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Abstract To investigate migratory connectivity in the

Reed Warbler Acrocephalus scirpaceus, we analysed (1)

all available sub-Saharan ringing recoveries and (2) stable

isotopes in feathers grown in Africa sampled at 17 Euro-

pean breeding sites across a migratory divide. A cluster

analysis of ringing recoveries showed remarkable connec-

tivity between breeding and non-breeding grounds. Two

main clusters represented populations taking the two main

migratory routes [southwesterly (SW) and southeasterly

(SE)]. Stable isotope analysis confirmed the separation of

wintering areas of SW- and SE-migrating populations.

Higher d15N values in feathers of SE-migrating birds

indicated that they occupied more xeric biome types.

Values of d13C that did not differ significantly among

populations were higher than those from feathers of known

European origin and indicated a C4 biome. Three popula-

tions with an unknown migratory direction were assigned

to the SE-migrating populations on the basis of d15N

values.
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Introduction

Migratory birds occur in different places at different times

of the year, thereby representing serious challenges to

researchers interested in factors affecting birds’ survival.

Until recently, most studies have focused on factors lim-

iting avian species in the breeding grounds, and only a few

have acknowledged that events outside the breeding season

may be equally important to the survival of such species.

Adverse conditions in the wintering grounds and en route

need not only negatively influence body condition (Marra

et al. 1998; Gunnarsson et al. 2005) and survival (Peach

et al. 1991; Szép 1995; Schaub et al. 2005), but migrants

may also prolong moult and consequently arrive later at

their breeding grounds (Marra et al. 1998; Saino et al.

2004). Hostile conditions in non-breeding grounds can

have negative consequences for reproductive output (Loz-

ano et al. 1996; Smith and Moore 2005) and population

sizes (Newton 2006). Research into seasonal interactions

and migratory connectivity (Norris 2005) is therefore of

crucial importance for the effective protection of migratory

birds (Newton 2004). Migratory connectivity—the links

between breeding and non-breeding populations (Webster

et al. 2002)—also determines the possibilities for the

evolution of specific adaptations and responses to envi-

ronmental changes and may eventually lead to speciation

(Webster and Marra 2005).

Despite intensive ringing efforts during the past

100 years (Bairlein 2003), we still know very little about

the migration and stopovers of different populations of
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migratory birds. Studies on the extent of population mixing

in the non-breeding grounds have been hampered by

extremely low recovery rates of ringed birds from the

winter quarters. Because satellite tracking is suitable only

for larger birds, several indirect approaches, such as the

measurement of stable isotope abundance in avian tissues

(reviewed by Hobson 2005), are being adopted to over-

come the low number of recoveries and possible bias in

ringing recovery data. The use of stable isotopes as tracers

of geographical origin is based on the fact that site-specific

stable isotopic profiles are passed through food webs into

bird tissues (Kelly 2000). By taking a species’ moult pat-

tern and tissue-specific isotopic discrimination and

elemental turnover rates into account, we can infer the

breeding or wintering origin of individuals from the stable

isotope signatures if the birds use isotopically distinct

areas.

In the study reported here, we combined two different

approaches—the analysis of stable isotope ratios in

feathers and ringing recoveries—to study migratory con-

nectivity in the Reed Warbler Acrocephalus scirpaceus.

This species is a long-distance migrant, breeding in the

marshlands of the Western Palaearctic and wintering in

sub-Saharan Africa. During the boreal winter it occupies

different types of swamp vegetation, but also tall grass

and thickets on dry ground (Leisler 1981; Cramp 1992).

In both Europe and Africa, its diet comprises inverte-

brates, with a predominance of mobile insects (Cramp

1992). Ringing recoveries have shown that there is a

migratory divide in Central Europe: most European pop-

ulations migrate to their winter quarters in western Africa

via the Iberian Peninsula and Morocco, while birds from

eastern Austria and Hungary head initially southeast (SE)

entering Africa through Egypt (Zink 1973; Schlenker

1988; Cramp 1992).

Our objectives were twofold. First, using all relevant

recoveries, we attempted to link the breeding and non-

breeding grounds of the European Reed Warbler popula-

tions. Second, we compared stable carbon (C) and nitrogen

(N) isotope ratios in feathers moulted in Africa sampled at

17 breeding sites across the migratory divide. We expected

that if wintering grounds of southwestern (SW)- and

southeastern (SE)-migrating populations differed geo-

graphically and were isotopically distinct, this would be

reflected in the stable isotopic values in feathers grown in

Africa (e.g. Chamberlain et al. 2000; Bensch et al. 2006).

We should emphasise that no detailed baseline information

on d13C and d15N values is available for most parts of

Africa, but based on the current knowledge one would

expect that SE-migrating birds use drier biomes (Cham-

berlain et al. 2000; Bensch et al. 2006). Secondly, we

wanted to test the potential of stable C and N isotope

measurements to infer wintering sites of three populations

with an unknown migratory direction.

Methods

Ringing recoveries

Recoveries of ringed birds were obtained from the EUR-

ING data bank; for countries underrepresented in this data

set, we also requested information from individual ringing

schemes. Loxodromic (rhumb-line) distance and direction

of recoveries were calculated according to Imboden and

Imboden (1972). From a total of 11,342 long-distance

([100 km) recoveries spanning the period between 1931

and 2006, we retrieved 242 encounters from sub-Saharan

Africa. In further analyses, we used only long-distance

recoveries that involved the breeding population (n = 91).

Based on the timing of the migration of the species (Cramp

1992), the breeding season was confined to the period

between 1 June and 31 July. Postbreeding migration of

Reed Warblers may, however, commence earlier. Data

after 15 July may thus include some transient migrants, but

the majority of birds start their journey in August (Cramp

1992). Because Reed Warblers overwinter north of the

Sahara only exceptionally (Cramp 1992), we used all long-

distance recoveries from sub-Saharan Africa (below 20�N)

for the delineation of wintering grounds. For a more strict

demarcation of the wintering sites, we considered recov-

eries from December to February, but for most analyses we

used all sub-Saharan records on the breeding populations

because of the paucity of recoveries from true winter

months.

The migratory divide in Central Europe (Central Europe

is defined here as 7�–22�E and 45�–55�N) determines a

west–east migratory pattern in the study species. For con-

venience, we refer to SW- and SE-migrating Reed

Warblers throughout the paper. This denotes the two gen-

eral migratory flyways through the western and eastern

Mediterranean, respectively, that Reed Warblers use when

heading from the European continent to Africa (Cramp

1992; Fig. 1). We are aware that the migratory direction

differs among populations according to the relative posi-

tion of the breeding and wintering grounds and that the

initial heading may change after entering Africa—for

example, from the southeast to the south–southwest (Zink

1977; Helbig et al. 1989).

To explore the migratory connectivity across the

migratory divide we employed a cluster analysis (complete

linkage, Euclidean distances) using breeding longitude and

wintering longitude for each of 91 sub-Saharan recoveries

of breeding birds (Fig. 2b). Note that some birds were
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ringed in sub-Saharan Africa and recovered later breeding

in Europe; in such cases, wintering longitude refers to the

place of ringing and breeding longitude to the place of

recovery.

Stable isotopes

During breeding seasons 2004 and 2005, we plucked the

left innermost primaries of 165 local adult Reed Warblers

at 17 sites across Europe. The feathers were grown in

Africa during the previous winter (Jenni and Winkler

1994). The sampling sites were grouped into SW-migrating

and SE-migrating populations, respectively, based on the

two distinct initial migratory directions. For three sites,

however, there were no recovery data for the breeding

population. We therefore treated these as populations with

an unknown migratory direction (question marks, Fig. 1).

The feathers were stored dry in plastic bags until anal-

ysis. Upon analysis, they were first rinsed in a 2:1

chloroform:methanol solution and air-dried in a fume hood.

Subsamples of approximately 1 mg were weighed into

small tin cups and then analysed on a Europa 20:20 con-

tinuous-flow isotope-ratio mass spectrometer (CFIRMS)

interfaced with a RoboPrep elemental analyser. Measure-

ments are reported in conventional d-notation relative to

the PDB (carbon) and atmospheric N2 standards in parts

per thousand (%). Replicate assays of internal laboratory

standards (albumen) included in each run indicated

measurement errors (SD) of ±0.1 and ±0.3% for d13C and

d15N values, respectively. All samples were run at the

Department of Soil Science, University of Saskatchewan in

Saskatoon, Saskatchewan, Canada.

As stable isotope values were not normally distributed,

we applied non-parametric statistics. All tests were com-

puted in STATISTICA ver. 6.0 (StatSoft, Tulsa, OK 2001).

Results

Ringing recoveries

A cluster analysis revealed two main groups of sub-Saha-

ran recoveries (Fig. 3): one cluster represented four birds

from SE-migrating populations (Serbia, Hungary, eastern

Austria and SE Czech Republic) that were recovered

within a relatively restricted area around the Lake Chad

basin, the other cluster consisted of 87 West African

recoveries of SW-migrating Reed Warblers breeding from

Iberia and Britain east to Lithuania and north to Sweden

(Figs. 2b, 3). The same result was obtained from the

analysis of all 242 sub-Saharan recoveries (Fig. 2a) (data

not shown).

The cluster of SW-migrating birds showed further

structuring: one group comprised birds breeding in Eastern

and Central Europe, while the other group consisted of

birds from Western and Central Europe. Within the latter

group, there was a pronounced cluster of British and

Fig. 1 Feather sampling sites.

Blue arrows schematically

indicate southwestern (SW)-

migrating populations of the

Reed Warbler Acrocephalus
scirpaceus, red arrows
southeastern (SE)-migrating

populations, question marks
migratory direction unknown

(see Methods). Site

abbreviations: CZ1 Litomyšl,

CZ2 Lužice, Czech Republic;

DE Lankersee, Germany; ES
Barrañán, Spain; FR Etang du

Trunvel, France; HR1 Vransko

Lake, HR2 Draganić fishponds,

HR3 Neretva delta, Croatia;

HU1 Fenékpuszta, HU2 Kolon

Lake, HU3 Hortobágy,

Hungary; IT Lagnone, Italy; MT
Simar, Malta; NL Almere, The

Netherlands; RU Petergoff,

Russia; SK Trnava fishponds,

Slovakia; UK Llangorse Lake,

UK
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Iberian populations recovered in westernmost Africa

(Senegal, Guinea-Bissau and Mauritania; Figs. 2b, 3). An

arbitrary subdivision of the recoveries into two parts (west

of 12�W, 12�W–10�E) further confirmed the high migra-

tory connectivity of the SW-migrating populations. Of 63

British and Iberian birds, 60 were found west of 12�W,

whereas 20 of 24 other European breeders using the SW

route were reported east of 12�W, revealing a highly sig-

nificant non-random distribution of SW-migrating birds in

the non-breeding grounds (v2 = 55.17, P \ 0.0001).

Moreover, the longitude of sub-Saharan recoveries posi-

tively correlated with breeding longitude (breeding data:

r = 0.623, n = 91, P \ 0.001; all sub-Saharan data:

r = 0.690, n = 242, P \ 0.001), suggesting that the W–E

distribution of Reed Warbler populations found on the

breeding grounds is also generally maintained in the winter

quarters.

Only 15 recoveries enabled a link to be established

between breeding birds with true winter records in sub-

Saharan Africa (Fig. 2c). Seven Iberian birds wintering in

Senegal were leapfrogged by three British Reed Warblers

staying in Guinea Bissau, while five birds from the rest of

the European continent spent the winter south of 10�N

from Liberia to Nigeria.

Stable isotopes

There was a large variation in both stable C and N isotope

values that considerably overlapped among sampling sites

(Table 1). Values of d13C did not differ significantly

among the sites (Kruskal–Wallis H16,165 = 9.99,

P = 0.867), but d15N values did differ among sites (Krus-

kal–Wallis H16,165 = 28.66, P = 0.026).

To explore whether the SW-migrating population used

isotopically different wintering areas than SE-migrating

birds, we divided the sites into three groups based on the

initial migratory directions of the studied Reed Warbler

populations [SW, SE and unknown (U); see Methods and

Fig. 1)]. Again, there were no differences in d13C values

(Kruskal–Wallis H2,165 = 0.62, P = 0.733), but the feathers

again differed in their d15N values among the three groups

Fig. 2 a All sub-Saharan recoveries (n = 242) of the Reed Warbler.

Dots True winter records (December–February, n = 33). b Recoveries

of birds with known breeding origin (June–July, n = 91). Dots
Ringing and recovery places. c Recoveries of birds with known

breeding origin reported from December–February in sub-Saharan

Africa (n = 15). Dots Ringing and recovery places. Lines connect

ringing and recovery places and do not reflect the real migratory route

c
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(Kruskal–Wallis H2,165 = 13.04, P = 0.0015). Feathers of

SE-migrating birds were significantly enriched in 15N

compared to those of SW-migrating birds (Mann–Whitney

z54,83 = 2.36, P = 0.018; Fig. 4).

Feathers of SW-migrating Reed Warblers differed from

those of birds with an unknown migratory direction

(Mann–Whitney z83,28 = -3.29, P = 0.001), whereas the

differences between SE-migrating Reed Warblers origi-

nating from breeding populations with an unknown

migratory direction were not significant (Mann–Whitney

z54,28 = -1.50, P = 0.133). The same result was obtained

when the three westernmost populations (which are

expected to winter in westernmost Africa according to the

results of ringing recoveries) were excluded from the

analysis: the remaining SW-migrating Reed Warbler pop-

ulations differed significantly from populations with an

unknown migratory direction (Mann–Whitney z54,28 =

-3.55, P = 0.0004).
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CZ-NM
RU-PQ
PL-GY
CZ-PY
DE-EM
FR-EM
DE-EM
SV-EM
DE-EM
SV-PQ
CZ-GY
DE-GYFig. 3 Result of a cluster

analysis (complete linkage)

based on breeding and wintering

longitude of 91 Reed Warbler

sub-Saharan recoveries of birds

ringed or recovered in Europe

during June–July. Abbreviations

(EURING codes) denote

European countries of

breeding—AU Austria, BL
Belgium, CZ Czech Republic,

DE Germany, ES Spain, FR
France, GB United Kingdom,

HG Hungary, LI Lithuania, NL
The Netherlands, PL Poland,

PO Portugal, RU Russia, SV
Sweden, YU Serbia—and sub-

Saharan countries of

occurrence—EM Mali, FT
Chad, GH Ghana, GQ Guinea

Bissau, GY Guinea, NM
Mauritania, NU Senegal, NV
Nigeria, PQ Liberia, PY Ivory

Coast, QQ Cameroon, VU
Burkina Faso, XH Togo
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Discussion

Ringing recoveries

The comprehensive survey of African non-breeding

records of Eurasian Reed Warblers by Dowsett-Lemaire

and Dowsett (1987) outlined the main migration routes and

the African winter range of the species. In this study we

went one step further and identified two wintering areas

which correspond well with the two main migratory routes

taken by the SW- and SE-migrating European populations.

Our analysis of all available recovery data suggests that the

two areas lie close to each other, and although there have

been no indications for admixture (Fig. 2a), we presume

some overlap, for example, in Nigeria, because of the

paucity of recoveries and the expected continuous distri-

bution in West Africa. Both the cluster analysis and the

correlation of breeding and wintering longitudes indicated

a parallel migration pattern when the west–east distribution

on the breeding grounds is also maintained in the winter

quarters (Salomonsen 1955). In addition, we found further

sub-structuring within the cluster of SW-migrating birds.

Recoveries of birds from westernmost Europe (British and

Iberian breeders) clustered together, clearly converging on

the western coast of Africa, whereas the rest of the SW-

migrating populations wintered further east. This distribu-

tion suggests a relatively high migratory connectivity of the

species.

The high reporting rate from Senegal relative to the rest

of West Africa results from intensive netting by French and

British ringers (Redfern and Alker 2002). It should be

noted that most of the British birds were captured in Sen-

egal outside the winter months, which may indicate a

connectivity between breeding and stopover sites rather

than to the final stationary winter grounds (all birds of

known breeding origin ringed during December–February

in the Djoudj National Park were later recovered during

Table 1 Summary of stable isotope data for each site

Direction Sitea Year n d13C (%) d15N (%)

Mean ± SE Minimum Maximum Mean ± SE Minimum Maximum

SW ES 2004 9 -15.0 ± 1.8 -24.9 -9.6 9.7 ± 0.4 8.0 11.5

FR 2005 13 -15.3 ± 1.3 -25.8 -10.7 10.0 ± 0.9 7.2 19.2

UK 2004 7 -14.0 ± 1.5 -21.1 -11.3 11.1 ± 0.5 8.7 12.5

NL 2005 13 -14.2 ± 1.0 -21.4 -9.9 9.3 ± 0.3 7.1 10.9

DE 2005 16 -14.9 ± 1.0 -22.4 -9.5 9.5 ± 0.4 7.0 13.1

CZ1 2004 9 -15.5 ± 1.4 -22.9 -11.8 10.1 ± 0.6 8.1 14.1

CZ2 2004 9 -13.5 ± 1.4 -21.3 -7.6 9.3 ± 0.6 6.5 11.5

RU 2005 7 -15.2 ± 0.7 -17.6 -13.3 9.5 ± 0.2 9.0 10.1

SE IT 2004 9 -12.6 ± 0.9 -15.3 -8.9 10.5 ± 0.5 8.3 12.6

HR1 2005 7 -13.9 ± 1.6 -21.6 -10.1 10.5 ± 0.9 8.1 14.8

HU1 2005 5 -17.5 ± 1.8 -22.0 -11.2 10.3 ± 0.5 9.6 12.0

SK 2005 17 -13.8 ± 0.9 -23.9 -9.2 10.2 ± 0.5 7.8 16.6

HU2 2004 9 -16.1 ± 1.7 -23.6 -8.5 10.8 ± 0.9 8.4 17.6

HU3 2004 7 -14.0 ± 1.6 -22.3 -10.2 10.6 ± 0.6 8.2 12.8

Ub MT 2005 11 -14.6 ± 1.2 -20.8 -9.8 11.7 ± 0.4 10.0 14.3

HR2 2005 2 -15.0 ± 4.9 -19.9 -10.1 11.9 ± 2.3 9.7 14.2

HR3 2005 15 -14.9 ± 0.9 -19.8 -9.6 10.2 ± 0.5 7.0 14.6

a For site abbreviations see Fig. 1
b U, Migratory direction unknown

SW SE U

Migratory direction

9,2

9,4

9,6

9,8

10,0

10,2

10,4

10,6

10,8

11,0

11,2

11,4

11,6

11,8

de
lta

 15
N

Fig. 4 Mean (±SE) d15N values of Reed Warbler feathers with

respect to the autumn migratory direction: SW Southwest (n = 83), SE
southeast (n = 54), U unknown (n = 28)
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breeding in Iberia; British Reed Warblers winter more

southerly; Fig. 2c). The presence of the westernmost pop-

ulations in Senegal is furthermore supported by biometry

data. Short-winged individuals, typical of Iberian and

British breeders (Cramp 1992), predominate in Senegal

both on passage and during the winter (Morel 1987; Cramp

1992).

Southeastern-migrating populations initially head on a

broad front for the southeast, crossing the eastern Medi-

terranean (Schlenker 1988). After entering Africa via

northern Egypt and northeastern Libya, the migratory

direction changes to the south (based on recoveries in

Egypt interior and the Sudan; Schlenker 1988) and then

probably turns southwest, as indicated by recoveries in the

Lake Chad basin (Schlenker 1988; this study) and by the

absence of the nominate subspecies in East Africa (Pearson

1982; Dowsett-Lemaire and Dowsett 1987).

The disparity in the initial migratory directions of

Central European breeders (SW vs. SE, with almost no

recoveries in a southern direction) is quite remarkable and

strongly supports the existence of a migratory divide

(Schlenker 1988). However, there is some evidence that

Reed Warblers of unknown provenance do cross the central

Mediterranean region. A few non-breeding recoveries

between Italy and Malta (R. Galea, personal communica-

tion) and several autumn records of transient birds in

central Libya (Toschi 1969) indicate that some Reed

Warblers (of central Mediterranean origin?) take a central

route, as suggested by Dowsett-Lemaire and Dowsett

(1987). A detailed discussion of this aspect, however, is

beyond the scope of this paper and will be treated in a

future study. To shed more light on the migration pattern of

the species, it would be desirable to assess the relative

proportion of Reed Warblers passing through the eastern

and central Mediterranean areas and discover the breeding

origin of the birds using intense targeted bird ringing,

orientation experiments and measurements of stable

hydrogen isotopes in feathers of transient first-year birds

(which would provide information on breeding latitude in

Europe; Hobson et al. 2004).

Stable isotopes

Nitrogen

Our study showed that SW- and SE-migrating Reed War-

bler populations differ in feather d15N values. This result is

in agreement with the analysis of ringing recoveries, which

demonstrated that European Reed Warbler populations

spend the boreal winter in two different areas. Stable N

measurements from Reed Warbler feathers sampled in

Portugal (9.4%, n = 8; Neto et al. 2006) and the

Kaliningrad region, Russia (9.9%, n = 15; E. Yohannes

and V. Kosarev, unpublished), both supposedly moulted in

western Africa, fall well within the range of values

reported for the SW-migrating populations we sampled

(Table 1). Moreover, feather d15N values helped to assign

the two Croatian and the Maltese populations with an

unknown migratory direction to the SE-migrating

populations.

Higher d15N values in SE-migrating populations indi-

cate that these birds moulted their feathers in drier sites,

since several African studies have shown that higher d15N

values of plant and animal tissues reflect areas with rela-

tively low rainfall (Heaton et al. 1986; Heaton 1987; Sealy

et al. 1987; Ambrose 1991; Van der Merwe et al. 1990).

Similar to our results, Chamberlain et al. (2000) and

Bensch et al. (2006) showed that feathers of SE-migrating

subspecies of the Willow Warbler Phylloscopus trochilus,

a species with a migratory divide in central Scandinavia,

had higher d15N values than SW-migrating birds of the

same species. Feathers of Aquatic Warblers A. paludicola

(Pain et al. 2004) and Barn Swallows Hirundo rustica

(Evans et al. 2003), however, did not differ in d15N values

among their studied European breeding sites. An alterna-

tive explanation for the differences between SW- and SE-

migrating Reed Warblers may be that they rely on foods of

different trophic levels in their non-breeding grounds. The

species is known to feed almost exclusively on invertebrate

prey during the winter (Cramp 1992); unfortunately, no

detailed studies from the relevant regions of sub-Saharan

Africa are available to examine possible differences in food

composition.

Detailed regional feather isotopic base maps are needed

for a sound interpretation of d15N values (Pain et al. 2004).

To date, however, very little information on stable N pat-

terns in animal tissues across Africa is available. Van der

Merwe et al. (1990) found lower d15N values in elephant

ivory in western Africa than in that from eastern or

southern Africa, which is in accordance with our results.

Bensch et al. (2006) reported higher d15N values in Willow

Warbler feathers sampled in southern Africa, although

feathers from western and Central Africa did not differ

significantly. To infer a more precise location of the winter

quarters from the d15N measurements alone is, however,

very difficult, and the use of additional isotope tracers

(such as deuterium or strontium) and/or trace elements

could potentially provide much stronger evidence for dif-

ferences in sites or habitats used.

Carbon

An abundance of stable C isotopes in nature depends on

the prevailing type of photosynthesis (O’Leary 1981), and
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it is relatively easy to trace isotopically whether the

consumer depends on a C3- or C4-based foodweb (Alis-

auskas et al. 1998; Féret et al. 2003). In addition, plants

in arid regions generally show enrichment in 13C (Far-

quhar and Richards 1984); therefore, as with N, stable C

isotopes also have the potential to discern xeric and mesic

environments.

d13C values in Reed Warbler feathers moulted in Africa

indicated a biome dominated by C4 plants (mean -13%;

Smith and Epstein 1971) and differed significantly from

those in feathers of first-year birds grown at known

breeding sites (Mann–Whitney U test, z165,90 = 12.50,

P \ 0.001; Fig. 5). The values corresponded with the main

local vegetation types in the breeding and wintering

grounds and were similar to the results of Neto et al.

(2006). Lower d13C values from Europe (mean -24.3%)

indicated a C3-dominated biome, while values from

feathers moulted in Africa (mean -14.6%) reflected C4-

dominated foodwebs. This is in agreement with predomi-

nantly grassland habitats occupied by Reed Warblers in

Africa where primary winter quarters encompass the wet

Guinea savannah zone (Dowsett-Lemaire and Dowsett

1987).

The fact that d13C values did not differ significantly

between SW- and SE-migrating Reed Warblers may have

been caused by the zonal distribution of C3 and C4 vege-

tation (Still et al. 2003) and the relatively narrow west–east

belt of Reed Warbler wintering distribution in West and

Central Africa (Urban et al. 1997). In other words, the non-

breeding grounds of SW- and SE-migrating populations

most probably lie in the same isoscape band, with pre-

dominant C4 vegetation around 10�N (Still et al. 2003)

and, therefore, show similar d13C values. Stable C isotope

measurements of feathers have proven to be useful in

several avian migration studies in Africa (Chamberlain

et al. 2000; Evans et al. 2003; Yohannes et al. 2005, 2007).

But again, rather than delimiting the wintering area, d13C

helped to deduce whether the birds moulted their feathers

in a relatively C3 or C4 (xeric or mesic, respectively)

biomes.

Our analyses additionally revealed a remarkably high

variance in both feather d13C and d15N values within

populations. This variance indicates that individual Reed

Warblers from the same population may use very different

habitats during the winter. This may well be so, since Reed

Warblers have been reported from both wet and dry sites in

sub-Saharan Africa (reviewed by Leisler 1981). With

respect to the substantial variation in individual d13C and

d15N values, it would be interesting to explore whether

wintering in dry habitats has fitness consequences for the

Reed Warbler, as has been shown for the American Red-

start Setophaga ruticilla (Norris et al. 2004; Studds and

Marra 2005).

Conclusion

The results of this study show that although ringing

recovery data necessarily contain an inherent bias, they

undoubtedly represent a very useful and spatially accurate

source of information that can be used when studying

migratory connectivity. The results of our stable isotope

analyses are in agreement with the pattern found in

recoveries and clearly demonstrate that much work still

has to be done before we can identify wintering grounds

more precisely. One of the aims of future studies in

Africa should be to compile detailed stable isotope base

maps for different elements, such as those available in

North America (Lott and Smith 2006). Researchers using

stable isotopes to infer the origin of migratory birds

should exploit all additional sources of information, such

as ringing recoveries (Remisiewicz 2002) and remotely

sensed data (Szép and Møller 2006), and combine isotope

tracers with other markers, such as molecular markers

(Clegg et al. 2003; Kelly et al. 2005; Boulet et al. 2006)

and/or trace element profiles (Szép et al. 2003; Donovan

et al. 2006).
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Fig. 5 Scatter plot of d15N and d13C values in feathers supposedly

grown in Africa (diamonds; n = 165, this study) and feathers of first-

year birds grown at 12 European breeding grounds (triangles; n = 90;

Procházka et al., unpublished data)
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Zusammenfassung

Gleich und Gleich gesellt sich gern auch im Winter:

Konnektivität zwischen Brut- und

Überwinterungsgebiet beim Teichrohrsänger

Acrocephalus scirpaceus

Um die Konnektivität im Überwinterungsgebiet beim

Teichrohrsänger (Acrocephalus scirpaceus) zu untersu-

chen, analysierten wir (1) alle zugänglichen Ringfund-

Daten südlich der Sahara und (2) stabile Isotopen im

Winterquartier in Afrika gewachsenen Federn bei Vögeln

von 17 verschiedenen europäischen Brutgebieten über eine

Zugroutenscheide hinweg. Eine Clusteranalyse der Ringf-

unde zeigte eine bemerkenswerte Konnektivität zwischen

Brut- und Überwinterungsgebiet. Zwei Cluster repräsen-

tierten die Populationen, die jeweils eine der zwei

Hauptzugrouten nehmen (Südwest bzw. Südost). Darüber

hinaus bestätigten die Isotopenanalysen die Trennung der

Überwinterungsgebiete der südwest- und der südostzie-

henden Populationen. Höhere d15N-Werte in den Federn

südöstlich ziehender Vögel weisen darauf hin, dass sie in

trockeneren Biomen überwintern. Die Werte für d13C

unterschieden sich nicht signifikant zwischen den Popula-

tionen und waren höher als derjenigen Federn, die im

Brutgebiet gebildet wurden, was auf ein C4-Biom deutete.

Drei Populationen mit unbekannter Zugrichtung konnten

mit Hilfe der d15N-Werte der südöstlichen Zugroute

zugeordnet werden.
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