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Abstract. Ecological conditions on wintering quarters strongly influence the survival of long-distance migrant 
species. These conditions can be well approximated using the Normalized Difference Vegetation Indices 
(NDVI) of the respective areas. With the classic capture-recapture method the African wintering quarters of 
small passerines is very hard to identify. The linkage between NDVI data and survival is an alternative 
possibility to study migratory connectivity. The calculation of survival rates needs a large quantity of 
capture-recapture data and presumes the use of complicate models. In this paper we have experimented with 
a simple survival index and study the wintering areas of a long-distance trans-Saharan migrant passerine, 
Marsh Warblers (Acrocephalus palustris). We have calculated the survival index for each year from the ratio of 
the total number of adult and juvenile birds ringed during the previous and the following autumn migration. 
We used Spearman rank correlations between the time-series of survival indices and NDVI values for each 
8x8 km square of the African continent. We illustrated our results (Spearman R values) on the map of Africa. 
We then compared our result with the accumulated knowledge about Marsh Warblers passage and wintering 
areas in Africa. Our resulted stopover sites and wintering areas have broadly overlapped with areas known 
from ringing-recapture data. As final conclusion we consider that this method proved to be successful for 
investigating wintering quarters and intra-continental migrations of different species. This method can be 
expanded on other species with unknown wintering areas. 
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Introduction 
 
The rapid technical development of computing 
technology recently have made possible the wide-
spread use of analytical methods based on remote 
sensing. In ecology the most expansively used 
dataset is the NDVI - Normalized Difference Vege-
tation Index (Pettorelli et al. 2005). The NDVI is 
based on the fact that the mesophyll of leafs scat-
ters near-infrared and chlorophyll absorbs red 
light. The index is calculated from the amount of 
absorbed and reflected red : near-infrared ratio. 
The NDVI index is basically an expression of pri-
mary production, which especially in arid and 
semi-arid habitats strongly correlates with rainfall.  

NDVI is generally used in bird studies, as a 
describer of the ecological conditions through its 
strong correlation with net primary production 
(NPP) (Phillips et al. 2008, Xu et al. 2012) it ex-
presses food abundance for herbivorous but also 
for insectivorous birds (eg. Marsh Warblers) 
(Eraud et al. 2009, Zhang et al. 2011, Trierweiler et 
al. 2013). In bird research it is used to study global 
change and species area expansions (Liu et al. 
2013); habitat structure (Goetz et al. 2007, Helmer 
et al. 2010, Illera et al. 2010); habitats, diversity and 

species distribution (Hawkins 2004, Laurent et al. 
2005, Debinski et al. 2006, Goetz et al. 2007, 
Bradley & Fleishman 2008, Nally et al. 2008, Tian 
et al. 2008, Hugo & Rensburg 2009, Carpenter et al. 
2010, Tirpak & Giuliano 2010, Vallecillo et al. 
2010); avian influenza (Tran et al. 2010); climate 
change and fitness (Sanz et al. 2003); and bird di-
versity (Oindo et al. 2000, Saveraid et al. 2001, 
Seoane et al. 2004, Bonn & Gaston 2005, Ding et al. 
2006, Evans et al. 2006, Koh et al. 2006, McPherson 
et al. 2006, St-Louis et al. 2006, Lin et al. 2008, 
Phillips et al. 2008, Coops et al. 2009, Schrag et al. 
2009, Ranganathan et al. 2010, Swatantran et al. 
2012). 

In the last decades the populations of long-
distance Afro-Palearctic migrants have shown an 
alarming declining trend (Vickery et al. 2014). 
Therefore it is essential to study the complete life-
cycle of these birds to create their effective protec-
tion. In the Palearctic-African migration system, 
the ecology of migratory birds is much better un-
derstood on their breeding grounds. Pertinent 
knowledge to their migration routes and winter-
ing quarters is scarce, in many species about these 
areas, the data is alarmingly little. Although win-
tering areas of species is more or less known due 
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to presence-absence data (ringing and field obser-
vations) from various areas of the continent 
(Cramp & Brooks 1992), the geographic distribu-
tion of different breeding populations among 
these areas mainly is still unknown. In the interest 
of efficient protection, knowledge with more exact 
certainty about the wintering quarters of any dis-
tinct populations is needed, if there is any pattern 
at all.  

Gordo (2007) offers a review of weather and 
climate effects on avian migratory phenology and 
highlights the importance of remote sensing in the 
research of migration and wintering. In several 
studies it has been shown, that the climatic and 
ecological conditions (NPP) in the wintering quar-
ters have a great impact on the birds’ body condi-
tion (Studds & Marra 2007, Balbontín et al. 2012) 
and therefore on wintering bird survival (Schaub 
et al. 2005, Eraud et al. 2009, Grande et al. 2009, 
Mihoub et al. 2010).  

Wintering and en route conditions also influ-
ence the phenology of spring migration (Møller 
2004); spring arrival (Saino et al. 2004b, Saino et al. 
2007, Gordo & Sanz 2008, Tøttrup et al. 2008, 
Balbontín et al. 2009b, Tøttrup et al. 2010, Robson 
& Barriocanal 2011, Kristensen et al. 2013); the on-
set of singing (Gordo et al. 2008); sexual selection 
(Reudink et al. 2009); timing of breeding (Both et 
al. 2006); clutch size and reproductive success 
(Saino et al. 2004a, Schaub et al. 2011), abundance 
on breeding grounds (Wilson et al. 2011) and sur-
vival (Sillett et al. 2000, Sillett & Holmes 2002). Re-
source availability also determines the limits of 
migration in non-breeding season (Renfrew et al. 
2013) and dispersal within breeding areas 
(Balbontín et al. 2009a).  

As we have seen above, there is strong connec-
tivity and carry over effects across continents, 
hereby ecological conditions on wintering quarters 
influence population trends of many long-distance 
migrants on their breeding grounds (Norris 2005, 
Ockendon et al. 2014). For this reason and the con-
servation of these species, it is essential to study 
their ecology in non-breeding season and their 
wintering quarters. The study is important be-
cause among Old World long-distance migrants, 
the groups most affected by population decline are 
the trans-Saharan migrants wintering in the Sahel 
and savannahs of sub-Saharan Africa (Berthold et 
al. 2003, Newton 2007, Zwarts et al. 2009, Bairlein 
2011, Vickery et al. 2014).  

Despite strong ringing efforts in Europe there 
are few recoveries in Africa, so by the traditional 

ringing-recapture method there is very little in-
formation accumulated about wintering areas of 
different species. For example from all (35197 
specimens) of the Marsh Warblers ringed in Hun-
gary only one was recaptured in Africa (Kenya) 
(Csörgő & Gyurácz 2009). Hence new methods are 
needed to efficiently identify and study wintering 
areas of long-distance migrants (Szép et al. 2006). 
Thanks to rapid technical evolution, the use of ge-
olocators and GPS tags is becoming more wide-
spread, but there still are technical and financial 
limitations. Therefore newer, and less expensive 
methods which can cover large areas and analyze 
a large amount of data still need to be developed. 
Because of the strong correlations with survival a 
very promising candidate is the NDVI. 

In most bird studies where wintering is inves-
tigated by remote sensing the wintering quarters 
or the exact location of the birds are known be-
cause they were tagged with GPS transmitters 
(Meyburg et al. 2010, Zhang et al. 2011, Trierweiler 
et al. 2013). However, there are just a few attempts 
to identify/predict wintering areas based on the 
correlation between NDVI and population indices. 
Those attempts linked remote sensing data to 
population abundance indices (Ambrosini et al. 
2011); to presence-absence data (Buchanan et al. 
2011). 

Møller and Szép (2005), respectively Szép et al. 
(2006) searched for potential wintering areas of 
Barn Swallow (Hirundo rustica) using Spearman 
rank correlation between time series of survival 
estimates and time series for NDVI values for Af-
rica. Annual survival rates were estimated from 
capture-recapture data.Since in many cases there 
are not enough capture-recapture data that make 
possible the use of a good model to estimate sur-
vival, there is need for a simpler solution.  

In this paper we test a similar but (as far as we 
know) novel method to search for putative winter-
ing areas. Because according to our knowledge no 
one has tried this before, we are testing this 
method on a species whose wintering quarter is 
more well known compared to other species. 

The study of this species becomes more inter-
esting if we consider that although the whole 
European population is stable (BirdLife 2015), the 
north-western populations which pass through 
the Carpathian Basin show various trends: popu-
lations in Denmark, Belgium, Netherland are sta-
ble, in Norway slightly increasing, but those in 
Sweden, Germany and France are declining 
(Birdlife 2004). Therefore this study could have  
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conservation implications as well. 
Our main objective is to test the suitability of a 

simple survival index calculated from autumn mi-
gration ringing data for searching/studying win-
tering areas using remote sensing datasets. The 
leading idea of these calculations is that if survival 
in the wintering period has a major role in annual 
survival, then the fluctuation of annual survival 
indices will follow the year-to year fluctuation of 
NPP (NDVI values) on wintering quarters in the 
period when the studied species is present. 
 
 
Materials and methods 
 
Bird data 
In our studies we analyzed the data of 1222 adult (annual 
mean: 49.42; SD: 26.07) and 3078 juvenile (annual mean: 
125.21; SD: 77.74) Marsh Warblers (Acrocephalus palustris) 
ringed between 1984-2008 in Duna-Ipoly National Park - 
Ócsa Landscape Protected Area (N47, 294805; 
E19.206266). This study area is a Ramsar Site (no. 418) 
about 30 km south of Budapest (Hungary). It is a 3600 ha 
wetland, a postglacial relict of a former Danube bed with 
very diverse vegetation (from reed beds with open water 
surface to closed forest) caused by human activities (agri-
culture, peat mining), primer- and secondary succession. 
The birds were captured with 70 Japanese-type (length: 
12m, height: 2.5m, shelves: 5, mesh: 16mm) mist nets, 
placed in different vegetation types, by standardized 
conditions. Birds are trapped from 10th of July until the 
end of October every year, covering the whole migration 
of these species. The age of every individual is deter-
mined, birds are measured and weighed. Marsh Warblers 
are early migrants: adults depart in second half of July, 
beginning of August (Cramp & Brooks 1992, Csörgő & 
Gyurácz 2009). The majority of ringed birds are migrants, 
but we cannot separate them from local breeders under-
going postjuvenile/postnuptial dispersal.  

We have calculated an annual survival index from 
the total number of adult and juvenile birds ringed dur-
ing the previous and the following autumn migration in 
this formula: 

Si= Nad(T) / (Nad(T-1) + Njuv(T-1)) 
where: Si - survival index; Nad(T) – total number of 

adult birds in a year; Nad(T-1) – total number of adults in 
the year before; Njuv(T-1) – total number of juveniles in the 
year before.  

The idea behind this survival index is that adults in a 
given year are the survivors from the total number of 
birds (adults and juveniles together) from previous year. 
The ratio of these two numbers can be treated as a rough 
estimate of apparent annual survival of the studied popu-
lations (mean: 0.398; SD: 0.361). We developed this index 
because in our database there are not enough ringing-
recovery data to calculate annual survival rates for age 
classes with mark-recapture methods. Although breeding 
site fidelity of Marsh Warblers is relatively high (10-57%), 
return rate to natal areas is lower (Dowsett-Lemaire 1978).  

Table 1. Annual capture numbers means and standard 
deviations for adult Marsh Warblers (mean and SD re-
fers to adults included in calculations, caught between 
1985-2008); for juveniles (mean and SD refers to juve-
niles included in calculations, caught between 1984-
2007); and for the calculated Survival indices (Si= Nad(T) 

/ (Nad(T-1) + Njuv(T-1)), where Nad(T) is the number of adult 
birds caught in the given year, whereas Nad(T-1) and 
Njuv(T-1) are the number of adults and juveniles caught in 
the previous year). 

 

Year Aduls Juveniles S i 
1984 36 77  
1985 29 48 0.257 
1986 47 105 0.610 
1987 1 12 0.007 
1988 24 50 1.846 
1989 54 67 0.730 
1990 40 84 0.331 
1991 32 41 0.258 
1992 17 15 0.233 
1993 20 166 0.625 
1994 59 143t 0.317 
1995 35 92 0.173 
1996 73 135 0.575 
1997 62 176 0.298 
1998 49 173 0.206 
1999 31 56 0.140 
2000 46 171 0.529 
2001 59 145 0.272 
2002 85 258 0.417 
2003 74 297 0.216 
2004 108 212 0.291 
2005 42 83 0.131 
2006 71 151 0.568 
2007 97 248 0.437 
2008 31 73 0.090 
Total 1222 3078  
Mean 49.42 125.21 0.398 
SD 26.07 77.74 0.361 

 
 

Due to the fixed locations of the standardized net-
standings the probability of recapture is low if the birds 
do not return exactly (within a few meters) to their previ-
ous year breeding-site. Because it is a territorial species, 
there are few territories (breeding birds) along the net-
lines. The calculation of this index includes both age 
classes, hence it is not possible to calculate it separately 
for adults and juveniles.  
 
NDVI data 
We have downloaded decadal NOAA AVHRR NDVI 
datasets [datasets created by the Advanced Very High 
Resolution Radiometer sensors of National Oceanic and 
Atmosphere Administration (USA) satellites] from the 
NOAA website (http://www.igskmncnwb015.cr. 
usgs.gov/adds/, but these data are not available online 
anymore because of the replacement of satellite sensors. 
These images have a resolution of 8x8 km, every image 
containing 1152x1152 pixels, covering the entire African  
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continent. The NDVI values are between 0 and 1 (near 0: 
bare soil, >0.7: dense vegetation).  

With software Windisp 5.1 we have calculated the 
mean NDVI value of each pixel for different periods of 
the non-breeding season, which are relevant for the 
Marsh Warblers migration. We have calculated these av-
erages for every migration/wintering season, therefore 
for every year we obtained a mean NDVI map for the fol-
lowing periods: 

- from 11th September until 20th November, repre-
senting the main autumn migration period within north-
ern Africa (Cramp & Brooks 1992). 

- from 21st November until 20th December, represent-
ing a shorter and later period within the autumn migra-
tion in northern Africa (Cramp & Brooks 1992). 

- from 1st January until 31st March representing the 
main wintering period in final wintering areas (Cramp & 
Brooks 1992).  

 - for 1st-30th April representing the shorter and faster 
spring migration period within Africa (Cramp & Brooks 
1992). 

With a special function of the same software we have 
calculated the standard deviation of NDVI values in the 
studied periods (see above), for each pixel: the SD of 
NDVI ranges between 0 – 0.2. 
 
Calculations 
From the time series of survival indices and time series of 
mean NDVI data Spearman’s rank correlations have been 
calculated for each pixel of Africa and for every above 
mentioned period of year. Calculations were performed 
with Statistica 8. The resulting R values have been illus-
trated on the map of Africa. Using a grey-scale, we pre-
sented pixels according to the strength of their Spearman 
rank correlations, taking into account only positive val-
ues: -1 ≤ R ≤ 0.3: no correlation, 0.3 < R ≤ 0.5: moderate 
positive correlation and 0.5 < R ≤ 1: strong positive corre-
lation. Hereby every map is a result of more than 1.3 mil-
lion (1152x1152) Spearman rank correlations between an-
nual survival indices and mean NDVI pixel values for the 
studied time-intervals, over a time series of 24 years.  

On the figures only the relevant regions of Africa are 
presented. 

To see if the resulted correlations are influenced by 
the variance of NDVI values for each pixel, we compared 
two regions (Fig. 1) where the resulted Spearman`s rank 
correlations were predominantly positive (1st Jan – 31st 
Mar.) and neutral. Since only the R values of the pre-
dominantly neutral region passed Lilliefors test for nor-
mality, we used Mann-Whitney U test to see if they differ 
significantly from neutral regions. The selected regions 
are presented on Fig. 1, average and SD of R values in the 
selected periods and regions are presented in Table 2. 
Distributions (histograms) of R and SDNDVI values are pre-
sented in Figs 2-3.  
 
 
Results  
 
When the time series of survival indices is corre- 

 
 

Figure 1. Selected positive (1st Jan – 31st Mar.) and neutral 
(11th Sep. – 20th Nov.) regions of Africa (Table 2.); the 
discussed areas of Africa (see text); and the migration 
route of Marsh Warbles in Africa and the Middle-East. 

 
 

Table 2. Comparison of selected regions with predomi-
nantly positive (1st Jan – 31st Mar.) and neutral (11th Sep. 
– 20th Nov.) correlations; Average and SD of R values; R 
values of the positive region differ significantly from R 
values in the neutral region. 

 

  Neutral region Positive region 
No. of pixels 3431 6386 
Area (km2) 219584 408704 
Average R 0.0111 0.2445*** 
SD: 0.1974 0.2253 
Period 11.S.-20.N. 01.J. - 31.M. 
 
 

lated with the average NDVI of 11th September - 
20th November, the emerging major areas with 
positive correlations are: the Arabian Peninsula 
(zone “A”), the shores of Somalia (zone “B”) and 
the Democratic Republic of Congo (zone “C”) 
(Figs 1 and 4). For 21st November - 20th December 
period there is only one area with positive correla-
tions located in the Democratic Republic of Congo 
(zone “C”) (Fig. 1). 

On the maps of correlations between survival 
indices and mean January-March NDVI the pat-
tern changes: a major southern African patch be-
comes visible formed by the southern and eastern 
parts of Namibia, Botswana and the western re-
gion of South Africa (zone “D”) (Fig. 6). We can-
not overlook the positive correlation area in the 
deserts of Niger (zone “E”). 

Investigating the product of correlations with  
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Figure 2. Distributions of R values in the selected positive 
(1st Jan – 31st Mar.) and neutral (11th Sep. – 20th Nov.) re-
gions of Africa (Table 2.) Pixels showed normal distribu-
tion only in the neutral area. 

 
 

 
 

Figure 3. Distributions of Standard Deviations of NDVI 
values in the positive (1st Jan – 31st Mar.) and neutral 
(11th Sep. – 20th Nov.) regions of Africa (Table 2.). 

 
 

NDVI April mean we can see the same South Afri-
can wintering area (zone “D”) but much less in-
tense as in January-March. In April another impor-
tant positive significant area appears in eastern 
Sudan (zone “F”), mainly overlapping with the 
basins of the Blue Nile, White Nile and Atbarah 
rivers (Fig. 7). Besides these a smaller positive area 
is present in Morocco. 
 
 
Discussion  
 
The Marsh Warbler is a species with western 
Palearctic distribution (breeding area from west-
ern Europe to western Asia) (Cramp & Brooks 
1992). It is a typical bottleneck migrant, the birds 
from the whole breeding area migrate through a 
thin bottleneck near the Red-Sea, East Africa and 
Middle East. Thus migrants from the western side  

 
 

Figure 4. Positive Spearman R values in East Africa and 
Middle East for 11th Sep. - 20th Nov. 1984-2007; zones 
“A” and “B” (see text). 

 
 

of the distribution area are heading to south-east 
and they are passing through the Carpathian Ba-
sin. Therefore in Hungary recaptures are coming 
from Belgium, Germany, Czech Republic, Israel 
and Kenya (Csörgő & Gyurácz 2009).  
Most of the resulted areas with strong positive 
correlations coincide well with the known migra-
tion and wintering areas of Marsh Warblers. This 
species migrates through the Middle East where 
the direction of passage changes from south-east 
to south and the birds turn towards the Red Sea 
coast and the eastern part of Sahel. Our correlation 
maps for September – November are concordant 
with these facts: we can see an area with positive 
correlations in Yemen in the coastal region of the 
Gulf of Aden (zone “A”) (Fig. 4), which can be an 
important stop-over site for fueling before cross-
ing the geographic barrier represented by the Ara-
bian Sea. These finding are validated by ringing 
recoveries from Middle-East and coastal regions of 
the Gulf of Aden in Somalia (Dowsett-Lemaire &  
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Figure 5. Positive Spearman R values in East Africa for 
21st Nov. - 20th Dec.1984-2007. 

 
 

 
 

Figure 6. Positive Spearman R values in South Africa for 
1st Jan. - 30th Mar. 1985-2008; zone “D” (see text). 

 
 

Dowsett 1987).  
Dowsett-Lemaire (1987) mentions hypotheti-

cal “autumn quarters” somewhere in north-east 
Africa, where several birds spend from two up to 
4 months. Dowsett-Lemaire (1987) also mentions 
that the most suitable habitat for migrants would 
be in the south-western part of Ethiopia from Au-
gust to December during the rainy season. Jones 
(1995) proposes that the entire populations of 
Marsh Warblers must be confined within Ethiopia 
as a stop-over site in their autumn migration. Yo- 
hannes et al. (2005) based on a study of feather sta- 

 
 

Figure 7. Positive Spearman R values in North-East Africa 
and the Middle East for April 1985-2008; zone “F” (see 
text). 

 
 

 
 

Figure 8. Variation of the survival index (Si) in the study 
period. 

 
 

ble isotopes confirms that Marsh Warblers likely 
to stay in Ethiopia and/or in a nearby region with 
similar isotope values.  

In our results for this period (11th September - 
20th November), (Fig. 4) southern Ethiopia appears 
as a region with the predominant  positive correla-
tions, but the number of pixels is low. Based on 
our calculations, the “nearby region” mentioned 
by Yohannes (2005) could be the area near the 
Ethiopian-Somali border and the Indian Ocean 
(zone “B”). The results of Yohannes (2005) are 
based on freshly moulted tertials collected from 
only 15 Marsh Warblers in late November at 
Ngulina, Kenya. It is important to know, that al-
though some Marsh Warblers can start their moult 
in these hypothetical stop-over sites, this is only a 
partial (body) moult (Yohannes et al. 2005, 
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Kennerly & Pearson 2010, Leisler & Schulze-
Hagen 2011) and most of the birds do not moult 
before early December and north from Zambia 
(Dowsett-Lemaire & Dowsett 1987). In this case al-
though unlikely, we cannot exclude, that an un-
known proportion of Marsh Warblers do not use 
different stop-over sites as those mentioned by 
Yohannes.  

The migration of Marsh Warblers at Ngulia, 
southern Kenya peaks between mid-November 
and mid-December (Dowsett-Lemaire & Dowsett 
1987). Contrary with our expectations, these re-
gions do not appear as areas with moderate or 
strong correlations. Therefore we can conclude 
that the dominating ecological conditions in this 
area do not influence the survival of Marsh War-
blers. A reasonable explanation is that the birds 
fuel up in the North-East African autumn quarters 
(Yohannes et al. 2009), and they depart in good 
condition, hence food availability in the vicinity of 
the autumn stop-over site does not influence sur-
vival during this fast migration stage. 

In December Marsh Warblers continue their 
south migration in the eastern part of Africa to-
wards Tanzania, Zambia, Malawi, Mozambique 
and South Africa. Last arrivals are crossing Kenya 
and Zambia in January, while return migration 
starts in March (Dowsett-Lemaire & Dowsett 
1987). This means that most of Marsh Warblers 
spend January and February in southern Africa. 
When we correlated survival indices with mean 
January-February-March NDVI only, the South 
African wintering quarters were visible on our 
maps (Fig. 6). Although most recoveries are from 
the coastal regions of South Africa, Marsh War-
blers were caught also in Namibia (Becker & Lüt-
gens 1976), so their presence is proven in our “arti-
ficial” wintering areas. Becker and Lütgens (1976) 
mist netted Marsh Warblers in arid Namibia in 
dense thornvelds dominated by Acacia karroo. This 
also underpins the plausibility of our results. 
There might be strong differences in the intensity 
of field birdwatching in different regions of the 
Republic of South Africa, therefore our knowledge 
about wintering quarters might be distorted. Ac-
cording to the Southern African Bird Atlas Project 
(SABAP) 2 (http://sabap2.adu.org.za/coverage. 
php#menu_top) in those parts of the calculated 
wintering areas which fall outside the wintering 
quarters known from the literature the intensity of 
field birdwatching is very low/inexistent. Hence 
there is a high probability that our results are cor-
rect and Marsh Warblers winter there, just up to  

this point they have not been noticed. 
The numbers and places of recaptures depend 

on organized ringing activity, hence the locations 
of recaptures mainly reflect the positions of ring-
ing stations, which are not evenly distributed over 
Africa. Therefore recaptures do not reflect pre-
cisely the distribution of birds, but data supply. 
This fact underlines the need for methods which 
are independent from ringing stations and/or 
field ornithologists. 

In March Marsh Warblers begin their north-
ward migration from the wintering quarters, and 
the latest individuals depart in late April (Cramp 
& Brooks 1992). According to our results (Fig. 7), 
in April, although much less intensely, the South-
African wintering quarters still influence Marsh 
Warbler survival. According to Dowsett-Lemaire 
(1987) birds in April can still be in southeast Af-
rica, but all of them leave by the end of April. An-
other important area with positive correlations in 
April appears in eastern Sudan (zone “F”) as a pu-
tative stop-over site, mainly overlapping with the 
basins of the Blue Nile, White Nile and Atbarah 
rivers. Marsh Warblers in March, April and May 
are present in the Nile System of Sudan (Blue, 
White and Main Niles, Atbarah river, their tribu-
taries and the land between these rivers) with an 
abundance of maximum 2-9 birds seen per day 
(Hogg et al. 1984). 

As we mentioned before, Szép (2006) also 
used Spearman rank correlations between time se-
ries of survival with every pixel of African NDVI 
data. With  Underhill (2007), this raised some 
methodological solicitudes: i - occurrence by chance 
of large number of positive correlations in neighboring 
pixels; ii - spatial autocorrelation of NDVI values in 
neighboring pixels. According to Szép and Møller 
(2007) these should not be the reasons for worry, 
because: (i) - Szép and Møller (2005) have tested 
within different scenarios and assumptions if a 
large number of positive correlation between sur-
vival and NDVI may occur – they concluded that 
this is an unlikely situation; and (ii) - the spatial 
autocorrelation analyses performed by Szép and 
Møller (2005) showed that these autocorrelations 
are at a scale of up to a couple of hundred kilome-
ters (this means, that although with this method 
we cannot define exactly the locations of birds in a 
resolution similar to NDVI data, but on regional 
scale our results are correct). Szép and Møller con-
cluded that their method “provides important and 
useful information about connectivity in migra-
tory birds”. Because we have used the same NDVI 
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dataset as Szép and Møller (2005) we did not run 
autocorrelation analysis, we have taken into con-
sideration their conclusions. 

We are aware that our survival indices are not 
so precise as survival rates calculated from ring-
ing-recovery data, but they are based on a large 
number of birds sampled with standardized 
methods in standardized periods, therefore they 
can be treated as rough indices of apparent sur-
vival for the whole migrating population which 
has been sampled.  

It is important to be aware that in the same 
migration season, the age-ratios can be different 
among sites within the same species (Woodrey & 
Chandler 1997). The relative number of juveniles 
can be higher before geographic barriers 
(Markovets et al. 2008) or in their vicinity (Stewart 
et al. 1974), because of the lower feeding efficiency 
they need more time to fuel up before crossing the 
geographic barrier (Woodrey & Moore 1997). They 
also spend more time fueling up at stop-over sites 
than adults (Ellegren 1991). Sometimes juveniles 
can turn back before barriers, so the ratio of juve-
niles increases in areas situated north from these 
barriers (Lindström & Alerstam 1986). Since gen-
erally adults depart earlier (Woodrey & Chandler 
1997, Markovets et al. 2008), the relative number 
of juveniles increases with time during the au-
tumn migration (Payevsky 1998, Csörgő & Gy-
urácz 2009). This asymmetric migration phenology 
of this species is maintained even in Africa (Kelsey 
et al. 1989). Because juveniles are less competitive 
than adults, their relative number is lower in su-
perior quality habitats/stopover sites and higher 
in inferior ones compared to adults (Carpenter et 
al. 1993, Yong et al. 1998). Consequently the age-
ratios in mist-netting data are not the real ones of 
the population and may change during the season 
and among sites. From this reason age-ratios in 
mist-netting data cannot be treated as real repro-
ductive success measures, only as indices specific 
to a given geographic site. Even so with standard-
ized conditions at a particular geographic site 
(ringing station), if the trapping covers the whole 
migration period, these indices can be comparable 
between years and reflect populational processes. 
Ambrosini (2011) used abundance estimates and 
regressions with NDVI to identify putative winter-
ing areas, demonstrating that not only survival 
rates, but also population indices are suitable for 
these kind of calculations.  

As mentioned before, at Ócsa Ringing Station 
during the autumn migration, we catch Marsh 

Warblers from different north-western European 
populations. Although the annual survival of dif-
ferent populations can be influenced by local fac-
tors (bad weather etc.), it is unlikely that these lo-
cal events will distort significantly the survival in-
dex calculated for a migrating population stem-
ming from a large area on continental level (in our 
case North-Western Europe). Considering these 
factors, we conclude that this method is usable 
only on species where survival in the wintering 
period strongly influences the total annual sur-
vival.  

It is important to be aware that this method 
draws on the map regions whose climatic fluctua-
tions over time are similar to the fluctuations of 
bird survival (or any other variable). In this man-
ner beyond the areas where birds are present, as a 
byproduct, regions with similar (or opposite) 
weather trends also appear, where the birds are 
clearly missing (eg. in our case zones “C”, “E”, 
rainforests and Marocco). This does not mean that 
the method is unsuitable, only that the results 
have to be treated as narrowed putative areas 
which contain also the real regions influencing 
bird survival (stop-over sites, wintering quarters). 

Another important issue is that we cannot ex-
pect from a single variable to correlate strongly 
within every period of the year with the NDVI of 
the region, where birds are present at that mo-
ment. Most probably only areas with the biggest 
significance will stand out. The more influence a 
particular region has on annual bird survival, the 
less weight will have on other areas. This means 
that if within a period of the year as a result we get 
strong positive correlation areas, the chances are 
reduced to get other positive correlation regions 
within different time-intervals of the year. 

The success of this method largely depends 
also on the weight of different life-cycle compo-
nents and periods in the annual survival of birds.  
 
 
Conclusions 
 
As final conclusion we consider that this method 
has proved to be usable for investigations on win-
tering quarters and intra-continental migration of 
different species. It is also suitable to spot patterns 
and to identify wintering areas of different popu-
lations in the African distribution of the given spe-
cies. A simple index is not appropriate to show the 
exact location of migratory birds within every pe-
riod, but it is suitable to map wintering quarters 
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and some of the migration stop-over sites. Further 
field studies are needed in less researched areas to 
reduce the bias in known winter distributions of 
birds. 

Our method and results raise several ques-
tions to answer and to direct further study. For 
more precise results similar calculations could be 
conducted with other depending variables which 
were proven to correlate with ecological condi-
tions on breeding grounds, such as: arrival date, 
protandry, fecundity, clutch size, reproductive 
success, abundance indices, wing length in the 
case of species which moult in their wintering 
quarters, etc.  
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