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Abstract: Every year, several hundred million birds cross the Mediterranean on their migration from
Eurasia to their wintering quarters in Africa. As many migrants travel at night or at high altitudes,
direct observations of bird migration are difficult and thus our information about migrating species,
numbers and timing is incomplete. An indirect way to assess autumn migration is the analysis of
prey remains of Eleonora’s Falcons (Falco eleonorae). These falcons breed in large colonies on islands
in the Mediterranean and on the Canary Islands. Many migrants have to pass these islands on their
flight to their African wintering quarters. Eleonora’s Falcons appear to be adapted to the autumn bird
migration and raise their young between August and October, when migrating birds are abundant.
When nestlings have to be fed, falcons exclusively hunt small birds of 10 to 150 g body mass, whereas
they prey mostly on aerial invertebrates (Coleoptera, Hymenoptera, Diptera, Orthoptera, Hemiptera,
Odonata, Lepidoptera) from November to July. We studied Eleonora’s Falcons from 1965 to 2001
on a rocky islet, north of Crete, which harboured a colony of about 200 breeding pairs. In 1969,
1971, 1977, and 1988 we systematically monitored and collected the pluckings and cached food items
in 22 to 36 nest sites each year. Pluckings were systematically analysed later in Germany using a
reference collection of bird feathers for identification. In total, we determined more than 111 prey
species (mostly Passerines) comprising more than 13,450 individuals. The top 12 prey species were:
Willow Warbler (27.8% of all prey items), Red-backed Shrike (10.7%), Spotted Flycatcher (9.9%),
Whinchat (8.8%), Common Whitethroat (5.1%), Wood Warbler (3.8), Tree Pipit (2.9%), Icterine Warbler
(2.5%), Greater Short-toed Lark (2.5%), Northern Wheatear (1.8%), Common Nightingale (1.6%), and
European Pied Flycatcher (1.5%). Eleonora’s Falcons are selective hunters to some degree; thus, the
phenology and abundance data derived from the plucking analyses are biased towards slow-flying
species or smaller birds (only up to a body mass of 150 g). When the young falcons develop and
grow, food demand increases concomitantly. Comparing the total weight of prey over time indicates
a correlation with food demand and in consequence with the number of prey items brought to the
nest sites by the falcons.

Keywords: bird migration; eastern Mediterranean; prey analysis; food storage; biodiversity change;
food supply; adaptation; dietary shift

1. Introduction

This paper forms part 30 of a series on the biology of Eleonora’s Falcon.
Although several millions of Eurasian birds migrate each autumn from their breeding

grounds to their wintering quarters in Sub-Saharan Africa [1,2], the elucidation of bird
migration has been an ongoing challenge for centuries. Migration can be assessed by direct
and systematic observations, by radar analysis, standardized mist-netting and ringing, but
also by new technologies including radio tracking, geolocators, GPS and satellite telemetry
(overview in Bairlein [2]).

It has been assumed that additional information about the seasonal changes and
abundance of migrating birds can be revealed from a prey analysis of Eleonora’s Falcons
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(Falco eleonorae) which relies on migrating birds to raise its young [3–10]. As can be seen
from our studies and those from other colonies, Eleonora’s falcons are selective hunters, so
that prey lists are biased to some degree. Nevertheless, for the main prey species, these
plucking analyses provide interesting additional details.

Eleonora’s Falcon belongs to a small group of Eurasian falcons that are long-distance
migrants [11,12]. According to DNA analyses [13,14] this group consists of Eleonora’s
Falcon, Sooty Falcon (Falco concolor), and Hobby (F. subbuteo). Eleonora’s Falcons breed
colonially on islands in the Mediterranean and Atlantic (from Cyprus in the east to the
Canary Islands in the west) and winter in Africa, especially on Madagascar [15,16].

In contrast to most other falcon species, Eleonora’s Falcons breed in small to large
colonies of up to more than 300 breeding pairs on small rocky islands or on rocky coasts.
Though, being a colonial raptor, it defends individual territories [17], neighbouring pairs
often breed only 10 metres apart (Figure 1). About 80% of Eleonora’s Falcons breed
in Greece on small Aegean islands. The total number of breeding falcons was esti-
mated to be between 32,400 and 33,300 adult individuals distributed across a range of
<20,000 km2 [18–20]. Although there are local declines in breeding populations, overall,
Eleonora’s Falcons have exhibited a population increase during the last 30 years as a result
of public awareness campaigns to reduce human persecution [20].
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Figure 1. Eleonora’s Falcons: (A) Study site (the islet of Paximada in the background) and Eleonora’s
Falcons: (B) Adult male at its nest site, (C) clutch with two eggs, (D) three young falcons in September
(Photos: M. Wink, D. Ristow).

Since these falcons breed colonially, they are accessible for detailed research projects
with regards to their ecology, evolution, and breeding biology. After 1965, several ornithol-
ogists became interested in this species and many studies, several of them long term, have
been carried out on Cyprus, the Aegean Islands, Sardinia, Sicily, Balearic Islands, Mo-
rocco, Algeria, and the Canary Islands. Studies include topics such as breeding biology and
ecology [3,4,6,17,21–37], hunting and prey studies [4,5,8,10,16,22,34,38–43], morph polymor-
phism [44–48], pesticide contamination of eggs [49–52], and population genetics [27,53–56].
Movements of migratory Eleonora’s Falcons have been tracked with GPS and satellite
telemetry which have elucidated the routes from the breeding sites in the Mediterranean
and Canary Islands across the Sahara to east Africa and Madagascar [15,34,57–67].
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Similar to the closely related Sooty Falcon, Eleonora’s Falcons appear to be adapted to
autumn bird migration [4,68]. The adaptation can be seen in the timing of breeding, the
choice of breeding sites and its hunting behaviour. Eleonora’s Falcons raise their young in
late summer and autumn, when most other Eurasian birds have terminated their breeding
seasons, because food in the form of migrants becomes abundant as several hundred
million birds cross the Mediterranean on their way to Sub-Saharan Africa [1,2,4,66,67,69].
In addition, most breeding colonies are located at strategically optimal sites, such as islands
or coastal rocks over which migrants pass in substantial numbers. Whereas most raptors
hunt individually, Eleonora’s Falcons exhibit communal hunting and catch prey in the air
and never on the ground [21,38–41]. Typically, many falcons circle over the islands and
wait for approaching migrants. When migrants are detected, gangs of falcons chase the
prey together. These group hunts end mostly with aerial capture of the migrant. Most of
the hunting occurs above the open sea [4,21].

Eleonora’s Falcons return from their wintering quarters on Madagascar to the Mediter-
ranean breeding grounds in April and May, and immediately occupy territories, although
they do not immediately start breeding (Figure 2). Between arrival and egg laying the
falcons may roost on the islands or may be hundreds of kilometres away for several days
in order to hunt aerial insects and to a lesser extent on birds on the mainland [70]. Breeding
(egg laying, incubation and hatching) is strongly synchronized in a colony and takes place
at the same time each year [6,23,26] (Figure 2). Egg laying in an Aegean colony starts
around July 18 with a variation of 5 days between years and is completed in the first days
of August [6,23,26,54]. Eggs are incubated for 28 days and young falcons hatch between
14 August and 1 September [6,23,26]. Young falcons need 35 to 40 days to fledge [71]. In
October, both young and adult falcons leave the breeding sites [6,23,26,71] and migrate to
Africa, often crossing the Sahara [15,34,57–67].
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The diet of Eleonora’s Falcons undergoes a dramatic change between breeding and
non-breeding periods. During spring and early summer months, when bird migrants are
scarce at the breeding cliffs, the main prey for the falcons are aerial invertebrates, such as
Coleoptera (e.g., Buprestidae), Hymenoptera (e.g., ants including Camponotus, Pheidole, and
Tetramorium), Diptera, Orthoptera, Hemiptera, Odonata, and Lepidoptera [5,8,9,21,72].

When bird prey becomes available, as during autumn migration, Eleonora’s Falcons
prefer birds over invertebrates. Eleonora’s Falcons sample a wide range of migrant birds,
and more than 111 prey species have been observed. Systematic analyses, all of them
much smaller than our present study, have been reported from an island off of eastern
Crete [3,5,22], the Aegean Sea [9], Italy [73], the Balearic Islands [72,74], the Colum-
bretes [75], Morocco [3,76], Algeria [8,10], Tunisia [77] and the Canary Islands [7].

Bird prey varies in size from Goldcrests to Little Bittern (e.g., roughly between 10
and 150 g body mass). Falcons bring their catch to their nest sites and pluck them there.
Typically, nest sites are sheltered from wind between rocks so that the feathers remain there
for a couple of days. When food is abundant (mostly on days with northerly winds, which
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are frequent in autumn), Eleonora’s Falcons continue to catch as many birds as they can and
cache the intact dead birds in the shade of rocks or in a bush close to the nest site [5,6,23,25].
The cached birds are eaten later, when food becomes scarce in the afternoon or on windless
days. Most of the hunting is done by the male falcons from dawn to midday, and not at
night; they supply food for the incubating female and the young falcons [5,6,21,23].

Our own fieldwork was carried out between 1969 and 2001 on the Cretan islet Paxi-
mada (where H. Walter and D. Ristow started the studies in 1965) with the aim to investigate
the breeding biology and ecology of Eleonora’s Falcons. On this island, a breeding colony
of Eleonora’s Falcons of about 200 pairs exists.

As most migrant birds pass the Mediterranean at night, our knowledge of bird migra-
tion in the eastern Mediterranean is limited [69,78]. The aim and scope of this work is to
document the diet composition of Eleonora’s Falcon in the eastern Mediterranean during
the breeding season and report migration profiles of more than 60 migrants, which we
obtained from systematic and non-systematic monitoring. In 1969, 1971, 1978 and 1988 we
collected pluckings and other prey remains systematically from 20 to 36 nest sites each year.
In all of the years, we also recorded cached prey items and made visual observations of
migrating birds. During the four years (1969, 1971, 1977, and 1988) we have covered the
whole breeding cycle of this species. The present analysis is comprehensive and widens
the database of previous analyses [5,6,21] which were based only on prey items sampled
in 1977. Our present study provides new data on Mediterranean bird migration for over
110 species derived from the prey analyses of Eleonora’s Falcons.

2. Materials and Methods

We studied Eleonora’s Falcons on a group of small rocky islands, the Dionysades
off the coast of eastern Crete and north of Sitia, which includes the islands Gianysada,
Dragonada, Paximada, and Paximadaki. Our main study site was the uninhabited islet of
Paximada, a rocky islet of triangular size 430 × 1300 metres (Figure 1). We have visited
these islands 26 times—1965, 1969, 1975 and then almost yearly until 2001. Overall, we
spent 745 field days on the islands. Table S1 provides an overview of these activities. Ideally,
a prey analysis as presented in this publication should be carried out over the complete
breeding season in a single year. Because fieldwork was very exhausting on the hot, bare
limestone islands (which had no settlements, housing facilities nor fresh water), this proved
to be impossible. We were not able to stay longer than three to five weeks on the islands
without a break or we worked in shifts. Thus, our present study is a compromise and
represents a summary of fieldwork from several years.

In a breeding colony, a crew of two to four persons can monitor falcon pluckings
systematically in up to 36 nest sites in a season if they spend half a day at the beginning
and up to a full day towards the end of the season for daily feather collecting. Later, the
collected prey items have to be examined carefully, in order to identify the species and the
number of individuals from a particular nest site [5,22].

In the years 1969, 1971, 1977, and 1988 (Table S1) we carried out a systematic monitor-
ing of prey remains at 22 to 36 sheltered nest sites so that feathers would not be blown away
by the wind. Due to the difficult study conditions, we could neither visit each nest site
on a single day nor during a complete breeding season. Instead, we completely collected
all feathers in three-day intervals at each study nest site in several years, but over the
years (1969, 1971, 1977 and 1988) covered the complete breeding season. In 1977 and
1988 we sampled prey items through the main breeding period, whereas samples from
1969 and 1971 came from the end of the breeding period (Table S1). In Table S3 we also
noted the number of prey items recorded in each of these four years. Although we did
not do a systematic plucking collection during the last decade of our field study, the im-
pression was that the frequency of prey numbers was reduced for Calandrella brachydactyla,
Phoenicurus phoenicurus, and Passer hispaniolensis in particular. Additionally, cached food
items were recorded; as these concerned bird species known to us from central Europe,
we could identify them directly at the collection site. We placed plucked feathers into
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individual envelopes for each nesting site and sprayed them with an insecticide to avoid
degradation during later storage. In addition, pluckings and cached food were monitored
non-systematically in all study years and sight observations of all bird species seen on the
island or flying past it were recorded. In this analysis, we have not included prey remains
from insects, which were mostly observed between May and August. These data have been
published elsewhere [70].

A major effort was required to identify the species and the quantity of individuals
in a plucking sample. For identification, one of us (DR) had built up a comprehensive
feather collection of about 300 European bird species (now archived in the Zoologische
Staatssammlung in Munich). In addition, monographs of feather identification were
regularly consulted [79,80]. These references helped to identify most species. In case
of ambiguous identifications, other feather specialists were consulted and the museum
collections of bird skins at the Zoologisches Forschungsmuseum Alexander Koenig in
Bonn and the Zoologische Staatssammlung in Munich used for direct comparison. As a
consequence, we were able to identify more than 99% of the samples, with some of the
ambiguous identifications mentioned in Tables 2 and 3. Apparent difficulties in separating
prey species (in case of incomplete plucking) included the following species which all had
a low abundance in the prey list: (a) Regulus spec, (b) Bonelli’s Warbler Phylloscopus bonelli,
Hippolais spec, (c) Red-Breasted Flycatcher Ficedula parva, (d) reed warblers, and (e) pipits.

In a first step of the analysis, feathers were sorted by species. Then, within the same
species, we focussed on counting the outer primaries, which were found to be more useful
than the tail feathers used by H. Walter [3] to determine from how many individuals the
feathers had derived from. Emarginations of the primaries were used to determine the
number of individuals represented in the envelope’s sample. Sometimes, a few feathers
had been overlooked on the first visit but were found on the consecutive one. In order to
avoid counting such feathers twice, we decided that up to five feathers from an incomplete
plucking in the second visit would belong to the previous sample. The analysis effort back
home roughly equalled the amount of man hours spent for plucking collection in the field.

3. Results and Discussion
3.1. Diet of Eleonora’s Falcons

We systematically collected pluckings from individual nest sites of Eleonora’s Falcons,
which were monitored every two to three days in 1969, 1971, 1978 and 1988 (→systematic
data). In addition, we monitored cached prey in food stores, which were in close vicinity
of a particular nest site. In other years (Table S1), we investigated the breeding biology
of the falcons, regularly visiting all parts of the colony, and any apparent prey remains or
pluckings were recorded (see non-systematic data; Tables 2 and S3).

Excluding insects, we collected more than 13,450 prey items (Table 1). The main
avian prey species were Willow Warbler (27.8% of all prey items), Red-Backed Shrike
(10.7%), Spotted Flycatcher (9.9%), Whinchat (8.8%), Common Whitethroat (5.1%), Wood
Warbler (3.8%), Tree Pipit (2.9%), Icterine Warbler (2.5%), Greater Short-toed Lark (2.5%),
Northern Wheatear (1.8%), Common Nightingale (1.6%), and European Pied Flycatcher
(1.5%). Xirouchakis et al. [9] reported a similar prey composition on other Aegean islands.
Table 1 provides an overview of all 111 avian prey species, which we had recorded mostly
on the island of Paximada. Some records from neighbouring islands, which we had visited
in some years, were also included. Our list reveals new prey species that are not mentioned
in the literature. From otherwise published data, plus our data, a total of 125 bird prey
species have been recorded as avian prey of Eleonora’s Falcon. If we take the body mass
of the prey into consideration (Tables 1 and S2), the top 9 species which contributed more
than 10 kg to the overall diet of the colony include Lanius collurio (43.1 kg), Phylloscopus
trochilus (33.6 kg), Saxicola rubetra (19 kg), Muscicapa striata (18.6 kg), Streptopelia turtur
(13.2 kg), Oriolus oriolus (13.1 kg), Cuculus canorus (12.7 kg), Upupa epops (10.5 kg), and Sylvia
communis (10.3 kg). Prey with a higher body mass (shrike, Turtle Dove, Oriole, Cuckoo and
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Hoopoe) contributed substantially to the diet. From the aspect of energetics, these species
appear to be more profitable prey than smaller migrants, such as warblers.

Table 1. Summary of prey items of Eleonora’s Falcons from Paximada and Dragonada and their
contribution to the diet (species are listed in relation to their abundance in the diet).

Species Total
Numbers

Mass
(g)

Total Mass
(kg)

Phylloscopus trochilus Willow Warbler 3737 9 33.6

Lanius collurio Red-backed Shrike 1436 30 43.1

Muscicapa striata Spotted Flycatcher 1331 14 18.6

Saxicola rubetra Whinchat 1190 16 19.0

Sylvia communis Common Whitethroat 685 15 10.3

Phylloscopus sibilatrix Wood Warbler 512 10 5.1

Anthus trivialis Tree Pipit 385 23 8.9

Hippolais icterina Icterine Warbler 342 13 4.4

Calandrella brachydactyla Greater Short-toed Lark 341 22 7.5

Oenanthe oenanthe Northern Wheatear 242 25 6.1

Luscinia megarhynchos Common Nightingale 215 21 4.5

Ficedula hypoleucos European Pied Flycatcher 204 13 2.7

Oriolus oriolus Eurasian Golden Oriole 195 67 13.1

Motacilla flava Western Yellow Wagtail 178 17 3.0

Lanius senator Woodchat Shrike 173 29 5.0

Lanius minor Lesser Grey Shrike 160 47 7.5

Upupa epops Common Hoopoe 157 67 10.5

Acrocephalus schoenobaenus Sedge Warbler 147 13 1.9

Phoenicurus phoenicurus Common Redstart 138 16 2.2

Jynx torquilla Eurasian Wryneck 111 37 4.1

Cuculus canorus Common Cuckoo 110 115 12.7

Anthus campestris Tawny Pipit 98 25 2.5

Riparia riparia Sand Martin 95 14 1.3

Hirundo rustica Barn Swallow 92 20 1.8

Streptopelia turtur European Turtle-dove 86 154 13.2

Coturnix coturnix Common Quail 58 112 6.5

Acrocephalus palustris Marsh Warbler 58 12 0.7

Sylvia cantillans Subalpine Warbler 56 12 0.7

Delichon urbicum Northern House Martin 54 18 1.0

Apus apus Common Swift 50 43 2.2

Luscinia luscinia Thrush Nightingale 49 27 1.3

Acrocephalus arundinaceus Great Reed-warbler 48 32 1.5

Passer hispaniolensis Spanish Sparrow 45 30 1.4

Ixobrychus minutus Common Little Bittern 41 105 4.3

Sylvia crassirostris Eastern Orphean Warbler 39 18 0.7

Locustella fluviatilis River Warbler 34 15 0.5

Ficedula albicollis Collared Flycatcher 34 14 0.5

Caprimulgus europaeus European Nightjar 32 74 2.4

Zapornia parva Little Crake 28 60 1.7

Merops apiaster European Bee-eater 28 46 1.3

Alcedo atthis Common Kingfisher 28 45 1.3
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Table 1. Cont.

Species Total
Numbers

Mass
(g)

Total Mass
(kg)

Oenanthe melanoleuca Eastern Black-eared Wheatear 26 17 0.4

Carduelis carduelis European Goldfinch 26 19 0.5

Erithacus rubecula European Robin 24 16 0.4

Otus scops Eurasian Scops-owl 21 85 1.8

Emberiza hortulana Ortolan Bunting 21 24 0.5

Sylvia curruca Lesser Whitethroat 20 19 0.4

Sylvia nisoria Barred Warbler 19 25 0.5

Columba livia Rock Dove 18 412 7.4

Emberiza melanocephala Black-headed Bunting 15 27 0.4

Anthus spinoletta Water Pipit 15 21 0.3

Gallinula chloropus Common Moorhen 13 320 4.3

Turdus merula Eurasian Blackbird 8 115 0.9

Sylvia borin Garden Warbler 8 18 0.1

Ficedula parva Red-breasted Flycatcher 8 10 0.1

Crex crex Corncrake 8 150 1.2

Clamator glandarius Great Spotted Cuckoo 8 175 1.4

Actitis hypoleucos Common Sandpiper 8 60 0.5

Tachymarptis melba Alpine Swift 7 100 0.7

Coracias garrulus European Roller 7 134 0.9

Calidris minuta Little Stint 7 25 0.2

Porzana porzana Spotted Crake 6 102 0.6

Pastor roseus Rosy Starling 6 75 0.5

Anthus richardi Richard’s Pipit 6 18 0.1

Anthus pratensis Meadow Pipit 6 18 0.1

Locustella luscinioides Savi’s Warbler 5 16 0.1

Hippolais olivetorum Olive-tree Warbler 5 17 0.1

Chloris chloris European Greenfinch 5 28 0.1

Calidris pugnax Ruff 5 150 0.8

Acrocephalus scirpaceus Common Reed-warbler 5 12 0.1

Tringa glareola Wood Sandpiper 4 60 0.2

Motacilla alba White Wagtail 4 22 0.1

Fringilla coelebs Common Chaffinch 4 23 0.1

Chlidonias leucopterus White-winged Tern 4 70 0.3

Calidris temminckii Temminck’s Stint 4 25 0.1

Calidris alpina Dunlin 4 55 0.2

Hydrocoloeus minutus Little Gull 3 125 0.4

Alauda arvensis Eurasian Skylark 3 41 0.1

Sternula albifrons Little Tern 2 50 0.1

Regulus regulus Goldcrest 2 6 0.01

Monticola saxatilis Rufous-tailed Rock-thrush 2 52 0.1

Luscinia svecica Bluethroat 2 20 0.04

Lullula arborea Woodlark 2 29 0.06

Iduna pallida Eastern Olivaceous Warbler 2 10 0.02

Hydrobates pelagicus European Storm-petrel 2 26 0.06
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Table 1. Cont.

Species Total
Numbers

Mass
(g)

Total Mass
(kg)

Emberiza caesia Cretzschmar’s Bunting 2 23 0.05

Chlidonias hybrida Whiskered Tern 2 87 0.2

Cecropis daurica Red-rumped Swallow 2 24 0.05

Calidris ferruginea Curlew Sandpiper 2 50 0.1

Anthus cervinus Red-throated Pipit 2 20 0.04

Zapornia pusilla Baillon’s Crake 1 40 0.04

Turdus philomelos Song Thrush 1 80 0.08

Tringa totanus Common Redshank 1 120 0.1

Tringa stagnatilis Marsh Sandpiper 1 75 0.08

Tringa ochropus Green Sandpiper 1 76 0.08

Sylvia rueppelli Rueppell’s Warbler 1 13 0.01

Sylvia melanocephala Sardinian Warbler 1 12 0.01

Saxicola rubicola Common Stonechat 1 15 0.02

Pluvialis apricaria Golden Plover 1 190 0.2

Phoenicurus ochruros Black Redstart 1 15 0.02

Oenanthe pleschanka Pied Wheatear 1 17 0.02

Loxia curvirostra Red Crossbill 1 38 0.04

Linaria cannabina Common Linnet 1 20 0.02

Gallinago media Great Snipe 1 200 0.2

Gallinago gallinago Common Snipe 1 100 0.1

Eudromias morinellus Eurasian Dotterel 1 115 0.1

Charadrius hiaticula Common Ringed Plover 1 65 0.07

Charadrius dubius Little Ringed Plover 1 41 0.04

Cettia cetti Cetti’s Warbler 1 15 0.02

Arenaria interpres Ruddy Turnstone 1 185 0.2

Acrocephalus dumetorum Blyth’s Reed Warbler 1 12 0.01

Monticola solitarius Blue Rock-thrush 1 * 60 0.06
Remarks: Apus apus may include some non-identified Apus pallidus; Acrocephalus palustris may include some
non-identified A. scirpaceus; Anthus trivialis may include some non-identified A. cervinus; Emberiza hortulana may
include some non-identified E. caesia; Ficedula hypoleucos may include juveniles and females of F. albicollis. Samples
of Coracias garrulus and Turdus merula might include some pluckings from Falco peregrinus, of which one pair
breeds on the archipelago. * Sampled only during April to June.

Table 2 provides a more detailed phenology of avian prey species from which we had
50 or more records. A complete list (Table S3) of our systematic and non-systematic prey
monitoring includes sight observations of migrating or resting birds on the island. For
the more abundant migrant species, Figure 3 documents their phenology and quantitative
changes during autumn migration. For a few species, we could also obtain direct obser-
vations of migrants resting on the island (such as Anthus trivialis, Oenanthe oenanthe and
Phylloscopus trochilus). As can be seen in Figure 3, their abundance agrees with the number
of birds in the prey list.

No substantial differences can be seen in the abundances and phenology of the prey
species during the assessment period 1969–1988, although it covers a wide time span
(Table S3). As can be seen from Figure 3 and Table 2, species-specific differences exist. Early
migrants in July/August include Hoopoes, Cuckoos, Bee Eaters and Shrikes. The main
migration occurs in the second half of August and especially in September. Late migrants
in October were Meadow Pipits and sparrows.
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Eleonora’s Falcons catch any bird from small warblers (>10 g) up to the size of Little
Bitterns or Corncrakes (>150 g) (Tables 2, S2 and S3), which they encounter migrating
above the breeding colony and the sea next to it. Birds which fly slowly are apparently
easier to catch than fast-flying species. Birds which fly slowly are caught after a few
stoops. However, prey species of median agility are repeatedly stooped at and driven to
lower altitudes while avoiding capture. Meanwhile more falcons join the pursuit in hot
competition so that a group of more than twenty falcons stoop at the prospective prey in
short intervals until one falcon succeeds or else the prey reaches solid ground on the island.

A few fast-flying species are apparently more difficult to catch. Although we saw them
migrating over the islands (Tables 2 and S3), they are under-represented in the prey list.
These species include swifts (Apus apus, Tachymarptis melba), Turtle Dove, waders, swallows,
and wagtails (Motacilla flava, M. alba). Thus, Eleonora’s Falcons are selective hunters, and
our data are therefore somewhat biased. This bias can be seen in our data (Tables 1 and S2),
which reflects the way in which most of the birds which contribute to the diet are slow-flying
species. Eleonora’s Falcons do not feed on caught birds in the air or at sites outside the
breeding area. Thus, we assume that the plucking lists are representative for the hunting
success of the falcons.

Among the pluckings of migrants, we found several bird species that are hardly seen
by birders (Table 1). These include rails (Gallinula chloropus, Porzana porzana, Zapornia parva,
Zapornia pusilla, Crex crex), Ixobrychus minutus and the Great Spotted Cuckoo Clamator
glandarius. Waders apparently migrate close to the island; however, because mud flats do
not exist there, the numbers are very small. A comparison with the pluckings of Peregrines
(Falco peregrinus) from the same study plot [81] indicates that Peregrines, which breed
earlier, are more successful hunters of waders and gulls/terns. Species to be expected as
prey but not yet encountered in our study include Water Rail (Rallus aquaticus), Wood-
cock Scolopax rusticola, Masked Shrike Lanius nubicus, Dunnock Prunella modularis, Grey
Wagtail Motacilla cinerea, and Reed Bunting Emberiza schoeniclus. Apparently, Chiffchaffs
(Phylloscopus collybita) (a short-distance migrant) are not part of the diet, despite earlier
claims by Walter [3]. Walter had apparently misidentified the feathers. Additionally, when
mist-netting on Dragonada, Phillips and Round [78] only caught Willow Warblers but no
Chiffchaffs. In our own analyses of over 3700 warblers (Tables 2 and S3), we did not obtain
any evidence for P. collybita.

Eleonora’s Falcons also hunt on the mainland of Crete (about 20 km away), where they
catch insects and occasionally resident birds. We assume that the following prey species
(Tables 1, 2 and S3) were caught on the mainland: Wood Lark Lulla arborea, Crested Lark
Galerida cristata, Cetti’s Warbler Cettia cetti, Stonechat Saxicola torquata, Greenfinch Chloris
chloris, Goldfinch Carduelis carduelis, Linnet Linaria cannabina, and Corn Bunting Emberiza
calandra. In addition to migrants, some birds breeding or foraging at the Dionysades Islands
turn up in the prey list (Tables 1, 2 and S2) such as Storm Petrel Hydrobates pelagicus, Rock
Dove Columba livia, Swifts Apus apus, A. pallidus, Tachymarptis melba, Sardinian Warbler
Sylvia melanocephala, and Blue Rock Thrush Monticola solitarius.

It is possible to distinguish adult and juvenile (first year) birds in the pluckings from
quite a few prey species by shape of rectrices tip, by bleached and worn feather tips,
position of growth bars, or colour differences [80]. We did not carry out a comprehensive
study on adult to juvenile ratios, so Table 3 only represents trends for a few species. In most
passerine species, first-year juveniles are more abundant than adult birds during autumn
migration, because a single pair of passerine birds can produce more than two offspring.
Thus, juveniles become more abundant than adults. This trend can also be seen in mist-net
captures during autumn [2].
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Table 2. Diet of Falco eleonorae (number of prey items) and direct observations of migrating birds (total >50 samples/individuals); a complete list can be found in
Table S3. Species are listed in a systematic order: 5-day periods (pentads): 1–6 = July; 7–12 = August; 13–18 = September; 19–21 = October.

Species Month 7 8 9 10 Total

Pentad 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21

Phasianidae

Coturnix coturnix s P + FS 1 1 2 3 2 2 2 2 15

ns P + FS 4 11 17 7 2 2 43

Obs 1 1 2

Apodidae

Apus apus s P + FS 1 13 6 2 2 2 1 1 2 30

ns P + FS 2 7 6 1 3 2 21

Obs 2 1 30 3 4 40

Cuculidae

Cuculus canorus s P + FS 1 11 7 7 1 4 8 1 1 2 43

ns P + FS 3 2 3 1 8 2 5 17 5 3 4 1 8 2 1 1 1 67

Obs 2 2 1 1 1 7

Columbidae

Streptopelia turtur s P + FS 2 1 3 2 14 6 11 3 5 2 49

ns P + FS 1 3 2 2 2 9 6 6 5 1 37

Obs 1 8 26 38 28 14 18 9 3 145

Upupidae

Upupa epops s P + FS 8 10 16 10 19 9 4 4 9 1 2 2 94

ns P + FS 1 1 2 1 1 1 4 12 12 12 3 3 4 4 2 63

Obs 4 8 7 4 9 2 2 3 1 40

Picidae

Jynx torquilla s P + FS 5 13 15 12 12 7 7 7 3 3 1 85

ns P + FS 1 3 6 2 9 5 9 5 3 2 1 46

Obs 4 1 5

Laniidae

Lanius minor s P + FS 1 20 29 17 22 6 4 1 4 104

ns P + FS 5 5 14 10 7 4 5 4 2 56

Obs 1 1

Lanius senator s P + FS 1 10 16 11 22 13 10 5 10 3 101

ns P + FS 1 3 1 16 15 5 1 4 14 8 2 2 72
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Table 2. Cont.

Species Month 7 8 9 10 Total

Pentad 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21

Lanius collurio s P + FS 3 73 138 113 222 154 142 70 204 59 62 16 1256

ns P + FS 2 4 2 9 42 25 19 10 20 22 8 12 5 180

Obs 1 9 8 10 17 3 5 2 55

Oriolidae

Oriolus oriolus s P + FS 6 1 6 9 27 16 18 4 8 3 2 100

ns P + FS 1 1 4 8 12 17 21 24 5 2 95

Obs 1 6 2 1 1 11

Alaudidae

Calandrella brachydactyla s P + FS 4 1 13 39 48 61 55 54 18 16 3 312

ns P + FS 2 8 1 6 4 4 3 1 29

Obs 4 6 4 1 15

Hirundinidae

Hirundo rustica s P + FS 1 3 2 6 2 21 9 17 12 4 3 80

ns P + FS 1 2 4 1 3 1 12

Obs 2 1 2 23 11 10 7 56

Delichon urbicum s P + FS 1 5 28 5 6 3 48

Riparia riparia s P + FS 1 2 7 6 6 26 5 18 8 2 1 82

ns P + FS 1 5 3 2 1 1 13

Obs 1 6 7

Phylloscopidae

Phylloscopus trochilus s P + FS 2 23 150 216 459 360 408 337 763 318 189 93 3318

ns P + FS 1 11 17 41 37 47 52 68 95 29 19 2 419

Obs 20 13 140 350 510 200 615 730 420 50 20 3068

Phylloscopus sibilatrix s P + FS 16 66 32 67 39 34 76 92 22 15 11 470

ns P + FS 2 2 2 1 1 8 4 7 5 4 2 3 1 42

Obs 1 1

Acrocephalidae

Acrocephalus palustris s P + FS 6 8 6 12 6 11 3 3 1 2 58

Acrocephalus arundinaceus s P + FS 2 2 3 1 4 1 6 5 1 25

ns P + FS 4 2 2 3 3 2 3 2 2 23

Acrocephalus schoenobaenus s P + FS 11 17 15 25 18 7 13 15 5 1 127

ns P + FS 2 1 1 2 5 5 4 20
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Table 2. Cont.

Species Month 7 8 9 10 Total

Pentad 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21

Obs 2 1 3

Hippolais icterina s P + FS 2 22 54 32 50 38 42 16 24 10 5 1 296

ns P + FS 2 3 1 5 4 3 9 7 5 2 5 46

Obs 2 2

Sylviidae

Sylvia communis s P + FS 1 24 54 42 130 76 95 60 82 22 19 10 615

ns P + FS 1 1 3 3 15 3 4 7 8 8 5 7 3 2 70

Obs 2 1 5 2 5 15

Sylvia cantillans s P + FS 2 4 2 15 5 10 9 4 1 52

ns P + FS 1 2 3

Muscicapidae

Muscicapa striata s P + FS 25 79 79 186 129 159 147 192 75 57 28 1156

ns P + FS 1 1 14 13 18 17 20 15 25 26 9 15 1 175

Obs 3 3 4 2 8 1 4 11 36

Ficedula hypoleucos s P + FS 1 5 12 9 30 23 31 31 24 4 2 2 174

ns P + FS 1 6 3 8 1 3 4 3 1 30

Obs 1 3 4

Saxicola rubetra s P + FS 2 7 23 55 185 161 165 142 155 70 49 9 1023

ns P + FS 1 3 7 8 16 31 27 33 26 11 4 167

Obs 1 4 24 16 12 6 2 5 70

Oenanthe oenanthe s P + FS 1 1 3 10 14 28 43 36 49 8 8 10 211

ns P + FS 5 1 1 2 5 5 6 5 1 31

Obs 1 5 5 9 17 19 10 5 6 1 78

Phoenicurus phoenicurus s P + FS 4 1 1 3 5 9 6 30 13 10 12 94

ns P + FS 1 1 2 8 8 7 8 6 3 44

Obs 1 2 4 1 8

Luscinia luscinia s P + FS 1 6 7 6 7 3 2 2 2 36

ns P + FS 2 1 4 3 1 2 13

Obs 1 3 4

Luscinia megarhynchos s P + FS 8 37 9 20 26 11 9 25 10 9 1 165

ns P + FS 1 9 6 8 4 5 4 3 3 5 2 50

Obs 1 7 4 1 1 14



Diversity 2024, 16, 538 13 of 22

Table 2. Cont.

Species Month 7 8 9 10 Total

Pentad 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21

Passeridae

Passer hispaniolensis s P + FS 1 1 3 3 14 23 45

Obs 25 115 20 70 230

Motacillidae

Anthus trivialis s P + FS 1 3 13 21 46 63 95 58 26 11 338

ns P + FS 1 6 2 4 5 12 8 5 3 1 47

Obs 1 3 6 16 14 17 15 7 79

Anthus campestris s P + FS 2 3 4 8 7 10 2 8 5 2 2 53

ns P + FS 4 1 6 6 11 9 5 3 45

Obs 1 1 1 2 1 1 4 11

Motacilla flava s P + FS 5 7 7 10 16 33 24 21 11 9 4 147

ns P + FS 1 1 3 5 2 5 3 3 3 2 3 31

Obs 2 10 10 166 91 230 270 310 430 255 205 355 35 2369

Abbreviations: s P = systematic sampling; FS = birds in food store (cached prey items); ns = non-systematic; s P + FS = systematic sampling of prey items in 1969, 1971, 1975, 1977 and
1988; ns P + FS = non-systematic sampling of prey items between 1969 and 2001; Obs = observations of migrating birds on Dionysades Islands between 1969 and 2001. Remarks: Apus
apus may include some non-identified Apus pallidus; Acrocephalus palustris may include some non-identified A. scirpaceus; Anthus trivialis may include some non-identified A. cervinus;
Ficedula hypoleucos may include juveniles and females of F. albicollis.
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Figure 3. Phenology of the more abundant migrants on the Dionysades Islands. X axis: 5-day
periods (pentads): 1–6 = July; 7–12 = August; 13–18 = September; 19–21 = October. Y axis: number
of individuals. Columns: Blue: systematic sampling of pluckings and cached prey; orange: non-
systematic sampling of pluckings and cached prey; grey: sightings.

Bird migration is active on windy days, but almost non-existent on windless days [21].
As already mentioned, on windy days the falcons catch more than they and their nestlings
can eat; the surplus food is cached in food stores and is consumed, when food becomes
scarce. When windless and hot days last longer than three days, young falcons begin
to starve. In this situation, the siblings sometimes kill the weakest young in a brood for
food [6,21,71].

The diet of Eleonora’s Falcons can differ between colonies, depending on the com-
position and abundance of migrants across the Mediterranean. On the island Kel Amor
in Algeria, the main prey species (in 513 dietary samples) were Sylvia borin, Phoenicurus
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phoenicurus, Oenanthe oenanthe, Apus apus, Saxicola rubetra, Jynx torquilla, and Erithacus
rubecula [10]. Whereas in accordance with our analysis, studies of prey remains from the
Aegean region provided similar results [9].

Table 3. Differentiation between adult and immature birds in species which were found more than
20 times as prey items (species are listed in systematic order).

Species Adults Adult Males Adult Females Juveniles Females and
Juveniles

Ratio
Adult/Juveniles

Hirundo rustica 5 24 0.21

Oriolus oriolus 15 4 23 42 0.83

Lanius senator 7 23 53 0.57

Lanius minor 18 48 0.38

Lanius collurio 70 114 391 0.47

Sylvia communis 52 111 0.47

Ficedula hypoleucos 53 31 1.71

Muscicapa striata 30 32 0.94

Saxicola rubetra 113 157 0.72

Oenanthe oenanthe 54 36 1.5

Phylloscopus trochilus 15 17 0.88

Motacilla flava 16 5 3.2

Are molluscs or lizards part of the diet of Eleonora’s Falcons? Xirouchakis et al. [9]
include snails and lizards as part of the diet of Eleonora’s Falcons, but this appears to
be unlikely from our own experience. Eleonora’s Falcon is an aerial hunter and, per
our own observations between 1969 and 2001, does not target any prey on the ground
Walter [4]. However, digestive stones and fragments of molluscs are sometimes found in
pellets of falcons, and Eleonora’s Falcon is no exception [4]. We, however, are not aware
of a study investigating whether small calcium-rich stones or seashells are preferentially
swallowed or taken up by chance. What about lizards? Small lizards (such as Podarcis
erhardii) live on many of the Aegean islands, often in the neighbourhood of Eleonora’s
Falcon nests, where they are tolerated. When observing nests from close distance, we
have several additional records that show that lizards sometimes try to bite off bits of flesh
from fresh prey, delivered to the nest by the male falcon, while the female stands on it to
tear it apart and feed the nestlings. We presented a film at the WWGBP 1982 conference
in Thessaloniki/Greece with two scenes, one that shows a lizard resting on the rump of
an incubating female falcon and signalling territorial behaviour, and one that shows two
lizards walking from behind and underneath a feeding female falcon to bite off bits of flesh
from the prey under the talons. The female briefly snapped at them two times, but the
lizards escaped the bite attempts and returned to continue their piracy. If a lizard does not
pay attention, it may be killed by a bite. However, we once observed that a female falcon
killed a lizard, but left the dead animal untouched. As the dead lizard is not removed from
the nest, its dry carcass lies at the nest for days. When inspecting nests, an observer could
wrongly assume that the lizard would be part of the prey list. On the Algerian island Kef
Amor, the remains of a wall gecko was discovered in a falcon eyrie [10]. Again, we would
argue, as in the case of Podarcis erhardii, that the gecko was accidentally killed. For these
reasons, the inclusion of molluscs and reptiles in prey lists of Eleonora’s Falcon may be
misleading [9,17]. Bakour and Moulai [8] mention that they found some gastropods as
prey items; however, from our own observations, we know that rats, which are abundant
on falcon islands, may transport the gastropods to the eyrie and store them in corners
sheltered from the wind and that such corners are preferred by the falcons for egg laying
later on. Thus, we assume that these gastropods were not killed by the falcons and are not
part of their diet [8].
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3.2. Prey Abundance in Relation to Food Demand of Young Falcons

Breeding of Eleonora’s Falcons is highly synchronized within a breeding colony
(Figure 2) [6,23,24,26,55,71]. In Figure 4 we summarize our findings on the synchrony of
egg laying, hatching and the development of young falcons. Egg laying data derive from
1975, while hatching and growth data derive from 1977. For the number of prey items, we
used the data from our systematic monitoring in 1969, 1971, 1977 and 1988 (Tables 1 and S3).
For July and early August, we used the data from 1975, when we monitored the island on a
3-day basis to find nests and to record egg laying. We used body mass data of prey species
from Limbrunner et al. [82] and calculated the overall body mass of all prey items per 5-day
period. As can be seen from Figure 4, egg laying and hatching is a synchronized process in
the colony. It coincides with the main migration of migrants from the middle of August
to middle October. The number of prey items is small during egg laying and incubation.
As soon as the young falcons start to grow and fledge, the number of prey items increases
concomitantly with the growing demand.
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Figure 4. Phenology of breeding in Eleonora’s falcons in relation to the number of prey items
and their weight. X axis: 5-day periods (pentads): 1–6 = July; 7–12 = August; 13–18 = September;
19–21 = October; logarithmic Y axis: number of individuals (eggs, falcons) or total mass of prey items
(in grams). EF (dark brown line) = numbers of eggs laid, HF (green) = number of hatching falcons,
NYF (light blue) = number of young falcons, WYF (grey) = mass of young falcons (in grams), WP
(dark blue) = total mass of prey items (in grams), NP (orange) = total number of prey items.
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3.3. Direct Observations of Migrating Birds That Are Not Hunted by Eleonora’s Falcons

In addition to the birds which are part of the diet of Eleonora’s Falcons, we were able
to record a number of migrating herons and raptors, which flew over the island. As these
data are relevant for bird migration in the eastern Mediterranean we have recorded and
documented these observations in Table 4. In addition, while working on the islands, we
also regularly observed a number of resident species on Paximada and the neighbouring
islands where they breed and many observations were also obtained from non-breeding
birds in late summer and autumn. These bird species include Shag Phalacrocorax aristotelis
(n = 90), Audouin’s Gull Ichthyaetus audounii (n = 111), Yellow-Legged Gull Larus michahellis
(n = 350), Yelkouan Shearwater Puffinus yelkouan (n = 34), Scopoli’s Shearwater Calonectris
diomedea, and Peregrine Falcon Falco peregrinus. Scopoli’s Shearwater Puffinus diomedea and
Yellow-Legged Gulls breed on the island Paximada in large numbers. Regular guests were
Kestrel Falco tinnunculus (n = 27), two pairs of which breed on the neighbouring island, and
Raven Corvus corax (n = 16) from mainland Crete.

Table 4. Direct observation of migrating herons and raptors on Paximada. Time intervals: 5-day
periods (pentads): 1–6 = July; 7–12 = August; 13–18 = September; 19–21 = October.

Month 7 8 9 10 Total

Pentad 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20

Ardea cinerea 1 1 1 3 8 2 17 6 53 4 10 2 108

Ardea purpurea 2 30 32

Egretta garzetta 10 1 12 18 11 52

Nyctocorax
nycticorax 9 1 1 15 1 1 8 36

Ardeola ralloides 16 8 5 9 30 1 69

Bubulcus ibis 6 6

Plegadis falcinellus 16 16

Circus aeruginosus 7 9 43 9 18 24 15 1 1 127

Pernis apivorus 3 37 10 29 1 1 81

Aquila fasciata 1 1 2 1 4 3 3 2 5 4 4 30

Circaetus gallicus 20 20

Falco cherrug 1 1 1 1 2 1 1 8

Milvus migrans 1 1 2 1 2 7

Accipiter nisus 2 3 1 1 7

Buteo buteo 1 1 2 4

Buteo rufinus 1 1 1 3

Hieraaetus pennatus 1 1 1 3

Clanga pomarina 1 1 1 3

Asio flammeus 1 1

3.4. Potential Impact of Eleonora’s Falcons on Rare Migrants

Many trans-Saharan migrants are arthropod feeding species. As food is becoming less
abundant in the breeding and wintering areas because of extensive industrial agriculture,
many bird species have seen substantial population decline. Further threats for many
migrants are extensive mist-netting along the north African coast, illegal hunting, and more
importantly loss of suitable habitats for breeding and wintering [83].

For several endangered migrants (such as Wryneck, shrikes, Cuckoo, Hoopoe, Nightjar,
and Oriole), Eleonora’s Falcons may have some additional impact on their population,
which can be considered as moderate in comparison with other threats for these species.

How many migrants are caught every year by Eleonora’s Falcons in the eastern
Mediterranean? Our analysis is representative of the number of prey items caught by
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Eleonora’s Falcons during the autumn migration in the Aegean Sea. From Tables 1 and 2,
we can derive an estimate of how many birds are caught by 100 or more pairs of breeding
falcons during a breeding season (Table S3). Depending on the number of breeding falcons
in the Aegean and on Cyprus, we can make a first assumption on the impact of Eleonora’s
Falcons on migrating birds, though it is rather speculative.

4. Conclusions

We have systematically collected plucked feathers and cached food systematically
on the islet Paximada, northeast of Crete over four years (1969, 1971, 1978 and 1988). We
recorded more than 13,450 prey items and from more than 110 prey species. The falcons
are selective hunters, preferring smaller and slow-flying birds (up to 150 g body mass);
fast-flying species, such as swifts and swallows, can be seen migrating over the islands, but
they are underrepresented in the prey list. The diet of Eleonora’s Falcons is not identical
across the range of the Mediterranean region and can differ between colonies, depending
on the local composition and abundance of migrants [3,8–10,73,76].

It would be interesting, if our prey analyses could be repeated, as such an analy-
sis could reveal changes in the abundance of endangered Eurasian migrants or climate-
dependent phenology shifts.

Our prey analysis of Eleonora’s Falcons, which is the most comprehensive investiga-
tion so far, describes the timing of bird migration across the Mediterranean Sea for more
than 20 migrant species, of which we had obtained more than 100 records. Although our
data are biased and selective, this method can supplement other studies on bird migration
that are based on direct observations, mist-netting, ringing and satellite or GPS telemetry.

Supplementary Materials: The following supporting information can be downloaded at: https:
//www.mdpi.com/article/10.3390/d16090538/s1, Table S1: Summary of monitoring days on the
Dionysades Islands; Table S2: Top prey items—sorted by body mass; Table S3: Complete data set of
prey items from Falco eleonorae and of direct observations of migrating birds on Paximada; Table S4:
Estimated numbers of prey items caught by Eleonora’s Falcons within a single breeding season in the
Aegean Sea.
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