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         Summary 

 The long-range, migratory eastern relict population of Northern Bald Ibis  Geronticus eremita  has 
been steadily declining since the time of discovery in 2002, despite the protection programme in 
place at the breeding grounds in Syria. Assessing the ecological conditions and threats along the 
migration route and at the wintering site, both discovered in 2006, has become a priority for this 
“Critically Endangered” species. Adult ibises spent the winter at the same site on the central 
Ethiopian highland plateau, from August until mid-February during five consecutive winters 
(2006-2011). The wintering site was surveyed during four field visits and assessed through a 
spatial analysis of 1,067 satellite locations. The site is in an agro-pastoral landscape, inhabited by 
a settled community of people living in relatively poor and isolated conditions. Home range analysis 
based on kernel distributions showed that the bald ibises used a core range area of 9.1–19.0 km² 
(confirmed by direct visual observations in the field) and an extended range area of 61.0–126.1 km². 
These figures are c.20 and 60 times smaller, respectively, than those calculated for the breeding 
site in Syria. Eighty-one percent of the core area in Ethiopia was used in all five years confirming 
the birds’ fidelity to this wintering site. Ibises preferred to forage in wet or dry pastures and in 
recently cut hayfields, and avoided tall grass, uncut hayfields and cultivation. Despite dependence 
on human-created habitats, human disturbance observed in the field was minimal. The main 
short-term threat for the ibises was judged to be the potential raising of attention on the part of 
the local community specifically towards these few individual ibises. In the medium term, the 
main threat comes from the conversion of pastures into crops and the potential use of fertilisers 
and pesticides.      

   Introduction 

 Persistent population declines in Palearctic breeding birds are disproportionately concentrated in 
long distance migrants (Sanderson  et al.   2006 ). Many causes for migrant declines have been pro-
posed. One leading hypothesis is that unfavourable conditions at the wintering grounds or along 
migration routes cause reduced survival (Newton  2004 ). Palearctic migrants wintering in Africa 
are one group that may be particularly vulnerable to changes on the wintering grounds given the 
impacts of climate change at the edges of the Sahara which are critical areas for migrants (Zwarts 
 et al.   2009 ) and the effects of population growth and economic development on land-cover 
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throughout the continent (Tilman  et al.   2002 , Soderstrom  et al.   2003 , FAOSTAT database of the 
UN FAO). Declines in bird species breeding in the UK have been more pronounced for migrants 
over-wintering within African humid zones (Thaxter  et al.   2010 ). Ascertaining the cause of any 
population decline is difficult (Sanderson  et al.   2006 ) and the wintering grounds and ecology of 
most species are very poorly known (Bairlein  2003 ). Demonstrating the impact of wintering 
conditions on breeding declines requires explicit connections to be made between wintering and 
breeding populations (Webster  et al.   2002 , Thaxter  et al.   2010 ). Long-term ringing datasets have 
provided connections to some degree (Wernham  et al.   2002 ) though many species remain poorly 
sampled in the wintering areas. More recently, satellite tracking has allowed direct observation of 
these connections (Meyburg and Meyburg 2007) which has allowed assessment of specific wintering 
sites used by specific breeding populations, though the occasions on which this has been done 
explicitly are rather few (Bobek  et al.   2008 ). However, this kind of detailed diagnosis will be essential 
if declines in migratory species are to be stemmed. The “Critically Endangered” Northern Bald 
Ibis  Geronticus eremita  (BirdLife International  2004 ) has been considered sedentary on the basis 
of the majority Moroccan population though the eastern population has long been known to 
seasonally migrate from their breeding areas. Recent work has demonstrated that they are long 
distance migrants (Lindsell  et al.   2009 ). In the east their breeding population fell catastrophically 
during the 20 th  century, finally being declared extinct in the region in 1989 (Akcakaya  1990 ). 
Remarkably, a small relict colony of wild birds was discovered in 2002 still breeding in Syria 
(Serra  et al.   2004 ), but despite intensive protection it had declined to just one pair in 2011. There 
is an urgent need to identify what is driving the decline of this particular population to have a 
chance of saving them from extinction. Breeding productivity between 2002 and 2011 averaged 
1.3 fledglings per nesting attempt (Serra  et al.   2009a  and unpubl. data), which compares favourably 
with the Moroccan population (Bowden  et al.   2008 ). Deaths of fully-grown and immature birds 
were concentrated outside the breeding grounds and the mortality rate of immature birds during 
the 2-4 year period before their return to the natal site (Serra  et al.   2009b ,  Serra  et al.  in press ) 
seems significantly higher than those recorded in similar species (Bairlein  1981 , Schultz  et al.   1988 , 
Menu  et al.   2005 , Pistorius  et al.   2006 , Gauthier  et al.   2010 ). The ecology of the Northern Bald 
Ibis at the Syrian breeding site is well known (Serra  et al.   2008 ,  2009b , Lindsell  et al.   2011 ) but 
no data are available about the species’ behavioural ecology, habitat requirements and potential 
threats on their wintering grounds. In the present study, we sought to determine whether condi-
tions at the wintering site could underlie the failure of this population to improve its status in 
recent years (Kanyamibwa  et al.   1990 , Berthold and Terrill  1991 , Saino  et al.   2004 ).   

 Methods  

 Study area 

 The Northern Bald Ibis wintering range (hereafter IWR) is located north of Addis Ababa, Ethiopia, 
in a remote part of Oromia Regional State, near the border with Amhara Regional State. The site 
is on the central Ethiopian highland plateau, and is relatively flat and undulating with an altitude 
ranging between 2,600 and 3,100 m asl. The geographical coordinates of the site are not disclosed 
for conservation reasons. Settled communities live in scattered settlements located on the tops of 
gently undulating hills. Mainly  teff  but also wheat, barley and oats are cultivated on slopes around 
settlements. Hay is grown in wetter areas along watercourses beside pastures that are also 
found in higher drier areas. The native vegetation cover of the IWR has been almost totally 
removed – except for some scattered  Acacia  trees and some scrub on the fringes of settlements 
left for protection and shade. Introduced  Eucalyptus  trees grown for shade and wood predominate 
around settlements. Observations in other parts of the Ethiopian highlands suggest that the 
proportion of pastures compared with cultivated fields is relatively high in IWR. There are two 
wet seasons in this part of the Ethiopian highlands with long rains between July and November 
and short rains between February and April. At other times it is largely dry. The highest daily 
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temperature range is experienced during the long dry season (November–February). The climate 
in November 2006 and 2008 was sunny during daytime but cold at night, with an average 
temperature of 12.6°C (min: -6°C; max: 24°C).   

 Satellite data collection and analysis 

 Ibises were tagged with satellite PTTs at breeding grounds in Syria in 2006 (Lindsell  et al.   2009 ). 
Three satellite tags operated for two winters and one operated discontinuously for five winters. 
Satellite tags had VHF transmitters attached that operated during the first winter only. Satellite-
acquired locations in five consecutive winters (2006–2011;  n  = 1,067) were filtered to retain only 
LC class 0–3 (Argos User’s Manual:  http://www.cls.fr/manual ). We used all LC 0–3 locations 
(diurnal and nocturnal) for estimating the total IWR, but only LC 2–3 diurnal locations were used 
for estimating the foraging range because the error associated with less accurate locations is 
greater than the distances between foraging areas. In order to minimise autocorrelation in the 
location data we only retained locations that were closer than 3 km to each other, provided more 
than three hours had lapsed between them. This was in response to field observations indicating 
that birds often remained in a single foraging area (c.1–3 km in diameter) for protracted periods 
of time. In order to deal with the high rates of error in Argos location classes (an estimate of 
33.3% as indicated in the Argos User’s Manual) we further filtered the location data to discard 
isolated locations which implied very rapid long distance movements or repeated crossing back 
and forth across the range; isolated locations that were considered unlikely based on field observations 
and observed ibis behaviour; isolated nocturnal locations that were distant from the known (or 
any potential) roost site. Satellite locations were mapped and analysed using ArcGIS 9.2 software 
(Ackerman  et al.   1989 , Rodgers and Carr  1998 ). We used the fixed-kernel range estimator 
(Worton  1989 ,  1995 ) to estimate the 50% and 95% utilisation distribution with Hawth’s Analysis 
Tools extension ( www.spatialecology.com/htools/index.php ). Satellite telemetry in combination 
with kernel fitting has been widely employed for the purpose of estimating the spatial range used 
by wildlife (e.g. Hobbs  et al.   2005 , Vashon  et al.   2008 ).We selected a smoothing parameter 
(H) of 1,500 as it minimised the formation of unrealistic isolated clusters at the range edge. Kernel 
distributions were considered to be the most reliable means of estimating the central area of the 
IWR (50% core range) and the closest approximation of the total IWR (95%, wider or extended 
range) (Wiktander  et al.   2001 , Broomhall  et al.   2003 ). The areas concerned (based on 50% and 95% 
volume contours) were compared with those from breeding grounds in Syria by using the same 
smoothing parameter (least squares cross-validation; Seaman and Powell  1996 , Hooge  et al.   2004 ).   

 Field surveys 

 Four surveys were carried out at the IWR in November 2006 (11 days), October 2007 (2 days), 
November 2008 (7 days) and January 2009 (4 days) guided by satellite locations. Besides the three 
tagged birds there was one untagged adult bird present during 2006–2009 (at least two different 
individuals during the period) but in 2011 two unidentified subadult birds were also present 
(Dellelegn  2011 ). The total number of birds present declined during the study, across subsequent 
winters, which was attributed to mortality ( Table 1 ). Great care was taken to ensure the attention 
of the local population was not drawn towards the ibises by our activities. The roost site used by 
the ibises was monitored at roosting time (17h30–18h00) and during the pre-dawn period 
(06h00–06h15) on at least three different days in 2006. On four different days across three surveys 
(2006, 2008 and 2009) the birds were observed continuously from their time of departure from 
their roost until they returned to it after sunset, recording every 10 minutes their behaviour, 
habitat use and any other significant observation. Due to the VHF transmitters (in 2006 only), 
their relatively small home range and their repetitive behaviour, the birds’ locations could 
be identified at any time. Foraging habitat use was assessed by recording the proportion of 
time spent foraging by birds in each habitat, within 10-minute intervals across the whole day. 
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The average use over two days was calculated for November 2006 and for November 2008–
January 2009, separately. Relative availability of foraging habitats was assessed using a GPS for two 
foraging areas (November 2006) and for the whole IWR (November 2008 and January 2009). The 
chi-squared goodness-of-fit test was used to test the null hypothesis that habitat usage by ibises 
occurred in proportion to availability (alpha level of 0.05).We distinguished foraging areas and 
foraging sites ( sensu  Bowden and Smith  1997 ) such that foraging areas were the overall areas 
used by the birds either by walking or by short-distance flights (< 200 m) in the course of a day 
but excluding areas of obviously unsuitable topography. Foraging sites were the smaller individ-
ual portions of habitat covered by foraging birds moving on foot within a particular area. The 
survey in October 2007 was aimed at confirming that the same birds were wintering at the same 
site, and at briefly assessing the habitats and home range used. The surveys in November 2008 
and January 2009 were aimed at supplementing behavioural ecology and conservation obser-
vations carried out in 2006. Since the VHF tags were not operational after 2006, birds were 
located by observing their direction of flight from their roots at dawn and by searching all 
suitable habitats within the area known to be used by ibises in the past. A preliminary socio-
economic and cultural survey was conducted during the 2008 and 2009 field trips (Kubsa  2009 ). 
Forty-three household representatives out of c.153 households in the IWR were randomly 
sampled and interviewed using a standard questionnaire. Additional information was gained 
by consulting local authority officers and community leaders.        

 Results  

 Determination of the Ibis Wintering Range (IWR) 

 The Northern Bald Ibises from Syria used the same wintering site in Ethiopia for five successive 
winters from 2006 to 2011. The timings and numbers of birds present are shown in  Table 1 . 
After filtering, 442 satellite locations (41% of the total) were retained for analysis of home 
ranges. There was a high degree of overlap in the area used by the birds in each year ( Figure 1 ). 
The core area (50% volume contour) used by the wintering ibises had a mean area 13.1 km² 
(CI +/- 3.5) whilst the wider range (95% volume contour) was 80.8 km² (CI +/- 25.3) (Figure 2). 
The annual areas used by the birds are shown in  Table 1 .The area used by the ibises from all 
five years considered together was 10.6 km² for the core and 100.5 km² for the wider range. 
The core area was thus 10.6% of the wider range. The area shared by the annual 50% volume 
contours covered 81.1% of the 50% contour calculated from pooling data across all years. The 
equivalent figure for the 95% contour was 41.5%. More stringent filtering for analysis of the 
foraging range (LC 2–3 only, nocturnal locations excluded) meant that of 116 acceptable loca-
tions only 17 came from the last three winters (and from only one bird), so the pattern is 
dominated by data from the first two years. The foraging range had a core area (50% volume 
contour) of 12.1 km² and a wider range (95% contour) of 70.9km² (Figure 3). The satellite 
data also showed four excursions made outside the main wintering range for limited periods, 
the nearest being 7.5 km away from the usual roost and the furthest 27 km away. This latter 
excursion, at its furthest point, came within c.6 km of the last known record of Northern Bald 
Ibis in Ethiopia from c.30 years ago, when six bald ibises were observed in January 1977 (Ash 
and Howell  1977 ). One of these four excursions likely entailed a change of roost for at least 
seven days in August 2007.               

 Foraging habitats 

 In November 2006, only two distinct foraging areas were used by all four ibises, located about 
3 km apart from each other, with an estimated area of c.30.9 ha (area 1) and 247.6 ha (area 2). 
Birds were observed commuting between them several times a day. Ibises preferentially selected 
freshly cut hayfields at area 1 (chi-squared test = 195.33, df = 1,  P  < 0.001) and overgrazed 
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pastures at foraging area 2 (chi-squared test = 262.17, df = 1,  P  < 0.001) ( Figure 4 ). Cultivated and 
fully-grown hayfields in both areas were ignored. Freshly cut hayfields were used by birds for a 
few days after cutting until they had turned dry and yellowish. Birds used five different patches of 
pastures within area 2. In November 2008 and January 2009, ibises only used overgrazed pastures, 
even though 53% of the core IWR comprised cultivated fields and hayfields (both fully-grown 
and cut) (chi-squared test = 112.77, df = 1,  P  < 0.001) ( Figure 4 ). Both sloping wet pastures in 
proximity to streams, and flat and dry higher pastures closer to villages were used. On the 
higher pastures they focused on drier patches probing cracks in the soil for larvae. Unlike in 
November 2006, ibises did not use freshly cut hayfields in November 2008, despite being 
apparently available.       

 Behavioural observations 

 The ibises moved as a flock on the wintering site. The daily pattern of usage of the two main 
foraging areas was rather stable during 2006. Few flights were observed and only during transfer 
from one foraging area to another. At times, foraging Northern Bald Ibises formed mixed flocks 

  

 Figure 1.      The degree of overlap of annual winter ranges across five consecutive winters in Ethiopia 
(2006/2007 to 2010/2011). Boundaries shown are volume contours from a kernel analysis of diurnal 
and nocturnal locations: a) overlap of the 95% volume contours with darker shaded areas being used 
in more years; b) overlap of the 50% volume contours with the 95% contours shown for reference.    
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with Wattled Ibis  Bostrychia carunculata,  Cattle Egret  Bubulcus ibis  and Sacred Ibis  Threskiornis 
aethiopicus  especially when on hayfields close to streams. Foraging areas of Northern Bald Ibises 
and Wattled Ibises overlapped on hayfields, but the latter species also used fully-grown hayfields. 
Northern Bald Ibises were also seen resting together with Wattled and Sacred Ibises by ponds and 
streams. The all-day following of the Northern Bald Ibises showed that birds spent 55–85% of the 
day foraging and the rest on bathing, preening and resting. The roost site used by the Northern 
Bald Ibises was a patch of c.20m high  Eucalyptus grandis  trees (c.40–50 years old), in a small 
settlement on a low hill overlooking most of the IWR. The satellite data confirmed this as the 
habitual roost site. The trees were shared with roosting Pied Crows  Corvus albus  and 30–50 
Wattled Ibises, Cattle Egrets and Sacred Ibises. The Northern Bald Ibises used the same individual 
tree during almost three winters (2006–2008) but were forced to move in January 2009 due to the 
felling of this tree by local people. Beside waterbirds and cranes, the area seems to be an important 
feeding/wintering site for birds of prey (vultures, eagles, harriers). Alert reaction behaviour and 
frequent looking at the sky were observed several times in relation to passage of large eagles 
( Aquila clanga, A. rapax  and  A. nipalensis ) .  At times, proximity of a raptor would even prompt 
the sudden flushing of ibises. Northern Bald Ibises are fully dependent on human-modified 
habitats in the IWR. On most days they are in close proximity to people working in fields or 
herding livestock. Neither disturbance nor negative interaction was observed between the 
birds and the local community. We observed no significant difference in Northern Bald Ibis 
behaviour or their selection of feeding areas with people present or absent in November 2006 
(working days  versus  Sundays). People do not show any interest towards birds foraging on 
the hayfields and on pastureland. Reportedly, local people, in line with their culture and tra-
ditional beliefs, do not usually hunt birds - though in some areas they may trap ground birds 
such as francolins. The most common observed interaction between birds and humans was a 
short flight (30–80 m) to avoid the close approach of people or herds of livestock. Most evasion by 

  

 Figure 2.      Winter range of N. Bald Ibises in Ethiopia estimated from diurnal and nocturnal satellite 
locations ( n  = 442) over five consecutive winters (2006/2007 to 2010/2011). Core and wider 
winter ranges are expressed by 50% and 95% volume contours of a kernel analysis (dark grey 
and light grey, respectively). The area of the 50% contour = 10.62 km²; area of the 95% contour = 
100.51 km². Individual satellite locations of ibises are shown.    
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the ibises was made on foot. As indicated above, the roost sites at times may become vulnerable to 
human disturbance.   

 Socio-economic conditions 

 The local community in the IWR belongs to the Oromo ethnic group, which is the largest in the 
country. In the IWR people typically subsist on rain-fed agriculture and livestock husbandry. There is 
neither electricity nor a road network in the area and illiteracy rates are high. Land is owned by 
the State and people have usage rights either as leaseholders or against payment of land revenue 
taxes. Most extended families, averaging 6–9 individuals, live in small settlements of straw-roofed 
huts. The population and household densities in the IWR were 0.55/ha and 0.08/ha respectively 
(2008–2009). Each household has its own cultivated fields and pastures adjacent to the settlement 
and owns on average 10–15 cattle, and sometimes also sheep, donkeys and horses. They use water 
from streams for drinking, cooking, bathing and washing. About 18% of the people living in the 
IWR and surrounding area are listed as food insecure and thus need some assistance in the form 
of food-for-work. Rain-fed crop cultivation is subject to nocturnal frost and annual variability in 
rainfall. The area can produce two harvests a year provided that rainfall is sufficient. However, in 
certain years the population is subjected to food shortages due to the failure of crops during one 
or both of the seasons. People interviewed in winter 2008/2009 described their main survival 
problems as rainfall variability, land shortage, decreasing soil fertility and erosion. Decreasing fertility 
and soil erosion have induced an increasing number of young people to emigrate to urban centres. 
Reportedly there had been some use of fertilisers, especially in the past, but this practice is decreasing 
due to rising costs. The local agricultural office promotes the use of organic fertiliser compost as 
opposed to inorganic synthetic fertilisers. It was reported that there has never been a significant 
use of pesticides within the district and no evidence to the contrary was noted during fieldwork.   

  

 Figure 3.      Winter foraging range of N. Bald Ibises estimated from diurnal satellite locations ( n  = 116) 
over five consecutive winters (2006/2007 to 2010/2011). Core and wider winter ranges are 
expressed by 50% and 95% volume contours from a kernel analysis (dark grey and light grey, 
respectively). Area of 50% kernel = 12.10 km². Area of 95% kernel = 70.89 km². Individual satellite 
locations of ibises are shown.    
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 Estimated threats 

 We judge that the following issues have the potential to threaten the persistence of ibises at the 
wintering site: 

  Short to medium term 
   

   - external visitors and/or informed local authorities drawing the attention of local people 
toward the ibises and the markers they carry such as coloured rings and PTTs;  
  - rainfall shortages resulting in reduction in food availability for the local community;   

   

   Medium to long term 
   

   - conversion of hayfields and pastureland into cultivations;  
  - increased use of agricultural fertilisers or pesticides which are believed to be harmful to ibises.   

     Discussion 

 Satellite tracking of Northern Bald Ibises from the last known colony of the eastern population 
showed a high degree of winter site fidelity across five years (Berthold  2001 ), similar to that 
shown by Black Stork  Ciconia nigra  (Bobek  et al.   2008 ) and cranes (Berthold  2001 ), and differing 
from the partial winter site fidelity observed in the White Stork  C. ciconia  (Van den Bossche  2002 ). 
Field observations, focused on the IWR core area, suggested almost complete overlap of the 
wintering range from year to year and satellite telemetry confirmed this across the five winters. 
Data clearly show that the area of overlap is in the centre of the ranges (both at 50 and 95%) 
confirming IWR core area stability across years and ibis fidelity to it. Integration of satellite data 
and field observations suggested that within each winter period the home range tends to increase 
in size as ecological conditions dry out and food presumably becomes scarcer (Serra  et al.   2006 , 

  

 Figure 4.      Three different comparisons are presented of time spent foraging by the four ibises 
in each habitat (usage/dark bars)  versus  the proportion of area available of each habitat type 
(availability/white bars) over three total areas considered: foraging area 1 (FA1), foraging 
area 2 (FA2) and the IWR core range. Observations collected in FA1 and FA2 were recorded 
during two full days in November 2006 while those collected within the core IWR were recorded 
during two full days in November 2008 and January 2009. In each area the remainder of the 
habitat consisted of cultivated ground or uncut hay (and cut hay in the case of IWR).    
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Serra and Wondafrash  2009 ), as has been observed for wintering Black Storks (Chevallier  et al.  
 2010a ).The IWR location is consistent with past historical records of Northern Bald Ibises belong-
ing to the eastern population (Welch and Welch  2005 , Ash and Atkins  2009 ). The site is only 30 
km from the last recorded observation of Northern Bald Ibises in Ethiopia (Ash and Howell  1977 ). 
The highland environment where the IWR is located, and its surroundings, are a mix of croplands, 
pasturelands and degraded stony savanna, an environment already identified as important 
for bird conservation (Aerts  et al.   2008 ). Pastures may be more abundant at IWR than in other 
plateau areas where cultivated fields prevail and there are indications that the IWR is wetter than 
other areas in the Ethiopian highlands at an equivalent altitude (Kubsa  2009 ). The preference of 
Northern Bald Ibises for a relatively humid environment during winter in Ethiopia contrasts with 
their extremely arid breeding environment in Syria (Serra  et al.   2009b ) - although at wintering 
grounds they use both wet habitats (hayfields) and the dry pastures. The core breeding range for 
Northern Bald Ibis in Syria was estimated at 253 km 2  (Serra  et al.   2011 ), some 20 times larger 
than the estimated core wintering range in Ethiopia. The wider breeding range in Syria was 1,313 
km 2  (Serra  et al.   2011 ), which is c.60 times larger than the wider wintering range in Ethiopia. 
Large differences in breeding and wintering home range size have also been observed in Black 
Storks (Chevallier  et al.   2010a ) though the difference was less pronounced in that species. For the 
ibises this difference is most easily explained by the substantial ecological contrast between the 
relatively humid Ethiopian highlands and the arid Syrian desert. The ratio between the core and 
the wider wintering range is similar in Northern Bald Ibis and Black Stork (Chevallier  et al   2010a ) 
but much smaller than in the ibis breeding grounds. Although these differences could be explained 
by the need for different food sources and energy requirements during winter  versus  breeding 
periods it could also be related to the serious ecological degradation of the Syrian steppe 
(Serra  et al.   2009b ), which far exceeds any degradation in the wintering site. The ibises proved to 
be quite consistent in their use of foraging areas and sites. Two feeding habitats were recorded to 
be used by birds during the field surveys: cut hayfields (as observed in November 2006) and 
pastures (as observed in November 2006, November 2008 and January 2009). Similarly two kinds 
of habitats are favoured by wild Northern Bald Ibis in Morocco (Bowden  et al.   2008 ) and by hand-
raised and semi-captive ibises in Austria and Italy (Zoufal  et al.   2006 ). In Syria they complement 
the use of pastures as a source of food with the shores of artificial reservoirs, seasonally abundant 
in young frogs (Serra  et al.   2008 ). However, during the two surveys undertaken in winter 
2008/2009 only pastures were observed to be used, despite the availability of freshly cut hayfields. 
It is not clear why the birds did not use cut hayfields that winter but it was possibly because of 
elevated prey levels in the pasture linked to the delayed termination of the long rainy season in 
that year. Unlike Wattled Ibis, Northern Bald Ibis avoided tall grass (Bowden  et al.   2003 , Kopij 
 2001 ) only using hayfields once they were cut. As on the breeding grounds (Serra  et al.   2008 ) 
and unlike on migration (Serra  2010 ), ibises avoided cultivated fields for foraging at IWR, even 
abandoned fields, despite these being used by other birds such as Wattled Ibis and Common 
Crane  Grus grus . Macro-invertebrates and micro-vertebrates observed in cut hayfields and 
pastures matched well with the diet of ibises at breeding grounds (Serra  et al.   2006 ,  2008 , Serra 
and Wondafrash  2009 ). By contrast, the diet of Black Storks at breeding and wintering grounds 
differed substantially (Chevallier  et al.   2010a ). Occurrence of water-bodies and safe sites along 
their shores is important for resting of ibis that typically takes place around mid-day, as was also 
observed at breeding grounds in Syria (Serra  et al.   2008 ) and for White Storks (Van den Bossche 
 2002 ). The behaviour of the two ibis pairs at their wintering grounds was consistent across three 
winter seasons. They were very gregarious at IWR, as noted also at the breeding grounds 
(Serra  et al.   2009a ). Ibises started courtship displays at IWR in January 2009, some weeks before 
the spring migration, consistent with past observations that bald ibises would arrive in Birecik 
already paired (Pegoraro  1996 ) and with similar observations for cranes (McNulty  1966 , Archibald 
and Meine  1996 ). Satellite tracking observations during return migrations in 2007 and 2008 
suggested that one particular established pair migrated northward together, at least during the 
first part of the migration (unpubl. data). The ibises were also consistent in the use of a specific 
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roost site, similar to what has been observed in the Syrian breeding grounds (Serra  et al.   2009a ) 
but differing from White and Black Storks (Van den Bossche  2002 , Chevallier  et al.   2010b ). 
However, whereas they used a tree to roost in Ethiopia as they do along the migration route 
(Serra  2010 ) in the breeding area they depend on rocky cliffs (Serra  et al.   2009a ). On people 
approaching, recorded flight distances seemed quite short (around 30–80 m) compared with that 
recorded on Syrian breeding grounds (100–150 m), suggesting less fear of humans at IWR. This 
is consistent with the more severe human disturbance observed in Syria than in Ethiopia (Serra 
 et al.   2009a ), despite a lower human density at the former (Chevallier  et al.   2010a ): this is due to 
the greater accessibility of the breeding environment to vehicles and also to the fact that hunting 
is deeply rooted in the Arab desert culture (and enforcement of regulations is insufficient). 
Observation of intense gazing at the sky and alarming behaviour during the passage of large 
eagles ( Aquila  spp.) over the wintering site, suggested that bald ibises might be preyed upon by 
these large raptors (Loretto  et al.   2009 ). Overall, no evident short-term threat was recognised 
during the winter surveys, except that attracting too much interest on the part of the local 
community towards the ibises might confer unwelcome attention on them. The chances are that 
even in these very favourable conditions, it would be extremely difficult to eliminate the potential 
risks to which 3–4 birds might become suddenly exposed, without establishing an intensive 
awareness and protection programme. Therefore, subject to periodic reassessment, the most 
cost-effective conservation approach to maintain the current situation where the birds remain 
undisturbed seems to consist of not publicising the occurrence of these birds or paying unneces-
sary visits to the site. A key threat to the birds in the medium and long term comes from the 
precariousness of the local subsistence economy that seems to be becoming increasingly unsus-
tainable as ecological degradation of the agro-ecosystem proceeds. The typical annual variation in 
rainfall on the Ethiopian highlands has negatively combined in recent decades with increasing soil 
infertility and erosion, and with “land shortage” as described by Kubsa ( 2009 ) relative to IWR. 
Traditional agriculture has been carried out for millennia on the Ethiopian highlands (Fenta 
 2000 ), but population density in Ethiopia has reached unprecedented levels during recent decades 
(CSA 2008) and the Ethiopian highlands have become among the most densely populated agricultural 
areas in Africa (WWF  2011 ). Unlike other parts of Ethiopia, IWR does not seem to present a 
short-term threat from agricultural intensification through irrigation and the use of fertilisers 
and pesticides, which are likely to be detrimental to the ibis foraging habitat (Hirsch  1977 , 
Akcakaya  1990 ), but this specific issue needs on-going monitoring. 

 We conclude that the steady decline of the colony of Northern Bald Ibis breeding in Syria 
is most likely not caused by impacts on the wintering grounds in Ethiopia. As a consequence, 
urgent attention needs to be focused on threats along the migratory route and at its key staging 
sites.   

 Recommendations  

 Short term 

     ▪          Undertake low profile visits to monitor the birds and their habitats every 2–3 years  
   ▪           ensure contact with local authorities to ensure their cooperation in not publicising the site  
   ▪           dissuade birdwatchers from visiting the area (geographic coordinates and the name of the 

site should not be publicised)   

    Medium term 

     ▪          review any land-use changes in the area bi-annually  
   ▪          search for possible additional bald ibises wintering on the central Ethiopian plateau  
   ▪           should the Syrian colony start to recover, plan for ecologically sustainable poverty reduction 

schemes in the area and raise levels of ecological awareness (Dejene  et al.   2004 ).   
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