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traits of Reed, Marsh and Sedge Warblers

1. Introduction
Birds are one of the best monitored taxa, and 
consequently with long-term standard datasets exist 
around the world [1]. These datasets enable us to track 
long-term changes in avian populations and to correlate 
these changes to global environmental processes. 
Recently, several researches reported shifts in the 
timing of migration of different bird species as possible 
consequences of climate change [2-5]. In general, long-
distance (i.e. wintering south of the Sahara) migrants 
could react later to rapid alterations of the environment 

compared to short-range or facultative migrants [6, but 
see further comments in 7], as the migration of these 
species is predominantly under genetic control [8]. 
However, studies on the shift in migration phenology 
and its relation to climate change are often controversial 
[2,3,6,9-12]. The direction and degree of changes 
strongly depend on migration strategy, length of 
migration routes, timing of moult, or on the geographical 
position of the source data [4,10,11,13].

Despite the controversial results, generally the timing 
of spring migration of many long distance migrants has 
shifted to become earlier [e.g. 14]. Advanced arrival can 
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Abstract:  Global environmental processes like climate change could severely affect population level migratory behaviour of long range migrant birds. 
We analyzed changes in migration phenology and biometrics of three closely-related long-distance migrant Acrocephalus species. We used 
the records of 12 063 Sedge, 12 913 Reed, and 5 409 Marsh Warblers caught and ringed between 1989-2009, at a Hungarian stopover 
site. Quantile regressions were used to analyse the changes in spring and autumn migration phenology. Median spring arrival date of Sedge 
and Reed Warblers shifted 6.5 and 7.5 days earlier, respectively. Autumn arrival of all species shifted one (Reed and Marsh Warblers) 
or two (Sedge Warbler) weeks later. Mean body mass of adult Reed and Marsh Warblers decreased in spring (by 0.3 and 0.2 grams, 
respectively) and in autumn (by 0.8 and 0.2 grams, respectively) while body mass of adult Sedge Warblers decreased only in autumn (by 
0.4 grams). Mean wing length of all species increased significantly (range of change: 0.6-1 mm). Despite the fact that the studied species 
are closely related, all three have remarkably different migration strategies. However, similar patterns can be observed in the studied 
parameters, indicating that global processes may have general effects on these species, albeit through markedly different mechanisms. 
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be beneficial because birds can commence breeding 
earlier, hence optimizing their reproduction and 
increasing reproductive success [2,4,10,11,15-20]. 

On the other hand, less information is available 
on the impact of global processes on the phenology 
and ecology of post-nuptial migration [21,22]. The 
changes of timing during autumn migration are even 
more confusing than in spring. Although some studies 
of long-distance migrants found earlier departure in 
recent, warmer years, most report that migrants have 
not changed or even delayed their departure date [2]. 
The trends of changes in autumn migration timing 
usually have greater variability across populations and 
geographic distribution of a given species than in spring 
[10,21]. Birds could favour late autumn migration as a 
consequence of increasing temperature and improved 
food availability on the breeding grounds [23], thus 
optimizing survival. However, the optimal migration 
strategy may differ not just among species, but also 
amongst populations, age/sex groups and individuals 
[24-27].

Intriguingly, only a handful of studies have assessed 
mid to long-term changes in biometrics [28]. For example 
[29] and [30] have linked the changes in body mass and 
wing length of passerine birds to climate change through 
Bergman’s rule. On the other hand, changes in these 
parameters may just as well indicate altered migration 
strategies, expanding breeding ranges and/or migration 
routes in long distance migrants [28]. The basic concept 
behind these hypotheses is that birds with longer, more 
pointed wings generate more power with less energy 
and migrate faster compared to shorter winged birds 
[31]. Thus, populations of the same species may have 
different wing shapes and wing lengths, related to the 
distances covered during migration. For example, Reed 
Warblers breeding in the northern extent of the species’ 
distribution have considerably longer average wing 
lengths as compared to southern populations [32].

In the current study we examined changes in 
migration phenology and biometrics of three closely 
related long-distance migrant Acrocephalus species; the 
Sedge (A. schoenobaenus), the Reed (A. scirpaceus) 
and the Marsh Warbler (A. palustris) at a Central 
European study site. These birds share wetlands as 
breeding habitats, however, on a finer scale Reed 
Warblers prefer homogeneous reed-beds, Sedge 
Warblers prefer heterogeneous reed-beds and hedges, 
while Marsh Warblers prefer herbaceous vegetation 
[33]. Although all three species are closely related and 
have similar habitat preferences, they show markedly 
different migration strategies. 

Reed Warblers have two distinct wintering areas: in 
Southeast and in Western Africa [34], and individuals 

of the Carpathian Basin population may utilize both 
areas [35]. This species arrives in April and stays 
until September (adults) or October (juveniles) [36]. 
Reed Warblers migrate in small steps, often refuelling 
their deposits [37] and maintain territorial behaviour at 
stopover sites and on the wintering grounds [33,38]. 
The northern populations of Reed Warblers avoid 
the Carpathians on migration, thus the local breeding 
population can be regarded as a Carpathian Basin 
isolate. Therefore, we presumed that all individuals 
trapped at the study site are from a homogeneous 
population breeding within the Carpathian Basin [36].

Sedge Warblers winter in the sub-Saharan region, 
and cross the Sahara with a long, non-stop flight. 
They are non-territorial at stopover sites [38] and are 
considered to be less territorial compared to the other 
two studied species during wintering [33]. These birds 
arrive to the study site in April and stay until September 
(adults) or October (juveniles). The northern Sedge 
Warbler populations pass through Hungary during 
autumn migration, thus unlike Reed Warblers, the 
individuals trapped at our study site may originate from 
several differently behaving populations [39]. 

Marsh Warblers winter in Southeast Africa and 
all European populations perform a funnel-shaped 
step migration, crossing into Africa via the East-
Mediterranean in large steps [40,41]. Birds arrive only in 
May and stay until the end of September at our study site 
[42]. This species does not defend territories at stopover 
sites, but is territorial on wintering grounds [33]. Marsh 
Warblers travel large distances between re-fueling sites 
and stop only a handful of times during migration [43]. 
Populations originating Northwest of the Carpathian 
Basin pass through the region during autumn migration 
[42]. In Sedge and Marsh Warblers, there are only a few 
ring recoveries from other European or North-African 
stopover sites south of the Carpathian Basin, thus the 
ringing site of this study is considered to be an important 
refuelling area for both species [36,39,42].

In general, the timing of spring and autumn migration 
of the three species shifted earlier in the last few decades 
throughout Europe [9,10,13,19,22,44,45]. However, 
we have previously shown delayed autumn migration 
at our study site for most other long-range migrant 
species [26,28]. It is important to consider that these 
studies differ in applied methodology, study periods, 
and they have been carried out at different latitudes. All 
of these factors may interact and may lead to different 
conclusions and explanations for the observed changes 
[46,47].

In the current study, we analysed the changes that 
have happened during the past two decades (1989-
2009) in migration phenology, body mass and wing 
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length of these trans-Saharan migrant species. We 
hypothesize that global environmental processes affect 
parameters describing the migration of the three studied, 
closely related species. We also hypothesize that these 
patterns will be similar, despite the fact that the three 
species have markedly different migration strategies. 
Revealing alterations in the timing of migration and 
biometrics at a Central European breeding and stopover 
site may contribute to a more coherent understanding 
of the population level migratory behaviour of different 
species, and may help shed light on possible effects of 
global processes like climate change.

2. Experimental Procedures
2.1 Study area and data
Data were collected by the Ócsa Bird Ringing Station 
Society near Ócsa, (47°15’N, 19°15’E), in central 
Hungary. The site is situated in the Ócsa Landscape 
Protected Area, belonging to the Danube-Ipoly National 
Park. The ringing station itself is at the edge of a post-
glacial bog with mosaic, heterogeneous vegetation 
ranging from reedbeds to forests. Minor habitat 
alterations have occurred (e.g. due to habitat succession) 
during the 21 years of the study period, but in general 
the aquatic habitat types of the study site have remained 
unchanged. Thus, our results are unlikely to be biased 
by local habitat effects.  Mist-netting and ringing were 
conducted using a standard methodology [48] at the 
same locations throughout the study period. We used 
the records of 12 063 Sedge, 12 913 Reed, and 5 409 
Marsh Warblers caught and ringed between 1989 and 
2009. Only data from the first capture was used, therefore 
a given individual’s data is used only once in this study. 
Adult (hatched previous years) and juvenile (hatched that 
year) birds were distinguished by the abrasion of primary 
feathers, tongue spots and plumage colour [49] and were 
treated separately during the analyses. 

All birds were measured by a few experts following 
the same standard methodology [48] to eliminate inter-
observer bias. The left wing length (to the nearest 
millimetre using the ruler) and the body mass (to nearest 
0.1 g using a digital balance) were measured for each 
individual. Autumn wing length measurements may be 
biased by feather abrasion, as all of the studied species 
complete a full moult (i.e. moulting major flight feathers) 
in the wintering grounds. Thus, we only analysed the 
data of birds whose feather wear scores were either 
0 (no visible damage on feather) or 1 (minor wear 
visible on the feather). Visual fat scores were estimated 
following the Kaiser scale; ranging from zero (no visible 
fat) to eight (whole belly covered with fat) [50]. We used 

data from birds whose fat scores fell into the linear range 
of the Kaiser scale in the conducted biometric analyses.

2.2 Statistical analysis
Quantile regressions were used to estimate trends 
in 10%, 25%, 50%, 75% and 90% percentiles of the 
distribution of arrival times (day of the year). In quantile 
regression, separate regression lines are fitted for 
each of the specified quantiles of the distribution, thus 
allowing the estimation of separate trends for birds 
arriving in different segments of the migration wave [51]. 
The interpretation of slope and significance is similar to 
linear regressions: negative slopes indicate shift toward 
earlier migration, and positive slopes toward prolonged 
migration.

Spring migration overlaps with the breeding period, 
while in autumn, the migration and the dispersion of 
juvenile birds overlap in all three study species. To avoid 
bias, the timing of spring migration was calculated using 
data of birds captured before 1st June (in Sedge and 
Reed Warblers) or 25th June (in Marsh Warblers) and 
the timing of autumn migration in all three species was 
calculated using data from birds captured after the 10th 

July. We excluded all migration periods (i.e. spring or 
autumn trapping seasons) when less than 10 individuals 
of a given species were trapped.

To estimate the differences in timing of autumn 
migration between adults and juveniles, we included 
age (adult or juvenile) in the quantile regression models 
(with 50% percentile). 

To quantify changes in mean body mass and mean 
wing length we initially subsetted the data to the first and 
last five years (periods between 1989-1993 and 2005-
2009) and compared the means of the two groups using 
Welch two sample t-tests. Using the five years on both 
ends of the study period gave enough data to eliminate 
year effects, but are separated markedly enough to 
give robust results on the differences in means of 
body mass and wing lengths. We used the R 2.10.0 
program (R Development Core Team, R: A language 
and environment for statistical computing. R Foundation 
for Statistical Computing, Vienna, Austria, 2010, 
http://www.r-project.org) for all statistical analyses. The 
significance level was set to 0.05 and assumptions of 
statistical tests were checked for all analyses conducted.

3. Results
3.1 Changes in timing of migration
During the 21 years of the study period, the median 
(50% percentile) spring passage day of Sedge Warblers 
shifted by 7.5 (from 5th May to 28th April) and Reed 
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Warblers shifted 6.5 days earlier (from 4th May to 28th 
April); moreover, regression lines of all other quantiles 
were nearly parallel with these changes (Figure 1, 
Table 1).  No significant changes were detected in the 
case of Marsh Warblers. 

In autumn, the median passage dates of adult and 
juvenile Sedge Warblers shifted 14.5 and 16 days later 

(from 27th July to 10th August in adults and from 13th August 
to 28th August in juveniles). The arrival dates of adult and 
juvenile Reed Warblers shifted 9 and 5.5 days later (from 
25th July to 3rd August and from 3rd August to 8th August 
in the case of adults and juveniles, respectively). The 
arrival dates of adult and juvenile Marsh Warblers shifted 
7 and 9 days later (from 20th July to 27th July in adults 

Figure 1.  Scatter plot of capture time (day of the year) versus year. Lines were fitted with a quantile regression (10, 25, 50, 75, 90%; solid lines 
significant, broken lines non-significant) on the first capture dates of spring migration of Sedge (a), Reed (b) and Marsh Warblers (c).

Spring, adults Autumn, adults Autumn, juveniles

Quantile d p-value d p-value d p-value

Sedge Warbler

10% -6.3 <0.001 18.0 <0.001 21.0 <0.001

25% -9.2 <0.001 19.5 <0.001 23.8 <0.001

50% -7.5 <0.001 14.5 <0.001 15.8 <0.001

75% -16.8 <0.001 2.8 <0.001 18.0 <0.001

90% -8.4 <0.001 0   1 8.4 <0.001

df 966 2149 8942

Reed Warbler

10% -10.5 <0.001 0   1 -3.0 <0.001

25% -9.7 <0.001 4.4 <0.001 0   1

50% -6.5 <0.001 8.8 <0.001 5.7 <0.001

75% -9.9 <0.001 8.7 <0.001 6.3 <0.001

90% -7.0 <0.001 7.0 <0.001 6.0 <0.001

df 1564 2788 8555

Marsh Warbler

10% -7.0 0.099 0   1 0   1

25% 1.5 0.441 5.3 <0.001 4.2   0.006

50% 0 1 7.0 <0.001 8.8 <0.001

75% 0 1 7.6 <0.001 9.0 <0.001

90% 3.2 0.055 1.3   0.692 12.6 <0.001

df 465 1428 3510

Table 1.  Shift in timing of migration of the three Acrocephalus spp. estimated by quantile regression. d: Number of days shifted during the 
examined period (1989-2009), df: degrees of freedom.
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and from 30th July to 8th August in juveniles). Additionally, 
the second half of the population (50%, 75% and 90% 
quantiles) of both adult and juvenile Reed Warblers and 
juvenile Marsh Warblers left the study site significantly 
later, while the first part of the population (10% quantiles) 
left it significantly earlier or did not shifted the timing of 
migration, resulting in a longer autumn migration period 
(Table 1). In adult and juvenile Sedge Warblers, and 
juvenile Marsh Warblers, the regression lines of the 
different quantiles were parallel (Table 1).  

We found that the juveniles of the studied species 
left the area later on average, compared to adult birds in 
all three species. This difference was largest in Sedge 
Warblers (17.3 days) and smallest in Reed Warblers 
(6.8 days), while juvenile Marsh Warblers left the study 
site 9.4 days later, than adults (quantile regression with 
50% percentile, P<0.001 in all cases).

3.2 Changes in biometrics
Comparing the first and last five years of the study 
period, the average spring body mass of Reed Warblers 
and Marsh Warblers decreased significantly (by 0.3 g 
and 0.9 g, respectively), while the body mass of Sedge 
Warblers has not changed. We also found significant 
differences in adult birds of all three species during 
autumn migration. Adult Sedge, Reed and Marsh 
Warblers decreased their body mass by 0.6 g, 0.8 g, 
and 0.2 g on average, respectively. The mean body 
mass of juvenile Reed Warblers decreased significantly 
(by 0.2 g), while the juveniles of the other two species 
did not show such remarkable changes (Table 2). 

The average wing length of adult Sedge Warblers 
and Marsh Warblers has increased significantly by 

0.9−1.0 mm during both spring and autumn migration. 
The wing length of adult Reed Warblers increased 
significantly in both seasons. The change in spring was 
only 0.6 mm, while in autumn it was similar to the degree 
of change showed by the other two species: 1.0 mm. 
The average wing length of juvenile Sedge, Reed and 
Marsh Warblers increased significantly with 0.5 mm, 
0.6 mm and 0.7 mm, respectively (Table 3).

4. Discussion
4.1 Changes in timing of migration
4.1.1 Spring migration 
We detected earlier spring arrival in Sedge and Reed 
Warblers, in accordance with previous findings of 
earlier arrival of both species in Western Europe 
[e.g. 9,10,13,45]. 

A plausible explanation would be that winters 
are becoming milder and shorter − as a possible 
consequence of climate change – thus, food is 
available sooner [9,52]. The magnitude of changes 
observed for both species is similar, approximately 1 
week. Although Reed Warblers analysed in the current 
study are Carpathian Basin isolates, while Sedge 
Warblers are cross migrants, they both occupy similar 
habitats throughout their breeding range. Thus, general 
environmental effects may be altering the conditions of 
the breeding habitat, generating similar spring arrival 
date responses for both species.

On the other hand, Marsh Warblers did not shift their 
spring arrival. The timing of spring migration of Marsh 
Warblers is highly variable among locations, according 

Sedge W. Reed W. Marsh W.

Spring adults 1989-1993 12.02 (1.04) 11.89 (1.03) 12.76 (1.30)

2005-2009 12.00 (1.14) 11.61 (1.04) 11.89 (1.03)

p-value 0.334 <0.001 0.023

df 537 821 282

Autumn adults Sedge W. Reed W. Marsh W.

1989-1993 12.08 (1.45) 12.66 (0.80) 12.91 (1.34)

2005-2009 11.50 (0.94) 11.84 (1.00)  12.67 (1.20)

p-value <0.001 0.004 0.050

df 210 621 306

Autumn juveniles Sedge W. Reed W. Marsh W.

1989-1993 11.29 (1.08) 11.59 (0.92) 12.35 (1.42)

2005-2009 11.27 (1.13) 11.41 (0.95) 12.45 (1.50)

p-value 0.647 <0.001 <0.001

df 2704 3407 941

Table 2.  Average (SD) body mass of Sedge Warblers, Reed Warblers and Marsh Warblers during the first and the last five years of the study period 
(periods between 1989−1993 and 2005-2009), and their comparison using t-tests, df.: degrees of freedom.
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to observations in Europe. In general, only Northern 
European populations advanced their spring migration. 
For example, the median arrival date of Marsh Warblers 
shifted 7 days earlier during spring migration between 
1980−2004 at four study sites in Scandinavia [19]. 
However, the fact that Marsh Warblers did not alter their 
arrival may be attributed to their habitat. This species 
breeds only in the herbaceous vegetation zone of wetlands 
in the Carpathian Basin [53], a habitat type that becomes 
suitable for breeding only in May. Thus, the advantages 
of arriving earlier are not as pronounced compared to 
the early spring period. The other two species nest in the 
inner zones of reedbeds, hence they can commence their 
reproduction a month earlier [36,39,42]. In Scandinavia, 
the spring begins later therefore the vegetation becomes 
suitable for breeding later. The impacts of climate change 
on the environment could be remarkable in May at the 
northern extent of the species’ range. Earlier arrival 
in these areas may yield advantages in reproduction, 
explaining the observed changes, and the lack of altered 
arrival dates at our study site.

4.1.2 Autumn migration 
We found that the timing of autumn migration of all 
studied species shifted later; Sedge Warblers prolonged 
their migration by two weeks, while Reed and Marsh 
Warblers prolonged migration by a week. Contrary 
to our results, other Western European studies report 
an earlier departure in Sedge and Reed Warblers 
[10,13,22], while there is no data published on the 
timing of post-nuptial migration of Marsh Warblers. In 
most studies, no distinction has been made between 

adult and juvenile birds, making comparisons even 
more difficult or impossible. The changes and trends 
could be different among age groups and there is a 
large variability in the ratio of age groups at different 
places during autumn migration. For example, it may be 
biased towards juveniles in front of barriers as young, 
inexperienced birds need more time to prepare to get 
over these obstacles. Therefore, contradictory results 
reported from geographically distinct locations within 
Europe are not surprising.

Not only delayed, but more extended autumn 
migration periods were observed in adult and juvenile 
Reed Warblers at our study site. While the other two 
studied species breed once in a breeding season, Reed 
Warblers can have second clutches in the Carpathian 
Basin [36,39,42]. Earlier spring arrival suggests that the 
overall time allocated for reproduction increases, hence 
the ratio of second clutches may also have increased 
in the past two decades. The increased number of 
second clutch fledglings amongst autumn migrants 
may yield a delayed and extended autumn migration 
pattern. Indeed, juveniles left the study site significantly 
later than adults. Possible underlying reasons for 
delayed juvenile autumn migration may be that yearling 
birds perform a partial post-fledging moult in autumn 
and they allocate considerable time to successfully 
complete it [26]. Moreover, juvenile birds usually need 
more time to accumulate sufficient fat compared to the 
more experienced adults [54], and thus, may have an 
altogether slower mean migration speed. M. Woodrey 
[55] suggests that a plausible reason of the observed 
delay may be attributed to behavioural advantages, as 

Spring adults Sedge W. Reed W. Marsh W.

1989-1993 67.7 (1.9) 67.1 (1.8) 68.7 (1.7)

2005-2009 68.6 (2.1) 67.7 (1.9) 69.6 (1.9)

p-value <0.001 <0.001 <0.001

df 510 796 283

Autumn adults Sedge W. Reed W. Marsh W.

1989-1993 66.2 (1.9) 65.9 (1.8) 68.1 (1.8)

2005-2009 67.2 (2.0) 66.9 (1.8) 69.1 (2.1)

p-value <0.001 <0.001 <0.001

df 212 477 365

Autumn juveniles Sedge W. Reed W. Marsh W.

1989-1993 66.2 (1.7) 65.6 (1.8) 67.6 (2.1)

2005-2009 66.7 (1.7) 66.2 (1.8) 68.3 (2.0)

p-value <0.001 <0.001 <0.001

df 2529 3192 835

Table 3.  Average (SD) wing length of Sedge Warblers, Reed Warblers and Marsh Warblers during the first and the last five years of the study period 
(periods between 1989−1993 and 2005-2009), and their comparisons using t-tests, df.: degrees of freedom.
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socially subordinate juveniles can avoid competition with 
dominant adults when they delay their passage. The 
increased rate of second clutches may also affect adult 
migration phenology. One would expect that raising a 
second clutch is energetically demanding, thus adults 
may consequently delay autumn migration.

4.2 Changes in biometrics
4.2.1 Changes in body mass
We showed considerable decrease in mean body mass 
between the first and the second part of the study period 
in all examined species, amongst most age groups and 
in both migration periods. 

Reed warblers were 0.3 g lighter on average in 
spring. These birds have remarkably different migration 
strategies compared to the other studied species as they 
migrate in small steps [37,38] and use two alternative 
and geographically-distinct wintering areas. Reed 
Warblers captured in Uganda measured on average 
12.4 g [Pearson 1971 in 33], 10.6 g in Israel [56], 11 g 
in Gibraltar [Finlayson 1981 in 33] and 11.7 g in Eastern 
Baltic during spring migration [57]. Considering the 
variation in body mass of the species at different stages 
of migration and wintering, the observed 0.3 g change 
is remarkable. For instance, it is not surprising that 
birds lose substantial (30-50%) weight after crossing 
a barrier; however, we only used the data of a single 
site, and hence even seemingly minor deviations could 
have severe impact. However, there is no data from the 
Carpathian Basin on the ratio of easterly and westerly 
migrating individuals, thus hindering the construction 
of biologically relevant inference of our results. 
Nevertheless, the observed pattern may indicate altered 
migration strategies (i.e. change in the ratio of east-west 
migrants) or may be a result of environmental changes 
on the wintering grounds and/or at the stop-over sites. 

It seems that the fact that Marsh Warblers also 
decreased their body mass in spring supports this 
theory. The latter species follows an easterly funnel 
migration, presumably staging in similar areas as 
Reed Warblers. O. Gordo et al. [58] have shown that 
the stop-over sites are becoming more arid, thus the 
amount of available prey is presumably decreasing. If 
there is an easterly gradient in the degradation of habitat 
quality, Marsh Warblers would be more affected, while 
only the proportion of Reed Warblers migrating via the 
Eastern route would have lowered body mass. The 0.3 
g decrease in body mass of Reed Warblers, and the 1 g 
decrease in case of Marsh Warblers, may indicate that 
such a gradient exists.

Intriguingly, mean body mass of Sedge Warblers 
did not change significantly in spring. These birds 
cover long distances and stop only a few times during 

migration [38], thus they need to deposit a large 
amount of fat before crossing barriers like the Sahara 
or the Mediterranean Sea. The deposited fat is burned, 
resulting in considerable average weight difference 
measured before and after certain barriers. For example, 
35% of Sedge Warblers are more than 13 g in Nigeria 
[59]. After crossing the Sahara birds are 10.6 g in Algeria 
and they arrive weighing 11.2 g in England [Williamson 
1968 in 33]. Climate change is known to increase the 
extent of the Sahara [60]. The lack of decrease in body 
mass, despite the fact that Sedge Warblers have to 
cover longer distances, indicates either the existence of 
an evolutionary coping mechanism and/or that the stop-
over sites preceding their arrival to the study site have 
not changed in the past two decades.

During autumn migration adults of all three species 
show decreased body mass. Coupled with the fact 
that they also prolonged the timing of migration, 
these alterations may indicate adverse changes at 
the breeding sites and/or European stop-over sites. 
Arid summers and severe droughts may cause the 
depletion of invertebrate densities [61]. Migrating birds 
may compensate for the decreased food availability by 
either departing earlier − or if this is not possible − by 
prolonging their migration. In general, the latter seems to 
apply to all three studied species as the delay in autumn 
migration is accompanied by considerable average 
weight loss. Considering Reed Warblers, the increased 
ratio of second clutch breeders may also have led to a 
similar pattern.

On the other hand, the decrease in body mass of 
juveniles of all three species was less pronounced. 
Marsh Warbler juveniles even showed a 0.1g increase, 
although probably this is biologically less relevant. 
Juveniles are on average lighter than adults in case 
of all three species. Thus, we presume that the lack of 
pronounced change in average body mass of juveniles 
is simply because it cannot be further decreased without 
serious adverse consequences on survival. However, if 
the current trend continues we hypothesize that juvenile 
post-migration mortality will increase, resulting in 
demographic changes throughout the breeding range of 
all three species.

4.2.2 Changes in wing length
The average wing length of all three studied species has 
increased significantly in spring and in autumn in all age 
groups. A significant northward shift in the breeding area 
of several species has been shown [62-64]. Possibly, 
a similar northward shift has happened in Sedge and 
Marsh Warblers, as predicted by B. Huntley et al. [65]. 
Additionally, the observed increase in wing length might 
also reflect the fact that the size of the northern breeding 
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populations has increased [e.g. 63], and/or that the 
reproductive success of birds breeding in northern 
areas can be greater [66].

An alternative − but not exclusive − explanation 
would be based on the selection forces for longer 
winged individuals. These forces may facilitate the 
observed increase as the distances between stopover 
sites are increasing and/or the wintering grounds are 
becoming more arid [67]. The direction of autumn 
migration of Sedge Warblers breeding north of the 
Carpathians is almost 180° [35]; birds migrate through 
Italy [68] and possibly are crossing the Mediterranean 
Sea and the Sahara with non-stop flights. The extent 
of the Sahara is increasing continuously [60], resulting 
in selection forces for longer-winged individuals. In this 
case, the ratio of longer winged individuals captured at 
our study site may increase, producing the observed 
pattern. Most likely both the increased rate of Northern 
individuals and the selection forces for longer winged 
individuals synergistically interact and produce a 
general increase in mean wing lengths. The increased 
mean wing length could well be an evolutionary coping 
mechanism, compensating for larger travel distances 
without noticeable mean weight loss.

However, Reed Warblers are Carpathian Basin 
isolates and have two migration routes, both avoiding 
the Sahara; hence, these hypotheses would not predict 
wing length changes. Possibly, the observed pattern 
shows a shift in the ratio of easterly and westerly 
migrating individuals, as the eastern flyway is presumed 
to be longer. Alternatively, this pattern may indicate that 
the sex ratio within the population has changed. Males 

have longer wings and larger body mass than females in 
both age groups [27]. Juvenile males may benefit from 
staying longer on the breeding grounds by discovering 
territories for subsequent years, as they may choose 
their future nesting locations [69,70]. A study from 
Hungary supports this hypothesis, as the recapture rate 
of male Reed Warblers in the natal area was higher than 
of females [71]. An increasingly male biased sex ratio 
of ringed birds at the study site might also produce the 
observed increase in mean wing length.

In general, we found changes in timing of migration 
and biometrics of Sedge, Reed and Marsh Warblers. 
Explaining these changes can be confusing or in some 
cases even contradicting, however our results show 
that these species have altered their population level 
migratory behaviour. The large sample size allows us 
to show the changes in detail and presumably helps 
fill in a knowledge gap on these species from Central 
Europe. The results may also allow us to evaluate future 
changes in population dynamics, and help explain and/
or predict changes in distribution ranges.
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