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Introduction
Bird migration is a sequence of two main phases, a 
non-stop flight during which birds’ energy reserves 
are depleted and stopovers during which migrants 
need to rest and refuel their fat stores (Newton 
2011). Migratory birds spend about 90% of their 
whole migration time at stopovers and substantial 
mortality occurs during these periods (Hedenström 
& Alerstam 1997, Paxton et al. 2017). Therefore, 
much more research should focus on stopover strate-
gies of birds and ringers should undertake more re-
capturing and reweighing of birds during their stop-
overs (Hedenström & Alerstam 1997, Bairlein 
2003a). The migrant passerines need to accumulate 
sufficient fuel before undertaking energetically de-
manding migrations. In order to gain a better under-

standing of the birds’ stopover strategy at the stopo-
ver sites and to protect these sites, more data on the 
relationship between fuel deposition rate and body 
mass at last recapture during migration are needed. 
The successful migration depends on strategies min-
imising time, energy or risk of predation (Alerstam 
& Lindström 1990, Chernetsov 2012). At stopover 
sites, birds must find adequate food supplies that can 
be utilised for net energy gain; therefore, analysis of 
stopover has great importance for understanding the 
behaviour of migrant species (Biebach et al. 1986, 
Ellegren & Fransson 1992, Bairlein 2003b). 
Survival of migrants may be affected by morpho-
logical and physiological characteristics, sex, age, 
social status or experience (Moore et al. 2003, 

*Corresponding author: gyuracz.jozsef@sek.elte.hu, ORCID ID 0000-0001-7407-1715

Stopover Strategies of Lesser Whitethroat Sylvia curruca 
(Linnaeus, 1758) (Passeriformes: Sylviidae) during  
the Post-breeding Period in Western Hungary

József Gyurácz1*, Péter Bánhidi2, József Góczán2, Péter Illés2, Péter Koszorús2,  
Sándor Kalmár1, Zoltán Lukács1, Csaba Németh2, Péter Molnár1  & László Varga2

1 Department of Biology, Eötvös Lorand University, Savaria Campus, Károlyi Gáspár tér 4, H-9700 Szombathely, Hungary. 
2 Local Group of BirdLife Hungary, Károlyi Gáspár tér 4, H-9700 Szombathely, Hungary

Abstract: 	 Stopover strategies of the lesser whitethroat Sylvia curruca during the post-breeding period were studied 
at Tömörd, western Hungary, between 1998 and 2017. Capture data of males and females were pooled 
for both juveniles and adults. Recapture rate, stopover length and fat deposition patterns were analysed. 
During stopover, juveniles and adults did not differ significantly either in stopover length, total change in 
body mass and fat score or in proportion and rate of body mass change. All recaptures showed an overall 
significant positive correlation between mass deposition rate (g/day) and departure body mass. According 
to the results, the lesser whitethroats used a time-minimisation migration strategy in autumn. The benefit 
of this strategy might be that it favoured early arrival in overwintering areas, prior to its competitors. The 
individuals arriving earlier at wintering sites might obtain higher-quality territories and achieve higher 
winter survival. This might be particularly important for populations of long-distance migrants such as the 
lesser whitethroat. The majority of lesser whitethroats used the site at Tömörd as a stopover area and only 
a part of them used it specifically as a site to fatten up.

Key words: Sylviidae, autumn migration, fuel deposition rate, Carpathian Basin



546

Gyurácz J., P. Bánhidi, J. Góczán, P. Illés, P. Koszorús, S. Kalmár, Z. Lukács, C. Németh, P. Molnár & L. Varga

Buler et al. 2017). There are relationships between 
migration and social dominance among passerines, 
raptors and seabirds (Catry et al. 2004, Newton 
2011). According to some studies, many passerine 
species show age-dependent effects in energy stores 
carried during migration, in fat deposition rates at a 
stopover site and in foraging strategies (Ellegren 
1991, Woodrey 2000, Yosef & Tryjanowski 2002, 
Yosef & Wineman 2010). Food availability deter-
mines how fast and to what extent refuelling takes 
place (Ellegren 1991, Fransson 1998, Dänhardt 
& Lindström 2001): when food is abundant, the ef-
fect of social status or scramble competition could 
be negligible (Moore & Yong 1991). In addition, 
within a species, stopover duration can vary depend-
ing on year, site and fuel load (Biebach et al. 1986, 
Moore & Kerlinger 1987, Kuenzi et al. 1991, 
Gannes 2002). The analysis of fat deposition at 
stopover sites may explain how a species balances 
costs and benefits and can reveal the species’ migra-
tion strategy (Yosef & Wineman 2010, Zduniak & 
Yosef 2012). The effect of the factors that determine 
whether a certain habitat is appropriate or not is den-
sity dependent: in most cases, the suitability of the 
habitat decreases with increasing density of individ-
uals in it (Fretwell & Lucas 1969).

The lesser whitethroat Sylvia curruca 
(Linnaeus, 1758) is a common passerine in Europe 
(Cramp 1992) exhibiting an overall stability of the 
European populations (EBCC 2017). Northern and 
western populations are long-distance migrants but 
the southeastern populations are short-distance or 
partial migrants (Shirihai et al. 2001). The European 
lesser whitethroat migrates in autumn in southeast 
direction to winter mainly in Sudan and Ethiopia. 
Previous studies have reported observations on its 
stopover ecology at ringing sites in Egypt (Arcilla 
et al. 2016), Israel (Fransson et al. 2005, Zduniak 
& Yosef 2012) and Sweden (Åkesson et al. 1995). 
Stopover studies are particularly scarce in Central 
Europe, although this region plays an important role 
in “stopovering” lesser whitethroats due to its loca-
tion at a few hundred kilometres from northern Italy 
where birds refuel before continuing their migration 
(Baker 2002). Recaptured birds originally ringed 
in England, Germany, the Netherlands, Scandinavia 
and Poland show that a certain proportion of lesser 
whitethroats pass through the Carpathian Basin dur-
ing the autumn migration. There are two subspecies 
found in Hungary: S. c. curruca, which is locally 
breeding and frequently passing, and S. c. blythi, 
which migrates in late autumn and probably origi-
nates from Siberia. Migration passage of the lesser 
whitethroat through Hungary starts in early August, 

followed by one relatively high wave to mid-Sep-
tember and finishes in mid-October (Gyurácz et 
al. 2017a). The Hungarian populations are migra-
tory and the wintering areas are in Eritrea, Ethiopia, 
Sudan and Chad (Csörgő & Gyurácz 2009). 

The Trans-Saharan migrants exhibit four types 
of fattening patterns during migration (Schaub & 
Jenni 2000): (1) accumulate large fat stores and fly 
non-stop from the northern edge of the Sahara to 
sub-Saharan Africa (time minimisation model); (2) 
accumulate more fuel at each stopover site and fly 
from one site to the next; (3) migrate in short stages 
with accumulation of sufficient fat to fly to the next 
stopover site, and (4) similar strategy as the third but 
these birds stopover at desert oases or catch migrant 
insects. The patterns 2, 3 and 4 are energy and pre-
dation minimisation models. The lesser whitethroat 
alternates strategies during the course of migration. 
It is a time minimiser over the desert (Yohannes 
et al. 2009), an energy maximiser at Eilat, Israel 
(Zduniak & Yosef 2012) and again a time mini-
miser between the wintering areas and the breeding 
grounds (Tøttrup et al. 2008).

In this study, over 20 years of recapture data 
were analysed to improve our knowledge on stopo-
ver duration, body mass and fat-store changes. Based 
on our data and earlier European studies, we assume 
the time-minimisation model for the autumn migra-
tion of the lesser whitethroat age classes during post-
breeding period in western Hungary. In this study, 
we asked the following questions: (1) What propor-
tion of birds is re-trapped (non-transient individuals 
with stopover duration > 1 day) in the study area? 
(2) What is the average stopover length of re-trapped 
birds? (3) Does the average stopover length differ 
between age classes? (4) Do the amount and rate of 
body mass gain and fat deposition differ between ju-
veniles and adults? (5) What factors determine the 
length of stopover period, rate of body mass gain 
and fat deposition?

Materials and Methods
Study site
The study was carried out at the Tömörd Bird Ringing 
Station in western Hungary (47°21’N 16°40’E), lo-
cated 15 km from Szombathely. There were four 
natural habitat types around the station of Tömörd. 

Shrubland: bushes and herbs forming compact, 
dense vegetation, which is dissected by small grass 
patches. Its characteristic plant is the blackthorn 
(Prunus spinosa L.).

Forest: broadleaf trees and bushes forming 
compact, dense edge vegetation and an ecotone 
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community with Turkey oak (Quercus cerris L.) as 
the characteristic plant. There are dense shrubs and 
normal forestry management (e.g. periodic shrink-
age of trees) in the forest. 

Grassland with shrubs: this habitat type is a tran-
sition between the wet habitats of the swamp and the 
steppe communities that cover the croplands around 
the marsh. There are a few bushes in the grassland 
with two small patches of dwarf elder (Sambucus 
ebulus L.). The grassland is not managed. 

Marsh: a small (6 ha), permanent and isolated 
wetland. The characteristic plant is reedmace (Typha 
latifolia L.). 

Data collection and analysis
Birds were captured-marked-recaptured from 1998 
to 2017 (Appendix 1). Bird ringing took place dur-
ing the post-fledging period (dispersal and migra-
tion) between the last weekend of July and the first 
weekend of November. On average, the migration 
period of the lesser whitethroats in Hungary starts 
in early August (Gyurácz et al. 2017a). We used 
28 numbered Ecotone mist-nets (12 m long and 2.5 
m high, with 5 shelves and a mesh size of 16 mm) 
for trapping. The nets were placed evenly in the four 
habitat types. Birds were captured from dawn to 
dusk, except on rainy and stormy days when the nets 
were closed. All birds were ringed, sexed and aged 
according to Svensson (1992). First-year birds that 
hatched in the year of ringing were defined as juve-
niles, while all older birds were defined as adults. 
Flattened maximum wing length was measured to 
the nearest mm using a graded wing-ruler. The birds 
were weighed to the nearest 0.1 g using a Pesola/
digital balance. The fat reserves (fat score) were es-
timated visually according to the SE European Bird 
Migration Network protocol (Busse & Meissner 
2015) – ranging from 0 (no fat) to 8 (bulging fat).

As adult lesser whitethroats were captured in 
small numbers, we pooled the data of age groups for 
both sexes. The ‘‘condition index’’ (CI) was calcu-
lated according to Swanson et al. (1999):

To avoid the effect of body mass changes in the 
diel cycles (Winker et al. 1992), the data from birds 
captured during the morning and afternoon were 
treated separately for comparison of captures and 
recaptures or juveniles and adults. Biometric data 
were not available for all birds for every capture, 
resulting in a variation in sample sizes for the vari-
ous analyses. The individual capture dates were not 
standardised to the mean arrival date for the given 
year (Yosef & Wineman 2010).

In order to enable comparisons with other 
studies, minimum stopover length (MSL) of non-

transient individuals was defined as the period from 
the date of first capture to the date of last recapture 
(Ellegren 1991). It should be noted that this is of-
ten smaller than the real stopover length (RSL) as as-
sessed by the Cormack-Jolly-Seber models (Kaiser 
1999, Schaub et al. 2001). Therefore, the ‘real’ 
stopover duration was also calculated using the 
CJS model in the capture-mark-recapture program 
MARK (Cooch & White 2017). In these studies, 
‘life-span’ has been transformed to give an estimate 
of RLS, using the formula RSL = -I / ln (I), as pub-
lished in Brownie et al. (1985), where RSL is the 
mean estimated stopover length and (I) is the esti-
mated daily ‘survival’ probability between two cap-
ture days. 

The body mass at the first (arrival body mass, 
ABM) and last capture event (departure body mass, 
DBM) were available for each recaptured bird. 
Differences between DBM and ABM were used to 
assess the mass deposition rate (MDR). The depar-
ture fuel load was calculated as the percentage over 
lean body mass, LBM, i.e., mean body mass of in-
dividuals with zero fat score (Arizaga et al. 2008).

We analysed the following parameters accord-
ing to Yosef & Wineman (2010): 1) the factors 
(wing length, body mass, condition index, fat score 
distribution and date of first capture) which influ-
enced the recapture of birds; we compared those 
birds that were captured only once and those that 
were recaptured; 2) the difference in juveniles and 
adults in aspects of stopover ecology: we compared 
the stopover attributes (for example length of stay, 
change in fat score) of ages; 3) the determinants of 
length of stopover: we analysed factors (see above) 
in relation to length of stay; 4) the effect of stopover 
length on energetic condition: we analysed the rela-
tionship between stopover length and other stopo-
ver attributes between first and last captures; and 5) 
the factors which influenced the proportion or rate 
of mass change: we analysed the body mass change 
in relation to several variables (date of first capture, 
initial weight and wing length). For the determi-
nation of the variables which influenced stopover 
length and stopover attributes, we applied a general 
linear model.

The Past computer program was used for the 
statistical analysis (Hammer et al. 2006).

The general linear model (univariate GLM) 
was used for the determination of the effects of 
all independent factors. With the exception of the 
GLM, only non-parametric tests were used in the 
statistical analysis (Kruskal–Wallis, Spearman, 
Mann–Whitney U). The level of significance was 
set at 0.05.
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Results 
Comparison of recaptures and non-recaptures
The annual ratio of retraps in the study area (non–
transient individuals with stopover duration > 1 day) 
was normally distributed and stationary between 
1998 and 2017 (mean = 0.15, SD = 0.14, pnormal / 

Shapiro-Wilk = 0.97 / 0.98, 95% confidence interval -0.78 
– 0.36, Fig. 1). Of all autumn captures (Table 1), 
16.31% of juveniles and 14.73% of adults were re-
captured at least once. Most recaptured lesser white-
throats (39.31%) stayed at Tömörd for 2–4 days, 
while a few birds stayed for longer than one month 
(Fig. 2). Among all retraps, the average minimum 
length of stopover was 7.71 ± 6.17 days (n = 349), 
while the average calculated real stopover duration 
was 13.12 ± 3.03 days (n = 349). There were no sig-
nificant differences in stopover duration between 
years (Kruskal-Wallis test, H = 8.97, p > 0.05). 
Morning and afternoon retraps and non-retraps did 

not differ significantly in wing lengths, body mass, 
CI and fat score in the total population, among ju-
veniles or adults (Tables 2 and 3). While 18% of the 
birds with fat score = 0 were recaptured, only less 
than 7% of the individual birds with fat score > 4 
were recaptured (Fig. 3). 

Comparison of juveniles and adults
Among all captures, adults had significantly long-
er wings than juveniles. Juvenile and adult lesser 
whitethroats did not differ significantly in body 
mass, CI and fat scores (Table 4). Among juveniles, 
the average minimal stopover length was 7.66 ± 5.7 
days (n = 260), whereas it was 7.86 ± 7.26 days (n 
= 89) among adults. The age classes did not differ 
significantly with regard to stopover length (Mann-
Whitney U = 11109, p > 0.05). Among non-transient 
juveniles, average DBM (11.79 ± 1.01 g, n=246) 
was significantly higher than average ABM (11.58 
± 0.99 g, n = 214, U = 23393, p < 0.05), whereas 
among non-transient adults average, DBM (11.76 ± 
0.95 g, n = 80) and ABM (11.82 ± 1.02 g, n=69) did 
not differ significantly (U=2705.5, p>0.05). Among 

Fig. 1. Annual ratio of retrap (non-transient individuals 
with stopover duration more than 1 day in the study area) 
for the lesser whitethroats (n=349) at Tömörd, western 
Hungary.

Table 1. Ringing activity period, annual captures and re-
captures of lesser whitethroats at the Tömörd Bird Ring-
ing Station (1998–2017).

Capture Recapture

Year No. 
Days All Juve-

nile Adult All Juve-
nile Adult

1998 57 62 52 10 5 5 0
1999 71 69 42 27 14 10 4
2000 92 59 32 27 2 2 0
2001 106 78 51 27 7 2 5
2002 105 144 104 40 43 32 11
2003 105 119 82 37 25 19 6
2004 101 118 90 28 26 21 5
2005 98 169 122 47 41 31 10
2006 105 115 79 36 22 16 6
2007 104 95 58 37 13 8 5
2008 104 161 122 39 26 21 5
2009 98 153 117 36 17 13 4
2010 99 94 59 35 11 9 2
2011 100 108 78 30 14 7 7
2012 98 111 82 29 20 14 6
2013 99 95 81 14 13 9 4
2014 98 127 93 34 22 18 4
2015 101 126 102 24 13 12 1
2016 100 95 74 21 7 5 2
2017 101 100 74 26 8 6 2
Total 1741 2198 1594 604 349 260 89

Fig. 2. Minimum length of stopover of recaptured lesser 
whitethroats (n = 349) at Tömörd, western Hungary.



juveniles with positive fat gain, average LBM was 
10.94 ± 0.76 g (n=54), average DBM was 11.54 ± 
0.89 g (n = 59). Among adults with positive fat gain, 
average LBM was 11.17 ± 0.95 g (n = 19) and aver-
age DBM was 11.79 ± 1.12 g (n = 21). Juveniles 

and adults did not differ significantly in LBM (U = 
437.5, p > 0.05, Fig. 4) and DBM (U = 487.5, p > 
0.05). The departure fuel load of juveniles was 5.2%, 
and for adults 5.3%. Among all recaptures, the ages 
did not differ significantly with regard to any other 
variable tested (Table 5). 

Stopover ecology and patterns
Stopover length was not significantly associated with 
body mass, wing length or condition index among all 
captures, juveniles or adults (Table 6). The local birds 
and birds that arrived in the end of July and in August, 
stayed significantly longer than later arrivals (Fig. 5, 
Table 6). Juveniles that remained longer at Tömörd 
experienced a significantly greater body mass gain and 
gained a significantly higher proportion of their body 
mass, while in adults there was no such relationship 
observed (all captures: F = 1.46, df = 2,323, p>0.05, 
juveniles: F = 8.06, df = 2,242, p < 0.05, adults: F 
= 2.08, df = 2,78, p > 0.05, Table 7). More than half 

Fig. 3. Percentage of recaptures in each fat score category 
of recaptured lesser whitethroats (n = 349) at Tömörd, 
western Hungary. There were no birds captured with fat 
scores higher than 5.

Table 2. Comparison of retrapped (R) and non-retrapped (NR) lesser whitethroats in the morning at Tömörd, western 
Hungary, all cap.= all captures (juveniles and adults together). Means ± SD are shown.

Wing Body mass CI Fat score

R all cap. 65.44 ± 1.97 11.49 ± 0.85 0.17 ± 0.04 1.06 ± 0.95
NR all cap. 65.36 ± 1.85 11.58 ± 0.95 0.17 ± 0.02 1.29 ± 1.25

Mann-Whitney U1390,113=75844
p=0.538

U1404,114=79062
p=0.829

U1390,112=72570  
p=0.218

U1413,119=78024  
p=0.175

R juveniles 65.15 ± 1.89 11.44 ± 0.81 0.17 ± 0.03 0.98 ± 0.95
NR juveniles 65.19 ± 1.81 11.57 ± 0.97 0.17 ± 0.03 1.27 ± 1.25

Mann-Whitney U1009,91=45411
p=0.862 U1011,92=45390 p=0.702 U1009,90=43267 

p=0.445
U1020,94=42857

p=0.076
R adults 66.64 ± 1.89 11.69 ± 0.99 0.15 ± 0.06 1.36 ± 0.91

NR adults 65.82 ± 1.88 11.60 ± 0.91 0.18 ± 0.02 1.35 ± 1.25

Mann-Whitney U377,22=3250  
p=0.620

U389,22=4010  
p=0.084

U376,22=3448 
p=0.176

U389,25=4568
p=0.600

Table 3. Comparison of retrapped (R) and non-retrapped (NR) lesser whitethroats in the afternoon at Tömörd, western 
Hungary, all cap.= all captures (juveniles and adults together). Means ± SD are shown.

Wing Body mass CI Fat score
R all cap. 65.26 ± 1.67 11.97 ± 0.93 0.18 ± 0.03 1.54 ± 1.20

NR all cap. 65.28 ± 1.91 11.99 ± 1.05 0.18 ± 0.03 1.77 ± 1.24

Mann-Whitney U598,65=19298
p=0.917

U1404,114=27270
p=0.915

U598,65=18871 
p=0.693

U627,76=21147 
p=0.103

R juveniles 65.20 ± 1.75 11.95 ± 0.92 0.18 ± 0.03 1.53 ± 1.22
NR juveniles 65.01 ± 1.87 11.90 ± 1.02 0.18 ± 0.02 1.72 ± 1.23

Mann-Whitney U429,55=11202
p=0.536

U429,64=13225
p=0.636

U429,55=11603 
p=0.838

U434,62=12204
p=0.222

R adults 65.60 ± 1.17 12.11 ± 0.97 0.18 ± 0.02 1.47 ± 1.19
NR adults 66.01 ± 1.85 12.25 ± 1.09 0.18 ± 0.03 1.88 ± 1.23

Mann-Whitney U162,10=691  
p=0.430

U183,16=1389  
p=0.735

U162,10=706 
p=0.487

U185,15=1114
p=0.192
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(53.7%) of the birds recaptured at Tömörd either lost 
or did not gain body mass and most of these losses 
occurred among birds that stayed for a relatively short 
stopover period. On average, a bird would lose no 
more than 0.53 ± 0.99 g. Among all recaptures, birds 
that stayed for a longer period showed a greater posi-
tive change in fat score at Tömörd (Kruskal-Wallis 
test, H = 34.65, p < 0.01, n=315) than those that stayed 

for a shorter period (Fig. 6). The maximum change of 
mass was observed in a juvenile that gained 7.1 g in 
5 days. On average, a bird would gain no more than 
1.24 ± 1.10 g. An overall signifi cant positive corre-
lation (Spearman) was observed between MDR and 

Table 4. Comparison of juvenile and adult (retrapped and non-retrapped together) lesser whitethroats at Tömörd, west-
ern Hungary. Means ± SD are shown.

Wing Body mass (individuals with 
zero fat scores) CI Fat score

in the morning
Juveniles 65.18 ± 1.81 11.56 ± 0.96 0.18 ± 0.02 1.25 ± 1.22
Adults 65.86 ± 1.89 11.60 ± 0.83 0.17 ± 0.02 1.34 ± 1.21
Mann-Whit-
ney

U1099,398=1.7E05
 p<0.001 U1100,410=2.14E05 p=0.133 U1099,398=2.14E06 p=0.520 U1111,413=2.1E05 p=0.122

in the afternoon
Juveniles 65.03 ± 1.85 11.92 ± 1.03 0.18 ± 0.02 1.69 ± 1.23
Adults 65.99 ± 1.83 12.17 ± 1.04 0.18 ± 0.02 1.84 ± 1.23
Mann-Whit-
ney

U483,171=29583
 p<0.001

U484,196=40176 
p=0.001 U483,171=40094 p=0.563 U487,198=44690 p=0.122

Table 5. Comparison of juvenile and adult retrapped lesser whitethroats at Tömörd, western Hungary

Parameters Mann-Whitney U p-value Juvenile n Adult n

Fat change
 morning 3737.0

1391.0
0.98
0.68

144
101

52
29 afternoon

Total change in body mass
 morning 3473.5

1272.5
0.44
0.28

144
101

52
29 afternoon

Proportion body mass change morning 3201.5
1201.5

0.49
0.28

140
99

49
28 afternoon

Body mass gain per day morning 3384.5
1154.5

0.89
0.17

140
99

49
28 afternoon

Fig. 4. Histogram of the body mass of juveniles (dark 
grey, n = 54) and adults (grey, n = 19) with zero fat score.

Fig. 5. Relationship between length of stopover and fi rst cap-
ture day of recaptured lesser whitethroats (n = 349) at Tömörd, 
western Hungary. Date of fi rst day (n = 207) = 28 July.
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DBM (all recaptures: rs = 0.72, p < 0.001, n = 326 
(Fig. 7); juveniles: rs = 0.76, p < 0.001, n =245; adults: 
rs = 0.65, p < 0.001, n = 80), so birds with lower MDR 
tended to depart with less fuel. The positive correla-
tion between MDR and DBM was also significant 
among individuals with a negative refuelling rate (rs 
= 0.58, p < 0.01, n = 154). Individuals with lower fat 
score (i.e. thinner birds) upon arrival gained a signifi-
cantly higher proportion of their body mass than fatter 
individuals but it was not significant among adults. 
There were no significant relationships between body 
mass, wing length, condition index at first capture 
and proportion of body mass change among all cap-
tures, juveniles or adults. Individuals with later date 
of first capture gained a slightly higher proportion of 
their body mass than early-arrived birds, but it was 
not significant among adults (Table 8). Individuals 

Table 6. Results of the general linear model (univariate) test with minimal stopover length of retrapped lesser white-
throats as dependent variable and fat score, body mass, wing length, condition index at first capture and date of first 
capture as independent variables. 

Group Factors Coeff. SE t P value

All captures Fat score -0.61 0.33 -1.85  0.23

Body mass 1.77 1.71 1.03 0.29

Wing length -0.03 0.34 -0.11 0.90

Condition index -68.78 111.75 -0.61 0.54

First capture date -0.11 0.02 -5.25 0.0001

Juveniles Fat score -0.60 0.37 -1.61 0.12

Body mass  0.65 1.92 0.34 0.73

Wing length 0.16 0.38 0.41 0.68

Condition index -14.07 123.9 -0.11 0.90

First capture date -0.09 0.02 -4.11 0.0001

Adults Fat score -0.39 0.72 -0.55 0.58

Body mass 4.41 3.89 1.13 0.25

Wing length -0.61 0.82 -0.73 0.47

Condition index -218.94 261.19 -0.83 0.40

First capture date -0.14 0.05 -3.03 0.003

Table 7. Results of the general linear model (univariate) test with length of stay as dependent and total change in body 
mass (BMG) and proportion body mass change (PBM) of recaptured lesser whitethroats at Tömörd, western Hungary 
as independent variables. All captures (juveniles and adults together)

Group Variables Slope SE Intercept SE rPearson p value

All captures
BMG 0.01 0.00 -1.33 1.15 0.08 0.13

PBM 0.00 0.00 -0.10 0.10 0.08 0.16

Juveniles
BMG 0.01 0.01 -2.76 1.34 0.15 0.02

PBM 0.00 0.00 -0.23 0.12 0.15 0.02

Adults
BMG -0.01 0.01 2.38 2.20 -0.11 0.34

PBM 0.00 0.00 0.23 0.18 -0.12 0.28

Fig. 6. Length of stopover and change in fat score of re-
trapped lesser whitethroats (n = 349) at Tömörd, western 
Hungary.
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with lower body mass upon arrival gained body mass 
at a signifi cantly faster rate than heavier individuals 
(all captures: slope = -0.23, r = -0.41, SE = 0.001, t = 
-8.17, p < 0.001, n = 326; juveniles: slope = -0.025, 
r = -0.38, SE = 0.001, t = -6.51, p < 0.001, n = 246; 
adults: slope = -0.021, r = -0.49, SE = 0.002, t = -5.01, 
p < 0.001, n = 80). 

Discussion
Probability of recapture
Stopover duration of migratory passerines usually 
varies between 1 and 15 days but a signifi cant pro-
portion of migrants stop over for one day only and 
continue their migration on the fi rst night after arrival 
(Chernetsov 2012). Similarly, we can assume that 
the majority of the lesser whitethroats captured only 
once in our study also stayed for only one day dur-
ing post-fl edging period. Small proportions of birds 
(mean 15%) remained longer than one day (mini-
mum about 7 days on average and realistically about 
13 days on average) at Tömörd. A diff erent average 
retrap rate (2.6 ± 2.2%) and diff erent stopover dura-
tion of the recaptured lesser whitethroats (4.8 ± 0.2 
days) was described during a similar period of au-
tumn at the Eilat Ringing Station in Israel (Zduniak 
& Yosef 2012). Recapture rates showed that more 
juveniles than adults stayed longer than one day at 
Tömörd. This was also observed at Eilat, where the 
adults also migrated earlier than juveniles during 
autumn (Zduniak & Yosef 2012), suggesting that 
adults use a time-minimisation migration strategy in 
autumn and also in spring (Yohannes et al. 2009). 
The adults can suspend their moult during autumn 
migration (Hall 2002) and they are more effi  cient 
at foraging and/or dominant over juveniles, which 
may allow adults to fuel up and migrate faster than 
juveniles (Woodrey 2000). However, there was no 
signifi cant diff erence in stopover length of retrapped 
juveniles and adults at Tömörd. Wing length, body 
mass and fat score of individuals that were retrapped 
and those that were captured only once did not diff er 
signifi cantly. In contrast to the locations of the stud-
ies performed during the autumn migration close to 
or in Sahara Desert, our study site is far from this 
barrier, which could be the reason for the lack of dif-
ferences between our retrapped birds and transients 
in body mass and fat score. Similarly to our results, 
retrapped migrating Eurasian blackcaps (Sylvia at-
ricapilla) did not diff er from non-retraps in body-
mass and CI during spring at Eilat, Israel (Yosef 
& Wineman 2010). However, in this case the birds 
were captured during spring migration at capturing 
sites located after Sahara Desert and not before an 

Fig. 7. Departure body mass and body mass gain (g/day) 
for migrating lesser whitethroats (n = 326) at Tömörd, 
western Hungary.

Table 8. Results of the general linear model (univariate) 
test with proportion of body mass change (PBM) as de-
pendent and fat score, body mass, wing length, condition 
index at fi rst capture, date of fi rst capture of recaptured 
lesser whitethroats at Tömörd, western Hungary as inde-
pendent variables.

All captures (juveniles and adults together)
ANOVA: F=17.58, df=5,305, p<0.001

Factors r SE t p-value

Fat score -0.02 0.01 -3.04 0.002

Body mass -0.04 0.03 -1.21 0.22

Wing length 0.00 0.01 0.69 0.48

Condition index -0.65 2.17 -0.29 0.76

First capture date 0.001 0.00 0.02 0.002

Juveniles, ANOVA: F=17.49, df=5,241, p<0.05

Fat score -0.02 0.01 -2.81 0.005

Body mass -0.09 0.04 -2.33 0.02

Wing length 0.01 0.01 1.72 0.08

Condition index 2.05 2.46 0.84 0.40

First capture date 0.001 0.001 3.56 0.001

Adults, ANOVA: F=4.32, df=5,64, p<0.01

Fat score -0.01 0.01 -1.22 0.22

Body mass 0.08 0.06 1.34 0.18

Wing length -0.16 0.01 -1.36 0.18

Condition index -7.62 4.22 -1.81 0.08

First capture date -0.001 0.001 -1.98 0.05
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ecological barrier, which might explain the lack of 
difference in these cases. In other studies, Eurasian 
blackcaps and individuals of other species caught 
only once showed a higher body mass than those cap-
tured more than once during both autumn (Bairlein 
1985, Pettersson & Hasselquist 1985, Biebach et 
al. 1986, Arizaga et al. 2008) and spring migrations 
(Moore & Kerlinger 1987, Kuenzi et al. 1991). A 
similar result was also obtained for American red-
starts (Setophaga ruticilla), in which loss of body 
mass was the cause of the increased probability of 
recapture (Morris 1996). Contrary to our results on 
the lesser whitethroat, the retrapped Eurasian black-
caps had slightly but significantly shorter wings than 
non-recaptured birds and this was true for both sexes 
at Tömörd and Eilat. Smaller, subordinate birds are 
likely to be less successful in migration, but it seems 
that wing size is not an important factor in the deter-
mination of whether a bird is recaptured or not (Yosef 
& Wineman 2010). Some lighter lesser whitethroats, 
that stayed for more weeks, were late-fledging im-
matures or late breeding/late moulting adults (pers. 
obs.), which had less time to fatten than earlier birds. 

Stopover ecology of juveniles and adults
In our study, juveniles and adults did not differ signifi-
cantly in total change in body mass, rate of body mass 
change or change in fat score during stopover. In both 
age classes, the retrapped birds were in better body 
condition at the last than at the first capture. Such pat-
tern in the body condition of the lesser whitethroat 
was also recognised by Zduniak & Yosef (2012) at 
Eilat, Israel. In contrast, in many other species of pas-
serines, juveniles and adults show differences in en-
ergy stores carried during their migration, in the for-
aging strategies and rates of fuel deposition at a stopo-
ver site (Ellegren 1991, Woodrey 2000, Yosef & 
Tryjanowski 2002, Yosef & Wineman 2010). The 
age classes of the lesser whitethroat in our study and 
the sexes of the Eurasian blackcap, at the same study 
site (Gyurácz et al. 2017b) did not differ signifi-
cantly with regard to fat deposition rate. This could be 
explained by the possibility that juveniles and adults 
or males and females avoid intraspecific resource 
competition by foraging in different microhabitats at 
stopover sites. In the absence of competition, stopo-
ver features and fat deposition rate may not differ 
between ages and sexes (Ellegren 1991). Another 
possible explanation for lack of significant differenc-
es in fuel management among age and sex classes is 
that food availability at Tömörd in the post-fledging 
period is very high, due to the ripening of abundant 
blackberries and elderberries, a highly preferred 
food of migrating lesser whitethroats and Eurasian 

blackaps (Jordano & Herrera 1981, Jordano 1985, 
Gyurácz et al. 2017b). When the food abundance 
is high, the competition for food among age or sex 
classes might be negligible (Moore & Yong 1991). 
This is probably the case at our study site.

Stopover ecology patterns
In this study, the stopover length was not negatively 
correlated with the fat score at first capture. Yosef 
& Wineman (2010) did not find a significant rela-
tionship between energetic condition at first capture 
and stopover length of the Eurasian blackcaps dur-
ing spring migration at Eilat, Israel. A different re-
sult was obtained in northern Spain during autumn 
migration, where birds arriving with less fuel had 
longer stopover duration; stopover times were 3.6 
and 13.6 days for the fattest and the leanest indi-
viduals, respectively (Arizaga et al. 2008). A pos-
sible explanation is that the birds do not need to 
reach high fat and body mass at Tömörd for their 
further migration. If a stopover site is not used for 
fat accumulation, birds of lower energetic condition 
may actually stay for a shorter duration in order to 
more quickly reach a refuelling site (Winker et al. 
1992). In other studies, Eurasian blackcaps often re-
mained for several days and put on up to 45% of lean 
body mass at stopover sites with berries, which are 
preferred by this species. In contrast, they stopped 
over for shorter periods at other sites without berries 
(Phillips 1994). Among all captures, wing length 
was not a significant determinant of stopover dura-
tion of the lesser whitethroats at Tömörd. The larg-
er birds with longer wings were not competitively 
dominant at this stopover site; they probably did not 
forage more efficiently and did not spend a shorter 
period at Tömörd. Another possible explanation is 
that longer-winged birds are more likely to be tran-
sient individuals originating from breeding grounds 
located to the north of the study site. 

There was a significant negative correlation be-
tween first capture date and stopover length among all 
captures; juveniles and adults. This could be in part 
related to local immature lesser whitethroats being 
captured at the end of July and early August. They 
might need more time to prepare for migration be-
cause of their late moulting. Like migratory Eurasian 
blackcaps in southern England (Phillips 1994) and 
Tömörd (Gyurácz et al. 2017b), earlier-arriving less-
er whitethroats stayed longer at the stopover site than 
later migrants at Tömörd. This could be explained 
with the territorial behaviour of the lesser whitethroats 
in the wintering area (Baker 2002). The birds that ar-
rived earlier had time to stopover, while birds that ar-
rived later attempted to reach the wintering grounds 
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as soon as possible (Yosef & Wineman 2010). The 
individuals arriving earlier at wintering sites might 
obtain higher-quality territories and achieve higher 
winter survival (Salewski et al. 2002, Ożarowska & 
Zaniewicz 2015). Successful winter survival may be 
one reason for the stable annual ratio of transient birds 
at Tömörd and the stable breeding population of the 
lesser whitethroat in Europe (EBCC 2017).

Based on the study of Wojciechowski et al. 
(2014) concerning the pattern of body mass change 
of migratory lesser whitethroats, we can assume that 
in birds with a body mass below 10.94g (juvenile) 
or 11.17g (adult), weight increased almost exclu-
sively due to an increase in lean body mass. Above 
LBM, increasing fat mass was responsible for in-
creasing weight. When lesser whitethroats were first 
captured at Tömörd during the post-fledging period, 
they showed a mean weight of 11.58 g (juveniles) and 
11.82 g (adults) (about 5.5% above their lean body 
mass) and after stopover they reached a mean body 
mass of 11.79 g and 11.76 g (about 7.2% and 5.0% 
above their lean body mass). The maximum fat scores 
for age groups were five, both in Tömörd and the 
southern Baltic coast in Poland (Scilowska & Busse 
2005). The mean fat scores of juveniles (1.81) and 
adults (1.86) in Poland were also very similar to the 
mean fat scores of birds ringed in Tömörd. A signifi-
cantly higher mean fuel load during autumn migration 
was reported by Ellegren & Fransson (1992) and 
Arizaga et al. (2008) for lesser whitethroats (9.3%) 
and Eurasian blackcaps (about 15%) in Scandinavia 
and Spain, respectively. These two European stopover 
sites are located adjacent to ecological barriers (the 
Baltic and Mediterranean Seas, respectively), which 
necessitate more energy investment by migratory 
birds for non-stop flight. The comparatively lower fat 
loads observed in the lesser whitethroat at Tömörd 
may be because they probably commence their au-
tumn migration in Europe before the post‐juvenile 
moult is completed and the lack of the ecological bar-
riers in the region of the study area. When migrating 
over more benign areas, like western Hungary, they 
usually have low or moderate fat reserves. 

The pre-migratory fuel deposition rate of birds 
varies according to the length of their non-stop flights 
and this variation is evident even for different pop-
ulations of the same species (Rubolini et al. 2002, 
Newton 2011). McCabe et al. (2018) showed that 
variation in wind selectivity at departure could pro-
duce migratory behaviours that mimic the classic 
“time-minimiser” and “energy-minimiser” strate-
gies developed in birds. In general, migrants with 
higher MDR are leaving the stopover site with higher 
body mass, suggesting a time-minimising strategy 

(Alerstam &Lindström 1990). Such a strategy could 
be a selective advantage in the occupation of favoura-
ble territories. The lesser whitethroats appear to main-
tain a strategy of time minimisation at Eilat, Israel 
(Zduniak & Yosef 2012) and Tömörd. It was report-
ed from a number of localities in Spain that winter site 
fidelity in Eurasian blackcaps is relatively high (about 
30–40%; Cantos & Tellería 1994, Cuadrado et al. 
1995, Belda et al. 2007), a fact that might be attrib-
uted to the arrival in these wintering areas before their 
competitors. Our results indicated that the change of 
body mass was positively correlated with stopover 
length for juveniles. We did not detect such relation-
ships among adults because of the substantially lower 
sample size. Longer stopover duration is beneficial 
for a bird’s energetic condition, although such advan-
tages are not always gained immediately. A similar 
pattern was observed in Eurasian blackcaps during 
spring migration at Eilat, Israel (Yosef & Wineman 
2010). Usually, birds are captured in lower energet-
ic condition in degraded environments but Tömörd, 
with bushes providing a lot of berries, is a relatively 
good stopover site for lesser whitethroats. 

Body mass of birds in a favourable habitat 
shows diurnal fluctuations. The mass increases dur-
ing the day due to the nutrition and decreases by 
nocturnal metabolism at night (Morris & Glasgow 
2001). Thus, a bird recaptured the next morning 
will have lost weight, but will regain it during the 
day. A similar phenomenon has been reported in 
other small passerines, such as European robins 
(Erithacus rubecula), that lost body mass during the 
first day or two after arrival in Britain (Davis 1962), 
Norway (Mehlum 1983) and Hungary (Gyimóthy 
et al. 2011). This suggests that energy assimilation 
may be limited by reduced digestive organs (Tracy 
et al. 2010). Explanations for the initial mass loss 
of recaptured individuals may include the effects of 
capture and handling (Nisbet & Medway 1972), the 
inefficient foraging due to the unknown stopover 
site (Yong & Moore 1997), as well as a common 
mechanism of gaining/losing fat reserves in migrat-
ing birds (Alerstam & Lindström 1990).

Thirty-nine percent of the lesser whitethroats 
recaptured at Tömörd lost or did not gain body mass 
but most lesser whitethroats stopping over at Tömörd 
gained mass by the departure day. Similar rates 
(ca. 40%) were encountered in Eurasian blackcaps 
at Losa, Spain (Arizaga et al. 2008) and Tömörd 
(Gyurácz et al. 2017b). This could in part be related 
to costs of stopover, though some birds seem una-
ble to gain mass over several days. The significant 
positive correlation between MDR and DBM among 
Lesser Whitethroats with a negative refuelling rate at 
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Tömörd likely suggests that weight loss was regular-
ly occurring. The explanation of these results is not 
clear. It is possible that unlike the short- and long-dis-
tance migrating Eurasian blackcaps (Arizaga et al. 
2008, Gyurácz et al. 2017b) with a decreasing mass 
gain close to their departure (Klaasen & Lindström 
1996, Fransson 1998), the lesser whitethroats fol-
low a simple linear strategy when accumulating fat 
(Carpenter et al. 1983). Our data support the idea 
that most lesser whitethroats were using the study site 
as a stopover area but only a part of them were using 
Tömörd as a site to fatten up. As migration strategy 
of birds is changing over time, particularly in asso-
ciation with environmental factors such as climate 
change and light pollution, long-term bird ringing is 
important even for common species. 
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