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Abstract On the basis of correlation analyses between
annual Normalised Difference Vegetation Index (NDVI)
values in Africa and the annual survival rate estimated
for a breeding population of barn swallows Hirundo
rustica from Denmark, we identified potential wintering
and migration areas in South Africa during December—
February and March—-May, when barn swallows
commonly occur in South Africa. During December—
February we identified potential wintering areas only in
the western part of South Africa, in the Karoo. Potential
areas in the central and eastern parts of the country were
only identified during March—May. NDVI values in the
Karoo during March—May explained most of the vari-
ance in annual adult survival rate of the population. The
high ratio of European ringed barn swallows among
controlled individuals in the Karoo was similar to the
ratio that would be expected based on the number of
ringed barn swallows and the population sizes of barn
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swallows in north-western European breeding popula-
tions. The level of this ratio in the Karoo was higher
than in any other locality in the central and eastern parts
of South Africa and Botswana, indicating that ringed
birds from the eastern flyway are absent to a much
smaller extent than ringed birds from the western flyway.
This approach shows that the NDVI and survival
method can focus ringing efforts to regions and areas
that are likely to harbour specific breeding populations,
thereby helping to identify potential wintering and
migration areas for breeding populations of migratory
birds.

Keywords Normalised difference vegetation index
(NDVI) - Ringing - South Africa - Swallow -
Survival - Wintering areas

Introduction

During their lifetimes inter-continental migrating birds
make use of areas separated by great distances, which
may expose them to serious natural and/or direct or
indirect man-made environmental influences (Alerstam
1991; Berthold 1993; Greenberg and Marra 2005). These
environmental factors include increasing perturbation in
regular weather patterns and increasing habitat pertur-
bation (e.g. droughts) in the breeding and wintering
areas. Likewise, the journeys, which may be many
thousands of kilometres long, can be affected by climate
change and large-scale human-induced habitat modifi-
cation, both of which pose significant threats to migra-
tory species (Marchant 1992; Berthold et al. 1998).
There is an increasing imperative to understand how
these species adapt to such environmental conditions,
which are highly unpredictable in space and time, and to
understand physiological, morphological and behavio-
ural strategies that allow such adaptation (Brown et al.
1999; Crick et al. 1999; Sether et al. 2000; Moller and
Szép 2005). While there have been several detailed
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investigations on populations of migrating bird species
in their breeding areas in Europe, for only a very few of
these populations is there substantive information
available on the exact migration routes and wintering
grounds (Webster et al. 2002). Without this knowledge it
is difficult to explore the potential effects of various
environmental factors on migration and the wintering
areas of migrant populations and to investigate the
interactions among conditions at the breeding, migra-
tion and wintering grounds (Marra et al. 1998; Etterson
and Shaw 2001; Saino et al. 2004).

The need to have accurate and abundant informa-
tion — within the very near future —on the migration
and wintering areas of a specific breeding population or
on the migration and breeding area of a specific win-
tering population is becoming increasingly important.
For most migrating species, the traditional, more than
100-year-old bird ringing method has yielded insuffi-
cient data with respect to identifying migration and
wintering areas of specific and intensively studied
breeding populations (Berthold 2001). A typical situa-
tion is the sand martin (Riparia riparia) project in
eastern Hungary (Szép 1995), in which more than
100,000 breeding individuals of colonies along the Tisza
River have been ringed since 1986 — without a single
African recovery or re-trap; consequently, the African
winter quarters (Del Hoyo et al. 2004) of this popula-
tion remains unknown. Although novel radio and sa-
tellite  tracking methods show great promise,
particularly for the study of most of the small migrat-
ing passerine species that form the majority of
migrating birds, the technology will not be applicable
for several years or decades because of the weight and
short lifespan of potential transmitters (Cochran and
Wikelski 2005) and the very high costs involved when
working with appropriate sample sizes.

The acceleration of the adverse effects of climate
change and man-induced habitat destruction in breed-
ing, migration and wintering areas makes it necessary to
develop new methods for identifying migration and
wintering areas of focal breeding populations. Poten-
tially promising new tools are methods based on stable
isotopes and trace element profiles of feathers moulted
in the wintering or breeding areas (Rubinstein and
Hobson 2004). In order to use these methods to identify
moulting areas, both in the breeding and in the migra-
tion/wintering areas, it is essential to carry out large-
scale, systematic sampling across whole continents for
the specific species for which the migration maps are
required (Hobson 2005). However, the spatial resolution
of these methods can vary greatly among areas (T. Szép
et al. in preparation). Promising results have been ob-
tained using these techniques in North America and
Europe for some species (Szép et al. 2003; Hobson
2005), but the cost of these methods when used alone in
attempts to identify migration, wintering and breeding
areas are extremely prohibitive. It is more likely that
such methods could work much more efficiently as
hypothesis-testing techniques — if we could first obtain

information on potential migration and wintering areas
using other techniques.

A novel Normalised Difference Vegetation Index
(NDVI) and survival method (Szép and Magller 2005)
that is based on the close positive relationship between
annual habitat condition of the migration/wintering
areas [measured from NDVI satellite pictures (Pettorelli
et al. 2005)] and annual survival rate measured in the
breeding area of a specific breeding population is one
such tool. This method shows great promise for pro-
viding useful information about the location of potential
migration and wintering areas as well as the environ-
mental conditions in these areas. Several investigations
of long-distance migrating species, from the small sand
martin to the large white stork (Ciconia ciconia) (Meller
1989; Kanyamibwa et al. 1990; Peach et al. 1991; Szép
1995), have shown that the estimated annual survival
rate has a significant positive correlation with the
amount of rainfall in the migrating/wintering areas and
that the survival rate can be effectively modelled using
these values. The aforementioned studies used rainfall
data from specific areas of Africa; however, the NDVI
and survival method uses NDVI satellite images that
provide quantitative data on the condition of the vege-
tation (Pettorelli et al. 2005) for the entire African
continent with a high spatial (approx. 8x8 km) and
temporal (10-day periods) resolution. These images are
available for all years from 1981. The close relationship
between habitat condition and survival has allowed us to
investigate potential areas of Africa, and potential time
periods that produce covariation between annual chan-
ges in habitat condition and annual survival rate esti-
mates of the study population. Areas with a high
positive correlation between habitat condition and sur-
vival rate can be regarded as being potential candidates
for migrating or wintering areas of the study population.
Such satellite-based data provide a unique opportunity
to produce correlation maps that shows regions within
the African continent for the given period of the year
where the annual condition of the vegetation is statisti-
cally significantly correlated with the survival rate. These
regions can be regarded as potential migration and
wintering areas among which the true migration and
wintering areas having a high impact on survival are
likely to occur. Due to the large number of areas con-
sidered during a correlation study, several areas could
show high correlations without a biologically relevant
connection to the studied populations, thereby under-
lining the importance of testing the method in the field.

In the investigation reported here, we used the cap-
ture-recapture data collected during the long-term barn
swallow (Hirundo rustica) project in Denmark (Moller
1994) to identify potential migrating and wintering areas
of this population in South Africa, which we subse-
quently identified using the NDVI and survival method
(Szép and Moller 2005). We carried out field surveys and
bird ringing in the predicted wintering areas and in the
control areas in South Africa where European barn
swallows winter. Our aim was to test the validity of the



predictions of this new method with respect to identi-
fying migration and wintering areas in South Africa by
using existing data and our own field data collected from
2003 to 2004.

Methods
Estimation of survival rate

Annual survival rate was estimated from capture-re-
capture data of 1193 adult male and 1270 adult female
barn swallows that had been ringed and recaptured by
A.P. Moller in a study area of approximately 45 km? at
Kraghede (57°12’N, 10°00°E), Denmark, from 1984 to
2003 (see Moller, 1994 for details). The Danish study
population returns from spring migration in the period
spanning April-June and departs on its autumn migra-
tion in the period August—October. Wintering takes
place in Africa south of the Sahara, with the Danish
study population wintering in southern Africa (Moller
1994). Wintering birds are nomadic, following seasonal
rains that give rise to the appearance of swarming ter-
mites and other insects (Cramp 1988), although, based
on ringing data, the great majority (>85%) of barn
swallows tend to remain within an approximate 100-km
radius of the roost during single and subsequent win-
tering seasons (Oatley 2000). None of the ringed birds
from the Danish focal breeding population has yet to
be recaptured during the winter in Africa. We
estimated adult annual survival rates using capture-
mark-recapture methods (Lebreton et al. 1992). The
goodness-of-fit of the general Cormack-Jolly-Seber
model (Clobert and Lebreton 1987) to the data was
calculated using the programme RELEASE (Burnham et al.
1987) and the bootstrap function of the program
MARK (White and Burnham 1999). Modelling and the
estimation of survival and recapture rates were made
with MARK (White and Burnham 1999). Model selection
among studied models was based on Akaike’s Infor-
mation Criterion by selecting the model with the lowest
AICc value (Anderson et al. 1994). The Akaike weight
(Anderson and Burnham 1999) and likelihood ratio tests
were used for comparing a given model with others
within which it was nested (Lebreton et al. 1992).

Estimating environmental conditions in Africa

We estimated environmental conditions during migra-
tion and in the African winter quarters of the barn
swallow using the NDVI, which is based on satellite
images indicating the condition of rainfall-dependent
vegetation in space and time (Prince and Justice 1991).
NDVI provides an estimate of the amount and vigour of
vegetation on the Earth’s surface and is directly related
to the level of photosynthetic activity (Prince and Justice
1991). The NDVI index is likely to reflect the abundance
of insects because insects depend on plant productivity.
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This is particularly likely to be the case for species like
the barn swallow that rely on swarming insects such as
termites in Africa as such insects become active in direct
response to precipitation. NDVI has been used as an
indicator of relative biomass and greenness of the veg-
etation (Pettorelli et al. 2005), precipitation (Schmidt
and Karnieli 2000) and quantity and quality of bird
habitats (Wallin et al. 1992). NDVI data are available at
USGS-EROS Fews-Net for the entire African continent
(http://www. igskmncnwb015.cr.usgs.gov/adds/), and
these images have been calibrated for inter-sensor and
intra-sensor degradation for 1982-2004 (Tucker et al.
2006).

NDVI data are available for each pixel that covers an
area 8x8 km (i.e. 64 km?). The values are subsequently
averaged to obtain a mean estimate for each grid cell of
0.25° latitude by 0.25° longitude. This was done for each
period of the annual cycle of the barn swallow in Africa
(autumn: September—November; winter: December—
February; spring: March—May) using winpisp v4.0 soft-
ware (http://www.fao.org/WAICENT /faoinfo/economic/
giews/english/windisp/windisp.htm). We calculated
NDVI data for grid cells for which at least 30% of the
pixels had valid data. We only included grid cells in the
analyses if there were NDVI data available for each year
for which we had survival estimates (1984-2003). This
criterion resulted in the exclusion of 15% of the
approximate 46,000 grid cells in Africa because of cloud-
cover and water surface.

Identifying potential migration and wintering areas

Areas were identified using the Spearman rank correla-
tion coefficient between the time series of survival esti-
mates and the time series of NDVI data for each grid cell
(Szép and Moller 2005). For each of the three periods
(autumn, winter and spring) we identified grid cells that
had a positive correlation between the estimate of an-
nual survival and the NDVI exceeding a critical
threshold, r>0.5. We only investigated positive correla-
tions because migratory birds have populations that are
regulated outside of the breeding season (see Discussion
in Szép and Moller 2005). Large numbers of positive
correlations between survival and NDVI are unlikely to
occur in neighbouring squares by chance, and we con-
sidered potential areas that were formed from at least
four neighbouring 0.25°x0.25° grid cells, where the
correlation, between survival and NDVI values in the
given grid cell(s) was greater than or equal to 0.5 (Szép
and Mpller 2005).

Field survey and ringing in South Africa

During two 3-week periods in January—February 2003
and 2004, we carried out intensive surveys across South
Africa by visiting the potential wintering areas in the
western part of South Africa, located in the Karoo
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(northern Cape region), identified by the NDVI and
survival method. We also visited other well-known barn
swallow wintering areas [central part (Bloemfontein),
eastern part (Durban and Pietermaritzburg) and north-
eastern part (Middleburg and Johannesburg) of South
Africa] which had not been selected; ringing teams
commonly band barn swallows at roosts at these latter
locations. In addition to observing barn swallows in
these areas, we carried out bird ringing, mainly at roosts
but occasionally at foraging sites [the Karoo in 2003—
2004, at Meltonwald (Loxton)], and we checked for dead
birds and counted the numbers of barn swallows on
telephone wires with and without rings in the Karoo in
2004. This was done with the permission of the local
nature conservation authority (permit: ODB 2159/2004).
In the focal region of the Karoo, we ringed and
checked barn swallows for European rings at the fol-
lowing times and locations: (1) 2003: Tanqua Dam
(32°23’S, 19°52’E), Saaiplais (32°53’S, 20°37’E), Mer-
weville (32°31’S, 21°13’E); 2004: Meltonwold (Loxton)
(31°27’S, 22°45’E), 10-km radius area NE direction from
Fraserburg (31°45’S, 21°40” E); 10-km radius area at
Vosburg (30°45’S, 22°47’E); 5-km radius area SW
direction from Griquatown (29°06’S, 23°09’E). We rin-
ged birds at other control sites at Creigthon in 2004
(29°58’S, 29°49’E) and Durban in 2003 and 2004
(29°38’S, 31°05’E) and worked together with ringing
teams in Bloemfontein (2003 and 2004) (Nuttall 2003),
Pietermaritzburg (2003), Middleburg (2003) (van den
Brink 2003), Cape Town (2003) and Johannesburg
(2003). In 2003, we were able to catch and ring only 20
swallows in the surveyed part of the Karoo without
recaptures of any European ringed individuals.

Population and ringing data

We used the BirdLife/EBCC (2004) data for estimating
the size of the breeding barn swallow population for
European countries. As an estimate of the population
size we used the mid-point between the minimum and
maximum values of the population sizes.

The number of ringed barn swallows in the countries
was estimated from the mean annual ringing totals for
2003 and 2004, where data were available from pub-
lished ringing reports (Spina 1998, 2001; Clark et al.
2004, 2005; Anon 2005; Mokwa 2005; Roggeman and
Vangeluwe 2005), via the ringing centres (Estonia,
Lithuania, Russia) or from the official WWW sites
(Swedish annual report: http://www2.nrm.se/rc/ring-
sume.html;  Finnish  swallow  project:  http://
www.fmnh.helsinki.fi/english/zoology/ringing/research/
swallow.htm; Dutch Swallow Project 2004: http://
www.nioo.knaw.nl/projects/boerenzwaluw/sitehtm/
esp2004.htm). We used the ringing data from the last
year of publication if information for 2003 and/or 2004
was unavailable. In the case of Belarus, we estimated the
number of ringed birds by assuming similar values as for
Ukraine and Russia (i.e. 500 barn swallows per year).

Results
Survival rate

The basic Cormack-Jolly-Seber model (@x(, Pg+) did not
provide an adequate fit to the data (y>=71.842, df =33,
2 <0.001; RELEASE). The main reason for the lack of fit
was the different capture probabilities of newly ringed
and previously ringed adults that were significantly dif-
ferent both for males (3° =32.012, df=18, p=0.022) and
females (;*=39.829, df=15, p<0.001).

This lack of fit is symptomatic of the different sur-
vival rates of newly ringed birds (first breeders) and
previously ringed birds (older breeders). As a starting
general model, we considered the @mal*ma2*fal*-
fa2*t, Ps*t model, with survival rates differing among
newly ringed males (mal), previously ringed males
(ma2), newly ringed females (fal) and previously ringed
females (fa2), the addition of an interaction term (*) for
time (t) and a recapture rate differing between the sexes
and varying with time (s*t). This starting general model
fitted the data as measured by the bootstrap goodness-
of-fit test (MARK programme, p =0.59; 1000 repetitions).
The over-dispersion value (c-hat) was slightly less than 1
(c-hat=0.951), and so a c-hat=1 value was used for
model selection.

During model selection, we found that in the
®dmal +fal + ma2fa2 +t, P. model, the survival rate
differed among first-time breeding males (mal) and first-
time breeding females (fal), being the lowest for first-
time breeding females and males and the highest for
older breeders (ma2fa2) with a positive correlation with
time, while the recapture rate was constant over the
study period. This model had the lowest AICc value of
all the models studied. We then used this model for
modelling the survival rate as a function of NDVI values
for wintering and migration areas.

Potential migration and wintering areas in South Africa

In the search for potential wintering and migration areas
we used the estimated survival rates of the newly ringed,
first-time breeding males (mal) based on the ®mal +
fal + ma2fa2 +t, P. model for calculating correlations
between survival rates and NDVI values of various grid
cells across Africa. The survival rate of each group
varied in parallel over the study period, and as the
structure of the selected model shows, the survival rate
of each group had the same level and direction of annual
variation; consequently, we considered the survival rate
of first-time breeding males (mal) to be appropriate for
the NDVI investigation.

We did not find any potential areas in South Africa
for the autumn migration period (September—Novem-
ber) (Fig. 1a); i.e. there were no clusters of grid cells with
significant correlations (i.e. p>0.5).With respect to the
wintering period (December—February), there were



seven potential areas in South Africa, all in the western
part of the country, mainly in the Karoo (Fig. 1b).
Among these areas there was one large area in the cen-
tral Karoo (Fig. 1b). For the spring migration (March—
May), we found 11 potential areas both in western and
eastern South Africa (Fig. 1c). Among these areas were
two large ones: one along the eastern cost of South
Africa and one in the southern part of the Karoo.

When we considered the NDVI values of the seven
areas during the winter migration and the 11 areas
during the spring migration to be factors influencing
survival rate as the dependent variable, the stepwise
regression analysis selected one area in the Karoo during
the spring migration (March—May) for which the annual
changes of NDVI were significantly related to the esti-
mated survival rate (p=0.005). This model accounted
for 38% of the variance.

Suggested wintering area and existing recovery
and recapture data

With respect to the Danish barn swallow population,
there were 28 recoveries (i.e. birds found dead) and
recaptures (i.e. birds checked alive and re-released) of
individuals that had been ringed in Denmark (data from
the EURING Databank Fig. 2). All five Danish recov-
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eries in South Africa were found in the central and the
eastern part of the country, and none of these were
found in the Karoo region. The most western recoveries
of Danish barn swallows were from Kimberley.

Ratio of European ringed barn swallows in focal
and control areas

The ringing and controlling of barn swallows in the
suggested wintering area of the Karoo during January
2004 yielded a 1.1% ratio of European ringed swallows
among the controlled birds (Table 1). Of the Europeans
ringed swallows found in the Karoo, three British, one
Dutch and one Norwegian barn swallow had been rin-
ged during the summer roosts, while three other barn
swallows had been ringed during the autumn migration
in Spain. The identification of the recovered and con-
trolled barn swallows suggests the presence of breeding
populations that mainly use the western flyway and of
the north-western European breeding populations to
which the Danish population belongs (Fig. 2).

The ratio of European ringed barn swallows among
ringed birds in other parts of South Africa was much
lower. In Bloemfontein, where the most intensive and
regular ringing of barn swallows has taken place
since 1999 (Nuttall 2003), the mean recapture rate of
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Fig. 2 Sites of recoveries and recaptures of barn swallows in Africa
that had been ringed or recaptured in Denmark (black dots). Lines
connect the ringing and recapture localities of the eight recaptured
barn swallows found in the Karoo in 2004

European ringed barn swallows was 0.45% (SD: 0.237,
n=6 years) when all data were considered. However this
value was lower — 0.35% and had a lower variance
(SD=0.136, n=6) — when only birds ringed in areas

belonging to the western flyway were included (i.e. rin-
ged birds from Finland and Poland excluded). In 2004 in
Bloemfontein, this value was 0.57%; however, only
recaptures from the western flyway areas were recorded
(Table 2). Intense ringing at a large barn swallow roost
in Middleburg (much further to the east) during 2003,
organised by Herman and Zephné Bernitz (van den
Brink 2003), showed a 0.55% recapture rate when all
recapture data were considered, although this value is
lower, i.e. 0.26%, when only recaptures from the western
flyway were considered (four Finnish-ringed birds ex-
cluded). van den Brink (2003) ringed intensively in
Botswana at two large barn swallow roosts during 2003
and had a recapture rate of 0.36% from all European
ringed barn swallows, although when only data from the
western flyway were considered [i.e. excluding birds
ringed in Finland (5), Estonia (1), Lithuania (1), Hun-
gary (1) and Israel (1)], this value was only 0.13%.

Ratio of ringed barn swallows and population
size in Europe

On the basis of the estimated ratio of ringed barn
swallows in various European countries, which are the
locations from where the majority of the barn swallows
found in South Africa originate (Oatley 2000), the use of
the western and eastern flyways is clearly identifiable
(Table 2). We can therefore expect that the probability
of recapturing a European ringed barn swallow in South
Africa is the highest for barn swallows that breed in
north-western Europe and use the western flyway,
mainly to South Africa. Most barn swallows from this
region probably use the western flyway through Spain in
both autumn and spring, where the intensive ringing of
barn swallows (e.g. 33,700 adults in 2002, Pinilla et al.
2003) mainly at roosts increases the chances of recap-
turing European ringed barn swallows in South Africa.

The ratio of ringed barn swallows is expected to be
much lower in countries from where the majority of
individuals use the eastern flyway; the exception being
Finland where an intensive ringing of barn swallows,
within the framework of the EURING Swallow project

Table 1 Number of European ringed barn swallows and number of controlled barn swallows at the studied sites in 2003 and 2004

Sites Recaptured Number of controlled Ratio of recaptured
individual®s individuals birds (%)
Karoo 2004 8 763 1.1
Meltonwold 2004 (31° 27" S, 22° 45" E) 4 (2 UK, 2 SP) 462 0.87
Fraserburg area 2004° (31°45" S, 21°40’E) 1 (SP) 100 1.0
Vosburg area 2004° (30°45’S, 22°47'E) 2 (1 UK, 1 N) 101 1.98
Griquatown area 2004° (29°06S, 23°09’E) 1 (NL) 100 1.0
Bloemfontein 2004 (29°03’S, 26°25'E) 2(1 N, 1SP) 350 0.57
Creigthon 2004 (29°58’S, 29°49°E) 0 44 0
Durban 2004 (29°38’S, 31°05’E) 0 88 0
Durban 2003 (29°38’S, 31°05’E) 0 98 0

YUK, United Kingdom; SP, Spain; N, Norway; NL, the Netherlands

Barn swallows were controlled by visual observation for rings on the leg and by collecting dead individuals at the same location
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Table 2 Estimated population size?, number of annually ringed barn swallows and ratio of ringed birds® in European countries where the
majority of the breeding barn swallow populations use mainly the western or eastern flyway and winter in South Africa

Country Population size (mean) Number of ringed swallow/year® Ratio of ringed swallow (%) Period?
Belgium 50,000 23,000 11.5 2003
Denmark 225,000 4,300 0.48 2004
Netherlands 150,000 11,400 1.9 2003-2004
Norway 45,000 10,000 5.56 1997
Sweden 225,000 1,500 0.17 2003

UK 726,000 39,800 1.37 2003-2004
Western flyway 1,421,000 90,000 1.58

Belarus 1,250,000 500 0.01 Estimated
Estonia 200,000 1,300 0.16 2003-2004
Finland 155,000 20,000 3.23 2003-2004
Latvia 296,000 600 0.05 1999
Lithuania 225,000 2,400 0.27 2003-2004
Poland 2,250,000 11,500 0.13 2003-2004
Ukraine 1,085,000 500 0.01 1999
Russia 4,750,000 500 0.003 2003-2004
Eastern flyway 10,211,000 37,300 0.09

“Mean population size calculated on the base of minimum and maximum population size estimates of BirdLife/EBCC (2004)
Ratio of ringed birds was calculated by dividing the number of ringed barn swallows by the population size multiplied by 4 (one pair: two

adults + two juveniles)
‘Number of ringed birds rounded to hundreds

dPeriod refers to year(s) for which ringing data were available for a given country. In the case of Belarus, we considered a similar number

of ringings as in Russia and Ukraine

(Saurola 2001), has yielded a high recapture ratio
(Table 2).

The ratio of European ringed barn swallows among
the controlled barn swallows in the focal Karoo region
in 2004 was at a level that would be expected on the
basis of the number of ringed barn swallows and the
sizes of the breeding barn swallow populations in north-
western Europe (Table 2).

Discussion

On the basis of the correlation analysis between annual
NDVI values and annual survival rate estimates (Szép
and Moller 2005) estimated for a specific breeding barn
swallow population in Denmark, we have identified po-
tential wintering areas in South Africa. We were not able
to find any potential areas for the autumn migration
(September—November) when the majority of barn
swallows could migrate toward South Africa, but iden-
tified only areas in the relevant periods of the year
(December—February and March—-May) when barn
swallows stay in South Africa (Harrison et al. 1997). This
result indicates that the NDVI and survival method (Szép
and Moller 2005) may provide useful insights into the
timing and use of the identified potential wintering areas.

During December—February, when the majority of
barn swallows are moulting in Southern Africa (van den
Brink et al. 2000) and the level of movement is likely be
at its lowest, we identified potential wintering areas for
the Danish population only in the western part of South
Africa, with the largest continuous area being in the
Karoo (northern Cape). We did not find any potential
areas in the central or eastern part of South Africa for

this period. The atlas of southern African birds (Harri-
son et al. 1997) indicates that the identified region is used
by wintering barn swallows, although the density of
barn swallows here is lower than in the central and
eastern parts of the country. Our field survey showed the
density of the barn swallows in the identified area of the
Karoo was lower than in the central and eastern parts of
the country. We identified potential areas in the central
and eastern parts of the country only during March—
May, which covers the end of the moulting and the
beginning of the spring migration of the barn swallow.
When we took all of the identified areas in South Africa
into consideration, we found that the area in the Karoo
during March—May explained most of the variance in
survival rate of the studied Danish breeding population.

It initially appears to be contradictory that areas in
the central and eastern parts of South Africa, from
where all Danish recoveries came from, should not play
a primary role in wintering for this population. How-
ever, the ringing of barn swallows in South Africa is
highly biased towards the central and eastern parts of
the country, potentially leading to a biased distribution
of recaptures and recoveries of European-ringed barn
swallows. Because of the larger breeding populations
and the smaller number of ringed barn swallows in the
countries contributing to the eastern flyway than in the
countries contributing to the western flyway, the number
of recoveries could also be biased. During our field
survey in the Karoo, we found that the barn swallow
forms small roosts, rarely numbering more than 1000
individuals. It is difficult to find such small roosts, which
are far apart and probably highly variable in time and
space. Therefore, it is likely to be problematic to ring
barn swallows in the Karoo compared to other regions
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in the central and eastern parts of the country, where
larger, less temporally variable roosts are common and
where there are more ringers. This could explain why
there was no relevant barn swallow ringing in the iden-
tified Karoo region before the present investigation.

The high ratio of European ringed barn swallows
among the controlled individuals in the Karoo region is
similar to the ratio that would be expected on the basis
of ringed barn swallows and the population sizes of barn
swallows of the north-western European breeding pop-
ulation to which the Danish population belongs. The
level of this ratio in the Karoo is higher than that found
at any other locality in the central and eastern parts of
South Africa and Botswana during the same years,
indicating the much lower influence of admixture of
unringed barn swallows from the eastern flyway. This
result is consistent with the identified area in the Karoo
being important to the Danish population.

The data provided by the long-term study of barn
swallows in Denmark (Meller 1994) could assist us in
exploring the wintering area, not only for the focal
population but also on a larger scale in nearby regions in
Europe. In our case, the origin of recaptures and
recoveries of European ringed birds in the Karoo shows
that the identified wintering area could be important to
barn swallow breeding populations in north-western
Europe (e.g. UK, the Netherlands, Norway, Sweden and
Denmark). Further studies on connectivity could help in
identifying the scale at which we can expect similarities
in migration and wintering areas among breeding pop-
ulations.

The present validation study of the NDVI and sur-
vival method (Szép and Mpller 2005) in South Africa
has shown that this method can help identify potential
wintering and migration areas for breeding populations
and the timing of use of such areas. The area where the
majority of the focal Danish breeding population win-
ters can be among those areas with a high positive cor-
relation between NDVI values and survival rates. The
predictions formulated using this method with respect to
the location of these potential wintering areas may be
give the opportunity to be tested directly using field
surveys, ringing and stable isotope and trace element
analysis. The NDVI and survival method can help focus
ringing effort to regions and areas that have much
greater impact on the survival of specific breeding pop-
ulations than earlier studies have allowed.

Zusammenfassung

Auf der Suche nach méglichen Uberwinterungs- und
Zuggebieten einer didnischen Rauschwalbenpopulation
in Siidafrika durch Korrelation von NDVI und
Uberlebensraten

Mithilfe einer Korrelationsanalyse von jihrlichen
NDVI-Werten (von  Satellitenbildern  abgeleitete
Vegetationsdichteindices) aus Afrika und der jdhrlich

geschitzten Uberlebensrate einer dédnischen Rauch-
schwalbenpopulation (Hirundo rustica), haben wir
mogliche Uberwinterungs- und Zuggebiete dieser
Population in Stidafrika zwischen Dezember und Februar
bzw. Mirz und Mai identifiziert. Von Dezember bis
Februar fanden wir mogliche Uberwinterungsgebiete nur
im westlichen Teil von Siidafrika, in der Gegend Karoo.
Mogliche Gebiete in den zentralen und Ostlichen Teilen
des Landes wurden nur zwischen Méarz und Mai identifi-
ziert. Die NDVI-Werte von Mirz bis Mai aus Karoo
erkldrten einen GroBteil der jéhrlichen Variation in der
Uberlebensrate adulter Vogel der diinischen Population.
Der hohe Anteil der in Europa beringten Rauchschwalben
unter den in Karoo kontrollierten Individuen &hnelt dem
Verhiltnis von der Zahl beringter Rauchschwalben zur
geschitzten GroBe der NW-europdischen Brutpopulation.
Der Anteil ist in Karoo hoher als in jedem anderen Gebiet
der zentralen und ostlichen Teile von Siidafrika und
Botswana, was darauf hindeutet, dass Rauchschwalben
der 6stlichen Zugroute gegeniiber denen der westlichen
Zugroute in der Beringung unterreprisentiert sind und
dort fehlen. Dieser Ansatz zeigt, dass die NDVI- und
Uberlebensmethode dazubeitragen konnen, den Berin-
gungsaufwand auf bestimmte Regionen und Gebiete, die
spezifische Brutpopulationen beherbergen konnen, zu
fokussieren, indem sie hilft mogliche Uberwinterungs- und
Zugareale von Zugvogelpopulationen zu identifizieren.
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