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Summary
Introduction



Summary
Having been regarded as wastelands until quite recently, wetlands are increasingly 
acknowledged as ecosystems of high biodiversity. Wetland restoration projects are often 
accompanied by  the implementation of specific species management programs. Naturally, for 
effective management measures, profound knowledge of the target speciesʼ ecological 
requirements is obligatory, including habitat selection, feeding ecology  as well as spatial 
behaviour such as movements within and between patches of suitable habitat. Yet, big 
knowledge gaps exist for many marshland birds which is particularly  true for highly  secretive 
species such as rails and crakes. 
Considered as the least known among the Palaearctic breeding birds, most information 
about the Baillonʻs Crake Zapornia pusilla is only  anecdotic, resulting in strong uncertainties 
with regard to the speciesʻ distribution, population sizes, status, migratory  behaviour as well 
as ecological requirements. This can be mainly  attributed to the speciesʻ skulking behaviour 
and its seemingly  highly  erratic occurrence. Baillonʻs Crakes in the Western Palaearctic and 
Palaeotropics are referred to as the subspecies Z. p. intermedia. While European breeding 
birds are assumed to winter in sub-Saharan wetlands, African populations are considered 
rather to be itinerant with local movements induced by  seasonal or anthropogenic habitat 
changes. However, for both migratory movements, major directions or routes are unknown.  
The discovery  of a large number of Baillonʻs Crakes presumably wintering in the floodplains 
of the Parc National des Oiseaux du Djoudj (PNOD), situated in the Senegal River Delta, W-
Africa, initiated this thesis. The main aim of the study  was, firstly, to clarify  the status and size 
of this population and assess its connectivity  to European breeding population(s). Secondly, 
in order to improve the knowledge about the speciesʻ ecological requirements as a basis for 
the National Parks conservation management, habitat selection, spatial behaviour as well as 
dietary selectivity were investigated.    
The major part of the fieldwork was performed in PNOD in the course of the dry season 
during periods of 1.5 - 2.5 months from December - March 2009, 2010 and 2013. Baillonʻs 
Crakes were mainly  caught with cage traps, ringed and common measurements were taken, 
including moult status. Skin tissue as well as one rectrice was sampled for DNA and stable 
isotope analyses. This was also done for Baillonʻs Crakes caught in European breeding 
grounds in Germany, Montenegro and Southern Spain. For dietary  analyses, faecal samples 
were collected in PNOD in winter 2009/2010. Furthermore, some individuals were equipped 
with radio-transmitters to determine home range size and habitat selection. For the 
identification of the most relevant habitat parameters both on a population as well as on the 
individualsʻ level, we used a vegetation map based on satellite imagery  covering the entire 
Djoudj area as well as maps generated on the basis of aerial photographs taken at two study 
sites.    
 
The main results of this thesis are the following
I) With the capture of 337 individuals in the PNOD, we confirmed the occurrence of a large 

population of Baillonʻs Crakes in the Senegal River Delta during the dry  season between 
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December and March. This is the highest number of Baillonʻs Crakes reported for any 
European or African site so far. Furthermore, based on habitat suitability models, we 
estimated the population to potentially  comprise 10714 (95% credibility  interval: 3146 - 
17408) individuals which emphasizes the outstanding significance of the Djoudj area for 
the species. 

II) Baillonʻs Crakes use the Djoudj area as a breeding site. The birds may  utilize almost the 
entire vegetation period for reproduction with a potential for at least two consecutive 
broods between September until February. 

III) Genetic clustering based on DNA microsatellites distinguished three populations (C1 - 
C3) of which most individuals caught in Europe were assigned to C3 while the majority  of 
Baillonʻs Crakes caught in Senegal were grouped into C1 or C2. Connectivity  between 
Senegal and Europe was indicated by  the capture of „African“ C1 or C2 birds in European 
breeding grounds as well as „European“ C3 individuals in the Senegal River Delta.

IV) The majority  of genetically  „European“ birds in PNOD was in or just had finished 
complete moult, implying an earlier breeding of those birds in the Senegal Delta. 
Accordingly, the so far established concept of European Baillonʻs Crakes merely  wintering 
in the floodplains can be questioned. Furthermore, our data indicate that as well individuals 
of „African“ origin reproduce on European breeding grounds, as genetically  “African” birds 
(C1 and C2) were caught mating in European sites. Considering the speciesʻ irregular 
occurrence as well as the unpredictability  of its habitats, it seems likely  that Baillonʻs 
Crakes pursue an irruptive rather than a regular migration strategy  across the W-
Palaearctic-Afrotropical region. 

V) Baillonʻs Crakes occur in shallowly  inundated vegetation dominated by  Scirpus littoralis, S. 
maritimus, Eleocharis mutata, Oryza longistaminata and Sporobolus robustus. Both on the  
population as well as on the individual level, the species revealed preferences for edge 
structures such as boundaries of densely grown vegetation stands as well as trampling 
paths and edges of open water bodies. The disproportional use can be likely  attributed to a 
better food availability along those structures. 

VI) Mean home range size was 1.77 ± 0.86 ha. Almost all radio-tracked birds moved 
significantly  longer distances immediately  after capture, suggesting a sensitive response 
on disturbances. Corresponding with decreasing water levels in the course of the dry 
season, birds shifted their home ranges towards zones which were still inundated.

VII) Baillonʻs Crakes preyed upon 17 major food groups with Coleoptera, Odonata and 
Aranea being the most frequently  consumed invertebrate prey items. Skin fragments of 
geckos were the only  evidence for vertebrate prey. On average, the mean fraction of 
animal matter was 69% but some samples containing predominantly seeds of E. mutata. 

VIII) Baillonʻs Crakes revealed selectivity  when prey abundances were high (higher water 
levels, lower salinity) and switched to a more opportunistic food choice towards the end of 
the season, as indicated by  a constant dietary diversity  despite the seasonally decreasing 
diversity  in prey abundance. The gradual shift from aquatic dominated invertebrate 
communities towards a higher prevalence of semi-terrestrial organisms parallel to the 
desiccation of the floodplain habitats was not reflected in the diet.
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Zusammenfassung

Erst seit kurzer Zeit wird die Bedeutung von Feuchtgebieten in Bezug auf ihre hohe 
Biodiversität anerkannt und Gebiete gezielt renaturiert. Diese Wiedervernässungs-Projekte 
werden häufig von speziellen Artenschutz-Programmen begleitet. Soll ein effektiver und 
nachhaltiger Schutz gewährleistet werden, ist eine tiefergehende Kenntnis der ökologischen 
Ansprüche der jeweiligen Arten erforderlich. Gerade für Wasservögel und insbesondere für 
versteckt lebende Arten wie Rallen und Sumpfhühner bestehen jedoch immer noch große 
Wissenslücken.    
Das Zwergsumpfhuhn Zapornia pusilla gilt als die unbekannteste Art unter den 
Paläarktischen Brutvögeln. Weder über Verbreitung, Populationsgrößen, Gefährdung, 
Zugverhalten noch ökologische Ansprüche existiert eine ausreichende Datengrundlage, was 
hauptsächlich auf das heimliche Verhalten als auch das sehr unregelmässige und 
unvorhersagbare Auftreten der Art zurückzuführen ist. Zwergsumpfhühner der Westlichen 
Paläarktis und Paläotropis werden der Unterart Z.p.intermedia zugeordnet. Bislang wurde 
davon ausgegangen, dass Europäische Brutvögel u.A. südlich der Sahara überwintern. Das 
Zugverhalten Afrikanischer Populationen ist unklar, aber Bewegungen, die durch saisonale 
und anthropogene Veränderungen der Habitate hervorgerufen werden, sind wahrscheinlich.     
Die Entdeckung einer großen Anzahl vermutlich überwinternder Zwergsumpfhühner in den 
Überschwemmungsebenen des Parc National des Oiseaux du Djoudj (PNOD) im Senegal 
Delta, W-Afrika, war der Anstoss für die vorliegende Arbeit. Der Hauptaugenmerk der Studie 
liegt 1) auf der Aufklärung des tatsächlichen Status und der Größe der Zwergsumpfhuhn-
Population im Senegal Delta sowie der Art ihrer Verbindung zu Europäischen Populationen. 
Darüber hinaus soll 2) die Kenntnis über ökologische Ansprüche der Art erweitert werden, 
was Habitatwahl, räumliche Nutzung, Nahrungsspektrum sowie -spezialisierung umfasst und 
eine Grundlage für spezifische Schutzmaßnahmen des Nationalparks bieten soll. 
Der Großteil der Datenerhebung wurde im PNOD während 1.5 - 2.5 monatiger Aufenthalte 
im Verlauf der Trockenzeit zwischen Dezember und März 2009, 2010 und 2013 durchgeführt. 
Zwergsumpfhühner wurden mit Hilfe von Prielfallen gefangen, anschliessend beringt und 
vermessen. Von allen Tieren wurden Gewebeproben sowie eine Steuerfeder entnommen für  
nachträgliche DNA- und Stabile Isotopen Analysen. Diese Probennahme umfasste auch 
Zwergsumpfhühner, die in Brutgebieten in Deutschland, Montenegro und Spanien gefangen 
werden konnten. Während der Feldsaison 2009/2010 wurden zudem Kotproben zur 
Bestimmung des Nahrungsspektrums gesammelt. Insgesamt 23 Individuen wurden mit 
Radiosendern ausgestattet, um Größe der Aktionsräume und Habitat-Präferenzen zu 
bestimmen. Mit Hilfe von Vegetationskarten, die auf der Grundlage von Satellitenbildern, 
bzw. Luftbilder erstellt wurden, wurden relevante Habitat-Parameter sowohl auf Populations- 
als auch individueller Ebene ermittelt. 
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Die wichtigsten Ergebnisse der vorliegenden Arbeit sind die Folgenden:

I) Durch den Fang von insgesamt 337 Zwergsumpfhühner im PNOD konnte das Vorkommen 
einer großen Population im Senegal Delta bestätigt werden. Im Vergleich mit bekannten 
Europäischen und anderen Afrikanischen Gebieten ist dies die bislang höchste Zahl an 
Nachweisen für die Art. Darüber hinaus ergaben Hochrechnungen auf der Basis von 
Habitateignungs-Modellen, dass die gesamte Population des Djoudj-Gebiets 10714 (95% 
Kredibilitäts-Intervall: 3146 - 17408) Individuen umfasst, was die große Bedeutung des 
Senegal Delta als Lebensraum für die Art unterstreicht. 
II) Zwergsumpfhühner brüten im Senegal Delta. Dabei nutzen die Tiere vermutlich die 
gesamte Vegetationsperiode von September bis Februar, was zwei aufeinanderfolgende 
Bruten möglich macht. 
III) Auf der Basis von DNA Mikrosatelliten konnten drei Populationen unterschieden werden 
(C1-C3). Dabei wurde der Großteil in Europa beprobter Tiere C3 zugeordnet, während die 
meisten im Senegal Delta gefangenen Individuen in C1 oder C2 gruppiert wurden. Ein 
Austausch zwischen den Populationen ist wahrscheinlich, da „Afrikanische“ C1/C2 Vögel in 
Europäischen Brutgebieten und „Europäische“ C3 Vögel im Senegal Delta nachgewiesen 
wurden. 
IV) Der Großteil der genetisch „europäischen“ Vögel, die sich im PNOD aufhielten, befand 
sich in der Vollmauser, bzw. hatte diese kürzlich abgeschlossen, was auf eine 
vorangegangene Brut im Senegal Delta hindeutet. Dementsprechend kann angezweifelt 
werden, dass Europäische Zwergsumpfhühner das Senegal Delta ausschliesslich zur 
Überwinterung nutzen. Darüber hinaus gibt es Anzeichen dafür, dass auch „Afrikanische“ 
Tiere (C1, C2) in Europa brüten können. Vor dem Hintergrund des hochgradig 
unregelmässigen Auftretens der Art sowie seiner oftmals wenig vorhersagbaren Habitate ist 
es wahrscheinlich, dass das Zwergsumpfhuhn eher eine irruptive als eine periodisch 
regelmässige Zugstrategie innerhalb der westlichen Paläarktischen und Afrotropischen 
Region verfolgt.
V) Zwergsumpfhühner besiedeln schwach überstaute und dicht bewachsene Bereiche der 
Überschwemmungsebenen, die hauptsächlich von Scirpus littoralis, S. maritimus, Eleocharis 
mutata, Oryza longistaminata und Sporobolus robustus  dominiert sind. Sowohl auf 
Populations- als auch individueller Ebene bevorzugt die Art Randstrukturen wie 
Übergangsbereiche von dichten Vegetationsbeständen, Trampelpfade und Uferbereiche 
eingestreuter kleiner Wasserflächen, was auf ein höheres Nahrungsangebot an solchen 
Strukturen zurückzuführen ist.
VI) Die Größe der Aktionsräume des Zwergsumpfhuhns im PNOD betrug im Mittel 1.77 ± 
0.86 ha. Fast alle besenderten Individuen reagierten mit größeren Ausweichbewegungen 
unmittelbar auf die Störung durch Fang und Beringung. Parallel zu graduellen Austrocknung 
der Flächen verlagerten die Tiere ihre Aktionsräume in noch überstaute Bereiche.
VII) Das Nahrungsspektrum der Art umfasste 17 Beutegruppen, wobei Coleoptera, Odonata 
und Aranea die häufigsten Gruppen darstellten. Hautfragmente von Geckos waren der 
einzige Hinweis auf den Konsum von Wirbeltieren. Der Anteil an tierischer Nahrung betrug im 
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Mittel 69%, wobei einige Kotproben aber fast ausschliesslich aus Samen von E. mutata 
bestanden. 
VIII) Je höher die Nahrungsverfügbarkeit war (z.B. hohe Wasserstände, geringe Salinität), 
desto selektiver wählten die Zwergsumpfhühner ihre Beute. Im Verlauf der zunehmenden 
Austrocknung der Sümpfe wies die Art ein verstärkt opportunistisches Nahrungsverhalten 
auf. Der allmähliche Übergang von aquatischen zu semi-terrestrischen Invertebraten-
Gemeinschaften  spiegelte sich jedoch kaum in der Zusammensetzung der Kotproben wider.   
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Introduction

A Background 

I Loss of biodiversity

Global biodiversity  faces a multiplicity  of threats caused by  human-induced changes in the 
environment and individual populations of many species have encountered distinct declines 
only  during the past four decades (Balmford et al. 2003, Butchart et al. 2008). Especially 
inland water ecosystems such as rivers, floodplains, lakes and wetlands have undergone 
more dramatic changes than any other type of ecosystem (Secretariat of the Convention on 
Biological Diversity  2010). Tockner and Stanford (2002) report 90% of North American and 
European floodplains as cultivated and thereby  functionally  extinct while remaining natural 
flood plains in the “developing world” disappear at an accelerating rate. Shallow water 
wetlands such as marshes and swamps have declined significantly, in Europe by  > 80% 
(Platteeuw et al. 2010) but likewise in e.g. in Morocco by  33%  (Green et al. 2001) and more 
than 50%  in South Africa (Cowan 1995) effectuated by  reclamation, drainage and damming 
of water bodies. As a consequence, many marshland bird species have declined drastically 
and are currently  considered as threatened (e.g. Okes et al. 2008, van Turnout et al. 2010, 
Herold 2012). 
However, having been regarded as wastelands until quite recently, wetlands are increasingly 
acknowledged as ecosystems of great value, both socio-economically  as well as in terms of 
biodiversity  (e.g. Maltby  1991, Hollis and Bedding 1994). More and more wetland restoration 
projects are realized (e.g. Hamerlynck et al. 2003, Platteeuw et al. 2010, Zweckverband 
Peenetal Landschaft 2014) which are often accompanied by  the implementation of specific 
species management programs. Naturally, for effective management measures, profound 
knowledge of the target speciesʼ ecological requirements is obligatory, including habitat 
selection, feeding ecology  as well as spatial behavior such as movements within and 
between patches of suitable habitat (Bowne and Bowers 2004). Yet, big knowledge gaps 
exist for many marshland bird species both on a regional as well as local scale. This is 
particularly  true for highly  secretive species such as bitterns, rails and crakes. Taylor and Van 
Perlo (1998: p. 9) suspect that “Rail habitats are disappearing rapidly  and many  rails are 
becoming endangered before enough is known about them to enable effective conservation 
measures to be planned”. Today, 38 of the possibly  129 extant rail species are listed 
“Threatened”1 according to IUCN criteria (Del Hoyo et al. 1996, IUCN Red List 2014). For 
many species distributional data, population size and status are greatly  tentative due to a 
very  limited data basis (BirdLife International 2014). Accordingly, the proportion of threatened 
species is presumably fairly  underestimated and might add up to at least 40% (Taylor and 
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Van Perlo 1998). 47% of the species undergo continuous population decline while only  17% 
are reported to reveal stable population sizes (BirdLife International 2014). On the 
background of a global proportion of 13% of all bird species considered Threatened 
(Hoffmann et al. 2010) it becomes evident that Rallidae comprise relatively  more species at 
risk than other families.

II Conservation in the context of a seasonally variable distribution

Until recently, the majority  of specific conservation projects have usually  focused only  on a 
very  confined spatial and temporal scale of the species distribution within the annual cycle 
(Haig et al. 1998). However, for effective conservation and management efforts broader 
scales must receive attention, especially  in migratory species which may exploit a spatially 
dispersed mosaic of sites within and among different life cycle stages. Carry-over effects of 
conditions in wintering or staging sites are increasingly  acknowledged in the interpretation of 
population trends or breeding performance of migratory birds (e.g. Loske 1994, Hafner et al. 
2001, Berthold and Fiedler 2005, Baillie et al. 2007) and are suspected to exist in many 
Palaearctic migratory  species (Zwarts et al. 2009). Accordingly, comprehensive information 
about seasonal distribution and ecology  including migratory  behavior is indispensable for the 
inference of driving factors in population dynamics as well as of suitable conservation 
measures. 
 
Migratory strategies
Three types of migratory  movements are distinguished in general, migration, irruptive 
migration, and nomadism. Migration defines a regular return movement with marked 
directional tendencies such as strong homing and philopatry  (Dingle and Drake 2007). The 
individual journeys over hundreds to thousands of kilometers manifest a synchronous shift of 
populations between higher and lower latitudes. However, being a survival strategy  to exploit 
regularly  changing occurrence of high food levels in certain areas (Terrill 1990), the strong 
consistency in movement patterns is advantageous only in predictable environments. 
Species which depend on habitats and food resources which reveal high inter-annual 
variability  in distribution and abundance display nomadism or irruptive migration. In contrast 
to nomadism, irruptive migration still reveals directional tendencies (e.g. N-S, W-E 
movements) but proportions of birds that leave the breeding range and distances they travel 
vary  greatly  from year to year (Newton 2008). Due to the high flexibility  both in wintering and 
breeding behavior, some irruptive species have been observed to nest well outside their 
regular breeding range, curtailing (northward) migration to exploit favorable conditions in 
typical wintering sites or en route (Newton 2008). In extreme cases, multi-brooded species 
can nest in more than one locality each season, moving so far between consecutive breeding 
attempts that the movement can be considered migratory. This breeding behavior is 
described as itinerant breeding and is reported for e.g. Common Quail Coturnix coturnix 
(Moreaux 1951) and Common Redpoll Carduelis flammea (Peiponen 1967, Antikainen 1980, 
Götmark 1982). While nomadism (in a strict sense) is best developed e.g. among waterbird 
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species of desert biomes which exploit short-lived resource pulses that are stochastic and 
spatially  as well as temporally  separated (Dean et al. 2009, Kingsford et al. 2010, Pedler et 
al. 2014), irruptive migration is found in Boreal seed-eaters (e.g. Crossbill, Newton 2006), 
predators that specialize on cyclically fluctuating rodents (e.g. Snowy  Owl Nyctea 
scandiacus, Chitty 1950) or waterbird species that depend on ephemeral wetlands.

Migration in Rallidae
Within the Rallidae, a wide variety  of movement patterns occur, but most Holarctic species 
undertake substantial migrations with seven of nine species in the Western Palaearctic being 
assumed to be wholly  or largely  migratory  (Taylor and Van Perlo 1998). In sub-Saharan 
Africa, movements of African as well as Palaearctic rail species are often linked to rainfalls 
and the shifting of the Intertropical Convergence Zone (Box 4; Taylor and Van Perlo 1998). 
Palaearctic Corncrakes Crex crex as well as Spotted Crakes Porzana porzana are suspected 
to be itinerant in their wintering quarters, appearing soon after the rain and leaving when 
habitat conditions become unsuitable (Brooke 1974, Taylor 1984). The irregular occurrence 
of African species such as e.g. the wet-season breeding Striped Crake Amaurornis 
marginalis is explained with seasonal retreat movements towards equatorial regions when 
habitats in West- and Eastern Africa dry out (Taylor and Van Perlo 1998).
Most rail species appear to breed seasonally  (during spring and summer in temperate 
regions and in or near the wet seasons in the tropics) though there are exceptions and not 
only  tropical species are suspected not to be tied to a strict seasonal breeding cycle, 
exploiting breeding sites as and when they appear (Taylor and Van Perlo 1998).
In general, seasonal movements of many  rail species are, however, very  poorly  understood 
due to nocturnal migration habits as well as difficulties in verifying the presence of individuals 
which remain usually  secretive after the onset of the breeding season (Box 2). The often 
conjectural knowledge about distribution as well as status makes it difficult to assess whether 
e.g. isolated occurrences are indicative for long-distance migration or whether movements 
are primarily  nomadic, irruptive or migratory (Taylor and Van Perlo 1998). It is evident that 
such gaps have to be filled before effective and comprehensive conservation and 
management measures can be inferred and come into execution. 
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III Species characteristics

The Baillonʻs Crake (Zapornia pusilla, Pallas, 1776, Fig. 1) is the smallest among the other 
crake species occurring in the Palaearctic with a typical length of 17-19 cm and a weight of 
ca. 35 - 45 g. The highly  secretive species is assumed to be predominantly  crepuscular 
showing peak activity  from dawn until noon and during the late afternoon until at least dusk 
(Taylor and Van Perlo 1998). Display  behavior occurs mainly  during the night when both 
sexes give advertising calls. 
Both its long legs and the laterally  compressed body  are adaptations to ease movement 
through the dense and low vegetation of the species typical habitats: permanent or 
ephemeral palustrine wetlands such as marshes, floodplains, flooded meadows and 
seasonally inundated grasslands and irrigated crops (Taylor and Van Perlo 1998). So far, 
only  one detailed characterization of the speciesʼ  breeding habitats exists. Szabó (1970) 
described Baillonʼs Crakesʼ breeding sites in the Hungarian Zámoly basin being dominated 
by  sedges such as Carex distans, C. acutiformes and C. disticha. Furthermore, Poacean 
species which are well adapted to seasonal inundation such as Festuca pseudovina and 
Arrhenatherum elatius  are common. Other breeding habitats, e.g. in the floodpains of the 
Guadalqivir river in Southern Spain (e.g. Coto Doñana National Park) exhibit even less 
diverse plant communities such as the Marismas de Castañuela which are largely  dominated 
by  only  two species, Scirpus maritimus and S. littoralis (Garcia Novo 1994). Water levels 
within the habitats are reported not to exceed 30 cm (Taylor 1987) but are usually  lower with 
10 – 15 cm (Noll 1924, Koshelev 1994, Schuck 2012, Franke 2013).

Distribution
The Baillonʻs Crakeʻs global distribution is wide, comprising breeding populations in the 
Palaearctic, the Palaeotropics and in Australasia (Fig. 2; Cramp et al. 1980). It is subdivided 
into six subspecies or „races“ (Fig. 2; del Hoyo et al. 1996, Clements 2007) with the 
distribution of Z. p. intermedia extending from southern to central Europe and probably  all 
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Figure 1 Adult Baillonʻs Crake Zapornia pusilla. Photo: Marc Gottenbos



over Africa. The southern distributional limit of the subspecies is still controversial 
(Mackworth-Praed and Grant 1962, Ripley 1977, Glutz et al. 1994). Nowadays, most authors 
refer to Baillonʻs Crakes in sub-Saharan Africa as Z. p. intermedia but the distinction of an 
additional subspecies P. p. obscura is considered (Mackworth-Praed and Grant 1962, 
Clements 2007).  
Across its range, distributional data is scarce and is usually  based on only  a few 
observations over many years (BirdLife 2004, Table 1, Box 1 & 2). This can be mainly 
attributed to the species skulking behavior but also to its seemingly  highly  erratic occurrence 
(Cramp et al. 1980). At European breeding sites, abundances vary considerably between the 
years (Lllandres and Urdiales 1990, Koshelev 1994).

10

Figure 2 Global distribution and subspecies of Baillonʻs Crake. Map  based on distribution data of 
BirdLife International and NatureServe (2012) and assumed geographical subdivision into subspecies 
(according to Ilʼičev & Flint 1989 and Cramp & Simmons 1980). 
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Box 1: Discrepancies in distributional data

Both the estimation of speciesʼ  population trends as well as its range form the basis of IUCN 
conservation assessments. Among the five criteria of the Red list classification of threatened 
species, criterion B is directly  connected to range size, which is usually  reported as the 
extent of occurrence or area of occupancy of a species (IUCN 2001). 
By incorporating the use of inferences and projections, the Red List criteria allow taxa to be 
assessed in the absence of complete data (IUCN 2014). Often, the only  data available for 
estimating habitat area are presence records, the result of opportunistic records, sightings 
and specimen collections, and distributional data are depicted by  drawing a convex hull 
polygon around all known locations of a species (Burgmann and Fox 2003). However, 
several factors may  affect accuracy  of such distributional maps. Primary  data usually 
consists of a mixture of data sources and very  rarely are available in the same quality  across 
the entire range of a taxon (IUCN 2014). Furthermore, maps may  or may  not exclude 
discontinuities or disjunctions within the distribution, e.g. such as large areas of unsuitable 
habitat (Burgmann and Fox 2003). 
BirdLife International is the Red List Authority  for birds for the IUCN Red List and compiles 
information in collaboration with national partner organizations. Depending on those 
organizationsʼ facilities, quality  of data may  be up- or outdated, may be based on a network 
of observers and systematic surveys or only projected from existing knowledge. 

In order to assess validity  and practicability  of available distribution maps for the Baillonʼs 
Crake in its Western Palaearctic and Afrotropical range, we tried to compile as much 
information about observations of the species, using reports of all European rarity 
commissions, ringing data (EURING or national ringing authorities), bird watch forums and 
literature (published records, data published in compendia; references listed in Appendix 2). 
For observations within the African continent, we used in addition results of a questionnaire 
sent to a wide range of African contacts that included BirdLife Partners and BirdLife 
Representatives, Wetlands International Country  Co-ordinators, private individuals with 
expert African knowledge, tour operators, members of the African Bird Club and natural 
history  museums (same contacts used as in Schäffer et al. 2006). More than 250 requests 
for information were made. 
For each record we entered date, location, geographical coordinates (if the source did not 
provide coordinates, we consulted GoogleEarth (2013) to pinpoint location as exact as 
possible), number of individuals, sex, age and status (singing males/females = mating, eggs/
nests/chicks = reproduction, individuals outside known breeding season = postbreeding or 
migrating) and reliability  of record, classified as 1) specimen collected, 2) bird caught, 3) 
published record, 4) unpublished record; in the categories 3 and 4, we further distinguished 
between „visually“ or „acoustically“ observed and „unknown“.
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Figure B1.1 Distribution of Baillonʼs Crakes within Europe and Africa according to BirdLife 
International & NatureServe (2012) and records from 1950 – 2014 derived from various sources (see 
Appendix 2). 
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For the period from 1950 - 2014 we gathered in total 478 observations for one or more 
birds for European and 443 records for African countries (Fig. B1.1). Very  little data was 
returned by the questionnaires with only 20 additional observations reported. 
The majority  of the records with over 66.3% comprised observations of breeding birds, 
being mostly  singing males. Only  7.7%  were caught or observed in the post-breeding 
period. 5.7 % were classified as migrants while as few as 0.5 % were considered actually 
wintering.  

The BirdLife distribution maps (BirdLife International and NatureServe 2012) reveal a 
highly  scattered occurrence of the Baillonʼs Crake in European countries, while 
distributional data for Southern Africa as well as the other parts of the speciesʼ range 
consist of large, coherent polygons, suggesting a much more comprehensive distribution 
beyond Europe (Fig. 2, Fig. B1.1). However, considering all available records for Europe it 
becomes evident that the BirdLife maps may  underestimate the extent of the speciesʼ 
European distribution, especially  for Central European countries such as France, the 
Netherlands, Germany  and Switzerland. In contrast, records for African countries are very 
scarce with only 106 records outside the Senegal River Delta and official distribution maps 
include as well areas for which no observations exist. Accordingly, the maps may rather 
reflect the accuracy and currentness of the national/regional surveys than the speciesʼ 
actual distribution with the misguiding effect of few data leading to the depiction of an 
extensive distribution while more observations enable a refinement of the speciesʼ 
occurrence. 
However, taking into account that the Baillonʼs Crakesʼ occurrence is highly  erratic and 
very  few potential breeding sites are occupied on a regular basis, it might be generally 
difficult to depict the speciesʼ distribution by delineating only  small confined patches. 
Rather, distribution maps should comprise regions of potential occurrence in which the 
species or population(s) is known to shift between suitable habitats. As e.g. conducted for 
the Corn Crake Crex crex such distribution maps should be enhanced by other 
methodology than only  expert-based assessments. Fourcade et al. (2013) improved the 
reliability  of range estimates by species distribution modelling (SDM, e.g. Elith and 
Leathwich 2009) accounting both for the species ecological requirements as well as 
correcting for differences in sampling effort. 
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Conservation status and population estimates
Due to its large range, an assumed small to moderate population size and unknown 
population trend, the Baillonʻs Crake is evaluated as „Least Concern“ according to the IUCN 
Red List categories2  (BirdLife International 2014). However, within Europe, the species is 
considered to have an „unfavorable European conservation status“ and is listed as SPEC 33 
(BirdLife International 2004).  
BirdLife (2004) considers 91% of the European data of current population estimates for the 
Baillonʻs Crakes of „poor quality“ and this might apply  very  likely  to other regions of the 
speciesʻ range where sampling effort is not as intense as in the western European countries 
(Box 1). Accordingly, the high variation of estimates among different sources comes not as a 
surprise. The speciesʻ  global population estimate comprises numbers ranging from 8700 to 
25.000 individuals (BirdLife International 2014) but some national population estimates 
already  include e.g. 10.000 - 100.000 breeding pairs (bp) and 1000 - 10.000 individuals on 
migration in China. Russia, too, may  hold up  to 100.000 bp  (Brazil 2009). Compared with 
that, the error estimate of the European breeding population seems to be rather narrow with 
1980 ± 1220 bp  (BirdLife International 2004), though population assessments fluctuated 
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reasonably from 3800 - 8600 (Glutz 1973) and 3550 - 5800 bp  (to up to 10.000, Taylor and 
Van Perlo 1998) to 760 - 3200 (BirdLife International 2004) and 980 - 1400 (BirdLife 
International 2012) during the last decades. The reason behind was not necessarily  an effect 
of population dynamics but partly  artificial inflation of the numbers by  overambitious 
estimations of e.g. an assumed Spanish stronghold in the Coto Doñana with 3000 - 5000 bp. 
The information about the size of the population breeding in the marshes of the Guadalqivir 
turned out to be an artifact, which was re-cited several times, obviously  without checking the 
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Table 1 Breeding pair estimates according to BirdLife International (2004) and number of published 
records during the breeding season for European countries. BirdLife estimates refer to the period 
1990 - 2002. 
*Data for Montenegro is uncertain as the majority of observations is sampled within a very short 
sampling season (Schneider-Jacoby 2006, Box 2) and might as well include a high fraction of 
migrants.

Country Bird Life BP estimates Available Records Period of recording

Albania 0 - 50 no data
Austria no data 16 1951 - 2011
Azerbaijan 0 - 100 no data 
Belgium 1 - 3 no data
Bosnia & HG present no data
Bulgaria 50 - 100 9 1985 - 1988
Croatia 50 - 100 8 2001
Czech Republic present 10 2000 - 2010
Denmark no data 12 1992 - 2011
Finland no data 13 1981 - 2010
France 0 - 3 116 1953 - 2012
Georgia present no data
Germany 0 52 1955 - 2014
Great Britain no data 6 1966 - 2013
Greece 0 - 10 9 1986 - 2013
Hungary 10 - 40 18 1999 - 2013
Moldova 30 - 60 no data
Netherlands 0 39 2005 - 2013
Portugal 0 - 5 5 1985 - 1988
Romania 10 - 20 21 1990 - 2010
Western Russia 500 - 2500 no data
Serbia & MNE 100 - 150 75 (MNE*) 1975 - 2010
Spain 0 - 50 342 1967 - 2013
Sweden no data 12 1955 - 2014
Switzerland 0 - 5 73 1953 - 2008
Turkey 10 - 50 16 1961 - 2009



existence of the primary  reference (e.g. Lllandres and Urdiales 1990, Koshelev  1994, Taylor 
and Van Perlo 1998; Schuck 2012). The last updated estimate for Spain now assumes 0 - 50 
(BirdLife 2004) and 52 breeding pairs, respectively (Dies and Dies 2003). 
Likewise, it is not clear how valid population estimates are for Eastern European countries as 
well as for Ukraine and the western part of Russia. Summing up, Bulgaria, Croatia, Serbia, 
Montenegro and Albania might contribute substantially  to the European population by  hosting 
up to 400 bp of Baillonʻs Crakes (BirdLife 2004). However, virtually  no published evidence 
exists for these strongholds. For example, only  two observations were described for Croatia 
since 2000. Nevertheless, population estimates are still reported to comprise 25 - 100 bp 
(BirdLife 2004, Tutiš, V. pers. comm.) without evaluating the speciesʻ  status or recent 
changes in habitat availability. Moreover, none of the countries operate at present official 
rarity commissions or other institutions where observations would be reported to.  
 
Population estimates across the species’ African distribution
Though being considered as „widely  distributed and scarce to locally  common“ in East, 
Central and South Africa (Taylor and Van Perlo 1998, page 383), abundance and distribution 
data within the African continent is very poor to non-existent. For most of the African 
countries where Baillonʻs Crakes have been recorded, only  a handful of observations exist 
(Fig. B1.1) and it seems rather an understatement when Taylor and Van Perlo (1998, page 
383) acknowledge that its status might be „unclear for some regions“.
The only  population estimates are available for South Africa, where the species is considered 
to be „probably  rare“ and its breeding population is estimated to hold over 5400 breeding 
pairs (Taylor 1997a). Nevertheless, even those numbers are rough estimates as they  are 
based on incidental observations (Taylor 1997a) and one report of a 120 ha wetland which 
held an estimated 120 - 140 breeding pairs in 1992 (Taylor 1997b), which is referred to as 
the only  published observation that the species might occur in African wetlands in high 
densities. 
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Box 2: Problems in population estimates for the Baillon‘s Crake

National or local target action in environmental policy  is often determined by  the 
conservation status of a species. Although objective criteria to assign a status level, such as 
e.g. for the IUCN Red list, are available, the assessment reliability  mainly depends on 
estimates of distribution and population size (Fourcade et al. 2013). Accordingly, it is crucial 
that baseline information about the species is obtained as reliable as possible. However, the 
quality  of those estimates can vary  substantially  across a species range and, as a 
consequence, uncertainty  may  accumulate over the assessment process resulting in 
population sizes with large error estimates. Among others, most important reasons are high 
variation in the observation intensity  and implementation of research and monitoring 
programs.  
For highly  secretive marsh bird species such as the Baillonʻs Crake, challenges in 
detectability  add to the other factors impeding valid population estimates. The only  standard 
detection method for rails and crakes is the use of tape-playbacks in the onset of the 
breeding period (Südbeck et al. 2005). As for other marshland birds, monitoring is most 
effective in early mornings and late evenings. Thus, detection is limited to a narrow time 
period. In addition, mating Baillonʻs Crake may  only call for a few days and stay  silent for the 
rest of the breeding season (Glutz et al. 1994), reducing the detection probability  even 
further.    
Apart from those difficulties, the monitoring method is not a commonly  applied part of 
prevalent monitoring schemes and is rather realized in the framework of specific surveys 
which focus on single species or sites. For example, in spring 2012, when a specific 
monitoring program for Spotted Crakes Porzana porzana was performed throughout Great 
Britain, at least eight singing Baillonʻs Crakes were observed as a by-catch of the survey 
(Birdwatch 2012). Before that, the species was recorded very  infrequently  in Great Britain 
with a total of only 29 accepted records so far since the 1870s (BBRC 1965 - 2009).       
Furthermore, the speciesʻ occurrence within Europe is highly  scattered due to the patchy 
distribution of suitable wetlands (Fig. B1.1, Box 1). And, as the virtual absence of any  ring 
recovery  in breeding sites may indicate, Baillonʻs Crakes do not show any  site fidelity  (du 
Feu 2013). Exemplarily, after a high number of singing Baillonʻs Crakes males was detected 
in the beach swamps of Velika Plaza, Montenegro, in 2003 (Schneider-Jacoby  et al. 2006), 
only  one individual could be caught in April 2010, notwithstanding time-intensive search in all 
of the formerly  inhabited sites (Seifert, N. unpubl. data). Thus, suitable habitats may  be 
occupied in one year but stay unsettled during the next breeding season(s) (Box 3).   
Eventually, misidentification can lead to severe overestimation of populations, especially  for 
species were data is as scarce as for the Baillonʼs Crake. Stermin and Pripon (2011) 
inspected museum specimens in Romania and found 90% of the samples to be Little Crakes 
Zapornia parva misidentified as Baillonʻs Crakes. Muñoz (in prep.) discusses the same 
difficulty for population estimates of the two species in the Guadalqivir area, S-Spain.  



Phenology and Migration
The breeding season in Europe and North Africa lasts from approximately May to July  with 
some latitudinal differences (Fig. 3). Throughout the African continent, the timing of the 
breeding season of local birds is largely  unknown with the only  breeding records in sub-
Saharan Africa being available for South Africa (September, November - March, Taylor and 
Van Perlo 1998) as well as Senegal and The Gambia (October - January, Seifert et al. 2012, 
Paper 1). Otherwise, Baillonʻs Crakes are suspected to time reproduction within Africa linked 
to the wet seasons (Urban et al. 1986). Accordingly, the breeding season in Eastern Africa 
might commence during or shortly  after the rains in June or July  while for Southern Africa 
conditions are favorable mainly  from January/February  on (Taylor, P.B. unpubl. in Taylor and 
Van Perlo 1998).
The incubation period lasts 16 -21 days (W Palaearctic, Taylor and Van Perlo 1998), followed 
by  a period of approx. 35 - 40 days of fledging (as observed in Little Crakes by  Heinroth and 
Heinroth 1931). However, chicks may  become independent earlier, already  when only half 
grown (Cramp and Simmons 1980). Although a single brood is common, multiple broods are 
possible - depending on habitat conditions, as suspected for Lake Neusiedl, Austria (Bauer, 
K. in Glutz et al. 1994), Southern Russia (Gusev  1965 in Ilʼicev  and Flint 1989) and Southern 
Spain (Muñoz, J.D. pers. comm.) as well as for Senegal (Seifert et al. 2012, Paper 1).
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Adult Baillonʻs Crakes accomplish a complete post-breeding moult, which includes 
simultaneous moult of remex and rectrices and coincides with the fledging of the chicks and 
disbandment of the families (Becker, P. in Glutz et al. 1973, Ilʼicev and Flint 1989). Post-
juvenile moult is partial, involving the entire body and tail (Taylor and Van Perlo 1998) but 
timing is variable, with some European birds delaying moult into their wintering quarters while 
others have renewed feathers already in early  autumn (Noll 1924, Witherby  1944 in Glutz et 
al. 1994, Herold, B., Seifert, N. unpubl. data).  
Autumn migration of European breeding birds starts from approximately  late September to 
mid-October (Taylor and Van Perlo 1998), but major directions or routes are unknown. Glutz 
et al. (1994) assumed the majority  of birds overwintering along the Mediterranean with only 
few birds crossing the Sahara on their way  towards sub-Saharan overwintering sites. 
However, virtually no records of Baillonʼs Crakes exist for Mediterranean countries from 
December – February  with only a handful of non-approved observations of wintering Baillonʼs 
Crakes in Southern Spain (Muñoz, J.D., unpubl. data, Fig. 3). Likewise, only  a few  records 
exist of Baillonʼs Crakes in their presumed sub-Saharan wintering grounds, e.g. in Somalia 
(Archer and Godman 1937), Senegal (Roux and Morel 1964) and Sudan (Nikolaus 1987) or 
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Figure 3 Proportion of Baillonʼs Crakes records for each month for selected European countries 
(based on records see Box 1, Appendix 2).  
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during migration at stop-over sites in oases (Moltoni 1928, Dupuy  1970) or on Atlantic and 
Mediterranean islands (Bannermann and Bannermann 1958, Bannermann 1963).
Thus far, more than half of the winter observations are located in the Senegal delta (Roux 
and Morel 1964, 1966, Salewski et al. 2009), and therefore the floodplains of the Senegal 
River were considered an important wintering ground of the Baillonʼs Crake (Flade 2008).
Populations in sub-Saharan Africa are considered to be itinerant if not properly  migratory 
(Taylor and Van Perlo 1998), inferred from observed variation in occurrences in South Africa, 
as well as Kenya and Zambia (Brooke 1984, Tarboton et al. 1987, Taylor and Van Perlo 
1998). Local movements in East, Central and Southern Africa are interpreted as a response 
to seasonal or man-induced habitat changes. However, direction(s) and strength of these 
movements are not clear (Taylor and Van Perlo 1998).
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B Research Questions & Outline of the thesis

The thesis aims to increase the knowledge about an elusive and rather unknown bird 
species. Thereby  it focuses on a population in the Senegal River Delta, West Africa to 
address the following questions: 

1. What is the status and size of the recently discovered population in the Senegal River 
Delta?

2. Do Baillonʻs Crakes of the Senegal Delta reveal any connectivity to European breeding 
population(s)? What kind of migratory and breeding strategy does this imply? 

3. What are the most important parameters in habitat selection on a landscape as well as on 
the individualʻs level?

4. Does the Baillonʻs Crake display a selective feeding behaviour despite its dynamic and 
unpredictable habitats and food resources?    

After an introduction to study  sites and population, methods and a general summary  of the 
results, the thesis is divided into two major parts. In Chapter I, status and connectivity  of the 
population in the Senegal Delta will be discussed. Chapter II addresses several aspects of 
the speciesʻ ecology, comprising habitat selection, spatial behaviour and dietary selectivity. 
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C Methodological overview

I Study sites and study populations

This study  was carried out in several study  sites within Europe as well as West-Africa (Fig. 
4). The major part of the investigations was conducted in the Senegal delta, NW-Senegal.

Senegal River Delta, Senegal, Mauritania
The Senegal Delta is an extensive estuarine floodplain which covered a total area of 
approximately  3400 km2 (Zwarts et al. 2009) both on the Mauritanian as well as Senegalese 
side of the Senegal River before the construction of dams and dykes in the 1980s. 
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Figure 4 Study sites a) Parc National des Oiseaux du Djoujd (PNOD), Senegal, Parc National du 
Diawling (PND), Mauritania, Senegal River Delta.  b)  Marismas of the Parque Nacional de Doñana, 
Southern Spain c) Peene-Valley, NE-Germany. Polder “Große Rosin” indicated. d) Bojana River Delta, 
Montenegro. 
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Nowadays, the extent of the former system of lakes, creeks, gullies and flooded marshes has 
been considerably  reduced due to water management activities induced by  land reclamation 
(rice and sugar cane cultivation) and the construction of hydro-electric power facilities. The 
Parc National des Oiseaux du Djoudj (PNOD, 16°23ʼN, 16°15ʼ W, Fig. 4) on the Senegalese 
bank of the Senegal River as well as the Parc National du Diawling (PND, 16°25ʼN, 16°21ʼW, 
Fig. 4) in Mauritania comprise most of the 34.000 ha of remaining typical, albeit artificially 
managed wetland habitats in the Delta. Beside open water bodies such as former tributaries 
and temporal lakes, both National Parks contain extensive shallowly  inundated grassy 
floodplains with typical marshland vegetation being dominated by  Sporobolus robustus, 
Scirpus littoralis and S. maritimus as well as occasionally  Typha spec. and Phragmites 
australis (Fig. 5a-c). 
During the rainy  season and the mounting discharge of the Senegal River, the basins of 
Djoudj and Diawling are artificially  flooded. The inlets are closed during the rest of the year, 
resulting in a gradual desiccation until in June the basins are almost completely  dry (Zwarts 
et al. 2009, Box 3). However, the majority  of potentially  suitable habitats of the Baillonʼs 
Crake, floodplains with water levels < 30 cm, are dry  by March (Schwöppe 1994, Seifert N., 
unpubl. data., Paper 1, 3, 4).
Before the discovery of a potentially  large population of Baillonʼs Crakes with the capture of 
16 individuals in January/February  2007 (Flade 2008, Salewski et al. 2009, Paper 1), few 
observations existed for the Senegal Delta. Roux & Morel (1966) caught two adult individuals 
at Richard-Toll in November and January, respectively, while the speciesʼ  presence on the 
Mauritanian side was only  hypothesized based on the Senegalese records as well as 
observations of the very similar Little Crake in the basin du Diawling (Lamarche 1988). 

Coto Doñana / Marismas de Guadalqivir, Spain
The marshlands, so-called Marismas of the river Guadalqivir comprise a total of 
approximately  60.000 ha whereof the Parque Nacional de Doñana (37°02ʼN, 06°24ʼW, Fig. 4) 
as well as the adjacent Doñana Parque Natural encompass 23.000 ha while 36.000 ha are 
converted into rice paddies on the Eastern side of the protected area (Toral 2011). The 
clayey  depressions are fed by  the local Almonte-Marisma aquifer and are mainly filled up 
after the annual rainfalls in late autumn and winter (Carotenuto et al. 2005). The seasonal 
flooding usually  leads to a continuous and more or less unvegetated water body with water 
levels up to 50 cm (Clemente et al. 2005) which becomes vegetated in March/April (Muñoz, 
J.D. pers. comm.). Parallel to rising temperatures and insolation during spring, water levels 
decrease constantly  and the Marismas are dry by June/July  (Schuck 2012). Most of the 
vegetated marshlands are dominated by homogeneous stands of Scirpus maritimus while S. 
littoralis, Eleocharis palustris and Juncus subulatus as well as J. acutus occur sporadically, 
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Figure 5 Typical marshland vegetation in PNOD. a) & b) Aerial picture taken by Kite Aerial 
Photography in January 2010 in study sites “Grand Lac” and “Tiguet”. c) Vegetation composition and 
structure in study site “Tiguet” with dominating Scirpus maritimus, Eleocharis mutata and scattered 
Sporobolus robustus.
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Figure 6 Extensive Scirpus maritimus dominated habitats of the Marisma de Hinojos in Coto Doñana 
National Park. Picture taken in June 2010.

depending on the micro-relief within the sites (Allier 1977, Tamajón Gómez and Muñoz 
Álvarez 2001, Fig. 6). 
Rice cultivation in Spain is limited to one harvest per year. Accordingly, most of the rice 
paddies in the Guadalqivir area are flooded in May. The rice plants are fully  grown in June 
and harvested in September – November (Muñoz, J.D. pers. comm.). Except for the two 
former tributaries of the Guadalqivir River meandering through the growing area, the fields 
are dry during the winter.  
Estimates for the Baillonʼs Crakesʼ population size in the Doñana and Guadalqivir region 
show high uncertainty  (corresponding to the estimates for the Spanish population, Box 2), 
ranging from hypothesized “thousands of birds” breeding in some years (Valverde 1960, 
Llandres & Urdiales 1992) to < 50 breeding pairs, taking into account the latest/ most current 
estimate for the overall population in Spain (Dies and Dies 2003). However, despite an 
assumed low validity  due to methodological constraints of the assessment (Schuck 2012), it 
is considered as a rather common breeding bird species in the Marismas de Guadalqivir 
(Garcia et al. 1987, 2000). Muñoz, J.D, Pérez, J. and Chico, A. (unpubl. data) as well as 
Schuck (2012) report a total of 94 individuals recorded in the Marismas as well as in adjacent 
rice paddies from May to October 2011. Accordingly, the actual population size of the 
Baillonʼs Crake in the Guadalqivir region might add up to a few hundred individuals.  

Peene Valley, Germany
The Peene Valley  is a former riverine fen in NE Germany, adjacent to the Peene River (Fig. 
4) and encompasses approximately  20.000 ha of rewetted polders (Zweckverband Peenetal 
Landschaft 2014). The study  sites comprised three polders with water levels from 10 – 60 cm 
(Herold 2012, Eilers, A. pers. comm.) which were dominated by  gramineous and 
cyperaceous vegetation during the study  period, including Carex acutiformes, C. riparia, 
Juncus effusus and Phalaris arundinacea as well as small stands of Typha spec. 
Having been listed as extinct for Germany  (Südbeck et al. 2007), the observations of three 
Baillonʼs Crakes breeding pairs in 2007 and 2009 (Herold, B. unpubl. data) are the first 
breeding records in Germany  for the species since 1961 (Becker, P. pers. comm.). From 
2007 – 2010, a total of 13 individuals was detected in the Peene valley (Becker, P., 
Frommolt, K.H., Herold, B., Eilers, A.  unpubl. data), which can be considered as the highest 
abundance of the species throughout Germany in the course of the last decades.
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Bojana-Buna Delta, Montenegro
The Montenegrin/Albanian Bojana-Buna river and delta area (Fig. 4) comprises a small and 
recent river delta, several different lagoon complexes as well as typical riverine and coastal 
landscapes, including 600 ha of so-called “beach swamps” (Schneider-Jacoby et al. 2006), 
alkaline marshes behind the first belt of dunes which are dominated by Juncus sp. (J. 
effusus, J.acutus), Carex sp. (C. paniculata, C. riparia), Schoenus nigricans and Cladium 
mariscum as well as scattered stands of Phragmites communis and Typha sp..
During an assessment study of the ecological value of the region, Schneider-Jacoby et al. 
(2006) found an extraordinary  high number of singing male Baillonʼs Crakes in April-May 
2003. They estimated a minimum density  of 26 individuals*km-2 within the seasonally  flooded 
marshlands suggesting that the region harbors an important proportion of the Balkan 
population (Table 1).
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Box 3: 

Factors driving dynamics in ephemeral habitats of the Baillon’s Crake

Typical habitats of the Baillonʼs Crake, shallowly  flooded vegetated wetlands, are usually 
ephemeral and governed by  seasonal and/or inter-annual fluctuations (Deil 2005). Besides 
the most important factor, (seasonal) variability  in water level, the habitatʼs characteristics 
may be strongly  affected by  anthropogenic impacts on water regime as well as conversion of 
land use pattern or even reclamation and drainage. Furthermore, succession, either natural 
or man-induced, can alter habitats rapidly. In the following, two examples are presented.  

The Senegal River Delta:
Anthropogenic changes & intra- and inter-seasonal variability in water levels
Before the construction of dams and dykes (see C  I 1), the flood level in the Senegal delta 
followed the pattern of the riverʼs discharge, reaching a maximum in October, after which the 
water levels dropped rapidly  in the receding flood (Zwarts et al. 2009). Accordingly, water 
levels in the floodplains were primarily  dependent on the intensity  of annual rainfall and 
correspondingly  on the riverʼs discharge, which varied between 800 and 5800 m3/s before 
the 1960s (maximum monthly  river discharge, measured at Bakel, NE Senegal, source: 
OMVS in Zwarts et al. 2009). Since the operation of the Manantali reservoir in Mali, river 
discharge decreased significantly  to approximately  800 – 1700 m3*s-1 as more and more 
water is diverted into flood recession agriculture along the riverʼs midcourse. Withholding of 
flood peaks due to the increasing demands for hydro-electric power will decrease the 
amount of water released from Manantali reservoir even more in the future (DeGeorges and 
Reilly 2006). 

Figure B3.1 Water levels measured 
at the inlet of Djoudj (former 
tributary of Senegal River), PNOD 
in 2010 – 2013. Field season 
denotes the period starting the 3rd 
of December and ending 24th of 
February.
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As a consequence of the reduced riverʼs 
discharge, the extent of flooding decreased 
substantially  within a short period of time. After 
an estimated mean flood extent of 1500 km2 
before the construction of the Manantali and 
Diama dam, nowadays only approximately  300 
km2 are flooded in the course of the rainy  season 
(Zwarts et al. 2009), reducing the former extent 
of potential habitats of the Baillonʼs Crakes 
accordingly.
Within the restored and artificially  flooded parts of 
the Senegal delta, mainly  the National parks 
PNOD and PND, the annual inflow of water may 
not be proportional to the maximum river 
discharge (Zwarts et al. 2009). However, water 
management within the parks does not follow a 
systematic scheme and the inflow of water 
through the inlets is basically  regulated according 
to rules of thumb (PND: inlets are open from 1th 
July  – October, Sidaty, Z. pers. comm., PNOD: 
inlets are closed “…when inhabitants of the 
villages Debi/Tiguet intervene”, Diop, I. pers. 
comm.). Accordingly, maximum water levels vary 
distinctly  between years (Diop, I. pers. comm. in 
Tegetmeyer et al. 2014, Fig. B3.1), which affects 
the extent and duration of inundation within the 
National Parks. E.g., while the study  site “Tiguet” 
in PNOD (e.g. Paper 4) was still flooded with 
mean water levels of 3.8 cm the 21th of February 
2009 and 8.4 cm the 24th February  2011, in other 
years the site was already completely  dry  by  7th of February  (2010) and 21st of January 
(2013). With the floodplains exposing a typically  flat relief with a very  low altitudinal gradient, 
differences in water level of approximately  15 cm between years (e.g. winter 2009/2010, 
2010/2011, Fig. B3.1) may cause distinct yearly  differences in the extent of flooding as well 
as vegetation characteristics and thus the availability  of habitat for the Baillonʼs Crake. The 
variation found in the number of captured birds for the field seasons 2009 – 2013 may reflect 
the variable size of suitable breeding sites for the species (Table B3.1)
Moreover, rapid changes in water level occur during the growing season, when increasing 
temperatures, insolation and occasional strong, dry winds (“Harmattan”) stimulate fast 

Figure B3.2 Aspect of habitat in Tiguet in 
the course of the season 2010/2011. 
Pictures taken a) 31st January, b) 12th 

February and c) 24th February 2011. Photos: 
Elisabeth Franke.
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evaporation and thus water levels decrease by 0.5 cm*day-1 (Fig. B3.1, Fig. B3.2, Paper 3). 
As a result, recently  suitable sites may  become unfavorable within only  a few days and birds 
are forced to switch to other, still water-logged sites (Paper 4).
These strong inter- and intra-annual differences in habitat suitability  may well apply  to other 
semi-arid wetland systems suitable as Baillonʼs Crakesʼ habitat, as Müller and Deil (2005) 
report strong year-to-year fluctuations in Sahelian ephemeral wetland vegetation depending 
on the amount of annual precipitation. Blackman and Locke (1985) monitored cover values 
of different ephemeral wetland vegetation in NE Australia and found considerable differences 
from year to year, resulting in a changing carrying capacity for waterfowl. 

Peene: Early successional habitats in polder “Große Rosin”
After an extensive restoration and rewetting project from 1992 – 2009 (Zweckverband 
Peenetal Landschaft 2014), several former polders adjacent to the Peene River, NE 
Germany rapidly  transformed from formerly  cultivated grasslands into semi-aquatic 
wetlands. Only  two years after the opening of the dykes, the vegetation in the polder “Große 
Rosin” (Fig. 4) was mainly  dominated by  the poacean species Phalaris arundinacea but also 
sedges and rushes such as Juncus effusus and Carex sp., the vegetated area covering 
nearly 90% (Herold 2012, Fig. B3.3a). In this phase the site provided favorable conditions for 
Baillonʼs Crakes which was indicated by the observation of at least nine individuals from   

2007* 2009 2009/2010 2010/2011 2013
Captured birds 16* 85 167 38 31
Field days 20 51 59 28 22
Mean number of birds 0.8* 1.67 2.83 1.35 1.41

Table B3.1: Actual and mean numbers of captured Baillonʼs Crakes in PNOD during the field seasons 
2009, 2009/2010, 2010/2011 and 2013. 
*In 2007 only 15 cage traps were installed per study site while in the following years, 30 – 40 cage 
traps were operated. Consequently, numbers of captured birds in 2007 are not comparable to the 
following field season

Figure B3.3 Rapid succession in vegetation in polder “Große Rosin”, Peene-Valley, Germany. a) 
Vegetation dominated by sedges and poaceans, picture from spring 2009 (Photo: Alexander Eilers) 
and b) dominated by cattail Typha sp. in August 2012. 
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2007 – 2010 (Becker, P., Frommolt, K.H., Herold, B.,  Eilers, A., unpubl. data). However, due 
to high and constant water levels as well as rapid colonization by  Typha spec., habitat 
characteristics changed fundamentally  as well as associated bird communities. While some 
parts of the polder exposed a very  high fraction of open water in 2012, other sites were 
entirely  dominated by dense stands of Typha sp. (Fig. B3.3b, Herold, B., Seifert, N. unpubl. 
data). In the following years, no observations of Baillonʼs Crakes were made in Große Rosin, 
neither during the breeding season nor in the framework of a regular monitoring of crakes 
and rails in the summers 2012 – 2014 (Herold, B., Seifert, N. unpubl. data).  
Herold (2012) concludes that merely  these early  successional phases in the restoration 
process of formerly  drained and cultivated river fens might be suitable for the Baillonʼs 
Crake, thus providing favorable habitat only for a very confined period of time.
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II Methods – a synopsis
 
We applied two methods to confirm the presence as well as to capture Baillonʼs Crakes. In 
the European breeding grounds during the onset of the breeding period, singing birds were 
detected acoustically, subsequently  tape-lured and caught by  hand using both male and 
female mating calls. As the species reduces its calling activity  drastically after the 
establishment of its territory (Feindt 1968, Becker 1983, Szabó and Viszló 2001), later in the 
season birds were caught with cage traps (Bub 1995) which were installed along transect 
lines across potential habitats. This last method was mainly applied in our study  sites within 
the PNOD and PND (Papers 1 - 4) during fieldwork periods of 1.5 – 2.5 months each in three 
Northern hemisphere winters (2009, 2009/2010, 2013). 

Every  captured Baillonʼs Crake was ringed and aged (Paper 1), common body 
measurements (wing length, weight, tarsus) were taken, and age of plumage or the extent of 
moult recorded. Furthermore, we sampled skin tissue (remains at pins of 3-5 flank feathers) 
as well as one tail feather for DNA and stable isotope analyses, respectively  (Paper 2). In 
winter 2009/2010, we collected faecal samples of Baillonʼs Crakes in the PNOD by  either 
checking the cotton bird bags after the transport of the bird to the ringing station or by  placing 
the birds in an opaque box for a few minutes before their release (Paper 3). In two study 
sites within the PNOD, a total of 23 adult birds was additionally  equipped with radio-
transmitters and followed in the course of the fieldwork seasons 2009 and 2009/2010 to 
determine home range sizes (Paper 4) by  estimating 95%  kernel densities (Hooge and 
Eichenlaub 1997).
 
To assess relevant parameters for habitat prerequisites and variability  in food selection of 
Baillonʼs Crakes (Papers 3, 4), we installed permanent gauges to monitor variability  of water 
level in each study  site in PNOD. Furthermore, conductivity (EC) as well as vegetation 
composition, vegetation structure and invertebrate abundance (only  in winter 2009/2010, 
using sweep  nets) were measured repeatedly  and systematically  across the sites. Factors 
driving variation in prey  availability  and prey selection were identified by  using specific 
Generalized Linear Mixed Models (negative binomial/ binomial error for prey  availability) and 
Generalized Linear Models (binomial error for prey selection) for each identified prey group.

To identify  suitable habitat and predict population size of the Baillonʼs Crake across the entire 
Djoudj area we used a vegetation map based on satellite imagery  (vegetation map I, 
Tegetmeyer et al. 2014, Paper 4). For two study  sites Grand Lac (GL) and Tiguet (TG) within 
and in the vicinity  of the PNOD, we generated additional, high resolution vegetation maps to 
capture as well small-scale structures of ecological relevance (Vegetation maps GL, TG, 
Paper 4, Appendix 4, 5). For this purpose we took aerial photographs in winter 2009/2010, 
using a Sutton Flow Kite (Kite Aerial Photography). These pictures were transferred into 
vegetation maps after being georectified, classified and polygonised with ArcGIS 10 and R 
3.0 (ESRI 2014, R Development Team 2014; Paper 4).  
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For the analysis of habitat selection, we followed a multi-scale approach (e.g. Johnson 
1980), considering first order (population/landscape level) as well as second and third order 
selection (individual/patch level; Wiens 1973). The most relevant parameters in habitat 
selection on the individual level were identified by comparing the use and availability  of each 
habitat class calculating Manlyʼs selection ratio (Manly  et al. 2002) for 17 radio-tracked birds 
(habitat classes were extracted from vegetation map GL and TG). 
Habitat selection on a population level as well as habitat suitability  was modelled by  fitting 
Generalized Linear Mixed Models specifying a binomial error distribution, based on 
presence-absence (capture) data derived for 23 geographically  separated study  sites within 
and in the vicinity  of the PNOD in 2009, 2009/2010 and 2013. Population densities based on 
count data (capture) were modelled accordingly, specifying a Poisson error distribution. The 
extent of suitable habitat and respective population size of Baillonʼs Crake in the study  area 
were estimated by applying the habitat suitability  model and the population density  model on 
raster layers derived from vegetation map I. 

To identify  the individual birdsʼ  potential membership to one or more genetic populations 
across W-Africa and Europe, Baillonʼs Crakes were genotyped at six microsatellite loci 
(Dawson et al. 2009, Paper 2). PCR products were analyzed on an Applied BiosystemsTM 
3130xl Genetic Analyser (Ornithological Station “Hiddensee”, University  of Greifswald) and 
alleles were manually  scored using the software GENE MAPPER (Applied BiosystemsTM; 
Paper 3). The most probable number of genetic clusters (populations) was inferred with 
STRUCTURE 2.3.4 (Pritchard et al. 2000) and cross-checked by  performing a Discriminant 
Analysis of Principal Components (Jombart et al. 2010, R Development Team 2014). 
To infer the potential geographic location of the birdsʼ moulting and thus breeding sites (Glutz 
et al. 1994) we performed analyses of the stable isotopes δ2Hf at Leibniz Institute for Zoo 
and Wildlife Research, Berlin, using a Delta V Advantage isotope ratio mass spectrometer. 
Two seasonal feather isoscapes (δ2HFsummer and δ2HFwinter) were calculated based on a 
calibration function derived from linear regression of the ratio of feathers of known origin and 
the respective local precipitation ratio (Bowen et al. 2005). Moulting origin was determined by 
using normal probability density  functions (Royle and Rubinstein 2004), considering the 
seasonal variation in Baillonʼs Crakes distribution as prior information (Paper 2). 
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Box 4: Distribution of stable isotopes

Stable isotopes are naturally occurring stable forms of elements with differing nuclear 
masses, which results in isotopes reacting differently  in biogeochemical processes due to 
their disparate physical properties (Rubenstein and Hobson 2004). Especially  so-called light 
stable isotopes such as δ13C, δ15N and δ2H are useful tools in animal movement studies 
(e.g. Bensch et al. 2006, Popa-Lisseanu et al. 2012, Hobson et al. 2012), as their 
abundance and distribution are influenced by  biological and biogeochemical processes, 
often reflecting geographic gradients due to regional enrichment or depletion of the isotope 
(e.g. Still 2003, Bowen et al. 2005, Craine et al. 2009). Stable isotope ratios in animal tissue 
are often highly  correlated to diet in the respective geographical area where the tissue was 
formed (Hobson 2008). Accordingly, being “locked-in” in inert tissues such as keratin or 
chitin, stable isotope values allow  retrospective assignment to e.g. moulting grounds of 
migratory birds.
In the following, a short overview about geographic patterns in δ13C, δ15N and δ2H is given.

δ13C: 
The main underlying factor of δ13C variations at regional to continental scale are spatial 
variations in the relative abundances of plants using either C3 or C4 photosynthetic 
pathways (Still and Powell 2010). The key  differences between the two pathways are 
described in detail elsewhere (e.g. Farguhar 1983). As an effect of differences in physical 
and biological fractionation processes, plants using the C4 photosynthetic pathway  reveal 
considerable more enriched δ13C  values compared to C3 plants (e.g. Cerling et al. 1997). 
C4 plants often dominate high light and high temperature environments and, consequently 
occur mainly  at lower latitudes such e.g. in savannah ecosystems (Sage et al. 1999). 
Furthermore, the C3/C4 fraction is a continuous representation of the distribution of 
vegetation growth forms such as woody  or herbaceous vegetation (deFries et al. 1995), 
including as well effects of anthropogenic land-use.

δ15N: 
Plant δ15N is determined by  the isotopic composition of the plant N source and fractionation 
of the isotope associated with plant N uptake and metabolism (Bowen & West 2008. 
Because there are multiple, often competing reactions in soils, many  of which have strong 
isotopic effects, a general theory  describing soil δ15N has not yet emerged (Evans 2001, 
Robinson 2001). In general, effects of climate, especially  precipitation regime and mean 
annual temperatures may be the most influential factors shaping geographic patterns of δ15N 
(Craine et al. 2009). However, other factors such as the type of mycorrhizal associations as 
well as prior or recent land use can lead to significant variation which obscures larger-scale 
patterns (Craine et al. 2009). 
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δ2H: 
The geographic pattern in the variability  of δ2H can be mainly attributed to one phenomenon: 
The partitioning of the stable isotopes of hydrogen (1H, 2H) during phase-change reactions 
in the water cycle results in water molecules containing the heavier isotopic species being 
preferentially incorporated in the liquid (or solid) phase (Bowen and West 2008). When air is 
charged with water vapor as it passes over low and mid latitude oceans, the isotopic 
composition is relatively uniform. During their northward movement across continents, air 
masses progressively  loose water due to condensation and rainout. Because the heavy 
isotope will be lost faster than the light isotope, the ratio of 2H to 1H in precipitation 
decreases with each condensation event (Bowen and West 2008). Due to strong directional 
patterns of the atmospheric circulation, δ2H exhibits distinct and spatially  consistent variation 
at regional to global scales (Fig. B4.1, Bowen et al. 2005).    
In contrast to the clear geographic gradient of δ2H between e.g. SE and NW regions of 
North-America, patterns across sub-Saharan Africa are more complex due to the regional 
and seasonal distribution of precipitation events (see next paragraph). Furthermore, isotope 
fractionation during evaporation in the dry  season affects δ2H ratios in waters, including 
soils, rivers, lakes and reservoirs (Kendall and Coplen 2001).

Figure B4.1 Precipitation δ2H isoscapes based on Bowen et al. 2005. a) Mean δ2Hp in November - 
February and b) in April - August   
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Rainy seasons within Africa
The annual fluctuation of the Intertropical Convergence Zone (ITCZ) between the Tropic of 
Cancer (23° 26ʼN; 21st June) and the Tropic of Capricorn (23° 26ʼS; 21st December) induces 
a northward movement of a rain belt across the African continent by  approximately  August 
and a southwards movement into south-central Africa by March, involving air masses both 
transported by  trade winds from the Atlantic as well as Indian Ocean (Weischet 1995, 
Schultz 2000, Fig B4.2a & b). Accordingly, West-African countries such as Senegal 
experience a pronounced rainy  season from July  – October (Fig. B4.2b) while rains occur in 
South-African Botswana from October to March/April (Fig. B4.2a) and some regions closer 
to the equator experience two annual rainy  seasons (e.g. Ethiopia). Likewise, the timing of 
the regional growing seasons alternates correspondingly  with the normalized difference 
vegetation index (NDVI, as a proxy  for concentration of green leaf vegetation) being highest 
for e.g. Senegal in September and South Africa in February/March (NASA 2014).
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D Results and Discussion

Status and size of the population in Senegal River Delta

During the dry seasons in 2007, 2009, 2009/2010, 2011 and 2013 we caught a total of 337 
Baillonʼs Crakes in the PNOD, Senegal, one individual in PND, Mauritania, and observed ten 
individuals near Pakali Ba, The Gambia (Paper 1, Paper 4). Among the captured birds in 
PNOD and PND, 141 were adult (>1 year) and 193 were classified as juvenile, whereof 17 
were not yet fully  fledged (Paper 1, Box 3, Appendix 1, Seifert, N. unpubl. data). This is the 
first record of the speciesʼ breeding in sub-Saharan W-Africa. So far, breeding has only  been 
confirmed for northern Africa and South Africa (e.g. Taylor 1997a, Thevenot et al. 2003) and 
birds previously  observed in the Senegal Delta were thought to be Palaearctic migrants (e.g. 
Roux and Morel 1966). We estimated the hatching to extend over a period of 120 days, from 
September/early  October until early  February  (Paper 1). Thereby, the birds fully  utilized 
almost the entire vegetation period for reproduction. The bimodal distribution of age intervals 
(simultaneous occurrence of young chicks and juveniles undergoing post-juvenile moult) 
indicated the potential of at least two consecutive broods.  
Although the Senegal Delta was previously  already  suspected to be an important habitat for 
the Baillonʼs Crake (Flade 2008), our study  confirms for the first time the occurrence of a 
large population, at least within the PNOD and its surroundings (Paper 1 & 4). To our 
knowledge, this is the highest number of Baillonʼs Crakes reported for any European or 
African site so far, indicating that the shallowly  inundated Scirpus-/Sporobolus-marshes may 
support a substantial breeding population. Both our habitat suitability  as well as population 
density  models supported this assumption with a predicted 9516 ha of suitable habitat and a 
potential population size of 10714 Baillonʼs Crakes for the entire Djoudj area (Paper 4). 

Population structure and connectivity between African and European 

populations

We observed a geographic gradient for δ2Hf ratios between feathers of Baillonʼs Crakes 
sampled in Europe and Senegal, which reflected well previously  described climatically  driven 
variation in precipitation (e.g. Bowen et al. 2005; Paper 2). We found high variation in δ2Hf 
ratios among Senegalese samples with significantly  more depleted values measured in 
juvenile feathers. Given the strong changes (enrichment) in isotopic conditions over the dry 
season, this pattern could be caused by  incorporation of δ2H earlier during the season or 
indicate the immigration of juvenile birds stemming from a late brood from European 
breeding sites (Paper 2). 
A further indication for possible connectivity  was the presence of depleted δ2Hf values among 
some adult birds caught in old plumage in PNOD, which were assigned to European 
(summer moult scenario) or Southern African origin (winter moult scenario). Similarly, 
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assignments of 50%  of adult birds caught in European breeding sites were confined to 
regions within the speciesʼ African distribution, indicating a previous moulting (and hence 
breeding) far away from the breeding sites at the time of capture.
The genetic clustering based on six microsatellites supported our notion of a potential 
movement and exchange of (breeding) birds between W-Palaearctic and sub-Saharan 
wetlands. We identified three populations (C1-C3) of which most individuals caught in 
Europe were assigned to C3, while the majority  of Baillonʼs Crakes caught in Senegal were 
grouped into C1 and C2 (Paper 2). Nevertheless, we found signs for connectivity  between 
the European and the Senegalese populations, as some European cluster C3 birds were 
caught in Senegal as well as birds caught in European breeding grounds were grouped into 
the African clusters C1 or C2.
We cannot draw a definite conclusion regarding the extent and prevailing direction of 
exchange between European and Senegalese breeding populations due to our limited data 
set especially  for European samples. However, with a rough approximation of 1.52 
immigrants per generation the exchange rate is rather low, indicating a limited mixing of 
breeding birds which could certainly  be the reason maintaining population structure among 
African and European birds. 

Migratory behaviour
Combining both genetic and isotopic data as well as considering the actual status of the 
individual birds, we 1) challenge the so far established concept of European Baillonʼs Crake 
to merely  winter in the Senegal Delta as most genetically “European” (C3) birds in PNOD 
were in or just had finished complete moult. Baillonʼs Crakes undergo a complete moult 
directly  subsequent to breeding (Glutz et al. 1994), implying the possibility  of an earlier 
breeding of the birds in the Senegal Delta. 2) Furthermore, our data give reason to assume 
that as well individuals of African origin could reproduce on European breeding grounds, as 
genetically “African” birds (C1 and C2) were caught mating in European sites. 
The presence of Baillonʼs Crakes in Europe is reported to be highly  erratic (Cramp and 
Simmons 1980). After marking 337 Baillonʼs Crakes in PNOD in five field seasons 2007 – 
2013 (Box 3, Paper 4) with no recapture during any of the following seasons, our 
observations support the notion of the speciesʼ irregular occurrence, including its sub-
Saharan breeding grounds. Accordingly, taking as well the unpredictability  of the speciesʼ 
habitats into account, it seems likely  that the birds pursue an irruptive rather than a regular 
(bi-annual, north-south) migration strategy, abandoning the wetlands when conditions 
become unfavorable.  
Although the strategy  has been reported for a variety  of bird species, there has thus far been 
little evidence for transcontinental irruptive migratory  movements as suggested for the 
Baillonʼs Crake.
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Box 5: Applicability of δ13C and δ15N for assignment of moulting locations 

Multi-isotope methods to delineate moult origins are informative where the isotopic gradients 
are pronounced (e.g. Hebert et al. 2005, Popa-Lisseanu et al. 2012). Recently, Hobson et al. 
(2012) explored assignments based on the use of theoretical plant δ13C and δ15N landscape 
distributions coupled with δ2H hydrological models for the Eurasian-Afrotropical migratory 
system. 
To assess the applicability  of this multi-isotopic approach to infer the potential geographic 
location of the birdsʼ moulting and thus breeding sites (Glutz et al. 1994) we performed 
analyses of the stable isotopes δ13C, δ15N (and δ2H) for Baillonʼs Crakes and three 
surrogate species (Black Crake Zapornia flavirostris, Spotted Crake Porzana porzana and 
Water Rail Rallus aquaticus) sampled in German, Senegalese and Spanish breeding sites 
(Paper 2 for study sites). The isotopes δ13C  and δ15N of feather samples of known origin 
(Germany: Baillonʼs Crake n=4, Spotted Crake n=15; Senegal: Baillonʼs Crake n=52, 
Spotted Crake n=5, Black Crake n=3; Spain: Baillonʼs Crake n=3, Water Rail n=3) were 
analysed using a HEKAtech EuroEA elemental analyzer (Netherlands Institute of Ecology) 
and a NA2500 elemental analyzer (Kompetenzzentrum Stabile Isotope, University  of 
Göttingen). 
We found large variation in δ13C values for Baillonʼs Crakes spanning > 14‰ in European 
and > 12‰ in Senegalese samples. δ13C  values among populations from Germany, Spain 
and Senegal clearly  overlapped (Kruskal-Wallis rank sum test, H=1.13, P=0.56, Fig. B5.1). 
Merely  a trend for differences in δ15N values between Senegal and Spain was measured 
(H=7.09, P=0.03, pairwise comparison Senegal-Spain: P=0.07; Fig. B5.1). 

Figure B5.1 δ13C and δ15N values of freshly grown feathers of Baillonʼs Crakes in study sites in 
Germany, Senegal and Spain (see CI, Paper 2). Values of surrogate species Spotted Crake, Black 
Crake and Water Rail denoted as crosses.
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Itinerant breeding?
The results from genetic and isotopic analyses (Paper 2) do not constitute direct evidence of 
consecutive breeding of the same individual both on summer (Europe) and winter grounds 
(Senegal) during the same year. However, given that breeding in sub-Saharan Africa might 
occur from Nov-Mar (S- and W-Africa) it is conceivable that those individuals which 
apparently  have traversed the Mediterranean could have made breeding attempts both in 
Europe and Africa within a six month period. Baillonʼs Crakes might be able to breed three 
times within one season. Given the adaptive plasticity  of rails which allows species to exploit 
breeding habitats as and when they  appear (Taylor and Van Perlo 1998), the unpredictability 
of habitats as well as the potential irruptive migration strategy, it seems probable that 
itinerant breeding could well apply for Baillonʼs Crakes. 
 

Diet 

Contents
Analysis of contents of 59 faecal samples collected in the PNOD revealed 17 different major 
food groups with the most frequent remains of animal prey  stemming from invertebrates such 
as Coleoptera, Odonata and Aranea (Paper 3). Skin remains of geckos were the only 
evidence for vertebrate prey. Considering that Baillonʼs Crakes are reported to feed on fish 
and amphibians (Box 1986, Taylor, P.B. in Taylor and Van Perlo 1998) and juvenile stages of 
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Due to the missing geographic variation we refrained from applying a multiple isotope 
approach (Paper 2) to delineate moult origins. However, considering the small sample size 
for birds in fresh plumage probed in Europe, this outcome may  have been rather stochastic. 
It should be noted that at least for δ13C geographic differences were found in feathers of 
Spotted Crakes (Fig. B5.1) which corresponded better to the theoretical plant δ13C 
distribution than observed in Baillonʼs Crakes. 
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Clarias sp. and Barbus sp. were highly  abundant in the study  sites, we surmise that the 
proportion of vertebrate prey  might be fairly  underestimated in faecal samples as the birds 
may regurgitate bones and fish bones as pellets.
Although animal contents were generally  higher, some samples consisted primarily  of seeds 
of which Eleocharis mutata accounted for the major fraction. Accordingly, with 69% the mean 
proportion of animal matter in Baillonʼs Crakesʼ diet was lower than previously  reported 
(Koshelev 1994).  

Selectivity
To assess the degree of dietary  selectivity  in Baillonʼs Crakes, we compared the contents of 
faecal samples with results from sweep net sampling as a proxy  for prey  abundance within 
the study sites (Paper 3). Although diversity  in the faecal samples remained constant, overall 
diversity  in prey  abundance decreased significantly  during the season, suggesting that 
Baillonʼs Crakes may switch to a more opportunistic food choice and increase their prey 
spectrum towards the end of the inundation period in PNOD. Baillonʼs Crakes were also 
found to prey  more selectively  where prey abundances were high (e.g. at higher water levels, 
lower salinity). Similarly, some profitable prey  items such as Araneans were consumed on a 
constant basis despite the detected decrease in availability in the course of the season.   

Seasonal variation in diet and prey abundance
In our analyses, the parameters water level, date and study site had the highest impact on 
the probability  of occurrence of consumed prey groups as well as on prey abundances. 
Thereby, the seasonal variability  in the contents of the net samples reflected the gradual shift 
from aquatic dominated invertebrate communities towards a higher prevalence of (semi-) 
terrestrial organisms parallel to the desiccation of the floodplain habitats (Paper 3 & 4). In 
contrast, this trend was not found for the diet contents. Beside constant selection of profitable 
prey  items (see “Selectivity”), effects such as e.g. better accessibility  due to physical 
changes in the habitats might have concealed the seasonal succession to be reflected in the 
Baillonʼs Crakeʼs diet. However, due to high disintegration of invertebrates we were not able 
to quantify  consumed prey  items nor could we identify  into lower taxonomic ranks, which 
could have resulted in a more apparent visualization of variability  induced by  seasonal 
succession of biotic communities.  

Habitat selection in the Senegal River Delta

On the population level, our regression models confirmed that the occurrence of Baillonʼs 
Crakes in the floodplains of the Senegal River delta is positively  correlated to rather low and 
dense vegetation types such as S. littoralis while tall and rough-textured stands such as T. 
australis have an explicit negative effect both on abundance as well as presence probability. 
Furthermore, Baillonʼs Crakes were less abundant in vegetation dominated by  species which 
do not provide adequate overhead cover. Variables expressing heterogeneity  in vegetation 
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composition were included both in the regression models but were also of importance in 
second and third order habitat selection. This included edge structures of densely  growing 
vegetation stands such as O. longistaminata, E.mutata as well as trampling paths and edges 
of open water bodies. As edge structures often provide higher invertebrate abundances due 
to favorable microclimatic and structural conditions, the disproportional use of such 
structures by Baillonʼs Crakes can be likely attributed to the better food availability.

Home ranges

Mean home range size was 1.77 ± 0.86 ha and differed significantly between study sites GL 
and TG (Paper 4). Based on the higher habitat heterogeneity  (plant species richness, edge 
structures) found for study site TG and observed higher invertebrate abundances at 
vegetation edges (Paper 3), we hypothesize the differing home range sizes can be mainly 
attributed to differences in food supply (Paper 4). 
The strong seasonal decrease of water levels (Paper 3) may  have been a reason for radio-
tracked Baillonʼs Crakes to shift their home ranges towards zones which were still inundated, 
as indicated by  southward movements corresponding to the respective relief in the study 
sites. Furthermore, we found almost all radio-tracked individuals to move significantly  longer 
distances immediately  after capture, suggesting a rather sensitive response on disturbances. 
This behavior might be reflected as well in the very  low recapture probability  observed during 
all field seasons and should be taken into consideration for study designs based on capture-
recapture data. 
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by  Peter Becker, Alexander Eilers, Benjamin Herold and Steffen Koschkar. Further samples 
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prey availability and consumption during the breeding season in the Senegal River Delta, 
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Supplementary material 

Text A1: Supporting Material & Methods and Results

Table A1: Locality data and sample sizes of Baillonʼs Crake Zapornia pusilla and surrogate 
species Spotted Crake Porzana porzana, Water Rail Rallus aquaticus and Black Crake Z. 
flavirostris.

Table A2: Genetic variation within the three genetic clusters C1 – C3 of Baillonʼs Crakes 
based on estimation by STRUCTURE (C1 n=36, C2 n=41, C3 n=28). FIS calculated 
according to Weir and Cockerham (1984). HE = expected heterozygosity, HO = observed 
heterozygosity. Significant departure from HWE marked in bold letters (*P <0.05, **P <0.01, 
*** P < 0.001 after sequential Bonferroni correction).

Table A3: Assignments of feathers of known origin based on number of cells located within 
the 6 geographic regions (see Fig. 1). a) Mean percentage of individual probability  surfaces 
in relation to extent of potential distribution within geographic regions. b) Percentage of birds 
with > 10% of individual probability surfaces within geographic region.  

Table A4: Individual assignments of feathers of known origin based on number of cells 
located within the 6 geographic regions (see Fig. 1). a) Mean percentage of individual 
probability  surfaces in relation to extent of potential distribution within geographic regions. b) 
Percentage of birds with > 10%  of individual probability  surfaces within geographic region. 
Attached in Appendix 3. 

Figure A1: Boxplots of δ2Hf signatures of old feathers for the three genetic clusters.

Figure A2: : δ2Hf as a linear function of monthly  mean δ2Hp for Baillonʼs Crakes, Spotted 
Crakes, Black Crakes and Water Rails sampled in Germany, Spain and Senegal.

Figure A3: δ2H-based assignment of feathers of known origin. Likely  moulting areas of 
Baillonʼs Crakes caught in a) Europe (summer moult scenario) and b) Senegal (winter moult 
scenario). The colors indicate the proportion of Baillonʼs Crakes that were isotopically 
consistent with a given cell in the isoscape representing the likely  moulting site. Assignment 
is limited to seasonal distribution of the species.
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SUPPLEMENTARY MATERIAL APPENDIX 1

Seifert, N., Haase, M., Van Wilgenburg, S.L., Voigt, C.C. and Schmitz Ornés, A. 2015. 

Complex migration and breeding strategies in an elusive bird species  illuminated by 

genetic and isotopic markers. 
  

Text A1:

Supporting Material and Methods & Results

This electronic supplement outlines Methods for quantifying genetic population structure in 

Baillon’s Crake (a), isotopic analyses (b) and delineation of isotopic maps and assignment of 

samples to probable origin using a likelihood approach (c, d) as well as Results of e) genetic 

diversity andnull allele check. 

a) Molecular Genetic Methods and Analyses

Skin tissue was obtained by plucking 2 – 5 body feathers on both flanks of each probed 

Baillon’s Crake. The feather pins (with skin fragments) were immediately  transferred into 

tubes containing 96% ethanol and stored in the fridge until further analysis. 

All sampling was carried out under the licences of regional authorities (Senegal: Direction des 

Parcs Nationaux du Sénégal; Germany: Landesamt für Umwelt, Naturschutz und Geologie 

Mecklenburg-Vorpommern, LUNG 210f-5326.21 (1/08) BM; Spain: Estación Biológica 

Doñana EBD CSIS Proyecto No° 18/2010; Montenegro: Environmental Protection Agency.

Baillon’s Crakes were genotyped at six microsatellite loci cross-amplifying over a wider 

range of birds (Dawson et al. 2009). Polymerase chain reactions (PCR) was performed in a 10 

µl reaction volume containing 1µl DNA, 1 µl of BIOLINETM Reaction Buffer, 4mM  MgCl2, 

0.25 mM  of each primer pair, 0.2 mM of dNTP, 0.02 µl of BIOLINETM Taq, 0.4 µl of 1% 

BSA and water. The cycling protocol consisted of a 3 min initial activation at 94°C, followed 

by 40 cycles of 30 sec at 94°C, 30 sec at 56°C and 30 sec at 72°C with a final extension of 10 
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min at 72°C. PCR products were analyzed on an Applied BiosystemsTM 3130xl Genetic 

Analyser and alleles were manually scored using the software GENE MAPPER (Applied 

BiosystemsTM).

We used the software Microchecker 2.2.3 (van Oosterhout et al. 2004) to detect null alleles 

and/or large allele dropout over all loci analyzed. Linkage disequilibrium was tested with 

Fstat 2.9.3 (Goudet 1995). Measures of genetic diversity were calculated with GENEPOP 4.2 

(Raymond and Rousset 1995, Rousset 2008) and the R packages “adegenet 1.3-8 (Jombart et 

al. 2011) and “hierfstat” (Goudet 2005), using R 3.0.1 (R Development Core Team 2013). 

Measures were calculated both for geographic populations according to locality as well as for 

populations identified as genetic clusters based on STRUCTURE results (see below). These 

included tests of Hardy–Weinberg equilibrium (HWE) and the calculation of standard indices 

of molecular diversity, as the mean number of alleles (A) and allelic richness (AR). AR was 

preferred over allele diversity  (mean number of alleles per locus) as it  takes into consideration 

differences in sample size among sampled populations. 

We used the software STRUCTURE version 2.3.4 (Pritchard et al. 2000) to infer the most 

probable number of genetic clusters K without a priori definition of populations. We used the 

batch run function to carry out a total of 60 runs, ten each for K=1 (no differentiation) to K=6 

clusters based on the admixture model with correlated allele frequencies. For each run the 

burn-in and simulation length were 50,000 and 500,000, respectively. The most probable 

number of clusters was subsequently determined using both likelihood of K and the change of 

likelihood between two values of K (ΔK) following Evanno et al. (2005). We calculated the 

mean confidence assignment of all individuals to their most probable cluster (q-hat) for K=2 

to K=6 and used these values to assess the robustness of the assignment. 

To support the validity  of the clustering, we performed a Discriminant Analysis of Principal 

Components (DAPC; Jombart et al. 2010). This method does not rely  on any  population 
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genetic model and aims at identifying synthetic variables, constructed as linear combinations 

of the original variables (alleles) which have the largest between-group variance and the 

smallest within-group variance (Jombart et al 2010). We applied k-means clustering 

implemented in the adegenet R package (Jombart et al. 2011) to identify genetic clusters, 

retaining 20 principal components and assessed the most likely number of clusters using the 

Bayesian Information Criterion (BIC). We calculated membership  probabilities of each 

individual for the different clusters based on the retained discriminant functions and compared 

those to the admixture coefficients estimated by STRUCTURE. 

We estimated the level of genetic variation between sample sites (with at least five samples 

from Germany, Spain, and Senegal) as well as for the most probable number of clusters K 

estimated by STRUCTURE using Jost’s D (DEST). We preferred DEST to classical FST because 

it is more rigorous at taking into account differences in heterozygosity between sites/

populations (Jost 2008). Significance of DEST values was tested using 1000 bootstrap 

replicates. These calculations were carried out using the R package DEMEtics (Gerlach et al. 

2010). Nevertheless, we also provide Nei’s GST values (Nei 1973) to readily enable 

comparison with other studies given the widespread use of this statistic.

b) Stable Isotope Methods and Analyses

Adult Baillon’s Crakes undergo an annual complete moult shortly  after the breeding season 

(Glutz et al. 1994) and rectrices and remiges grow simultaneously. Preferably, we collected 

one of the inner rectrices since removal of a tail feather affects flight performance less than 

removal of a primary (Oppel et al. 2011). 

Prior to analyses, feathers were cleaned from external contaminants using a 2:1 

Chloroform:Methanol solution to remove surface oil (Paritte and Kelly 2009), and then dried 

over 24 hours at 50° in a drying oven.
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Hydrogen analyses were conducted at the stable isotope lab of the Leibniz Institute for Zoo 

and Wildlife Research (IZW) in Berlin. A subsample of 1 mg (± 0.1 mg) feather material was 

weighed in a silver foil capsule (IVA Analysetechnik e.K. Meerbusch, Germany). Samples 

were placed in the autosampler (Zero Blank autosampler; Costech Analytical Technologies 

Inc., Italy) of an elemental analyzer (HT Elementaranalysator HEKAtech GmbH, Wegberg, 

Germany). Before combustion, samples were flushed in the autosampler for at least 1 hour 

with chemically pure helium (Linde, Leuna, Germany). We used a Delta V Advantage isotope 

ratio mass spectrometer (ThermoFischer Scientific, Bremen, Germany) that was connected 

via an interface (Finnigan Conflo III, ThermoFisher Scientific, Bremen, Germany) with the 

elemental analyzer. Using three laboratory keratin standards (SWE-SHE, δ2H = -122.6 ± 

1.5‰; ESP-SHE, δ2H = -77.40 ± 0.7 ‰; AFR-GOA, δ2H = -44.49 ± 1.4‰) with known stable 

isotope ratios of the non-exchangeable portion of hydrogen, we measured stable isotope ratios 

of the non-exchangeable hydrogen in feather keratin (δ2Hf). Analytical precision based on the 

repeated analyses of laboratory keratin standards was always better than 1 ‰ (one standard 

deviation of mean ratios). 

All results are expressed in the usual delta (δ) notation, in units of per mil (‰): 

where δsample is the isotope ratio of the sample relative to a standard, Rsample and Rstandard are the 

fractions of heavy to light isotopes in the sample to standard, respectively.
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c) Isoscapes 

For Baillon’s Crakes caught in Senegal, we tested the influence of age class and collection 

year on the δ2H values of winter-grown feathers by Kruskal Wallis and Wilcoxon rank sum 

tests. Kruskal Wallis was also applied to examine differences in δ2H of freshly grown feathers 

between European and the Senegalese populations. When the null hypothesis was rejected 

(P<0.05), post-hoc pairwise comparisons were performed to investigate differences between 

pairs of means (Nemenyi-test). Differences between the genetic clusters were assessed with 

ANOVA.

We included signatures of three surrogate species Spotted Crake Porzana porzana (n=15), 

Water Rail Rallus aquaticus (n=3) as well as signatures from an African breeding species 

Black Crake Zapornia flavirostris (n=4) to enhance the small sample size of Baillon’s 

Crakes’ feathers of known origin (n=58) based on which we calculated a calibration function 

to account for isotopic fractionation that occurs as the environmental isotopes are integrated 

into the feather. With regard to diet and habitats these three species are comparable to the 

ecological requirements of the Baillon’s Crake (e.g. Glutz et al. 1994, Taylor and Van Perlo 

1998, Schäffer 1999). As significant differences in isotope ratios can be found in species of 

different foraging and migratory guilds (Hobson et al. 2012, van Dijk et al. 2013), we chose 

not to use previously established regression equations such as in Hobson et al. (2004). 

We modeled the isotope ratio for feathers of known origin (δ2Hf) as a linear function of the 

precipitation ratio (δ2Hp). The δ2Hp values were determined using δ2Hp values of November – 

February (for Senegal) and April – August (Europe) from 10’ x 10’ resolution grid maps of 

amount-weighted precipitation δ2Hp isoscapes developed by  Bowen et al. (2010). These 

periods were selected to account for the respective isotopic conditions under which the 

feathers have likely been grown. As mean δ2Hp vary substantially e.g. between the onset and 
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end of the dry  season in Senegal (Bowen et al. 2010), we chose to consider the most probable 

point of time of feather growth within the season rather than using mean annual δ2Hp values. 

The resulting calibration function (δ2Hf = -74. + 0.57 δ2Hp; Fig. A2) was used to create two 

“seasonal” feather isoscapes. The δ2HFsummer isoscape represents isotopic conditions during 

Northern hemisphere summer using the mean δ2Hp of April - August when moult is likely to 

be performed in potential breeding sites in Europe and/or East Africa (Taylor and Van Perlo 

1998). The δ2HFwinter isoscape characterizes the Northern hemisphere winter months 

November – February  when West-African breeding birds may replace feathers. Compared to 

the use of isoscapes derived from long-term mean precipitation isotopic values, short-term 

isoscapes can provide an improvement in assignment efficacy which may be the case in 

regions where more annual variation in the isotopic composition occurs, e.g. when 

evaporation exceeds rainfall (Vander Zanden et al. 2014).

d) Geographic Assignments to Origins

To determine moulting (hence breeding) origin we used a normal probability density function 

(Royle and Rubenstein 2004) where the likelihood that each δ2Hf value, y*, originates from a 

given location is

where µb is the specific cell in a given feather isoscape and σb is the standard deviation of the 

residuals from the calibration equation (σb = 12.47‰).  

We then incorporated distribution maps as prior information using Bayes’s rule
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where f(y|b) is the likelihood of assignment to breeding/moulting locations and f(b) is the 

probability  that Baillon’s Crakes occur in each breeding/moulting location throughout their 

distribution range. 

Maps were created based on a distribution map compiled by BirdLife International and 

NatureServe (2012). As distribution data of the Baillon’s Crake is in general very conjectural 

due to the small number of observation, we sought to substantiate the maps by  including > 

900 records obtained from literature, reports of rarity  committees, EURING and national 

ringing authorities, own data and a questionnaire sent to a wide range of African contacts that 

included BirdLife representatives and partners, Wetland International Country Coordinators, 

tour operators, members of the African Bird Club and natural history museums (Seifert 

unpublished data). Considering seasonal changes in occurrence, we created two maps 

representing maximum summer and winter distributions (Fig.1). 

To account for the possibility that those improved maps still neglect  regions where the species 

effectively occurs but has not been recorded yet, we defined three different classes of 

probability  of occurrence. Raster cells within breeding or wintering range were weighted with 

0.7, cells representing the maximum extent of the species distribution notwithstanding 

seasonality were weighted with 0.2 and all remaining cells within Africa and Europe without 

records were weighted with 0.1.

To depict likely origins across all samples, we assigned individuals to the δ2Hf isoscapes one 

at a time by first determining the odds that any given assigned origin was correct relative to 

the odds it was incorrect. Based on 2:1 odds, we recorded the set of raster cells that defined 

the upper 67% of estimated probabilities of origin (Eq. 1), reclassifying each raster cell 

(approximately 18 x 18 km) into likely (1) or unlikely (0) origin. To assess the reliability of 

our assignments, we estimated feather origins for those Baillon’s Crake samples with known 

origin (used in the calibration function) both for a winter (birds sampled in Senegal, n=52) 
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and summer moult scenario (birds sampled in Europe, n=6). Assignments for unknown-origin 

feather samples were grouped according to sampling site (Senegal, Europe) or the three 

genetic clusters (found in the microsatellite analysis, C1 – C3) by summing up the individual 

probability surfaces over all individuals per cluster or sampling site. 

We classified six geographic regions (Central Europe, Southern Europe, Northern Africa, 

West Africa, East Africa and Southern Africa (Fig. 1) and counted all cells with odds=1 within 

each region. We calculated the mean proportion of individual assignments per geographic 

region and the ratio of probable cells to maximum possible cell number (according to 

probability  of occurrence within the region). Based on this, we counted how many individuals 

(per group) were assigned to a particular geographic region considering only  those individuals 

for which probability surfaces (= assignments) comprised > 10% of the probable cells. 

Assignments were performed using the “raster” and “maptools” packages (Hijmans 2013, 

Bivand and Lewin-Koh 2013) in R (R Development Core Team 2014).
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Results 

e) Hardy-Weinberg and linkage equilibrium, genetic diversity, null alleles

Of a total of 107 adult Baillon’s Crakes we obtained scorable allelic data from a mean of 103 

individuals per locus. The 6 loci were polymorphic with 3 to 11 alleles (Table 1). No linkage 

disequilibrium was detected between any pair of loci (all P > 0.05,). Among the Senegalese 

samples (see below) 4 loci showed evidence that null alleles were uncommon to rare (F02_88, 

H02_078, H03_098, H04_004; null allele frequency p<0.20, following Dakin and Avise 

2004) whereof two loci (H03_098, H04_004) showed slight presence of null alleles (p<0.15). 

Due to the small N of Baillon’s Crakes probed in European countries, we binned samples 

from Germany, Montenegro and Spain into one European “population”. Two loci among the 

European samples showed evidence for null alleles with p<0.15 for two loci (F02_88, 

H04_004) and moderate level of suspected null alleles at locus H03_098 (p=0.30).  

For both populations, individuals sampled in Senegal and Europe, exact tests for departure 

from Hardy-Weinberg equilibrium (HWE) were significant  and we found heterozygote 

deficiencies for 3 and 4 loci (F02_88, F02_78, H03_98 and H04_004, Table 1), respectively. 

As null allele frequency decreased (data not shown) and the most polymorphic loci being still 

not in HWE after the identification of genetic clusters by STRUCTURE (see below; 

Supplementary  Material Appendix 1, Table A2) as well as the fact that we did not detect a 

single individual homozygous for a null allele among the total of 107 genotyped birds, their 

frequencies could not have been high. Furthermore, as Carlsson (2008) found the presence of 

null alleles only  slightly reducing the proportion of correctly  assigned individuals in 

assignment tests, and given our small set of microsatellites we decided to include all loci in 

the further analyses. 
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Table A1: Locality data and sample sizes of Baillonʼs Crake Zapornia pusilla and surrogate species 
Spotted Crake Porzana porzana, Water Rail Rallus aquaticus and Black Crake Z. flavirostris.

Country Latitude Longitude Stable Isotopes Microsatellites
Germany
Peene-Valley

Wetterau

N 53.85281

N 50.41088

 E12.87344

E 08.89001

Z. pusilla: 9
P. porzana: 15
Z. pusilla: 1

7

5 

Montenegro 
Bojana-Delta N 41.88254 E 19.32482 Z. pusilla: 1

1

Senegal
Djoudj NP N 16.36014 W16.27521 Z. pusilla: 81

P. porzana: 15
Z. flavirostris: 4

89 

Spain
Coto Doñana
Brazo del Este

N 36.98142
N 37.12615

W 6.336013
W 6.029920

Z. pusilla: 12
Z. pusilla: 2
R. aquaticus: 3

5
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Table A2: Genetic variation within the three genetic clusters C1 – C3 of Baillonʼs Crakes based on 
estimation by STRUCTURE (C1 n=36, C2 n=41, C3 n=28). FIS calculated according to Weir and 
Cockerham (1984). HE = expected heterozygosity, HO = observed heterozygosity. Significant departure 
from HWE marked in bold letters (*P <0.05, **P <0.01, *** P < 0.001 after sequential Bonferroni 
correction).

Population Gene  diversity Allelic  richness HE HO FIS 

Cluster 1 0.236 
F02_088 0.775 6.783 0.760 0.472** 0.391
F03_031 0.028 1.583 0.027 0.027 0.000
H02_078 0.155 1.996 0.152 0.166 -0.077
H03_098 0.665 5.693 0.653 0.472 0.290
H04_004 0.825 8.171 0.810 0.555*** 0.327 
H04_012 0.641 3.830 0.632 0.666 0.040
Cluster 2  0.286
F02_088 0.354 3.654 0.348 0.244 0.311 
F03_031 0.048 1.765 0.047 0.048 -0.013
H02_078 0.220 2.909 0.203 0.097*** 0.881 
H03_098 0.628 4.791 0.620 0.439*** 0.397
H04_004 0.651 4.575 0.639 0.487 0.270
H04_012 0.664 3.998 0.656 0.658 0.008
Cluster 3  0.220
F02_088 0.563 5.905 0.549 0.370* 0.343
F03_031 0.111 1.995 0.105 0.148 -0.042
H02_078 0.210 3.723 0.205 0.148* 0.295
H03_098 0.719 5.000 0.701 0.555* 0.404
H04_004 0.772 6.545 0.754 0.592 0.232
H04_012 0.682 4.000 0.666 0.740 -0.071
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Table A3: Assignments of feathers of known origin based on number of cells located within the 6 
geographic regions (see Fig. 1). a) Mean proportion (%) of individual probability surfaces in relation to 
extent of potential distribution within geographic regions. b) Proportion of birds with > 10% of individual 
probability surfaces within geographic region.  

Group n CEUR SEUR NAFR WAFR EAFR SAFR

a
Germany 4 55.7 7.0 0.0 0.0 0.0 0.0

a Spain 2 13.4 51.8 63.3 0.0 30.3 19.8a
Senegal 52 0.0 0.0 13.3 56.9 39.3 26.3

b
Germany 100.0 25.0 0.0 0.0 0.0 0.0

b Spain 50.0 100.0 100.0 0.0 100.0 100.0b
Senegal 0.0 0.0 82.7 86.5 100.0 76.9
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Figure A1 Boxplots of δ2H signatures of old feathers for the three genetic clusters.

Figure A2 δ2Hf as a linear function of monthly mean δ2Hp for Baillonʼs Crakes, Spotted Crakes, Black 
Crakes and Water Rails sampled in Germany, Spain and Senegal.
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Figure A3 δ2H-based assignment of feathers of known origin. Likely moulting areas of Baillonʼs 
Crakes caught in a) Europe (summer moult scenario) and b) Senegal (winter moult scenario). The 
colors indicate the proportion of Baillonʼs Crakes that were isotopically consistent with a given cell in 
the isoscape representing the likely moulting site. Assignment is limited to seasonal distribution of the 
species.
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Figure A4 Geographic distribution of assigned sites of moult origin for Baillonʼs Crakesʻ feathers of 
unknown origin grouped into a – b) genetic cluster 1 (n=12), c-d) cluster 2 (n=7) and e-f) cluster 3 
(n=8) for a summer moult scenario (left) and for a winter moult scenario (right). 
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Chapter II: Ecological requirements
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Abstract

Knowledge of a speciesʼ ecological requirements is a prerequisite for effective conservation, 
particularly  if the species is assumed to be declining due to modification of its primary 
habitats. Information about habitat suitability  allows both the inference of specific habitat 
management measures as well as population size estimates which can facilitate the setup of 
conservation priorities. Being one of the least known among the Palaearctic breeding birds, 
the current knowledge of Baillonʼs Crake Zapornia pusilla comprises only  very  general 
information about the speciesʼ ecological requirements, habitat selection, extent and 
dynamics of home ranges or population densities within its Palaearctic-Afrotropical range.
We used a multi-scale approach to assess the speciesʼ habitat requirements in the Senegal 
River Delta, NW-Senegal. On the individualsʼ level, we calculated Manly  selection indices for 
17 radio-tracked Baillonʼs Crakes, allowing for different levels of resource availability. 
Considering the entire Djoudj area including the Parc National des Oiseaux du Djoudj 
(PNOD), we modelled presence probability  as well as population density of the Baillonʼs 
Crakes based on high-resolution satellite images and capture data from field surveys in 2009 
– 2013. 
Using 95%  kernels, home range size was on average 1.77 ± 0.86 ha with significant 
differences between habitats. Both on the individual as well as population level, Baillonʼs 
Crakes preferred edge structures, selecting for trampling paths and edges along open water 
bodies as well as boundaries of specific vegetation stands while species composition was of 
less importance.  
Based on the regression models, we identified 9516 ha of suitable habitat within the Djoudj 
area and a potential population size of 10714 individuals (range 3146 - 17408). Although 
global population estimates are highly  tentative, we assume the Senegal River Delta and the 
PNOD of outstanding significance for African and possibly  also European populations of the 
Baillonʼs Crake.    
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Introduction

Habitat selection is influenced by  a number of proximate and ultimate factors (Block & 
Brennan 1993), including habitat structures, floristics, competition, food availability  and 
predation risk (MacArthur & MacArthur 1961, Southwood 1977, Noon 1981, Muller et al. 
1997). The prevalent definition of habitat selection is the disproportional use of environmental 
conditions to influence survival and ultimate fitness (Block & Brennan 1993), which takes 
place at multiple spatial (and temporal) scales (Johnson 1980, Kotliar & Wiens 1990). 
Landscape-scaled features (macrohabitat) are correlated with the distribution and abundance 
of populations and often describe discrete arrays of e.g. specific vegetation types. Particular 
features of an environment that act as proximal cues to stimulate settling of an individual 
animal constitute its microhabitat which can represent specific habitat patches or individual 
home ranges (Block & Brennan 1993). When investigating habitat selection, it is widely 
recommended to include more than one spatial scale, preferably  within a nested hierarchy 
(Wiens et al. 1987, Kotliar & Wiens 1990) as it can be difficult or impossible to determine in 
advance the most ecologically relevant scale for different environmental variables. 

The current knowledge of Baillonʼs Crakeʼs (Zapornia pusilla) ecology  is very  limited 
comprising only  general information about the speciesʼ ecological requirements and habitat 
selection. Few specific studies exist, which are all of descriptive nature (Noll 1924, Szabo 
1970) and compendia mostly report anecdotic observations or refer to other Palaearctic 
Porzana- and Zapornia-species (e.g. Glutz et al. 1994). Typical habitats include palustrine 
wetlands, freshwater to saline, with dense vegetation such as marshes, floodplains, 
inundated grasslands and irrigated crops (Taylor & Van Perlo 1998). Suitable wetlands are 
often seasonally  and only  shallowly  flooded with water levels ranging from a few cm to a 
depth of 30 cm (Glutz et al. 1994, Taylor & Van Perlo 1998). However,  outside the breeding 
season the species is reported to occur in a wider variety  of habitats with water levels up  to 2 
m (Marchant & Higgins 1993). Vegetation cover is typically  dominated by  relatively  fine-
stemmed sedge and grass species, including Carex sp., Cyperus sp., Eleocharis sp., Juncus 
sp., Scirpus sp. and Phalaris sp. (Szabo 1970, Glutz et al. 1994, Taylor & Van Perlo 1998) 
which form a dense and usually  uniform vegetation cover. Nesting locations are often 
associated with tussocks of e.g. Eleocharis sp. or tall forbs such as Althaea officinalis (Szabo 
1970) and nests consist predominantly  of fresh and soft plant material (Glutz et al. 1994).  
Glutz et al. (1994) described the habitats occasionally  comprising ditches and sparsely 
vegetated shallows and Taylor & Van Perlo (1998) reported that the species normally  forages 
in unvegetated spots. But the significance of edge structures, open water bodies and other 
small-scale features for Baillonʼs Crake habitat has not been investigated yet. Likewise, 
virtually  nothing is known about the extent and dynamics of the speciesʼ home ranges or 
population densities. Taylor (1997) provided the only  estimate for breeding Baillonʼs Crakes 
for a wetland in KwaZulu-Natal, South Africa, while densities in European breeding grounds 
are assumed to be generally  marginal (e.g. Dies & Dies 2003) owing to the small European 
population which comprises only 740 – 3200 breeding pairs (BirdLife 2004). 
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Both across its European as well as African range, the species is considered to be declining 
as a consequence of strong habitat degradation, e.g. the cultivation and drainage of 
ephemeral wetlands (Taylor & Van Perlo 1998, Koshelev  1994). Accordingly, only  a handful 
of observations are reported annually  both for its Palaearctic and Afrotropical breeding 
grounds (e.g. DAK 2010).
All the more remarkable was the discovery  of a potentially  large breeding population of 
Baillonʼs Crakes in the Senegal River Delta, NW-Senegal (Seifert et al. 2012, Seifert & Sidaty 
2013), where the species so far was assumed to winter only  (Roux & Morel 1966). Based on 
capture data from 2007, Flade (2008) presumed the floodplains of the Parc National des 
Oiseaux du Djoudj (PNOD) to accommodate the majority  if not the entire European 
population during the winter months. By now, the areaʼs significance exclusively  as a 
wintering site for European migrants is questionable after the observation of many individuals 
reproducing in the PNOD at that time (Seifert et al. 2012, Seifert et al. in review). However, 
local Baillonʼs Crake abundance may  surpass by  far any  other number estimated for known 
populations, which would stress the relevance of the PNOD and adjacent floodplains as 
important refuge.

Knowledge of a speciesʼ ecological requirements is a prerequisite for effective conservation 
(e.g. Luck 2002), particularly if the species is assumed to be declining due to modification 
and degradation of its habitats. Information about habitat suitability  allows both the inference 
of specific habitat management measures as well as models to estimate potential distribution 
or population sizes (Guisan & Zimmermann 2000) which can facilitate the setup of 
conservation priorities. Accordingly, the aim of this study  was to (1) determine factors that 
influence occurrence of Baillonʼs Crakes both on a macro- as well as microhabitat scale. 
Thereby  we address the question whether structural characteristics of vegetation or plant 
species composition are more relevant for the speciesʼ habitat selection. Furthermore, we 
intend to (2) predict the extent of suitable habitat and (3) estimate the potential maximum 
population size of Baillonʼs Crakes within and in the vicinity  of the PNOD in order to assess 
the regionʼs significance for the species.
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Material & Methods

Study area
Our fieldwork was performed within and north of the PNOD (16°20ʼN, 16°12ʼW), the so-called 
Djoudj area (Figure 1). The study area (in total 41 184 ha) comprises a network of former 
tributaries of the Senegal River, seasonal lakes and shallowly  inundated floodplains which 
are nowadays artificially  flooded during the rainy  season between July  and October (Fall et 
al. 2003). In the course of the subsequent dry  season, the majority  of the area, vast grass 
and sedge marshes, fall dry  successively. The typical vegetation consists of ephemeral salt-
resistant plant species such as Eleocharis mutata, Oryza longistaminata, Scirpus maritimus, 
S. littoralis and Sporobolus robustus. Cattail stands Typha australis prevail at locations with 
stronger influence of freshwater and along the banks of the Senegal River.
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Figure 1 Study area (Djoudj) and location of 23 study sites (1 -5 = Tiguet I – V, 6 = Tiguet East, 
7 = Debi West, 8 = Debi East, 9-12 = Crocodil I – IV, 13 = Diadiam, 14 = Grand Lac North, 
15-19 = Grand Lac I – V, 20 = Gainthe, 21 = Tiguel, 22 = Lac Tantale, 23 = Typha).
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Study sites and capture of Baillon’s Crakes
Baillonʼs Crakes were caught in 23 geographically  separated study sites between December 
and March during our field work periods in the dry  seasons 2009 (n=10), 2009/2010 (n=9) 
and 2013 (n=4) (Figure 1). The catching sites were selected by sampling different vegetation 
types all over the study  area which a) provided enough vegetation cover and b) were 
sufficiently  inundated with water levels varying from 5 - 40 cm. Based on literature on habitat 
requirements (e.g. Szabo 1970, Taylor & Van Perlo 1998) these settings were regarded as 
minimum preconditions for the potential presence of Baillonʻs Crakes. Birds were caught with 
a set of 30 – 40 cage traps (Bub 1995) which were installed in regular intervals of 
approximately  10 m along transect lines within the study  sites. Captured birds were aged into 
adult, juvenile and chick, and common body  measurements as well as respective trap 
coordinates were recorded. 

Telemetry
In total, 23 adult birds with body  mass > 40 g were equipped with 1.3 g light-weighted radio-
transmitters (PIP3 single celled tags, Biotrack Ltd.) in the field seasons 2009 (n=7) and 
2009/2010 (n=15) at the three study  sites Grand Lac (GL), Tiguet (TG) and Debi (DB, only 
one individual in 2009). Transmitters were attached using a leg-loop harness according to 
Haramis & Kearns (2000). Radio-tracking was conducted with a hand-held three-element 
Yagi-antenna connected to a Sika receiver (Biotrack Ltd.). Tagged individuals were recorded 
starting 48 h after capture. Locations of individuals were collected every second (2010) or 
third day (2009) from 7.00 - 14:00 and occasionally  in the afternoons from 16:00 - 19:00. 
Thereby  we tried to obtain relocations for each individual at least three times in the course of 
the day  with approx. 1.5 h between the fixes. Relocations were assessed by  triangulation 
(White & Garrot 1990) using 3 - 5 bearings, and LOCATE (Nams 2010) was used to 
determine Baillonʻs Crakes locations. All azimuths were recorded within five minutes to 
minimize errors due to the animalsʻ  movements. Radio-tracking was performed only  by  N. 
Seifert in both field seasons.

Estimation of home ranges
Only  individuals with > 10 relocations and a tracking period of > 5 days were included in the 
home range estimation. As we detected large movements after capturing the birds, we did 
not consider the location of the respective cage traps in the analyses. Home range 
boundaries were calculated with a fixed kernel estimator (Hooge & Eichenlaub 1997) 
reporting the 95%  kernel density  home range for each Baillonʻs Crake using the R-package 
„adehabitatHR” (Calenge 2006). The smoothing parameter h was estimated via the reference 
bandwith „href“ as the number of relocations was too small for some individuals (< 20) to 
apply  a least squares cross-validation procedure (e.g. Seaman & Powell 1996). In order to 
detect directional shifts in the position of the home ranges, we calculated the centroid for 
each daily  set of relocations per bird and measured the distances and directions between the 
first and last centroid. 

119



Environmental variables

Land cover classes in GL and TG
As nearly  all radio-tracked Baillonʻs Crakes were followed in the two study  sites GL and TG, 
we aimed at generating high resolution vegetation maps for each site to capture small-scale 
features which might be ecologically  relevant for Baillonʻs Crake habitat selection. For this 
purpose, we took aerial photographs during the field season 2009/2010 using a Sutton Flow 
kite (Kite Aerial Photography) which was flown over the sites following transects in N-S (TG) 
or E-W (GL) direction. A 7 megapixel point & shot camera (Canon Powershot G6) combined 
with a 2 GB storage medium was mounted on a Picavet-suspension approx. 50 m 
underneath the kite. Imagery  was obtained in 3072 x 2304 pixel pictures taken at a shooting 
frequency  of one image per minute. The ground resolution of these images depends on the 
flying height of the kite (e.g. 5 cm at a flying height of 130 m above the ground, Becker et al. 
2008). For ground verification, we installed a 30 x 30 m grid of white paper plates with known 
GPS position (4 m accuracy) as ground control points within the sites. These points were 
later used to georectify  and merge the pictures into one imagery  per site using ArcGIS 10.1 
(ESRI 2015). Each site was photographed twice to ensure sufficient overlap of images.    
The georectified imagery  was polygonised and classified by  hand using ArcGIS, defining six 
classes of herbaceous vegetation types dominated by one plant species, nine classes of 
mixed stands, three classes of tree/shrub species as well as other land cover classes such 
as zones with scarce vegetation cover (< 50%), unvegetated soil, open water and trampling 
path (Table 1, Supporting information 2, 3). Two raster maps were obtained with a resolution 
of 0.25 m2 per pixel cell by rasterizing the resulting land cover maps.

Land cover classes Djoudj area
Land cover data for the entire study  area was obtained from the classification of high 
resolution satellite images taken in January  2011 with a resolution of 0.5 m2 (Tegetmeyer et 
al. 2014). The derived order synonym vegetation and land cover map with a resolution of 1 
m2 per pixel cell contained six classes of dominant vegetation (Table 1) and five general 
land-cover classes: woody  vegetation (e.g. Acacia sp., Tamarix senegalensis, Salvadora 
persica), sandy soil, open water, bare soil and cultivated rice paddies.  

120



Variable Description DJOUDJ GL TG
ELE Eleocharis mutata 5.05 1.00 2.70

ORYZA Oryza longistaminata 2.13 - 36.46
SCL Scirpus littoralis 15.01 57.49 -
SCM Scirpus maritimus 8.89 - 17.22
SPORO Sporobolus robustus 3.83 13.92 4.77
TYPHA Typha australis 13.65 1.41 0.05
ELE_ORY Mixed stands E. mutata, O. longistaminata - - 0.89
SCM_ELE Mixed stands S. maritimus, E. mutata - - 13.45
SCM_ORY Mixed stands S. maritimus, O. longistaminata - - 5.84
SPORO_ELE Mixed stands S. robustus, E. mutata - - 0.80
SPORO_SCL Mixed stands S. robustus, S. littoralis - 7.12 -
SPORO_SCM Mixed stands S. robustus, S. maritimus - - 4.35
SPORO_SCM_ELE Mixed stands S. robustus, S. maritimus, E. mutata - - 1.43

TYPH_ELE Mixed stands T. australis, E. mutata - - 0.06
TYPH_SCM Mixed stands T. australis, S. maritimus - - 0.77
ACA Acacia sp. - 0.62 0.24
SALVA Salvadora persica

-
0.08 -

TAMAR Tamarix senegalensis

-

0.91 0.02
WOOD Woody species (Acacia, Salvadora, Tamarix etc.) 12.59 - -

RICE Cultivated rice paddies 6.24 - -
Veg.50 Vegetation cover < 50%. Typically scarse 

vegetation close to open water bodies
- 1.59 4.54

Water Open water 10.34 8.00 4.25
SOIL Open soil 13.79 2.38 -
SAND Sand 8.48 4.64 -
Edge_ELE Edge length of patches of E. mutata 19.84* - -
Edge_ORY Edge length of patches of O. longistaminata 13.54* - -
Edge_SCL Edge length of patches of S. littoralis 47.14* - -
Edge_TYPH Edge length of patches of T. australis 49.56* - -
Edge_Water Edge length of open water bodies - 0.37 0.66
Edge_Path Length of trampling paths - 0.48 1.49

Table 1. Land cover classes of vegetation maps and additional structural habitat parameters for the 
entire Djoudj area (DJOUDJ) and study sites Grand Lac (GL) and Tiguet (TG). Fraction of land cover 
classes given in % of total area. 
* % of 130 x 130 m pixel cells containing edge structures of respective vegetation class.

Habitat selection analyses 
Habitat selection was analysed considering multiple scales, both on a population as well as 
an individual level following Thomas & Taylor (1993) who differentiated between three 
designs which correspond to different levels of selection identified by Wiens (1973). While 
first order selection applies to the level of population and e.g. its geographic range, second 
and third order selection occur on the individualʼs level, either at the scale of local sites or 
plot patterns in territories (second order) or patterns of utilization (third order).   
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Individual level (Design II, III)
For second and third order habitat selection, we compared the use and availability of each 
habitat class by calculating the Manly selection ratio wj

where uj is the proportion of use of the habitat class j and aj is the proportion of availability  of 
this habitat class (Manly  et al. 2002). Habitat selection ratios were significant if their 95% 
confidence intervals did not include 1; values >1 indicated selection while values <1 indicated 
avoidance (Manly et al. 2002). 
Firstly, habitat use was measured for each radio-tracked individual (= 95% kernel density 
home range), but availability  was assumed to be the same for all individuals, considering the 
entire extent of the respective study site (= Design II). Secondly, both use and availability  of 
the habitat classes was measured for each individual, implying that availability  varies from 
one animal to the other (= Design III). Accordingly, for each radio-tracked Baillonʼs Crake, 
available habitat units correspond to the pixel cells of the 0.25 m2 vegetation maps (GL and 
TG) falling inside the limits of the 95% kernels. Used habitat units correspond to the pixel 
cells containing the relocations. To account for the GPS accuracy  of ± 4 m, we extracted all 
pixel cells in a radius of 4 m around each relocation. In total 16 (GL) and 18 (TG) different 
habitat classes (Table 1) as well as edge length of open water bodies and trampling paths 
were considered. 

Population level
For modelling habitat selection on a landscape level in order to assess the extent of suitable 
habitat and infer a potential population size for the Baillonʼs Crake in the study area, we used 
both logistic regression models as well as Poisson models based on capture data of the 23 
study sites (Figure 1). 
We subdivided the trap  transects in each study site into 130 x 130 m blocs corresponding to 
the  mean home range size of 1.77 ha (see Results) and summed up  the number of Baillonʼs 
Crakes captured within the first three days after the installation of the transect. By  this, we 
derived two response variables comprising count and presence/absence data for a total of 
108 trap transect blocs, respectively. 
The values of explanatory  variables were obtained from a 1.77 ha circle (r = 75.06 m) drawn 
around each midpoint of the transect blocs, extracting the sum of pixel cells for each of the 
11 land cover classes of the study  areaʼs vegetation map. In addition, we calculated the edge 
length of patches of different vegetation classes to consider effects of edge structures in our 
models. 
The vegetation map was used to generate a 130 x 130 m raster layer for each of the 
vegetation and land cover classes, every  pixel cell containing the sum of the underlying 1 m2 
pixel cells per class. The resolution of this set of raster layers corresponded to the area 
sampled in each trap transect bloc. 
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To derive the presence probability  of Baillonʼs Crake in a given 130 x 130 raster cell, we used 
logistic regression models with a logit link function, assuming a Bernoulli distribution 
(McCullagh & Nelder 1989) for the response variable. A Poisson model was chosen to 
estimate population density  for a given raster cell. As the 108 trap transect blocs were 
grouped into 23 geographically  separated sites (Figure 1), we had to consider that transect 
blocs within one study  site are more similar to each other than to blocs of other sites. 
Accordingly, we included “site” as a random factor, using generalised linear models (Bolker et 
al. 2009). 
After controlling for collinearity, we included the following explanatory  variables as main 
effects into our global models: ELE, ORZYA, SCL, SCM, SPORO, TYPHA, Water and 
WOOD as well as Edge_ELE, Edge_ORY, Edge_SCL and Edge_TYPH (Table 1). All 
numerical variables were centred and standardised. Model assumptions were tested by 
graphical analysis of residuals. We used a stepwise backward selection to choose the best 
model using Akaikeʼs information criterion corrected for small sample size (AICc, Burnham & 
Anderson 2002; Supporting Information 1). To assess the predictive performance of the best 
models, we performed cross-validation, allocating the data into cross-validation groups 
corresponding to the 23 separate study  sites. The models were fitted using 22 of our 23 sites 
and the predictive power was tested using the remaining site. The cross-validation score was 
calculated as the sum of the squared differences between cross-validated predictions and 
our observation data. The model predictions were graphically  compared with the probability 
of presence (logistic model) and the number of the individuals of the count data (Poisson 
model), respectively.

Predicting the extent of suitable habitat and population size
The best (final) models were used to predict the presence probability  (logistic model) and 
density  of Baillonʼs Crake (Poisson model) for each 100 x 100 raster cell. We calculated the 
potential population size as well as the lower and upper limit of the 95% credible interval (CI) 
by  summing up all predicted density  values. The area of potentially suitable habitat was 
determined by calculating the sum of all raster cells with a presence probability of > 0.5.   
All spatial data were handled in ArcGIS 10.1 and 10.2 and the R-packages „raster“ (Hijmans 
et al. 2014) and „maptools“ (Bivand et al. 2014). GLMMs were fitted using the glmer function 
from the “lme4” package (Bates et al. 2014). 
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Results

Home ranges
Mean home range size was 1.77 ± 0.86 ha (minimum HR: 0.48 ha, maximum HR: 3.41 ha, 
Table 2, Supporting information 2, 3). We found no significant effect of number of fixes or 
tracking days on home range size (n fixes: F1,16 =2.71, p=0.11, n days: F1,16 =2.39, p=0.14). 
Home ranges were significantly  larger in GL (Wilcoxon-test, W=59.5, p=0.008) with a mean 
of 2.42 ha compared to 1.28 ha in TG. It should be noted that, generally, some individuals in 
GL could be tracked over long periods (Table 2) though we did not find number of fixes or 
tracking days significantly  different at the two study  sites (Wilcoxon-test, n fixes: W=44.5, 
p=0.12; n days: W=39, p=0.35).

Table 2 Key data of Baillonʼs Crakes radio-tracked during the field seasons 2009 and 2009-2010 in 
three sites (DB = Debi, GL = Grand Lac, TG = Tiguet) within and in the vicinity of the PNOD, Senegal. 
Home range size is estimated by 95% fixed kernels.  

ID Site Fixes Tracked 
Days

Period of observation Distance 
Trap-1st 

fix

Home
range 
(ha)

Distance
1st and last 

fix

Direction 
(°)

150312B DB 41 25 03.03.-27.02.2009 526 2.78 153 90
150063 GL 79 50 24.12.2009-29.01.2010 141 2.33 265 238
150152 GL 21 12 23.12.2009-10.01.2010 96 1.91 87 256
150154 GL 62 17 23.02.-11.03.2009 288 1.74 137 202
150277 GL 31 24 24.12.2009-17.01.2010 115 1.85 61 135
150294 GL 5 3 04.02.-06.02.210 138
150354 GL 34 11 13.01.-24.01.2009 315 3.41 331 236
150388 GL 12 7 14.01.-21.01.2010 49 3.29 139 236
150007 TG 18 7 14.01.-20.01.2010 NA 0.48 49 183
150075 TG 25 13 30.12.2009-11.01.2010 30 0.79 270 207
150088 TG 3 3 29.01.-01.02.2010 NA
150113 TG 20 12 31.12.2009-11.01.2010 148 1.75 100 102
150180 TG 44 35 29.12.2009- 02.02.2010 67 1.74 45 152
150206 TG 12 13 16.01.-28.01.2010 269 0.85 26 308
150218 TG 4 1 28.12.2009 151
150260 TG 21 13 17.01.-29.01.2009 133 1.76 184 187
150281 TG 12 6 21.01.-27.01.2009 101 0.58 148 181
150312 TG 13 8 22.01.-29.01.2009 190 0.85 157 171
150339 TG 25 16 19.01.-04.02.2010 194 1.79 16 310
150371 TG 12 3 23.01.-25.01.2009 377 53 83
150416 TG 26 15 20.01.-04.02.2010 6.6 2.22 38 160
150429 TG 9 5 17.01.-21.01.2010 210
150460 TG 7 8 31.12.2009-07.01.2010 489
n=23 mean 23.30 13.35 192.08 1.77    
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Individuals moved between initial 
capture and first relocation on 
average 192.08 ± 121.45 m (e.g. Fig. 
2), while later movements between 
consecutive daily  centroids during 
the tracking period were shorter with 
a mean of 35.68 ± 12.49 m. Only  for 
three birds detected distances 
between capture and first relocation 
corresponded to the mean daily 
movement (Table 2).  
Both in GL as well as in TG a 
tendency  was observable that 
centroids of daily  relocations shifted 
towards South (Fig. 3). Eighty  percent 
of birds radio-tracked at GL showed a 
south-westerly  movement, while 
directions in TG were less distinct 
with 63% southerly, but as well 
easterly  and north-westerly directions 
(18% each). Considering only  birds 
for which movements were >130 m 
(corresponding to edge length of 
mean home range size), movements 
were consistently  oriented towards 
South and South-West (Fig. 2, Fig. 3).  

Habitat selection
Individual level
Comparing the composition of land 
cover classes within the 17 home 
ranges with the study  sitesʼ overall 
composition (Design II), structures 
such as trampling paths and edges 
along open water bodies were used 

more than expected based on their availability  both in GL and TG (Figs 4a, b, 5a, b). 
Homogeneous stands of E. mutata were significantly  selected by birds radio-tracked in GL, 
while Baillonʼs Crakes in TG tended to prefer O. longistaminata. Stand of S. littoralis  were 
avoided at GL despite the speciesʼ clear dominance at the study  site. Whereas shrubs and 
trees were significantly  avoided at GL, home ranges of three birds at TG comprised single 
Acacia trees (Fig. 4b). In general, the 
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Figure 3 Directional shifts in home ranges (first and last 
centroid of daily relocations). Dark-grey = GL, light-grey = 
TG. Solid lines = movements > 130 m, dashed lines = 
movements < 130 m.
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Figure 2 Individual trajectory for radio-tracked bird ID 
150154. Blue triangle: position of the trap. Red inverted 
triangle: last relocation. Lines connect consecutive 
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wide confidence intervals of most of the estimates yielded high individual variability  in 
selection of the respective land cover classes.     
Considering both use and availability of habitat parameters for each radio-tracked Baillonʼs 
Crake individually  (Design III) by comparing composition of land cover classes at the birdʼs 
relocations with the overall composition within its respective 95% Kernel, only  the global 
Manly  selection ratio for Edge_water proved to be significantly  positive for GL (Fig. 4c). 
Overall, selection was highly  variable across the radio-tracked individuals identifying no 
general preference for specific habitat parameters (Figs 4d, 5d).  

Population level 
The best models included four (logistic model) and five habitat variables (Poisson model), 
respectively  (Table 3a, b, Supporting Information 1). Thereby, edge structure of T. australis 
and O. longistaminata as well as S. littoralis stands affected probability of presence of 
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Figure 4 a & c) Global and b& d) individual Manly selection ratios (±CI) for Design II (a, b) and 
Design III (c,d) for six Baillonʼs Crakes radio-tracked at study site GL. Ratios are significant if their 
95% confidence intervals do not include 1; values >1 indicate selection, values <1 indicate 
avoidance. 
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Baillonʼs Crakes positively, while it was negatively correlated to the occurrence of 
monotonous stands of T. australis (Table 3a).  Density  of Baillonʼs Crakes was positively 
affected by  edge structures of E. mutata and O. longistaminata. However, densities 
decreased when area of E. mutata, T. australis and S. maritimus increased (Table 3b).
The cross-validation scores of the best models were 0.233 and 2.595 (logistic, Poisson), 
respectively. Cross-validated model prediction versus presence probability  (Fig. 6a) and 
captures (Fig. 6b) revealed that both models could be used for relatively  reliable predictions 
of presence/densities in comparable habitats. 

127

Figure 5 a & c) Global and b & d) individual Manly selection ratios (±CI) for Design II (a, b) and 
Design III (c,d) for eleven Baillonʼs Crakes radio-tracked at study site TG. Ratios are significant if 
their 95% confidence intervals do not include 1; values >1 indicate selection, values <1 indicate 
avoidance. 
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Habitat suitability and population size estimate
We applied the logistic model to the land-cover raster data set obtained from the satellite 
picture (Tegetmeyer et al. 2014) and derived a map of probability  of presence for Baillonʼs 
Crakes in the Djoudj area (Fig. 7). By  using presence probability  as a proxy of habitat 
suitability, the predicted area of potential Baillonʼs Crake habitat with a probability  > 0.5 sums 
up to 9516 ha (95% CI: 3138 ha - 19166 ha). 
Applying the Poisson model on the land-cover raster data set and summing up predicted 
numbers of individuals of each raster cell, we obtained a potential population size of 10714 
Baillonʼs Crakes in the study  area. The 95%  credible interval ranged from 3146 to 17408 
individuals.

Figure 6 Cross-validated model predictions versus probability of presence (a) and captures (b). Grey 
dots indicate grouped mean values (and 95% credible interval). The black line indicates perfect fit. 
Mean values below the line indicate underestimation of presence probability/densities while values 
above the line show overestimation by the models.
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Table 3 Standardized effect sizes (± SE) of the best models (logistic, Poisson).

a) Binomial model Estimate SE z value Pr(>|z|)
Intercept -0.3047 0.2719 -1.121 0.262
SCL.sc 0.4603 0.3188 1.444 0.148
TYPHA.sc -1.7378 0.8946 -1.942 0.052
EdgeORY.sc 0.7469 0.3484 2.144 0.032
EdgeTYPH.sc 1.1724 0.8089 1.45 0.147

b) Poisson model Estimate SE z value Pr(>|z|)
Intercept -0.467 0.1809 -2.582 0.009
ELEO.sc -0.7758 0.2936 -2.642 0.008
TYPHA.sc -0.6442 0.2428 -2.653 0.007
SCM.sc -0.4453 0.1628 -2.735 0.006
EdgeELE.sc 0.6416 0.2381 2.695 0.007
EdgeORY.sc 0.4025 0.1176 3.423 0.0006



Discussion

Home ranges
The extent of a home range might be governed by  a multitude of different factors. 
Differences of home range sizes can be attributed to sex (Legare & Eddleman 2001), age 
(Krüger et al. 2014) or body  conditions (e.g. Harestad & Bunnel 1979). Home range size 
often negatively  correlates with resource abundance (Village 1982, Glenn et al. 2004), 
leading to strong variation between habitat types (Conway  et al. 1993, Rush et al. 2010). 
Furthermore, territories in the breeding season are often smaller than those established 
during the non-breeding season, as e.g. in the case of Clapper Rails Rallus longirostris which 
expand their home ranges from a median of 0.28 ha to km2 level after breeding (Eddleman & 
Conway 1998, Cumbee et al. 2008). 
With a mean size of 1.77 ha, the home range estimates for the Baillonʼs Crake in the 
Senegal River delta are in the range of home range sizes inferred from radio-tracking 
reported for other small rallid species such as the Black Rail Laterallus jamaicensis (0.51 – 
3.1 ha, Legare & Eddleman 2001), Yellow Rail Coturnicops noveboracensis (1.2 ha, 
Bookhout & Stenzel 1987) and Spotted Crake Porzana porzana (median 1.32 ha, Schäffer 
1999). We found the variability  in home range size to be rather low compared to other 
studies (e.g. Spotted Crake 0.44 – 55.46 ha, Schäffer 1999; King Rail Rallus elegans  0.8 – 
32.8 ha, Pickens & King 2013). However, considering the short range of our transmitters of 
approximately  1000 m, we might have missed longer movements of birds which would have 
increased home range sizes. Dispersal-like movements following the breeding season are 
generally  poorly  investigated in rallids but observed for Virginia Rails Rallus limicola and 
Soras Porzana carolina (Johnson & Dinsmore 1985) of which some individuals were found to 
start moving distances > 500 m when chicks became independent. We can only speculate 
whether the abrupt loss of signals of four birds in GL and two birds in TG despite “favourable” 
water levels (in the field season 2009/2010, Seifert N. unpubl. data) can be interpreted as 
such short-range dispersal movements. Rapidly  decreasing water levels of 0.5 cm*day-1 in 
the course of the season (Seifert et al. 2015a) might have been a reason for birds to leave 
the study sites as hypothesized for four birds in TG (2009/2010) where home ranges were 
dry  when the birdsʼ signal was lost. Other birds seemed to shift their home ranges slightly 
towards zones which were still inundated as indicated by  southward (TG) and south-
westward (GL) movements which corresponded to the respective relief in GL and TG (Franke 
2013, Seifert, N. unpubl. data). 
In general, interpretation of our data is complicated by the mostly  unclear reproductive status 
of the radio-tracked birds. The breeding season in the Senegal River Delta starts in October 
and may last until January/March, depending on water levels in the PNOD and its vicinity 
(Seifert et al. 2012). Accordingly, within the period between December – March, some birds 
might still be breeding while others have already  completed reproduction. Furthermore, some 
Baillonʼs Crakes might as well stem from distant breeding areas and use the Senegal River 
Delta rather as wintering than as a breeding site (Seifert et al. 2015b). Accordingly, our data 
does not allow an explicit statement about the size of Baillonʼs Crakesʼ breeding home 
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ranges but rather give an approximation possibly  comprising breeding, post-breeding and 
potentially  wintering home ranges. Certainly, longer observation periods would help e.g. to 
delineate possible core areas (frequently  visited spots within the home range) and thus the 
deduction of the birdsʼ status. 
Consistent for almost all radio-tracked individuals was the observation of longer distances 
between the location of capture and the first relocations after 48 h. Based on a very low 
recapture probability observed during our field seasons in the Senegal River Delta (total 
number of captured Baillonʼs Crakes 2007 – 2013: 337 individuals, thereof recaptures within 
the same field season: in total 15 individuals) and for other crake species in the Peene River 
valley  (Eilers, A., Herold, B., Seifert, N. unpubl. data), we hypothesize that Baillonʼs Crakes 
respond rather sensitively on disturbances such as capture. Beside the possibility  that birds 
become trap-shy  our data suggests that intrusions can lead to evasive movements, forcing 
the birds to abandon former and establish new home ranges. This behaviour should be taken 
into consideration for the design of studies investigating e.g. densities of rail species based 
on capture-recapture data.  

Habitat selection 
On the population level, our regression models confirmed that the occurrence of Baillonʼs 
Crakes in the floodplains of the Senegal River delta is positively  correlated to rather low and 
dense vegetation types such as S. littoralis while tall and rough-textured stands such as T. 
australis have an explicit negative effect both on abundance as well as presence probability. 
This finding is in accordance with previous observations of Baillonʼs Crakes in European 
breeding grounds selecting for fine-stemmed vegetation and avoiding extensive reed-beds 
and cattail stands (Noll 1924, Szabó 1970). Furthermore, Baillonʼs Crakes were generally 
less abundant in vegetation dominated by  species which do not provide adequate cover such 
as E. mutata and S. maritimus. While monospecific stands of E. mutata can form 
impenetrable and flat layers when plants collapse due to wind and decreasing water levels, 
S. maritimus grows more scattered, forming often loose stands with poor cover, especially  in 
lower depressions with high water levels (Tegetmeyer et al. 2014, Seifert, N., unpubl. data).  
Variables expressing heterogeneity in vegetation composition were included both in the 
logistic as well as Poisson model, revealing increasing presence probability  and abundances 
with increasing edge length of patches of O. longistaminata as well as E. mutata and T. 
australis, respectively. All selected vegetation types have in common that transition between 
different specific patches is quite distinct. O. longistaminata often forms monospecific and 
very  dense stands with its leaves forming a continuous overhead cover, resulting in well-
defined edges at the transition to other bordering stands. The same effect is observed for 
small patches of E. mutata, especially  when collapsed, while stands of T. australis 
interspersed into bulrush- and grass-dominated habitats indicate areas of rather sparse 
vegetation with high proportion of open water and thus also distinct edge structures. The 
importance of edge structures in Baillonʼs Crakesʼ habitat selection was also reflected on the 
individual level, manifested in second order habitat selection by selective use of the land 
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cover classes “path” and edge length of water bodies by  radio-tracked birds in the study  sites 
GL and TG. 
Preferences for edges have been identified in several habitat selection studies of bird 
species inhabiting comparable habitats such as Aquatic Warbler Acrocephalus paludicola 
(Tanneberger 2008), Reed Warbler A. scirpaeus, Marsh Warbler A. palustris and Sedge 
Warbler A. schoenobaenus (Surmacki 2005). Likewise, the composition of home ranges of 
King Rails revealed selection of microhabitat based on distance to open water and plant 
species richness (Pickens & King 2013) and studies of foraging behaviour of Clapper Rails 
indicated extensive use of emergent marsh edges (Clark & Lewis 1983, Zembal & Fancher 
1988, Rush et al. 2010). Most studies explain this pattern with a better food supply, as 
structural as well as micro-climatic conditions near edges are more favourable for many 
invertebrates (Voigts 1976, Kaminski & Prince 1981) with e.g. dipterans being blown over the 
lower area and stopped in front of higher vegetation stands, while Odonata may  use such 
boundaries for spatial guidance (Baldi & Kisbenedek 1999). Rehm & Baldassarre (2007) 
found especially  the interface between vegetation and open water an important parameter 
explaining abundance of several marsh bird species such as Sora, Virginia Rail as well as 
American Bittern Botaurus lentiginosus and Least Bittern Ixobrychus exilis. In contrast to the 
aforementioned studies, the authors rather consider the reduction of intraspecific competition 
due to visual isolation of territorial birds by  a spatially  complex pattern of interspersed 
vegetation and water as the main reason promoting increased breeding densities.
In the two study  sites GL and TG, invertebrate abundances especially  of Brachycera, 
Coleoptera and Saltatoria were found to be significantly  higher at vegetation edges (Seifert et 
al. in press). Accordingly, it seems likely  that food availability  is an important factor for 
Baillonʼs Crakes leading to disproportional use of edge structures. It can also be speculated 
whether the smaller home range sizes found for TG are a response to higher heterogeneity 
(plant species richness, edge structures) of the study site, potentially providing higher food 
supplies. This would be comparable to Pickens & King (2013) who found home ranges of 
Clapper Rails being smaller and movements significantly  shorter when 95% kernels 
contained greater amounts of small, interspersed water bodies. However, based on our 
rather small sample size and the unclear reproductive status of radio-tracked birds, other 
underlying factors such as reduced intra-specific competition could not be investigated in this 
study and therefore cannot be excluded here.   
Interestingly, in second order habitat selection, only  E. mutata stands in GL were significantly 
selected among vegetation types by  radio-tracked birds. Beside those patches providing 
invertebrate-rich edge structures, the plant fraction of Baillonʼs Crakesʼ diet was found to 
consist almost exclusively  of seeds of E. mutata (Seifert et al. in press), indicating that these 
plant species also provide an important component for the speciesʼ diet. Furthermore, fresh 
stalks of the plants may  provide suitable nesting material as the majority  of nests in GL was 
found in small patches of E. mutata (Seifert, N., unpubl. data). As most individuals did not 
clearly  select any  other vegetation type, we hypothesize that in second order selection 
representing the home ranges, structural characteristics of vegetation are generally  more 
important for Baillonʼs Crake habitat selection than plant species composition. 
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Third order habitat selection revealed rather low selection levels with only  relocations of 
individuals at GL being disproportionally  more associated to edges along water bodies. Apart 
from this, individual ratios showed on the one hand strong differences in selectivity  between 
animals, resulting in wide confidence intervals and non-significant global selection ratios. On 
the other hand, ratios were distributed close to 1, indicating little differences in individual use 
and resource availability  within the home ranges. Several explanations may  account for this 
apparent lack of (consistent) selectivity. Firstly, in hierarchical selection analyses there may 
well be levels already  too high to detect differences in usage and availability  as major 
selection has already  been made on a lower level (Johnson 1980, Thomas & Taylor 1990). 
Accordingly, the smallest scale in selection considered in this study might be below  the 
smallest scale at which Baillonʼs Crakes (in our study  design) perceive and respond to 
habitat structure (Kotliar & Wiens 1990). Secondly, however, due to the rather low number of 
relocations obtained for most of the radio-tracked birds, we were not able to delineate core 
areas which could have revealed stronger patterns of selectivity  within the home ranges by 
identifying and weighing repeated usage of certain habitat structures.  
Furthermore, owing to its strong seasonal dynamics water level was not considered in our 
analyses, although this parameter is most probably  of major importance and influences all 
levels of habitat selection of Baillonʼs Crakes. Especially  for TG, were some areas of the 
study  site fell dry in the course of the season, birds were forced to constrict their 
whereabouts to remaining patches which were still water-logged. Thus, availability of some 
habitat structures may  have been more restricted than we were able to account for in our 
study design. 

Habitat suitability and population size estimate
Based on our models, we predicted the extent of suitable habitat in the Djoudj area to 
comprise 9516 ha (95% CI 3138 – 19166 ha). However, these numbers should rather be 
interpreted as a potential maximum extent, as water level could not be included in our 
models. In practice, water levels in the floodplains decrease from approximately  mid-
November on (Schwöppe et al. 1991), after the closure of sluices usually  around mid-
October (Diop ,I., pers. comm.). Thus, with a mean evaporation rate of 0.5 cm*day  -1, the 
effective size of suitable area diminishes in the course of the dry season until almost all 
shallowly  inundated sites are dry  by March (Seifert, N., Tegetmeyer, C., pers. obs.). However, 
the gradual reduction of habitat size may  not be linear as Baillonʼs Crakes seem to prefer 
intermediate water levels with a maximum of 30 cm (Taylor & Van Perlo 1998, Franke 2013, 
Seifert, N., unpubl. data) and some formerly  deeply  flooded sites in the centre of the National 
Park may become suitable rather late during the season while others are already  completely 
dry by then. 
Our population density model predicted a population size of 10714 Baillonʼs Crakes (95% CI 
3146 – 17408) within the study area. Referring to the potential extent of suitable habitat, this 
would result in a density  of 0.90 - 1.12 birds*ha-1 which is of the same magnitude as our 
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Figure 7 Prediction of presence probability of the Baillonʼs Crake within the Djoudj area.  

home range size estimates with a mean of 1.77 ha suggests: Assuming that one home range 
comprises one breeding pair and does not overlap substantially  with home ranges nearby, 
densities would constitute 1.12 birds*ha-1. Abundance data for Baillonʼs Crakes both in 
breeding as well as non-breeding habitats are scarce with only Taylor (1997, unpubl. data in 
Taylor & Van Perlo 1998) reporting a minimum of 2 birds*ha-1 in a breeding site in South 
Africa and densities of 4 birds*ha-1 for non-breeding birds in Kenya. A sole observation of 41 
birds*ha-1 indicates that the species can potentially  occur in very  high densities, at least 
outside the breeding season (Taylor & Van Perlo 1998). Against this background our 
estimates seem to be rather low. However, data from study  sites where birds were repeatedly 
captured during the field season indicate that densities vary clearly  between sites and years 
(Seifert, N. unpubl. data). Thus, Baillonʼs Crakes are most probably  not homogeneously 
distributed throughout the habitats in the Djoudj area. Furthermore, decreasing water levels 
may force the birds to gather in sites which are still inundated, leading to potentially 
increasing densities towards the end of the season.   
In general, comparison of abundance data of rallid species might be futile as numbers often 
are reported to be highly  variable. The population of Spotted Crakes in Biebrza Valley  can 
differ by  90% (Schäffer 1994) between years. Jenkins et al. (1995) estimated the population 
density  of Water Rails Rallus aquaticus to sum up to 14 birds*ha-1 while Brambilla & Rubolini 
(2004) inferred breeding densities of 1.85 birds*ha-1. As the controlling factor governing 
abundances of crakes is often specified to be water level (e.g. Schäffer 1999, Koshelev 
1994, Pickens & King 2013), we assume that the size of the Baillonʼs Crakes population in 
the Djoudj area may  also vary  substantially between years owing to inter-annual differences 
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in water regime, governed by  factors such as meteorological conditions as well as the 
hydrological management of the PNOD. 

Significance of the Djoudj area 
Owing to the speciesʼ secretive behaviour and erratic occurrence, population estimates for 
the Baillonʼs Crake have to be considered as highly  tentative and certainly  erroneous. The 
official projection by  BirdLife International (2015) assumes a global population size of 8700 – 
25000 mature individuals, while some national population estimates include already  up to 
100.000 breeding pairs (e.g. China, Brazil 2009). Accordingly, based on these strong 
uncertainties it is impossible to infer the proportion of the global population for which the 
Djoudj area might serve as habitat. However, with a potential of 9500 ha of suitable wetlands, 
the PNOD, its buffer zone and surrounding floodplains might be of outstanding importance 
for African and possibly  also European populations of the Baillonʼs Crake. Although 
connectivity  between European breeding sites and the Senegal River Delta still has not been 
fully  understood, Seifert et al. (2015) suggested that the Djoudj area could possibly  be 
regarded as a source, playing an important role for the maintenance of the declining 
breeding population(s) in Europe. 
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Supporting information

Supporting Information 1 Summary of models for a) predicting presence probability  and b) 
density  of Baillonʼs Crakes. We present intermediate steps in backward model selection 
based on Akaikeʼs information criterion corrected for small sample sizes (AICc).

Supporting information 2 Fixed kernel 95% home ranges of six Baillonʼs Crakes radio-
tracked at study  site Grand Lac. Home range of individual 150063 consists of two separated 
polygons (dashed line). Vegetation map based on aerial photos taken from December 2009 –
February 2010. Attached in Appendix 4

Supporting information 3 Fixed kernel 95% home ranges of ten Baillonʼs Crakes radio-
tracked at study  site Tiguet. Vegetation map based on aerial photos taken from December 
2009 – February 2010. Attached in Appendix 5
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First breeding record of Baillon’s Crake for Mauritania: Seifert & Ould Sidaty Bull ABC Vol 20 No 1 (2013) – 67 

B aillon’s Crake Porzana pusilla is a widespread 
species with breeding populations in the 

Palearctic, eastern and southern Africa, and the 
Oriental and Australasian regions (Cramp & 
Simmons 1980, Taylor 1996). Little is known 
about its status and ecology owing to the bird’s 
secretive behaviour. Estimates of European 
populations are therefore highly tentative (Koshelev 
2004) and abundance data are hardly available for 
Africa (Taylor & van Perlo 1998). European 
Baillon’s Crakes are considered migratory. Winter 
quarters are assumed to be situated along the 

Mediterranean, but several records of presumed 
Palearctic migrants during spring and autumn in 
desert oases indicate trans-Saharan movements 
(e.g. Algeria: Isenmann et al. 2000; Libya: 
Moltoni 1928; North Sudan: Nikolaus 1981). 
Furthermore, sporadic observations in Senegal 
and Somalia during autumn and winter support 
the hypothesis of wintering sites south of the 
Sahara, as have been reported for two other 
Palearctic crake species, Spotted P. porzana and 
Little Crakes P. parva (Archer & Godman 1937, 
Roux & Morel 1964, Cramp & Simmons 1980). 
For Mauritania, the species was assumed to occur 
based on records on the Senegalese side of the 
Senegal Delta (Lamarche 1988).

An expedition by the BirdLife International 
Aquatic Warbler Conservation Team (AWCT) 
found a considerable number of Baillon’s Crakes 
within Djoudj National Park and its vicinity, 
north-west Senegal, in the winter of 2007 
(Salewski et al. 2009). Following this discovery, 
the status and size of this newly discovered 
population is being investigated, as part of a Ph.D. 
project under the auspices of the Ornithological 
Station ‘Hiddensee’, Germany.

In spring 2009, breeding of Baillon’s Crake in 
Senegal (in Djoudj National Park) and the Gambia 
(in a wetland near Pakali Ba) was established for 
the first time (Seifert et al. 2012). Given the 
proximity of similar habitats in Diawling National 
Park, on the east side of the Senegal River in 
southern Mauritania, it was suspected that the 
species might breed there too. 

Material and Methods
During an AWCT expedition on 23–27 January 
2010, birds were trapped at two sites within 
Diawling National Park (Fig. 1): the Bassin du 

First breeding record of Baillon’s Crake Porzana pusilla for 
Mauritania, in Diawling National Park

Nina Seiferta and Zein El Abidine Ould Sidatyb

Première preuve de nidification de la Marouette de Baillon Porzana pusilla en Mauritanie, dans le 
Parc National du Diawling. Un poussin de la Marouette de Baillon Porzana pusilla a été capturé dans un 
marais peu profond de Sporobolus / Scirpus du Parc National du Diawling, au sud-ouest de la Mauritanie, le 
24 janvier 2010. Comme l’oiseau était agé d’environ 20–25 jours, l’éclosion a dû se produire début janvier 
2010. Ceci est la première preuve de nidification de l’espèce pour le pays. La nidification de cette marouette 
en Afrique de l’Ouest n’a été prouvée qu’en 2009, au nord-ouest du Sénégal et en Gambie.

Figure 1. Location of Diawling National Park in the 
Senegal Delta, south-west Mauritania. Numbers indicate 
the catching sites: 1) Bassin du Bell and 2) Bassin du 
Tianbrank.
Carte de la région indiquant le Parc National du 
Diawling, delta du Senegal, sud-ouest de la Mauritanie. 
Les numéros indiquent les sites de capture : 1) Bassin du 
Bell et 2) Bassin du Tianbrank. 
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Bell (16°22’48.2”N 16°20‘30.4”W) and the Bassin 
du Tianbrank (16°28‘12.5”N 16° 21’18.1”W). 
Ten fall traps (Bub 1995) were installed along 
a transect line and the shoreline of small ponds 
interspersed within the Scirpus maritimus / S. 
littoralis marshes. Trapping was undertaken from 
sunrise to midday (07.00–14.00 hrs).

Results and Discussion
We caught one Baillon’s Crake chick in the Bassin 
du Bell on 24 January. Another bird of unknown 
age was flushed close to Mirador Tichilitt, on 
the shoreline of the Bassin du Tianbrank, on 27 
January. The chick was estimated to be 20–25 
days old (e.g. remains of black downy feathers still 
visible, bill pale yellow with blackish base, and 
initiating primary growth; Cramp & Simmons 
1980, Taylor & van Perlo 1998, Seifert et al. 
2012) and thus probably hatched in early January 
(Figs. 2–3). 

This is the first proven breeding record of 
Baillon’s Crake for Mauritania (Isenmann et 
al. 2010). (Although Isenmann et al. (2010) 
mention, in French, that ‘poussins’ (plural) were 
found in January 2010, there was only a single 
chick.)

Baillon’s Crakes are confined to wetland 
habitats with dense vegetation and rather shallow 
water levels (Szabó 1975, Taylor & van Perlo 
1998). The vast Scirpus maritimus / Sporobolus 
areas in the Basin du Bell and extensive S. 
maritimus stands on the southern shore of the 
Diawling constitute optimal habitats for the 
species. At the time of the AWCT expedition, 
most of the water within the park had evaporated, 
substantially diminishing the extent of suitable 
habitat. We therefore expect that Baillon’s Crake 
occurs at a higher density earlier in the season 
when water levels are higher and the marshes 
inundated. The Baillon’s Crake chick caught in 
the Bassin du Bell was unable to fly and thus leave 
the area, as the adults probably did when the site 
became dry some weeks previously. Water levels 
in the park usually peak around 15 October when 
the sluices are closed, after being open from the 
onset of the wet season in July. Vegetation reaches 
its maximum extent in late September / October 
(I. Ndaye pers. comm.). The breeding period 
of Baillon’s Crake may therefore commence in 
early autumn. A Baillon’s Crake caught on 24 
December 2009 near the ‘Ouvrage du Bell’ (J. 

Foucher pers. comm.) and identified as a subadult 
was probably from a first brood. However, it 
cannot be excluded that this bird might have 
come from a late brood in, e.g. Spain, and 
was overwintering in Mauritania, as nothing is 
known concerning the timing of moult in juvenile 
Baillon’s Crakes. Otherwise, the chick caught 
during our expedition must have originated from 
a later brood, begun in late November / early 
December within the national park. 

Figure 2. Baillon’s Crake Porzana pusilla chick, Bassin 
du Bell, Diawling National Park, Mauritania, 24 January 
2010 (V. Salewski)
Poussin de la Marouette de Baillon Porzana pusilla, 
Bassin du Bell, Parc National du Diawling, Mauritanie, 
24 janvier 2010 (V. Salewski) 

Figure 3. Wing of Baillon’s Crake Porzana pusilla 
chick showing visible primary growth, Bassin du Bell, 
Diawling National Park, Mauritania, 24 January 2010 
(V. Salewski) 
L’aile du poussin de la Marouette de Baillon Porzana 
pusilla montrant les rémiges primaires encore en mue, 
Bassin du Bell, Parc National du Diawling, Mauritanie, 
24 janvier 2010 (V. Salewski)
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The results of trapping in Djoudj National 
Park, Senegal, in spring 2009 and 2010 suggest 
a similarly timed breeding period (Seifert et al. 
2012). As the vast Scirpus / Sporobolus marshes 
on the western and eastern sides of the Senegal 
River belong to the same system, Baillon’s Crakes 
recorded on the Mauritanian and Senegalese sides 
can be considered a single population. Hence, 
conservation activities such as water management 
in both national parks, Diawling and Djoudj, 
should be coordinated.
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