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Abstract 

Zduniak P., Yosef R., Tryjanowski P.: Effect of flooding on Palearctic migrant birds at the Eilat 
stopover site in Israel. Ekológia (Bratislava), Vol. 28, No. 3, p. 291–299, 2009. 

Recently, populations of long-distance migrant birds breeding in temperate regions and wintering 
in tropical Africa have shown a stronger decline than short-distance migrant or resident species. 
Among many other factors, the situation at stopover sites can strongly influence the migratory 
capability of populations. By comparison with the three previous years and one subsequent year, 
here we present information of how a single catastrophic event, the great flood early in spring 
2006, destroyed an ecosystem at the globally recognized and important stopover point at Eilat, 
Israel. Overall, during the five spring migration seasons a total of 33 293 individuals of 103 pas-
serine bird species were recorded. The largest number was in 2005 – 80 species, then 2004 – 78, 
2003 – 73 and only 68 species in 2006 and 67 in 2007. In general, the number of individuals from 
particular species differed between seasons and the number of birds recorded in 2006 was lower 
than in 2003, 2004 or 2005 and did not differ from the number obtained in 2007. Moreover there 
were no differences between the years 2003–2005 and 2007. However, the strongest effect was 
noted for species that winter only in Africa. 
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Introduction

There is evidence that populations of long-distance migrant birds breeding in temperate 
regions and wintering in tropical Africa, have declined in recent decades at a greater 
rate than those of short-distance migrants and resident species (Sanderson et al., 2006). 
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A number of possible causes have been forwarded for the observed population declines 
of migrants, mainly habitat loss (Pimm, Raven, 2000) on the wintering and/or breed-
ing grounds (Wilson, Cresswell, 2006). It has recently been suggested by Lemoine et 
al. (2007), that habitat changes, coupled with climate change, play a role in the decline 
of long-distance migrants in the breeding areas. However, this study like many others 
focuses only on a local (breeding) situation, and does not address the wintering and 
migratory aspects of the life cycle. In order to rectify the situation, data from the winter-
ing grounds and stopover sites are also to be considered a priority. Recent studies have 
been undertaken in Africa in order to understand the importance of the wintering areas 
to Palearctic migratory populations (Newton, 2004; Sanderson et al., 2006). However, 
there is information lacking on the critically located stopover sites along migratory routes, 
even though the importance of these aspects for migrant populations and their migration 
capabilities has long been emphasized (e.g. Frumkin et al., 1995; Newton, 2004). There 
are a limited number of studies that consider the importance of stopover sites, but they 
have focused mainly on the importance of improving migratory fuel deposition before 
and after crossing ecological barriers such as high mountains, seas and deserts (e.g. Bie-
bach, 1995; Frumkin et al., 1995). For example, all Eurasian breeding bird populations 
that winter in sub-Saharan Africa have to cross the Saharan-Saudi Arabian Desert belt. 
Most passerines cross the desert on a broad front, however with higher densities in the 
eastern and western parts of the Sahara desert belt (Biebach, 1995). A great proportion 
of these birds stop at Eilat, since it is the last favorable stopover area for migratory birds 
during autumn before crossing the Sahara on their way to East Africa, or in the spring 
is the first stopover site after their crossing of the desert barrier (Safriel, 1968; Frumkin 
et al., 1995; Shirihai, 1996; Yosef, Tryjanowski, 2002a, b, c). Therefore, the ecosystem 
destruction of such an important stopover site like Eilat could have drastic consequences 
for many Palearctic migrant species. Obviously, habitat changes have natural and/or hu-
man origin, and the negative influence of human pressure on migrants is relatively well 
known (e.g. hunting, habitat destruction). However, natural changes in habitats may have 
even stronger effects.

Early in the spring of 2006, the Eilat region was flooded and many habitats important 
for resting birds were destroyed (Fig. 1). Hence, a sort of a “natural experiment” was forced 
upon us for analysis. In this article we present data of the effect of the flood damage on 
the traditional staging migrants. In the framework of the catching and ringing program of 
the International Birding and Research Centre in Eilat (IBRCE) we had the opportunity to 
compare our catching success during the spring in 2006 with results obtained from previous 
years and the following year. We paid special attention to long-distance (African) migrants, 
resident species, and those species that winter in the Eilat region. We focused on how differ-
ent groups of migrants react to erratic and stochastic habitat changes. Habitat quality, or in 
a general sense the “environment”, can influence not only the population size of migrants, 
through reduced survival connected to the limited food resources, but also can affect timing 
of migration, stopover duration, and their continued migration to their breeding grounds 
across Europe and Asia.
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Material and methods

Trapping and banding of birds has been conducted at the International Birding and Research Center (IBRCE) in 
Eilat, Israel (29°33'N, 34°57'E), in the 68-hectare Bird Sanctuary (see Yosef, Tryjanowski, 2002c). Eilat is located 
at the southernmost tip of Israel and lies within the Saharo-Arabian desert, characterized by extreme temperatures 
and very low precipitation (average annual rain 17 mm).

 

 

 

 

Fig. 1. Views of marshes (top panel) and shrubs (bottom panel) commonly used by migratory birds before (left 
panel) and after (right panel) the catastrophic flood on 3 February 2006. Note the large quantity of clay deposited 
by the receding waters.
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On Friday 3rd of February 2006 at 5.00 AM heavy rain occurred, and as a result of 23 mm of rain in northern Saudi 
Arabia, a flash flood swept through Jordan and washed through the lower Arava valley. The flood plain to the north 
of the Jordanian city of Aqaba, on the eastern shores of the Gulf of Aqaba/Eilat, is protected by dams. As a result the 
water is channeled directly towards the international boundary in an unnatural manner resulting in a much more severe 
flash flood, than would naturally occur. The flooding on the Israeli side of the border included the border crossing with 
Jordan, the agricultural fields of Kibbutz Elot and the IBRCEs’ Bird Sanctuary. Evidence from the number of trapped 
birds showed that wintering birds were present and the spring migration had already started. The fresh water lake (Anita 
lake) located at the heart of the Bird Sanctuary burst its banks as the deluge flooded into it. Large quantities of mud and 
clay remained, and the freshwater ecosystem of the lake was temporarily completely destroyed. All of the high ground 
was covered with more than 30 cm of mud that destroyed low vegetation and shrubs and severely damaged the irrigation 
system to the rest of the 9000 trees planted as a food source for the bird populations. Afterwards only limited action 
was initiated to restore the Bird Sanctuary and return it to its original condition, which favored the large early March 
migration waves. In spring 2007 – one year after the catastrophic flood – the situation is back to normal, although some 
of the shrubs and vegetation cover destroyed by the water are not yet restored to their previous size.

Data for this study were collected in the normal process of the research program conducted at the IBRCE 
ringing station since 1984. In this study we analyzed data from spring passage collected between March and June. 
However, only data from the years 2003–2007 were selected for comparison for two reasons: 1. catching effort was 
uniform during this period; 2. to understand what happened in spring 2006 compared to a more general migration 
situation in the years immediately previous to and after the incident.

Catching 

Analyzed data were collected during five spring migration seasons in the years 2003–2007 and we limited ourselves 
to passerine species. Birds were trapped during the day only using 8 Helgoland traps with 32×6 m entrances. All 
trapped bird species were identified, ringed, aged and, where possible, also sexed (Svensson, 1992). 

Data processing and analysis

Owing to the fact that the flood of spring 2006 was of a very destructive character and all habitat types in the 
region were destroyed to some extent, we interpreted changes in population size (number of caught birds) and 
phenology (time) of migration of selected species by comparison with data from the three previous years and one 
year after the flood as a reference period. Therefore this is a spontaneous natural experiment. Thus this experiment 
is without a control for the same period of the same year.

We analyzed for possible differences between the five spring migration seasons, which concerned the number 
of species caught and the number of recorded individuals from each of the species using a chi-square test and 
repeated measures ANOVA, respectively. As regards the number of species, the analysis includes all passerine 
species. Passerines were divided into species wintering in Israel, and others that winter in Africa only. Furthermore, 
we selected 12 of the most numerous of the trans-Saharan migrants (Table 1) and analyzed possible differences 
in arrival time in Julian dates between the five years of study. This was done separately for each species. Because 
phenology of migration besides a year can also be affected by different age and sex categories of birds (e.g. Try-
janowski, Yosef, 2002; Yosef, Tryjanowski, 2002a, for the Eilat stop-over point), we analyzed the simultaneous 
effect of year, age and sex (when possible) on the dependent variable using factorial ANOVA. If the analyzed 
factorial system was incomplete (e.g., in a given year juvenile females were not recorded), the main-effects ANOVA 
were applied. Additionally, to avoid pseudoreplication, only data of first caught birds during the season were used 
in our analyses that related to differences in size and arrival time of the migratory bird populations.

Standard statistical methods were used to describe and analyze the data (Sokal, Rohlf, 1995). The calcula-
tions were performed using STATISTICA for Windows (StatSoft Inc., 2005). All statistical tests were two-tailed. 
Throughout the text, mean values are presented with their standard error (SE). Because in this paper we made 
several multiple comparisons, significance levels were corrected by the false discovery rate (FDR, the proportion 
of false discoveries) method, proved to better compromise between type I and II errors (Benjamini, Hochberg, 
1995; Waite, Campbell, 2006).



295

T
 a

 b
 l 

e 
 1

.  
T

he
 a

na
ly

ze
d 

tr
an

s-
Sa

ha
ra

n 
m

ig
ra

nt
 s

pe
ci

es
 w

ith
 to

ta
l n

um
be

rs
 o

f b
ird

s 
ca

ug
ht

 a
nd

 n
um

be
rs

 o
f i

nd
iv

id
ua

ls
 id

en
tif

ie
d 

to
 th

e 
ag

e 
an

d/
or

 s
ex

 c
la

ss
es

 
du

ri
ng

 th
e 

fo
ur

 s
pr

in
g 

se
as

on
s 

at
 E

ila
t, 

Is
ra

el
. B

ec
au

se
 o

f l
ac

k 
of

 v
is

ua
l s

ex
ua

l d
im

or
ph

is
m

 in
 s

ev
er

al
 s

pe
ci

es
, c

la
ss

if
ic

at
io

n 
to

 s
ex

 is
 n

ot
 c

om
pl

et
e.

N
o.

Sp
ec

ie
s

N
o.

 o
f b

ird
s 

ca
ug

ht
 

N
o.

 o
f c

om
pl

et
e 

de
te

rm
in

ed
 b

ird
s

Ju
ve

ni
le

s
A

du
lts

to
ta

l
m

al
e

fe
m

al
e

to
ta

l
m

al
e

fe
m

al
e

1.
Sy

lv
ia

 a
tr

ic
ap

ill
a

12
95

3
12

84
6

89
17

41
86

47
31

39
29

19
01

20
28

2.
Sy

lv
ia

 c
om

m
un

is
51

1
44

0
18

5
10

1
84

25
5

12
5

13
0

3.
Sy

lv
ia

 h
or

te
ns

is
39

9
36

2
24

8
14

4
10

4
11

4
52

62
4.

Sy
lv

ia
 m

el
an

oc
ep

ha
la

17
5

16
6

67
56

11
99

56
43

5.
La

ni
us

 n
ub

ic
us

40
1

39
0

18
7

10
6

81
20

3
14

2
61

6.
H

ir
un

do
 r

us
tic

a
89

2
78

9
13

2
48

84
65

7
29

6
36

1
7.

R
ip

ar
ia

 r
ip

ar
ia

98
9

98
7

46
8

51
9

8.
D

el
ic

ho
n 

ur
bi

ca
21

2
21

2
74

13
8

9.
H

ip
po

la
is

 p
al

lid
a

12
35

12
23

25
5

96
8

10
.

P
hy

llo
sc

op
us

 b
on

el
li

52
1

51
2

15
6

35
6

11
.

Ac
ro

ce
ph

al
us

 s
ci

rp
ac

eu
s

56
0

55
4

16
2

39
2

12
.

A
nt

hu
s 

tr
iv

ia
lis

24
6

24
6

11
3

13
3

Results 

Number of species and individuals

Overall, during the four spring 
migration seasons a total of 33293 
individuals of 103 passerine bird 
species were recorded. The largest 
number was in 2005 – 80 species, 
then 2004 – 78, 2003 – 73 and only 
68 species in 2006 and 67 in 2007. 
However, the number of species 
recorded did not differ significantly 
between years (chi-square = 0.92, 
df = 4, P = 0.92).

In general, the number of indi-
viduals from a particular species 
differed between seasons (repeat-
ed measurements ANOVA, F4,408 
= 5.00, P < 0.001). The number of 
birds recorded in 2006 was lower 
than in any of the previous three 
years (HSD Tukey test, in all cases 
P < 0.009). No differences were 
found between the years 2006 and 
2007 and the years 2003–2005 and 
2007 (in all cases P > 0.2, Fig. 2). 
Furthermore, significant differences 
in bird numbers were found when we 
analyzed for species that winter only 
in Africa (F4,256 = 3.72, P = 0.006). 
They concerned only two years, 
when the number of birds caught in 
2004 was significantly higher than 
in 2006 (HSD Tukey test, in all cases 
P < 0.007). No such difference was 
found for the species that winter only 
in Israel (F4.84 = 1.03, P > 0.40). An 
analysis conducted for bird species 
recorded in numbers of over 100 
individuals during five years of the 
study gave very similar results.
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Migration phenology

In 9 of the 12 species analysed, we found a significant effect of year on phenology. How-
ever, only in the case of the blackcap Sylvia atricapilla, masked shrike Lanius nubicus and 
olivaceous warbler Hippolais pallida did the phenology for 2006 differ significantly from 
previous years (factorial ANOVA, F4,12826 = 266.71, P < 0.001, F4,370 = 12.26, P < 0.001) and 
two-way ANOVA, F4, 1217 = 48.51, P < 0.001, respectively), and birds were caught signifi-
cantly earlier (HSD Tukey test, P < 0.005, P < 0.001 and P < 0.03; all significant after FDR 
correction for multiple testing). On the other hand, in 2007, blackcaps were recorded even 
earlier than in 2006 (HSD Tukey test, P < 0.001) but no such differences were found in the 
case of masked shrikes and olivaceous warblers (in both cases P > 0.36).

Recapture probability of migrants 

The analysis of the 12 most numerous migratory species showed slight differences in the 
mean probability of birds being recaptured between analyzed seasons (repeated measurements 
ANOVA, F4,44 = 2.67, P = 0.044). However, the differences between years expressed by post-
hoc HSD Tukey test were non significant for all comparisons (P > 0.056 in all cases).
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Fig. 2. Differences in the number of individuals trapped per season during the five spring migrations at Eilat, Israel.
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Discussion

Our results show that even sporadic catastrophic events like a flash flood can affect birds 
during spring in Eilat, Israel. Interestingly, our findings illustrate that in the months after the 
floods the long-distance trans-Saharan migrants were more influenced than the resident or 
short-distance migrants that overwinter in the Eilat region. Long-distance migrants appear 
to be more sensitive to drastic environmental changes because they use species-specific 
stopover sites (Fransson et al., 2005), and after a stochastic event such as the flash flood, 
they turn up at their traditional sites and do not have the time or physiological resources 
to look for alternative staging areas in the arid zones. Although we are able to show an 
effect of a flash flood on migratory birds, but the real effect may be even greater, because 
bird populations as well as the overall ecosystem responses to catastrophic events may be 
delayed (Knopf, Sedgwick, 1987; Scheffer et al., 2001). 

Presented here is an example of how desert flash floods could change and reshape 
semiarid ecosystems (Scheffer et al., 2001; Hice et al., 2006). Interestingly, in our case the 
catastrophic event is not the result of precipitation in the study area, but a consequence of 
water transport from the precipitation epicenter located tens of kilometers away. 

Our data show that the flood affected not only the total numbers of birds staging during 
the spring migration, but also may have influenced other parameters including phenology 
and stopover duration (measured as probability of recapture), although these effects were 
generally small. The latter are probably both crucial for the health and survival of the 
migratory populations (Webster et al., 2002; Ahola et al., 2004; Newton, 2004). For three 
species (25% of more detailed analyzed species) in spring 2006 we recorded earlier migra-
tion time than in any of the previous three years. The delay in Eilat could be a result of 
catching probability – devastated habitats do not offer enough resources for the populations. 
This results in a shorter stopover, which obviously results in lower trapping probability, 
and as a consequence, this affects the detected time of migration. Moreover, this is also 
partially supported by the low (although only in direct comparison to spring 2004) number 
of retraps in 2006. This measure, however, works only partially, because generally during 
the spring migration birds have low recapture probability (Tryjanowski, Yosef, 2002; Yosef, 
Tryjanowski, 2002a), and estimating this factor has broad confidential limits.

Our study is of special interest, because there are not many studies showing the real-time 
effects of flash floods on staging capabilities of migratory birds. It is important to understand 
how such catastrophic events influence ecosystems and passerine migrants in specific cases. 
It also allows us to take these parameters into account for long term conservation planning. 
Although desert flash floods are very intermittent (Dayan, Abramski, 1983; our data) they can 
have a prolonged negative influence on birds and their habitats, and can have stronger cumula-
tive impacts in the future. This is especially true owing to our present awareness of the effects 
of climate change and the increasing number of severe events world wide such as tsunamis, 
typhoons, cyclones, and floods (Kundzewicz, Schellnhuber, 2004; Hice et al., 2006).

Translated by the authors
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