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ABSTRACT

During their journey, migratory birds need stopover sites where they can replenish their energy stores. Mosaic
forests of agricultural areas, often planted with non-native trees, can provide opportunities for birds to do this. In
the present work, I sought to answer the question of the importance of these habitats for migratory birds. For this
reason I studied the stopover ecology of 15 species of long- and short-distance migratory passerines. I calculated
the minimum stopover duration and the extent of fat accumulation per species and by dividing species into dif-
ferent groups by habitat use and migration distance. For three species, I also estimated their possible flight ranges
based on the accumulated fat, body mass and wing length. My results show that the planted oleaster forest has
a different role in the stopover habits of the species studied. The body mass of the birds typically did not changed
significantly during the time they spent in the area. Forest and farmland species spent the longest time in the
area. Despite the possibly high rate of intra- and inter-specific competition, the area can provide sufficient food for
birds throughout the whole period. Short-distance migrants stored less fat than long-distance migrants, probably
due to the different migration strategies. Flight distances varied according to the migratory habits of the species.
From a conservation biology point of view, the study highlighted the role of these habitats in bird migration.
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PE3IOME

Bo BpeMsi IepesieToB ITHIIAM HEOOXOAUMBI MECTA OT/BIXA, I/Ie OHU MOTYT BOCCTAHOBUTH CHJIBL. B cenbckoxo-
34MCTBEHHBIX palloHaX MITUI[BI MOT'Yy T UCII0JIb30BaTh AJI 9TOT0 JIECOIIOCAAKH, COCTOSAIINE U3 Yy KePOLHBIX BH-
noB. B HacTosImei paboTe paccMOTPEH BOMPOC O 3HAYEHHUH 0JIEAH/[POBBIX POIIL JIJIsI TEPEIETHBIX BOPOOBIHBIX
nruil. VI3ydeHa sKoJIOTHsI ITHI] 15 BUIOB, MUTPUPYIOIIKX HA AaIbHUE U OJIUKHIE PACCTOSHUSI, B pailOHAX MX
OCTaHOBOK. PaccunTana MUHMMaJIbHas IPOAOJKUTEIBHOCTh OCTAHOBOK U CTEIIEHb HAKOIJIEHUS KUpPa A
IITHUI] KAXKOTO BUJIA, C pa3/ieJleHHeM UX Ha TPYIIIIBI 10 XaPaKTePY UCIOIb3yeMbIX OHOTOIIOB U IIPOTSIKEHHOCTH
murpanui. /[yg Tpex BUA0OB OlleHeH BO3MOXKHBIN Auana3oH JaJbHOCTH IepeseTa, UCXO0/d U3 HaKOIJIEHHOTO
JKUPa, MacChl TeJla U JJIUHBI KPBLIbeB. Pe3yabTaThl IOKa3bIBalOT, YTO OJIEAHAPOBBIE JIECONOCAKHU HCIIOJIb-
3yIOTCSI ITUIIAaMH HAa OCTAaHOBKAaX II0-pa3HOMY. 3a BpeMs, IPOBeIeHHOe Ha OTIbIXe, Macca Teja ITHIl, KakK
NIPaBUJIO, CYyIIECTBEHHO He MeHsieTcs. JlecHble BUIBI U IITUIIBI CEIbCKOX03IUCTBEHHBIX YIOAUH IPOBOAAT HA
ocTaHOBKax HanboJbiiee BpeMsi. HecMOTpsI Ha BOBMOXKHO BHICOKUI YPOBEHD BHY TPH- ¥ MEXKBHU/IOBOU KOHKY-
PEHIUH, 0JIEAH/[POBBIE POIIHA MOTYT 00OECIEYUTD MTHUI[ JOCTATOYHBIM KOJUIECTBOM KOPMa B T€YEHUE BCETO
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Iepuosia OCTAaHOBKH. N MUTPAHTOB Ha KOPOTKHE PAaCCTOAHUA MEHBIIE )KUPa, YeEM Yy IITUIL], OCYIIECTBIAIONINX
JaJIbHUE IIE€PeJIeThI, YTO O6YCJIOBJIGHO, O4Y€BUOHO, paS]II/I‘IHOﬁ CTpaTeI‘HefI ux MI/II‘paHI/Iﬁ. B 3aBucumocTu ot
IIPOTAXKEHHOCTH IIE€PEJIETOB IITUIl BADBUPYET UX IMOBEACHUE Ha OCTAHOBKAX. I/ICCJIGZ[OBB.HI/IFI 6uosorun IITUIL
Ha ME€CTaX UX CTOAHOK B XOI€ MI/II'paLII/Iﬁ Ba’XHBI C HpHpOZ[OOXpaHHOI’I TOYKHU 3PEHU.

KaioueBsie ciioBa: OIl€HKa JaJIbHOCTH IIE€peJjieTa, MUT'DAallU IITUIL, OJIEaHPOBBIE POIIIN, MECTAa OCTAHOBOK

INTRODUCTION

During migration, birds connect continents and
different biomes (Hahn et al. 2009). This movement,
known as migratory connectivity, involves not only
breeding and wintering sites but also stopover sites
along the migration route (Webster et al. 2002).
Stopover sites play a prominent role during migra-
tion, as they provide for the birds the opportunity
to replenish their energy stores, rest or simply wait
for the best weather conditions to move on (Hutto
1998; Erni et al. 2002; Linscott and Senner 2021;
Schmaljohann et al. 2022). Accordingly, birds spend
a significant part of their migration at stopover sites
(Schmaljohann et al. 2012; Lupi et al. 2016; Roques
et al. 2020). The importance of a particular stopover
site is determined by its location on the migration
route, and also by the suitability of the habitat for the
bird to replenish its energy stores or not (Mehlman et
al. 2005; Domer et al. 2021). During migration, birds
use a much wider range of habitats than in breeding
time (Petit 2000), but the choice of stopover sites is
not random (Moore and Aborne 2000). The rate of
body mass gain is often positively correlated with the
length of time spent at a stopover site (Schmaljohann
and Eikenaar 2017; Collet and Heim 2022).

It is also a good question how far birds can fly with
the energy stored at the stopover site. Nowadays,
various technologies provide accurate and reliable
data on stopover sites and migration routes of birds.
However, these are very expensive and the number
of methods that can be applied decreases with body
size (Boz6 et al. 2019). In the Carpathian Basin, only
the migration of the smaller songbirds, as the House
Martin Delichon urbicum (Linnaeus, 1758) and the
Sand Martin Riparia riparia (Linnaeus, 1758) has
been investigated using new generation methods
(Szép et al. 2017). Fortunately, there are much more
cost-effective methods for estimating migration
distances based on biometric data (Delingat et al.
2008, Arizaga et al. 2013, Sander et al. 2017, Bozd et
al. 2019, Fourcade et al. 2021, Gyuricz et al. 2023).

As birds derive about 95% of the energy used during
migration from fat (Jenni and Jenni-Eiermann 1998),
calculations based on wing length, body mass and
body fat can provide an accurate picture of migration
distances.

Given the high importance of stopover sites for
migration, habitat degradation at these sites can
have a significant impact on the survival of birds and
even affect the population of the species (Weber et al.
1999). One of the main causes of habitat degradation
is the increase in the proportion of farmland (Wilson
et al. 2009; Sekercioglu 2012), as well as the inten-
sification of agriculture and the abandonment of old
agricultural practices (Marini et al. 2011). A large
number of studies have shown a loss of biodiversity
in these areas, but most of them concern the bird spe-
cies that nest there (Benton et al. 2003; Reif 2013).
However, the role of these habitats in bird migration
should be also highlighted, as they are often used as
stopover sites by birds (Hutto 1998; Danhardt et al.
2010; Schupkégel et al. 2020; Blount et al. 2021). The
main problem is that most of the research on bird
migration is done in protected natural habitats, but
birds pass through largely unprotected, anthropo-
genic areas on their way between the breeding and
wintering areas.

The aim of the present study was to provide data
on the role of these secondary habitats in the migra-
tion of some short- and long-distance migratory song-
bird species. This could be done by using bird ringing
data to investigate the stopover ecology of these spe-
cies, which gives an indication of the importance of
the stopover site. For this, I looked at the minimum
stopover time of the birds and the rate of energy stor-
age during this time. I also examined the analyses
not only by species, but also by group based on mi-
gration distance and habitat use. Additionally, I also
compared the migration timing of the species and es-
timated the flight ranges for three study species. I hy-
pothesised that the study site play a different role in
the migration of species using different habitats and
characterised by different migratory strategies.
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MATERIAL AND METHODS

Study site and data collection

The data were collected at a ringing station in
a planted oleaster Elaegnus angustifolia (Elacagna-
ceae) forest with a total area of 7 hectares in the out-
skirts of Kevermes, southeastern Hungary (46°26'N
21°12'E) (Fig. 1), during the period 2016-2023. The
average height of the forest canopy is 3.5-4 m. In
addition to the dominant oleaster, some taller elms
(Ulmus spp.), black locusts (Robinia pseudoacacia)
and European wild pears (Pyrus pyraster) can also
be found. The shrub layer consists some black elder-
berries (Sambucus nigra) and sloes (Prunus spinosa),
while dewberries (Rubus caesius) are the most com-
mon plant species in the lower levels. Vegetation is
denser at the edge of the forest, with spots of reed
(Phragmites australis) and weed next to the dominant
sloe and black elderberry. Behind the forest, there
is a drainage canal (Tulkidn Canal) oriented south-
east—northwest. Willows (Salix spp.), young walnuts
(Juglans regia) and species of poplar trees (Populus
spp.) grow on the bank, and the canal bed is covered
with sparse reed. The average height of the plants in
the canal was almost the same as in the forest. The
canal was all the time dry without any water cover.
The forest and the canal are bordered by farmland.

During the eight years of the study, the method
of bird ringing was used for data collection; each bird
was caught using mist nets and ringed with alumini-
um rings supplied by the Hungarian Bird Ringing
Centre. I also collected biometric data from each bird
(wing length, fat score and weight) and determined
their age according to Svensson (1992) and Demon-
gin (2016) before release. Wing-length was measured

Fig. 1. The location of the study site within Hungary.

L. Bozb

by the ‘maximum flattened chord method’ (Svensson
1992) to the nearest mm, while body mass was mea-
sured to the nearest 0.1 g. Fat scores followed Kaiser
(1993) on a scale of 0 to 8. The work was conducted
between the first week of August and the last week
of October in every study years. I worked two days
weekly and eight hours daily, with eight net checks
daily, four in the morning and four in the afternoon.
In each of the seven years, 13 mist nets were de-
ployed. Of these, nine nets were placed in the oleas-
ter forest and four along the canal. Windy and rainy
days were avoided.

Stopover ecology

During the data analysis, 8258 first capture
(ringing) and 1351 recapture data of 15 bird spe-
cies were used: Red-backed Shrike Lanius collurio,
Great Reed Warbler Acrocephalus arundinaceus,
Marsh Warbler A. palustris, Eurasian Reed War-
bler A. scirpaceus, Sedge Warbler A. schoenobaenus,
Common Chiffchaff Phylloscopus collybita, Willow
Warbler Ph. trochilus, Lesser Whitethroat Curruca
curruca, Common Whitethroat C. communis, Eur-
asian Backcap Sylvia atricapilla, Common Night-
ingale Luscinia megarhynchos, Thrush Nightingale
L. luscinia, European Robin Erithacus rubecula,
Blue Tit Cyanistes caeruleus, Common Blackbird
Turdus merula (Table 1). Two factors were anal-
ysed. The first was the minimum stopover duration
of the recaptured birds, i.e. how long they spent in
the area. The minimum stopover duration was cal-
culated by subtracting the date that the individual
was captured for the first time (ringing date) from
the date that the individual was captured for the last
time (Ellegren 1991). It is important to note that the
minimum stopover duration calculated in this way
is shorter than the real stopover time. Both methods
are widely used in ornithological research (Schaub
et al. 2001). I used this calculation because when
comparing results, I have available literature that
has calculated minimum stopover duration period in
this way. Another factor was whether the birds’ body
weight had changed during the stopover time. To
measure this, there was only considered data from
individuals that had been recaptured. Since the data
were not normally distributed (p>0.05), I used the
Mann-Whitney U-test to determine whether the
body weight values at first capture and recapture
were different. Given that the 15 selected species
differ in several aspects, these calculations were per-
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Table 1. Results of analysis on body mass changes and minimum stopover duration of passerine birds in oleaster woodlands.
Species Mean diff n z p MSD, days
gramm %
Lanius collurio (Linnaeus, 1758) 0.6 241 27 —0.242 0.810 7
Acrocephalus arundinaceus (Linnaeus, 1758) 2.1 5.7 17 —0.482 0.629 4
Acrocephalus palustris (Bechstein, 1798) 0.9 6.0 52 -1.700 0.089 4
Acrocephalus scirpaceus (Hermann, 1784) 0.1 0.8 27 -0.112 0.910 3
Acrocephalus schoenobaenus (Linnaeus, 1758) 0.8 5.4 13 —-0.538 0.590 3
Phylloscopus collybita (Vieillot, 1818) 0.0 0.0 55 —1.448 0.147 7
Phylloscopus trochilus (Bechstein, 1793) 0.7 6.7 91 -2.630 0.008 4
Curruca curruca (Linnaeus, 1758) -0.2 -1.6 38 -0.431 0.666 5
Curruca communis (Latham, 1787) 0.5 2.9 56 -0.753 0.450 7
Sylvia atricapilla (Linnaeus, 1758) -0.2 -1.0 42 -0.630 0.528 7
Luscinia megarhynchos Brehm, 1831 1.3 5.4 61 -1.075 0.282 8
Luscinia luscinia (Linnaeus, 1758) 3.2 11.5 18 -2.500 0.012 8
Erithacus rubecula (Linnaeus, 1758) 0.2 1.2 140 —0.785 0.432 3
Cyanistes caeruleus (Linnaeus, 1758) -0.4 -3.7 50 -2.721 0.006 6
Turdus merula Linnaeus, 1758 -0.8 -0.9 61 -1.024 0.306 21
Reedbed 0.9 5.0 109 —-1.119 0.263 4
Farmland 0.5 2.4 83 -0.371 0.710 7
Forest 0.3 1.3 556 -0.385 0.700 7
LDM 0.6 3.6 497 -0.963 0.335 6
SDM -0.2 0.6 251 —-0.037 0.969 8

Abbreviations: LDM - long-distance migrant; Mean st. duration — mean stopover duration in days; MSD — minimum stopover dura-
tion; n — sample size; SDM — short-distance migrant. Significant values are in bold. Significant values are in bold.

formed not only per species but also per group as fol-
lows. Based on habitat use, they were classified into
three different groups depending on the habitats
they typically use. The four species of Acrocephalus
were classified as “reedbed species”, the Red-backed
Shrike and the Common Whitethroat as “farmland
species”, while the other species were classified as
sforest species”. Based on migration distance, two
groups of short-distance migrants (European Ro-
bin, Blue Tit and Common Blackbird) and long-dis-
tance migrants (all other species) were identified. In
order to estimate the importance of competition be-
tween species and individuals, I compared the me-
dian dates of daily captures of species and different
groups using the Kruskal-Wallis test. I also provid-
ed the median dates of daily captures and the medi-
an dates of the annual last captures by species.

Estimated flight ranges

For estimating the flight ranges of the species
re-fuelling at the study area, I selected three spe-
cies with enough data represented all categories by
habitat use and migration distance (Marsh Warbler,
Common Whitethroat and European Robin). The
methods used are similar to described in Bozd et

al. (2019) (for more details see the cited reference).
From the recorded biometric data, the wing length,
body mass and fat score were used for this study. Be-
cause of the small sample size, in case of European
Robin, I ommitted fat score > 4, while the other spe-
cies, I ommitted fat score 8.

First I calculate the lean body mass (m,) for each
individual of the selected species by using linear
regression based on wing length measurements (de-
pendent variable = body mass, explanatory = wing
length). After that, I calculated the fat mass (body
mass at capture — calculated lean body mass, m—m)
and the relative fuel load (f) for each individual:

f=m—m0/m0

Flight range (Y) of passerines increases with the
log-scaled relative fuel load (f) and flight speed (U)
(60 km/h without wind profit) (Salewski et al. 2010):

Y=100xUxIn(1 + f)

Flight ranges were calculated for each fat score
value separately, and flight ranges with negative val-
ues were set to zero.

The mean flight ranges of species were compared
by one-way ANOVA and Tukey tests.

All statistical analyses were carried out in Past
4.14 and Microsoft Office Excel 2017.
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RESULTS

Stopover ecology

In terms of body mass change, in all but three spe-
cies, the body weight of the birds increased during
the stopover. However, a significant increase was
only found for the Thrush Nightingale and the Wil-
low Warbler, a significant decrease only for the Blue

SDM [I___ 10D Q00 QD QD #aok ek el ¥ % 20K ok

LDM [ Q0000 00 OOk elek

forest [+ CO000 QOOCONK e #olok  ¥ok Heil 4 ¥ ok 30k ¥

famland [_[_}——— @O0 ©

reedbed [_}——co00 *
TURMER — |

L. Bozb

Tit. When analysing the groups, similar results were
obtained, with an increase in body weight for both
habitat use and migration distance, but the increase
was not significant in any of the cases (Table 1).

The minimum stopover duration was the longest
for the Common Blackbird and the shortest for the
Eurasian Reed Warbler, Sedge Warbler and Europe-
an Robin. In terms of groups, reedbed species spent
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Fig. 2. Stopover duration of the study passerines by species, habitat use and migration distance. LANCOL — Red-backed Shrike;
ACRARU - Great Reed Warbler; ACRRIS — Marsh Warbler; ACRSCI — Common Reed Warbler; ACRSCH — Sedge Warbler;
PHYCOL - Common Chiffchaff; PHYTRO — Willow Warbler; CURCUR — Lesser Whitethroat; SYLCOM — Common W hitethroat;
SYLATR - Blackcap; LUSMEG — Common Nightingale; LUSLUS — Thrush Nightingale; ERIRUB — European Robin; CYACAE —
Blue Tit; TURMER — Common Blackbird; SDM — short-distance migrants; LDM — long-distance migrants.
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Table 2. The median dates of daily captures and the median dates
of the annual last captures by passerine species.

Species Mc:adiar} Median

of migration | of last captures
Lanius collurio 18 August 23 September
Acrocephalus arundinaceus 13 August 1 September
Acrocephalus palustris 19 August 19 September
Acrocephalus scirpaceus 19 August 16 September
Acrocephalus schoenobaenus 2 September 8 October
Phylloscopus collybita 1 October 25 October
Phylloscopus trochilus 10 September 10 October
Curruca curruca 27 August 28 September
Curruca communis 24 August 28 September
Sylvia atricapilla 3 September 17 October
Luscinia megarhynchos 13 August 12 September
Luscinia luscinia 19 August 6 September
Erithacus rubecula 7 October 27 October
Cyanistes caeruleus 13 October 27 October
Turdus merula 25 September 27 October
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the shortest time in the area, while stopover duration
was about the same for forest and farmland species.
On average, short-distance migratory species spent
more time in the area than long-distance migrant
species (Table 1, Fig. 2).

The timing of migration differed significantly
among species (H=160.7, p<0.001) and groups by
habitat use (H=39.14, p<0.001), but not by migra-
tion distance (H=0.762, p=0.368). Reedbed and
farmland species migrated significantly earlier than
forest dwelling species (Table 2).

Estimated flight ranges

The body mass of Marsh Warbler (ANOVA:
F; 16=108.8, p<0.001), the Common Whitethroat
(ANOVA: Fg 379=111.8, p<0.001) and the European
Robin (ANOVA: F; gs=133.2, p<0.001) differed sig-
nificantly among individuals with different fat score
classes, which increased strongly with body mass.
The subset of birds with fat score 0 did not differ
significantly in wing-length from birds with higher
fat scores in any species (Marsh Warbler: t=-0.8,
p=0.424; Common Whitethroat: t=—1.23, p=0.218;
European Robin: t=0.138, p=0.889).

Table 3. Fuel load values and mean potential flight ranges by passerine species and fat score categories.

Species Fat score N Fuel -load Mef'm potential
M Min Max flight range
0 24 0.0004 -0.11 0.153 114.5
1 15 0.005 —-0.141 0.133 171.5
2 39 0.057 -0.05 0.2 357.8
Acrocephalus 3 60 0.129 -0.017 0.401 715
palustris 4 32 0.175 -0.034 0.352 957.7
5 27 0.191 0.043 0.456 1032.9
6 37 0.32 0.094 0.564 1652
7 35 0.506 0.342 0.798 2440
0 79 -0.007 —-0.12 0.166 11.7
1 42 0.041 —0.086 0.172 86.2
2 88 0.094 —-0.027 0.287 286.2
Curruca communis 3 68 0.143 -0.013 0.322 596.1
4 64 0.198 -0.03 0.407 974.7
5 20 0.251 0.12 0.451 1226.2
6 25 0.357 0.106 0.543 1788.7
0 367 -0.002 -0.224 0.276 161
. 1 197 0.053 —-0.166 0.362 358
Erithacus rubecula
2 170 0.105 -0.132 0.385 602.5
3 76 0.165 0 0.327 890.1

Abbreviations: M — mean; Min — minimum and Max — maximum values.
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The mean potential flight range of all species was
534.7+458.9 km. However, the potential mean flight
ranges of separate species were significantly different
(ANOVA, F=109, df=2, p<0.001. European Robins
have the shortest (379.2+275.1 km), Marsh War-
blers the longest (996.2+332.6 km) potential migra-
tion distances, and the differences between species
were significant for all species (Tukey test p<0.001)
(Table 3).

DISCUSSION

The results show that the planted oleaster forest
with the dry water canal has a different role for the
migratory bird species. The reedbed species spent the
least time here. Together with the fact, that the body
mass of the recaptured individuals did not changed
significantly, it can be concluded that mainly tran-
sient birds migrate here, and do not use the area to
re-fuel. In contrast, farmland and forest species spent
along time in the area, which indicated that the study
site provides suitable opportunities for them. A previ-
ous study has shown that planted berries in the area,
including invasive non-native species such as the
pokeberry (Phytolacca americana), provide excel-
lent opportunities for them to replenish their energy
stores (Schupkégel et al. 2020). As the migration tim-
ing of some species with similar type of food overlaps
with each other, the possibility of competition aris-
es, especially during migration peaks (Hansson and
Pettersson 1989; Moore and Yong 1991; Petit 2000;
Hardin et al. 2022). This competition could result in
a reduction in body weight, as observed for example
in the Eurasian Blackcap. However, for most species,
this is not the case, so there is sufficient food in the
forest throughout the whole period (Moore and Yong
1991). This indicates the importance of the stopover
site for those species using the forest. The competi-
tion may also differ between age and sex groups, with
juveniles and females being less dominant in a given
habitat than adults and males (Ellegren 1991; Yong
etal. 1998). However, I was unable to investigate this
for any species due to the small sample size.

There were differences in fat accumulation: the
short-distance migratory species accumulated less
fat even if the results were not significant. Additio-
nally, in the case of the Blue Tit, the amount of fat
accumulated decreased significantly during the time
spent in the area. In the case of this species, the most
likely reason for this body mass change can be the so-
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called handling effect (Lindstrom 1995). As indivi-
duals of this species spent a short time in the area, it is
possible that the handling effect is more pronounced
than in other species. It is also possible that the dif-
ference is due to differences in the migration strate-
gies of these species. While most long-distance mi-
gratory species need high fat reserves, this is less im-
portant for short-distance migrants, especially at the
beginning of the migration season (Sandberg 1996).
The migration of the Blue Tits is mainly restricted to
the Carpathian Basin, but Common Blackbirds and
European Robins migrate only to the Mediterranean
at most, and do not need to fly over major barriers
(Csorg6 et al. 2009).

The results of flight range estimations also sup-
ported these statements. Short-distance migrant Eu-
ropean Robins had the least fat, and individuals of
this species potentially covered the shortest flight dis-
tances (<400 km on average). European Robins re-fu-
elled in the study area with at least fat score 2 and
3 may be able to fly 600—-900 km. The species’ migra-
tion strategy is characterised by flying up to 700 km
in two night flights, after which its fat reserves are
completely depleted and it takes an average of 10
days to replenish them (Pettersson and Hasselquist
1985). The number of lean individuals (fat score 0)
was very high compared to other species, so it is likely
that the study area is an important resting site for the
birds coming from the north-northeast. From here, it
can reach the wintering grounds with a further two
nights of continuous flight. The Common White-
throat migrate typically with low fat reserves as far
as the Mediterranean. They are flying about 300 km
in one night, and birds in the best condition can fly for
two nights (Fransson 1998). Birds stopping at Kever-
mes suggest that they can fly an average of 541 km,
which fits this pattern. Marsh Warblers, on the other
hand, can fly almost double this, about 1000 km on
average, thanks to their large fat stores. The species
is generally migrate with high fat reserves, especially
in front of geographical barriers (Csorg et al. 2009).

All of these results suggest that the study site
can play a completely different role in species using
different migration strategies. However, from a con-
servation biology perspective, the results highlights
a problem that is currently unresolved, namely the
protection of non-natural, secondary planted forests.
A previous study on the Europen Robin in the same
place has shown that the area plays a similar role in
the migration of the species as the natural habitats
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(Boz6 and Boz6né Borbath 2020). The role of farm-
lands in migration has been highlighted by several
studies, but most studies have focused on larger spe-
cies such as geese, cranes or other waterbirds (Galle
et al. 2009; Pearse et al. 2011; Krapu et al. 2014). Our
knowledge on songbirds is incomplete in this respect,
but the results suggest that planted forests in farm-
lands are key habitats for some species. Ktitorov et
al. (2007) highlighted the role of the habitat cover of
the landscape. They found for the Willow Warbler,
that the body mass of the birds tend to lose or gain
mass at a lower rate if the cover of the woody habitats
is less than 10%.

In general, of the species studied, European po-
pulations of forest species are increasing, while those
nesting in reedbeds and agricultural areas are declin-
ing (Keller et al. 2020). Negative changes in winter-
ing areas or migration routes are often cited as a cause
of decline, one element of which may be precisely the
fact that planted forests and other non-natural habi-
tats are not protected by law, can be cut down at any
time and their sites can be brought under cultivation.
An important task for the future would be to ensure
that these habitats also receive some level of legal
protection, such as the timing of their clear-cuttings
and an immediate re-plantation after clear-cutting.

CONCLUSION

In agricultural areas, degradation of natural habi-
tats has left only planted forests and other anthropo-
genic habitats available for migratory birds. As a sig-
nificant part of the migration route passes through
such areas, their presence is of paramount importance
for the replenishment of the birds’ energy stores. The
results of my study suggest that this is not universal
for all bird species, but is certainly the case for forest-
and farmland-associated species. The length of time
spent in the area also depended on the type of habitat
to which the bird species was basically related. With
the amount of fat accumulated, birds are able to cover
similar distances as they would if resting at a stop-
over site in a natural habitat. The protection of these
habitats is therefore important, but not yet a solved
problem.
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