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Abstract The reedbeds provide essential habitat for many Acrocephalus and Locustella species
during both breeding and migration periods. The nesting and the migration of these species have
been the subject of detailed research over the past half century in the Carpathian Basin. However, these studies
have focused primarily on natural habitats and large reedbeds and thus, little is known about the role of smaller
habitat fragments in the migration and nesting of these species. During my work, I studied the spring and autumn
migration of five passerines in a landscape dominated by agricultural land in Southeast Hungary. Field observa-
tions were carried out to survey the populations of different species between 2010-2019. To study their migra-
tion, I used the method of bird ringing between 20162019 in an oleaster forest and a drainage canal. I was able
to determine the migration periods of the species and in autumn, to calculate the time spent in the research area
based on the recaptures. In conclusion, reedbeds in secondary habitats play a similar role in the migration of the
most common Acrocephalus and Locustella species as in the natural habitats in different regions of the Carpathi-
an Basin. There are differences among species in the timing of migration, the length of time spent here, and the
accumulated fat stores. As these species nest in small numbers in the area, primarily individuals from more dis-
tant populations occur here during the migration.
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Osszefoglalas A nadasok nélkiilozhetetlen él8helyet jelentenek a kiilonbéz6 Acrocephalus és Locustella fajok
szamara a koltési és vonulasi idoszakban egyarant. Vonulasukat és koltésiiket részletesen tanulmanyoztak az el-
mult fél évszazadban a Karpat-medencében, de ezek a kutatasok elsésorban természetes élhelyekre és nagy ki-
terjedésti nadasokra koncentralodtak. A fragmentalt és kis kiterjedésii, masodlagos él6helyeken alig foglalkoz-
tak ezen kérdések vizsgalataval. Jelen dolgozatban Délkelet-Magyarorszagon, egy mezdgazdasagi teriiletek altal
dominalt tajban 6t, nadasban ¢16 énekesmadar faj tavaszi és 9szi vonulasi és fészkelési iddszakban gyijtott ada-
tait dolgoztam fel. Az adatgyiijtés 2016-2019 kozott egy eziistfas erdében és egy belvizelvezetd csatornaban
zajlott a madargytirizés modszerével, 2010-2019 kozott terepi megfigyelésekkel. A jelolés-visszafogas adatok
segitségével meghataroztam a fajok vonulasi idészakait, és a madarak altal a teriileten eltoltott id6t. Az ered-
mények szerint a masodlagos ¢él6helyeken talalhato kis kiterjedésti nadasok hasonlé szerepet toltenek be a na-
di énekesek vonulasaban, mint a Karpat-medence mas teriiletein talalhatd természetes él6helyek nadasai. A fa-
jok vonulasanak iddzitésében, az itt toltott idé hosszaban és a felhalmozott zsirraktarakban kiilonbségek vannak.
Mivel a térségben ezek a fajok csak kis szamban fészkelnek, igy a vonulas soran elsdsorban tavolabbi popula-
ciok egyedei fordulnak itt eld.

Kulesszavak: Acrocephalus, mezégazdasagi teriiletek, belvizelvezetd csatorna, Locustella, Délkelet-Magyarorszag
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Introduction

Reedbeds provide very important resting, feeding and nesting area for many bird species
(Bir6 2007). Highly protected bird species, such as the Great Egret Ardea alba, Spoon-
bill Platalea leucorodia or Glossy Ibis Plegadis falcinellus breed in these habitats. They
provide home not only for the large birds but also for the songbirds (Haraszthy 2013).
Many of them use these habitats during migration and wintering, and they occur in dif-
ferent parts of the reedbeds during breeding (Csorgd 1995, Baldi & Kisbenedek 1999,
Preiszner & Csorgd 2008). However, the extent of reedbeds across Europe is declining
due to tourism and improper management. One of the many harmful interventions that
reduce the area of reedbeds is the fragmentation and the lack of old reeds, which affects
the populations of most of the songbirds breeding here (Haraszthy 2013). As a result, in
recent times, there was a decline in the number of many species, and without proper con-
servation efforts, these species can easily disappear along with reedbeds. It is particular-
ly disadvantageous for those species which only settle in old, unharvested reedbeds and
those which require large, continuous patches. In contrast, certain species, such as Great
Reed Warbler, does not necessarily need large, non-harvested habitats, but a small lake-
side reed spot is enough for them to settle (Csorgd 1998a).

The reedbed is important not only during the breeding period but also during the mig-
ration period for many species. Habitat use, migration patterns and population chan-
ges of these species have been the subject of numerous studies in the Carpathian Ba-
sin (Gyuracz & Csorgd 1994, Gyuracz & Bank 1997, Csorgd et al. 1998, Gyuracz et al.
1998, Gyuréacz et al. 2003, Vadasz et al. 2008, Nagy et al. 2009, Czikkelyné Agh 2014)
within the framework of bird ringing programs working in reedbeds of fishponds and na-
tural habitats.

However, reedbeds occur not only in natural but also in secondary habitats, such as
at the edges of pit lakes and along inland drainage canals. Permanent water cover is not
necessarily needed for reedbeds, as it can be found in dry habitats, usually in the steppes.
These are the so-called dry reeds, which cause serious problems in the conservation of
nature due to their prevalence against native vegetation (Haraszthy 2013).

The breeding and migration of songbirds have not yet been studied in detail in these
types, although in some landscapes these are the dominant reed habitats. The southern
part of Békés County is also one of these, since it is a plain covered by infusion loess,
with only one stream flowing in the area (Szaraz-ér) and with no natural standing water
at all (Jakab & Deli 2012). Although small reed patches can be found nearby small, ar-
tificial quarry ponds and drainage canals, the most important reedbeds can be found in
lawns (Boz6 2017).

During my work, I examined the nesting population and migration of four Acrocepha-
lus and one Locustella species associated with reedbeds. I was looking for the role of
these secondary reedbeds in the breeding and migration of the studied species, with par-
ticular reference to their stopover ecology.
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Material and Methods

I carried out my research in the area of Kevermes and Lékdshéaza in the southern part of
Békés County (Figure 1). There were two methods of sampling. For the breeding popula-
tion survey, simple field observations were made on the 5000 hectares area of the two sett-
lements. During the binocular observations, I cycled through the area. I have observation
data from 439 different days between April and August from 2010 to 2019. The central are-
as of the surveys were the quarry ponds in Kevermes and the Turai lawn in Lékoshaza, but
I regularly visited all the canals and other reedbeds in other areas as well. For a detailed de-
scription of the areas, see the work of Bozo6 (2017). In the case of this paper, it should be em-
phasized that only small reed patches can be found in the quarry ponds as well as along ca-
nals. In contrast, the Turai lawn has an approx. 25 hectares of reedbeds, which, in the deeper
parts of the flat, form a habitat mixed with bulrush and other swamp vegetation. Since on-
ly a part of the area is mown regularly, the reedbeds also appear in smaller or larger patch-
es on the protected vegetation of the lawn. The data collected during the spring migration
are also primarily based on field observations, but since 2012, I have been able to use occa-
sional bird ringing data. These come from the Kevermes gravel mine. For a detailed descrip-
tion of the area and non-standard ringing work, see Boz6 (2016). During the autumn seasons
from 2016 to 2019, I was ringing in a 0.5 hectare patch of the former Pheasant station (EOV
815638 123876) with a seven-meter long and twelve pieces of twelve-meter long Japa-
nese-type mist nets. It is a bushy area, where in addition to the dominant oleaster Elaeagnus
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Figure 1. The location of the study area within Hungary
1.dbra A kutatasi terlilet Magyarorszagon beliili elhelyezkedése
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angustifolia, some taller elms Ulmus sp., black locust Robinia pseudoacacia and wild pear
Pyrus pyraster can also be found. The shrub level consisted of black elder Sambucus nigra
and blackthorn Prunus spinosa, while at lower levels, blackberry Rubus caesius was com-
mon. At the edge of the forest, the vegetation was denser, with reeds and weeds. Behind the
forest, there was a drainage canal with southeast-northwestern orientation (Tulkanéri ca-
nal), with young willows Salix sp. on its shores, and dense reedbed on the shore and in the
riverbed. During the ringing, I collected different biometric data (wing length, subcutane-
ous fat, weight) according to Eck ez al. (2011), I determined the age and the sex of the birds
by Svensson (1992), and then released them. The work took place between the beginning of
August and the end of October for two days a week (16 working hours).

I used the minimum stopover length — the number of days between the first capture and the
last recapture of an individual — as an estimate for true stopover duration (Yosef & Chernetsov
2005, Polak & Szewczyk 2007). To calculate the minimum stopover length, I only used the
data of the recaptured birds. Also, I examined the stopover duration and the body mass chan-
ges by intervals of “10-day periods” to learn the changes of these items. Differences among
stopover duration in subsequent periods were tested using Kruskal-Wallis test. Intervals with
less than 10 individuals per species were excluded from my analysis. I estimated the change
of body mass during stopover as the percentage of the initial body mass (Yosef & Chernetsov
2004, Polak & Szewczyk 2007). To compare the amount of accumulated fat between ringing
and recapture, [ used the Mann-Whitney U test. [ used Spearmans’s rank correlation to relate
the body mass and fat with the number of days elapsed since the first capture. To test the pos-
sible differences in body mass change among the periods, I used one-way ANOVA. Statistical
analyses were carried out using Past 3.14 (Hammer et al. 2001).

Results

Marsh Warbler (Acrocephalus palustris)

Regular and common breeder and a migratory species. The largest population can be found
along the canals, but it also frequently breeds in abandoned gardens and weedy areas. The
population density along the Tulkanéri canal can reach two pairs within 100 meters. It has a
small population on the Turai lawn, and it is only an occasional breeder in the quarry ponds.

In spring between 20132019, I observed the first individuals between 2 May and 10 May
(Table 1). During the non-standard ringing, birds migrating through the area were caught
between 6—17 May.

The members of the local population disappear from the nesting sites until late July. In
some years (e.g. 2019), singing males can be heard even in mid-July.

In autumn, a total of 217 individuals were caught and 48 of these individuals were recap-
tured (22.1%). Of the ringed birds, seven were adult and 210 juveniles (3.2% and 96.8%)).

The migration took place between 1 August and 28 September, with a median date of 20
August (Figure 2). There was a significant difference between years, as the median of mi-
gration was later in both 2017 and 2018 (H = 17.06, p = 0.0006) (Figure 3). Differences in
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Table 1. Spring arrival dates of the study species between 2013-2019
1. tdbldzat A vizsgalt fajok tavaszi visszaérkezési idejei 2013-2019 kozott

Species 2013 2014 2015 2016 2017 2018 2019
Marsh Warbler 9 May 9May | 10May | 6 May 7 May 5 May 2 May
Eurasian Reed Warbler | 16 April | 27 April | 16 April | 12 April | 23 April | 12 April | 18 April
Sedge Warbler 11 April | 8April | 16 April | 5April | 10 April | 8 April | 18 April
Great Reed Warbler 23 April | 26 April | 16 April | 18 April | 20 April | 17 April | 24 April
Savi's Warbler 11 April | 8April | 16 April | 5April | 10 April | 8 April | 18 April

migration between adult and juvenile birds could not be examined due to the low sample
size of the adults.

The minimum stopover duration of Marsh Warblers was on average 3.8 days (median =2
days, range = 1-15 days, SD = 3.7 days.)

Concerning stopover duration, significant differences were found between subsequent pe-
riods (Kruskal-Wallis test, H = 7.246, p = 0.0487) (Figure 4), and their body mass also
changed significantly among the periods. The birds captured between 21-30 August have
significantly higher body mass than birds captured in any other weeks (one-way ANOVA, F
=5.541, p=10.001).

The body mass of recaptured individuals did not change during the stopover at the study
area (on average 0.9 g, 8.1% of the initial body mass; N =24, t=-1.223, p =0.226). In detail,
of recaptured birds, 70.8% showed a body mass gain and 29.2% showed a body mass loss.

There was a significant correlation between the body mass change and the number of days
elapsed between the first capture and the recapture (r, = 0.5767, p = 0.0025), i.e. the birds
that spent more time in the study area changed their body mass greater.

The amount of fat of the birds at ringing was significantly lower than at recapture
(Mann-Whitney U test, U= 1123, z=-2.3734, p = 0.017). Changes in fat were higher in par-
allel with the number of days elapsed between ringing and recapture (r = 0.538, p <0.0001).

There were also individuals that

showed mixed identification char- ]
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Figure 2. The timing of autumn migration of the study species
appeared. 2.dbra A vizsgélt fajok 6szi vonulasanak idézitése
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Eurasian Reed Warbler (Acrocephalus scirpaceus)

Regular, but small number breeder and common migrant. In the study area, a small popu-
lation of 3—4 pairs regularly breeds in the reedbeds of the Turai lawn. Occasionally, it can
be also found as a breeder in the largest reedbed of the Ciganyka canal called Jérce lawn.

In spring, I noticed the first singing birds between 12-27 April (Table 1). According to six
individuals ringed in the area of the quarry ponds, its migration continues even in mid-May.
The first non-local recapture of the species comes also from the spring season. This individ-
ual was ringed as a juvenile bird in Farmos (Pest County) on 1 September 2015 and recap-
tured on 18 May 2016 in the area of the quarry ponds.

Nesting birds typically leave the breeding area by the end of July, but for example, on 7
August 2019, I heard a singing male on the Turai lawn.

In autumn, a total of 122 individuals were ringed and 27 of these individuals were re-
captured (22.1%). Of the ringed birds, two were adults and 120 were juveniles (1.6% and
98.4%).

Marsh Warbler Eurasian Reed Warbler
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Figure 3. The differences in autumn migration timing between years
3.dbra A vizsgalt fajok 6szi vonulasi id6zitésének évenkénti sszehasonlitdsa
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The migration took place between 1 August and 27 September, with a median date on 18
August (Figure 2). The latest data is from 27 September 2017. There were no significant dif-
ferences among years (H = 3.714, p = 0.293) (Figure 3). Differences in migration between
adult and juvenile birds could not be examined due to the low sample size of the adults.

The minimum stopover duration of Eurasian Reed Warblers was on average 3.1 days (me-
dian = 2 days, range = 1-14 days, SD = 3.1 days).

Concerning stopover duration, no significant differences were found between subse-
quent periods (Kruskal-Wallis test, H=2.184, p = 0.6377), however, their body mass did
not change significantly between the periods (one-way ANOVA, F = 1.649, p = 0.1687)
(Figure 4).

The body mass of recaptured individuals did not change during the stopover at the study
area (on average 0.4 g, 10.1% of the initial body mass; N =14, t =-0.3942, p = 0.696). In
detail, of recaptured birds, 42.9% showed a body mass gain, and 57.1% showed a body
mass loss.

There was no significant correlation between the body mass change and the number of
days elapsed between the first capture and the recapture (r, = 0.4296, p = 0.1252).

The amount of fat of the birds did not change significantly between the first capture and
the recapture (Mann-Whitney U test, U = 399.5, z = -1.1551, p = 0.248). Changes in fat

Marsh Warbler Eurasian Reed Warbler

31Aug - 9 Sep |_ED_| %6 10-19 Sep l—{j:l—l o o
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Figure 4. The body mass change of the study species between decades
4.dbra A vizsgalt fajok testtdomeg-valtozasa dekddonként
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were greater in parallel with the days elapsed between ringing and recapture (r, = 0.475, p
=0.007).

The second non-local recapture was from the autumn period. A juvenile bird ringed in
Komarom-Esztergom County on 6 August 2017 was recaptured on 30 August 2017.

Sedge Warbler (Acrocephalus schoenobaenus)

This is the most numerous breeding and migratory species among all studied species. The
highest population (app. 25-30 pairs) breed in the reedbeds of the Turai lawn. Some pairs
can also be found regularly along the canals in smaller reedbeds. Occasionally breeds in
grasslands, and in agricultural lands mixed with johnson grass Sorghum halepense and reed.
The population of the Turai lawn was stable, with the exception of 2017, when the popula-
tion decreased to 15 pairs.

In spring, the first singing individuals were observed between 5-18 April (Table 1). My
last observation in the quarry ponds was on 8 May, but between the second part of April and
early May, it was a regular migrant.

Breeding typically ends by the middle of July, after feeding the young individuals un-
til early in the month (rarely in the middle of the month) and leaving the nesting areas
around 20 July. However, 2019 was an extraordinary year due to the significant rainfall
in the summer and birds could be observed while feeding the nestlings even in early Au-
gust (Bozo 2020).

In autumn, a total of 293 individuals were ringed and 20 of these individuals were recap-
tured (6.8%). Of the ringed birds, 51 were adults and 242 juveniles (17.4% and 82.6%).

The migration took place between 1 August and 17 October with a median date on 25 Au-
gust (Figure 2). The latest data is from 17 October 2017. There was a significant difference
among the years (Kruskal-Wallis test, H = 14.29, p = 0.0025) (Figure 3). Adults migrat-
ed significantly earlier than juveniles (Kruskal-Wallis test, H = 12.68, p = 0.0003, median
adults: 24 August, median juveniles: 31 August).

The minimum stopover duration of Sedge Warblers was on average 2.6 days (median = 1
day, range = 1-8 days, SD = 2.6 days).

Concerning stopover duration, no significant differences were found (Kruskal-Wallis test,
H=1.88, p=0.5814). Their body mass changed significantly between the periods (one-way
ANOVA, F=5.11, p <0.0001).

The body mass of recaptured individuals did not change during the stopover at the study area
(on average 0.9 g, 6.3% of the initial body mass, ¢ = -0.6370, p = 0.5343) (Figure 4). In de-
tail, of recaptured birds, 50% showed a body mass gain, and 50% showed a body mass loss.

There was a significant correlation between the body mass change and the number of days
elapsed between the first capture and the recapture (v, = 0.7864, p = 0.0333), i.e. the birds
that spent more time in the study area changed their body mass greater.

The amount of fat of the birds did not change significantly between the first capture and
the last recapture (Mann-Whitney U test, U= 1285.5, z=-0. 5257, p = 0.599). Changes in fat
were higher in parallel with the number of days elapsed between ringing and recapture (7,
=0.611, p=0.001).
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Great Reed Warbler (Acrocephalus arundinaceus)

The Great Reed Warbler is the second most common breeder among the studied species in the
study area. The largest population breeds in the reedbeds of the quarry ponds. In addition, it is
also common breeder along the canals (app. 2 pairs/100 meters along the Ciganyka canal) as
well as in the villages. However, it is a rare breeder in the Turai lawn with a total population
of 8—10 pairs. There have been no fluctuations in the species’ population over the past decade.

In spring, the first singing birds were observed between 16-26 April (Table 1). The data of
non-standard ringing revealed that some individuals migrate even in mid-May.

Breeding typically ends by the second half of July. The latest observation regarding adults
feeding nestlings was on 21 July 2014.

In autumn, a total of 65 individuals were ringed and 18 of these individuals were recaptured
(27.7%). Of the ringed birds, seven were adult and 58 juveniles (10.8% and 89.2%).

Migration took place between 1 August and 13 September with a median date on 11 Au-
gust (Figure 2). The latest data is from 13 September 2018. There were no significant differ-
ences among the years (Kruskal-Wallis test, H=7.41, p = 0.0587) (Figure 3). Differences in
migration between adult and juvenile birds could not be examined due to the low sample size
of the adults.

The minimum stopover duration of Great Reed Warblers was on average 3.4 days (median
=1 day, range = 1-18 days, SD = 4.2 days).

Concerning stopover duration, no significant differences were found between subsequent
periods (Kruskal-Wallis test, H = 0.2858, p = 0.84). Their body mass did not change signifi-
cantly between the periods (one-way ANOVA, F=1.793, p=0.1772) (Figure 4).

The body mass of recaptured individuals did not change during the stopover at the study ar-
ea (on average 1.1 g, 3.1% of the initial body mass, ¢ =-0.751, p = 0.4662). In detail, of recap-
tured birds, 35.7% showed a body mass gain, and 64.3% showed a body mass loss.

There was a significant correlation between the body mass change and the number of days
that elapsed between the first capture and the recapture (r, = 0.6203, p = 0.018), i.e. the birds
that spent more time in the study area changed their body mass greater.

The body mass of recaptured individuals did not change during the stopover at the study area
(Mann-Whitney U test, U= 111.5,z=-0. 021, p = 0.983). There was no correlation between
the change of fat amount and the number of days elapsed between the first capture and the re-
capture (r = 0.128, p = 0.649).

It should be noted that an individual was seen on 2 October 2013 on the field, which is the
latest occurrence of the species in the study area.

Savi’s Warbler (Locustella luscinioides)

Regularly breeds and migrates through the area in small number. The only place where
the species regularly breeds is the Turai lawn. In 2014, the pairs bred in the reedbed of the
Tulkén law and the Jérce lawn.

The first singing birds were observed between 5—18 April (Table 1). 1 do not have infor-
mation on its spring migration due to the lack of ringing data.
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The nesting pairs are on the breeding ground until mid-July, however, it is not uncommon
that the adults feed the nestlings in this period. They typically disappear from the area by the
end of the month. However, 2019 was an exception, as on 7 August, I observed nestlings fed
by the parents, and even on 11 September, I observed specimens moving in the area.

In autumn, a total of eight individuals were ringed and two of these individuals were re-
captured (25%).

The migration took place between 10 August and 25 September with a median date on 22
August (Figure 2). The latest data is from 25 September 2017.

Both recaptured individuals were caught two times after ringing (five and thirteen, and
one and seven days elapsed between the ringing and the recaptures).

Discussion

Among the bird species examined in my study, the local nesting populations of Sedge War-
bler, Marsh Warbler and Great Reed Warbler were proportional to the number of captured
individuals during the autumn migration. This can be compared with the assertion that the
number of birds in a given resting and feeding place during the migration season correlates
significantly with the size of the local breeding population (Safriel & Lavee 1991). In this
case, it can be interpreted as the number of birds trapped in the canal and oleaster forest in
autumn is in parallel with their breeding population in the region. However, in the case of
the Eurasian Reed Warbler, which has the smallest local breeding population, we caught far
more birds than we should have by this logic. The reason for this is probably the fact that
the canal plays an important role in the migration of the species, it is a migration corridor,
so the individuals of the more distant populations migrate here. This was also assumed for
other species migrating mainly during daytime by Bozo ef al. (2017) and Schupkégel et al.
(under revision).

The relative lack of Eurasian Reed Warbler in the landscape also makes it likely that individ-
uals with mixed phenological characters can arrive from further geographic regions. The two
species can hybridize only in habitats where they breed close to each other (Lemaire 1977).
The Marsh Warbler breeds mainly in the edges of reedbeds, along canals and other weedy
plant communities (Csorgd 1998b, Végvari 2008a, Haraszthy 2019), while the Eurasian Reed
Warbler breeds in the larger, more closed reedbeds (Csorgé 1998c, Végvari 2008b, Haraszthy
2019). Individuals with mixed characters tend to occur later in the migratory period, whereas
in early-August, I trapped birds with almost typical, clear, species-specific characters.

There are similarities and differences in the timing of the autumn migration of the five spe-
cies. The earliest species was the Great Reed Warbler, followed by the Marsh and Eurasian
Reed Warbler, while the latest species was the Sedge Warbler. This is similar to the one de-
scribed by Gyuracz and Csorgé (1991) in Ocsa and Sumony. The lengths of migration peri-
ods are also similar to those: the shortest for Great Reed Warbler, followed by Marsh Warbler
and Common Reed Warbler, while the Sedge Warbler has the longest migration period. This
is probably due to the fact that the Sedge Warbler has a much larger and more northern dis-
tribution area than other species (BirdLife International 2020), so the birds reach and migrate
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through the Carpathian Basin, which is an important resting place, in wider intervals (Csorgd
& Gyuracz 2009a).

The median date of migration of the Marsh Warbler was on 20 August. This coincides with
the date when 90% of the birds in Ocsa left the area (Gyuricz & Csoérgd 1991). In the Car-
pathian Basin, the peak of the species’ migration is at the end of July and beginning of August
(Csorgd & Gyuracz 2009b), that is three weeks before the median date of the migration of the
birds in my study site. One of the reasons for this difference might be that in the Actio Hunga-
rica camps they started ringing in mid-July, two weeks before the work started in Kevermes.
However, this does not explain the three-week difference, because in the beginning of August
we would have had to catch a much larger number of the Marsh Warblers. It should be noted,
that there was ringing every day in the Actio Hungarica camps, and only two days a week in
the present study, therefore this may also skew the results of any comparisons. There is also a
possibility that local agricultural areas are less suitable for the breeding of the species than nat-
ural habitats, and that is why I trapped mainly migrating birds from northern populations. The
migration dynamics of birds with mixed characters also seems to support this.

However, in the case of Eurasian Reed Warbler, comparisons with data from the Carpathi-
an Basin are likely to be made, as the migration begins later than that of the Marsh Warbler
(Csorgd & Gyuracz 2009c¢). According to the results, this species seems to migrate later in the
region than in Ocsa and Sumony, probably for the same reason as the Marsh Warbler. Because
of the absence of suitable habitats, the species do not breed in large numbers in the region,
thus their number only increases with the arrival of individuals of further populations. Also,
it should be emphasized, that the northern populations migrate through the Carpathian Basin
only in small numbers (Csorgé & Gyuracz 2009c¢), so the birds I trapped in mid-August may
have come from within the Carpathian Basin. This may be supported by the fact that the spe-
cies is very rare in the second half of September and has no data at all in October, although it
occurs in Hungary by mid-October (Csorgé & Gyuracz 2009¢). Based on the two long-term
recaptures, the birds follow the southeast-northwest direction, which is similar to the birds
breeding in or migrating through the Carpathian Basin (Gyuréacz et al. 2004).

The median date of migration of Sedge Warbler was on 25 August. In Ocsa, this was on
17 August, in Fenékpuszta on 19 August, and in Sumony on 16 August (Gyuracz & Csorgd
1994). The difference is probably due to the differences in the start of the work and the num-
ber of working days of these locations and may ringing station. The same might be true for the
Great Reed Warbler, where the difference is similar (Csorgé & Gyuracz 2009d). The migration
of adult birds peaked a week earlier than that of juveniles, which is similar to data published
from different places in Hungary (Gyuracz & Csorgd 1991, Gyuracz & Bank 1997, Csorgd &
Gyuracz 2009d).

The migration of the Savi’s Warbler was studied in Sumony, Southern Hungary between
1993-2002 (Matrai et al. 2006). Their results show that the migration of the species falls in
late July and early August, but there were still migratory individuals in September and early
October. Based on biometric data, two migration waves were identified with a border line on
16 August. The individuals migrating in the second wave had longer wings, so they may have
come from more northern populations. As only a few specimens were ringed in the autumn
during my study, I do not have accurate information on the autumn migration of the species,
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but based on Matrai et al. (2006) and the typical ringing time after mid-August, it is likely that
the majority of birds come from more northern areas. The peak period of the spring migration
in Hungary is in mid-April, and the last local birds arrive in the first days of May (Gyuracz &
Csorgd 2009). This is also similar to my results.

However, when dealing with migration phenology when comparing studies covering longer
time periods, the effects of climate change should not be forgotten either. As a result of ring-
ing in Ocsa between 1987-2004, it was found that the migration of the Savi’s Warbler shift-
ed earlier in the fall, while the migration of the other species I studied shifted later over the
decades (Miholcsa et al. 2009). They also found a significant difference between the differ-
ent age groups in case of Marsh Warbler: adults migrated earlier, while migrated later in the
study area. Also, studies in Ocsa between 1989-2009 showed one- or two-week delay for Eur-
asian Reed Warbler, Marsh Warbler and Sedge Warbler in autumn, while in spring, Eurasian
Reed and Sedge Warbler returned 6.5 and 7.5 days earlier in the end of this period (Kovacs et
al. 2012). In this regard, no significant change in the timing of the spring migration was found
for Marsh Warbler. These results call attention to the fact that the results of articles on migra-
tion phenology published a few years or decades ago can be used with caution when evaluat-
ing the results of recent researches.

Among the species studied, the Sedge Warbler spent the shortest time in the area. In addition
to this, there were far fewer recaptures than in the case of the other species. The reason for this
phenomenon is that the Sedge Warbler migrates faster than other species and therefore spends
less time on other stopover sites (Csorgd & Gyuracz 2009a). It usually migrates with high fat
reserves, but only a minority of birds resting in the Carpathian Basin increase their fat reserves
(Csorgd & Gyuracz 2009a). This is supported by my results as neither the body weight of the
birds nor the body fat category changed significantly during the time spent here.

The Marsh Warbler had the most fat reserves of all the species studied, and body fat values
also increased during the stopover. All of this is related to the fact that the species flies through
larger barriers such as mountains, and therefore accumulates high fat reserves (Csorg6 et al.
2000, Csorgd & Gyuracz 2009a). Conversely, the Eurasian Reed Warbler crossed the area with
very little stored fat and did not increase its reserves significantly during its stay. The reason for
the low fat reserves is that the species migrates in short steps and use the large Mediterranean
peninsulas, so it does not need much fat reserve (Csorgd & Gyuracz 2009c).

The ringed Great Reed Warblers, however, had higher fat reserves, though they did not in-
crease these fat reserves during the stopover. With regard to the stopover duration, the indi-
viduals of the Marsh Warbler spent more in the area over time during the migratory season,
while in the case of the other species, there was no change in this respect. This may be because
Marsh Warblers have the highest fat reserves and they increase this during their stay. How-
ever, as time passes, the amount of available food may decrease due to degradation of herba-
ceous vegetation and therefore, the birds require more time to accumulate sufficient amounts
of fat. Similar to the Marsh Warbler, the Sedge Warbler had a higher body weight at the end
of the migratory period than at the beginning. The body weight of both species was highest in
the end of August during the migration peak. All this can clearly be related to the assumption
that the birds leave with the greatest possible reserves. The migration peak will be when most
birds are able to reach critical mass. For the other two species, there was no difference in this
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respect. The Marsh Warbler migrates with much less fat and its amount does not change during
the whole migration period. The Eurasian Reed Warbler, however, moves in such a concentrat-
ed, narrow period that it cannot develop different fat accumulation strategies.

The earliest spring migrant is the Sedge Warbler followed by the Marsh Warbler, Savi’s War-
bler and Great Reed-warbler in mid-April. The Marsh Warblers return to the breeding grounds
the latest. The reason for the temporal differentiation is the different nesting sites. The first
four species breed in reedbeds (Csorgd 2009b, 2009¢, 2009d, 2009e, Végvari 2008b, 2008c,
2008d, 2008e, Haraszthy 2019), whilst the Marsh Warblers build their nest in the herbaceous
vegetation (Csorgd 1998a, Haraszthy 2019). However, herbaceous plants reach their proper
height and density much later than reeds (Csorgé & Gyurdcz 2009b), so birds need to arrive
later. It is clear from some spring ringing and field observation data that while some of the lo-
cal birds are already in the territories, other birds are still migrating. My assumed migration pe-
riods for each species overlap with those described in the literature (Csorgé & Gyuracz 2009a,
2009b, 2009c, 2009d, Gyuracz & Csoérgd 2009).

Opverall, reedbeds in secondary habitats play a similar role in the migration and nesting of
the most common passerines of this habitat in the southeastern part of Hungary as the natural
habitats of other areas in the Carpathian Basin. This is particularly important because, for ex-
ample, in the case of the European Robin Erithacus rubecula, Gyimoéthy et al. (2011) found
that the species used different migration strategies in optimal and suboptimal habitats in terms
of feeding and resting. The studies were carried out by comparing data from several different
ringing station in the Carpathian Basin highlighted that using the data from only one habitat in
a migration dynamics study is not enough because the data are influenced by the geographi-
cal location and vegetation structure of the area. Studies in the coast of Baltic Sea also support
that Eurasian Reed Warblers spend much more time in the optimal habitats (reedbeds) than in
shrubs in coastal dunes, and have to devote less energy to obtaining food than in suboptimal
habitats (Ktitorov ef al. 2010). All these highlight the important shortcoming that the results of
Hungarian researches are based almost exclusively on data from natural habitats, so they do
not necessarily give a realistic picture of the migratory characteristics of these species in Hun-
gary. More comparative research would be needed between the optimal and suboptimal habi-
tats. The species-specific differences show that due to the limited number of suitable breeding
sites available in the area, migrating individuals are from further geographical areas. As em-
phasized in other works (Bozo et al. 2017, Boz6 2018, Schupkégel et al. under revision), these
secondary habitats play a key role in the migration of birds through the agricultural landscape,
and their conservation and protection, on at least a local level, are important tasks. This is par-
ticularly important because the diversity and bird populations of agricultural areas are rapidly
declining across Europe (Chamberlain & Fuller 2000, Donald et al. 2006), so secondary hab-
itats may be very important in the conservation of certain species.
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