
 1 

Status and conservation assessment of southern marginal 2 

populations of the Golden Eagle Aquila chrysaetos under 3 

IUCN criteria 4 

 5 

Jesús Bautista-Rodríguez¹, José Rafael Garrido-López², Michel Clouet
3
, Miguel Ferrer

4
, 6 

Adam Wentworth
5
, Pascual López-López

6
 
 

7 

 8 

1 
ONG Wilder South, Camino de San Antonio, nº 9, Cármenes de Aynadamar, casa 16, c.p. 9 

18011 Granada, Spain. E-mail: temporarysettlementareas@gmail.com 10 

 11 

2 
Agencia de Medio Ambiente y Agua de Andalucía, M.P., C/ Johan G. Gutenberg, 1 - Isla de la 12 

Cartuja, c.p. 41092 , Sevilla, Spain. E-mail: jrafael.garrido@juntadeandalucia.es 13 

 14 

3 
SAIAK , 1, Hondritz-de-Bas 64600 Angelu, France. E-mail: michel.p.clouet@gmail.com 15 

 16 

4 
Estación Biológica de Doñana, CSIC, Avda. Américo Vespucio s/n, 41092 Sevilla, Spain. E-17 

mail: mferrer@ebd.csic.es 18 

 19 

5 
3 rue saint Vincent 09000 Foix, France. E-mail: adamwentworth@hotmail.fr 20 

 21 

6
Cavanilles Institute of Biodiversity and Evolutionary Biology, University of Valencia, 22 

Valencia, Spain. E-mail: Pascual.Lopez@uv.es  23 

 24 

Corresponding author: temporarysettlementareas@gmail.com 25 

mailto:temporarysettlementareas@gmail.com
mailto:jrafael.garrido@juntadeandalucia.es
mailto:michel.p.clouet@gmail.com
mailto:mferrer@ebd.csic.es
mailto:adamwentworth@hotmail.fr
mailto:Pascual.Lopez@uv.es
mailto:temporarysettlementareas@gmail.com


 26 

This manuscript is a draft version, and a similar version is currently undergoing 27 

peer review 28 

 29 

Abstract 30 

The Golden Eagle (Aquila chrysaetos) is one of the most widely distributed raptors 31 

worldwide and is currently classified as Least Concern at the global scale. However, 32 

global assessments may obscure pronounced regional asymmetries in population status 33 

and extinction risk, particularly at the geographical margins of a species’ range. At the 34 

southern edge of its distribution, encompassing the Sahara, the Sahel, the Arabian 35 

Peninsula and the Afro-alpine systems of Ethiopia, Golden Eagle populations persist 36 

under extreme ecological conditions characterised by hyper-aridity, strong climatic 37 

variability and severe spatial fragmentation. Here we review the current status of 38 

southern marginal subpopulations of the Golden Eagle, provide updated information on 39 

their geographical distribution and confirmed breeding areas, and conduct a qualitative 40 

regional assessment of their conservation status under the IUCN Red List criteria. 41 

Information was synthesised from a systematic literature review, citizen-science 42 

platforms, expert knowledge and targeted field surveys conducted between 1993 and 43 

2026. Confirmed breeding is mainly to a small number of isolated mountain massifs 44 

separated by distances that largely exceed documented effective dispersal ranges, with 45 

no evidence of regular demographic connectivity. Several regions hold recurrent records 46 

of the species but lack recent confirmation of reproduction. Our regional assessment 47 

indicates that southern marginal populations consistently meet thresholds associated 48 

with elevated extinction risk, including severe fragmentation, very small population 49 

sizes and continuing decline. Recent empirical evidence from Oman demonstrates a 50 

climate-driven collapse of reproduction beyond a narrow thermal threshold, resulting in 51 

functional extinction despite intermittent persistence of adult individuals. This provides 52 

a mechanistic framework for interpreting declines across other arid-zone populations. 53 

We conclude that the global Least Concern status of the Golden Eagle masks situations 54 

of high extinction risk at regional scales and that effective global conservation of the 55 

species requires explicit recognition and protection of its southern marginal populations. 56 
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 60 

1. Introduction 61 

Large apex raptors are often considered conservation successes when assessed at broad 62 

spatial scales, particularly species with extensive distributions and apparently stable 63 

population trends. The Golden Eagle (Aquila chrysaetos), one of the most widely 64 

distributed avian predators in the Holarctic, exemplifies this perception. It is currently 65 

classified as Least Concern, with an estimated global population of 51,442–87,033 66 

breeding pairs (Ellis et al., 2024). The species occupies a wide range across North 67 

America, Eurasia and northern Africa, extending into isolated areas beyond its core 68 

Palearctic distribution, and uses diverse habitats including boreal forests, mountain 69 

systems, temperate regions and arid environments (Watson, 2010; Ellis et al., 2024). 70 

Marginal populations, occurring at the geographical or ecological limits of a species’ 71 

range, often experience environmental conditions that differ markedly from those in 72 

core areas. As a result, they may exhibit distinct demographic, behavioural and genetic 73 

characteristics. These populations can contribute disproportionately to evolutionary 74 

processes and long-term persistence by harbouring locally adapted traits and adaptive 75 

potential under environmental change. Their loss may therefore represent not only range 76 

contraction but also erosion of ecological and evolutionary diversity (Lesica & 77 

Allendorf, 1995; Channell, 2004). 78 

Despite favourable global assessments, strong regional asymmetries in population 79 

status, connectivity and extinction risk may occur, particularly at range margins. At the 80 

southern edge of its distribution, the Golden Eagle persists under extreme conditions 81 

characterised by hyper-aridity, high climatic variability and pronounced habitat 82 

fragmentation (Clouet & Goar, 2006; Clouet & Barrau, 2015, 2017; Ellis et al., 2024; 83 

Bautista et al., 2026a). Suitable breeding habitat is largely restricted to isolated 84 

mountain massifs within extensive desert or heavily modified landscapes, resulting in 85 

low densities, small population sizes and prolonged demographic isolation. 86 



Ecological and demographic processes in these peripheral systems may differ 87 

substantially from those in more continuous populations (Channell, 2004). In long-lived 88 

raptors, adult survival may remain relatively high despite environmental deterioration, 89 

whereas reproduction is more sensitive to climatic conditions, prey availability and 90 

habitat quality (Bautista et al., 2026a). This mismatch can generate a lag between 91 

environmental change and population disappearance, consistent with extinction debt 92 

(Tilman et al., 1994; Kuussaari et al., 2009). Populations may thus persist as apparently 93 

occupied systems while being functionally extinct due to lack of recruitment and 94 

progressive ageing. 95 

Recent evidence suggests that some southern marginal populations of the Golden Eagle 96 

may already have crossed critical ecological thresholds. In the hyper-arid central desert 97 

of Oman, long-term analyses combining climatic data, repeated surveys of historical 98 

territories and demographic observations identified a climate-driven mechanism of 99 

collapse. Reproductive activity declined sharply once a narrow thermal threshold was 100 

exceeded, leading to functional extinction despite intermittent adult persistence 101 

(Bautista et al., 2026a). This decoupling between adult presence and reproduction 102 

provides a mechanistic example of climate-driven functional extinction and illustrates 103 

how extinction-debt dynamics may operate in arid environments. It also indicates that 104 

local extirpation may remain undetected when assessments rely primarily on adult 105 

occupancy. 106 

In this context, a focused assessment of southern marginal populations is required. The 107 

aims of this study are to: (1) review the status of Golden Eagle subpopulations at the 108 

southern edge of the range; (2) update their distribution and confirmed breeding areas; 109 

and (3) provide a qualitative regional assessment of conservation status in Africa and 110 

the Arabian Peninsula under IUCN Red List criteria. This synthesis is intended to 111 

inform conservation prioritisation and regional Red List processes, and to highlight the 112 

limitations of global assessments for marginal, fragmented populations. 113 

 114 

 115 

 116 

 117 



2. Material and Methods 118 

2.1. Study area 119 

This study focuses on the southern boundary of the Golden Eagle’s global range across 120 

Africa and the Arabian Peninsula, encompassing the Sahara, the Sahel, the Arabian 121 

Peninsula, and the Afro-alpine systems of Ethiopia, located approximately between 6° 122 

and 24° N latitude (Fig. 1). Across most of this area, environmental conditions are 123 

dominated by arid and hyper-arid climates, where suitable habitat for the Golden Eagle 124 

is largely restricted to isolated mountain massifs embedded within extensive desert 125 

matrices or heavily transformed landscapes. These massifs typically provide the only 126 

combination of nesting substrates, prey availability and thermal refuges necessary for 127 

persistence in otherwise inhospitable surroundings. 128 

An important exception is represented by the Bale Mountains in Ethiopia, where high 129 

elevations generate cold Afro-alpine climatic conditions that contrast sharply with the 130 

surrounding tropical and anthropogenically transformed lowlands. Despite this climatic 131 

contrast, the Ethiopian population is similarly isolated, occupying a very restricted area 132 

at high altitude and separated by thousands of kilometres from the nearest confirmed 133 

breeding populations. 134 

Climatic conditions across most of the study area, with the exception of the Afroalpine 135 

habitats of the Bale Mountains, are characterised by low and highly variable 136 

precipitation, strong interannual variability, and frequent droughts. Temperature 137 

extremes are particularly pronounced in the Sahara, the Sahel and the Arabian 138 

Peninsula, where mean annual temperatures have increased substantially over recent 139 

decades (Foley et al., 2003; IPCC, 2023; Malik et al., 2024). Human pressures, 140 

although spatially heterogeneous, include habitat degradation, direct persecution, 141 

poisoning, infrastructure development, expansion of transport and energy networks, and 142 

increasing disturbance even in remote areas. In addition, access to several parts of the 143 

study area is constrained by long-standing social instability, armed conflict and security 144 

issues, which have inevitably limited the extent of field surveys and systematic 145 

monitoring. Together, these factors result in extremely fragmented, poorly connected 146 

and often poorly documented populations at the southern edge of the species’ range. 147 

 148 



2.2. Literature review 149 

We conducted a systematic review of the available literature on the Golden Eagle in 150 

Africa and the Arabian Peninsula. Searches were performed in major scientific 151 

databases, including Web of Science (ISI), Scopus and Google Scholar, using structured 152 

Boolean queries combining species, geographic and thematic terms. The core search 153 

string included the following terms: (―Golden eagle‖ OR Aquila chrysaetos) AND 154 

(Africa OR Sahara OR Sahel OR ―Arabian Peninsula‖ OR Arabia OR Ethiopia) AND 155 

(distribution OR breeding OR reproduction OR status OR population OR conservation). 156 

In Web of Science and Scopus, additional exclusion terms (e.g. NOT Europe, NOT 157 

―North America‖) were applied when necessary to reduce irrelevant results. 158 

The search encompassed peer-reviewed journal articles, books, book chapters, technical 159 

reports and unpublished or grey literature when relevant. Reference lists of key 160 

publications were screened to identify additional sources not captured by the initial 161 

database searches. Only records providing information on species occurrence, breeding 162 

evidence, population status, trends or conservation threats within the study area were 163 

retained. Publications referring exclusively to migratory or vagrant individuals without 164 

relevance to resident or potentially breeding populations were excluded. 165 

 166 

2.3. Citizen science data and observational records 167 

To complement published information, we compiled occurrence records from citizen-168 

science platforms widely used in ornithology, primarily eBird and iNaturalist. All 169 

available records of Aquila chrysaetos from Africa and the Arabian Peninsula were 170 

screened individually. Records were checked for spatial accuracy, duplication and 171 

potential misidentification, particularly with other large eagles occurring in arid 172 

environments. Only records supported by photographic evidence were retained. 173 

Citizen-science data were used exclusively to confirm species presence and to identify 174 

areas of confirmed or potential occurrence, including regions where the species had not 175 

been documented through recent field surveys. These data were not used to estimate 176 

population size, density or trends, given the opportunistic nature of observations and the 177 

strong spatial bias in observer effort across the study area. 178 



 179 

2.4. Expert knowledge and unpublished information 180 

Given the scarcity of systematic monitoring programmes in many parts of the study 181 

area, we compiled unpublished information through direct consultation with experts 182 

working on raptors and other taxa in Africa and the Arabian Peninsula. This included 183 

ornithologists, conservation practitioners and researchers with extensive field 184 

experience in remote desert and mountain environments, affiliated with international 185 

conservation organisations as well as governmental and local institutions. 186 

Expert input provided additional insights on recent breeding attempts, population 187 

persistence, local threats, historical records and areas where the species may still occur 188 

but remains poorly documented. Information obtained through personal 189 

communications was cross-checked whenever possible against independent 190 

observations or photographic evidence and is cited accordingly in the text. 191 

 192 

2.5. Field surveys and expeditions 193 

Targeted field surveys and expeditions were conducted in several parts of the study area 194 

between 1993 and 2026 (Table 1), focusing on mountainous regions with historical 195 

records or potential suitability for Golden Eagles. These surveys aimed to verify species 196 

presence, assess breeding activity where possible and gather contextual information on 197 

habitat conditions, prey availability and threats. 198 

Survey methods varied according to local conditions, accessibility and security 199 

constraints, but generally included systematic searches of suitable nesting cliffs, 200 

inspection of historical nesting territories, opportunistic observations during transects 201 

and vantage-point surveys. In some regions, repeated visits over multiple years allowed 202 

assessment of breeding persistence or abandonment. Survey effort, locations and dates 203 

are summarised in Table 1 and were provided by the respective co-authors with direct 204 

field involvement. 205 

 206 

 207 



2.6. Conservation assessment under IUCN criteria 208 

The conservation status of southern marginal populations of the Golden Eagle was 209 

evaluated in relation to the IUCN Red List Categories and Criteria at a regional scale, 210 

following the Guidelines for Application of IUCN Red List Criteria at Regional and 211 

National Levels (IUCN Standards and Petitions Committee, 2024). This assessment 212 

synthesised all available information on population size, demographic trends, extent of 213 

occurrence, area of occupancy, degree of fragmentation, population isolation, and 214 

documented threats. 215 

Each population was evaluated qualitatively against the thresholds defined under 216 

Criteria A–D. Criterion A was considered in relation to inferred and observed evidence 217 

of population reduction, including historical contraction of breeding territories and 218 

documented declines in reproductive output. Criterion B was assessed using spatial 219 

parameters (extent of occurrence and area of occupancy), together with the degree of 220 

fragmentation and isolation of breeding nuclei. Criteria C and D were evaluated in 221 

relation to estimates of population size and the number of mature individuals, as well as 222 

field-based evidence of extremely small and/or restricted populations. Criteria A–D 223 

were applied at the regional population level following IUCN regional guidelines, with 224 

particular attention to geographic and demographic isolation from the global population. 225 

Criterion E was not applied due to the absence of robust demographic parameters 226 

required for quantitative population viability analysis. 227 

In accordance with IUCN regional guidelines, the potential for demographic or genetic 228 

rescue from neighbouring populations was also considered qualitatively, although no 229 

quantitative estimates of dispersal or connectivity were available. 230 

This assessment does not assign formal IUCN Red List categories. Instead, it evaluates 231 

whether these marginal populations approach thresholds associated with elevated 232 

extinction risk, with the aim of contextualising their conservation importance relative to 233 

the global status of the species. 234 

 235 

 236 

 237 



3. Results 238 

3.1. Overview of data availability and sources 239 

The systematic literature review yielded a total of 40 publications relevant to the 240 

occurrence, breeding status, population trends or conservation of the Golden Eagle 241 

within the southern marginal range considered in this study. Because individual 242 

publications frequently referred to more than one region or reported multiple types of 243 

information, categories were not mutually exclusive. Of the publications analysed, 21 244 

referred to Sahelo-Saharan populations, nine to Ethiopian populations and ten to 245 

populations in the Arabian Peninsula. With respect to the type of information provided, 246 

19 publications reported evidence of confirmed reproduction, 38 reported presence 247 

records and 15 addressed population status, trends or conservation threats. 248 

The compiled information revealed a highly uneven spatial and temporal coverage 249 

across the southern marginal range of the species. Published data were concentrated in a 250 

limited number of regions that have historically received more ornithological attention 251 

or where access has been possible over extended periods, whereas vast areas lacked 252 

recent or systematic information. Temporal coverage also varied widely, with some 253 

regions documented by long-term observations spanning several decades and others 254 

represented only by isolated historical records. 255 

Citizen-science platforms contributed a total of 24 confirmed photographic records. Of 256 

these, 15 were obtained from eBird, including 13 records from the Arabian Peninsula 257 

and two from Sahelo-Saharan regions, while nine records were obtained from 258 

iNaturalist, including seven from Sahelo-Saharan regions, one from the Arabian 259 

Peninsula and one from Ethiopia. These records provided valuable confirmation of 260 

presence in regions where recent field surveys are limited or absent, but were spatially 261 

biased towards areas with higher observer activity and accessibility. 262 

Expert consultations yielded an additional 11 reliable observations, including three from 263 

Sahelo-Saharan regions and eight from the Arabian Peninsula. Most of these records 264 

were supported by photographic documentation or detailed field notes and provided 265 

important contextual information on recent occurrence, breeding attempts, habitat use 266 

and threats in poorly documented regions. Taken together, the combination of published 267 

sources, citizen-science data, expert knowledge and targeted field surveys allowed a 268 



comprehensive synthesis of the current status of southern marginal populations, despite 269 

the inherent limitations imposed by uneven data availability. 270 

 271 

3.2. Distribution and confirmed breeding areas 272 

Across Africa and the Arabian Peninsula, the southern marginal distribution of the 273 

Golden Eagle is extremely fragmented and discontinuous. Confirmed breeding is 274 

restricted to a small number of isolated mountain massifs embedded within extensive 275 

arid or hyper-arid landscapes. These breeding nuclei are separated by distances that 276 

often exceed several hundred kilometres and, in many cases, approach or surpass one 277 

thousand kilometres, with no evidence of regular demographic connectivity. Several 278 

regions hold recurrent records of the species, sometimes over extended periods, but lack 279 

recent confirmation of breeding activity. 280 

The following sections provide a regional overview of the current distribution, breeding 281 

status and conservation context of the Golden Eagle across the main subregions of its 282 

southern marginal range. 283 

 284 

3.2.1. Sahara and Sahel 285 

In the Sahara and the Sahel, the breeding records Golden Eagles included in this study 286 

are concentrated in a very limited number of mountain massifs located approximately 287 

south of the 24° N parallel. Confirmed breeding has been documented in the Moroccan 288 

Atlantic Sahara, the Adrar region of Mauritania, l’Adrar Tirharhar and the Adrar des 289 

Ifoghas in Mali, the Ahaggar (Hoggar) massif in Algeria and the Aïr Mountains in 290 

Niger (Goar & Rutkowsky, 2000; Clouet & Goar, 2004, 2006; Chevalier & Bergier, 291 

2011; Garrido & Bautista, 2024; Qninba et al., 2024; Bautista et al., 2025; Bautista et 292 

al., 2026b; Authors’ observations) (Table 1). In contrast, in other steppe areas of the 293 

Ennedi and Kanem regions of Chad, only sporadic sightings have been recorded, with 294 

no recent confirmation of breeding (Wacher & Newby, 2010; T. Wacher, com. Pers.). 295 

Breeding nuclei in this region are widely separated, with mean distances of 296 

approximately 600 km (range: 300–970 km) between confirmed breeding massifs. 297 

When massifs with recurrent but unconfirmed records are included, inter-site distances 298 



increase to approximately 985 km (range: 770–1,200 km). Such distances far exceed 299 

those documented for effective dispersal and recruitment in Golden Eagles and strongly 300 

suggest demographic isolation between breeding nuclei. 301 

Available information indicates exceptionally low population densities across the 302 

region, with each massif typically supporting no more than one or a few breeding pairs. 303 

Historical accounts suggest that some massifs may have supported larger numbers in the 304 

past, but several breeding territories documented in the late twentieth century have not 305 

been reoccupied in recent decades (Clouet & Goar, 2006; Garrido & Bautista, 2024; 306 

Bautista et al., 2025; Bautista et al., 2026b). Although adult individuals continue to be 307 

observed sporadically in some regions, the absence of confirmed breeding over 308 

extended periods suggests that several local populations may already be functionally 309 

extinct or in the final stages of demographic collapse. 310 

 311 

3.2.2. Arabian Peninsula 312 

Available data indicate a marked contraction and fragmentation of the breeding 313 

distribution of the Golden Eagle across the Arabian Peninsula. In Oman, confirmed 314 

breeding was first documented in 1980–1981, when two active nests were located in the 315 

central desert (Gallagher & Brown, 1982). During the 1980s, up to seven breeding 316 

territories were identified in this area, with an estimated maximum of approximately 12 317 

breeding pairs. From the early 1990s onwards, reproductive activity declined sharply, 318 

with only sporadic breeding attempts recorded over the following two decades (Green & 319 

Harrison, 2014, 2021). 320 

Recent analyses integrating long-term climatic data (1980–2026), repeated surveys of at 321 

least 21 historical breeding territories, and independent demographic observations 322 

provide robust empirical support for a scenario of functional extinction in the central 323 

desert population of Oman (Green & Harrison, 2014, 2021; Bautista et al., 2026a). 324 

Reproductive activity declined non-linearly and collapsed to near zero once mean 325 

annual temperature exceeded a narrow threshold of approximately 28.3–28.6 °C 326 

(Bautista et al., 2026a). Notably, adult presence persisted intermittently following the 327 

cessation of reproduction, indicating a marked decoupling between occupancy and 328 

demographic viability. 329 



Independent long-term observational data further document a progressive erosion of 330 

population age structure. Juveniles and immatures declined sharply from the late 1990s 331 

onwards and disappeared entirely more than a decade before the last adult records, 332 

resulting in a senescent, non-recruiting population dominated by isolated adults. 333 

Concurrently, the use of key functional habitats, such as desert oases that historically 334 

acted as hydric and thermal refugia, declined markedly, indicating a loss of landscape 335 

functionality. Taken together, these convergent lines of evidence indicate that the 336 

Golden Eagle population in the central desert of Oman is functionally extinct in terms 337 

of reproductive failure, rather than experiencing short-term demographic fluctuation. On 338 

the contrary, repeated documented observations (eBird, 2026; C. Gutiérrez, pers. 339 

comm.) outside this area, in other desert regions influenced by the western monsoon in 340 

Dhofar, support the possibility that some breeding pairs may persist or have undergone 341 

a climate-driven shift toward these climatic refugia beyond the hyper-arid central desert.  342 

In Saudi Arabia, the first record of breeding dates back to 1948, when a chick and an 343 

egg were collected near Jeddah (Meinertzhagen, 1949). Historical and recent 344 

observations of Golden Eagles in interior desert regions such as Uruq Bani Ma'arid 345 

Protected Area, Rub' al-Khali and Ibex Reserved Area (Jennings, 2010; Wacher et al., 346 

2019; M. Prommer, pers. comm.), mountain systems of Jibal al-Sarawat (eBird, 2026), 347 

and rocky deserts of Al-Ula Governorate (L. Patkó and J. Sousa, pers. comm.), indicate 348 

continued presence of the species, although no breeding has been confirmed. 349 

Additionally, telemetry data from individuals marked in Israel indicate regular use of 350 

northern Saudi Arabia during natal dispersal, with documented mortality events 351 

associated with electrocution and poisoning (A. Myrose and O. Hatzofe, pers. comm.). 352 

In the United Arab Emirates, the species has been recorded consistently for more than 353 

three decades, with sporadic breeding events in remote areas of the southwestern region, 354 

such as Al Beda’a and Qasr Al Sarab Protected Areas (Pedersen et al., 2023; J. Judas, 355 

pers. comm.). However, these areas are increasingly affected by habitat degradation 356 

linked to infrastructure development, oil exploration, and historical instances of illegal 357 

hunting (J. Judas, pers. comm.). In Yemen, possible breeding of Golden Eagles has 358 

historically been recorded in the arid mountain ranges of the north and southwest 359 

(Thiollay & Duhaultois, 1976), but recent data are lacking due to the prolonged conflict 360 

and absence of systematic studies. In the remaining countries of the Arabian Peninsula, 361 



such as Bahrain, Kuwait and Qatar, the species has only been recorded sporadically, 362 

mainly as wandering juveniles, with no confirmed evidence of breeding. 363 

 364 

3.2.3. Ethiopia 365 

The Ethiopian population represents the most extreme case of isolation within the 366 

southern marginal range of the Golden Eagle. The species is restricted to the Afro-367 

alpine ecosystems of the Bale Mountains, occupying an area estimated at approximately 368 

200 km² (Clouet & Barrau, 1993; Clouet et al., 1999; Clouet & Barrau, 2015; 369 

Wentworth, 2018, 2019; Bautista et al., 2024). This population is separated by more 370 

than 1,500 km from the nearest confirmed breeding populations in the Sahara and the 371 

Arabian Peninsula. 372 

Recent surveys conducted between 2018 and 2019 confirmed the presence of only seven 373 

individuals occupying four territories. The total number of mature individuals is 374 

estimated at fewer than 12–15, placing this population well below commonly accepted 375 

thresholds for demographic viability (Wentworth, 2018, 2019; Bautista et al., 2024). 376 

Field observations indicate low reproductive output and high vulnerability to 377 

environmental stochasticity, grazing pressure and habitat degradation within the Afro-378 

alpine zone (Wentworth, 2018, 2019; Bautista et al., 2024; authors, personal data). 379 

 380 

3.2.4. Mountain systems with potential but unconfirmed presence 381 

Beyond areas with confirmed breeding, several mountainous systems across North and 382 

East Africa are considered to provide suitable habitat for the presence and potential 383 

reproduction of Golden Eagles. These include the Tagant Plateau in Mauritania, the Bir 384 

Moghrein region and the Amguel Plateau in Algeria, the Tadrart and Acacus ranges in 385 

Libya, the Djado Plateau and Termit Massif in Niger, Tibesti and Ennedi in Chad, Gilf 386 

Kebir and the massifs of Egypt’s Eastern Desert, the Meidob Massif in northern Sudan, 387 

as well as the Eritrean and Djiboutian massifs. Nevertheless, many of these regions are 388 

situated in areas affected by ongoing political instability or severe logistical and security 389 

constraints, which currently limit the feasibility of conducting systematic field surveys 390 

and comprehensive ecological assessments. 391 



 392 

3.3. Regional conservation assessment under IUCN criteria 393 

Application of the IUCN Red List criteria at a regional scale indicates that southern 394 

marginal populations of the Golden Eagle (Aquila chrysaetos) are consistently exposed 395 

to high levels of extinction risk, although the specific drivers and criteria met vary 396 

among regions (Table 2). 397 

In the Sahara–Sahel region, populations are highly fragmented and occur in a very 398 

limited number of isolated mountain massifs, with extremely large inter-nuclear 399 

distances and no evidence of demographic connectivity or recolonisation. This pattern 400 

results in the application of Criteria B1ab(i,ii,iii,v) and B2ab(i,ii,iii,v), together with 401 

indications of very small population size under Criterion D1, supporting a qualitative 402 

assessment of elevated risk, interpreted here as Endangered (EN) at a regional scale. 403 

On the Arabian Peninsula, the evidence indicates a severe and ongoing decline in 404 

breeding territories, including the disappearance of most historical sites and the 405 

functional collapse of key populations such as those in Oman. These trends, combined 406 

with strong isolation, persistent threats, and lack of demographic rescue, satisfy multiple 407 

criteria including A2 and A4 (population reduction), B1ab(v) (declining habitat/number 408 

of mature individuals), C1 and C2(a)(i) (continuing decline and small subpopulation 409 

structure), and D1 (very small population). Collectively, these factors support a regional 410 

classification of Critically Endangered (CR). 411 

In the Ethiopian highlands (Bale Mountains), the population is extremely restricted in 412 

range (AOO ≈ 200 km²), composed of fewer than 15 mature individuals, and completely 413 

isolated from other populations. This configuration meets Criteria B2ab(i,ii,iii,v), 414 

C2(a)(i), and D, reflecting both severe geographic restriction and extreme demographic 415 

vulnerability to stochastic events. As a result, this population is also assessed as 416 

Critically Endangered (CR). 417 

No quantitative population viability analyses were available to evaluate Criterion E in 418 

any of the assessed regions. 419 

 420 

 421 



4. Discussion 422 

4.1. Extreme fragmentation and demographic isolation at the southern edge of the 423 

range 424 

The results presented in this study demonstrate that Golden Eagle populations at the 425 

southern margin of the species’ global distribution are characterised by extreme spatial 426 

fragmentation and prolonged demographic isolation. In Africa and the Arabian 427 

Peninsula, confirmed breeding is restricted to a small number of isolated mountain 428 

ranges and desert areas, separated by distances far exceeding those documented for the 429 

species’ effective dispersal and recruitment (Watson, 2010; Fielding et al., 2024). This 430 

spatial configuration strongly suggests that these populations function as largely 431 

independent demographic units, with little or no opportunity for regular demographic 432 

rescue through immigration. 433 

Such levels of isolation contrast sharply with the situation in the core Palearctic range, 434 

where populations are generally more continuous and connected, and where dispersal 435 

among breeding areas contributes to regional persistence (Ellis et al., 2024). 436 

Historically, marginal southern populations were likely never abundant due to the 437 

inherent constraints of these harsh environments and may have persisted in part through 438 

episodic immigration from larger northern populations. However, increasing climatic 439 

pressures, such as evident global warming, combined with intensifying human 440 

pressures, appear to have disrupted these connections in recent decades (Ellis et al., 441 

2024; Bautista et al., 2026a), resulting in populations that now operate independently 442 

within the species’ global distribution range. 443 

As a consequence, population persistence at the southern edge is likely governed 444 

primarily by local demographic processes and environmental stochasticity, rather than 445 

by regional-scale dynamics. Under such conditions, the loss of a single breeding 446 

nucleus may represent an irreversible step towards regional extirpation. This reinforces 447 

the need to avoid extrapolating global or continental population trends to marginal 448 

populations, where extinction risk may be orders of magnitude higher despite apparent 449 

global stability. 450 

 451 

 452 



4.2. Dispersal limitations and functional barriers in arid landscapes 453 

Although the golden eagle is a species with high mobility and the capacity to travel long 454 

distances, its effective dispersal depends not only on its flight ability but also on 455 

landscape structure, habitat suitability, and behavioral constraints. The species exhibits 456 

pronounced natal philopatry, with individuals typically recruiting relatively close to 457 

their natal areas (Soutullo et al., 2006, 2013; Urios et al., 2007; Watson, 2010; Weston, 458 

2014). Recent telemetry studies further demonstrate that landscape configuration can 459 

severely limit effective dispersal, even in large soaring raptors (Fielding et al., 2024). 460 

In arid and hyper-arid environments, the extensive desert plains separating mountain 461 

ranges may function as strong ecological barriers. Low prey availability, scarcity of 462 

water and thermal refuges, and increasingly extreme climatic conditions reduce the 463 

likelihood that dispersing individuals can survive long enough to locate and occupy 464 

suitable breeding habitat. Physical distances between breeding nuclei in the Sahara, the 465 

Sahel, and the Arabian Peninsula frequently exceed several hundred kilometers, and in 466 

many cases approach or surpass one thousand kilometers. Under such conditions, even 467 

rare long-distance movements are unlikely to result in meaningful demographic 468 

connectivity. 469 

Recent studies on Aquila fasciata show that juvenile dispersal is strongly influenced by 470 

natal habitat, and that natural barriers such as extensive arid zones and water bodies 471 

limit both the direction and success of dispersal. Although some individuals originating 472 

from desert habitats can undertake extraordinary movements across extensive arid areas 473 

to reach the Sahel or southern Arabia, the majority experience high mortality rates and 474 

low establishment success. This confirms that deserts act as functional barriers that 475 

constrain effective dispersal and demographic connectivity. Moreover, individuals tend 476 

to settle in areas with climatic conditions similar to those of their natal habitat, 477 

supporting the natal habitat preference induction (NHPI) hypothesis (Mayrose et al., 478 

2025). 479 

Consequently, the likelihood that the loss of a local breeding nucleus is compensated 480 

through natural recolonization is low or nearly negligible, substantially increasing the 481 

probability of permanent regional extirpations. This pattern has been documented in 482 

other raptor species inhabiting fragmented desert landscapes and appears to be a 483 



defining characteristic of golden eagle populations at the southern limit of their 484 

distribution (Clouet & Goar, 2004; Clouet et al., 2006; Mayrose et al., 2025). 485 

 486 

4.3. Climatic dependence and vulnerability in arid environments 487 

A defining characteristic of southern marginal populations of the Golden Eagle is their 488 

strong dependence on climatic conditions. In arid and semi-arid environments, 489 

reproductive success has traditionally been linked to interannual variation in 490 

precipitation, mediated through its effects on primary productivity and prey availability 491 

(Bahat, 1989; Bahat & Mendelssohn, 1996; Clouet & Goar, 2004; Clouet et al., 2006). 492 

Prolonged droughts can therefore result in consecutive years of reproductive failure, 493 

with disproportionate demographic consequences in small and isolated populations. 494 

Recent evidence from Oman indicates that temperature itself may constitute a hard 495 

physiological constraint in hyper-arid environments. In this system, reproductive 496 

collapse occurred once a narrow thermal threshold was exceeded, and interannual 497 

variability in precipitation did not rescue reproduction beyond this limit (Bautista et al., 498 

2026a). This pattern suggests that gradual warming can generate abrupt, non-linear 499 

demographic responses once critical thresholds are crossed. Experimental and field 500 

studies on large desert birds support this interpretation, showing that extreme 501 

temperatures can impair gametogenesis, embryo viability and incubation behaviour 502 

(Schou et al., 2021; Pattinson et al., 2022). 503 

In long-lived species such as the Golden Eagle, adult survival may remain relatively 504 

high even when reproductive conditions deteriorate, leading to a temporal decoupling 505 

between adult presence and population viability. Repeated years of reproductive failure 506 

rapidly erode recruitment and age structure, ultimately resulting in senescent 507 

populations with no demographic replacement (Bautista et al., 2026a). Under current 508 

and projected climate change scenarios, continued warming across the Sahara, Sahel 509 

and Arabian Peninsula is therefore likely to amplify extinction risk in southern marginal 510 

populations well before adult disappearance becomes evident. 511 

 512 

 513 



4.4. Conservation relevance of marginal and rear-edge populations 514 

From a conservation perspective, the southern marginal populations of the Golden 515 

Eagle exemplify the importance of rear-edge populations within wide-ranging species. 516 

Peripheral populations have historically been regarded as demographically unstable, 517 

genetically impoverished and of limited conservation value. However, both theoretical 518 

and empirical work has demonstrated that rear-edge populations can persist over long 519 

evolutionary timescales, harbour unique genetic variation and experience selective 520 

regimes that differ markedly from those operating in the centre of the species’ range 521 

(Lesica & Allendorf, 1995; Hampe & Petit, 2005). 522 

Modern conservation frameworks increasingly emphasise the identification of 523 

Evolutionarily Significant Units (ESUs) and Management Units (MUs) as a basis for 524 

prioritisation and decision-making (IUCN, 2022). These units are typically defined by a 525 

combination of genetic differentiation, long-term demographic independence, 526 

ecological distinctiveness and exposure to specific threats. In the case of the Golden 527 

Eagle, available phylogeographic evidence indicates prolonged isolation of Saharan 528 

populations from the core Palearctic range (Wink et al., 2004; Clouet et al., 2006). 529 

Although genetic data remain limited, the persistence of isolation over extended 530 

timescales, together with extreme ecological conditions and documented demographic 531 

independence, supports the recognition of these populations as independent 532 

conservation units. 533 

The exposure of southern marginal populations to extreme environmental conditions—534 

including both highly arid and unpredictable desert landscapes and isolated Afroalpine 535 

mountain systems—further enhances their potential evolutionary significance. Long-536 

term persistence under such conditions implies adaptation to ecological contexts that are 537 

rare or absent within the core range of the species. As a result, these populations likely 538 

contribute disproportionately to the ecological breadth and adaptive potential of the 539 

Golden Eagle at a global scale. 540 

 541 

4.5. Implications of the regional IUCN assessment 542 

The regional application of IUCN Red List criteria reveals a consistent pattern of 543 

elevated extinction risk across the southern marginal populations of the Golden Eagle, 544 



with marked spatial variation in severity. While the results section (Table 2) identifies 545 

clear differences in assigned categories among regions, these classifications reflect a 546 

shared underlying syndrome of fragmentation, isolation, and demographic decline at the 547 

range margin. 548 

In the Arabian Peninsula and Ethiopia, the Critically Endangered status reflects not only 549 

extremely small population sizes and severe range restriction, but also advanced stages 550 

of demographic collapse. In these regions, the convergence of ongoing declines, 551 

isolation from source populations, and absence of detectable demographic rescue 552 

suggests that local populations may already be operating under extinction-debt 553 

conditions. This is particularly evident in the Omani population, where functional 554 

extinction likely preceded the disappearance of remaining individuals, highlighting a 555 

temporal lag between demographic collapse and apparent occupancy loss. 556 

By contrast, the Sahara–Sahel populations, assessed as Endangered in the results due to 557 

strong fragmentation and isolation, appear to represent an earlier stage along the same 558 

continuum of risk. Although demographic connectivity appears to be absent and 559 

dispersal distances between population nuclei are exceptionally large, some 560 

subpopulations may persist above the most extreme thresholds observed in the Arabian 561 

Peninsula and Ethiopia. This suggests that, while extinction risk is high, the 562 

demographic trajectory in this region may be less advanced, although still consistent 563 

with long-term decline under continued isolation. 564 

Across all regions, the consistency of Criteria B-based patterns (geographic 565 

fragmentation and restricted range) indicates that spatial structure is a fundamental 566 

driver of vulnerability at the southern range margin. However, the application of 567 

Criteria C and D in the most affected regions (Arabian Peninsula and Ethiopia) 568 

highlights that small population size and extreme demographic isolation are critical 569 

amplifiers of extinction risk beyond spatial restriction alone. 570 

From a methodological perspective, these findings demonstrate the limitations of 571 

occupancy-based or presence–absence assessments when applied to long-lived raptors 572 

with delayed demographic responses. The persistence of adults in some regions, 573 

particularly in Oman, may mask underlying reproductive failure and demographic 574 

collapse, leading to systematic underestimation of extinction risk if functional 575 

parameters are not considered. This reinforces the importance of incorporating 576 



reproductive performance, age structure, and functional habitat use into regional 577 

assessments under the IUCN framework. 578 

Overall, the results and their interpretation jointly indicate that southern marginal 579 

populations of the Golden Eagle are not uniformly declining, but rather represent 580 

different stages along a gradient of fragmentation-driven extinction risk, with clear 581 

implications for monitoring and conservation prioritisation under ongoing 582 

environmental change. 583 

 584 

5. Conclusions 585 

Southern marginal populations of the Golden Eagle in the Sahara, the Sahel, the 586 

Arabian Peninsula, and Ethiopia represent a clear example of population persistence at 587 

the ecological and geographical limits of a wide-ranging raptor. Rather than constituting 588 

marginal extensions of a continuous Palearctic distribution, these populations function 589 

as largely isolated demographic units exposed to extreme climatic conditions, severe 590 

spatial fragmentation, and region-specific anthropogenic pressures that substantially 591 

increase extinction risk. 592 

The evidence synthesized in this study indicates that the global classification of the 593 

Golden Eagle as Least Concern masks important regional conservation concerns. In 594 

these desert, hyper-arid, and Afroalpine systems, the loss of only one or a few breeding 595 

territories may lead to rapid regional extirpation, with no realistic prospects for natural 596 

recolonization due to the apparent absence of demographic connectivity. 597 

From a biogeographical and evolutionary perspective, the disappearance of these 598 

peripheral populations would result in a substantial reduction of the species’ ecological 599 

and adaptive diversity. These populations may also represent a potential genetic 600 

reservoir of adaptation to extreme environmental conditions, as they persist under 601 

climatic and ecological regimes that are markedly different from those of core 602 

populations. 603 

The regional assessment based on IUCN Red List criteria indicates marked spatial 604 

heterogeneity in extinction risk across the southern range margin, with populations 605 

ranging from Endangered (Sahara–Sahel) to Critically Endangered (Arabian Peninsula 606 



and Ethiopia). This pattern highlights a continuous gradient of risk driven by increasing 607 

fragmentation, isolation, and demographic limitation towards the southern extremes of 608 

the species’ distribution. 609 

Overall, effective conservation of the Golden Eagle at the global scale requires the 610 

explicit recognition and protection of these peripheral populations, whose loss would 611 

lead to an irreversible contraction of the species’ distribution, a significant reduction in 612 

its biogeographical and ecological breadth, and the potential loss of a reservoir of 613 

adaptive genetic variation associated with survival in extreme environments. 614 

 615 
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Table 1. Summary of field surveys, observational records and compiled evidence for Golden Eagle (Aquila chrysaetos) populations across the southern 851 

margin of its range in Africa and the Arabian Peninsula between 1993 and 2026. Population nuclei are numbered according to their location in Figure 1, 852 

allowing direct spatial correspondence between mapped areas and tabulated records. For each site, geographic coordinates, elevation range, dominant habitat, 853 

survey period (including both fieldwork and historical records), and evidence of species presence and breeding status are provided. ―Confirmed presence‖ 854 

refers to records supported by direct observation or documented evidence (including photographic records and expert validation). ―Confirmed breeding‖ 855 

indicates verified reproduction (e.g. active nests, eaglets, or repeated breeding behaviour). Entries marked as ―uncertain‖ correspond to areas with recurrent 856 

observations but lacking recent or conclusive evidence of breeding. Sources include published literature, citizen-science platforms, expert communications and 857 

authors’ field observations. 858 

Region / Country 
Geographic 

coordinates 

Elevation 

(m a.s.l.) 
Main habitat 

Survey 

dates or 

records 

Confirmed 

presence 

Confirmed 

breeding 
Source 

Atlantic Sahara, 

Morocco (1) 

21°20′–23°44′ N, 

14°14′–14°32′ W 
200–480 

Inland Saharan hamada 

and reg desert with gravel 

plains, low rocky 

plateaus, ephemeral wadis 

and sparse xerophytic 

shrubland 

Nov 2023 – 

Apr 2026 
Yes Yes 

Valverde, 1957; Quinba et al., 

2024; iNaturalist, 2026; 

Bautista et al., 2026b; Authors’ 

observations 

Adrar region, 

Mauritania (2) 

18°30′–20°60′ N, 

09°34′–13°00′ W 
260–700 

Saharan rocky plateau 

(hamada) with 

escarpments, deep wadis, 

canyon systems and 

isolated gueltas 

Oct 2003 – 

Jan 2025 
Yes Yes 

Salewski et al., 2005; Isenmann 

et al., 2010; Clouet & Joachim, 

2013; Santarém et al., 2018; 

Bautista et al., 2025; 

iNaturalist, 2026; Authors’ 

observations 

Tagant region, 

Mauritania (12) 

17°17′–18°30′ N, 

07°30′–09°34′ W 
250–350 

Arid Saharan landscape 

of rocky plateaus 

(hamada) interspersed 

with extensive aeolian 

sand deposits, including 

Oct 2003  Yes ¿? Salewski et al., 2005 



Region / Country 
Geographic 

coordinates 

Elevation 

(m a.s.l.) 
Main habitat 

Survey 

dates or 

records 

Confirmed 

presence 

Confirmed 

breeding 
Source 

dune fields surrounding 

rocky outcrops, with 

escarpments and 

intermittent wadis 

 

Ahaggar and 

Tassili 

Mountains, 

Algeria (5) 

22°15′–24°50′ N, 

6°30′–5°50′ E 
800–1750 

High Saharan volcanic 

massif with cliffs, rocky 

plateaus, steep 

escarpments and dry 

wadis (montane desert) 

 

Dec 2001 – 

Oct 2025 
Yes Yes 

Clouet & Goar, 2006; Clouet & 

Joachim, 2013; Z. Brahimi, 

pers. comm.; eBird, 2026;  

iNaturalist, 2026; Authors’ 

observations 

l’Adrar Tirharhar 

and the Adrar des 

Ifoghas, Mali (3) 

19°25′–19°60′ N, 

00°55′–01°15′ E 
450–600 

Granitic Saharan massif 

with rugged relief, rocky 

slopes, shallow valleys 

and seasonal gueltas 

 

Feb 2003 – 

Mar 2007 
Yes Yes 

Clouet & Goar, 2003, 2006; 

Clouet & Joachim, 2013; 

Authors’ observations 

Aïr, Niger (4) 
17°35′–19°10′ N, 

8°44′–8°40′ E 

1300–

1700 

Montane Saharan desert 

with rocky massifs, 

inselbergs, dry wadis and 

sparse xeric woodland 

 

Dec 2001 – 

Mar 2002 
Yes Yes 

Goar & Rutkowsky, 2000; 

Clouet & Goar, 2004, 2006; 

Clouet & Joachim, 2013; 

Authors’ observations 

Red Sea 

Mountains, Egypt 

(15) 

23°25′–27°14′ N, 

33°20′–35°40′ E 
400–1930 

Arid coastal mountain  

range with steep 

escarpments, rocky 

valleys (wadis) and desert 

shrubland 

 

Mar 2010 – 

Jun 2025 
Yes ¿? 

Clouet & Joachim, 2013; A. 

Camiña, pers. comm.; eBird, 

2026;  iNaturalist, 2026;  

Authors’ observations 

        

Kanem region, 

Chad (13) 
15°01′ N, 15°18′ E 360 

Sahelian semi-arid steppe 

with open shortgrass 
Aug 2010 Yes ¿? Wacher & Newby, 2010 



Region / Country 
Geographic 

coordinates 

Elevation 

(m a.s.l.) 
Main habitat 

Survey 

dates or 

records 

Confirmed 

presence 

Confirmed 

breeding 
Source 

plains, scattered shrubs 

and seasonal drainage 

lines 

 

Steppe plains SW 

of Ennedi Massif, 

Chad (14) 

16°22′ N, 19°55′ E 390 

Open Sahelian steppe 

with flat plains, sparse 

grass cover, low shrubs 

and ephemeral 

watercourses 

Oct 2025 Yes ¿? 
T. Wacher, M. Ali, O. Annadif, 

pers. comm. 

Bale Mountains, 

Ethiopia (6) 

6°41′–7°01′ N, 

39°43′–39°50′ E 

3200–

4300 

Afro-alpine grasslands 

and heathlands with high-

altitude plateaus, cliffs 

and montane moorlands 

Aug 1993 – 

Feb 2019 
Yes Yes 

Clouet & Barrau, 1993, 2015, 

2017; Clouet et al., 1999; 

Bautista, 2017; Wentworth, 

2018, 2019; Bautista et al., 

2024; iNaturalist, 2026;  

Authors’ observations 

 

Central Desert, 

Oman (11) 

17°28′–21°58′ N, 

53°20′–57°28′ E 
200–550 

Hyper-arid desert 

characterised by extensive 

gravel plains, low rocky 

outcrops and plateaus, 

ephemeral wadis, and 

extremely sparse 

vegetation dominated by 

Acacia spp. and Ghaf 

(Prosopis cineraria) trees 

 

1980 – 2026 Yes Yes 

Gallagher & Brown, 1982; 
Eriksen & Victor, 2013; Green 

& Harrison, 2014, 2021; eBird, 

2026; Bautista et al., 2026a; 

Jens & Hanne Eriksen, personal 

records of species from Oman 

(1975–2020), pers. comm; Ali 

Al Rasbi, pers. comm.; 
Authors’ observations 

 

Rub' al Khali, 

United Arab 

Emirates (9) 

22°80′–23°60′ N, 

54°18′–54°09′ E 
120–160 

Arid dune desert with 

extensive sand seas, 

interdune plains, sabkhas 

(saline flats) and oasis 

1990 – 2023 Yes Yes 

Pedersen et al., 2023; pers. 

comm.; eBird, 2026;  

iNaturalist, 2026; J. Judas, T. 

Pedersen, O. Campbell, pers. 



Region / Country 
Geographic 

coordinates 

Elevation 

(m a.s.l.) 
Main habitat 

Survey 

dates or 

records 

Confirmed 

presence 

Confirmed 

breeding 
Source 

pockets with date palm 

cultivation 

 

comm. 

 

Rub' al Khali, 

Saudi Arabia (10, 

18) 

19°12′–19°50′ N, 

45°23′–53°13′ E 
185–825 

Vast continuous sand seas 

with extensive dune 

fields, interspersed with 

rocky outcrops and gravel 

plains, low escarpments, 

and occasional seasonal 

wadis, supporting very 

sparse xerophytic 

vegetation adapted to 

extreme aridity 

 

1949 – 2019 Yes Yes 
Meinertzhagen, 1949; Wacher 

et al., 2019 

Tuwaiq 

Escarpment, 

Saudi Arabia (17) 

23°25′ N–46°22′ E 770–1180 

Limestone escarpment 

and plateau landscape 

with steep cliffs, dissected 

by wadis and adjacent 

rocky desert and gravel 

plains, supporting sparse 

xerophytic vegetation 

adapted to arid conditions 

 

Dec 2025 Yes ¿? 

M. Prommer, 

pers. comm. 

 

Al-Ula region, 

Saudi Arabia (16) 

25°51′–27°26′ N, 

38°09′–37°32′ E 
500–1450 

Extensive sandstone 

formations,  rock 

outcrops, canyons and 

cliffs, interspersed with 

sandy plains, wadis, and 

adjacent volcanic fields 

(harraat), supporting 

2023 Yes ¿? L. Patkó, J. Sousa, pers. comm. 



Region / Country 
Geographic 

coordinates 

Elevation 

(m a.s.l.) 
Main habitat 

Survey 

dates or 

records 

Confirmed 

presence 

Confirmed 

breeding 
Source 

sparse desert-adapted 

vegetation and localized 

oasis-associated flora 

 

Sarawat 

Mountains, Saudi 

Arabia (7) 

21°41′ N–39°43′ E 240–560 

High escarpments and 

rugged peaks, dissected 

by deep wadis and 

terraces, with gradients 

from arid rocky slopes to 

relatively moister 

highlands supporting 

sparse to patchy 

shrubland and montane 

vegetation influenced by 

seasonal monsoon 

conditions 

 

1949 Yes Yes Meinertzhagen, 1949 

Yemen (8) 17°11′ N, 43°58′ E 2000 

South-west Arabian 

highlands with montane 

grasslands, rocky 

escarpments and remnant 

juniper 

 

1976 Yes Yes Thiollay & Duhaultois, 1976 

        



Table 2. Regional assessment of southern marginal populations of the Golden Eagle (Aquila 859 

chrysaetos) following IUCN Red List criteria (qualitative interpretation based on available 860 

evidence; not an official IUCN assessment; criteria interpreted following IUCN Red List 861 

Guidelines [IUCN Standards and Petitions Committee, 2024]). 862 

Region Key evidence 

Relevant 

IUCN criteria 

met 

Regional Red List 

category 

(qualitative) 

Sahara–Sahel 

 

Highly fragmented distribution; 

breeding restricted to a few isolated 

mountain massifs; very large 

distances between nuclei (hundreds 

of km); extremely low densities; no 

evidence of recolonisation or 

demographic connectivity 

 

 

B1ab(i,ii,iii,v); 

B2ab(i,ii,iii,v); 

C2(a)(i); D1 

(inferred/suspe

cted based on 

available 

evidence) 

 

Endangered (EN) 

Arabian Peninsula 

Severe decline in number of 

breeding territories; most historical 

breeding areas no longer 

confirmed; functional collapse in 

the most important population in 

Oman; persistent threats; absence 

of demographic rescue; extremely 

low densities and strong isolation 

 

 

A2 

(observed/esti

mated decline 

over 3 

generations); 

A4 (past–

future decline 

over 3 

generations); 

B1ab(v); C1; 

C2(a)(i); D1 

 

 

 

Critically 

Endangered (CR) 

Ethiopia (Bale 

Mountains) 

Extremely restricted range (AOO ≈ 

200 km²); population estimated <15 

mature individuals; complete 

isolation; high vulnerability to 

stochastic processes; no evidence of 

connectivity 

B2ab(i,ii,iii,v); 

C2(a)(i); D 

Critically 

Endangered (CR) 

  863 



 864 

 865 

Figure 1. Southern marginal distribution of the Golden Eagle (Aquila chrysaetos) across Africa 866 

and the Arabian Peninsula (6°–24° N), illustrating a highly fragmented arrangement of isolated 867 

population nuclei, mostly associated with isolated mountain massifs. Shaded areas denote 868 

regions with confirmed occurrence and verified breeding, whereas red-numbered sites indicate 869 

localities with recorded presence but no evidence of reproduction. Numbered labels correspond 870 

to the population nuclei detailed in Table 1, enabling cross-referencing of geographic location, 871 

survey effort, and breeding status. The spatial pattern reflects strong geographic and climatic 872 

constraints, with extensive arid and hyperarid barriers and limited effective dispersal capacity 873 

resulting in pronounced isolation among nuclei, where inter-site distances exceed known 874 

dispersal ranges and support demographic separation into largely independent subpopulations. 875 


