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The effect of climatic variation on abundance and diversity of
bumblebees: a ten years survey in a mountain hotspot
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University of Mons (UMONS), Laboratory of Zoology, Place du Parc 23, B-7000 Mons, Belgium

Abstract. Even if climates play an evident role in the bumblebees distribution, at the present
time, no research has been performed to test whether climatic parameters actually affect their
abundance and diversity. For more than one decade (1999-2009), we monitored the bumblebee
fauna of a mountain hotspot in the Eastern Pyrenees. We sampled each year, in July, the same
hayfield habitat, resulting in the sampling of 28 species. We computed the correlation of the yearly
abundance of the main species with several climatic parameters concerning temperature and
precipitation. We separated the parameters measured during the bumblebee solitary phase and
those measured during their social phase. Bumblebee fauna composition varied significantly over
years. In the 13 species considered, the abundance of 9 was correlated with at least one climatic
parameter. The lowest abundance of bumblebees was correlated with hot and dry conditions during
the month of August the year before sampling (the nuptial time of the founders). The highest overall
abundance of bumblebees was observed during the social phase in the rainy months. Across
years, climatic parameters seem to have strongly affected the composition of bumblebee fauna.
Our results seem to indicate that hot and dry weather represent serious threat for most bumblebee
species. The potential effects of Global Warming are discussed: they may cause a severe reduction
of the mountain bumblebee diversity.

Résumé. Les effets des variations climatiques sur labondance et la diversité des bourdons : une
enquéte de 10 ans dans une zone montagnarde riche en espéces. Méme si les climats jouent un
role évident dans la distribution des bourdons, aucune recherche n'a été menée jusqu’ici pour vérifier
quels parametres climatiques affectent réellement leur abondance et leur diversité. Durant plus d’'une
décennie (1999-2009), nous avons surveillé la faune de bourdons d’'une zone montagnarde riche en
especes dans les Pyrénées-Orientales. Nous avons échantillonné le méme habitat de prés de fauche
en juillet de chaque année, ce qui a aboutit a une liste de 28 especes. Nous avons calculé la corrélation
entre I'abondance annuelle des especes principales et plusieurs parametres liés a la température et
aux précipitations. Nous avons séparé les parameétres mesurés durant la phase solitaire des bourdons
de ceux mesurés durant leur phase sociale. La faune de bourdons varie significativement d’année en
année. Parmi les 13 espéces prises en compte, I'abondance de 9 d’entre-elles était correlée avec au
moins un parametre climatique. La plus faible abondance de I'ensemble des bourdons était correlée
avec les conditions chaudes et séches durant le mois d’ao(t de I'année qui précede I'échantillonnage
(la période nuptiale des fondatrices). La plus forte abondance moyenne des bourdons a été observée
les mois les plus pluvieux durant la phase sociale. D’année en année, les paramétres climatiques
semblent avoir fortement influencé la composition de la faune de bourdons. Nos résultats semblent
indiquer que les conditions chaudes et séches représentent une menace sérieuse pour la plupart
des espéces de bourdons. Les effets potentiels du Réchauffement Gobal sont discutés : ils peuvent
provoquer une réduction sévére de la diversité des bourdons de montagnes.

Keywords: Bombus; Pyrenees; temperature; regression; Global Warming.

As main pollinators, the bees are a key component

in most terrestrial ecosystems. Thanks to their
endothermy and their life cycle alternatively solitary
and social, the bumblebees are pollinators well suited

to the Palaearctic mountain ecosystems (e.g. Williams
1991; Dylewska & Bak 2005; Xie ez al. 2008).
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Their nest growth and reproductive success could
be affected by numerous factors depending on the
cycle phases: queen’s hibernation, foundation, colony
growth, production of sexual castes, nuptial behaviours,
mating (Alford 1975; Heinrich 1979). We know that
insects are more or less affected by the temperature.
Aside from their resistance to lethal high and low
temperatures (Uvarov 1931), we also know that the
endothermy of bumblebees conditions their life cycle
(Heinrich 1979). The limitations are likely different for
the colony or the individuals. On one hand, the colony
itself clearly shows a high level of homeostasis that
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could protect the individuals from the most extreme
events (Richards 1973; Heinrich 1979). On the other
hand, during their solitary life, the individuals can not
rely on homeostasis and are exposed directly to the
meteorological vicissitudes.

The solitary phase of the life cycle begins with the
nuptial period. During this time, the males sleep outside
the nest. They are thus exposed to rain, overheating and
frost. Although virgin queens go back to their nest for
the night during that period, they spend a lot of time
searching for male pheromonal marks (Haas 1949;
Cederberg ez al. 1984). Once fertilized, queens also
undergo exposure to weather conditions while they
dig their hibernaculum (Alford 1975). After that time,
the fertilized queens fall asleep at the bottom of their
hibernaculum (1.5 to 19 cm deep; Hobbs 1965, 1968;
Alford 1975), where they remain in diapause with an
ectothermic metabolism. They are then exposed to
extreme winter cold that could even reach lethal frost.
In the spring, queens spend some time feeding on the
first flower resources they find (Alford 1975; Nisbet
2005). At the beginning of the nest foundation, the
queens take care of their brood and feed the first larvae
after hatching. This requires a great deal of energy and
thus a maximum foraging effort (Heinrich 1979).

The social part of the bumblebee cycle begins when
the first workers emerge and replace the founding queen
in her feeding task. This phase ends when young virgin
queens and males fly out of the nest, generally four
to ten weceks later (see Alford 1975; Goulson 2004).
During this time, the individuals are protected against
meteorological events by the homeostasis of the colony
(i.e., collective thermoregulation, ventilation, food
reserves). However, the colony needs considerable food
intake and this could be a limiting factor (Heinrich
1979).

Except for the influence of resource availability, the
great variability of the reproductive success of bum-
blebee colonies in the wild is still poorly understood
(e.g. Pelletier 2003). Nonetheless, various studies have
shown that wild bee populations could vary in com-
position and abundance yearly or even during a single
season (e.g. Pérez 1879; Minckley ez al. 1999; Oertli ez
al. 2005). Despite a very rich literature about bumble-
bees, few data are available about the effect of climatic
factors on their fauna (e.g. Ranta & Vepsildinen 1981;
Rasmont et . 2000; Evans ez 2/ 2005; Williams ez a/.
2007, 2009; Williams & Osborne 2009).

In Eyne (France, Eastern Pyrences), bumblebee
diversity is extremely high (33 species in 20.18 km?)

42.49°

42.47°

Figure 1

Localisation of the studied area in France: a, and in the hayfields and dry grasslands around the Eyne municipality; b, Grey faded: the woody area. Grey
squares: all stations sampled between 1999 and 2009. Solid circles: sampled squares in grassland and hayfields rich in Rhinanthus, Trifolium and Vicia that

were taken into account in the present study.
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(Rasmont ez al. 2000; Iserbyt ez /. 2008). The landscape
mosaic of the municipality (topography, vegetation)
seems to contribute to the coexistence of this very high
number of species (Iserbyt ez 2/. 2009). The bumblebee
diversity in Eyne is persisting since more than half a
century (Kruseman 1958; Delmas 1976; Iserbyt ez al.
2008). Despite this high and long dated local faunistic
diversity, we could expect some variation in abundance
and species composition, year after year.

Pepin & Kidd (20006) already underlined the high
variability of the East-Pyrenean climate. Taking into
account this high local climatic variation, we could
verify if the diversity, the abundance and the bumblebee
species composition are more or less correlated with
this variability. The aims of this study are (1) to point
out the yearly variation of abundance of bumblebee
species in such a mountain bumblebee hotspot; (2) to
identify climatic parameters that could be correlated
with these variations and (3) to discuss the climatic
risks for the mountain bumblebee fauna.

Methods

Studied area

The study was performed in part of the territory of the
municipality of Eyne (France, Eastern Pyrenees). The studied
area is 5 km? with altitudes between 1450 and 1850 m and
is near the village (WGS84: 42°28'13"N, 02°05’06E;
Fig. 1). The vegetation of the studied area includes quite xeric
hayfields and pastures characterized by a high abundance of
Rhinanthus pumilus (Sterneck) Soldano, Trifolium pratense L.,
Trifolium ochroleucon Hods, Vicia cracca L., Stachys officinalis
(L.) Trévisan, with sparse Pinus uncinata Miller ex Mirbel and
Juniperus communis L. var. nana Syme. Hay is cut once a year,
at the end of July or at the beginning of August (R. Staats, pers.

com.).

Climatic assessment

The nearest permanent meteorological station is situated in
Sainte-Léocadie (WGS84: 42°26°07”N, 2°00°08”E; 1320 m),
5.8 km SW of the studied area. The meteorological data
(monthly temperatures: minimum minimorum also called
lowest minimum temperature, average of the minimum, average
of the maximum, maximum maximorum also called highest
maximum temperature and precipitations) registered between
1998 and 2009 were transmitted by Météo France. During this
time, the mean annual precipitation varied from 342.6 mm to
682.3 mm; the mean of maximum temperatures from 3.5 °C to
27.7 °C, and the mean of minimum temperatures from —5.6 °C

to 14.4 °C.

Data sampling

Bumblebees were collected yearly from 1999 through 2009
between 9 and 28 July (see Iserbyt e al. 2008, 2009a, 2009b).
The present data were not collected specifically for the present
study but they are the result of the compilation of different
operations.

Out of the data collected during 11 years surveying Eyne, we
only took into consideration for the present study the data
restricted to the defined altitude interval (1450 to 1850m) and
vegetation type, resulting in a focus on a total of 142 stations
(Fig. 1). These restrictions also led us to exclude all data from
2003, 2005 and 2006 because the authors were then working in
other places in the Eyne valley. In each station, all bumblebees
were collected, killed and identified to the subspecies level in the
laboratory. The material is now conserved in the collections of
the University of Mons (UMONS, Belgium). The nomenclature
conforms to that used by Rasmont et 2/. (1995) and Williams
et al. (2008).

At the studied altitude, most species living in the area of interest
undergo their social phase in June and July. The solitary phase
begins with the nuptial period in August, continues with the
entry into hibernation in September, and ends with pre-nesting
and nesting in April-May. The separation of climatic factors in
the August-May period, for the solitary phase, and the June-
July period, for the social phase, fits with this general mountain
life cycle. These two intervals of time include most of the parts
of the life cycle, respectively solitary and social.

Statistical analysis

A rarefaction index, the Hurlbert formula (Hurlbert 1971;
simplified by Rasmont ez 2/ 1990) was used to put a figure
on the species richness for each time interval: Es = [1- ((N-
N)/N)]*where N, = number of specimens of the species i in the
studied area, N = total number of specimens in the studied area
and S = number of specimens in a random drawing. This index
provides the number of species expected in a random drawing
of S specimens (here, S = 30).

By assessing the null hypothesis that the populations are stable
(Banaszak 1996), we have estimated that the expected frequency
of the species during the year (a+1) is identical to the frequency
of the year before (a). The y? goodness-of-fit test was also used
to estimate the differences in foraging resources (i.e., genera of
plants foraged by bumblebees) between time intervals (Siegel
& Castellan 1988).

Aridity was computed using the Emberger index (1930): Q, =
2000xP/(M?-m?) where P = total rainfall (mm), M = mean
maximum temperature of the hottest month and m = mean
minimum temperature of the coldest month. Aridity is highest
when the Emberger index is the lowest (Hufty 2001).

For each phase (solitary and social), we computed the Pearson
correlation coefficients (Legendre & Legendre 1998) between
the relative abundance of the species counting more than 25
specimens and the climatic parameters by intervals of time:
(1) total rainfall in August-May and June-July, (2) mean of
minimum temperatures in August-May and June-July, (3)
mean of maximum temperatures in August-May and June-July,
(4) mean of minimum minimorum (the mean of the lowest
minimum temperatures) in August-May, December-February
and June-July, (5) mean of maximum maximorum (the mean
of the highest maximum temperatures) in August-September,
August-May and June-July, (6) Emberger index for August-
May and June-July.

We performed all these computations with R, Development
Core Team 2005 .
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Results

The bumblebee fauna of the studied area

In the studied area, 1797 specimens belonging to
28 bumblebee species were collected (Table 1). Only
6 species were abundant and include 77.8% of the
total number (in decreasing order: Bombus lucorum,
B. ruderarius, B. humilis, B. soroeensis, B. sylvarum,
and B. subterraneus; see Table 1). Aside from these
localy abundant species, 19 of the remaining species
each include less than 5% of the total number of
specimens. The rarest species were observed only once
(B. cullumanus, B. quadricolor and B. sylvestris).

Yearly variation

The total number of specimens collected in 1999
is larger than in subsequent years. The total number
of species within the studied area is 28 from 1999 to
2009, but varies yearly from 9 (in 2008) to 21 species
(in 2001) (Table 1). The Hurlbert expected number
of species seems more or less constant between years:
in a random drawing of 30 specimens, the number of
species expected is estimated to 10 for the years 2001,
2002 and 2007, and a bit lower (8-9 species) for the
remaining years (1999, 2000, 2004, 2008, 2009)
(Table 1).

The annual species faunas are significantly (p <
0.05) to very highly significantly (p < 0.001) different
(x* goodness-of-fit test). Six species are always present
(B. hortorum, B. humilis, B. lucorum, B. mesomelas,

B. ruderarius, B. sylvarum; Table 1). Four species are
observed during 7 of the 8 studied years (B. pascuorum,
B. soroeensis, B. subterraneus, B. terrestris). Six species
are observed during only one year (B. cullumanus, B.
gerstaeckeri, B. magnus, B. mendax, B. quadricolor, B.
sylvestris; Table 1).

The species composition changed greatly from one
year to another. In fact, the dominant species one year
was seldom dominant another year. Bombus ruderarius
was generally the most abundant species, as it was the
case in 2000, 2001, 2002 and 2004. Bombus lucorum
was, by far, the dominant species in 1999, while this
species was collected only once in 2008. Bombus
sylvarum was the dominant species in 2007 and 2008,
but quite rare in 1999. Bombus soroeensis was the most
abundant species in 2009, nearly ex aequo with B.
humilis, but the former was rare in 2000, 2001 and
2004, and the latter even scarcer in 1999.

Climatic parameters

The annual climatic conditions vary substantially
from one year to another (Table 2). Rainfall did not
vary much during the solitary phases but varied greatly
during the social phases. The weather during solitary
phase was humid in 2000, 2002, 2003, 2004, 2005,
2006, 2009 and very humid in 1999, but dry in 2001,
2008 and very dry in 2007 (Table 2). This was also
perceptible with Emberger’s aridity index: it did not
vary much during the solitary phases (although it was
clearly damper in the 2002-2003 season) but was more
variable in the social phases (damp in 2002, 2003; very

Table 2. Climatic parameters in Sainte-Léocadie for each year for 1998-2009.

Precipitations N‘Iefm of Me'fm of Me?.n of Me'fm of Emberger
minimum maximum minimum maximum Indes
(mm) temperatures (°C) | temperatures (°C) | minimorum (°C) | maximorum (°C)
Year 5 2 2 5 2 g

= 2 > 2 = = = 2 > 2 = =

T E] 1 ] 1 ] 1 E] 1 ] 1 E]

7] - 7] ) 7] - 7] - 7] - 7] -

B P ) p ) P B P ) 4 & P

S g 2 g 2 g S g 2 g 2 g

< = < _ < = < = < —_ < =
August 1998-July 1999 429.8 193.0 3.0 10.8 13.5 229 —4.0 6.1 20.7 27.8 1 1346.5 765.9
August 1999-July 2000 468.5 115.0 3.2 10.1 14.2 22.6 -2.6 4.5 21.5 28.5 i 1461.2 478.5
August 2000-July 2001 419.5 92.5 3.7 10.7 13.9 23.9 -2.8 4.8 20.8 31.4 | 1284.1 384.8
August 2001-July 2002 372.0 163.5 2.9 11.0 14.0 23.8 -2.3 4.0 21.6 30.7 + 1105.2 699.0
August 2002-July 2003 485.5 144.8 3.0 12.8 12.9 25.8 =29 8.3 19.5 30.7 + 2110.7 554.2
August 2003-July 2004 496.8 110.4 3.2 11.2 13.4 23.6 -2.3 5.0 20.7 30.3 + 1297.8 466.0
August 2004- July 2005 345.1 101.2 2.8 11.6 13.8 25.1 —4.6 6.9 21.0 32.1 1 1162.7 366.1
August 2005-July 2006 432.9 153.0 3.0 12.2 13.6 26.3 -3.4 5.8 20.6 30.2 i 1601.3 481.7
August 2006-July 2007 368.9 34.5 4.0 10.8 14.9 24.0 -1.5 4.8 21.8 29.1 § 1425.5 121.1
August 2007-July 2008 467.1 84.3 3.1 10.3 14.3 23.2 -3.1 3.9 21.6 29.9 i 1615.6 300.8
August 2008-July 2009 387.8 1 101.4 ; 28 ¢ 113 135 7 248 7 -3.6 58 1 214 ¢ 309 ! 1166.1 ; 328.0 ;
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damp in 1999; arid in 2001, 2005, 2008, 2009; and
very arid in 2007; see Table 2).

Concerning temperatures, the highest means of
maximum maximorum were measured during the
social phase in 2001 (31.4 °C) and 2005 (32.1 °C).
The lowest mean of maximum maximorum of the
social phase was observed in 1999 (27.8 °C). The
highest means of maximum temperature of social
phase were in 2006 (26.3 °C) and 2003 (25.8 °C), the
lowest were in 1999 (22.9 °C) and 2000 (22.6 °C). The
mean of minimum minimorum of the solitary phase
was lowest during the winters of 2004-2005 (—4.6 °C)
and 1998-1999 (4.0 °C), but highest in the winters
of 2006-2007 (-1.5 °C), 2001-2002 and 2003-2004
(=2.3°C).

The remaining parameters were less contrasted.

Bumblebees in correlation to climatic parameters

Bombus magnus, B. mendax, B. mucidus, B. sichelii
and B. wurflenii were the rarest species in the area
of interest, and they were sampled during the most
humid years (mainly 1999). Bombus confusus was a
rare species only sampled during the hot and dry years
(mainly 2001 and 2004).

Out of the 13 species represented by more than
25 specimens in 1999-2009, only 4 species were
never correlated with any climatic parameters (i.e.,
B. monticola, B. ruderarius, B. subterraneus, and B.
terrestris; o = 0.90; Table 3). For the 9 remaining
species, the abundance was correlated to rainfall,
temperature or aridity.

Climatic parameters do not seem to influence in
the same way bumblebees that are in the solitary phase
(August-May) or in the social phase (June-July).

Considering the social phase, the abundance of 3
bumblebee species in the sampling is correlated with
rainfall and aridity index (positively for B. lucorum,
negatively for B. sylvarum and B. mesomelas), while
other species are linked to low rainfall in the same phase
(B. soroeensis) and low aridity (B. hortorum) (Table 3).

As for temperatures, the abundance of 8 species
is correlated with maximal or minimal temperature,
during the social or solitary phase (Table 3). The
abundance of several species is clearly correlated with
hot and dry conditions. For Bombus mesomelas, 6
parameters are negatively correlated with rainfall and
the Emberger index during the social phase but are
positively correlated with mean minimal/maximal

Table 3. Correlation between the relative abundance of the species and the climatic parameters (Pearson’s correlation coefficients).

Only correlation coeflicient r > 0.62 are indicated (« > 0.90). Bold, correlation coefficients significant in threshold o > 0.95. Ratio N/NSB: Ratio Number of
specimens/ Number of stations with bumblebees. Ratio N/NSS: Ratio Number of specimens / Number of sampled stations.

Mean of Mean of
Precipitations minimum maximum Mean of minimum Mean of maximum Emberger
(mm) temperatures temperatures minimorum (°C) maximorum (°C) Index
(°C) (°C)
i >
Species oY EY > oY ‘ 5 oY ﬁ ‘%‘
= 2 = 2 = B = g 2 9 b 2 | -
| = | El | El | ) 5‘ = , 2 | El - |
AR SRR AR RN IR SR AN
- N - - - - -0 I - O A
< —_ < —_ < —_ < A —_ < < —_
B. lucorum (n = 406) +0.70 —0.84: +0.67 -0.68 ¢ +0.65
B. ruderarius (n = 361)
B. humilis (n = 217) +0.64 +0.62 1 +0.68
B. soroeensis (n = 162) -0.69 +0.62 +0.65
B. sylvarum (n = 160) -0.77 +0.70 +0.62 -0.81
B. subterraneus (n = 98)
B. mesomelas (n = 74) -0.77 | +0.91 +0.87 +0.75 ¢ +0.69 -0.69
B. hortorum (n = 62) +0.68
B. terrestris (n = 47)
B. pascuorum (n = 46) -0.64 | +0.68 +0.84
B. pyrenaeus (n = 40) -0.62 1 -0.81 -0.67
B. monticola (n = 29)
B. lapidarius (n = 27) +0.86 | : ~0.86 :
Ratio N/NSB : : -0.76 ;
Ratio N/NSS +0.62 -0.82: +0.68 -0.75 +0.62
Number of species :
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temperatures and mean of minimum minimorum
during the solitary phase (August-May and December-
February). The abundance of B. sylvarum is correlated
in the same way as the abundance of B. mesomelas
but with fewer parameters (4). The abundance of
B. soroeensis is also correlated in a parallel way with
three parameters (rainfall in the solitary phase, mean
of minimal and maximal temperatures in the social
phase). The abundance of B. humilis is correlated
with hot climate because it is linked to hot mean
minimum minimorum temperature during the
solitary phase (December-February) and hot mean of
maximum maximorum temperatures during both the
solitary and social phases (positive correlation with
continental temperature conditions). The abundance
of B. pascuorum is linked to high mean of maximum
temperatures and mean of maximum maximorum
during the solitary phase and to low mean of minimal
temperatures during the social phase. The abundance
of B. lapidarius is weakly linked to hot conditions
when considering only two parameters: the mean of
minimum minimorum temperatures and the mean
of maximum maximorum temperatures (August-
September) during the solitary phase.

The abundance of three species is correlated with
cold and wet climatic factors. The abundance of B.
lucorum is positively linked to 5 parameters during
the social phase: rainfall, the Emberger index, cold
maximum maximorum and hot mean of minimum
minimorum (December-February and August-May)
(positive correlation with oceanic conditions). The
abundance of B. pyrenaeus is linked to high mean of
minimum minimorum (December-February and
August-May) and low mean of maximum maximorum
during the solitary phase. The abundance of B. hortorum
is linked to the Emberger index (more humid) during
the solitary phase.

To summarize, the relative abundance of B.
mesomelas, B. sylvarum, B. soroeensis, B. humilis, B.
pascuorum, and B. lapidarius are linked to dry and/or
hot conditions, whereas the relative abundance of B.
lucorum, B. pyrenaeus, and B. hortorum are correlated
with wet and/or cold conditions.

The ratio of the number of specimens to number
of collecting stations with bumblebees is negatively
correlated with mean of maximum maximorum during
the solitary phase. The lowest ratio (3.4 specimens/
station with bumblebees) is observed after a dry period
(August 2008) succeeding another dry period, with
the highest temperatures observed during the nuptial
flight phase (August 2007). This is also perceptible
for the ratio of the number of specimens to sampled
stations, which is also correlated with high rainfall,

mean temperature and high Emberger index during
the social phase. The ratio of the number of stations
with bumblebees and the number of sampled stations
is correlated with high rainfall, high mean minimum
temperature and high mean minimum minimorum
during the social phase, but it is also correlated with
low Emberger index during the solitary phase. The total
number of species is not correlated with any parameter.
All these correlations between climatic factors and
faunistic ratio could be interpreted as follows: the
number of bumblebee specimens is clearly lower after
hot temperatures during the solitary phase (mainly
nuptial time), but higher after rainy days (with higher
night temperatures) during the social phase. Neither
the total number of species and the rarefaction Hurlbert
index are correlated with the climatic parameters in the
studied area.

Discussion

The bumblebee fauna of the studied area

The studied area includes 28 bumblebee species.
All species observed there in the past (Kruseman 1958;
Delmas 1976) are still observed today, including some
of the rarest species in France (e.g. B. cullumanus, B.
gerstaeckeri, B. confusus; see Rasmont 1988; Rasmont
et al. 2005; Iserbyt ez al. 2008).

Yearly variations in bumblebee fauna

Unlike Oertli ez 2/ (2005) in Wallis (Switzerland)
and Kosior ez 4/ (2008) in Krakow (Poland), we
observed a quite constant diversity in Eyne year after
year, with 8 to 10 registered species in a 30 specimens
sampling (rarefaction Hurlbert index).

The very high species diversity in Eyne is still
maintaining after 50 years (Kruseman 1958; Delmas
19765 Iserbyt et al. 2008). However, in the studied
area, the relative abundance of the species seems to vary
in an unpredictable way. The dominant species during
one year could be completely different the year after
and could even nearly disappear some years later. For
example, the main species in 1999 were very different
from those observed in 2008 (see Table 1).

Whereas bumblebees were found to be very
abundant everywhere in all sampled stations in 1999
and 2001, they were found in less than one quarter
of the sampled stations in 2008 (Table 1), just after
the driest year of the decade. While Banaszak (1996)
observed that the population density of bumblebees in
mountain areas (including the Pyrences) was high and
stable, we see here that this was not the case in Eyne

during the last decade. At the beginning of the decade

267



S. IserBYT & P. RAsMONT

(1999 to 2001), we observed 16.9 to 20.2 specimens
per sampled station with bumblebees, but this density
fell to 3.4-14.4 after 2002. Despite their high and
permanent diversity, we noted a clear decrease in
bumblebee abundance after 2002. This decrease could
be the result of the succession of hot and dry events in
the region, as was the case in 2001, 2005, 2007, 2008,
and 2009 (see Bessemoulin ez 2/ 2004; “Météo France”
2009; Rasmont & Iserbyt 2012). It is remarkable that
the total number of specimens seems especially low in
the summer following a hot period during the solitary
phase (in the month of August, the year just before).

Species observed in the present studied area, which
are at the borders of their altitudinal range (e.g., B.
hypnorum, B. gerstaeckeri, B. magnus, B. mendax,
B. mucidus, B. ruderatus, B. sichelii, B. wurflenii
see Rasmont 1988; Iserbyt 2009b), show a higher
sensitivity, disappearing from the sampling for several
years. Only 22% of the total number of species, are
always present during the whole survey. Such a low
proportion of permanent species was already noticed by
Cane et al. (2005) for the wild bees of South Arizona.
According to Williams ez /. (2007, 2009) and Williams
& Osborne (2009), climatic factors and resource
limitations could disturb the abundance of the species
that are at the edge of their area and outside of their
eco-climatological optimum. However, we see here in
Eyne that even some species such as B. lucorum or B.
mesomelas, which are clearly in their ranges and close to
their eco-climatological optimum, show a considerable
variability in abundance, being dominant one year and
nearly absent another.

Correlation of bumblebee abundance during the
solitary phase

The minimal temperature in the solitary phase is
clearly linked to the coldest temperatures occurring
during the winter, so it concerns the hibernation
constraints. Only three species (B. mesomelas, B.
lapidarius,  B. pyrenaeus) have their abundance
correlated with the minimal temperature of the solitary
phase. As Bombus pyrenaeus inhabits only alpine and
subalpine levels (Rasmont 1988; Amiet 1996), it is
logical to think that it could benefit from extreme cold
conditions. However, it is curious that the abundance
of B. mesomelas, also a subalpine species, is correlated
with the highest mean of minimum minimorum
temperatures (Table 3). Bombus lapidarius is a lowland
species (see Alford 1975; Loken 1973; Rasmont 1988),
reaching its highest altitude in Eyne. Quite logically, it
is also the species with the strongest correlation with the
highest mean of minimum minimorum temperatures.
Hobbs (1964, 1968) measured the resistance to lethal
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low temperatures of several bumblebee species in the
Rocky mountains (North America). He found very
low lethal temperatures (e.g. —14 °C for B. rufocinctus
and —19 °C for B. nevadensis), much lower than the
mean of minimum minimorum registered in our
studied area in January (8.5 °C). Hobbs (l.c.) also
hypothesized that the hibernaculum’s depth could
influence the resistance of the species to the cold.
Alford (1969) showed that different bumblebee species
search for subtle microclimatic conditions to dig their
hibernaculum. Unfortunately, no data are available
about the hibernaculum of the Pyrenean bumblebees.

The highest temperature of the solitary phase is
linked to the nuptial time in August and the abundance
of 7 species are positively or negatively correlated with
this parameter.

More interestingly, the correlations of abundance
ratios (N/NSB, N/NSS; Table 3) are maximal with
a low mean of maximum maximorum in August, a
low mean of maximum maximorum in December-
February, but also with high aridity (low Emberger
index) during the solitary phase. For the first time, we
show that climatic conditions occurring during the
nuptial and hibernation times are very important for
bumblebees. This was never reported before.

Correlation of bumblebee abundance during the
social phase

The abundance of 6 species is positively or negatively
correlated with temperatures in June-July while three
species are correlated with rainfall.

The abundance ratios (N/NSB, N/NSS) are linked
to high rainfall, high mean temperature and a high
mean of minimum minimorum temperatures during
the social phase, all parameters well known to be linked
to high plant production.

Solitary versus social phase

While the abundance of 6 species is linked to
some climatic parameters during the social phase,
the abundance of 8 was correlated to the climatic
parameters that occurred during the solitary phase
the year before the sampling. This is consistent with
the protective and buffering role played by the colony
thermoregulation (Richards 1973; Heinrich 1979). It
is very difficult to differentiate the direct effects of the
climatic factors on the bumblebees themselves from
the indirect effects on their flower resources (Williams
& Osborne 2009). During drought, we observed that
the vegetation was clearly less abundant and that there
were much less flowering plants (Fig. 2). Therefore,
we suggest that resource scarcity was a main factor of
local bumblebee abundance, as was already observed
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by many autors (see Carvell ez al. 2006; Goulson e al.
2008a, b; Lye ez al. 2009).

From correlation to relation

In the present study, we only concentrated our
analyses on correlations, which do not allow us to
conclude that these climatic parameters are the direct
causes of the variations in bumblebee fauna.

A late spring could delay the foundation of
the colony, thus reducing the time available for
development and leading to smaller colonies (Alford
1975; Pelletier 2003). Low temperatures could also
slow the growth of the brood, despite the existence
of nest thermoregulation (Cartar & Dill 1991).
Bumblebees do not fly when the temperature outside
the nest exceeds 32 °C to 35 °C (see Velthuis & van
Doorn 2006), but such high temperatures were barely
reached in the studied area, except in microclimatic
conditions.

Another explanation of the role played by hot and
dry conditions, leading to the drastic decrease in the
total number of bumblebees, could be linked to disease
sensitivity. It is well known that control of temperature
and humidity are of key importance in the rearing of
bumblebees (Velthuis & van Doorn 20006): outside of
narrow temperature and humidity intervals, the whole
colony suffers from increased disease sensitivity. In
normal weather conditions, most bumblebees could
likely maintain the homeostatic conditions of the
nest inside its limits, but probably not if heat waves
or extreme droughts occur. The increased sensitivity
of the fauna stressed by climatic events was proposed
by Pounds ez al. (2006) to explain the regression of
Amphibian species. These authors suggested, for
example, that 80% of the regressing of the toad species
of the genus Atelopus Duméril & Bibron were last
seen following a hot year that triggered their fungal
sensitivity.

These climatic parameters could also act in another
very indirect way, by modifying vegetation productivity
as well as nectar and pollen availability. It is clear
that from dryer to damper episodes, the state of the
vegetation can vary dramatically. There are clearly less
flowers available during dry periods (Fig. 2). This may
explain why the low rainfall and the high temperatures
in June-July could alter the abundance of the whole
bumblebee fauna. The nights are sometimes very cold
during the summer in the studied area, even with frost.
These cold episodes could increase the need for food
intake by the colony but they could also decrease the
growth of the brood and at the same time, reduce plant
productivity (which may lead to a resource crisis for

bumblebees).

Some authors (e.g., Dennis 1993; Thomas ez
al. 1999, 2004, 2006) already hypothesized that
the variation of climatic factors could explain the
expansion/regression episodes of insects in general
and sometimes bumblebees in particular (e.g., the
recent expansion of B. terrestris and B. lapidarius to the
North; MacDonald 2001). Other authors (Williams
1986, 1989; Goulson et 2l 2005; Williams ez 2/ 2007)
noticed that some bumblebee species regress even near
the centrum of their apparent climatic optimum.
We see here that even a very abundant species like
B. lucorum could drastically decrease in number, and
even nearly disappear locally, when climatic factors are
unfavourable. We also noticed that the total number
of bumblebees observed in Eyne could decrease by
more than one order of magnitude the year following a
warm, dry summer (e.g., 0.9 bumblebees per sampled
station in 2008 against 19.7 in 1999). Nevertheless
B. sylvarum and B. pascuorum could be more resistant
to hot weather than are all other bumblebees, as these
species remain in relative high abundance even in the
WOISt years.

This reduction in the total number of bumblebees
does not seem connected to a decrease in the perceptible
diversity. However, we have to keep in mind that such
events could possibly lead to a local extinction of
some rare species. If the local extinction concerns the
last remaining populations of a considerably rarefied
bumblebee species like Bombus cullumanus (Rasmont
etal. 2005), this could lead to the definitive extirpation
of the species.

For several high altitude species (e.g., B. mendax,
B. monticola, B. mucidus, B. wurflenii) workers were
observed in the studied area only in 1999, which
corresponds to the coldest and dampest year of the
decade. It is known that foragers do not fly far away
from their nest, generally up to a few meters (Butler
1951; Saville ez 2/ 1997; Ponchau et al. 2006), which
implies that the alpine queens should have founded
their nest in 1999 at lower altitudes than they did
the following years. It may be questioned whether if
that phenomenon was an exceptional situation or if it
was the norm before the drying and warming period
starting in 2002.

Role of climatic heterogeneity in maintaining

bumblebee diversity

Ranta & Vepsiliinen (1981) and Teris (1985)
already noticed that the dynamics of the bumblebee
species in Finland could be partly dependent on
climatic events. In the same way, Obeso (1992) also
hypothesized that unstable climatic conditions in the
Cantabrian Mountains induce year-to-year variations
in the bumblebee fauna, increasing the spatial
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heterogeneity of the species assemblages. Veech & Crist
(2007) also presented a similar hypothesis to explain
the diversity of species assemblages of birds.
Differential use of diversified floral resources and
various nesting sites mostly explains the coexistence
of a high number of bumblebee species (Pekkarinen
1979, 1984; Bowers 1985; Kneitel & Chase 2004;
Evans er al. 2005; Westphal ez al. 2006; Iserbyt et al.
2009). According to Ranta & Vepsildinen (1981),
Rasmont (1989) and Rasmont ez 2/ (2000), a high
local diversity could also be maintained thanks to
a decrease in competition for limited resources. In
other words, the number of specimens drops off after
harsh climatic conditions and this could maintain the
population size below a given competition threshold.
The study presented here, which concentrates on a
yearly survey in a small but diversified area, leads to
discredit the validity of such an explanation in the
present case. For instance, the highest species richness
was observed when the total number of specimens
was the highest, thanks to favourable climatic factors,
while the lowest richness occurred after the worst
conditions. If damp and arid years closely alternate,
these climatic conditions could balance the population
levels of different pools of bumblebee species. However,
several dry years could follow one another, leading to a
considerable regression of some sensitive species.

Potential effects of global warming on mountain

bumblebees

The IPPC (2007) estimated that a global warming
of 0.74 °C already occurred during this last century
(1906-2005), and is expected to reach 2 °C to 3 °C
more in the next hundred years.

It is well known that the temperature decreases
by 0.5 °C (saturated air) to 1 °C (unsaturated air) for
each 100 m rise in altitude (Hufty 2001). According
to this rule, the increase in temperature due to global
warming (i.e., 0.74 °C that occurred during the last
century) should have driven to a shift of +75 to +150 m
in altitude for the mountain-inhabiting fauna.

Since 1970, Franco ez al. (2006) observed an uphill
shift of 150 m for the butterfly Erebia epiphron (Knoch
1783) in Britain. In Sierra de Guadarrama (centre of
Spain), Wilson ez al. (2005) observed an isothermic
uphill shift of +225 m between 1967 and 2004, where
the climatic and faunistic conditions are close to those
of the Pyrenees,. The estimation of this uphill shift
corresponds to an increase of +1.3 °C in 30 years,
which led to a distribution change towards the top
of the mountains for 16 mountain butterfly species
(considering an average altitude of +212 m). The study
of Wilson ez al. (2005) gives a clearly more dramatic
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figure than the simple extrapolation of the uphill shift
of 75 m to 150 m estimated based on the temperature
increase of 0.74 °C (see IPPC 2007). The reproductive
success of insect populations is not only driven by
temperature but also by water exchanges, by resource
availability and by microclimatic considerations (e.g.,
slope effects increasing with altitude). The temperature
increase could also lead to abnormal heat waves and
drought (Rasmont & Iserbyt 2012).

The future warming estimated to 2-3°C by
Thomas ez al. (2004, 2006) could lead to a 200-500
m uphill shift for the whole ecosystem during the
current century. If these projections are validated in
the future, a local extinction of all subalpine and alpine
species of bumblebees (e.g. B. flavidus, B. gerstaeckeri,
B. mendax, B. monticola, B. mucidus, B. pyrenaeus, B.
sichelii, B. wurflenii; see Isetbyt er al. 2008) could be
foreseeable in the Eastern Pyrenees. Even currently
plentiful bumblebee species (e.g., B. lucorum) could be
drawn to scarcity or local extinction. In conclusion,
the perspectives of a further temperature increase of
2-3 °C is worrying as it could represent a major cause
of extinction of mountain fauna in the next decades
(Thomas et al. 1999, 2004, 2006; Manino ez al. 2007).
The creation of nature reserves could be useless in
this context, even if the policy of their delimitation is
changed as suggested by Aradjo ez al. (2004). Despite
the robustness of plant-pollinator assemblages against
disturbances caused by global warming (Hegland
et al. 2009), it would be impossible to avoid major
disruptions in the future.
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