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Introduction 

Migratory species encounter numerous challenges and threats along their migratory routes, and have 

since long been recognized as requiring particular attention (Convention on Migratory Species, Bonn 

1979). However, conservation efforts towards migratory species will most likely fail unless directed at 

both breeding and wintering areas, often located hundreds or thousands of kilometers apart . This is 

often not possible due our limited knowledge about migratory routes and strategies, and to the 

difficulty of creating coordinated conservation plans at a transnational level. 

Migratory patterns of bats are particularly enigmatic due to the small size of bats and their cryptic 

behavior. Recaptures of banded bats are extremely rare so that information on migratory routes is 

virtually absent for most of Europe and mostly centered on a few areas where banding efforts have 

been intensive for decades. But mark-recapture of migrating bats across larger areas, let alone whole 

Europe, is time-consuming, expensive and requires excessive manpower.  

According to a recent review of banding data and literature for European bats, at least four species 

perform long-distance migrations (from several hundreds up to 3000-4000 km) in Europe: Vespertilio 

murinus, Pipistrellus nathusii, Nyctalus noctula and Nyctalus leisleri (Hutterer et al. 2005; fig. 1). All of 

them are listed under Appendix II of the Convention on Migratory Species . Knowledge about migratory 

routes across their overall distribution range is very limited, and almost inexistent for western and 

eastern Europe. Additionally, no data on the rare N. lasiopterus exist to evaluate its hypothesized 

migratory status. In general terms, migratory patterns in central Europe follow a northeast ɀ southwest 

direction, with breeding areas usually located at the northeastern extreme (see figure 2).   

  

 

 

The discovery that large-scale meteorological or environmental patterns create predictable 

geographical gradients in isotopic signatures across continents (Bowen et al. 2005), which are 

Figure 1. Two prototypes of European migratory bats, the parti-coloured bat Vespertilio murinus (left ) 

and the lesser noctule Nyctalus leisleri (right). 
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ÉÎÃÏÒÐÏÒÁÔÅÄ ÉÎÔÏ ÁÎÉÍÁÌÓȭ ÔÉÓÓÕÅÓ ÔÈÒÏÕÇÈ 

food webs or drinking water (Lathja and 

Michener 1994), has led to a promising new 

era for the study of animal migration. Novel 

research suggests that analyzing hydrogen 

(i.e. deuterium) isotopes (ɿ$ ÏÒ ɿ2H), and to 

a lesser extent oxygen isotopes ɉɿ18O), in 

seasonally-grown tissues such as feathers or 

hair provides, up to date, the best marker 

for tracing geographical origins of migratory 

animals (Hobson 2005). Basal distribution 

maps of water isotopes show a strong 

gradient in Europe with a general depletion 

of ɿ$ and ɿ18O towards the northeast 

(Hobson et al. 2004; Bowen et al. 2005; fig. 

2ɊȢ ɿ$ ÁÎÄ ɿ18O values in the body tissues of 

plants and of primary and secondary 

consumers typically correlate with ɿ$ and 

ɿ18O of local precipitation (Hobson and 

Wassenaar 1997). Temperate-zone bats molt 

their hair once a year, coinciding with the 

end of the breeding season for females and usually a few weeks earlier for males (Niethammer and 

Krapp 2004). For migrating bats, molting takes place before migration and hence still at the breeding 

areas (Cryan et al. 2004). As hair is a metabolically inert tissue after synthesis, we expect that hair from 

migrating bats captured in autumn or winter in or around the hibernacula or along the migratory routes 

will reflect the isotopic signature of local water at the breeding sites, as has been demonstrated for 

feathers of European sedentary birds (Hobson et al. 2004), thereby allowing us to connect breeding and 

wintering areas and reconstruct migratory paths. The goals of this project are:  

(1) To elaborate an isotopic map of ɿ$ (and ɿ18O) in bat hair for Europe using non-migrating, 

sedentary bat species (fig. 3). This would allow us to determine the relationship between ɿ$ ÉÎ 

bat hair (ɿ$h) and ɿ$ ÉÎ ÐÒÅÃÉÐÉÔÁÔÉÏÎ ɉɿ$p).  

 

Figure 2. ɿ2H profile of Europe (mean annual 

precipitation), from www.waterisotopes.org. Black 

superimposed lines represent migratory paths of 

recaptured, banded N. leisleri (Hutterer et al. 2005). 

These few lines of migratory connectivity have resulted 

from about 5000 individuals banded in more than 50 

years. 

Figure 3. Data from widely-distributed sedentary bat species such as Myotis myotis (left) and Pipistrellus 

pipistrellus (right) can serve to create reference maps of hair isotopes across Europe. 

http://www.waterisotopes.org/
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(2) To characterize ɿDh for populations of migratory bats 

(figs. 1, 4 and 5), including the giant noctule N. 

lasiopterus (fig. 6) whose migratory status is 

currently unknown, by capturing them at the 

breeding sites where hair was grown.  

(3) To validate the potential of the technique by 

including samples of known origin. We will use 

museum specimens of banded bats which have been 

recaptured dead during their migrations and their 

migratory paths are thus known. 

(4) Using the information gathered from 

goals 1-3, to determine the breeding 

origins of migratory bats sampled during 

autumn and winter all over Europe in 

order to: a) create a new map of bat 

migrations in Europe; b) relate 

differences in migratory strategies 

between species, and between 

populations and sexes within species, to 

environmental, morphological and/or 

physiological factors; c) to identify 

regions and habitats of primary concern 

for the protection of these migratory 

species. The results will be discussed 

within an international network of 

researchers and conservationists 

interested in bat migration who 

collaborate in the project, with the aim 

of elaborating coordinated management guidelines for the protection of migratory bats in 

Europe. 

Methods 

Sample collection 

Hair samples from sedentary species will be obtained from live individuals captured throughout Europe 

(goal 1). For the validation experiments, we will use hair from museum specimens of banded common 

noctules who died during migration or hibernation (goal 3). For obtaining hair samples of live bats, two 

capture events will be conducted by collaborators across Europe, one in spring at the beginning of the 

breeding season (goal 2), and one in autumn-winter prior to hibernation (goal 4). A minute amount of 

hair (around 0.1 mg; fig. 6) will be removed from the scapular region of each bat and stored in a plastic 

tube for later analysis. 

 

 

Figure 4. The migratory Pipistrellus nathusii. 

Figure 5. Maternity colony of the migratory bat 

Nyctalus noctula. 
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Stable isotope analysis 

Stable hydrogen and oxygen isotope analysis of all samples will be performed at the stable isotope 

laboratory of the IZW. The procedure involves the pyrolysis of samples in a thermal combustion 

elemental analyzer, and analysis by continuous-flow isotope ratio mass spectrometer.  

 
 

Bat hair isotopic basemaps and relationship between ɿ$hȾɿ
18Oh ÁÎÄ ɿ$pȾɿ

18Op 

All localities of collection of bat hair from sedentary species across Europe will be incorporated into a 

geographic information system (GIS), and means of the obtained isotopic values of individual bats will 

be assigned to each locality. These maps will then be compared with the European basemaps of 

growing-ÓÅÁÓÏÎ ÁÎÄ ÍÅÁÎ ÁÎÎÕÁÌ ɿ$p ÁÎÄ ɿ
18Op available at http://www.waterisotopes.org. The 

relationship between water and hair isotopes will be investigated through regression analysis. The 

resulting model will allow us to create contour maps for bat hair isotopes across Europe. 

Interpretation of migratory routes and strategies of Nyctalus species 

The isotope signature of hair from migratory bats will be related to the bat hair isotope contour maps. 

These maps will be used to estimate the latitudinal origins of bats captured during autumn - early 

winter. 
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