Mer 52: 1-17, 2 pl.

Rasmont P., Adamski A. 1995. Les bourdons de la Corse (Hymenoptera,
Apoidea, Bombinae). Notes fauniques de Gembloux 31: 3-87.

Rasmont P, Barbier Y., Iserbyt S., Wahis R., Terzo M. 2003. Jean-Henri
Fabre pourrait-il observer aujourd’hui tous ces insectes? p. 209-220
in: Jean-Henri Fabre, un autre regard sur linsecte. Actes du colloque

International sur 'Entomologie, 18-19 octobre 2002. Saint-Léons-en-
Lévézou (France, Aveyron). Conseil général de I'Aveyron, Rodez, 275 p.

Rasmont P, Barbier Y., Pauly A. 1990. Faunistique comparée des
Hyménoptéres Apoides de deux terrils du Hainaut occidental.. Notes
Jauniques de Gembloux 21: 39-58.

Rasmont P, Barbier Y., Terzo M., Michez D., Iserbyt S. 2007. Atlas
Hymenaoptera, — website,
(accessed X.2007)

Rasmont P, Durieux E.-A., Iserbyt S., Baracetti M. 2000. Why
are there so many bumblebees species in Eyne (France, Pyrénées-
Orientales, Cerdagne)? p. 83-92 in: Sommeijer M.J., Ruijter A. de
(ed.), Proceedings of the first SpecialistsMeeting on Insect Pollination
in Greenhouses, Soesterberg, The Netherlands, 29 September to 3
October.. Utrecht, Universiteit Utrecht, 220 p.

Rasmont P, Ebmer A., Banaszak J., Zanden G. van der 1995.

Hymenoptera Apoidea Gallica. Liste taxonomique des abeilles de

http://zoologie.umh.ac.be/hymenoptera.

France, de Belgique, de Suisse et du Grand-Duché de Luxembourg.
Bulletin de la Société Entomologique de France 100(H.S.): 1-98.

Rasmont P, Flagothier D. 1996. Biogéographie er choix floraux des
bourdons (Hymenoptera, Apidae) de la Turquie. N.AT.O. — O.T.AN.
Tu-Pollination project, rapport préliminaire. Université de Mons-
Hainaut, Cukurova Universitesi, Mons, Adana, 69 + 3 p.

Rasmont P, Iserbyt S., Barbier Y. 2003. Les apports de la cartographie
moderne. Mémoire de la Société Entomologique de France 6: 73-86.
Rasmont P, Leclercq J., Jacob-Remacle A., Pauly A., Gaspar C. 1993.
The faunistic drift of Apoidea in Belgium. p. 65-87. /n: Bruneau
E., Bees for pollination, Commission of the European Communities,

Brussels, 237 p.

Rasmont P, Mersch P. 1988. Premitre estimation de la dérive faunique
chez les Bourdons de la Belgique (Hymenoptera, Apidae). Annales de
la Société Royale Zoologique de Belgique 118(2): 141-147.

Rasmont P, Parat J.C. 2002. Hyménopteres: Sociétés secrétes, p. 158-
159 in: Quierry J.Y., Le Limousin cété nature. Ed. Espaces naturels du
Limousin, St-Gence.

Rasmont P, Pauly A., Terzo M., Patiny S., Michez D., Iserbyt S.,
Barbier Y., Haubruge E. 2005. 7he survey of wild bees (Hymenoptera,
Apoidea) in Belgium and France. FAO, Roma, http://www.fao.org/ag/
AGP/AGPS/C-CAB/Castudies/pdf/1-010.pdf, 18 p.

Rasmont P, Terzo M., Iserbyt S., Vandenbergh M., Ponchau O. 2001.
Faunistique et écologie des Hyménoptéres Bombinae de la vallée d’Eyne.
Rapport annuel de recherche, Université de Mons-Hainaut — Réserve
Naturelle d’Eyne, 19 p.

ReinigW. F. 1970. Okologische Studien an mittel- und siidosteuropiischen
Hummeln (Bombus Latr., 1802; Hym., Apidae). Mitteilungen der
miinchner entomologischen Gesellschaft 60: 1-56.

Reinig W.F., Rasmont P. 1988. Beitrag zur Kenntnis des Berghummel
Alpigenobombus  wurfleini  (Radoszkowski, 1859) (Hymenoptera,
Apidae, Bombinae). Spixiana, Miinchen 6: 153-165.

Richards O.W. 1978. The Hymenoptera Aculeata of the Channel Islands.
Report and Transactions. Guernsey Society of Natural Science 1978: 389-424.

Ruszkowski A. 1969. Rosliny pokarmowe trzmiela rudego — Bombus agrorum
(F) i jego znaczenie gospodarcze [Food plants of Bombus agrorum (L.) and
its economical importance]. Pamietnik Pulawski 36: 385-409.

Ruszkowski A. 1970a. Rosliny pokarmowe trzmieli z podrodzajéw Prazobombus
Vogt i Soroeensibombus Vogt (Hym., Apidae) [Food plants of the bumbleebee
species from subgenera Pratobombus Vogt and Soroeensibombus Vogt (Hym.,
Apidac)]. Polskie Pismo Entomologiczne 40(1): 191-209.

Ruszkowski A. 1970b. Rosliny pokarmowe i znaczenie gospodarce
trzmiela rudoszarego — Bombus sylvarum (L.) szarego — B. equestris (E)
i rudonogiego — B. ruderarius (Miill.) [Food plants and economical
importance of bumblebees from the species Bombus sylvarum (L.), B.
equestris (F.) and B. ruderarius (Mull.)]. Pamietnik Pulawski suppl. 37:
3-32.

233



S. IserByT, E.-A. DUriEUX & P. RASMONT

Saunders E. 1908. XVI. Hymenoptera aculeate collected in Algeria
by the Rev. Alfred Edwin Eaton, M.A. EE.S., and the Rev. Francis
David Morice, M.A., EE. Part IIl. Anthophila. Transactions of the
Entomological Society of London, 1908: 77-274.

Schwarz M., Gusenleitner F., Westrich P., Dathe H.H. 1996. Katalog
der Bienen Osterreichs, Deutschlands und der Schweiz (Hymenoptera,
Apidae). Entomofauna (Ansfelden) suppl. 8: 1-398.

Smissen J. van der, Rasmont P. 2000. Bombus (Cullumanobombus)
semenoviellus Skorikov in Deutschland gefunden. Bembix 13: 21-24.

Soderman G. 1999. Diversity of pollinator communities in Eastern Fennoscandia
and Eastern Baltics. Finnish Environment Institute, Helsinki, 74 p.

SoltzR. L. 1987. Interspecific competition and resource utilization between
bumlebees. 7he Southwestern Naturalist 32(1): 39-52.

Steffny H., Kratochwil A., Wolf A. 1984. Zur Bedeutung verschiedener
Rasengesellschaften fiir Schmetterlinge (Rhopalocera, Hesperiidae,
Zygaenidae) und Hummeln (Apidae, Bombus) im Naturschutzgebiet
Taubergiefen (Oberrheinebene). Natur und Landschaft 59(11): 435-
443.

Svensson Bo.G. 1979. Patrolling behaviour of bumble bee males in a
subalpine / alpine Area, Swedish Lapland. Zoon 7: 67-94.

Svensson B, Lagerlof J., Svensson Bo.G. 2000. Habitat preferences of
nesting-secking bumble bees (Hymenoptera: Apidae) in a agricultural
landscape. Agriculture, Ecosystems and Environment 77: 247-255.

Svensson Bo. G., Lundberg H. 1977. Distribution of bumble bees nests
in a Subalpine / alpine area in relation to altitude and habitat. Zoon
5: 63-72.

Teris I. 1976. Flower visits of bumblebees, Bombus Latr. (Hymenoptera,
Apidae), during one summer. Annales Zoologica Fennici 13: 200-232.

Terds 1. 1985. Food plants and flowers visits of bumblebees (Bombus:
Hymenoptera, Apidae) in southern Finland. Acta Zoologica Fennica
179: 1-120.

The Times Atlas of the World 1993. Comprehensive Edition. Times Books.
Harper Collins Publishers, 222 p.

Thorp R.W.,, Horning D.S. Jr., Dunning L.L. 1983. Bumble Bees
and Cuckoo Bees of California (Hymenoptera: Apidae). University of
California Press, Berkeley, 79 p.

Tkalcti B. 1969. Ergebnisse der Albanien-Expedition 1961 des Deutschen
Entomologischen Institutes. 78. Beitrag. Hymenoptera: Apidae IV
(Bombinae). Beitrige zur Entomologie 19(7/8): 887-916.

Tkalcti B. 1974. Beitrag zur Kenntnis der Hummelfauna der franzssischen
Basses-Alpes (Hymenoptera, Apoidea, Bombinae). Acta Rerum
naturalium Musei nationalis Slovenici Bratislava 20: 167-186.

Utelli A.B., Roy B.A. 2000. Pollinator abundance and behavior on
Aconitum lycoctonum (Ranunculaceae): an analysis of the quantity and
quality components of pollination. Oikos 89: 255-273.

Vandenbergh M. 2002. Faune pollinisatrice des prés de fauche i centaurées

234

(Asteraceae) de la Cerdagne (France, Pyrénées-Orientales). Rapport
annuel de recherche, Université de Mons-Hainaut — Réserve Naturelle
d’Eyne 90 p.

Viart S., Iserbyt S., Rasmont P. 2003. Etude biotopographique des bourdons
(Hymenoptera, Apidae) de la commune d’Eyne (France, Pyrénées-
Orientales). Rapport annuel de recherche, Université de Mons-Hainaut
— Réserve Naturelle d'Eyne 63 p + 2 pl.

Waser N. M. 1986. Flower constancy: definition, cause and measurement.
The American Naturalist 127: 593-603.

Westrich P. 1984. Kritisches Verzeichnis der Bienen der Bundesrepublik
Deutschland (Hymenoptera, Apoidea). Courier Forschungsinstitut
Senckenberg 66: 1-86.

Williams P. H. 1982. The distribution and decline of British bumble bees
(Bombus Latr.). Journal of apicultural Research 21(4): 236-245.

Williams P. H. 1988.. Habitat use by bumble bees (Bombus spp.). Ecological
Entomology 13: 223-237.

Williams P.H. 1989. Why are there so many species of bumblebees at
Dungeness. Botanical Journal of the Linnean Society 101: 31-44.

Williams P.H. 1991. The bumble bees of the Kashmir Himalaya
(Hymenoptera: Apidae, Bombini). Bulletin of the British Museum
(Natural History) (Entomology) 60(1): 1-204.

Williams P.H. 1994. Phylogenetic relationships among bumble bees
(Bombus Latr.) a reappraisal of morphological evidence. Systematic
Entomology 19: 327-344.

Williams P.H. 1996. Mapping variations in the strength and breadth of
biogeographic transition zones using species turnover. Proceedings of
the Royal Society of London (B) 263: 579-588.

Williams P.H. 1998. An Annotated checklist of bumble bees with an
analysis of patterns of descriptions (Hymenoptera: Apidae, Bombini).
Bulletin of The Natural History Museum, Entomology 67: 79-152.

Williams P.H. 2005. Does specialization explain rarity and decline
amoung British bumblebees? A response to Goulson ez al. Biological
Conservation 122: 33-43.

Williams P. H. 2007. Bombus. Web site, http://www.nhm.ac.uk/research-
curation/projects/bombus/regions.html.

Williams P.H., Aratjo M., Rasmont P. 2007. Predicting vulnerability
among species and sites for British bumblebees (Bombus spp.). Biological
Conservation 138: 493-505.

Yalden P.E. 1983. The pollen collected by Bombus lucorum (L.) (Hym.,
Apidae) in the Peak District, England. Entomologists Monthly Magazine
119: 105-109.



The bumblebees of the Eyne Valley

Appendix A. Relation between the area and the number of species of bumblebees per area. *: according to The Times Atlas of the World (1993). **: does not

appear in figure 40. ***: islands.
Studied area Area km? * i Number of species | References

Albania : 28750 : 25 i Tkalct 1969

Germany 356840 40 Westrich 1984; Smissen & Rasmont, 2000
England 130360 26 Alford 1975; Osborne et al. 1991; Williams 1998
Austria 83855 45 Schwarz et al. 1996

Belgium 30520 30 Rasmont 1988

Belorussia 208000 31 Prishchepchik 1996

Bosnia 51130 19 Reinig 77 /it. and original data

Bulgaria 110910 36 Atanassov 1972a, 1972b, 1974

Croatia 56540 22 Original data

Denmark 43075 29 Calabuig 2000

Scotland 78750 19 Alford 1975

Eire 68895 21 Alford 1975

Spain 492590 40 Ornosa Gallego 1984

Estonia 45100 25 Mind ez al. 1999

Finland 337030 38 Pekkarinen e al. 1981; S6derman 1999
France 535285 46 Rasmont et al. 1995

Luxembourg 2585 15 Rasmont et al. 1995

Greece 131985 25 Reinig in /it. and original data; Anagnostopoulos 2005
Hungary 93030 31 Moéczér 1953

Tran 1648000 36 Baker 1996 and original data

Northern Ireland 14150 15 Alford 1975

Israel** 20770 1 Dafni & Shmida 1996

Ttaly 251445 42 Intoppa et al. 1995

Lebanon** 10400 3 Original data

Lithuania 65200 32 Monsevicius 1995

Macedonia 25715 34 Reinig & Rasmont 1988

Moldavia** 33700 8 Osytschnyuk in liz.

Montenegro 13810 28 Reinig in /it. and original data

Norway 323895 36 Loken 1973, 1984

Wales 20760 23 Alford 1975

Netherlands 41160 29 Peeters et al. 1999

Poland 312685 39 Banaszak 2000

Portugal 91630 6 Reinig in /it. and original data

Romania 237500 41 Lehrer & Ciurdarescu 1979

Serbia - Kosovo 88360 30 Reinig 77 /it. and original data

Slovenia 20250 21 Gogala 1999

Sweden 449790 39 Loken 1973, 1984

Switzerland 41285 41 Amiet 1996; Schwarz et al. 1996
Syria** 185680 3 Mavromoustakis 1956 and original data
Former Czekoslovakia 127899 39 May 1959

Turkey 779450 49 Ozbek 1990; Rasmont & Flagothier 1996
Ukraine 603700 28 Osytschnyuk i7 /it.

Yugoslavia 235555 41 Gogala 1999

Corsica*** 8680 9 Rasmont & Adamski 1995

Canary Islands*** 7275 1 Lieftinck 1958

Cyprus*** 9250 2 Mavromoustakis 1957a, 1957b
Crete*** 8330 4 Alfken 1927

Channel Islands*** 194 15 Richards 1978

Madeira*** 796 2 Original data

Novaya Zemlya*** 82620 4 Friese 1923

Sardinia*** : 24090 : 5 i Rasmont 1983
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Figures 41-45

41, Bombus mesomelas Gerstaecker foraging on Trifolium pratense L.; 42, Bombus monticola rondoui Vogt foraging on Rhododendron ferrugineum L.; 43, Bombus
pyrenaeus pyrenaeus Pérez on the same plant; 44, Bombus confusus Schenck male in nuptial activity; 45, the first author in a typical landscape of the Cerdagne
plateau: a very diversified meadow rich in leguminous plants.




Ann. soc. entomol. Fr. (n.s.), 2010, 46 (3—4) : 551-552 ERRATA

Erratum
Volume 44, fascicule 2 (avril-juin 2008)

Iserbyt S., Durieux E.-A., Rasmont P. 2008. The remarkable diversity of bumblebees (Hymenoptera: Apidae:
Bombus) in the Eyne Valley (France, Pyrénées-Orientales). Annales de la Société entomologiques de France 44(2) :
211-241.

Page 215, Figure 3, under “light grey: below 1800 m; medium grey: 1800 to 2300 m; dark grey: above
2300 m.”, read “light grey: below 1700 m; medium grey: 1700 to 2100 m; dark grey: above 2100 m.”

Page 218, replace the Figure 19 by this figure:

7\‘ 19, Bo;mbus mesomeias

Page 219, Figure 30, under ,,30. Bombus sicheli, read ,,30. Bombus sichelii*
Page 221, Table 5, under ,,Altitudine distribution®, read ,,Altitudinal distribution

Page 227, in place of ,As stated by Banaszak (1996) and Goulson (2004) the species diversity
of bumblebees is positively correlated with the floral diversity (r = 0.89, p < 0.001; fig. 40).”, read
“As stated by Banaszak (1996) and Goulson (2004) the species diversity of bumblebees is positively correlated with
the floral diversity (r = 0.89, p < 0.001).”

Avec toutes nos excuses pour ces erreurs.
We apologize for these errors.

Pierre Rasmont
Rédacteur-en-Chef
Editor-in-Chief



ERRATA Ann. soc. entomol. Fr. (n.s.), 2010, 46 (3—4) : 551-552

Erratum
Volume 45, fascicule 2 (avril-juin 2009)

Iserbyt S. 2009. La faune des bourdons (Hymenoptera: Apidae) du Parc National des Pyrénées occidentales et des
zones adjacentes. Annales de la Société entomologique de France 45(2) : 217-244.

Page 241, a la place de «Comme Banaszak (2000) I'a montré pour les Pyrénées, le PNPOw, lire «Comme
Banaszak (1996) I'a montré pour les Pyrénées, le PNPO»

Page 242, a la place de «Banaszak J. 2000. Effects of habitat heterogeneity on the diversity and
density of pollinating insects. p.123-140 in: Ekbom B., Irwin M.E., Robert Y. (eds), Interchan-
ges of Insects between agricultural and surrounding landscapes, Kluwer Academic Publishers, Dordrecht,
239 p.o», lire «Banaszak J. 1996. Effects of habitat heterogeneity on the diversity and den-
sity of pollinating insects. p.123-140 in: Ekbom B., Irwin M.E., Robert Y. (eds), Interchan-
ges of Insects between agricultural and surrounding landscapes, Kluwer Academic Publishers, Dordrecht,

239 p»

Avec toutes nos excuses pour ces erreurs.
We apologize for these errors.

Pierre Rasmont
Rédacteur-en-Chef
Editor-in-Chief
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