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Abstract

Slovenia, small as it is, is a juncture point of four biographical regions (Mediterranean, Alpine, Pannonian and Dinaric world) which is one of the reasons of a disproportionately high biodiversity of invertebrate species. We were intrigued if the same trend is followed also by the underresearched genus of bumblebees (Bombus) in Slovenia. Our intention was to determine which are the places with the most species and to compare different habitat types in individual areas. Sampling took place once a month, from May to September, on 72 sample spots, in all the biographical units, namely the four habitat types: a clearing, extensive meadow, intensive meadow and urban environment.
On every sampling spot different species of bumblebee population were counted for half an hour. Unknown species were caught in a butterfly-net and the prepared specimen were identified later. The similarity between communities was reckoned up with Rekonen index.
Bumblebees were found on every sample spot: 24 species alltogehter. The richest in species is the higher spot in Alpine region (16 species), followed by higher spot in the littoral-karstic region (14 species). Of all four habitat types the clearing and extensive meadow are the richest in species. Three groups have come to evidence in the comparative analysis: highland spots (some lower in the Alps inclusive), lowland spots in colder areas and lowland spots in warmer areas.
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Inroduction

Bumblebees are eusocial insects with annual cycles. Colonies are started in spring by a single inseminated queen after winter hibernation. There are about 300 (Prys-Jones et all., 1991) species in the world, mostly restricted to the temperate zone of the holarctic region (Pekkarinnen, 1979). Nectar as the main food source is stored at the bottom of a corolla tube. Bumblebees forage it with proboscis which differs in length. Those with a long proboscis can forage more successfully in flowers with long corolla tubes and vice versa: bumblebees with a short proboscis are more efficient in short corolla tubes (Inouye, 1980). Hence, bumblebees are polilectic (some are oligolectic) as well as restricted mainly to the flovers of corresponding corrola lenght - the fact that is probably connected with reducing of competition between species (Inouye, 1980).

Slovenia is a juncture point of four areas (Alps, Mediterranean, Dinaric Mountain region and Pannonian Lowland). That is why ecological conditions are extremely complex with intertwinement of heterogeneous and different influences of climatic, tectonic, edaphic, orographic, litographic and other regions (Mršić, 1997). Slovenia has been devided by Carnelutti (1992) on the basis of distribution of butterflies into Submediterranean, Karst (Dinaric), Alpine, Prealpine  and Subpanonian biogeographic region. Furhermore these regions were divided into Mediterranean-Prealpine and Mediterranean Karst subregions, Easteren and western Alpine subregion, Western, Eastern and Northeastern Prealpine subregions, Subpanonian and Subpanonian Karst subregion (Fig. 1.). The outstanding heterogeneousness of Slovenia is one of the reasons of a disproportionately high biodiversity of species, especially of invertebrates.  Another important reason is the existence of mesophilic refuges on the territory of today's Slovenia during the glacials in pleistocen. As these refuges were relatively small and fragmentary they were suitable mainly for small poikiloterm organisms. Alopatric speciation could have occured in those refuges (Kos et all., 2001). Bumblebees in Slovenia are scarcely researched. The only one to have researched them is Andrej Gogala. He has found 30 species and presented data of their distribution (Gogala, 1991, 1994, 1999). 
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Fig. 1. Map of Slovenia with marked sampling sites and biogeographic regions (after Carnelutti 1992). Abbreviations; smk = Submediteranean karst subregion, smp = Submediteranean Prealpine subregion, wp = Western Prealpine subregion, al = Alpine region, ep = Eastern prealpine subregion, di = Dinaric region, nep = Northeastern Prealpine subregion, sp = Subpannonian subregion, spk = Subpanonian karst subregion. Sampling sites are marked with numbers and explained in text (description of sites)

Bumblebees are endangerd in many parts of Europe, including Slovenia. The main reason is lack of food, a consequence of intensive cultivation which causes the loss of the seasonal succesion of forage plants. Another cause is massive bee-keeping of honeybees (Apis melifera) (ARS, 2001), competing with bumblebees for the same food. A further reason is loss of nest sites and destruction of nests by the use of machines and pesticides (Osborne et all. 1996) in agricultural production. 

The aim of this study was to find similarities and differences in bumblebee community between individual regions and their dependence from habitat types. We also compared the number of richness of species with some European countrys. There is a relatively high species richness in Slovenia regarding its small size, especially on extensive meadows and clearings. The influence of temperature on bumblebees communities was shown as well.

Materials and methods

Sampling took place on 18 chosen sites in all regions and subregions, except Easteren Alpine subregion. In every subregion one site was chosen on high and one on low altitude, with exception of Subpanonian subregion where both sites where on the same altitude. On every site four sampling spots of all four habitat types (clearing, extensive meadow, intensive meadow  and urban environment) were chosen. On higher altitude points intensive meadow and urban environment, non-existant in high altitude, were chosen at the foot of the hill. On every sampling spot different species of bumblebee population were counted once a month from May to September 2002 for half an hour. We were slowly walking through sampling spot examining flowering plants and counting specimens or/and catching them with butterfly-net. We did not examine same plants twice in one sampling. Because of similarity of color pattern species of B. lucorum and B. terrestris were counted together and species of B. lapidarius, B. ruderarius and B. wurflenii together. Unknown species were caught in a butterfly-net and the prepared specimen were identified later with identification keys (Amiet, 1996; Faester et all.1970). The similarity between communities was reckoned up with Renkonen index (Crebs, 1989). All specimens counted were summed up from all habitat types and from all months. The dendrogram was drawn with the program Filip 6.1 (http://evolution.gs.washington.edu/phylip.html). 

Description of habitat types

Clearing are areas surrounded with forest. Lack of forest in this area is due to heavy wind, heavy cold or cutting down. These areas are not mowed or grazed and are growing over trees again. Flowering plants are mainly shrubs and high stem plants.

Extensive meadow: These meadows are mowed twice a year or less or grazed by cattle. There is a high variety of flowering plants in these meadows and they are very different in different regions.

Intensive meadows are regularly mowed (more than twice a year) and usually fertilized. There lives a low number of species with almost no difference between regions in flowering plants. Besides grasses which are useless for bumblebees from the nutrition point of view there is a lot of clower (Trifolium pratense and Trifolium repens) and dandelion (Taraxacum officialle)

Urban environment: sampling took place in gardens, oasis, hedges... There lives a relatively high number of species (high percentage of alohton plants) but in very low quantities (Turk, 1989).

Description of sites

Submediterranean region:

Submediterranean karst subregion:

Slavnik (1)  (45,32°N 13,58°E ),  is a 1028 m high mountain with many pastures on the top. Sampling on intensive meadow and in urban enviroment was taken at the foot of the hill in the village Podgorje (520m). Average annual temperature of this area is about 8ºC and average annual quantities of precipitation are between 1500 and 1600mm. Soil is crombic cambiol on low karst of the Submediterranean region.

Kubed (2) (45,32°N 13,53°E ) is a village at 200m altitude. Average annual temperature is about 12ºC average annual quantities of precipitation is between  1200 and 1300mm. Soil on flisch is evtric cambisol.

Submediterranean-prealpine subregion: 

Nanos (3) (45,49°N 14, 02°E) is 1260 m high mountain, with large pastures on top. It is often very windy on top. Average annual temperature of this area is about  4 to 6ºC average annual quantities of precipitation are between 1500 and 1600mm.  Sampling on intensive meadow and in urban enviroment was taken at the foot of the hill in village  Razdrto (560m).

Lipa (4) (45,52°N 13,42°E) is village in Karst at 360m altitude. Average annual quantities of percipitation is 1400-1500mm. Average annual temperature is 10-12ºC. Soil on low karst of the Submediterranean region is cromic cambisol.

Dinaric region:

Slivnica (5) (47,47°N 14,24°E) is 1110m high mountain. Average annual quantities of percipitation are 1400-1500mm. Average annual temperature is 6ºC. There are also large pastures on top. Sampling on intensive meadow and in urban enviroment was taken at the foot of the hill in the village Cerknica (560 m)

Planina (6) (45,5°N 14,16°E) is village at 460 m altitudee. Average annual quantities of percipitation are  between 1300 and 1400 mm. Average annual temperature is 8ºC.

Prealpine region

Western Prealpine subregion:

Grmada (7) (46,06°N 14,21°E) is a 900 m high hill. Average annual quantities of percipitation are 1500-1600mm. Average annual temperature is 8 - 10ºC. Sampling on intensive meadow and in urban enviroment was taken at the foot of the hill in the village Topol (620 m).

Babni dol (8) (46,05°N 14,24°E) is village at 320 m altitudee. Average annual quantities of percipitation are 1300-1400mm. Average annual temperature is 8 - 10ºC.

Easten Prealpine subregion:

Menina (9) (46,15°N 14,49°E) is 1500m high mountain again with many pastures on top. Average annual quantities of percipitation are 1400-1500mm. Average annual temperature is 2 - 4ºC. Sampling on intensive meadow and in urban enviroment was taken at the foot of the hill in the village Golice (650 m).

Litija (10) (46,06°N 14,47°E) is town at 230m altitude. Average annual quantities of percipitation are 1200-1300mm. Average annual temperature is 8 - 10ºC.

Northeastern Prealpine subregion:

Rogla (11) (46,27°N 15,21°E) is 1500m high mountain again with many pastures on top. Average annual quantities of percipitation are 1500-1600mm. Average annual temperature is 4ºC. again pastures are on the top. Soil on siliceous rocks is eutric cambisol.

Zreče (12) (46,23°N 15,24°E) is town at 400 m altitude. Average annual quantities of percipitation are 1000-1100 mm. Average annual temperature is 8-10ºC.

Alpine region

Komna (13) (46,17°N 13,46°E) Sampling on this mountain was taken at 1500 m altitude except on intensive meadow and in urban enviroment that was taken at the foot of the mountain at 530 altitude in the village Ribčev Laz. Average annual quantities of percipitation are above 3000 mm. Average annual temperature is 2-4ºC.Soil on high mountain karst is rendzina.

Radovljica  (14) (46,21°N 14,09°E) je mesto na 500m nadmorske višine, s povprečno letno temperaturo 6-8ºC in letno količino padavin 2000mm.

Subpannonian region

Subpannonian subregion

Kicari (15) (46,38°N 15,55°E) and Janžev vrh (16 (46,38°N 16,06°E) are two villages at the 300 m altitude and average annual quantities of percipitation are between 900-1000mm. Average annual temperature is 8-10ºC. 

Subpannonian subregion:

Vahta (17) (45,44°N 15,44°E) is a sampling site at 630 m altitude. Average annual quantities of percipitation are between 1400-1500 mm. Average annual temperature is 8-10ºC. Soil on high Dinaric karst is chromic cambisol. 

Metlika (18) (45,39°N 15,19°E) is town at 170m altitude. Average annual quantities of percipitation are between 1100-1200 mm. Average annual temperature is 10-12ºC. Soil on low karst of the Dinaric region is chromic cambisol.
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Fig. 3: Comparison of number of specis in different regions (al = Alpine region, sm = Submediterranean region, pa = Prealpine region, di = Dinaric region, sp = Subpannonian region)

Results

List 1: Checklist of  bumblebees species in Slovenia (*species found during the survey)

Genus Bombus (Latreille, 1802)


Subgenus Bombus s.str

1.      B. terrestris (Linnaeus, 1758)*

2.      B. lucorum (Linnaeus, 1761)*

3.      B. cryptarum (Fabricius, 1775) 


Subgenus Melanobombus (Dalla Torre, 1880)


4.      B. lapidarius (Linnaeus, 1758)*

Subgenus Pyrobombus (Dalla Torre, 1880)

5.      B. pratorum (Linnaeus, 1758)*

6.      B. jonellus (Kirby, 1802)*

7.      B. monticola (Smith, 1844)*

8.      B. pyrenaeus (Pérez, 1879)*

9.      B. hypnorum (Linnaeus, 1758)*

Subgenus Alpigenobombus (Skorikov, 1914)

10.  B. wurfleini (Radoszkowski, 1859)*

Subgenus Kallobombus (Dalla Torre, 1880)

11.  B. soroeensis (Fabricus, 1776)*

Subgenus Confusibombus (Ball, 1914)

12.  B. confusus (Schenk, 1859)*

Subgenus Mendacibombus (Skorikov 1914)

13.  B. mendax (Gerstaecker, 1869)

Subgenus Megabombus (Dalla Torre, 1880)

14.  B. hortorum (Linnaeus, 1761)*

15.  B. argillaceus (Scopoli, 1763)*

16.  B. gerstaeckeri (Morawitz, 1881)*

Subgenus Thoracobombus (Dalla Torre, 1880)

17.  B. pascuorum (Scopoli, 1763)*

18.  B. muscorum (Fabricius, 1793)

19.  B. humilis (Illiger, 1806)*

20.  B. sylvarum (Linnaeus, 1761)*

21.  B. ruderarius (Müller, 1776)*

22.  B. mucidus (Gerstaecker, 1869)

Subgenus Psithyrus (Lepeletier, 1832)

23.  B. rupestris (Fabricius, 1793)*

24.  B. campestris (Panzer, 1801)*

25.  B. barbutellus (Kirby, 1802)*

26.  B. vestalis (Fourcroy, 1785)

27.  B. bohemicus (Seidl, 1837)*

28.  B. quadricolor (Lepeletier, 1832)

29.  B. sylvestris (Lepeletier, 1832)*

30.  B. norvegicus (Sparre Schneider, 1918)*

31.  B. flavidus (Eversmann, 1852)

We have found bumblebees on every sampling spot: the most (14 species) on the extensive meadow on the Komna and the least (only one species) in the urban enviroment in Kubed. We have found 24 species altogether of 30 sofar known in Slovenia. The species B. pyrenaeus and the subspecies B. confusus paradoxsus were newly found in Slovenia in this research work. We have moreover, got new informations about the distribution of many other species.

The most heterogenous area are the Alps (17 species altogether and 5 found only in this region). They are followed by a Submediterranean Prealpine region (with 15 species and one specific for this area) and Subpanonian karst subregion (14 species and also one only in this subregion). We have found the least species in the Meditereanean karst subregion – only 8 species and in all three Prealpine subregion: 9 species in the West, 9 in the East and 10 in the Northeast subalpine region. (Tabel 1.)

The most common species were B. pascorum, B. hortorum and B. lapidarius and we have found these in every subregion. Species B. lucorum and B. pratorum were also present in every subregion but the mediterranean karst subregion. We haven't seen B. humilis, B. sylvarum in B. ruderarius (Tabel 1) in two of the subregions. A single specimen of the species: B. jonellus, B. monticola B. pyrenaeus, B. sylvestris was found and just two bumblebees of the species: B. confusus and B. norvegicus. 

To present the resemblance  of the bumblebee community at the individual sites we have used Rekonnen's index which includes the portions of the single species. The sites merge into three major groups (fig. 2.). One of the groups combines three sites with low altitude and the highest average annual temperature (10-12ºC) - these are Kubed, Lipa and Metlika. The second union are higher altitude sites with two of the lower ones: in the Alpine and in the East prealpine region. In the third group there are all the other lowland sites and the higher spots of the West prealpine and Subpannonian karst region there where was the lowest higher site (630m).
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Fig. 2. The dendrogram of sampling sites  

Regarding the type of distribution the most of the species found belong to the eurosiberian group, 4 to the holomediterranean and 2 to the montane, boreomontane and middeuropean (Fig. 4.). In all regions there are therefore bigger proportions of eurosiberian species. Due to the B. lapidarius holomediteranean species are also present in every subregion. All of the 4 holomediterranean species are present in Mediterranean Prealpine subregion and in both Subpannonean subregions. Three of them are also found in Mediterranean karst and Alpine region. All of the boreomontan species were found in Alpine region, one of them (B. wurfleini) also in Mediterrannean Prealpine and in the East Prealpine subregion (Fig. 5.).
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Fig. 4. Distribution patterns of bumblebees species registrated after (Rasmont 1995).
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Fig. 5. Distribution characteristics of registred species of bumblebees from different (sub)regions in Slovenia. For abbreviations see Table 1.

The most diverse habitat types are extensive meadow and clearing (Table 2.). Median number of bumblebee species for clearing and ekstenzive meadow is 8, 6 for intenzive meadow and 5 for urbane environment. On all extensive meadows we have found 20 different species (4 of them specific for this habitat type – all of them on Komna). In a clearings there were 19 species found (3 specific for this habitat type). The next most rich were intensive meadows with 11 species (1 specific for this habitat type) and urban enviroment with only 9 species (none specific for this area).

Table 1. Bumblebee species observed in (sub)regions and their distribution types based on Rasmont (1995). Abbreviations; smk = Submediterranean karst subregion, smp = Submediterranean Prealpine subregion, wp = Western Prealpine subregion, al = Alpine region, ep = Eastern Prealpine subregion, di = Dinaric region, nep = Northeastern Prealpine subregion, sp = Subpannonian subregion, spk = Subpannonian karst subregion, nos = number of (sub)regions where a species was found.
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Table 2. Number of bumblebee species observed in different habitat types in (sub)regions in Slovenia, sum = number of different species in ona habitat type in all sampling sites, spc = number of specie that were found only in one habitat type, med = median, q1 = first quartil, q3 = third quartil, max = maximal number of species found in one habitat type in one sampling site, min = minmal number of species found in one habitat type in one sampling site. For other abbreviations see Table 1.
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Discussion

In comparison with other european countries (Table 3.) the biodiversity of bumblebee species in Slovenia is relatively high regarding the smallness of the country (20.273 km2). Still it is not so high as it is for some other species (Mršič 1997). Pekkarinen (1993) compared the number of bumblebee species in individual squares (100 x 100 km) in North-western Europe. The richest of them was one with 26 species, the average number counted being 20. In the most researched central Slovenia which also covers 100 x 100 km 29 species have been counted.

Table 3. Comparison between bumblebees species in some European countries.
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Half of the bumblebee species in palearctic lives in mountain areas (Pekkarinen, 1993). Even 23 of 31 species in Slovenia live in alpine region  (eight of them were found exclusively in that region). If the species from the subalpine region are added to that number we notice that even 27 of 31 species exist also in these two regions (Gogala, 1999, Table 2). This fact suggests the importance of these areas for bumblebees in mountain communities (Pekkarinen, 1993).

The biodiversity in mountain regions is so high because of the differences of individual habitats in different altitudes (Pekkarinen, 1993) and better adaptation to colder conditions in comparison to other bees, rivaling  for food..As to the endemic species in Slovenia, they are mainly less mobile (edaphic) and mesophilic species (Mršič 1997). Bumblebees are criophilic genus with mostly big areals, therefore they were not essentially influenced by the existence of mesophilic refuges in Slovenia. Moreover they are good flyers, that is probably why they quickly colonize new areas. In the North of Scotland an increase of B. terrestris and B. lapidarius areal was noticed – the first it moved 98 km and the second for 196 km to the north, probably because of climatic changes (Macdonlad, 2001). The reasons for high biodiversity are therefore in the heterogeneousness of environment  (particularly in presence of mountains) and not so much in the past climatic changes. 

The dendogram divides the 18 measured sites into three bigger groups, connected by the average annual temperature. In the first group there are sites with average temperature of 10 do 12 °C in the second group those with the average annual temperature of 8 to 10°C and in the third those with the annual temperature up to 8°C. ( The only exception is Litija, a lowland site in eastern prealpine subregion with an average annual temperature 8 do 10°C – it belongs to the group of colder sites). This shows that the temperature is also an important factor, exerting influence on the bumblebee community. Bumblebees can flyonly when their thorax temperature is above 27°C (Prys-Jones, 1991). They achive this relatively high temperature by shivering or with substrate cycling (Prys-Jones 1991). Because of ability to generate high body temperature, ability to maintain steady temperature in the nest (Prys-Jones 1991) and annual cycles they can thrive at high altitudes.

The results should nevertheless be analysed most cautiously. There is namely a certain mistake in the measuring method since similar, but different species  of bumblebees were counted together and statistically elaborated as one single species (B. terrestris, B. lucorum as one and B. lapidarius, B. ruderarius, B. wurflenii as one). 

The Prealpine and Dinaric reigon represent the central part of Slovenia. Here the ecological (mainly climatic) conditions are mostly moderate, in the Alps, the subpanonian and submediterranean regions being more extreme. Therefore widespread common bumblebee species appear above all in the Dinarids and Prealps while the species that could not be found elsewhere live in the other three. But for some other animal groups Dinaric region is the most diverse (Kos et all. 2001, Pirnat 2001). The reason is most probably the fact that in the Dinaric region there is the highest proportion of woods in Slovenia. The food chain in the wood depends mainly on litter, which favorizes saprophagic and predatory invertebrates (Schaefer, 1991). The trees in those woods are for the most part pollinated by wind which means less food for nectarophagic  bumblebees.

The human influence on bumblebee diversity is huge. In the habitat types with great human influence (urban environment and intensive meadows) the number of species is fairly small. The more this influence diminishes the higher their number is. It should be accentuated that the species, found in the urban environment, have always been abundant in other habitat types of the same sites. Difference in number of species between ekstenzive meadow and clearing on one side and intensive meadow on other side is in some sites not really noticable. In some sites even more species were found in intensive meadows. Even though almous twice  as much nuber of species occur in ekstensive meadow and in clarings (19 and 20) than in intensive meadows (11 species). In intensive meadows species were mainly the same in all regions (with exception of  B. confufsus) but in ekstenzive meadows and clareings beside those wide spread species some other less abundant species appear. This trend has been noticed particularly in subgenus Psithyrus where 1 species was found in intensive meadows and 4 and 6 in ekstenzive meadows and clearings. 

Mowing is very important stres factor because it reduces quantities of food on minimum and bumblebees have to find food elswhere. Ekstenzive meadows are mowed less frequently than intensive meadows and are more diverse in flowering plants. 
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