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Post-fledging movements of juvenile Reed Warblers Acrocephalus
scirpaceus and Sedge Warblers Acrocephalus schoenobaenus

BO NIELSEN & STAFFAN BENSCH

We have studied post-fledging movements among Reed
Warblers and Sedge Warblers by comparing recapture
rates between three different ringing sites in South
Central Sweden. The positions of these three sites forms
a triangle with Kvismaren in the west, Esson in the north
and Segersjo in the east. Each side of the triangle is
approximately 10 kilometres. A canal connects Kvis-
maren and Segersjo enabling the birds to move in their
natural habitat between these sites. Lake Kvismaren and
Esson has no such connection. Segersjo and Esson are
both situated at the southern shoreline of lake Hjdlmaren
but bays and peninsulas make the distance of the
shoreline 26 kilometres long, i.e. 16 kilometres longer
than the linear distance. We discuss different hypotheses
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that may explain the post-fledging dispersal. Our results
indicate that there is a higher recapture rate of birds
between Segersjo and Kvismaren than between Esson
and Kvismaren. Both Reed and Sedge Warblers feed
primarily in reed beds or similar habitats near water. This
suggests that the post-fledging dispersal is an explorato-
ry movement within the birds’ main habitat rather than
longer flights in random directions. The predominant
direction of the dispersal might correspond to the general
migratory direction.
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Introduction

A post-fledging movement is defined as a move-
ment of the young bird after it has become inde-
pendent of its parents but before it starts its regular
migration (Baker 1993). The post-fledging move-
ments have been poorly studied, probably because
of the difficulties to follow individual birds during
this period. For migratory birds there are two adap-
tive explanations for these movements. By moving
rather than staying the bird can search for future
breeding sites and/or imprint an image of the native
area which can be used as a navigational target when
it returns from its winter grounds (Baker 1993,
Adams & Brewer 1981). However, if the foraging
juvenile bird moves in random directions, this will
result in a gradual dispersal which has no adaptive
explanation.

In order to study post-fledging movements of
juvenile passerines we carried out a study of two
species that mainly utilize the reed habitat; the Reed
Warbler and the Sedge Warbler. The main question
was to investigate in which way these movements

are performed. We identify two possible techniques
of dispersal. The birds can either move with relative-
ly long flights quickly crossing areas of unfavoura-
ble habitats. Alternatively, they may disperse by
moving through their preferred habitat. These two
hypotheses may be possible to separate by studying
passerines utilizing the reed habitat because reeds
are mostly found in scattered areas or within easily
identified habitat corridors.

Overlaying these two hypotheses, the dispersal
may or may not be performed in a specific direction.
Baker (1993) predicted that birds dispersing in order
to imprint a navigational target area should explore
the surroundings perpendicular to the migratory
direction. Also, birds may start the post-fledging
movement in the main migratory direction. Both
Reed and Sedge Warblers migrate to western tropi-
cal Africa (Cramp 1992). Ringing recoveries from
birds ringed at Kvismare Bird Observatory (unpubl)
show that Sedge Warblers initially mainly migrate to
the south and Reed Warblers to the southwest.
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Figure 1. Expected recapture-rates between different sites
based on four hypotheses of juvenile dispersal. (N = a relati-
vely large number of recaptures, n = a relatively low number
of recaptures). (A) random dispersal, (B) random dispersal in
the general direction of migration, (C) random dispersal only
through the habitat, and (D) dispersal within the habitat in the
general direction of migration.

Forvintade dterfangstfrekvenser mellan olika lokaler bero-
ende pa hur ungfaglarnas spridning genomfors (N = relativt
stort antal dterfangster, n = relativt litet antal). (A) slumpmdis-
sig spridning, (B) slumpmdssig spridning i den huvudsakliga
[flyttningsrikiingen, (C) slumpmdssig spridning endast ge-
nom habitatet och (D) spridning genom habitatet i den huvud-
sakliga flyttningsriktningen.

Study area

This study was carried out between 1991 and 1993
in South Central Sweden at three sites; Kvismaren,
Esson and Segersjo (Fig.1). Each year a daily ring-
ing programme was carried out from the end of June
until the end of September, alternating between the
three sites.

Esson is situated about 8 km north of and Segersjo
about 11 km east of Kvismaren. All sites have consid-
erable areas of reed, lake Kvismaren the largest and
Esson the smallest. The linear distance between Es-
son and Segersjo is about 13 km, but the distance is
about 26 km when considering the shortest distance

containing reeds (Fig. 1 and 2). The area between
Kvismaren and Esson consists mainly of fields and
forests without wetlands. The area between Kvis-
maren and Segers;jo consists of cultivated land but as
a canal flows straight from Kvismaren to Segersjo
there is a narrow strip of reed beds and wetland
vegetation connecting these two sites (Fig. 2).

Methods

We have compared the observed recapture rates of
juvenile Reed and Sedge Warblers between the dif-
ferentsites in the same year with expected recapture-
rates according to different possible behaviours. Fig.
1 shows the expected relative number of birds mov-
ing between the sites, i.e. recaptures based on differ-
ent hypotheses. The different behavioural strategies
considered are: (A) a jumping-strategy in random
directions, (B) a jumping-strategy mainly in the
migratory directions (south to west), (C) a random
dispersal the habitat-way and finally (D) a dispersal
in the migratory direction the habitat-way.

We calculated the expected recapture rates under
the assumption that dispersal was random with re-
spect to direction. Since the number of ringed birds
differed between the sites (Table 1), we used the
following expression to calculate the expected re-
capture rates between each pair of sites: (A*B)/
((A*B)+(B*C)+(A*C)). The letters A, B and C
represents the total number of captures at the respec-
tive sites. The expression gives the expected propor-
tion of recaptures between A and B in both direc-
tions. By multiplying the expected proportion of
recaptures with the sum of the observed recaptures
we obtain the expected number of recaptures be-
tween sites. Table 2 shows the result including the
observed number of recaptures.

In order to investigate if there are birds moving
along the canal between Kvismaren and Segersjo we
also performed ringing at a site (Via) situated 3
kilometres east of Lake Kvismaren. At Via, ringing

Table 1. Number of ringed juvenile Reed Warblers and Sedge Warblers at different sites during 1991-1993.
Antalet juvenila rérsangare och sivsangare ringmdéirkta vid Kvismaren, Esson och Segersjo 1991-1993.

Reed Warbler Rorsangare

Sedge Warbler Sivsdngare

Kvismaren Esson Segersjo Kvismaren Esson Segersjo
1991 602 243 95 361 36 14
1992 1244 316 265 734 61 25
1993 909 434 131 562 85 14
Total 2.755 993 491 1 657 182 53
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Figure 2. Topographic map showing the study area and the ringing sites (indicated by arrows).
Topografisk karta éver undersokningsomrddet med pilar som visar ringmdéirkningslokalerna. (Med Lantmciteriverkets tillstind.)

was carried out during three mornings in 1994 (27,
30 July and 4 August), using four mist nets. Here we
also recorded the direction of the movement for each
bird, i.e. by noting from which side it had entered the
net. At this ringing site the wetland vegetation is
restricted to a 1-6 meter wide zone on each side of
the canal, the wider parts being restricted to patches.

Results

Recaptures

The total number of recaptures is small, only 8 Reed
Warblers and 5 Sedge Warblers were shown to have
changedsite. Information for each of these 13 indivi-

duals, i.e. date of capture, direction of movementand
number of days until recapture are given in Table 3.
For Reed Warblers, the average date of ringing of
recaptured individuals was 16 August (N=8) com-
pared to the average date of ringing for all Reed
Warblers which was 13 August (N=4239). The
number of days between ringing and recapture at the
new site was on average 12 days. However, since
two Reed Warblers were recaptured at the ringing
site three and nine days after ringing the maximum
time available for dispersal was on average 10 days.
The corresponding values for recaptured Sedge
Warblers was 26 July at the ringing site and 6 days
between ringing and recapture (N=5) (Table 3) and
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the average date of ringing for all Sedge Warblers
was 5 august (N=1892). Thus, Sedge Warblers ap-
pears to disperse more rapidly than Reed Warblers.

Seven out of thirteen birds observed to change site
were ringed at Segersjo and recaptured at Kvis-
maren. Two birds moved in the opposite direction,
expected number with a random dispersal pattern in
each direction was 1.9. Three birds were shown to
change site between Kvismaren and Esson and one
bird in the opposite direction, expected number
being4.1 ineachdirection. There were no recaptures
in any direction between Esson and Segersjo and the
expected number was 0.5 (Table 2).

Ringing results at Kvismare canal

During three mornings at Via we caught 11 juvenile
Reed Warblers and 33 juvenile Sedge Warblers. On
each of these mornings ringing was also carried out
at Kvismaren. The mean capture rate per net-hour
was similar at the two sites. At Via we recaptured one
Reed Warbler and one Sedge Warbler ringed at
Kvismaren 6 and 9 days prior to the recapture
respectively. The direction of the movement was
about equal; 23 birds were eastbound and 21 west-
bound in their movement. However, in the early
morning hours the direction was dominantly west-
ward. Of 13 birds caught before 06.00 (Swedish
summer time), 10 were moving from Segersjo to-
wards Lake Kvismaren. Sedge Warblers caught at
Viawere significantly heavier than those captured at
Kvismaren (Via 11.23 g, Kvismaren 10.92 g, t-test:
t50=3.43, P<0.001). The weights of Reed Warblers
were similar at the two sites (Via 11.48 g, Kvismaren
11.50 g), the body mass of the birds was measured to
the nearest 0.1 gram using a Pesola spring balance.

Discussion

Onereason why juvenile birds undertake post-fledg-
ing dispersal movements might be to search for
future breeding grounds. This can be advantageous
if it is important to quickly return to the breeding
ground and if prior experience of the local geogra-
phy facilitates navigation. The birds might also
disperse in order to create a navigation target area
(Rabgl 1985, Baker 1993). Baker (1993) predicted
the movements to mainly occur along the longitude
inside this area. There are three recaptures between
Kvismaren and Esson.

There are several studies showing that early arriv-
al at a breeding ground increases the reproductive
success of an individual bird (Alatalo et al. 1986,
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Table 2. Expected recapture rates between different
sites and observed recaptures (Kvi = Kvismaren, Ess =
Esson, Seg = Segersjd). Expected rates are given as the
expected percentage of recaptures between two sites
calculated from the total number of ringed birds under
assumption of random dispersal with respect to direc-
tion. Expected numbers are calculated from the expec-
ted rates and the total number of recaptures made.
Observed number refers to the actual number of recap-
tures made between two sites.

Forviintade dterfdangstandelar mellan olika lokaler och
antal dterfangster (Kvi = Kvismaren, Ess = Esson, Seg
= Segersjo). Forvintad andel = den forvintade pro-
centandelen av dterfingster mellan tvé lokaler kalkyle-
rat fran det totala antalet fangade faglar vid ett slump-
mdissigt spridningsmonster. Forvéintat antal dr utrak-
nat fran den forvéintade andelen och det totala antalet
gjorda kontroller. Observerat antal dr det faktiska
antalet dterfdangade individer mellan tva lokaler:

Combination Expected ~ Expected Observed
of sites rates (%) number number
Kombination — Forvintad — Féorvintat  Observerat
av lokaler andel (%)  antal antal
Reed Warbler and Sedge Warbler

Sdvsangare och rorsangare

Kvi = Ess 31.5 4.1 3
Ess = Kvi 31.5 4.1 1
Kvi = Seg 14.5 1.9 2
Seg = Kvi 14.5 1.9 7
Ess = Seg 4 0.5 0
Seg = Ess B 0.5 0
Reed Warbler

Rorsangare

Kvi = Ess 30 2.4 1
Ess = Kvi 30 2.4 1
Kvi = Seg 14.5 1.15 1
Seg = Kvi 14.5 1.15 5
Ess = Seg 55 0.45 0
Seg = Ess 5:5 0.45 0
Sedge Warbler

Sdavsangare

Kvi = Ess 38 159 2
Ess = Kvi 38 1.9 0
Kvi = Seg 11 0.55 1
Seg = Kvi 11 0.55 2
Ess = Seg 1 0.05 0
Seg = Ess 1 0.05 0




Table 3. Ringing site, day of ringing (day 1 is the first of July, and day 32 is the first of August), number of days
until recapture and recapture site for each bird observed to change site. Day of ringing in brackets shows day of
recapture at the ringing site prior to dispersal and number of days in brackets shows number of days from the

recapture at the ringing site.

Fangstplats, dag for ringmdrkning ( dag 1 dir forsta juli, och dag 32 éir 1 augusti), antal dagar till daterfangst samt
aterfangstplats for varje individ somvisats byta lokal. Dag inom parentes visar dterfangstdagen vid ringmdrkning-
slokalen innan forflyttningen och antal dagar inom parentes fran dterfangst vid ringmdrkningslokalen.

Ringing site Day of ringing

Recapture site Number of days

Fangstplats Dag for ringm Aterfangstplats Antal dagar
Reed Warbler rorsdangare

Segersjo 9 Kvismaren 26
Segersjo 22 Kvismaren 11
Segersjo 34 Kvismaren 10
Segersjo 54 (63) Kvismaren 12 (3)
Segersjo 73 Kvismaren 12

Esson 51  (54) Kvismaren 5 2)
Kvismaren 82 Esson 10
Kvismaren 57 Segersjo 6

Sedge Warbler sdavsangare

Segersjo 18 Kvismaren 8
Segersjo 30 Kvismaren 5
Kvismaren 10 Segersjo 7
Kvismaren 33 Esson 7
Kvismaren 42 Esson 4

Bensch & Hasselquist 1991, Hasselquist (manus),
Pirt 1994, Part 1991). In the present study there
tends to be a movement towards Kvismaren which
indeed is anexcellent breeding area but there are also
many suitable areas at lake Hjdlmaren. Lake Kvis-
maren is also situated in the general direction of
migration, which might indicate that the dispersal
predominantly is in that direction.

This study does not reveal why juvenile birds are
involved in premigratory movements, it rather in-
dicates what pattern they follow. As shown in Table
2 the most striking difference from a random dis-
persal pattern is the movement from Segersjo to
Kvismaren. There is also a lower number of recap-
tures between Esson and Kvismaren and vice versa.
Though the sample size is small the pattern appears
to be similar for both the Reed and the Sedge
Warbler. Thus, our data indicate that there is a
higher rate of movements between two sites if these
are connected with a narrow strip of the habitat
preferred by the birds. Furthermore, the high cap-
ture rate at Via, which was similar to that at Kvis-
maren despite a very limited area of reed habitat,
as well as the observed recaptures between Kvis-

maren and Via, suggests that there are birds in-
volved in post-fledging dispersal moving along the
canal. At Kvismare canal, the majority of the birds
can be assumed to be involved in post-fledging
movements because suitable breeding sites are few.
We also found that Sedge Warblers were heavier
than at the ringing site at Kvismaren which is suit-
able for breeding and may contain birds not in-
volved in longer post-fledging movements. This
might indicate that the extent of the dispersal is
related to the general condition of the bird. That
Reed Warblers did not differ in body mass might
be because of the dates of ringing at Kvismare
canal. The recapture data suggest that the move-
ments of Sedge Warblers take place mainly during
the end of July and beginning of August while the
movements of Reed Warblers are later (Table 3).
Ringing results at Kvismare Bird Observatory con-
firms that Sedge Warblers leave the area sooner
than Reed Warblers (unpubl. data).

The data suggest that the post-fledging move-
ments occur mainly within the preferred habitat,
the birds slowly exploring the surroundings of the
place of birth. Also, the data suggest that the
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dispersal might be done in the general direction of
migration.
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Sammanfattning

Ungfagelrirelser hos rorsdangare och séivsdngare

Juvenila faglars rorelser efter det att de har blivit
oberoende av fordldrarna och innan de pabérjat
flyttningen (ungfagelrorelser) kan ha tva orsaker.
Dels kan funktionen vara att fd kinnedom om det
framtida hickningsomradet och dels skapa en bild
av omradet for att kunna navigera réitt under varflytt-
ningen (Baker 1993, Adams & Brewer 1981).

Vir studie koncentrerade sig pé att forsoka fast-
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stilla hur ungfigelrorelserna sker hos rorsangare
och sdvsangare, tva tittingar vars huvudsakliga ha-
bitat dr vass och vatmarksomraden. Den huvudsak-
liga fragestillningen var hur spridningen genom-
fors. Ungfaglarna kan rora sig ldngsamt genom
habitatet eller ocksé gora relativt langa flygetapper
mellan olika platser.

Studien genomfordes under aren 1991-1993 vid
Kvismare fagelstation. Ringmérkningen alternera-
de mellan tre olika platser; Kvismaren, Esson och
Segersjo. Lokalernaliggerien triangel dér varje sida
dr cirka en mil langt. Esson ér beldgen norr om
Kvismaren och Segersjo oster om Kvismaren. Alla
ringmérkningsplatserna ligger vid stora vassomra-
den. Avstandet mellan Esson och Segersjo dr ca 13
km men det dubbla om man f6ljer habitatvigen (Fig.
2). Landskapet mellan Kvismaren och Esson bestdr
huvudsakligen av akermark och skog utan vatmark-
somraden. Mellan Kvismaren och Segersjo ér det
ocksa akermark, men en smal remsa av vass och
vatmarksvegetation (Kvismare kanal) sammanbin-
der mirkplatserna. I Hjdlmaren mellan Segersjo och
Esson finns flera vikar med vass (Fig. 2).

Vi har jamfort hur ménga korttidskontroller av
sdvsangare och rorsdngare som gjorts mellan olika
lokaler med det som kan forvintas vid olika sprid-
ningsbeteenden. Figur 1 visar den forvintade relati-
va aterfangsten om ndgon av foljande strategier
anvinds: (A) langa flygstrickor i slumpméssig
riktning, (B) langa flygstrickor i den huvudsakliga
flyttningsriktningen, (C) habitatet f6ljs i slumpmés-
sig riktning samt (D) habitatet f6ljs i den huvudsak-
liga flyttningsriktningen. Ringmirkningsaterfynd
gjorda av faglar ringmérkta vid Kvismare fagelsta-
tion visar att den huvudsakliga flyttningsriktningen
iinitialskedet &r sydlig for sdvsdngare och sydvist-
lig for rorsangare. Antalet ringmirkta faglar variera-
de kraftigt mellan de olika lokalerna (Tabell 1). Vi
kalkylerade dérfor antalet forvintade aterfangster
vid slumpmassig rorelse genom att berikna hur stor
procent av aterfangsterna varje par av lokaler borde
fa, genom att det totala antalet ringmirkta faglar
parvis multiplicerades enligt foljande; (A*B)/
((A*B)+(B*C)+(A*C)). Denna beridkning ger den
forvintade andelen aterfangster mellan lokal A och
B i bada riktningarna. Direfter multiplicerades an-
delen med summan av de faktiska kontrollerna.
(Tabell 2). For att understka om rorelser sker langs
kanalen ringmirkte vi vid en lokal (Via) beldgen
utmed Kvismare kanal under tre dagar 1994 (27.7,
30.7 samt 4.8). Forutom biometri noterade vi rikt-
ningen pa rorelsen genom att anteckna fran vilket
hall faglarna flugit in i néten.



Antalet faglar som visats byta lokal &r litet: dtta
rorsangare och fem sivsangare (Tabell 3). For ror-
sangare var medeldatum for aterfangsterna den 24
augusti och de anvinde i medeltal 12 dagar for
forflyttningen (10 om vi rédknar fran det datum da tva
rorsangare dterfangades pd ringmérkningslokalen
innan de bytte lokal). Motsvarande for sdvsiangare
var 2 augusti och sex dagar (Tabell 3). Dédrmed
verkar sdvsangarna genomfora bade en tidigare och
en snabbare spridning dn rorsangarna (Tabell 2 och
3).

Vid Via fangade vi 11 juvenila rorsangare och 33
juvenila sdvsangare. Under fangstdagarna vid Via
ringmérktes det samtidigt vid Vallen. Antalet faglar
per nittimme Overenstdmde bra vilket tyder pa att
atminstone de flesta individerna inte var lokala.
Dessutom fiangades en ror- och en sidvsangare ring-
mirkta vid Vallen 6 respektive 9 dagar tidigare.
Antalet faglar som rorde sig i vardera riktningen var
ganska lika, 23 faglar rorde sig Osterut och 21
viisterut. Ddremot var det en kraftig rorelse av faglar
fran Segersjo mot Kvismaren de tidiga morgontim-
marna. Fore 06.00 svensk sommartid rérde sig 10 av
13 faglar i den riktningen. Det var dven en signifi-
kanthdgre medelvikthos sdvsidngarna vid Via (11,23
g) jamfort med faglarna vid Vallen (10,92 g).

En anledning till ungfagelrérelserna kan vara att
utforska framtida hiackningsomraden. Flera studier
visar att en kdnnedom om hickningsomradet dkar
hickningsframgangen (Alatalo et al. 1986, Bensch

& Hasselquist 1991, Hasselquist (manus), Part 1991,
Pirt 1994). I var studie verkar det finnas en domine-
rande rorelse mot Kvismaren vilket dr ett ypperligt
hdckningsomrade, men sjon &r ocksa beldgen i den
generella flyttningsriktningen. En andra anledning
kan vara att skapa en navigeringsbild av omradet, ett
omrade runt latituden fér hemmaomradet dr skill-
naderna i magnetfiltet dr for sma for att fageln ska
kunna kdnna dem. Déarfor maste faglarna skapa en
minnesbild som ticker detta omrade (Rabgl 1985).
Baker (1993) har utvecklat dessa hypoteser och
predikterat att det huvudsakliga omradet for min-
nesbilden bor vara i longitudens riktning.

Det mest utmérkande for dterfangsterna i var
studie &r det relativt stora antalet mellan Segersjo
och Kvismaren, det idr ocksa ett mindre antal #n
forvintat mellan Kvismaren och Esson. Vart mate-
rial indikerar alltsd att det idr en betydligt storre
mojlighet att fa aterfangster om lokalerna har en
habitatforbindelse 4n om de inte har det. Dessutom
visar data fran Via att det sker en ungfagelrorelse i
Kvismare kanal och dessutom kan den hogre vikten
hos faglar vid Via indikera att lingre rorelser gors av
faglar i bra kondition. Resultaten tyder pa att ungfa-
gelrorelser huvudsakligen #dr en langsam rorelse
genom habitatet fran fodelseomradet. Den verkar
ocksa, i vart material, mest ske i figlarnas huvudsak-
liga flyttningsriktning.

Meddelande nr 87 fran Kvismare fagelstation.
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