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Migrating Sedge Warblers Acrocaphalus schoenohasnus were
tion, Drata on spring and autumn body masses, their intsrannual

captured in Eilal, Israel, during their spring and auturnn migra-
variation and the pattern of fuel accumulation were analysed.

Body mass and body condition index significantly varied betwesn the years of sludy in spring but not In autumn. This may be
due to birds aver-flying the area, but loop migration might also be involved. Sedge Warblers gain mass in Eilat, both in spring
and in autumn. Birds in poor initial condition and those stapping over for a longer parlod gained more body mass faster, In
spring, but nol in autumn, the pragress of the saasan was another important factor: late birds gained more bady mass. The
average rate of body mass gain was 0.178g day~' + SE = 0.026. This suggests thal Eilat is an important staging area far

Sedgs Warblers in spring and to & smaller xtent in autumn.

Intreduction

The tirds that migrate between their Palasarctic breeding
grounds and sub-Saharan winter quarters have 1o £ross a
desert bell in north Africa that is wider in the sast than in the
west, Many of the migranis stop in Israsl because il is the
last favourable stopover arga for them during auturnn,
before crassing the Sahara on their way to gast Africa. In
spring. it is ane of tha first suitable places they gncounter
after crossing the Sahel, Sahara and Sinai deserts (Frumkin
el al. 1985, Shirihai 1996). Eilat is the southemmost point in
lsrael and plays an important role s a siopover ares far
many passering migrants {Safrie! 1968, Frumkin at al, 1895,
Morgan and Shirihai 1997, Yosef and Tryjanowski 2002a),

Migration and, more speacifically, stopover scalagy of
Sedge Warblers (Acrocephalus schoenobasnus) is a subi-
ject of intensive study (Bibby et al 1976 Koskimies and
Saurola 1985, Celmind 1990, Ormarod 1990, Ormerod &t at.
1991, Cstrgt and Ujhelyi 1991, Literdk of &) 1954, Gyuracz
and Bank 1995, 1996, Bascuitti et al. 1937, Chemetsoy
1996, Chernetsov and Titov 2001). However, most of the
gtudies focused on the stopover pattemns of birds migraling
through contirental Eurasia, and only few examined the pat-
terns found just immediately befars, or after, thelr crossing of
s major geographicat barries (Bibby and Green 15881,
Grandia 1998a, 1998b, 1999, Bermejo and De la Puente
2002, Rubolini et al. 2002}

The aim of this study is 1o characterise the migration
strategy of Sedge Warblers based on the dala of hirds
trapped at the banding station of the Intemational Birding
and Resaarch Center in Eilat, just before and after the cross-
ing of lhe combined barrier of the Sahel, Sahara and Sinai
desert= on the eastern Medilerranean flyway, We hypothe-
gige that in auturmn, the birds should accumulate fat before
crossing the desart, and in spring they should refuel after the
flight across the extensive desert barrier. We analysed the

change of body mass an the basis of recaptures. and also
eonsidered the interannual variation of the condition of the
birds. This variation indicates the axtent ko which the migra-
tory strategy of the Sedge Warbler depends an the environ-
ment {Might and foraging conditions) i each of tha yaars.

Study area and methods

Eilat {29°33N. 34°57E; Figure 1} is located at the northern bip
of the Gulf of Aqaha/Eilat and is critical for many migranis, In
spring, it is reached after a fiight of almost 2 000km of con-
tinuous desert regions; to the northeast there are still G50km
more of the Syrian Desert. and due sast the vast Arablan
Desart, Hence many birds are enticed to land in the green
areas that surraund Eilat and o stop over befare [in autumn)
or after {in spring) ¢rassing the and areas (Morgan and
Shirihai 1997

Due to changes in locations of the ringing station within
& Bkm radius, trapping effort has not been constant
However., we analysed the data for all 28 seasons from
gpring 1964 to autumn 2001 {18 years) assuming that the
changes in location of the ringing site did not affect the
results attained pertaining to the migratory patterns and the
biometrics of the sudy spacies,

Birds were mist-netied and each bird was ringed and
aged and sexed {whenever possible) by external characters
{Svensson 1982). Flattened maximurm wing chord and tail
ware measured using a graded wing-ruler {timmj, and
body mass was determined with a Pesola 50g (10.5g) spring
balance. YWe used @ measure of bird condition whersin we
tack wing-length as an index of body size {Pearson 1971)
and factored the effect of size on body mass by calculating
the condition index (expressed as massiwing-length rauo,
Safriel and Lavee 1988) We used only data from the first
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Flgure 1: Geographical Incation of Eilat. |srasl, al the junction af the
thrae continants Europe, Asia and Africa; and at the nerther edga
of Ihe Sinai, Sahara and Sahel desens of north Africa

caplures ta calculate the biwometrical charactenstics, All
retraps were weighed with the same accuracy, and dats
from the firsl and the |ast capture were used in the analyses.

Az an estimate of stopover duration, we used the mini-
mum slopover length, i.e the number of days between the
last and the firgt capture of an individual. The use of this
parametar has @ number of weak points as compared wilh
Cormack-Jelly-Sabar models (Dolnik 1990, Kaiser 1995,
1999, Chemetsov and Titav 2000, Schaub ef af 2001) but
allows estimates of stopover langth of individual birds that
was essential for the purpose of this study,

Results

Interannual variation of the conditlon of the birds
In spring, both body mass and condition index varied signil-
icantly between the years (Table 1), We pooled all birds cap-
tured in spring for the calculations of their condition,

in auturmn, both body mass and condition index diffared
belwean hatching year (HY} and after hatching year (AHY)
individuals (body rmass, HY: 10.76 £ 1.88g, n = 255; AHY:
158116859, n =85t =389 P < 00002 Condition indax,
HY: 01613 £ 0.026%, n = 265 AHY: 01718 + 0.0225. n =
83 t= 3.57, P < Q.0005). Thersfore, we analysed anly the
masses and condition index values of HY individuals, Mo
significant variation was found, either when the data from all
study yearz werae included. or when only the years when
more than 15 juvenile Sedge Warblers were captured and
analysed {Table 2. gne-way ANOWVA). The reason for the
lack of a signrficant variation could be the small sample
size.

The birds were on avarage in better condition in autumn
than in spring (Table 3),

Body mass gain during stopovers

Sedge Warhiers gain more mass in autumn than in Spring;
the differenca is closs to being significant. This occurs sven
though the minimum stopover period is an average shorter
in auterrn than in apring, the differense is not far from being
signifiant {Tattla 4). Neverthelass, the mean fusl deposilion
rate {mass gainfminimurn stapovar period} showed no seg-
sonal differences {t = 085, P = 0.52] and varied from
-3.00g day ' ta 2.37g day~* (average 0.179g day-' ¢ SE =
0.028). Stopover duration did not show a signifleant relation-
ship with the fug! deposition rate in either season, t < 0.15 in
bath cases.

In spring, the change of body mass during stopover
{sxpressed as parcentage of the initial body mass} was sig-
nificantly dependent on the initial condition af the birds {neg-
alively}, stopover period (positively) and the progress of the
season (positlvely] (Teble SA) In aulumn, the effect of the
progress of the season on stopover efficiency was not sig-
rificant. instead, wing-length showed a significant efect
along with the initial body condition and stopover duration:
birds with shorier wings tended to gain more fuel, other fac-
tors baing equal (Table 5B).

Discusaion

The numbers of Sedge Warblers trapped in Spring were
rnuch higher than in auturnn {Table 3); this is tymicat of many
passerine migrants in Eilat (Morgan and Shirihai 1997,
Meyrom sl &l 2001, Yosef and Tryjanowski 20026, 2002c,
2002d) and could be attributed to the staging characteristics
faund at this sile. However, if in the European Reed Warbler
(A, scirpacers) the ratio of spring:auturnn numbers s 1.8:1
(Yoset and Charnetsav in prep.), it is as high as .01 in the
Sedge Warbler. 1t has been suggested Lhat this may be due
to birds aver-flying the area, as knawn for Iberia and north-
em Africa in the weatern flyway (Bibby and Green 1381,
Bermejo and De la Puente 2002). Margan and Shinhai
{1997} furthar suggested that loap migration might aiso be
irvolved 8s documented for Masked Shrike (Lanius nubi-
cus), OQrtalan  Bunting (Emberiza  hortwianal,  and
Gretzschmar's Bunting (£, caesia) (Yosef and Tryjanowski
2002k, 2002¢c, 200207,

Sedge Warblers show a significant interannual variation
in thair average body condition in $pring. This suggests that
environmental conditions that they expatience on the win-
leting grounds and duting flights and stopovers diffar
batwgen the years, and probably influence their migralory
parformance (a. Foppen et &/ 1999}, In 2utumn. interan-
nual varation was not significant, possibly due Lo the small
sample size. Interannual varialion of body mass and body
condition has heean reported for Sedge Warklers in Wales
(Crmergd &/ &l 1981] and in the castern Baltic (Chemelsoy
1998], for European Reed Warblars and Reed Buntings (E.
schoenicius) In the eastern Baltic and in |srasl (Chernstsov
1989, 2001, Meyrom ot al 2001, Yosef and Chernslsov in
prep.} and appears to be a general pattern in long range
migratory passernes.
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Table 1: Interannual varialon of body waighit (BW) and condition
index (Cl] in Sedge Warblers in Eitg

Tabls 2: Interannual variation of body weight (BW) and candition
index (1) of hatshing-year Sedge Warhlers in awtumn

Yoar Bw &0 cI &0 n Yaar B 80 o &0 fl
1954 951 093 0,142 2.013 82 1884 11.249 329 0,165 Q.0a8 TF
168685 2.88 1.23 0.145 Q020 127 1865 1067 1.45 0.158 G.o2r 57
1286 10.47 1,33 0.153 0018 3418 1986 1082 1.72 0180 0.027 25
1588 1068 1.41 0,157 2.020 T21 1988 10.37 1.44 0. 154 Q.08 4
1989 066 1.78 0.142 0.017 115 1985 10.67 2.07 0180 G029 12
18400 10,08 1.05 {.148 0a1s 102 1890 10.56 1.84 0172 Q.025 5
1981 10.45 1.23 0154 0017 248 1981 10.74 1.41 161 .022 25
1892 gar 1.27 0.1d44 0018 383 o452 11.47 1.68 0AT0 0.0z3 22
1883 1012 1.2B 0.148 0018 235 1993 11.24 1.585 0,169 0023 17
1994 10.83 1.35 0.t536 0018 By 1995 10,37 3.60 015 0042 3
1995 10.45 1.32 0.154 0.Me d1 1096 10.80 1.1 Q180 0.0ze 19
1586 1012 1.03 0,147 0.023 [=1n] 1558 16.00 10.00 G152 0,159 Z
1997 10.55 n.9s 0.154 015 28 1905 10.25 1741 0168 0.023 13
1498 13,16 1.55 G189 Q.22 14 2080 10.28 1.49 Q155 Dozt 2%
1949 968 .82 Q0.1443 013 4] 2001 10.83 KR 0167 0052 3
2001 10.74 1.558 0181 0023 B1a]

one-way ANCYA

Fusw = 6.3 F < 0.0001

Flong = 184; P <0000

Data from 19371958 axcluded: F, .. = 3.2 P < 0 0001

Tably 3: Body mass and condition indes of Sedge Warblers in
apring end in autumn

Bogty mass {g) & SE Congltion fndes + SE n
gpring 1018+ 0.03 0.1497 £ 00004 2146
autumn T0.86 £ 9.10 0.1638 £ 0.0014 KL

L= 786 P = 0.0001 t = 983 P« 0.000H1

" In autumn, birds in their halehing year wers on average
in pagrer condition than adults; and this concurs with
Koskimies and Saurcla {1985) and Chernatsov {1998 wha
found that in the eastern Baltic, the AHY individuals werg
aiso in better condition than Juveniles.

The diference in the avarage hody mass and body con-
dition index between the seasans, thaugh highly significant
{Tabla 3), i= by far not as striking as could be expected.
bearing in mind that the birds involved are captured |ust
before and just after the crossmg of a major barrier. This
could be an indicalian that many individuais are not trapped
just after arrfval in spring and Immediately before departure
in autumnn. In spring. some birds are initially captured after
they have already improved their sondition, and in autumn,
not alt birds captured are ready to taks off for g migralary
flight. Capture prokability of migrants is known to be guite
low at most sites {Kaiser 1995, Charnetsov and Titow 2000,
and the pattern in Eilal seems to be cangistent with this,

The avetage body mass of the Sedge Warbiers trapped
in the spring al Eilat after erossing the east African deserts
(Table 3} is comparable to those reported at Defilia,
Morocco, wherein Lhe birds also have to croas the Sahara at
its western extrernities (10.19, n = 2 146 vs 8.5 n=291; Ash
1968). The birds caught in Morocco in the spring weara con-
siderably lighter than those that had not yal inittated the
migration in sub-Seharan Nigsria {14.4g. n = 7). Although

F : P=073
F.=08n P=08D
Only years whenn = 15 F,.. =113 P=035
From=102 P=042

one-yway ANCHS

tha sarmple size is iimied, it is of IMterest that tha hirds
caught at Eilat before the desert CIOSSiNgs were conalder-
ably lighter {10.860) than those in Migeria. We think that this
cannot be explained by migratory sirategies alone feg.
Biebach 1980}, but by the fact that & larger proportion of the
birds trapped at Ellat are disadvantaged physicaily {loss of
figint feathers, injuries. deformities atc.. RY, unpubl. data}
and influences their decision for stopover at Eifal, resuling
in a lower averags body mass, while the majority of the pop-
ulztion either over-fly the region or undertaks a loap migra-
tion

Sedge Warblers galn mass in Eilat. after Crossing the
desart bell in spring and before embarking for a fong flight in
autumn. Birds in poor initial condilion ang those stopping
over for a longer pericd gained maore body mass than those
with & comparatively good bady condition and that did not
stop aver for more than a few days. Thiy patterm suggests
that the site is indeed used for refueling, and the stapovers
obsered are not just a result of inclement weather gr other
migration Inhibiting factors. In spring, tha progress of the
583s0N was also an impartant factor: latg birds gained more
body mass, probably to cateh up with the earlier passage
canspecifies. However, angther possibility is that suggested
by Morgan and Shirihai {1997} who on the basis of the cap-
ture pattern thaught that two discrets populations of Sadge
Warhlers migrate through Eilat in spring. It is not impossible
that thase populations differ in their breeding destinations
and therefore use diffsrent migratory sirategies. We also
resirained rom calcuiating annual median dates of pazsags
due to the presence of these two waves of migration, apan
from the fact that caplure sffort has nat been constant
thraughout the 18 years of this study.

The number of hirds Lsing this site in autumn is low, pas-
sibly dug to their special migratory strategy (Bibby and
Grean 1981} or physical disadvantage as mentioned abgve.
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Tablu 4: Mass gain as parcentaga of ininal mass and stopaver periods in Sedge Warblers in Eilat

Mess gain (%) = SE Minimum slopaver peniod (days) + SE n
Spring 83 + 078 58+ 037 6
Autunin 14,1 + 317 441045 49

L=1.77, F = D.OB2

z =1.71; P = 0.086 (Mann-¥hitney tesi}

Table 5: Results of multiple regrassion analysis of changes in body-
mass according to hady sondition index at first caplure (11}, wing-
iength {WL), minimum stopover length (MSL), and Jullan date {JD).
CI1 and M5L were log-transformed before analysas

A Spong

Wing-length excluded due to law stahatical significance [P = 0.5
Yariablg B + 3E t P
cH —102.584 £ 0,74 —4.95 =0, 0001
MSL 1285 + 2.08 B.1B =000
JO C10 £ 0.035 284 =0.005
Rf =022 =01.90M
2. Autumn

“Julran date excluded due lo bow statistical significanca (P > 0.20)
Wanzabie E x SE t P
Ci1 —127.84 + 3285 -3.80 <0, 0005
MSL 35.26 £ 755 4 67 <[.0001
WL -1.88 + 0.85 2320 =0.033
Rz - .30 =[1.0001

The rate of fuel gain in Eital iz quite good, even Lhough high-
ef rates have been réported from some central and sauthemn
European sites [Schaub and Jenni 2000), There are saund
reasons to believe that capture probability of stopover
migrants is relatad to their condition, fat birds (and those
gamning mass) being less likely o ke captured than thair lean
or fosing masz conspecifics. Our data may thus be biazed
towards birds which gain mass slowly, and the real average
fuel deposition rate and stopover efiiciency are higher than
those reportad in this study,

b autumn, the progress of the season showed no signif-
icant effect on stopaver efficiancy. It remains unclear why
Sedge Warblers with shorter wings gained mass more
quickly than the longer winged individuals (Table SBY, This
effect was not very significant (P = 0.033), which together
with @ small sample size (n = 49} suggests that this is an
topic of interast that needs to be studied further in future
sludies.

We conclude, based on the data presented above, that
Eilat is an especially impartant staging area for Sedge
Warklars in the spring migration when they arrive amaciated
alter the long and arduous erogsing of the north African
deserts. This siresses the impartance of the conservation of
the staging areas that facilitate stopover for inter-conlinantal
migrants, especially in heavily human disturbed areas such
as Eilat.
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