
Nature conservation
with large herbivores in

a restored riparian environment

Inauguraldissertation
zur

Erlangung der Würde eines Doktors der Philosophie vorgelegt der
Philosophisch-Naturwissenschaftlichen Fakultät

der Universität Basel

von
Lilla Lovász

Basel, 2022

Originaldokument gespeichert auf dem Dokumentenserver der Universität Basel

edoc.unibas.ch



Genehmigt von der Philosophisch-Naturwissenschaftlichen Fakultät auf Antrag von

Prof. Dr. Valentin Amrhein
Prof. Dr. Walter Salzburger
Prof. Dr. Amos Bouskila

Basel, den 21.06.2022

Prof. Dr. Marcel Mayor
Dekan







5

Contents

Acknowledgements

Abstract / Résumé / Zuzammenfassung

Introduction
1. Context and Outline 
2. Historical background of the ecosystem restoration 
on the Rhine Island 
3. Maintaining the restored ecosystem 
4. Figures and photos 

Chapter 1
Konik horse introduction to the Rhine Island, Réserve Naturelle Nation-
al Petite Camargue Alsacienne – Technical proposition for the manage-
ment of the Petite Camargue Alsacienne 

Introduction des chevaux Konik à l'Ile du Rhin, Réserve Naturelle Natio-
nale de la Petite Camargue Alsacienne – Proposition technique pour la 
gestion de la réserve naturelle [In French]

Chapter 2
Grazer density and songbird counts in a restored conservation area 

Chapter 3
Effects of grazer density, season and habitat on bird guilds in a  
restored conservation area 

Chapter 4
Konik, Tarpan, European wild horse: An origin story with conservation 
implications 

Discussion 

Appendix – Public outreach
The Hitchhiker’s Guide to the Anthropocene – Controversies and  
paradoxes about nature conservation in Europe

Curriculum vitae 

7

9

15

41

59

81

103

135

155

161

175





7

I would like to thank Valentin Amrhein for giving me the opportunity to work and live in 
the Petite Camargue, for his support whenever needed while also giving me freedom to 
realize my own ideas. Special thanks for the inspiring discussions and for his meticulous 
corrections and improvements of my manuscripts which have already led and will 
hopefully lead to many publications in the future. I also warmly thank to Heinz Durrer for 
giving support and trust from the very point of my arrival to the Petite Camargue.

I am thankful to Walter Salzburger for his support as a co-supervisor and to Amos 
Bouskila for accepting to be part of my PhD committee; and for their interest in my PhD topic.

I am grateful for Fränzi Korner who supported me with statistical guidance but also 
have been an un-official yet enthusiastic co-supervisor and co-author, and contributed to 
the development of this thesis with fruitful discussions and ideas.

I would also like to express my gratitude to the entire team of the Petite Camargue 
Alsacienne: the director Philippe Knibiely, for granting me the possibility to conduct my 
research in the nature reserve; the conservation manager Léa Merckling for always being 
helpful and giving priority to my research; the team of the technicians, especially for 
Emeric Linder for the support in terms of technical background; the veterinarian Dr Eric 
Seiller for the helpful collaboration regarding animal welfare. I could always count on this 
team and hope to continue the same way in the future.

My work was financed by the Fondation de bienfaisance Jeanne Lovioz, the Foundation 
Emilia Guggenheim-Schnurr, the Ornithologische Gesellschaft Basel, the Swiss Association 
Pro Petite Camargue Alsacienne, the Foundation Wolfermann-Nägeli, the Foundation 
Frey-Clavel, and the Foundation Jozef und Olga Tomcsik. Many thanks!

I owe a lot to Brigitte Aeschbach for her endless help in just about any sort of matter, 
and for being a friend besides a lab assistant; to Yasmin Picton and to Marianne Petrucci 
for always being constructive in finding the way in the labyrinth of administration; and to 
Lukas Zimmermann and Andi Ochsenbein for solving unsolvable computer issues.

My work would not have been possible without the many collaborators who 
contributed with comments and discussions or helped with technical issues or fieldwork; 
I thank especially to Antoine Fages (also for being co-author), Derek Scasta, Viola Kerekes 
and József Gyurácz; Indra Samuelsson, Cecilia Thynell; Titouan Sommen and Jinhwi Kim. 

Many-many thanks to all my friends and close colleagues for the discussions about 
and not about the PhD project, especially to Camille Ameline, Julia Barth, Quiterie Haenel, 
Attila Pálmai, Gina Polyák, Béla Tallósi, Caroline Sommer-Trembo.

Finally, a special thank-you to my Mum and Grandma and my Dad for the unconditional 
love and background support and for always standing by all my decisions; to Hunor for the 
nice drawing for my defense.

And to Olivier – for everything.

Acknowledgements





9

Abstract
Restoring damaged or destructed ecosystems became an urgent target for nature 

conservation of the twenty-first century. Achieving and maintaining habitat diversity 
is generally the aim in ecosystem restoration, especially in projects associated with 
rewilding, and large herbivores are important actors in this process due to their role 
as ecosystem engineers. The influence that large herbivores have on different parts 
of the ecosystem are, however, not straightforward. In this thesis, I investigated how 
birds, as indicator species of biodiversity, may be affected by large herbivores in a 
recently restored floodplain ecosystem on the Rhine Island of the national nature 
reserve Petite Camargue Alsacienne.

My work focused on how numbers of the most abundant songbird species and of 
birds of different foraging guilds on the restored area are related to the spatiotemporal 
distribution of cattle and horses that were introduced to the Rhine Island as ecosystem 
engineers. I also investigated the historical and political background of choosing 
certain large herbivores for nature conservation.

The results showed that some bird species, for example the Eurasian Skylark, 
were more often found at those parts of the grazed area where grazer density was 
higher. When also the effect of habitat and season were included in the analysis, 
the results revealed that, among the bird guilds present in the study area, it was the 
open-area foraging birds that profited most from the year-round low-intensity grazing 
with cattle and horses. The distribution of wetland- and woodland-associated birds 
was more clearly related to the habitat than to the distribution of grazers, and aerial-
foraging birds seemed to be largely independent from both habitat and grazers, but 
depended mainly on the season. Overall, the highest numbers of bird species and 
individuals were found in open areas scattered with woody patches and waterbodies, 
and in areas with moderate grazer density. The results suggest that, in line with the 
recommendations of the approach of rewilding, a mosaic of landcover types with low 
percentages of woody cover maintained by low-intensity grazing fulfils the needs of 
birds with different feeding ecologies.

Even though grazing by large herbivores is reportedly a suitable tool in the hands 
of conservationists, the choice of the grazer species and breed often implies difficult 
decision making. I scrutinized the historical and socio-political background of the 
origin of Konik horses as a case study in the context of choosing a breed for nature 
conservation. The review revealed that the origin stories of a so-called European wild 
horse, the Tarpan, and the Konik being its direct descendent are manmade myths that 
likely hinder effective conservation management. Breeding practices promoting the 
myth led to inbreeding of a small population due to the wish of recreating an extinct 
wild horse, and the practice of inbreeding seems to continue also today. Therefore, 
even though the marketing of Koniks and other robust breeds as ‘wild’ horses or 
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‘closest descendants’ of wild horses seems to be attractive, conservation management 
should not be based on such mythologized origin stories.

Abstract
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Résumé
La restauration des écosystèmes endommagés ou détruits est devenue un 

objectif urgent de la conservation de la nature au XXIe siècle. Atteindre et maintenir la 
diversité des habitats est généralement l'objectif de la restauration des écosystèmes, 
en particulier dans les projets associés au « rewilding » . Les grands herbivores 
sont des acteurs importants de ce processus en raison de leur rôle d'ingénieurs de 
l'écosystème. L'influence des grands herbivores sur les différentes composantes de 
l'écosystème n'est cependant pas évidente. Dans cette thèse, j'ai étudié comment les 
oiseaux, en tant qu'espèces indicatrices de la biodiversité, peuvent être affectés par 
les grands herbivores dans un écosystème de plaine inondable récemment restauré 
sur l'Ile du Rhin de la Réserve Naturelle Nationale de la Petite Camargue Alsacienne.

Mon travail s'est concentré sur la façon dont les nombres d'espèces d'oiseaux 
passeraux les plus abondants et d'oiseaux de différentes guildes alimentaires sur la 
zone restaurée sont liés à la distribution spatio-temporelle des bovins et des chevaux 
qui ont été introduits sur l'Ile du Rhin en tant qu'ingénieurs de l'écosystème. J'ai 
également étudié le contexte historique et politique du choix de certains grands 
herbivores pour la conservation de la nature.

Les résultats ont montré que certaines espèces d'oiseaux, par exemple l'alouette 
des champs, se trouvaient plus souvent dans les secteurs de la zone pâturée où la 
densité des herbivores était plus élevée. Lorsque l'effet de l'habitat et de la saison a 
également été pris en compte dans l'analyse, les résultats ont révélé que, parmi les 
guildes d'oiseaux présentes dans la zone étudiée, ce sont les oiseaux se nourrissant dans 
les zones ouvertes qui ont le plus profité du pâturage à faible intensité pratiqué toute 
l'année par les bovins et les chevaux. La distribution des oiseaux associés aux zones 
humides et aux milieux forestiers était plus clairement liée à l'habitat qu'à la distribution 
des herbivores, et les oiseaux qui se nourrissent en vol semblaient être largement 
indépendants de l'habitat et des herbivores, mais dépendaient principalement de la 
saison. Dans l'ensemble, le plus grand nombre d'espèces d'oiseaux et d'individus a 
été trouvé dans les zones ouvertes parsemées d’endroit arborées et de plans d'eau, et 
dans les zones avec une densité modérée d'herbivores. Les résultats suggèrent que, 
conformément aux recommandations de l'approche de rewilding, une mosaïque de 
types de recouvrement de terrain avec de faibles pourcentages de couverture arborée 
maintenue par un pâturage de faible intensité répond aux besoins des oiseaux ayant 
des écologies alimentaires différentes.

Même si le pâturage par de grands herbivores est réputé être un outil approprié 
dans les mains des conservationnistes, le choix de l'espèce et de la race des herbivores 
implique souvent une prise de décision difficile. J'ai examiné le contexte historique et 
socio-politique de l'origine des chevaux Konik comme étude de cas dans le contexte 
du choix d'une race pour la conservation de la nature. L'étude a révélé que les histoires 

Abstract
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d'origine d'un soi-disant cheval sauvage européen, le Tarpan, et du Konik comme son 
descendant direct sont des mythes créés par l'homme et entravent probablement 
une gestion efficace de la conservation. Les pratiques d'élevage promouvant le mythe 
ont mené à la consanguinité d'une petite population en raison du souhait de recréer 
un cheval sauvage éteint, et la pratique de la consanguinité semble se poursuivre 
aujourd'hui également. Par conséquent, même si la commercialisation des Koniks et 
d'autres races robustes en tant que chevaux « sauvages » ou « plus proches descendants 
de chevaux sauvages » semble être attrayante, la gestion de la conservation ne devrait 
pas être basée sur de telles histoires d'origine mythifiées.

Abstract
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Zusammenfassung
Die Wiederherstellung von geschädigten oder zerstörten Ökosystemen 

ist ein dringendes Anliegen des Naturschutzes im 21. Jahrhundert. Ziel ist die 
Wiederherstellung und Erhaltung der Lebensraumvielfalt, insbesondere bei Projekten 
im Zusammenhang mit “rewilding” – ein Prozess, bei dem grosse Pflanzenfresser 
aufgrund ihrer Rolle als Ökosystemtechniker wichtige Akteure sind. Der Einfluss, den 
grosse Pflanzenfresser auf verschiedene Teile des Ökosystems haben, ist jedoch nicht 
einfach zu bestimmen. In dieser Arbeit untersuchte ich, wie Vögel, als Indikatorarten 
für die biologische Vielfalt, von grossen Pflanzenfressern beeinflusst werden, und 
zwar in einem kürzlich wiederhergestellten Auenökosystem auf der Rheininsel des 
französischen Naturschutzgebiets Petite Camargue Alsacienne.

Meine Arbeit konzentrierte sich auf die Frage, wie die Anzahlen der häufigsten 
Singvogelarten in verschiedenen Nahrungsgilden in dem wiederhergestellten Gebiet 
mit der räumlich-zeitlichen Verteilung von Rindern und Pferden zusammenhängt, die 
als Ökosystem-Ingenieure auf der Rheininsel eingeführt wurden. Ich untersuchte auch 
die historischen und politischen Hintergründe der Auswahl von Arten und Rassen 
grosser Weidetiere für den Naturschutz.

Die Ergebnisse zeigten, dass einige Vogelarten, z.B. die Feldlerche, häufiger 
auf denjenigen Teilen der beweideten Fläche zu finden waren, auf denen die 
Weidedichte höher war. Wurden auch die Auswirkungen des Lebensraums und 
der Jahreszeit in die Analyse einbezogen, zeigten die Ergebnisse, dass von den im 
Untersuchungsgebiet vorkommenden Vogelgilden die Vögel des Offenlandes am 
meisten von der ganzjährigen Beweidung mit Rindern und Pferden profitierten. Die 
Verbreitung von Vögeln, die mit Feuchtgebieten und Wäldern assoziiert sind, stand in 
einem deutlicheren Zusammenhang mit dem Lebensraum als mit der Weidedichte; 
und die Anzahl der Vögel, die in der Luft Nahrung suchen, schien von Lebensraum 
und Beweidung weitgehend unabhängig zu sein, sondern hing hauptsächlich von der 
Jahreszeit ab. Insgesamt wurden die meisten Vogelarten und Individuen in offenen, 
mit Gehölzen und Gewässern durchsetzten Gebieten und in Gebieten mit mässiger 
Weidedichte gefunden. Die Ergebnisse deuten darauf hin, dass ein Mosaik von 
Landbedeckungstypen mit geringem Gehölzanteil, das durch extensive Beweidung 
aufrechterhalten wird, den Bedürfnissen von Vögeln mit unterschiedlichen 
Ernährungsgewohnheiten gerecht wird, was dem Konzept des “rewilding” entspricht.

Auch wenn die Beweidung durch grosse Pflanzenfresser ein für den Naturschutz 
geeignetes Mittel ist, ist die Wahl der Weidetierart und -rasse oft schwierig. Ich habe 
den historischen und sozio-politischen Hintergrund der Herkunft der Konik-Pferde als 
Fallstudie untersucht. Dabei stellte sich heraus, dass die Herkunftsgeschichte eines 
so genannten europäischen Wildpferdes, des Tarpans, und des Koniks als dessen 
direkter Nachfahre ein vom Menschen geschaffener Mythos ist, der wahrscheinlich 
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ein effektives Naturschutzmanagement behindert. Zuchtpraktiken, die den Mythos 
fördern, führten zu Inzucht einer kleinen Population, weil man ein ausgestorbenes 
Wildpferd wiedererschaffen wollte; und diese Praxis der Inzucht scheint sich auch 
heute noch fortzusetzen. Auch wenn die Vermarktung von Koniks und anderen 
robusten Rassen als “Wildpferde” oder “engste Nachkommen” von Wildpferden 
attraktiv erscheint, sollte ein modernes Naturschutzmanagement sich nicht an solchen 
mythologisierten Ursprungsgeschichten orientieren.

Abstract
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Introduction
1. Context and outline

1.1 Context of the thesis: Ecosystem restoration on the Rhine Island 

How to restore and maintain a floodplain ecosystem – without floods? This was 
the question that the National Nature Reserve Petite Camargue Alsacienne faced 
when taking over the management of an ecosystem restoration project on the Rhine 
Island, an area that was designed by men to reconstruct a natural, species rich mosaic 
environment on former agricultural fields. 

The project has been regarded as one of the largest alluvial floodplain restoration 
projects of Central Europe. It aims to revive a piece of the environment that existed 
before the regulation of the Rhine started and gave place for agriculture instead of 
biodiversity. This restored environment comprises wet and dry meadows, gravel 
pitches, and riverine forest patches along a stream of the Rhine. 

However, much of the natural processes that would regulate the dynamics of such 
an ecosystem are today deprived. Since the Rhine is entirely engineered, floods no 
longer can contribute to the maintenance of the open landscapes. The number of 
beavers that used to play the role of creating large forest-clearings, have been reduced 
to the minimum in Central-Europe. Importantly, the once widespread wild large 
herbivore fauna – aurochs, wild horses, the European bison and red deer – that used 
to counteract the forest succession, does not exist anymore in its natural complexity. 
Without these factors, the freshly restored heterogenous environment, especially the 
riverside meadows, were expected to soon change into a homogenous forest. 

The puzzle to solve by the Petite Camargue therefore has been rather complex, yet 
urgent: finding a way to avoid forest succession that is known to be very fast on riparian 
environments. Being part of the scientific advisory board of the nature reserve, the 
Research Station Petite Camargue Alsacienne suggested to introduce domestic, robust 
large herbivores, mixed groups of Highland cattle and Konik horses, to counteract 
forest succession and contribute to the self-sustaining ecosystem dynamics.

This thesis is an outcome of my participation in the proposition, planning, 
implementation and monitoring of the large herbivore introduction process 
and of its effects. My research aims to follow the ecological effects of these large 
herbivores, focusing on birds as indicators of biodiversity, and to provide insights into 
a socio-political problem of choosing a particular breed of large herbivores in nature 
conservation.  
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1.2 Outline of the thesis

The thesis consists of an introduction and four articles, two of which are published 
and one has been submitted. The appendix includes public outreach material.

In the Introduction, I summarize the historical background that has led to the 
destruction of the alluvial floodplain ecosystem and therefore to the need of the 
ecosystem restoration on the Rhine Island. I describe how the ecosystem restoration 
project unfolded, outlining the biological and ecological basis of the introduction of 
cattle and horses to the Rhine Island. Further, I explain the context of the three studies 
I carried out in connection to the ecosystem restoration.

Chapter 1 consists of the Technical proposition based on literature review and 
expert opinions that I have provided to the management of the Petite Camargue 
Alsacienne for the introduction of Konik horses to the Rhine Island. The proposition 
aimed to give a scientific basis for deciding on the group size and composition of the 
horses, since this grazer species has not yet been part of the grazing management of 
the Petite Camargue. The proposition resulted in the successful introduction of the 
horse group to the restored part of the Rhine Island. 

The investigation of the effect of cattle and horses on birds on the Rhine Island 
resulted in two articles, in Chapter 2 and Chapter 3. 

In Chapter 2, we focused on how the space use of Highland cattle and Konik 
horses is related to the density of counts of the eight most common songbirds on the 
Rhine Island. We found that, among the investigated species, the Eurasian Skylark 
and the Common Starling had the clearest positive correlations with grazer density; 
therefore it seemed that these otherwise declining species profit from the activity 
of grazing large herbivores in our study site. The article was published in the journal 
PeerJ (“Grazer density and songbird counts in a restored conservation area”). 

In Chapter 3, we extended the investigation to the entire bird community by 
dividing it into four guilds of birds, and we accounted not only for the effect of cattle 
and horses but also for the effect of season and habitat. The article (“Effects of grazer 
density, season and habitat on bird guilds in a restored conservation area“) is under 
review in the journal Acta Oecologica.

In Chapter 4, in an extensive literature review (“Konik, Tarpan, European wild 
horse: An origin story with conservation implications”) published in the journal 
Global Ecology and Conservation, we traced back the origins of the Konik horses and 
discovered that not only the history of this breed but the origins of the so-called Tarpan 
is ambiguous. We suggest that the choice of horse breed for nature conservation 
purposes should not depend on alleged origin stories.

Introduction
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2. Historical background of the ecosystem restoration on the Rhine Island 

2.1 Regulation of the Rhine 

The area where the Rhine Island is found, at the three-border zone of France, Germany 
and Switzerland, geographically belongs to the Upper Rhine Plain and used to be a 
dynamic floodplain ecosystem maintained by regular floods (Bayley 1995). Before 
human intervention, the Rhine was a wild, unpredictable river (Staenzel 2018). This 
unpredictability has stood in the way of human expansion and lead to centuries of 
‘hydraulic tinkering’ of the Rhine (Cioc 2002). As a result, the Rhine and its environment 
today is almost entirely artificial and serves for trade, industry and agriculture, human 
housing and leisure (Cioc 2002), while the natural species-rich riparian ecosystems 
have been degraded (Lagendijk 2016). In the following, I summarize the steps that led 
to the current state of damaged ecosystems along the river.

2.1.1 First modifications of the Rhine 

The first activities to regulate the Rhine already started in the Roman era, more than 
2000 years ago, and were aimed to improve navigation by creating small artificial 
channels (Herget et al. 2005). Flood protection started in the medieval times, and 
were mainly carried out by locals who built small dykes to prevent their houses and 
lands from being inundated (Pinter et al. 2006). 

Until the 19th century (Fig. 1) though, all interventions were limited due to 
the lack of technical possibilities, and thus did not result in a large-scale ecosystem 
loss (Broseliske et al. 1991). Although many of the riparian forests and meadows 

 

Figure 1. The Rhine with its ephemeral islands around 1830: view from the rocks at Istein (paint-
ing by Peter Birmann, 1758-1844)

Introduction



18

disappeared as men narrowed the floodplains (Staenzel 2018), the river was still able 
to modify its riverbed regularly (Van Dijk et al. 1995). As human expansion continued, 
economic demands increased, and therefore the need for a navigable river raised; 
besides, floods of the Rhine meant more and more danger for human settlements 
along the river and inconvenience and deficit to agricultural land owners (Cioc 2002). 

2.1.2 Rectification of the Rhine 

The first discussions about the ‘improvement’ of the Rhine started in 1804 and targeted 
the fight against the inundations of the two rives of the river. In 1808, Napoleon I 
established a magistrate to start the works. Finally, it was the wish for a navigable 
river and a stable boarder line between Alsace and Baden, following the Paris treaty 
of 1815, that gave the driving force for starting the so-called rectification of the Rhine 
(reviewed in Cioc 2002 and ; Staenzel 2018). The rectification followed the principle 
of its architect, Johann Gottfried Tulla: “no river or stream needs more than one bed” 
(Cioc 2002). 

With decades of construction works led by Tulla, the Rhine meanders were 
straightened, the river arms closed and the islands connected (Fig 2). The river was 

1828
„Wild” Rhine

1872
Rectified, 
navigable 

Rhine

1925 
Corrected  

Rhine, before 
the Grand  

Canal

2008
Old Rhine

and the Grand 
Canal of Alsace 

before the  
ecological  

restoration

Figure 2. Phases of the Upper Rhine regulation (adapted from Arnaud 2012)
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thus shortened by 82 kilometers between Basel and Strasbourg and its width was 
also standardized between 200-250 meters on this section (Lagendijk 2016). The 
rectification, which lasted from 1817 to 1890, brought the disappearance of about 1600 
small islands, countless channels divided by gravel deposits and sandbars, marshlands 
with ephemeral stagnant water, and alluvial meadows and forests (Blackbourn 2011; 
Doisy 2010). Inevitably, the project brought various consequences, particularly for the 
riparian ecosystem: possibly irreversible harm was done to the breeding ground of fish, 
the bird population was diminished, the invertebrate fauna degraded, and the once 
thriving vegetation impoverished already by the end of the 19th century (Lagendijk 
2016; Tittizer et al. 1994).

2.1.3 Building the Grand Canal d'Alsace – Birth of the Rhine Island

Tulla’s lifework project did not solve all the problems. Navigability between Basel and 
Strasbourg was still not stable. The result of the higher slope of the straightened river 
was an increased riverbed erosion that caused either unmanageable rapids (e.g., at 
Istein), or, at other places, accumulated gravel pits that blocked ports (Staenzel 2018). 
Besides, the risk of downstream flooding increased with the drainage of the upstream 
sections (Cioc 2002). Further canalization of the riverbed would have, however, 
resulted in an even more serious decrease in the ground-water level, cutting back the 
agricultural productivity on the surrounding areas in Baden (Cioc 2002). 

The proposed solution was the Grand Canal, designed by the Franco-Swiss engineer 
René Koechlin. Between 1921 and 1959, on a 52 kilometer-long section between 
Kembs and Breisach, the cement-padded Grand Canal d’Alsace was built ensuring 
boat-traffic. For exploiting the energy of the regulated waterflow, hydroelectric power 
plants were built along the canal and higher on the Rhine, eight in total between  
Kembs and Iffezheim, starting at Kembs in 1932 (Cioc 2002; Lachat 2012). 

Parallel to the Grand Canal, the original Upper Rhine was let in a small, regulated 
riverbed, and its flow rate was suppressed by the sluice at Kembs. This river section 
became the only remnant of the once-existing natural river, under the name Vieux 
Rhin (“Old Rhine”) (Cioc 2002).

Between the Old Rhine and the Canal, the Rhine Island was born (Fig 3). Much 
of its surface was soon included in agricultural activity instead of the once-thriving 
alluvial forests and meadows (Staenzel 2018).

2.2. Ecosystem restoration on the Rhine Island 

The large-scale ecosystem destruction of terrestrial and aquatic habitats of the 
river corridor that resulted from the engineering of the Rhine (Wantzen et al. 2022) 
led to scientific discussions about the need of physical restoration of the natural 
environment already in the 1970s (Arnaud 2012). Several policies and directives 
addressed the ecological problems (reviewed in Uehlinger et al. 2009), but it was not 
before the environmental disaster of the Sandoz pharmaceuticals in 1986 – when 20 
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tons of pesticides spilled into the Rhine – that the implementation of the measures 
to safeguard the river accelerated (Arnaud 2012). The measures aimed to reduce 
pollution but also to improve the chances of the return of wildlife into the Rhine 
ecosystem (Broseliske et al. 1991). 

The ecosystem restoration project on the Rhine Island is – partially – also an 
outcome of raised environmental concerns: it is an ecological compensation program, 
initiated by the French electric company, Electricité de France (EDF). 

2.2.1. The price of green energy – Investment in nature by EDF

Electricité de France is the long-term concession-holder of the hydroelectric dams 
in the French part of the Rhine: it operates and maintains the hydroelectric facilities, 
producing 20% of the electricity-need of Alsace (EDF 2016). 

Among these facilities, the Kembs scheme was constructed first. Commissioned 
in 1932, EDF funded and built the first power plant and dam at Kembs as part of 
a licensing agreement with the French government (Garnier & Barillier 2015). The 
French State owns the infrastructure and EDF leases the facilities, earning revenue 
through generation of green energy. Beside utilizing the hydropower, EDF is responsible 

Figure 3. The Rhine at the surroundings of Kembs and today’s Rhine Island, in 1833 
and in 2022 (Géoportail 2022)

Introduction
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for facilitating navigation and flood control. The license conditions require that EDF 
maintains water levels in the Grand Canal d’Alsace and the Old Rhine. In 2007, the 
license expired and environmental concerns were a major issue for the relicensing 
process until 2035 on the Upper Rhine (EDF 2015; Garnier & Barillier 2015).

As a part of renewing the company’s concession contract that included building 
a second hydroelectric plant at Kembs, EDF undertook the financial support and 
implementation of the ecological restoration of a considerable area on the southern 
tip of the Rhine Island (EDF 2016). EDF’s base financial contribution was between 10 
and 24 million Euros (as reported by EDF 2015; Garnier & Barillier 2015).

Launching in 2010, one hundred hectares of former agricultural fields were given 
back to nature. The project’s main aim has been to promote biodiversity and the 
return of mosaic landscapes that used to be emblematic of Alsace and of mid-Europe 
(Garnier & Barillier 2015). 

2.2.2. Ecosystem Restoration – initial endeavors    

The restoration started by designing a mosaic alluvial rhenan environment (by the 
company Biotec: Lachat et al. 2012, Fig. 4), where a former Rhine arm is surrounded 
by wet and dry meadows, gravel pits and reedbeds, scattered by a combination of 
riparian forest and shrub patches (Garnier & Barillier 2015). 

Introduction

Figure 4. Copy of the original plan for the designed environment on the restored area of the Rhine 
Island (colors correspond to the main habitat types: light yellow = dry grassland; dark yellow = 
dry wooded grassland; green = forest plantation; rose – reed; light blue = Petit Rhin; dark blue = 
groundwater ponds; patched green = no intervention). Source: EDF, Lachat (2012)

For levelling the area, 340’000 m3 of soil was ploughed up and moved by bulldozers 
to reconstruct the morphological diversity of the area preceding the Rhine regulation. 
On designated sites, local herbaceous plant species were sown to avoid the expected 
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boost of invasive plant species. The restoration involved constructing a network of 
groundwater ponds and recreating a small river arm in a former bed of the Rhine, 
together with fish passes. This new river arm was named Petit Rhin (‘little Rhine’) and 
has been winding on 7 kilometers through the restored area between the Canal and 
the Old Rhine since 2015. 

The objective, besides providing spawning ground and growth habitat for 
migrating Salmonids, was to create a mosaic alluvial habitat for diverse riparian flora 
and associated fauna. The restoration therefore also included the increase of the 
minimum flow rate of the Old Rhine to adapt it to the biological needs of a riparian 
ecosystem (EDF 2015).

However, the natural floodplain dynamics that existed on the area before the river 
regulation and that maintained the mosaic ecosystem cannot be fully restored due to 
the lack of floods (Schloesser & Merckling 2020): flow rates of both the Petit Rhin and 
the Old Rhine section are regulated, to 7 m3/s for the Petit Rhin, and to 20-52 m3/s in 
winter and <150 m3/s in summer for the Old Rhine (EDF 2015). 

As a consequence, the restored heterogenous mosaic environments with their 
associated species richness risked to never actually develop and be maintained: 
without disturbance, the end succession stage in European riparian lowlands would 
be homogenous forest (see in 3.1).

3. Maintaining the restored ecosystem – Involvement of the National 
Nature Reserve Petite Camargue Alsacienne

The National Nature Reserve Petite Camargue Alsacienne (PCA), opened in 1982 
as the first nature reserve in Alsace, is located in the former Upper Rhine floodplains, 
in the heavily urbanized three-border region of France, Switzerland and Germany 
(Merckling 2012). The initial, historic area of the reserve was consecutively enlarged 
over the last decades (Merckling 2012), with the latest addition of approximately 
450 hectares of the Rhine Island in 2006, with which the area reached a total of 904 
hectares (Olin & de Villepin 2006).

The restored 100-hectare area on the Rhine Island (see Fig. 1 in Figures and 
Photos) has been part of those 450 hectares; therefore, after the machinery works 
of the restoration by the EDF ended in 2014, the PCA has been assigned with the 
responsibility of the environmental management tasks. 

From the time of its birth in 1982, the main aim of the Petite Camargue nature 
reserve has been to “protect the relics of the Rhine alluvial environments in its great 
diversity: aquatic habitats, wet and dry meadows, swamps, forests and shrublands” 
(Schloesser & Merckling 2020). The management of the historic parts of the reserve 
and of the newly added, restored environment on the Rhine Island follows the same 
direction: “as the regenerating floods of the Rhine are suppressed by the canalization 
works, it is necessary to intervene on some parts of the habitats, especially the 
open environments, otherwise the forest environments will become widespread” 
(Schloesser & Merckling 2020). 

Introduction
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The modes of intervention to maintain open environments varies in the historic 
areas of the Petite Camargue: it includes manual uprooting and cutting, machinery 
mowing, and conservation grazing. However, on the Rhine Island – where forestation 
has been a pressing issue –, machine use and manpower was a less straightforward 
option, due to the large surface and the wish to maintain the area with the most 
natural disturbance regime. Therefore, the scientific advisory committee of the PCA 
('Commission suivi et recherche Petite Camargue Alsacienne'), following the proposal 
by the Research Station Petite Camargue (by Valentin Amrhein and Lilla Lovász), 
suggested a conservation grazing method with mixed-species groups of semi-wild 
large herbivores that are present year-round with minimal human intervention. The 
proposal of such so-called ‘natural grazing’ management was based on literature 
sources and on discussions during visits of the Oostvaardersplassen nature reserve 
and the Kraansvlak national park in The Netherlands, where rewilding with mixed 
groups of cattle and horses has been practiced for years. 

In the Petite Camargue, the introduction of the first mixed group of Konik horses 
and Highland cattle took place from September 2018 (5 horses) to January 2019 (5 
cattle) on the restored area of the Rhine Island. 

As for Highland cattle, since the Nature Reserve already has been using the breed, 
five initial animals were relocated to the Rhine Island. As horses had to be newly 
introduced to the Nature Reserve, the selection of the horse breed followed the advice 
and investigations by the Research Station and was based on studying literature and 
existing projects such as the Przewalski horse reintroduction initiatives in southern 
France (Takh Association, Le Villaret) and Hungary (Hortobágy National Park). The 
experiences of the selection procedure led to the article of Chapter 3 (Lovász et al. 
2021).

The choice of the initial animals and individuals was proposed according to a 
review of the literature (see Chapter 1). The Research Station (Valentin Amrhein and 
Lilla Lovász) also contributed to finding the source (Arthen11) and acquiring the horses. 

In the following, I summarize the ecological basis of conservation grazing by large 
herbivores and particularly the effect of cattle and horses on their environment, with 
special emphasis on bird communities, which is the subject of the thesis. 

3.1. ‘Rewilding’ with large herbivores

Maintaining habitat diversity is a central goal in biodiversity conservation (Olff & 
Ritchie 1998). This goal is emphasized in riparian ecosystems, especially in Europe, 
where the impact by multiple human stressors led to the complete loss of habitats 
and an overall reduction in diversity (Palmer et al. 2010). 

In naturally functioning ecosystems, diversity would be controlled and maintained 
by natural disturbances (Mackey & Currie 2000) such as floods (Michener & Haeuber 

1  Arthen: Association pour le Retour des Grands Herbivores dans les Espaces Naturel = Association for the return of large 
herbivores in the natural environment.
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1998), fire (Goldammer & Furyaev 1996), and large herbivores (Olff & Ritchie 1998; 
Wallis DeVries 1998).

Large herbivores represent a major disturbance regime and thus increase habitat 
heterogeneity and biodiversity (Lacher Jr et al. 2019; VanWieren 1995) through large-
scale consumption of plants and through trampling (Heggenes et al. 2017; Olff & Ritchie 
1998). Large grazers are thus known to be ecosystem engineers: they have substantial 
top-down effects on their environment by shaping its function and structure (Ripple et 
al. 2015). According to the ecologist Frans Vera, they were also likely the driving forces 
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of landscape turnover cycles in temperate conditions by creating gaps in closed-canopy 
vegetation and preventing wood regeneration on open landscapes (Vera 2000, Fig. 5).

However, the number and diversity of the pre-Anthropocene  large-herbivore 
fauna that would be naturally able to efficiently act as ecosystem engineers are 
today lacking from most parts of the world, especially from Central Europe (Dirzo et 
al. 2014; Svenning et al. 2016; VanWieren 1995). They are either completely extinct 
from nature (e.g., aurochs Bos primigenius, wild water buffalo Bubalus murrensis), or 
suppressed by human activities at such degree that naturally viable populations could 
not survive (e.g., bison Bison bonasus, Przewalski’s horse, Equus ferus przewalski) 
(Vera & Buissink 2007). As a consequence, lowland open and semi-open areas are 
subject to increased succession rate, to the spread of invasive plant species and to the 
loss of heterogenous habitats (Svenning 2002).

This is especially the case in most Central- and Western-European riparian 
floodplain habitats that are characterized by rapid vegetation growth (Trémolieres et 

Figure 5. Vera's model – modified by Kirby (2004) – explaining the landscape turnover cycle: the 
circle of transition between closed (‘grove’) to open habitats (‘park’, where this term reflects the 
scattered survival of trees in open landscapes) through transitional phases (‘scrub’, ‘break-up’). 
(Adapted from: Kirby 2004).
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al. 1998) and that used to be, according to the fossil record, home to several large 
mammals feeding on herbs (Svenning 2002). As riparian zones represent transitional 
ecotones between terrestrial and aquatic ecosystems, they are considered to have 
special importance to biodiversity and ecosystem functions (Tockner & Stanford 2002; 
Weissteiner et al. 2016). Today, the lack of natural floods and wild large herbivores led 
to the situation where these ecosystems would not exist in their original openness 
without human management (Svenning 2002). 

Early conservationists have used management techniques whose impact in terms 
of biodiversity maintenance is questionable. These methods often included intensive 
machine mowing or even herbicide application (Newton et al. 2009; Wigley et al. 
2002). Today, the growing knowledge about the effects and sustainability of grazing by 
large herbivores (e.g., Tälle et al. 2016) allows nature protection sites to increasingly 
use grazing as a management tool (Plachter & Hampicke 2010). 

However, different approaches exist regarding the type of grazing management, 
species of grazers, and the regime that is used in conservation of lowland riparian 
zones (Fitch et al. 2003).

A traditional idea is the reconciliation between human land use and nature, while 
preserving cultural heritage and applying ancient pastoral systems with controlled 
grazing of livestock (Pykala 2000). In these systems, often small areas are involved, 
where a high number of grazers and animals are regularly fed to balance the low food 
availability caused by the high grazing pressure (Plachter & Hampicke 2010).

A relatively novel approach argues that conservationists should aim to protect 
large areas with native grazer species, with as little human interference as possible 
to facilitate heterogeneity and the long-term self-sustainability of the ecosystem 
(Pereira & Navarro 2015; Vera & Buissink 2007; Wallis DeVries 1998). This ‘natural 
grazing’ (Vermeulen 2015a), or ‘wilderness grazing’ (Kerekes & Vegvari 2016), involves 
low densities of a combination of different herbivore species that are present year-
round and are kept in semi-wild conditions (Vermeulen 2015b), to achieve the most 
natural herbivory patterns possible in managed conditions in terms of intensity and 
distribution (Gordon et al. 2021). 

As most species of the late Pleistocene large herbivore fauna of Central Europe 
only exist in domesticated forms, robust breeds, which are capable of living a self-
supporting life, may replace the role their ancestors had in the ecosystem (Gordon et 
al. 2021). Such de-domesticated (Gamborg et al. 2010) animals are integral part of the 
idea of ‘rewilding’, the conservation strategy of “passive management of ecological 
succession with the goal of restoring natural ecosystem processes and reducing the 
human control of landscapes” (Pereira & Navarro 2015).

Robust horse and cattle breeds, as substitutes of wild horse and aurochs, are 
considered to be especially important in this conservation strategy (Gordon et al. 
2021). Among all large herbivores, wild horses and aurochs are reported to have had 
the strongest effect in shaping European lowland landscapes (Vera 2000). Because 
of their large numbers and wide geographical distribution, their large size and their 
feeding strategy, they were claimed to be the most important animals of their time to 
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influence succession and ecosystem dynamics (Vermeulen 2015b); see some examples 
of the effect of cattle and horses in Table 1. Because these species were indigenous in 
lowland Europe, they had been coevolving since millions of years with the local flora 
(Vera et al. 2007). The space use patterns of free-ranging animals vary according to 
their social and grazing behavior, and as a function of biotic and abiotic factors (Bailey 
& Provenza 2008; Owen-Smith 2014). The interaction of all these factors results in a 
mosaic of vegetation composition (Olff et al. 1999).

It seems therefore logical to use the domestic equivalents of wild cattle and horses 
in natural grazing initiations in lowland environments of Europe.  

Table 1. Non-exhaustive examples of the direct effects on the environment by cattle and horses 
(after Olff & Ritchie 1998; Vera et al. 2007; Vermeulen 2015b; and personal observations). + and 
– indicates if the effect is or is not typical for the respective grazer species.

Effect Cattle Horse
Photo nr 

(see in the Figures & 
Photos section)

Debark trees – + Photo 1

Consume large amounts of grasses + + Photo 2

Consume twigs of trees, shrubs + – Photo 3

Break tree branches (for accessing buds 
and leaves, or for scratching)

+ – Photo 4

Knock down trees (for accessing buds, 
leaves; scratching)

+ + Photo 5a, b

Create bare-ground plots by sand-bathing 
/ wallowing

+ + Photo 6a, b

Uproot young trees, shrubs, grasses – + Photo 7

Create dung deposits – + Photo 8

Create trampling paths + + Photo 9

Disperse seeds + + Photo 10

On the Rhine Island, such ‘natural grazing’ system with a mixed group of cattle and 
horses was introduced. Human control was taken off from the variation of seasonal 
and spatial distribution of the cattle and horses (see Fig. 2 in ‘Figures and Photos’); 
therefore, inside the fenced area, the environment was expected to change according 
to the natural space use of the grazers. This meant a new method compared to that in 
the historic part of the Petite Camargue, where a more traditional, controlled rotational 
grazing with high number of Highland cattle per unit area and regular winter-feeding 
has been the practice for decades.

The question of the management of the Petite Camargue therefore was evident: 
how will the novel approach of self-regulating natural grazing affect the environment 
and the associated biodiversity on the Rhine Island?

Introduction
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As Gregory (2006) puts it, since a DNA molecule is about a millionth of a millimetre 
long, and a continent stretches for thousands of kilometres, the components of 
biodiversity stretch across 13 orders of magnitude – and all parts of that scale are 
important. Yet, one “cannot survey everything” (Gregory 2006). Often, assessing effects 
on biodiversity is therefore only possible through indicator species as surrogates for 
general diversity (Ferris & Humphrey 1999). As birds are diverse, widespread, and 
mobile; present in all habitats; high in the food chain and sensitive to changes at lower 
stages; and easy to see and count, experts suggest them to represent some of the 
best biodiversity indicators for conservationists (Gregory 2006). In the Nature Reserve 
Petite Camargue, birds are also an important tourist attraction and therefore have 
primary importance in monitoring (Merckling, 2018, pers. comm). It was therefore 
straightforward to select birds as the target of investigation in relation to large 
herbivore presence. The main focus of this thesis is thus how the introduced cattle 
and horses affect the bird community on the Rhine Island.

3.2 Effect of grazers on birds

As large herbivores directly and indirectly shape ecosystem functioning, they influence 
the diversity of plants and animals, including birds (Francis et al. 2020). Such influence 
of grazers on birds has been often investigated, but results are inconsistent, showing 
both positive and negative responses of birds to large herbivores (e.g., Mandema et 
al. 2013; Popotnik & Giuliano 2000). 

This is not surprising, as habitat characteristics (Morelli et al. 2013), season 
(Laiolo 2005), and ecology of a bird species (Neilly & Schwarzkopf 2019) may all be 
interacting factors that determine how favorable the conditions are for birds in a 
grazed environment. Separating these effects and assessing their influence would be 
an important information for nature conservationists, since good management relies 
on understanding such interactions (Howland et al. 2016; Kohler et al. 2016).

Habitat characteristics, such as vegetation heterogeneity reportedly influence 
the distribution of grazers over an area, and, in turn, the space use of grazers drives 
vegetation heterogeneity (Adler et al. 2001; Palmer et al. 2004). Heterogenous 
vegetation created by grazers serves both as important food source and suitable 
breeding habitat to many different bird species (Fuhlendorf et al. 2006; Kohler et al. 
2016; Török et al. 2016; Vickery et al. 2001). The presence of different bird species 
over a grazed area, and therefore the diversity of avifauna, will thus likely be related 
to the space use of large herbivores (Kerekes & Vegvari 2016; Kohler et al. 2016). 
However, such relatedness has only been investigated in single-species, horse-grazed 
pastures (Kohler et al. 2016).

The area used by cattle and horses shows not only spatial but also seasonal 
variation (Gander et al. 2003; King & Gurnell 2005 and see Fig. 2 in 'Figures and 
Photos' as an own example). Similarly, the area used by birds also varies according 
to season and according to the breeding and migration ecology of a bird species (H-
Acevedo & Currie 2003). Yet, responses to grazing have only been generally addressed 
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in grazed vs. non-grazed agricultural areas (Laiolo 2005), and most often either during 
the breeding season (Kohler et al. 2016; Söderström et al. 2001) or in winter (Wilson 
et al. 1996), yet a study that accounts for seasonal changes and bird ecology seem to 
be lacking. 

Further, the effect of large grazers on birds has been mainly investigated in 
experimental setups in farmlands or in agri-environmental systems (Batary et al. 2007; 
Evans et al. 2006; Golding & Dreitz 2017), but not in ecosystems where grazers are 
present year-round without human intervention.

All the above uncertainties called for investigation when the natural grazing 
management by Highland cattle and Konik horses was started in the Petite Camargue 
Nature Reserve. With my thesis, I addressed many, but not all of the questions that 
the management of the Nature Reserve faced and will face in the years to come.  

3.3 Outook 

An important addition of future work to this thesis will be the results of a long-term 
vegetation sampling that I have started in 2019, with the aim of determining the effects 
of cattle and horse space use on microhabitat on the Rhine Island. On 80 permanent 
plots, I have been measuring the cover and height of the vegetation and determining 
the most abundant plant species. By relating these vegetation attributes to the 
space use of grazers, measured by the density of their GPS positions, I will attempt 
to determine how changes in height and cover-percentage of herbaceous vegetation 
vary, and how plant species with different tolerance levels of nitrogen, shade and 
trampling react according to the intensity of space use by herbivores. Further, the 
collected long-term hourly GPS-position data of cattle and horses, together with a 
large-scale habitat mapping, will allow assessing the macrohabitat selection of 
grazers. Merging the two results, I aim to provide insights to the traditional yet hardly 
addressed question of conservation managers about the bi-directional interaction of 
vegetation heterogeneity and grazers. 
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4. Figures and photos

Introduction

Figure 1. The location of the 32 hectare test enclosure on the Rhine Island, situated in the 
three-border zone of France, Switzerland and Germany, near Basel

32-ha test enclosure

France

Germany

Switzerland
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Figure 2. Spatial distribution of cattle and horses on the study area (black dots show the fence) 
on the Rhine Island, in winter and summer 2019, 2020 and 2021 (winters are from December to 
end of February, summers are from June to end of August. The use of the area seems to change 
over the years: animals aggregate at different sites of the enclosure in different years. Further, 
in winter, cattle seem to be less evenly distributed, while horses spread around almost all the 
enclosure (with moderate presence in the southern forested area). In summer, cattle seem to use 
the different parts of the enclosure more evenly than horses, and horses do not visit the southern 
forested area. (Note that in winter 2020, data for cattle are missing until mid-January due to the 
emptied batteries of the GPS collars.)
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Photo 1. Debarking activity displayed by Konik horses on the Rhine Island (right), 
and the resulting debarked trees (left)

Photos illustrating Table 1. (Photos were taken by Lilla Lovász)

Photo 3. Consuming 
twigs is an often seen 
winter activity of High-
land cattle on the Rhine 
Island

Photo 2. Already from a 
few days of age, horses 
start grazing a large 
amount of vegetation 
(like the 3-days old 
Opal, one of the first 
foals on the Rhine 
Island)
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Photo 4. Highland 
cattle often break tree 
branches (see behind 
the animals, on the soil) 
to access twigs and 
leaves

Photo 5a. A young tree 
freshly knocked down by 
Highland cattle 

Photo 5b. Highland 
calf scratching on the 
leftover of a young tree 
that was knocked down 
likely due to scratching 
by adult cattle 



33

Introduction

Photo 6a. Odissa, 
the leader mare of 
the horse group, is 
busy with creating a 
sand-bathing spot 

Photo 6b. Konik horses 
resting on one of their 
sand-bathing spots

Photo 7. Sign of uproot-
ing by horses in winter 
(parts of a large clump 
of a Juncus species torn 
out and roots eaten)



34

Photo 8. Dung deposit 
by a male horse to show 
its dominance

Introduction

Photo 9. Some of the 
many trampled paths 
across the enclosure, 
created by both cattle 
and horses

Photo 10. Seeds of 
thistle stuck in the 
mane of a horse. The 
long fur of Highland 
cattle similarly fulfils 
the function of seed 
dispersal
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Chapter 1

Introduction

Based on the recommendation of the Research Sta-
tion Petite Camargue Alsacienne that was presented 
to the Scientific Committee of the Petite Camargue 
Alsacienne (14. 02. 2017), the management of the na-
ture reserve has included the introduction of mixed 
groups of Konik horses and Highland cattle in the 
management plan as a conservation method for the 
Rhine Island.

Introducing Konik horses to act as ecosystem engi-
neers on the Rhine island is a promising management 
tool. However, horse grazing is a novel system for the 
Petite Camargue. Therefore, the aim of this technical 
proposition is to provide concise information for the 
management of the Petite Camargue, based on liter-
ature sources and discussions with representatives of 
various nature conservation areas1. 

In the following, I summarize some non-exhaus-
tive aspects of ecological and social characteristics 
of horses from the point of view of the conservation 
management of the Petite Camargue. First, the main 
focus is on the ecology of horses, the size of their 
home range, and the stocking density for efficient 
grazing by this species. Since behaviour essentially in-
fluences the ecology of a species, the social structure 
(the function of the harem and the bachelor group) 
is described in the second part. Special emphasis is 
placed on options for having functioning social groups 
in areas where fully natural social structures (such as 
several coexisting harems and bachelor groups) are 
not achievable due to the small size of the area.

In the third part, recommendations are given con-
cerning the number and group composition of horses 
for the initial introduction to the 32-ha test enclosure 
on the Rhine Island. As this test enclosure will serve 
for a learning phase for further extension of the nov-
el grazing management practice to the nearly 100-ha 
restored conservation site, the technical proposition 
also aims to serve as a source for later enlargement 
of the project. The first version (10.01.2018) of this 
proposition was therefore updated in April 2022.

Glossary
Anthropocene: a proposed 
geological epoch dating 
from the commencement 
of strong human impact on 
the Earth’s ecosystems and 
climate, yet without formal 
agreement when the epoch 
began (Lewis and Maslin 
2015)

Ecosystem engineer:  organ-
ism that directly or indirectly 
modulate the availability of 
resources to other species, 
by causing physical state 
changes in biotic or abiotic 
materials (Jones et al. 1994)

Feral horses: horses that 
originate from domestic 
breeds but are living in wild 
circumstances with the ab-
sence of human care (Bies 
2010)

Home range: the area to 
which an animal restricts 
its activities (Linklater et al. 
2000)

Rewilding: the process of 
rebuilding, following major 
human disturbance, a nat-
ural ecosystem by restoring 
natural processes and the 
complete or near complete 
food-web at all trophic levels 
as a self-sustaining and resil-
ient ecosystem using biota 
that would have been pres-
ent, had the disturbance not 
occurred. (IUCN’s Rewilding 
Thematic Group: Carver et 
al. (2021)

1 These areas include: the Hortobágy National Park, Hungary - Przewalski horse reintroduction project (Viola Kerekes – 
project leader, Dr. Zsolt Végvári, scientific advisor); the Le Villaret, France - TAKH Przewalski horse project (Frédéric Joly, 
project leader), Kraansvlaak National Park, Netherlands (Yvonne Kempp, project coordinator); Oostvaardersplassen nature 
reserve, Netherlands (Jan Griekspoor, ranger); Zeitzer Forst, Germany (Jan Bley, Konik horse grazing project, company own-
er); CEN Lorraine - Pagny-sur-Meuse (Jessica Becker, project coordinator, Konik program).
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1. Ecological aspects of horse grazing

Horses have been widespread across all Eurasia until the beginning of the Anthro-
pocene (Lewis and Maslin 2015) period when human development (agricultural in-
tensification, hunting, domestication) has substantially reduced their numbers, along 
with the numbers other large herbivores (Naundrup and Svenning 2015). The area 
of today’s France, for instance, seems to have been a hotspot for horses: numerous 
cave paintings testifies the presence of a wide range of horse species/subspecies until 
about 16-11 thousand years ago (Pruvost et al. 2011). It is logical to assume that hors-
es therefore were an essential part of the Pleistocene landscapes, representing an 
important stochastic disturbance regime for the healthy dynamics of the ecosystem 
(Naundrup and Svenning 2015, Gordon et al. 2021).

Horses thus have been increasingly used in various European nature conservation 
initiatives where the aim is to ‘rewild’ damaged or destroyed ecosystems (Vermeulen 
2015). These rewilding initiatives consider the large herbivore as an integral part of 
the ecosystem (Chodkiewicz 2020), rather than as an animal that needs human care 
(Linnartz and Meissner 2014). Horses are known be able to easily turn to a self-suffi-
cient wild state and therefore have particularly high relevance in rewilding (Naundrup 
and Svenning 2015) and in any nature conservation initiative where limited or no hu-
man intervention is the aim (Gordon et al. 2021).

This is also because horses are extremely adaptable to a wide range of habitat 
types and conditions (McCort 1984). It is not surprising that horses – domestic or wild 
– can be managed under numerous schemes; nevertheless, management plans can be 
improved as more is understood about the behaviour and ecology of horses (McCort 
1984). 

1.1 Home range 

To fulfil their high nutritional requirements, horses need a sufficiently large grazing 
area (McGreevy 2012). The home range of one free ranging horse individual was 
reported to vary from 0.9 to 48 km2 (Keiper 1986), or 2 to 30 km2 (Spasskaya 2009), 
or 0.75 to 12 km2 (King 2002). Such variability is interpreted as the absence of a 
fixed home range: utilisation of available areas can vary according to season, water 
and forage availability, and even as a function of densities of biting insects (Boyd et 
al. 2016). 

Free ranging horses are non-territorial (Berger 1977), which results in overlap-
ping home ranges of different groups (Klingel 1974). That means that overlapping 
areas are not used exclusively by certain groups (Miller 1983), but spacing between 
groups and between horses were observed, which was occasionally maintained by 
agonistic behaviour (Linklater 1998). 

Such agonistic interactions were thus observed to be used for regulation of 
space and not to directly obtain access to food or to reaffirm dominance relation-
ships (Heitor et al. 2006). Frequency of aggressions was higher in smaller enclosures 
in Przewalski’s horses (Hogan et al. 1988), and the same pattern was shown in do-
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mestic horses (Majecka and Klawe 2018). This can be explained by an indirect linear 
relationship between the area used and the abundance of resources present on that 
particular area (Miller 1983).

In many European nature reserves, the home range of horses will be deter-
mined by the size of the enclosure. Consequently, for a long-term sustainability, 
the number of horses that are used as a management tool in a particular area are 
suggested not to exceed the limit of the resources of the area (Kerekes et al. 2019).

1.2 Stocking density

In livestock grazing, precise calculations are done for assessing the carrying capacity 
of an area in order to estimate the number of animals for which the phytomass of the 
area is just sufficient (Hampicke and Plachter 2010). The calculations are based on 
the idea that livestock grazing should aim for a maximum use of the available plant 
material (Soni 1975). For such maximisation, the yearly yield of the area is measured 
by clipping the vegetation every season, drying and weighing it, and, as a result, giving 
the average dry matter in kilogram per hectare (Hampicke and Plachter 2010).

In conservation grazing, the aim is not maximizing the animals on an area, thus 
precise calculations seem to be less important and often too costly (Wallis DeVries 
1998). The common practice in many cases is to start with low grazing density and 
later adjust the number of animals according to the needs by continuously monitor-
ing the changes in the area (Kempp, 2017, pers. com.; Kerekes & Végvári 2017, pers. 
com.). 

The stocking density in grazing projects for conservation purposes is suggested to 
be kept low to intermediate (Van Wieren 1998). What is considered to be ‘low’ and 
‘intermediate’ seems however not to be clearly set; different sources suggest different 
values. Low density is considered to be from 0.1 to 0.4 (Van Wieren 1998) or even up 
to 0.6 (Gilhaus and Holzel 2016) animals per hectare, and 0.7 to 1 animals per hect-
are is regarded to be intermediate to even high grazer density (Van Wieren 1998, van 
Klink et al. 2016). Table 1 shows some examples of number of grazers in various nature 
protection areas.

1.3 Co-grazing with cattle

Horses spend 12-18 hours per day with grazing (Burla et al. 2016), which leads to 
a much higher food intake than the intake of cattle (Duncan et al. 1990). For exam-
ple, Przewalski's horses in steppe habitat were found to consume up to around 10 kg 
phytomass per day (Pozdnyakova et al. 2011). This elevated food intake is due to the 
hind-gut fermenter digestive system of horses. Hind-gut fermenters eat considerably 
more than ruminants such as bovids, as food passes through their digestive system 
faster than through that of ruminants (Duncan et al. 1990). Ruminants, on the other 
hand, extract more nutrients from the food than do hind-gut fermenters (Foose 1978). 
Bovids therefore are able to feed at areas that are not preferred by equids, making it 
possible for equid and bovid species to co-exist (Duncan et al. 1990). This may be a 
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reason for why these two species are an advantageous combination in nature conser-
vation: by acting together, they have a substantial and heterogenous effect on vegeta-
tion (Vermeulen 2015).  

1.4 Natural grazing versus seasonal rotational conservation grazing

In recent nature conservation initiatives, a so-called natural grazing method has be-
come widespread, changing the earlier common practice of seasonal conservation 
grazing. In open- and semi-open areas of the European lowlands, horses and cattle 
are the main target animals in such initiatives. These species have a large impact on 
the environment due to their large size and coevolved with the vegetation on lowland 
areas. They are therefore believed to be the most suitable candidates to establish and 
maintain natural ecosystem processes (Naundrup and Svenning 2015, Pereira and Na-
varro 2015, Vermeulen 2015).

In Table 2, based on Vermeulen (2015), Pereira and Navarro (2015) and Kerekes 
(2018, pers. com), the differences between natural grazing and seasonal conservation 
grazing are summarized.

Site Area Animal 
species /

breed

Animal 
numbers

Stocking 
density

(animals/
ha)

Information 
source

West-Iceland 220 ha Icelandic 
horse 34 horses 0.15 (Sigurjonsdottir 

et al. 2003)

Blauwe Kamer,
Netherlands 110 ha Konik horse 27 horses 0.25 (Bouskila et al. 

2015)

Emsaue pöhlen,
Germany 22 ha

Konik horse + 
Heck cattle

5 horses, 
10-15 
cattle

~0.9  (Gilhaus and 
Holzel 2016)

Westhoek- 
South, 

Belgium
60 ha

Shetland 
pony + High-
land cattle

20-29 
ponies,  
4 cattle

~0.55 (Lamoot et al. 
2005)

Camargue,  
France 400 ha Camargue 

horse 53 horses 0.13  (Bassett 1980)

Zeitzer Forst,
Germany 150 ha

Konik horse 
+ Highland 

cattle

17 horses, 
12 cattle 0.19 (Jan Bley, 2017 

pers. com.)

Pagny-sur- 
Meuse, France 25.5 ha Konik horse 12-13 

horses ~0.5
(Jessica Becker, 

2019 
pers. com.)

Table 1. Examples for stocking densities in conservation grazing

Chapter 1
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Natural grazing Seasonal rotational conservation grazing

Animals are present on the area year 
round. The number of animals is deter-
mined by food availability during win-
ter, therefore the grazing pressure is 
low. This leads to an abundance of food 
during spring and summer with massive 
flowering and seed production.

Animals are not present all-year round 
on the same area. Numbers of animals 
are determined by the farmer/conser-
vation manager, and are usually much 
higher (up to 30 times) compared with 
natural grazing. This causes higher graz-
ing pressure and therefore less flower-
ing and an absence of the explosion of 
life in spring and summer.

During winter, grazers need to search 
for food sources such as twigs, stems 
and bark. This is the period when they 
have the strongest influence on the 
landscape, creating a mosaic pattern of 
open grasslands, thickets and forests. 
These habitats and the transitions be-
tween them are rich in diversity.

During winter, grazers are either 
removed from the area or are hay-fed, 
therefore they do not search for own 
food sources. In summer, pastures are 
often grazed so intensely that even 
thorny saplings will not survive; forests 
stay untouched due to the absence of 
animals (or the lack of need for finding 
own food sources) in winter. There 
are sharp boundaries between open 
overgrazed meadows and untouched 
woody stands.

The moderate fertilization rates by dung 
deposition facilitate the soil-dwelling 
invertebrate fauna. Moderate trampling 
opens up the vegetation in patches, 
creating habitats to be recolonized by 
pioneer species. Many herbs will not 
be eaten during summer, allowing to 
produce seeds which will serve as later 
nutrition for grazers but also as source 
of regeneration.

The high animal densities in summer lead 
to over-fertilizing and over-trampling 
of soils and vegetation. Only a few 
trampling-tolerant plant and invertebrate 
species will thrive. Overgrazing rarely 
allows herbs to produce seeds. This 
practice therefore is often used in areas 
where certain invasive plant species are 
meant to be eliminated, but it can be 
counterproductive for plant diversity.

During the excess food-availability in 
summer, herbivores grow a layer of fat 
beneath their skin, which helps them 
getting through the winter. During win-
ter, they can lose up to a quarter of their 
body weight. At the end of winter, when 
most of the fat reserves have been used, 
weaker animals are under a higher risk 
of death. This natural cycle allows only 
the fittest animals to survive and streng-
thens the fitness of the total population.

Due to the practice of feeding in win-
ter, the process of growing fat during 
summer does not occur within season-
al grazing practices. The animal popu-
lation may become weakened, as also 
the less strong animals will survive from 
winter to winter, which may lead to a 
sudden collapse of the total population 
caused by a stochastic event.

Table 2. Differences between natural grazing practices and seasonal grazing practices
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2. Social aspects of horse grazing 

Free-ranging, unmanaged horses live in stable social groups (Keiper 1986). Such stabil-
ity is the key factor in natural conditions, as horses depend on their group for survival 
(Sigurjónsdóttir and Haraldsson 2019). Benefits of living in stable groups thus out-
weigh costs (Krause et al. 2002): in horses, reduced predation risks, improved defence 
of resources and communal rearing are more important than the consequences of 
competition among group members for resources (Kruger and Flauger 2008). 

Further, social behaviour affects grazing behaviour: the social rank and the posi-
tion of conspecifics affect the feeding strategy of horses (Waran 2001). They usually 
return to a preferred grazing site, except when resources are limited or when another, 
dominant horse or horse group is already occupying the preferred site (Kruger and 
Flauger 2008). It therefore seems likely that the heterogenous grazing pattern of hors-
es may at least partially be driven by social behaviour.

In nature conservation, where horses are expected to be self-sustaining, and 
where heterogenous grazing is embraced, it is therefore important to be aware of and 
to facilitate the formation of natural social structure of horses. 

Most experts distinguish two main social group levels: the harem and the bache-
lor group. Beside this, two additional levels of the social system are not uncommon: 
solitary males and occasionally solitary females (McGreevy 2012 see Fig. 1). 

Natal gruop

juvenile dispersal

REPRODUCTIVES UNITS NON-REPRODUCTIVE UNITS

Bachelor group

Solitary animals

Mix-sexed 
non-reprodcutive 

peer group

Females Males

> 3 years

group fissiondeath or 
removal

1 year

2–3 years

< 1 year

if scarcity of stallions 
in the population

New natal group

group formation

In nature conservation management where reproduction is included as an aim, 
both harems and bachelor groups are usually welcomed (Kerekes, 2018, pers. com). 
Depending on enclosure size, several harems and also bachelor groups can be main-

Figure 1. The social groupings of free-ranging horses (McGreevy 2012 after Waring 2003) 
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tained: when the area is large enough, horses will naturally separate into family groups 
and bachelor groups, and inbreeding is generally avoided without human intervention 
(Griekspoor, 2018, pers. com.).

When the enclosure size is limited and reproduction is restricted or impossible, 
often non-reproductive groups of horses are used in nature conservation. Groups of 
geldings with mares, or groups of only geldings, may seem to be an easier solution for 
the management of a conservation area due to the reduced aggression-level associat-
ed with the lack of a stallion (and thus reduced likelihood of injuries and the resulting 
complications). However, such human-made horse groups may not completely fulfil 
the aims of nature conservation. The natural group dynamics that promote a healthy 
social structure and, consequently, a good health state can only be achieved by adapt-
ing naturally existing social group constitutions for nature conservation purposes (Ver-
meulen 2015). 

For instance, bachelor groups of stallions may be introduced to nature conser-
vation areas (Kempp, 2018, pers. com.): a solution that may seem to be bold due to 
the expected fights between the non-castrated males, yet studies have shown that 
the frequency and intensity of agonistic interactions between stallions that lack the 
presence of females are generally low (Christensen et al. 2002, Vervaecke et al. 2007, 
Heitor and Vicente 2010). Alternatively, by paying strict attention to avoid inbreeding 
by regularly replacing the stallion, a harem group may also be maintained on a longer 
term even in smaller enclosures. Even though the stability of the group may be sub-
optimal due to the yearly exchange of the stallion, such setup may mimic a natural 
situation when an old or sick stallion is expelled by another stallion with better health 
condition. Additionally, the benefits of the natural social structure and the resulting 
social dynamics likely overrule the negative effect of the temporary instability (Kere-
kes, 2018, pers. com).

In the following, I summarize the composition and hierarchical structure of harems 
and bachelor groups, emphasizing possibilities of application in nature conservation.

2.1 The harem

The mating system of horses can be described as a female defence polygyny , where a 
male is able to support multiple female mates by competing with other males for the 
right to mate and therefore also for access to resources (Emlen and Oring 1977, Breed 
and Moore 2021). The basic social unit in horses is called harem (or band), and – in 
unmanaged circumstances – it consists of the leading stallion, potentially some subor-
dinate ‘satellite’ stallions, several females (one of which being the leading mare), and 
their offspring up to about 2 years of age (Keiper 1986, Boyd et al. 2016). 

2.1.1 Group composition of harems

The total number of horses in a harem in free ranging Przewalski horses varied be-
tween 9-18 (King 2002) or 9-21 in free ranging feral horses (Boyd et al. 2016). Male 
and female offspring disperse or are expelled from their natal group after reaching ma-
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turity (Linklater 2000, Vermeulen 2015), which prevents further male aggression and 
also the formation of matrilines and inbreeding (Kaseda et al. 1997, Linklater 1998).

In most cases, a harem includes one stallion that maintains its harem by excluding 
other stallions from the area (Linklater 2000). Occasionally, more than one stallion 
may be part of a harem, and in such cases dominance hierarchy is established be-
tween the stallions, one being the dominant and the other(s) the subordinate stal-
lion(s) (McGreevy 2012). In such multi-stallion harems, subordinate stallions are not 
fully excluded from mating: they have found to occasionally mate with lower-ranked 
mares (Keiper and Houpt 1984). 

Usually more than one mare is found in a harem, and a linear dominance hier-
archy facilitates the stability of the harem (van Dierendonck et al. 1995), where the 
mare’s position in the rank depends on age, height and weight, aggressiveness, phys-
ical condition or maternal rank (reviewed in Heitor et al. 2006). The importance of 
mares in harems, as the lead animals of the group, is increasingly recognised: they 
are often responsible for taking the lead to resources and initiating activities such as 
grazing or resting (McGreevy 2012). 

2.1.2 Dominance hierarchy and stability of the harem

Adult mares and stallions are usually loyal to their harem (Linklater 2000), and mem-
bership in a harem normally lasts an individuals’ lifetime (Duncan 1984). Thus, these 
social groups are stable bisexual associations. Interestingly, multi-stallion groups have 
been shown to be more socially stable: mares seem to be more likely to abandon sin-
gle-stallion harems than harems with more stallions (Stevens 1990). 

Such sociality of horses is different from many other ungulates, but it is similar to 
primates (Ringhofer et al. 2017). The social structure of horse groups is assumed to 
have evolved to reduce predation risk (Feh 2005) and to protect mares from harass-
ment by other stallions (Linklater 2000). By keeping mares and juveniles in a cohesive 
group, the group becomes defendable (Sigurjonsdottir et al. 2003). The long gestation 
period (11-12 months) of mares (Ringhofer et al. 2017) also could explain the reason 
for a permanent social group, since stable groups are fundamental for the horses’ 
breeding success (Linklater 1998).

Horses maintain the bonding in a harem by social interactions such as allogroom-
ing or social plays (Sigurjonsdottir et al. 2003). These interactions play important role 
in any horse assemblage, let it be harems or bachelor groups of wild or free ranging 
feral horses, or domestic horses kept in stables (Jorgensen et al. 2009): social interac-
tions lower the heart rate of the participants and thus reduce tensions between group 
members (Feh and de Mazières 1993).

 
2.2 The bachelor group 

Groups of young stallions are considered regular social units of horses, existing par-
allel to harems (Boyd et al. 2016). In natural conditions, at the age of 1-4, immature 
horses – both mares and stallions – disperse from their natal band (Keiper 1986). 
Young stallions form bachelor groups until they become old enough, around 5 years, 
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to be capable of acquiring unguarded mares for establishing their own harem (Boyd 
et al. 2016). These mares are either young dispersed females or adult mares that sep-
arated from their harem or whose stallion died (Keiper 1976). Bachelors may also 
abduct active harem mares (Nelson 1978); or they might choose to join a harem as a 
satellite stallion and later acquire the whole harem by ousting the leading stallion or 
due to the death of the leading stallion (Miller 1979, Boyd et al. 2016). 

Membership in bachelor groups often is changed (Linklater 2000), resulting in un-
stable, flexible associations that are appropriate to serve as temporal social groups for 
males.

In managed circumstances, keeping stallions together mimics bachelor groups 
that are found in natural conditions (Freymond et al. 2013). However, these groups 
are temporary in natural circumstances, occasionally splitting up and reconstituting 
with different individuals, and it is not yet known how the assemblage would operate 
in the long-term in a managed system where individuals generally do not change and 
have limited space (Kerekes, 2018, pers. com).

In managed environments, bachelor groups often consist of geldings rather than 
stallions. Gelding groups, although possibly lacking the wide range of natural social 
interactions, are usually the preferred way of managing populations in relatively small 
enclosures (Kempp, 2018, pers. com).

2.2.1 Group composition of bachelors

Populations of wild horses in natural environments only recently reached the num-
bers sufficient for investigation of natural processes (King 2002). Thus, information on 
bachelor groups size and composition of free ranging wild horses is still lacking; bach-
elor groups of Przewalski horses have only been investigated in managed conditions 
(Zharkikh and Andersen 2009). A review by Boyd et al. (2016) approximates the size 
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Horse species/ 
breed

Number of bache-
lors in the groups

Age of horses Area Study

Przewalski 8 adults and juveniles not specified  (Tilson et al. 
1988)

Przewalski 13 9-13 years 75 ha  (Christensen 
et al. 2002)

Venezuelan feral 
horses

2; 2; 3; 8 above 3 years 88’000 ha  (Pacheco and 
Herrera 1997)

Welsh pony 5 8 years (all same 
age)

21.4 ha  (Morel et al. 
2006)

Sorraia feral 
horse

6 3-12 years 15 ha  (Heitor and 
Vicente 2010)

‘Domestic’ horse 5; 8 8-19 years 4 ha (domestic 
conditions)

 (Freymond et 
al. 2013)

Table 3. Examples for compositions of bachelor groups
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of bachelor groups in harem-forming equids (e.g., plains zebra, Przewalski horse) be-
tween 2 and 17. Studies about managed conditions report different setups regarding 
age composition of bachelor groups (Table 3); however, the number of group mem-
bers seems to be often 5, 6 or 8, even in different horse breeds and different manage-
ment approaches. This may refer to a functioning group composition.

2.2.3 Dominance hierarchy in bachelor groups

In bachelor groups, a linear social hierarchy system is apparent (Feh 1988, Freymond 
et al. 2013), while in harems this is not necessarily the case (Feh 1988). In social ani-
mals, meeting unfamiliar conspecifics may cause aggressive behaviour until the social 
rank order is established, leading to risk of injuries due to aggressive encounters (Hart-
mann et al. 2009). Yet, it was found that these injuries usually do not have serious wel-
fare consequences but rather lead to increased fitness of horses due to the physical 
exercise (Kerekes, 2018, pers. com). Once the rank is established, it is maintained to 
serve group cohesion (Freymond et al. 2013), and the rate of agonistic behaviour is 
thus reduced (Heitor et al. 2006). 

2.2.4 Mixing stallions to form a bachelor group 

Bachelor groups generally have been used as an “ethologically sound, space- and 
cost-effective means of managing surplus (i.e. non-harem) male (…) horses” (Tilson et 
al. 1988). However, to artificially create bachelor groups, natural processes should be 
respected, such as an easy establishment of dominance hierarchy, social interactions 
and group size (Kempp, 2018, pers. com.). 

Social rank among stallions was reported to be based more on experience and 
body condition than on age (Giles et al. 2015). However, experience of horses is likely 
correlated to their age (Freymond et al. 2013), which may be confirmed by the find-
ings of Heitor and Vicente (2010): horses that spend a longer time in a group will sup-
posedly have higher ranks than newcomers.

Possible methods for mixing males based on preliminary introductions and lit-
erature review were collected by Tilson et al. (1988). These are: (1) grouping colts 
(male immature stallions of less than 3 years old) after removing them from their natal 
bands; (2) introducing adult stallions to colts in large, controlled environments to re-
duce the risk of combat-related injury or death associated with largely unpredictable 
adult temperament; (3) introducing more than one animal at a time to established 
groups.

Other methods used for domestic horses include exposure of horses to each other 
in neighbouring paddocks (Hartmann et al. 2009, Majecka and Klawe 2018). By allow-
ing horses to familiarize with each other in controlled surroundings, animals have the 
possibility to gain information about the unfamiliar opponent, which influences later 
social interactions (Hartmann et al. 2009). Such methods therefore help establish the 
natural linear dominance hierarchy observed in free-living equid populations (Berger 
1977), while avoiding excessive human-induced aggression that would likely not de-
velop in natural horse populations.  
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3. Recommendations

Based on the above review and expert opinions, the Research Station recommends 
following the so-called ‘natural grazing’ management practices, where animals are not 
changed between areas (as in a rotational grazing practice) but stay year-long in one 
large enclosure, with low stocking density and without winter feeding. Specifically, we 
propose the following to the management of the Petite Camargue:

3.1 Stocking density

For assessing the initial stocking density, we suggest not to carry out dry matter yield 
calculations, as this would be of high cost both in terms of time and manpower, and 
would not necessarily lead to adequate information, since the area on the Rhine Is-
land is constantly evolving from a zero state after the restoration works ended in 2014. 
Instead, we suggest an initial careful and low stocking rate, which could be later raised 
according to the results of monitoring the changes in vegetation abundance and cover. 
(For this monitoring, the Research Station has stablished a long-term yearly protocol 
of sampling vegetation attributes on 80 permanent plots. The aim is to allow adequate 
assessment of effects of the grazers on the vegetation.)

This initial stocking density takes into account that the area should provide the 
necessary food intake without additional winter feeding. Because there is unknown 
amount of roe deer and wild boar on the Rhine Island in addition to the domestic 
grazers, horse and cattle density should not exceed 0.3 animals per hectare to avoid 
possible overgrazing. As the area evolves from a zero state towards later succession-
al stages, grazer numbers may be slightly increased, but not exceeding 0.5 animals 
per hectare. Since the available area for large herbivore grazing is 32 hectares in the 
test-enclosure, the initial 0.3 animals per hectare would mean approximately 10 graz-
ers. 

To avoid interspecific dominance, a similar number of animals per species is pref-
erable over having different numbers per grazer species. This would mean 5 horses 
and 5 cattle in the initial phase of the project. With an optional aim of reproduction, 
the number of horses could be quickly raised by adding a stallion, both to increase the 
grazing pressure to 0.5 animals per hectare or to populate other parts of the Rhine 
Island according to further enlargement of the equid-bovid mixed grazing system.

3.2 Composition of the horse group

As the test enclosure serves for a first trial of a novel system, reproduction is not 
among the initial plans. However, at later stages of the project, it will be necessary 
to provide animals for the enlarged enclosure(s) and to balance the natural mortality 
rates.

To begin the project, we suggest acquiring a mixed female-gelding group. Although 
this is a less natural system than having stallion(s) in the group, it allows to test the 
novel grazing system without the need for strict control of reproduction. As we sug-
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gest not to exceed 5 horses in the first year of the project, we recommend obtaining 
three geldings and two mares. At a later stage, this would allow to add a stallion into 
the group to start reproduction. In such circumstances, the stallion would likely form a 
harem with the two females and either expel the geldings or allow them as ‘satellite’ 
males in the group. If expelled, the geldings would likely form a bachelor group.

It is important that the females show no genetic relatedness, since their offspring 
will likely contribute to later reproduction. It is therefore most favourable if females 
are acquired from different breeders/nature protection areas. 

Since geldings do not enter the reproduction cycle, it is less important that they 
show genetic divergence. Instead, an established bachelor group, where the individu-
als are already in a stable hierarchy, would be more advisable than animals that do not 
know each other, so that the period of establishing a new social rank order among the 
group members may be avoided, and thus energies can be spent for acclimatization 
to the new area (Vermeulen 2015). An older, experienced individual and two younger 
individuals with several years of difference in age are an ideal composition of three 
geldings. Such a group composition would potentially mimic the natural circumstanc-
es and is especially important because in a mixed female-gelding group, geldings often 
show similar female-possessing behaviour as stallions, which would lead to constant 
fights between geldings for being the leading “stallion”. 

If geldings cannot be acquired from the same group, a certain time spent in neigh-
bouring but fenced paddocks is generally advised so that the horses familiarize with 
each other and perform dominance behaviour. Although such practice is mainly used 
in domestic conditions, we suggest its application at the initial phase of the natural 
grazing project for management reasons: to avoid injuries at the first introduction 
phase, which would likely complicate the acceptance of the project by the public. 
However, at later phases of the project, it is likely not necessary to include a familiar-
izing phase in the introduction process.

3.3 Subsequent group management plan

After the experiences of the first one to two years of the test phase of the project, re-
production may be started. The initial group of two mares and three geldings may be 
extended with one stallion, upon which the geldings would be expected to be expelled 
(by combats) and would potentially form a bachelor group. This bachelor group may 
then be later joined by the male offspring of the stallion. Such events would comply 
with the natural social behaviour of horses, where bachelor groups are formed as 
temporal and changing associations. 

Under natural circumstances, female offspring of the stallion would be distanced 
from their initial harem by the natural behaviour of harem-forming species. On the 
Rhine Island, due to the limits of the area of the enclosure, female offspring would 
be needed to be physically separated to avoid inbreeding. Alternatively, the stallion 
may be castrated before its offspring reach maturity. Potentially, a new stallion may 
be introduced to the original group to exchange the original stallion, or, if the female 
offspring of the original stallion are removed, a new stallion may be introduced to this 
new female group, increasing the genetic diversity of the horses.
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At a point when the number of animals reaches the capacity of a low-intensity 
grazing pressure on the total area of the restoration project on the Rhine Island, repro-
duction may be paused. Stallions may either be castrated or, as a more nature-based 
solution, they may be removed from the respective family groups and placed in a 
separate area together, forming a bachelor group. In case mortality occurs, this stal-
lion-bachelor group could be mobilized for further reproduction, carefully respecting 
the genetic relatedness among the horses.

Such management practices are not able to fully mimic natural circumstances, 
but they are necessary for avoiding inbreeding and an overpopulation of animals in a 
fenced area.

(See the reference list at the end of the French translation of Chapter 1.)
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Context

Sur la base de la recommandation de la Station 
de recherche Petite Camargue Alsacienne qui a été 
présentée au Conseil scientifique de la Petite Camar-
gue Alsacienne (14. 02. 2017), la gestion de la réserve 
naturelle a inclus l'introduction de groupes mixtes de 
chevaux Konik et de bovins Highland dans le plan de 
gestion comme méthode de conservation de l'Ile du 
Rhin.

Introduire des chevaux Konik pour agir en tant 
qu'ingénieurs de l'écosystème sur l'Ile du Rhin semble 
être un outil de gestion particulièrement pertinent. 
Cependant, le pâturage des chevaux est un système 
nouveau pour la Petite Camargue. Par conséquent, 
l'objectif de cette proposition technique est de 
fournir des informations concises pour la gestion de 
la Petite Camargue, en se basant sur des sources bib-
liographiques et des discussions avec des représen-
tants de diverses réserves de conservation de la na-
ture en Europe1. 

Dans la suite, je synthétise quelques aspects non 
exhaustifs des caractéristiques écologiques et so-
ciales du cheval du point de vue de la gestion con-
servatoire de la Petite Camargue. Tout d'abord, une 
attention particulière est portée sur l'écologie des 
chevaux, la taille de leur domaine vital et la densité 
de peuplement pour un pâturage efficace de cette es-
pèce. Le comportement influençant essentiellement 
l'écologie d'une espèce ; la structure sociale (fonction 
du harem et du groupe de bachelors) est décrite dans 
la deuxième partie. Un focus spécifique sera accordé 
aux options permettant d'avoir des groupes sociaux 
fonctionnels dans des zones où des structures socia-
les entièrement naturelles (telles que plusieurs ha-
rems et groupes de bachelors coexistants) ne sont pas 
toujours réalisables en raison de la petite taille de la 
réserve.

Dans la troisième partie, des recommandations 
sont proposées concernant le nombre et la compo-
sition des groupes de chevaux pour l'introduction ini-
tiale dans l'enclos test de 32 ha sur l'Ile du Rhin. 

Glossaire

Anthropocène : époque 
géologique proposée, datant 
du début d'un fort impact 
humain sur les écosystèmes 
et le climat de la Terre, mais 
sans accord formel sur la date 
de début de cette époque 
(Lewis et Maslin 2015).

Ingénieur de l'écosystè- 
me :  organisme qui modifie 
directement ou indirecte-
ment la disponibilité des 
ressources pour d'autres es-
pèces, en provoquant des 
changements d'état physique 
dans les matériaux biotiques 
ou abiotiques (Jones et al. 
1994).

Chevaux féraux : chevaux 
issus de races domestiques 
mais vivant à l'état sauvage 
en l'absence de soins hu-
mains (Bies 2010).

Domaine vital : la zone dans 
laquelle un animal limite 
ses activités (Linklater et al. 
2000).

Rewilding : le processus de re-
construction, après une per-
turbation humaine majeure, 
d'un écosystème naturel en 
rétablissant les processus na-
turels et le réseau alimentaire 
complet ou presque complet 
à tous les niveaux trophiques 
en tant qu'écosystème auto-
nome et résilient utilisant le 
biote qui aurait été présent si 
la perturbation n'avait pas eu 
lieu. (Groupe thématique de 
Rewilding de l’IUCN : Carver 
et al. 2021).

1 Ces sites comprennent : le Parc National d'Hortobágy, Hongrie - projet de réintroduction du cheval de Przewalski (Viola Kerekes 
- chargée de projet, Dr. Zsolt Végvári, conseiller scientifique) ; Le Villaret, France - projet TAKH sur le cheval Przewalski (Frédéric 
Joly, chargé de projet), le parc national de Kraansvlaak, Pays-Bas (Yvonne Kempp, coordinatrice de projet) ; la réserve naturelle 
d'Oostvaardersplassen, Pays-Bas (Jan Griekspoor, ranger) ; Zeitzer Forst, Allemagne (Jan Bley, projet de pâturage pour chevaux 
Konik, propriétaire de l'entreprise) ; CEN Lorraine - Pagny-sur-Meuse (Jessica Becker, chargée de projet, programme Konik).
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Comme cet enclos test servira de phase de préparation pour l'extension future 
de la nouvelle pratique de gestion du pâturage sur le site de conservation restauré de 
près de 100 ha, la proposition technique vise également à servir de source pour les 
extensions futures du projet. La première version (10.01.2018) de cette proposition a 
donc été mise à jour en avril 2022.

1. Aspects écologiques du pâturage des chevaux

Les chevaux étaient présents dans toute l'Eurasie jusqu'au début de la période de l'An-
thropocène (Lewis et Maslin 2015), lorsque le développement humain (intensification 
de l'agriculture, chasse, domestication) a considérablement réduit leur nombre, ainsi 
que celui des autres grands herbivores (Naundrup et Svenning 2015). La région de la 
France actuelle, par exemple, semble avoir été un hotspot du cheval : de nombreuses 
peintures rupestres témoignent de la présence d'un large éventail d'espèces/sous-es-
pèces de chevaux jusqu'à environ 16-11 mille ans (Pruvost et al. 2011). Il est logique 
de présumer que les chevaux étaient donc une partie essentielle des paysages du 
Pléistocène, représentant un régime de perturbation stochastique important pour la 
dynamique en équilibre de l'écosystème (Naundrup et Svenning 2015, Gordon et al. 
2021).

Les chevaux sont ainsi de plus en plus utilisés dans diverses initiatives européennes 
de conservation de la nature dont l'objectif est de « rewilder » des écosystèmes en-
dommagés ou détruits (Vermeulen 2015). Ces initiatives de rewilding considèrent le 
grand herbivore comme une partie intégrante de l'écosystème (Chodkiewicz 2020), 
plutôt que comme un animal qui a besoin de soins humains (Linnartz et Meissner 
2014). Les chevaux sont connus pour être capables de se transformer facilement en 
un état sauvage autosuffisant et ont donc une pertinence élevée dans l’idée de re-
wilding (Naundrup et Svenning 2015) et dans toute initiative de conservation de la 
nature dont l'objectif est de limiter ou de supprimer l'intervention humaine (Gordon 
et al. 2021). 

Cela s'explique également par le fait que les chevaux sont extrêmement adapt-
ables à un large spectre de types d'habitats et de conditions (McCort 1984). Il n'est 
pas surprenant que les chevaux – domestiques ou sauvages – puissent être gérés dans 
le cadre de nombreux programmes ; néanmoins, les plans de gestion peuvent être 
améliorés à mesure que l'on en comprend davantage sur le comportement et l'écolo-
gie des chevaux (McCort 1984).

1.1 Domaine vital 

Les chevaux ont besoin d'une superficie de pâture suffisamment grande pour répon-
dre à leurs besoins nutritionnels élevés (McGreevy 2012). Le domaine vital d'un che-
val en liberté varie de 0,9 à 48 km2 (Keiper 1986), de 2 à 30 km2 (Spasskaya 2009) ou 
de 0,75 à 12 km2 (King 2002). Une telle variabilité est interprétée comme l'absence 
d'un domaine vital fixe : l'utilisation des zones disponibles peut varier en fonction de 
la saison, de la disponibilité d'eau et de nourriture, et même en fonction des densités 
d'insectes piqueurs (Boyd et al. 2016). 
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Les chevaux à l'état sauvages sont non-territoriaux (Berger 1977), ce qui entraîne 
un chevauchement des domaines vitaux des différents groupes (Klingel 1974). Cela 
signifie que les zones de chevauchement ne sont pas utilisées exclusivement par 
certains groupes (Miller 1983), mais on a observé un espacement entre les groupes 
et entre les chevaux, qui était parfois maintenu par un comportement agonistique 
(Linklater 1998). 

Ces interactions agonistiques ont donc été observées comme étant utilisées pour 
la régulation de l'espace et non pour obtenir directement l'accès à la nourriture ou 
pour réaffirmer des relations de dominance (Heitor et al. 2006). La fréquence des 
agressions était plus élevée dans les petits enclos chez les chevaux de Przewalski 
(Hogan et al. 1988), et le même scénario a été décrit chez les chevaux domestiques 
(Majecka et Klawe 2018). Cela peut s'expliquer par une relation linéaire indirecte 
entre la superficie utilisée et l'abondance des ressources présentes sur cette zone 
particulière (Miller 1983).

Dans de nombreuses réserves naturelles européennes, le domaine vital des che-
vaux sera déterminé par la taille de l'enclos. Par conséquent, pour une durabilité à 
long terme, il est suggéré que le nombre de chevaux utilisés comme outil de gestion 
dans une zone particulière ne dépasse pas la limite des ressources de cette zone (Ker-
ekes et al. 2019).

1.2 Densité de chargement

Dans le cas de l’élévage du bétail, des calculs précis sont effectués pour évaluer la 
capacité de charge d'une zone afin d'estimer le nombre d'animaux pour lequel la phy-
tomasse de la zone est juste suffisante (Hampicke et Plachter 2010). Les calculs sont 
basés sur l'idée que le pâturage du bétail doit viser une utilisation maximale de la 
matière végétale disponible (Soni 1975). Pour cette maximisation, le rendement an-
nuel de la zone est mesuré en coupant la végétation à chaque saison, en la séchant et 
en la pesant, ce qui permet d'obtenir la matière sèche moyenne en kilogrammes par 
hectare (Hampicke et Plachter 2010).

Dans le cadre du pâturage conservatoire, l'objectif n'est pas de maximiser le nom-
bre d'animaux sur une zone, donc les calculs précis semblent moins importants et 
souvent trop coûteux (Wallis DeVries 1998). La pratique courante dans de nombreux 
cas est de commencer par une faible densité de charge et d'ajuster ensuite le nombre 
d'animaux en fonction des besoins en surveillant continuellement les changements 
dans la zone (Kempp, 2017, com. pers. ; Kerekes & Végvári 2017, com. pers.). 

Il est suggéré que la densité de chargement dans les projets de pâturage à des 
fins de conservation soit maintenue à un niveau faible ou intermédiaire (Van Wieren 
1998). Ce qui est considéré comme « faible » et  « intermédiaire » ne semble cepen-
dant pas être clairement défini ; différentes sources suggèrent des valeurs différentes. 
Une faible densité est considérée comme étant de 0,1 à 0,4 (Van Wieren 1998) ou 
même jusqu'à 0,6 (Gilhaus et Holzel 2016) animaux par hectare, et 0,7 à 1 animaux par 
hectare est considéré comme une densité de pâturage intermédiaire à même élevée 
(Van Wieren 1998, van Klink et al. 2016). Le Tableau 1 présente quelques exemples du 
nombre de brouteurs dans diverses zones de protection de la nature.
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Site Super-
ficie

Espèce /
race ani-

male 

Nombre 
d'ani-
maux

Densité de 
chargement 

(animaux/ha)

Source  
d'informa-

tion
Ouest de  
l'Islande 220 ha Cheval  

islandais 34 chevaux 0.15 (Sigurjonsdottir 
et al. 2003)

Blauwe Kamer,
Netherlands 110 ha Cheval Konik 27 chevaux 0.25 (Bouskila et al. 

2015)

Emsaue pöhlen,
Germany 22 ha

Cheval Konik 
+ Bovin Heck

5 chevaux, 
10-15 
bovins

~0.9  (Gilhaus and 
Holzel 2016)

Westhoek- 
South, 

Belgium
60 ha

Shetland 
pony + High-
land cattle

20-29 
poneys, 4 

bovins
~0.55 (Lamoot et al. 

2005)

Camargue,  
France 400 ha Camargue 

horse 53 chevaux 0.13  (Bassett 1980)

Zeitzer Forst,
Germany 150 ha

Konik horse 
+ Highland 

cattle

17 che-
vaux,  

12 bovins
0.19 (Jan Bley, 2017 

pers. com.)

Pagny-sur- 
Meuse, France 25.5 ha Konik horse 12-13  

chevaux ~0.5
(Jessica Becker, 

2019 
com. pers.)

Tableau 1. Exemples de densités de charge dans le cadre du pâturage de conservation

1.3 Co-pâturage avec des bovins

Les chevaux passent 12 à 18 heures par jour au pâturage (Burla et al. 2016), ce qui 
entraîne une consommation alimentaire beaucoup plus importante que celle des bo-
vins (Duncan et al. 1990). Par exemple, les chevaux de Przewalski dans un habitat de 
steppe ont consommé jusqu'à environ 10 kg de phytomasse par jour (Pozdnyakova et 
al. 2011). Cette consommation de nourriture élevée est due au système digestif fer-
menteur de l'intestin postérieur des chevaux. Les fermenteurs de l'intestin postérieur 
mangent beaucoup plus que les ruminants tels que les bovins, car la nourriture passe 
plus rapidement dans leur système digestif que dans celui des ruminants (Duncan et 
al. 1990). Les ruminants, par contre, extraient plus de nutriments de la nourriture que 
les fermenteurs de l'intestin postérieur (Foose 1978). Les bovidés sont donc capables 
de se nourrir dans des zones qui ne sont pas préférées par les équidés, ce qui rend 
possible la coexistence des équidés et des bovidés (Duncan et al. 1990). C'est peut-
être une raison pour laquelle ces deux espèces constituent une combinaison avan-
tageuse en termes de conservation de la nature : en agissant ensemble, elles ont un 
effet substantiel et hétérogène sur la végétation (Vermeulen 2015).  

1.4 Pâturage naturel vs pâturage de conservation rotatif saisonnier 

Au cours de récentes initiatives de conservation de la nature, une méthode de 
pâturage dite naturelle s'est répandue, modifiant la pratique courante antérieure du 
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pâturage de conservation saisonnier. Dans les zones ouvertes et semi-ouvertes des 
plaines européennes, les chevaux et les bovins sont les principaux herbivores cibles de 
ces initiatives. Ces espèces ont un impact important sur l'environnement en raison de 
leur grande taille. De plus, elles ont coévolués avec la végétation des zones de plaine. 
Elles sont donc considérées comme les candidats les plus appropriés pour établir 
et maintenir les processus naturels des écosystèmes (Naundrup et Svenning 2015, 
Pereira et Navarro 2015, Vermeulen 2015).

Pâturage naturel Pâturage de conservation rotatif  
saisonnier 

Les herbivores sont présents sur la zone 
toute l'année. Le nombre d'animaux 
est déterminé par la disponibilité de la 
nourriture en hiver, la pression de pâtur-
age est donc faible. Cela permet une 
abondance de nourriture au printemps 
et en été avec une floraison et une pro-
duction de graines considérable.

Les herbivores ne sont pas présents 
toute l'année sur la même zone. Le nom-
bre d'animaux est déterminé par l'agri-
culteur / gestionnaire, et est générale-
ment beaucoup plus élevé (jusqu'à 30 
fois) par rapport au pâturage naturel. 
Cela entraîne une pression de pâturage 
plus élevée et donc une floraison moin-
dre et une absence de l'explosion de vie 
au printemps et été.

En hiver, les herbivores doivent chercher 
des sources de nourriture telles que des 
brindilles, des tiges et des écorces. C'est 
à cette période qu'ils ont la plus forte 
influence sur l’environnement, créant 
une mosaïque de prairies ouvertes, 
de fourrés et de forêts. Ces habitats et 
les transitions entre eux sont riches en 
diversité.

En hiver, les herbivores sont soit 
enlevés de la zone, soit nourris au 
foin, et ne cherchent donc pas leurs 
propres sources de nourriture. En été, 
les pâtures sont souvent si intensément 
broutées que même les jeunes arbres 
épineux ne survivent pas ; les forêts 
restent intactes en raison de l'absence 
d'animaux (ou de la nécessité de trouver 
ses propres sources de nourriture) en 
hiver. Des frontières entre les prairies 
ouvertes surpâturées et les espaces 
boisés intacts sont distinctes.

Les taux de fertilisation modérés 
par le dépôt d'excréments facilitent 
la faune invertébrée vivant dans le 
sol. Le piétinement modéré ouvre 
la végétation en taches, créant des 
habitats à recoloniser par des espèces 
pionnières. De nombreuses herbes ne 
seront pas consommées pendant l'été, 
ce qui permet de produire des graines 
qui serviront de nourriture ultérieure 
pour les herbivores mais aussi de source 
de régénération.

Les fortes densités d'animaux en été 
entraînent une surfertilisation et un 
piéti-nement excessif des sols et de la 
végéta-tion. Seules quelques espèces 
végétales et invertébrées tolérantes au 
piétinement prospèrent. Le surpâturage 
permet rarement aux herbes de 
produire des graines. Cette pratique est 
donc souvent utilisée dans les zones où 
l'on souhaite éliminer certaines espèces 
végétales envahissantes, mais elle peut 
être contre-productive pour la diversité 
végétale.



66

Chapter 1

Le tableau 2, basé sur Vermeulen (2015), Pereira et Navarro (2015) et Kerekes 
(2018, com. pers.), résume les différences entre le pâturage naturel et le pâturage de 
conservation saisonnier en rotation.

2. Aspects sociaux du pâturage des chevaux

Les chevaux à l’état sauvage – en liberté et non gérés – vivent dans des groupes so-
ciaux stables (Keiper 1986). Cette stabilité est le facteur clé dans les conditions na-
turelles, car les chevaux dépendent de leur groupe pour leur survie (Sigurjónsdóttir 
et Haraldsson 2019). Les avantages de la vie en groupes stables l'emportent donc sur 
les coûts (Krause et al. 2002) : chez les chevaux, la réduction des risques de prédation, 
l'amélioration de la défense des ressources et l'élevage en commun sont plus impor-
tants que les conséquences de la compétition entre les membres du groupe pour les 
ressources (Kruger et Flauger 2008).

En outre, le comportement social affecte le comportement de pâturage : le statut 
social et la position des congénères affectent la stratégie d'alimentation des chevaux 
(Waran 2001). Ils reviennent généralement sur un site de pâturage préféré, sauf lor-
sque les ressources sont limitées ou lorsqu'un autre cheval ou groupe de chevaux 
dominant occupe déjà le site préféré (Kruger et Flauger 2008). Il semble donc prob-
able que le mode de pâturage hétérogène des chevaux soit, au moins partiellement, 
déterminé par le comportement social.

Dans le cadre de la conservation de la nature, où les chevaux sont censés être 
autonomes et où le pâturage hétérogène est encouragé, il est donc important de con-
naître et de faciliter la formation de la structure sociale naturelle des chevaux. 

La plupart des experts distinguent deux principaux niveaux de groupes sociaux : le 
harem et le groupe des bachelors. En outre, deux autres niveaux du système social ne 
sont pas rares : les mâles solitaires et parfois les femelles solitaires (McGreevy 2012 
voir Fig. 1). 

Tableau 2, suite

Pendant l'excès de nourriture en été, les 
herbivores développent une couche de 
graisse sous leur peau, ce qui les aide à 
passer l'hiver. Pendant l'hiver, ils peuvent 
perdre jusqu'à un quart de leur poids 
corporel. À la fin de l'hiver, lorsque la 
plupart des réserves de graisse ont été 
utilisées, les animaux les plus faibles 
courent un plus grand risque de mourir. 
Ce cycle naturel permet aux animaux les 
plus adaptés de survivre et renforce la 
condition physique de la population totale.

En raison de la pratique de l'alimentation 
en hiver, le processus de croissance des 
graisses en été ne se produit pas dans 
le cadre des pratiques de pâturage 
saisonnier. La population animale peut 
s'affaiblir, car les animaux les moins 
forts survivront également d'un hiver 
à l'autre, ce qui peut provoquer un 
effondrement soudain de la population 
totale causé par un événement 
stochastique.

Tableau 2. Exemples de densités de charge dans le cadre du pâturage de conservation
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Groupe natale

dispersion des juvéniles

UNITÉS REPRODUCTIVES UNITÉS NON-REPRODUCTIVE

Groupe bachelor

Animaux solitaires

Groupe de jeunes 
non reproducteurs 

de sexe mixte

Femelles Mâles

>3 ans

fission de groupemortalité ou 
déplacement

1 ans

2–3 ans

< 1 ans

rareté des stalions 
dans la population

Nouvelle groupe natale

formation de groupe

Figure 1. Les groupements sociaux des chevaux à l'état sauvage (basé sur McGreevy 2012 
d'après Waring 2003)

Dans une gestion de conservation de la nature où la reproduction est incluse com-
me objectif, les harems et les groupes de bachelors sont généralement les bienve-
nus (Kerekes, 2018, com. pers.). Selon la taille de l'enclos, plusieurs harems et aussi 
des groupes de bachelor peuvent être maintenus : lorsque la zone est suffisamment 
grande, les chevaux se séparent naturellement en groupes familiaux et en groupes 
de bachelor, et la consanguinité est généralement évitée sans intervention humaine 
(Griekspoor, 2018, com. pers.).

Lorsque la taille de l'enclos est limitée et que la reproduction est restreinte ou 
impossible, on utilise souvent des groupes de chevaux non reproducteurs pour la con-
servation de la nature. Les groupes de hongres avec des juments, ou les groupes com-
posés uniquement de hongres, peuvent sembler être une solution plus facile pour 
la gestion d'une réserve naturelle en raison de la réduction du niveau d'agressivité 
associé à l'absence d'un étalon (et donc de la probabilité réduite de blessures et des 
complications qui en découlent). Cependant, ces groupes de chevaux créés par l'hom-
me peuvent ne pas répondre entièrement aux objectifs de conservation de la nature. 
La dynamique de groupe naturelle qui favorise une structure sociale stable et, par 
conséquent, un bon état de santé, ne peut être obtenue qu'en adaptant les constitu-
tions de groupes sociaux existant naturellement à des fins de protection de la nature 
(Vermeulen 2015). 

Par exemple, des groupes d'étalons bachelor peuvent être introduits dans des 
zones de conservation de la nature (Kempp, 2018, com. pers.) : une solution qui peut 



68

sembler audacieuse en raison des combats attendus entre les mâles non castrés, mais 
plusieurs études ont montré que la fréquence et l'intensité des interactions agonistiques 
entre les étalons sans la présence de femelles sont généralement faibles (Christensen 
et al. 2002, Vervaecke et al. 2007, Heitor et Vicente 2010). Alternativement, en faisant 
strictement attention à éviter la consanguinité en remplaçant régulièrement l'étalon, 
un groupe de harem peut également être maintenu à plus long terme, même dans des 
enclos plus petits. Même si la stabilité du groupe peut être sous-optimale en raison 
du remplacement annuel de l'étalon, une telle configuration peut imiter une situation 
naturelle lorsqu'un étalon vieux ou malade est expulsé par un autre étalon en meilleure 
santé. En outre, les avantages de la structure sociale naturelle et la dynamique sociale 
qui en résulte l'emportent probablement sur l'effet négatif de l'instabilité temporaire 
(Kerekes, 2018, com. pers.).

Dans ce qui suit, je résume la composition et la structure hiérarchique des harems 
et des groupes de bachelors, en soulignant les possibilités d'application dans la con-
servation de la nature.

2.1 Le harem

Le système reproductif des chevaux peut être décrit comme une polygynie de défense 
des femelles, dans laquelle un mâle est capable d'entretenir plusieurs femelles en en-
trant en compétition avec d'autres mâles pour le droit de copuler et donc aussi pour 
l'accès aux ressources (Emlen et Oring 1977, Breed et Moore 2021). L'unité sociale de 
base chez les chevaux est dénommée harem (ou bande), et - dans des circonstances 
non gérées - elle se compose de l'étalon leader, potentiellement de quelques étalons 
« satellites » subordonnés, de plusieurs femelles (dont l'une est la jument leader), et 
de leur progéniture jusqu'à l'âge de 2 ans environ (Keiper 1986, Boyd et al. 2016).

2.1.1 Composition du groupe des harems

Le nombre total de chevaux dans un harem chez les chevaux de Przewalski en liberté 
varie entre 9-18 (King 2002) ou 9-21 chez les chevaux féraux en liberté (Boyd et al. 
2016). La progéniture mâle et femelle se disperse ou est expulsée de son groupe na-
tal après avoir atteint la maturité (Linklater 2000, Vermeulen 2015), ce qui empêche 
toute nouvelle agression masculine et également la formation de matrilignes et la 
consanguinité (Kaseda et al. 1997, Linklater 1998).

Dans la plupart des cas, un harem comprend un étalon qui maintient son harem 
en excluant les autres étalons de la zone (Linklater 2000). Occasionnellement, plus 
d'un étalon peut faire partie d'un harem, et dans ce cas, une hiérarchie de dominance 
est établie entre les étalons, l'un étant le dominant et le(s) autre(s) l'étalon(s) subor-
donné(s) (McGreevy 2012). Dans ces harems à plusieurs étalons, les étalons subor-
donnés ne sont pas totalement exclus de la reproduction : il a été constaté qu'ils se 
reproduisaient occasionnellement avec des juments de hiérarchie inférieur (Keiper et 
Houpt 1984). 
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On trouve généralement plus d'une jument dans un harem, et une hiérarchie de 
dominance linéaire facilite la stabilité du harem (van Dierendonck et al. 1995), où la 
position de la jument dans le hiérarchie dépend de l'âge, de la taille et du poids, de 
l'agressivité, de la condition physique ou du rang maternel ( révisé dans Heitor et 
al. 2006). L'importance des juments dans les harems, en tant qu'animaux de tête du 
groupe, est de plus en plus reconnue : elles sont souvent chargées de prendre la tête 
des ressources et d'initier des activités telles que le pâturage ou le repos (McGreevy 
2012).

2.1.2 Hiérarchie de la dominance et stabilité du harem

Les juments et les étalons adultes sont généralement fidèles à leur harem (Linklater 
2000), et l'appartenance à un harem dure normalement toute la vie d'un individu 
(Duncan 1984). Ces groupes sociaux sont donc des associations bisexuelles stables. Il 
est intéressant de noter que les groupes à plusieurs étalons se sont montrés être plus 
stables socialement : les juments semblent être plus susceptibles d'abandonner les 
harems à un seul étalon que les harems à plusieurs étalons (Stevens 1990).

Cette socialité des chevaux est différente de celle de nombreux autres ongulés, 
mais elle est similaire à celle des primates (Ringhofer et al. 2017). On suppose que la 
structure sociale des groupes de chevaux a évolué pour réduire le risque de prédation 
(Feh 2005) et pour protéger les juments du harcèlement des autres étalons (Linklater 
2000). En gardant les juments et les juvéniles dans un groupe cohésif, le groupe devi-
ent défendable (Sigurjonsdottir et al. 2003). La longue période de gestation (11-12 
mois) des juments (Ringhofer et al. 2017) pourrait également expliquer la raison d'un 
groupe social permanent, puisque les groupes stables sont fondamentaux pour le suc-
cès de la reproduction des chevaux (Linklater 1998).

Les chevaux maintiennent le lien dans un harem par des interactions sociales tell-
es que l'allogamie ou les jeux sociaux (Sigurjonsdottir et al. 2003). Ces interactions 
jouent un rôle important dans tout assemblage de chevaux, qu'il s'agisse de harems 
ou de groupes de célibataires de chevaux sauvages ou en liberté, ou de chevaux do-
mestiques gardés dans des écuries (Jorgensen et al. 2009) : les interactions sociales 
font baisser le rythme cardiaque des participants et réduisent ainsi les tensions entre 
les membres du groupe (Feh et de Mazières 1993).

 

2.2. Le groupe des bachelors 

Les groupes de jeunes étalons sont considérés comme des unités sociales régulières 
des chevaux, existant parallèlement aux harems (Boyd et al. 2016). Dans les condi-
tions naturelles, à l'âge de 1-4 ans, les chevaux immatures - juments et étalons - se dis-
persent de leur bande natale (Keiper 1986). Les jeunes étalons forment des groupes 
de bachelors jusqu'à ce qu'ils deviennent assez âgés, vers 5 ans, pour être capables 
d'acquérir des juments non défendues pour établir leur propre harem (Boyd et al. 
2016). Ces juments sont soit de jeunes femelles dispersées, soit des juments adultes 
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qui se sont séparées de leur harem ou dont l'étalon est mort (Keiper 1976).  Les bach-
elors peuvent également enlever des juments de harem actives (Nelson 1978) ; ou 
ils peuvent choisir de rejoindre un harem en tant qu'étalon satellite et acquérir plus 
tard l'ensemble du harem en évinçant l'étalon principal ou en raison de la mort de ce 
dernier (Miller 1979, Boyd et al. 2016).

Dans des circonstances gérées, le maintien des étalons ensemble imite les 
groupes de bachelors que l'on trouve dans des conditions naturelles (Freymond et al. 
2013). Cependant, ces groupes sont temporaires dans des circonstances naturelles, 
se séparant occasionnellement et se reconstituant avec différents individus, et il n'est 
pas encore connu  comment l'assemblage fonctionnerait à long terme dans un sys-
tème géré où les individus ne changent généralement pas et ont un espace limité 
(Kerekes, 2018, com. pers.).

Dans les environnements gérés, les groupes de bachelors sont souvent composés 
de hongres plutôt que d'étalons. Les groupes de hongres, bien qu'il soit possible qu'ils 
ne présentent pas le large éventail d'interactions sociales naturelles, sont générale-
ment le moyen privilégié de gérer les populations dans des enclos relativement petits 
(Kempp, 2018, com. pers.).

2.2.1 Composition du groupe de bachelors

Les populations de chevaux sauvages en milieu naturel n'ont atteint que récemment 
un nombre suffisant pour permettre l'étude des processus naturels (King 2002). Ainsi, 
les informations sur la taille et la composition des groupes de bachelors des chevaux 
sauvages en liberté font encore défaut ; les groupes de bachelors des chevaux de Prze-
walski n'ont été étudiés que dans des conditions gérées (Zharkikh et Andersen 2009). 
Une synthèse de Boyd et al. (2016) évalue la taille des groupes de bachelors chez les 
équidés formant des harems (par exemple, le zèbre des plaines, le cheval de Przew-
alski) entre 2 et 17. Les études sur les conditions contrôlées font état de différentes 
configurations concernant la composition par âge des groupes de bachelors (Tableau 
3) ; cependant, le nombre de membres du groupe semble être souvent de 5, 6 ou 8, 
même dans différentes races de chevaux et différentes approches de gestion. Cela 
peut faire référence à une composition de groupe fonctionnelle.

2.2.3 La hiérarchie de dominance dans les groupes de bachelors

Dans les groupes de bachelors, un système de hiérarchie sociale linéaire est apparent 
(Feh 1988, Freymond et al. 2013), alors que dans les harems ce n'est pas nécessaire-
ment le cas (Feh 1988). Chez les animaux sociaux, la rencontre de congénères non 
familiers peut entraîner un comportement agressif jusqu'à ce que l'ordre hiérarchique 
social soit établi, ce qui entraîne un risque de blessures dues à des confrontations 
agressives (Hartmann et al. 2009). Pourtant, il a été constaté que ces blessures n'ont 
généralement pas de conséquences graves sur le bien-être, mais qu'elles entraînent 
plutôt une amélioration de la condition physique des chevaux en raison de l'exercice 
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physique (Kerekes, 2018, com. pers.). Une fois la hiérarchie établie, elle est maintenue 
pour servir la cohésion du groupe (Freymond et al. 2013), et le taux de comportement 
agonistique est ainsi réduit (Heitor et al. 2006).

2.2.3 La hiérarchie de dominance dans les groupes de bachelors

Dans les groupes de bachelors, un système de hiérarchie sociale linéaire est apparent 
(Feh 1988, Freymond et al. 2013), alors que dans les harems ce n'est pas nécessaire-
ment le cas (Feh 1988). Chez les animaux sociaux, la rencontre de congénères non 
familiers peut entraîner un comportement agressif jusqu'à ce que l'ordre hiérarchique 
social soit établi, ce qui entraîne un risque de blessures dues à des confrontations 
agressives (Hartmann et al. 2009). Pourtant, il a été constaté que ces blessures n'ont 
généralement pas de conséquences graves sur le bien-être, mais qu'elles entraînent 
plutôt une amélioration de la condition physique des chevaux en raison de l'exercice 
physique (Kerekes, 2018, com. pers.). Une fois la hiérarchie établie, elle est maintenue 
pour servir la cohésion du groupe (Freymond et al. 2013), et le taux de comportement 
agonistique est ainsi réduit (Heitor et al. 2006).

2.2.4 Mélanger des étalons pour former un groupe de bachelors

Les groupes de bachelors ont généralement été utilisés comme un « moyen 
éthologiquement solide, efficace en termes d'espace et de coût pour gérer les che-
vaux mâles excédentaires (c'est-à-dire non harem) (...) » (Tilson et al. 1988). Cepen-
dant, pour créer artificiellement des groupes de bachelors, les processus naturels 
doivent être respectés, tels que l'établissement facile de la hiérarchie de dominance, 
les interactions sociales et la taille du groupe (Kempp, 2018, com. pers.). 

Espèce / race de 
cheval

Nombre de  
bachelors dans 

les groupes

Âge des chevaux Superficie Étude

Przewalski 8 adultes and juvéniles non précisé  (Tilson et al. 
1988)

Przewalski 13 9-13 ans 75 ha  (Christensen 
et al. 2002)

Chevaux féraux 
de Vénézuéla 2; 2; 3; 8 plus de 3 ans 88’000 ha  (Pacheco et 

Herrera 1997)

Poney gallois 5 8 ans  
(tous du même âge) 21.4 ha  (Morel et al. 

2006)

Cheval feral 
Sorraia 6 3-12 ans 15 ha  (Heitor et 

Vicente 2010)

Cheval domes-
tique

5; 8 8-19 ans
4 ha  

(conditions 
domestiques)

 (Freymond et 
al. 2013)

Tableau 3. Exemples de compositions de groupes de bachelors
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La hiérarchie sociale entre les étalons serait davantage basée sur l'expérience et 
la condition physique que sur l'âge (Giles et al. 2015). Cependant, l'expérience des 
chevaux est probablement corrélée à leur âge (Freymond et al. 2013), ce qui peut 
être confirmé par les résultats de Heitor et Vicente (2010) : les chevaux qui passent 
plus de temps dans un groupe sont censés avoir un rang plus élevé que les nouveaux 
arrivants.

Les méthodes possibles de mélange des mâles, basées sur des introductions 
préliminaires et des analyses bibliographiques, ont été rassemblées par Tilson et al. 
(1988). Il s'agit de : (1) regrouper les étalons mâles immatures (de moins de 3 ans) 
après les avoir retirés de leur groupe natal ; (2) introduire les étalons adultes auprès 
des jeunes dans de grands environnements contrôlés afin de réduire le risque de bles-
sures ou de décès liés au combat et associés au tempérament largement imprévisible 
des adultes ; (3) introduire plus d'un animal à la fois dans les groupes établis..

D'autres méthodes utilisées pour les chevaux domestiques comprennent l'exposi-
tion des chevaux les uns aux autres dans des paddocks voisins (Hartmann et al. 2009, 
Majecka et Klawe 2018). En permettant aux chevaux de se familiariser les uns avec les 
autres dans un environnement contrôlé, les animaux ont la possibilité d'acquérir des 
informations sur l'adversaire non familier, ce qui influence les interactions sociales 
ultérieures (Hartmann et al. 2009). Ces méthodes permettent donc d'établir la hiérar-
chie de dominance linéaire naturelle observée dans les populations d'équidés vivant 
en liberté (Berger 1977), tout en évitant une agressivité excessive induite par l'homme 
qui ne se développerait probablement pas dans les populations naturelles de chevaux.

3. Recommendations

Sur la base de la synthèse ci-dessus et des avis d'experts, la Station de Recherche 
recommande de suivre les pratiques de gestion dites de « pâturage naturel », où les 
animaux ne sont pas déplacés d'une zone à l'autre (comme dans une pratique de 
pâturage rotatif saisonnier) mais restent toute l'année dans un grand enclos, avec 
une faible densité de chargement et sans alimentation hivernale. Concrètement, nous 
proposons les éléments suivants pour la gestion de la Petite Camargue :

3.1 Densité de chargement

Pour évaluer la densité de chargement initiale, nous suggérons de ne pas effectuer 
de calculs de rendement en matière sèche, car cela serait très coûteux en termes 
de temps et de main-d'œuvre, et ne mènerait pas nécessairement à des informa-
tions adéquates, puisque la zone de l'île du Rhin évolue constamment à partir d'un 
état zéro après la fin des travaux de restauration en 2014. Nous suggérons plutôt un 
taux de chargement initial prudent et faible, qui pourrait être augmenté ultérieure-
ment en fonction des résultats du suivi de l'évolution de l'abondance et du couvert 
végétal. (Pour ce suivi, la Station de Recherche a établi un protocole annuel à long 
terme d'échantillonnage des attributs de la végétation sur 80 parcelles permanentes. 
L'objectif est de permettre une évaluation adéquate des effets des herbivores sur la 
végétation).
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Cette densité de chargement initiale tient compte du fait que la zone devrait 
fournir l'apport alimentaire nécessaire sans alimentation hivernale supplémentaire. 
Étant donné qu'il y a une quantité inconnue de chevreuils et de sangliers sur l'île du 
Rhin en plus des herbivores domestiques, la densité des chevaux et des bovins ne 
devrait pas dépasser 0,3 animal par hectare pour éviter un éventuel surpâturage. Au 
fur et à mesure que la zone évolue de l'état zéro vers des stades de succession plus 
avancés, le nombre de herbivores peut être légèrement augmenté, sans toutefois dé-
passer 0,5 animal par hectare. La surface disponible pour le pâturage des grands her-
bivores étant de 32 hectares dans l'enceinte d'essai, le nombre initial de 0,3 animal 
par hectare signifierait environ 10 animaux. 

Pour éviter la dominance interspécifique, il est préférable d'avoir un nombre sim-
ilaire d'animaux par espèce plutôt que des nombres différents. Cela signifierait 5 che-
vaux et 5 bovins dans la phase initiale du projet. Avec un objectif facultatif de repro-
duction, le nombre de chevaux pourrait être rapidement augmenté par l'ajout d'un 
étalon, à la fois pour augmenter la pression de pâturage à 0,5 animal par hectare ou 
pour peupler d'autres parties de l'île du Rhin en fonction de l'élargissement ultérieur 
du système de pâturage mixte équidés-bovidés.

3.2 Composition du groupe de chevaux

Comme l'enclos de test sert à un premier essai d'un nouveau système, la reproduction 
ne fait pas partie des plans initiaux. Cependant, à des stades ultérieurs du projet, il 
sera nécessaire de fournir des animaux pour le(s) enclos agrandi(s) et d'équilibrer les 
taux de mortalité naturelle.

Pour commencer le projet, le meilleur choix est probablement d'acquérir un 
groupe mixte femelles-hongres. Bien qu'il s'agisse d'un système moins naturel que 
la présence d'un ou plusieurs étalons dans le groupe, il permet de tester le nouveau 
système de pâturage sans qu'il soit nécessaire de contrôler strictement la reproduc-
tion. Comme nous suggérons de ne pas dépasser 5 chevaux au cours de la première 
année du projet, nous recommandons d'obtenir trois hongres et deux juments. Cela 
permet d'ajouter un étalon dans le groupe à un stade ultérieur, pour commencer la 
reproduction. Dans ce cas, l'étalon formera probablement un harem avec les deux 
femelles et soit il expulsera les hongres, soit il les acceptera comme mâles "satellites" 
dans le groupe. S'ils sont expulsés, les hongres formeront probablement un groupe de 
bachelors.

Il est important que les femelles ne présentent aucun lien de parenté génétique, 
car leur progéniture contribuera probablement à la reproduction ultérieure. Il est 
donc préférable que les femelles proviennent de différents éleveurs/zones de protec-
tion de la nature. 

Comme les hongres n'entrent pas dans le cycle de reproduction, il est moins 
important qu'ils présentent une divergence génétique. Au contraire, un groupe de 
bachelors établi, où les individus sont déjà dans une hiérarchie stable, serait plus 
recommandable que des animaux qui ne se connaissent pas, de sorte que la période 
d'établissement d'un nouvel ordre de hiérarchie sociale parmi les membres du groupe 
peut être évitée, et ainsi les énergies peuvent être dépensées pour l'acclimatation 
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à la nouvelle zone (Vermeulen 2015). Un individu plus âgé et expérimenté et deux 
individus plus jeunes avec plusieurs années de différence d'âge constituent une com-
position idéale de trois hongres. Une telle composition de groupe pourrait potentiel-
lement imiter les circonstances naturelles et est particulièrement importante parce 
que dans un groupe mixte de femelles et d'hongres, les hongres montrent souvent un 
comportement de possession de la femelle similaire à celui des étalons, ce qui con-
duirait à des luttes constantes entre les hongres pour être le leader des « étalons ». 

S'il n'est pas possible d'acquérir des hongres du même groupe, il est généralement 
conseillé de prévoir un certain temps passé dans des paddocks voisins mais clôturés, 
afin que les chevaux se familiarisent entre eux et adoptent un comportement de dom-
inance. Bien que cette pratique soit principalement utilisée dans des conditions do-
mestiques, nous suggérons son application lors de la phase initiale du projet de pâtur-
age naturel pour des raisons de gestion : pour éviter les blessures lors de la première 
phase d'introduction, ce qui compliquerait probablement l'acceptation du projet par 
le public. Cependant, lors des phases ultérieures du projet, il n'est probablement pas 
nécessaire d'inclure une phase de familiarisation dans le processus d'introduction.

3.3 Suggestion de gestion ultérieure du groupe

Après les expériences de la première année de la phase de test du projet, la repro-
duction peut commencer. Le groupe initial de deux juments et trois hongres peut 
être complété par un étalon, sur lequel les hongres devraient être expulsés (par des 
combats) et pourraient former un groupe de bachelors. Ce groupe de bachelors peut 
ensuite être rejoint par la progéniture mâle de l'étalon. Ces événements seraient con-
formes au comportement social naturel des chevaux, où les groupes de bachelors 
sont formés comme des associations temporelles et changeantes. 

Dans des circonstances naturelles, la progéniture féminine de l'étalon serait éloi-
gnée de son harem initial par le comportement naturel des espèces formant des ha-
rems. Sur l'île du Rhin, en raison des limites de la superficie de l'enclos, il serait néces-
saire de séparer physiquement la progéniture féminine pour éviter la consanguinité. 
Alternativement, l'étalon pourrait être castré avant que sa progéniture n'atteigne la 
maturité. Potentiellement, un nouvel étalon peut être introduit dans le groupe d'orig-
ine pour remplacer l'étalon d'origine, ou, si la progéniture femelle de l'étalon d'origine 
est retirée, un nouvel étalon peut être introduit dans ce nouveau groupe de femelles, 
augmentant ainsi la diversité génétique des chevaux.

Lorsque le nombre d'animaux atteint la capacité d'une pression de pâturage de 
faible intensité sur la surface totale du projet de restauration sur l'île du Rhin, la repro-
duction doit être interrompue. Les étalons peuvent être castrés ou, comme solution 
plus naturelle, ils peuvent être retirés des groupes familiaux respectifs et placés en-
semble dans une zone séparée, formant un groupe de bachelors. En cas de mortalité, 
ce groupe d'étalons et de bachelors pourrait être mobilisé pour une nouvelle repro-
duction, en respectant soigneusement la parenté génétique entre les chevaux.

Ces pratiques de gestion ne sont pas en mesure de simuler complètement les cir-
constances naturelles, mais elles sont nécessaires pour éviter la consanguinité et une 
surpopulation d'animaux dans une zone clôturée.
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ABSTRACT
Grazing by large herbivores is increasingly used as a management tool in European
nature reserves. The aim is usually to support an open but heterogeneous habitat and
its corresponding plant and animal communities. Previous studies showed that
birds may profit from grazing but that the effect varies among bird species. Such
studies often compared bird counts among grazed areas with different stocking rates
of herbivores. Here, we investigated how space use of Konik horses and Highland
cattle is related to bird counts in a recently restored conservation area with a
year-round natural grazing management. We equipped five horses and five cattle
with GPS collars and correlated the density of their GPS positions on the grazed area
with the density of bird observations from winter through the breeding season.
We found that in the songbirds of our study site, both the overall density of bird
individuals and the number of species increased with increasing density of GPS
positions of grazers. Correlations of bird density with horse density were similar
to correlations with cattle density. Of the eight most common songbird species
observed in our study area, the Eurasian Skylark and the Common Starling had
the clearest positive correlations with grazer density, while the Blackbird showed a
negative correlation. Skylarks and Starlings in our study area thus seem to profit from
year-round natural grazing by a mixed group of horses and cattle.

Subjects Conservation Biology, Ecology, Ecosystem Science, Zoology
Keywords Konik horse, Highland cattle, Space use, Songbird, Natural grazing, Large herbivore

INTRODUCTION
Bird communities in open landscapes are often positively influenced by ungulate grazing,
due to the heterogenous, structure-rich environment created by the grazers (Roth, 1976;
Van Klink et al., 2016; VanWieren, 1995; Vera, 2000). Although a negative influence
of grazing on birds is sometimes reported, for example, due to intense grazing on farmland
(Dross et al., 2018), low-intensity grazing is generally agreed to be beneficial for most
bird species, especially those of higher conservation concern (Nikolov, 2010). Therefore,
grazing by one or more species of large herbivores is increasingly used as a management
tool in European nature conservation areas (Henning et al., 2017; Loucougaray, Bonis &
Bouzillé, 2004; Rosenthal, Schrautzer & Eichberg, 2012).

The extent to which bird species react to grazing likely depends on how much they
rely on the particular niches affected by grazing (Milchunas, Sala & Lauenroth, 1988).
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For example, shortened vegetation may provide suitable nesting habitat and higher food
availability and accessibility for some bird species (Leal et al., 2019; Toepfer & Stubbe,
2001), while others may be impeded by the effect of trampling (Sharps et al., 2017).
The Eurasian Skylark Alauda arvensis is one example of a species that was shown to
require open and structurally diverse habitat mosaics with relatively short vegetation to
maximize the number of nesting attempts (Toepfer & Stubbe, 2001; Wilson et al., 1997).
While the Skylark seems to generally profit from grazing, trampling was reported to be a
main cause of nest loss on meadows grazed by livestock at high densities (Pavel, 2004).

Studies so far mainly compared how the impact of grazing on breeding bird
communities differs between enclosures with different stocking rates of large herbivores
(Báldi, Batáry & Erdős, 2005; Dross et al., 2018). For example, Batáry, Báldi & Erdős
(2007) found that grassland birds were more abundant on extensively grazed areas
compared to intensively grazed areas, while this was not the case in non-grassland birds.

However, the habitat use by grazers within an enclosure is usually not homogenous
(Gander et al., 2003; King & Gurnell, 2005). For understanding the influence of space
use patterns of grazers on birds within a given grazed area, it may help to obtain position
data of individual grazers. One example of such a study is Köhler, Hiller & Tischew (2016),
who investigated space use of horses in relation to a bird assemblage in a German
nature reserve by using a GPS collar on one horse. The authors found that the density of
bird observations, especially in the Skylark, was higher where the density of horse GPS
positions was higher.

Here, we studied how counts of songbirds from winter through the breeding season
are related to the space use of a mixed assemblage of five Konik horses and five Highland
cattle in a French nature reserve that was recently ecologically restored. In this study
area, the applied management approach is natural grazing, a low intensity (<0.5 animal
units per hectare) year-round mixed grazing regime with the aim of substituting extinct
wild herbivores such as the wild horse (Equus ferus) or the aurochs (Bos primigenius)
with domestic breeds kept in semi-wild conditions, that is, without systematic winter
feeding and with minimal human intervention (Linnell et al., 2015; Vermeulen, 2015).
We investigated how the overall counts of songbird individuals and of the number of
songbird species correlated with the density of grazer GPS positions, and how the
correlations varied among songbird species and in horses vs cattle.

MATERIALS AND METHODS
Study site
Our study site (Fig. 1) is located on the Rhine island of the nature reserve Petite Camargue
Alsacienne in France, north of Basel, Switzerland. About 100 ha of the island has been
part of an ecosystem restoration project since 2014. During the restoration process, the
former crop fields on the area have been turned into an alluvial environment. A mixed
habitat of grassland scattered with bushes (hawthorn, dog rose) and gravel sites was
constructed, surrounded by patches of old forests (oak, ash). Since the beginning of the
restoration project, saplings of willow and poplar are increasingly growing on some parts
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of the area. The water of the Rhine is led through the island in small creeks, and several
ground-water ponds have been created.

The study was done with permission of the national nature reserve Petite Camargue
Alsacienne.

Grazer data
Konik horses and Highland cattle were gradually introduced into a 32-ha test enclosure on
the island between September 2018 and March 2019 to contribute to the maintenance of
the heterogenous and open habitat. We equipped all horses (n = 5) and cattle (n = 5)
with GPS collars (Followit, type Pellego) recording their positions once per hour, starting
from the time of their arrival to the area. We used data starting from January 2019 when
three cows and all five horses were present on the area; two additional oxen arrived in
March 2019. The overall grazing pressure thus was approximately 0.3 animal per hectare.
The data were downloaded through satellite processing from the interface of the GPS
collar provider (Followit, Lindesberg, Sweden), therefore no contact to the animals was
necessary to access the data. Since decades, GPS collars have been widely used on cattle
without causing harm or disturbance (Turner et al., 2000; Ungar et al., 2005), and as
recently discussed by Collins et al. (2014), GPS collars also comply with animal welfare
requirements for horses.

France

Germany

Grand Canal d’Alsace

Rhine

Restored area
Old forest
Pond
River
Fence
Bird transect 200 m

N

Figure 1 Map of the study site. The ecologically restored area (approximately 100 ha) on the Rhine
island of the nature reserve Petite Camargue Alsacienne in France, and the 32-ha study site (test grazing-
area), marked by the white dashed line. Full-size DOI: 10.7717/peerj.10657/fig-1
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GPS accuracy may be affected by atmospheric conditions, satellite or receiver errors
(Hurn, 1993), satellite geometry (Dussault et al., 2001), topography, overhead canopies,
or adjacent structures (Di Orio, Callas & Schaefer, 2003; Moen et al., 1996); therefore the
GPS fixes in our dataset likely had some imprecision. Our applied GPS collars did not
record HDOP (horizontal dilution of precision) data and we therefore did not correct
for inaccuracy of the fixes. However, since only 3.32% of all grazer positions fell outside the
fenced area (those fixes were not included into the analysis), we assumed that this rate
would not strongly influence our results (Ganskopp & Johnson, 2007). We considered the
hourly GPS positions of the grazers as describing their “space use” (i.e., the density
distribution of horses and cattle over the study area).

Bird data
In 2019, we made 22 bird surveys between 31 January and 24 July. Visits were carried
out in favorable weather conditions, on days without rain and with little or no wind.

We surveyed bird abundance by transect walking on the grazed meadows; we did not
include a 10.6-ha-area of old forests that was part of the enclosure, so that the final size
of the studied area was 21.4 ha. We selected three line transects (Gregory, Gibbons &
Donald, 2004; Laiolo, 2005) over the meadow area, each of about 700 m length, so that
all parts of the grazed meadow were in visual and/or auditory distance from a transect.
A trained observer (L.L.) walked along the transects with a slow pace and marked the
position of the observed birds on a digital map (Map Marker 2.11_1442). During each
survey, all identified individuals from all bird species were recorded; this was our response
variable “bird counts”. Birds flying higher than 20 m above the ground without showing
connection to the area were excluded (e.g., Skylarks that made territorial songflights at
>20 m elevation were counted, but raptors crossing >20 m over the meadows or migrating
Common Swifts Apus apus were not). Surveys were conducted in the mornings until noon,
avoiding dawn hours to minimize detectability differences due to rapid changes in the
birds’ conspicuousness and activity (Dawson, 1981). The order of visits of the three
transects per morning were alternated systematically. Differences in bird detectability
between transects were probably rather small, due to the similar open habitat of the
surveyed areas. To minimize the risk of double counts, we used a cut-off distance of 60 m
to either side of the transects so that transects would not overlap but cover the entire
grazed area, and followed the recommendation of Dawson & Bull (1975): unless it is
reasonably sure that the same individual is observed, observations are counted as different
individuals.

Statistical analysis
For analysis, the study area was divided into 113 50 × 50 m grid cells using the corner
points of the UTM grid. Our measure of bird density was the number of bird counts per
survey per grid cell. Horse and cattle GPS positions (taken once per hour) were summed
up per grid cell over the last 30 days prior to a bird survey, resulting in our measure of
grazer (horse and cattle) density. We assumed that grazer space use patterns earlier than
30 days before the respective bird survey did not substantially influence space use of
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birds. Because we assumed detectability of bird species to be relatively homogeneous across
the study area and our aim was not estimating the total number of birds present in the
study area, we did not take detectability into account in our analyses (Buckland et al.,
2001). Due to the migratory behavior of some bird species, species composition changed
over the course of the study. For the analyses, we excluded periods when a migratory
bird species was not regularly present in our study site, which was from the 9th survey
session (17th April) for the Pipits; until the 7th survey session (23rd March) for the
Barn Swallow; and until the 12th survey session (4th May) for the Red-backed Shrike.
The surveys were distributed between winter, spring and summer in order to capture a
large variety of environmental conditions (e.g., temperature, vegetation) as well as different
bird behaviors (wintering, migrating, breeding).

We used a negative binomial mixed model with a logarithm link function to measure
species-specific correlations between bird counts and grazer density. The logarithm of the
size of grid cells was used as an offset in the linear predictor in order to make counts
comparable between grid cells of different sizes (at the edges of the study area, some parts
of the grid cells fell outside of the fenced area). We log-transformed grazer densities and
therefore replaced values of zero (i.e., zero observations in a grid cell) with half of the
minimum non-zero value (Bellégo & Pape, 2019). The log-transformed grazer density
was used as covariate, and bird species was included as a random factor. Both random
intercepts and random slopes were used to model species-specific correlations between
bird and grazer density.

We fitted the model using Bayesian methods as implemented in Stan (Stan Development
Team, 2014) via the function brm from the package brms (Bürkner, 2017) in R 3.6.1
(R Core Team, 2016). The default flat prior distributions over the reals were used for the
average correlation between bird and grazer density. Half-student t(3,0,10) was used for
the variance parameters, and Gamma (0.01, 0.01) was used as prior distribution for the
shape parameter of the negative binomial distribution.

We assessed model fit by residual analyses and posterior predictive model checking.
From the residuals we calculated a semi-variogram to check for spatial correlation, and
we calculated the autocorrelations to check for temporal correlation. The semi-variance
ranged between 2.5 and 3.5 over the distances 0–200 m and it did not increase with
distance. Temporal autocorrelations measured within species and within the 50 × 50 m
grid cell ranged from −0.002 to 0.004 for the lag of 1–10 weeks, and thus we judged these
temporal correlations to be small enough to be ignored. We further simulated 2,000
different virtual replicated data sets from the model (posterior predictive distribution)
and compared the proportion of zero values as well as the variance between the replicated
and the real data to check for zero-inflation and overdispersion. The proportion of zero
values in the replicated data ranged from 0.97 to 0.98 (1% and 99% quantiles), which
included the proportion of zero values in the data (0.98). Also, the standard deviation
of the data (1.89) fell within the range of standard deviations of the replicated data from
the model (0.80 to 8.21). Therefore, we concluded that the model described the variance
and the proportion of counts of zero of our data well and did not suffer from apparent
spatial and temporal correlation.
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We used 2,000 simulated random values from the joint posterior distribution of the
model parameters to describe parameter estimates and their uncertainty. We used the
median of the marginal posterior distribution as point estimate and the 2.5% and
97.5% quantiles as lower and upper limits of the 95% Bayesian compatibility intervals
(Amrhein, Greenland & McShane, 2019; Amrhein, Trafimow & Greenland, 2019).

Code and data are available on an online repository: https://osf.io/g8a6t/?view_
only=86a5e3a5f3b54d7aa7681519e4b7df39.

Declaration of analysis and reporting decisions
This is an exploratory study (Amrhein, Korner-Nievergelt & Roth, 2017) describing
observations of birds and positions of grazers in our study site. Before starting data
collection, we did not know which bird species would have sufficient sample sizes for
analysis; we selected the eight most suitable study species after looking at the data. In the
revision of the paper, as suggested by the referees, we added an analysis on species-specific
correlations of horse vs cattle densities with bird count density that we did early in our
study but had not reported in the first version of the paper, and we added two new analyses
on the correlations between overall songbird density and grazer density and overall
songbird species richness and grazer density.

RESULTS
In total, we observed 2,125 individuals from 64 bird species, among them 1,620 individuals
from 34 songbird species (order Passeriformes; Table 1). The eight most common species
that had sufficient sample sizes for statistical analysis (n > 20 counts) and were clearly
connected to the grazed area of our study site all belonged to the songbirds (Table 1).
From those eight species, we made a total of 1,424 observations. The only species that
certainly bred on the grazed area were the Skylark and the Red-Backed Shrike (these birds
were observed showing territorial behavior such as songflights, or breeding behavior
such as feeding chicks); the White Wagtail may have bred in the study area as well
(the habitat was suitable but we did not observe signs of breeding). The Great Tit,
Common Starling and Common Blackbird bred in the bushes and patches of forest in
and around the fenced area. Barn Swallows were observed foraging in flight and Pipits
(Water Pipit Anthus spinoletta or Meadow Pipit Anthus pratensis) mainly in flocks on
the ground.

Median grazer density (numbers of GPS positions per grid cell for the last 30 days prior
to a bird survey) did not change markedly over the course of the study (Fig. 2). Variance in
grazer density increased in May, indicating that grazing occurred homogeneously on
all cells in winter, while during spring and summer some cells were grazed with a higher
intensity whereas others were largely avoided by the grazers.

As a first analysis, we fitted our model on correlations between bird count density
and grazer density by using separate predictor variables for the densities of horse and
cattle positions (thus correcting each grazer species effect for the other grazer species).
The correlation between the densities of horse and cattle positions was r = 0.35.
Figure 3 shows that model predictions for the effects of horse vs cattle densities on bird
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Table 1 List of all observed birds.

Songbirds Nr of individuals Other birds Nr of individuals

Common Starling
Sturnus vulgaris

505 Common Swift
Apus apus

123

Barn Swallow
Hirundo rustica

347 Mallard
Anas platyrhynchos

72

Eurasian Skylark
Alauda arvensis

215 Mute Swan
Cygnus olor

70

Pipits
Anthus sp.

194 Tufted Duck
Aythya fuligula

56

Great Tit
Parus major

68 Eurasian Teal
Anas crecca

33

Common Blackbird
Turdus merula

37 Green Sandpiper
Tringa ochropus

31

Red-backed Shrike
Lanius collurio

32 Grey Heron
Ardea cinerea

29

White Wagtail
Motacilla alba

26 Eurasian Coot
Fulica atra

22

Common House Martin
Delichon urbicum

41 Common Kingfisher
Alcedo atthis

6

Winter Wren
Troglodytes troglodytes

20 Red-crested Pochard
Netta rufina

6

Carrion Crow
Corvus corone

17 Ruddy Shelduck
Tadorna ferruginea

6

Long-tailed Tit
Aegithalos caudatus

15 Common Buzzard
Buteo buteo

5

Reed Bunting
Emberiza schoeniclus

13 White Stork
Ciconia ciconia

5

European Robin
Erithacus rubecula

12 Little Grebe
Tachybaptus ruficollis

5

Blue Tit
Cyanistes caeruleus

9 Wood Sandpiper
Tringa glareola

5

Fieldfare
Turdus pilaris

8 Common Redshank
Tringa totanus

5

Common Raven
Corvus corax

7 Little Ringed Plover
Charadrius dubius

4

Common Chaffinch
Fringilla coelebs

7 Black Kite
Milvus migrans

4

European Greenfinch
Carduelis chloris

6 Common Snipe
Gallinago gallinago

3

Common Chiffchaff
Phylloscopus collybita

6 Northern Shoveler
Spatula clypeata

3

Garden Warbler
Sylvia borin

5 Little Egret
Egretta garzetta

2

Yellowhammer
Emberiza citrinella

4 Eurasian Wryneck
Jynx torquilla

2

Grey Wagtail
Motacilla cinerea

4 Ferruginous Duck
Aythya nyroca

1

(Continued)
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count densities were rather similar in the eight investigated songbird species; for all further
analyses, we thus pooled the data for horse and cattle GPS positions.

Bird species that showed a relatively clear positive correlation with pooled grazer density
(P(β > 0) is relatively high; Table 2; Fig. 4), given our statistical model, were Starlings and
Skylarks. In the Starling, our data are most compatible with slopes between 0.28 and
1.02 and in the Skylark with slopes between −0.18 and 0.63 (Table 2). Species with the
clearest negative correlations were Blackbirds and Barn Swallows (P(β > 0) is relatively
low): the data on the Blackbird are most compatible with slopes between −0.92 and
0.07, and in the Barn Swallow with slopes between −1.33 and 0.29 (Table 2). Apart from
the Starling, however, the patterns are quite uncertain, given the wide compatibility
intervals (Table 2, Fig. 4).

In an additional analysis, we considered the overall densities of songbirds and of grazers,
that is, the numbers of individuals of all songbirds and of all grazer positions summed per
grid cell over the entire study period. Figure 5 shows the positive correlation between
overall songbird and grazer density (model coefficient: 0.21, 95% CI [0.04–0.38]). Further,
the species richness (numbers of species) of songbirds per grid cell was positively
correlated with the overall grazer density (Fig. 6; model coefficient: 0.12, 95% CI
[0.01–0.23]).

Table 1 (continued)

Songbirds Nr of individuals Other birds Nr of individuals

Eurasian Blackcap
Sylvia atricapilla

4 Middle Spotted Woodpecker
Leiopicus medius

1

Common Whitethroat
Sylvia communis

4 Lesser Spotted Woodpecker
Dryobates minor

1

Eurasian Siskin
Spinus spinus

3 Great Egret
Ardea alba

1

Eurasian Reed Warbler
Acrocephalus scirpaceus

2 Eurasian Hobby
Falco subbuteo

1

European Goldfinch
Carduelis carduelis

2 Ruff
Philomachus pugnax

1

Western Yellow Wagtail
Motacilla flava

2 Northern Lapwing
Vanellus vanellus

1

Tree Pipit
Anthus trivialis

1 Eurasian Sparrowhawk
Accipiter nisus

1

Eurasian Jay
Garrulus glandarius

1

Savi’s warbler
Locustella luscinioides

1

Dunnock
Prunella modularis

1

Whinchat
Saxicola rubetra

1

Note:
The eight more closely investigated songbird species are in bold.

Lovász et al. (2021), PeerJ, DOI 10.7717/peerj.10657 8/18



Chapter 2

91

DISCUSSION
We investigated responses of birds to natural grazing in a newly restored nature
conservation area by using GPS collars on individual cattle and horses. We studied grazing
pressure on a continuous scale of grazer density, which differs from earlier studies
categorizing grazing pressure on entire meadows as, for example, “high” or “low” (Batáry,
Báldi & Erdős, 2007). Our approach takes into account that cattle and horses are
known for their heterogenous habitat use (Lamoot, Meert & Hoffmann, 2005) and
thus that a possible effect of grazing may vary within a given study site. Further, unlike
previous studies that investigated either the breeding or winter season (Hartel et al., 2014;
Leal et al., 2019), we considered bird observations starting from winter through the
breeding season, with year-round presence of semi-wild grazers. The resulting correlations
therefore not only describe density of breeding birds but average relationships between
bird and grazer densities over many different environmental conditions and life-cycle
stages of birds.

We found that in the songbirds of our study site, both the overall density of individual
birds and the number of species increased with increasing density of grazer positions.
Among the eight most commonly observed songbird species, the density of Starling
observations showed the clearest positive correlation with density of grazer positions.
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Figure 2 Grazer density for 22 bird surveys in the course of the study period (January to July).
Boxplots show the distribution of grazer densities, given as numbers of pooled GPS positions of
horses and cattle per grid cell (n = 113) for the last 30 days prior to a bird survey. Day of year corresponds
to the dates of bird surveys (1 = 1st January). The blue line indicates the standard deviation of grazer
densities for each survey. Full-size DOI: 10.7717/peerj.10657/fig-2
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Table 2 Characteristics of the marginal posterior distributions of the model parameters: medians,
2.5% and 97.5% quantiles (limits of the 95% Bayesian compatibility interval) and proportions of
posterior mass above zero (P(β > 0)). The posterior mass corresponds to the posterior probability of
the hypothesis that the parameter value is positive; values close to 1 indicate strong evidence for a positive
relationship, values close to zero indicate strong evidence for a negative relationship.

Parameter Median of posterior 2.5% quantile 97.5% quantile P (β > 0)

Intercept −10.5 −11.7 −9.2 –

Grazer density average 0.02 −0.44 0.48 0.53

Grazer density Starling 0.62 0.28 1.02 >0.99

Grazer density Skylark 0.21 −0.18 0.63 0.86

Grazer density Red-backed Shrike 0.13 −0.35 0.67 0.71

Grazer density Pipits 0.12 −0.60 0.86 0.65

Grazer density Great Tit 0.03 −0.40 0.45 0.56

Grazer density Wagtail −0.16 −0.74 0.38 0.26

Grazer density Blackbird −0.38 −0.92 0.07 0.06

Grazer density Barn Swallow −0.48 −1.33 0.29 0.12

SD species intercept 1.47 0.86 3.13 –

SD species grazer density 0.51 0.21 1.22 –

Negative binomial shape 0.013 0.011 0.015 –

Common Starling

Pipits

Eurasian Skylark

Red-Backed Shrike

Great Tit

Barn Swallow

White Wagtail

Common Blackbird

0.0150.0100.0050.000-0.005-0.010

Horses Cattle

Model coefficient of grazer density

Figure 3 Species-specific correlations of horse and cattle density (numbers of GPS positions per grid
cell for the last 30 days prior to a bird survey) with bird count density (numbers of bird counts per
survey per grid cell) for the eight most common songbird species. Given are medians (circles) and 95%
Bayesian compatibility intervals (lines) of the posterior distributions of the fitted values.

Full-size DOI: 10.7717/peerj.10657/fig-3
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Figure 4 Correlations between bird count density (numbers of bird counts per survey per grid cell)
and grazer density (numbers of pooled GPS positions of horses and cattle per grid cell for the last
30 days prior to a bird survey). Given are medians (solid lines) and 95% Bayesian compatibility
intervals (dotted lines) of the posterior distributions of the fitted values for eight songbird species (A–H).
Sample sizes (n) refer to the total number of birds counted in 113 grid cells during 22 surveys.

Full-size DOI: 10.7717/peerj.10657/fig-4
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This was to be expected, given that Starlings usually prefer grazed pastures rather than
arable farmlands (Heldbjerg et al., 2017) and often follow grazing herds, profiting from
flushed insects (Källander, 2004). We also found a relatively clear positive correlation in
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Figure 5 Correlation between overall songbird density (numbers of individuals of all songbird
species per survey per grid cell) and grazer density (numbers of pooled GPS positions of horses
and cattle per grid cell for the last 30 days prior to a bird survey). Given are medians (solid line)
and 95% Bayesian compatibility interval (dotted lines) of the posterior distributions of the fitted values.

Full-size DOI: 10.7717/peerj.10657/fig-5
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Figure 6 Correlation between overall songbird species richness (numbers of all songbird species per
survey per grid cell) and grazer density (numbers of pooled GPS positions of horses and cattle
per grid cell for the last 30 days prior to a bird survey). Given are medians (solid line) and 95%
Bayesian compatibility interval (dotted lines) of the posterior distributions of the fitted values.

Full-size DOI: 10.7717/peerj.10657/fig-6
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the Skylark (although also slight negative correlations would be compatible with our
data, given our model; Amrhein, Greenland & McShane, 2019; Amrhein, Trafimow &
Greenland, 2019). Skylarks have been suggested to both benefit from and be impeded by
grazing (reviewed by Donald (2010)). This is because trampling by large herbivores may
destroy nests (Pavel, 2004; Popotnik & Giuliano, 2000), while the shortened vegetation
height benefits Skylarks in terms of food availability, accessibility, and suitable nesting
habitat (Odderskær et al., 1997; Wilson et al., 1997). When we looked at the density of
GPS positions of horses and cattle separately, accounting for the presence of the other
grazer species, we found that the correlations with bird densities were rather similar.

Our results do not necessarily imply a causal relationship between grazing and density
of birds; for example, non-causal correlations between grazers and birds could arise
because both prefer the same habitat. In our study site, however, the habitat was
completely restored and ecological succession started from bare gravel soil in 2014.
Although in the meantime some of the growing saplings were removed manually, horses
and cattle contribute to keeping the vegetation short and to re-creating pioneer habitats
with bare soil (e.g., at resting areas of the grazers) since autumn 2018. Although the
degree of causality is hard to quantify, we think it is probably correct to say that Starlings
and Skylarks seem to profit from the presence of horses and cattle by using habitats that are
kept open by the grazers.

We observed the clearest negative correlations in Blackbirds and Barn Swallows.
Possible explanations may be that Blackbirds are often found next to areas with more
dense vegetation that may not be preferred by grazers, while Barn Swallows were often
observed flying over the water ponds that naturally had low or zero densities of grazer
GPS positions. The uncertainty in the correlations found for Pipits, Red-Backed Shrikes,
White Wagtails and Great Tits seems too high to allow interpretation, although the slightly
positive correlations in Red-Backed Shrikes and Pipits would fit what we would
expect given that those species are often found on or next to areas with bare ground.

It will be interesting to investigate in future studies how the space use of birds and
grazers varies depending on season and how this affects the correlations between bird and
grazer densities. It would also be interesting to study the influence of vegetation and
ecological succession on spatial behavior of grazers and birds, although here again it would
be difficult to disentangle cause and effect. Future research could also investigate how
food abundance and availability may affect the space use of birds through the indirect
effect of grazing on the vegetation.

Similar to our study, Köhler, Hiller & Tischew (2016) and Kerekes & Végvári (2016)
found that associations between bird abundance and grazing intensity varies greatly
among bird species. Also Neilly & Schwarzkopf (2019) described that responses of birds
to grazing are often complex and will reflect habitat requirements of the individual
bird species. Whether a possible effect of natural grazing in a nature reserve is meeting
conservation goals thus depends on which species one aims to protect. Among the eight
most often observed birds in our study, the two species that are most threatened are the
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Skylark and the Red-Backed Shrike (according to the IUCN Red List; BirdLife, 2018;
BirdLife International, 2017). The observed positive correlations with grazer densities in
those species are encouraging from a conservational point of view, given that natural
grazing with horses and cattle is usually implemented to enhance habitat diversity and to
support species of conservation concern.
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Abstract 
 
Grazing by large herbivores is an increasingly used management tool in European nature reserves. One of the 
greatest challenges in grassland conservation is to maintain both the openness and the heterogeneity of the 
habitat, to support the corresponding plant and animal communities, including birds. Cattle and horses have 
been shown to create and maintain patchy landscapes and are therefore often used for conservation grazing, 
especially with the spread of rewilding projects in the recent years. The influence of grazing on birds however, 
is often a major concern among conservation managers. Birds may profit from grazing, but the effect may 
depend on factors such as habitat characteristics, season, or the ecology of the bird species. Further, the 
intensity and spatial variation of grazing over an area also determines how favorable the conditions are for birds. 
We studied how the numbers of individuals and of species of birds of four foraging guilds are related to the area 
use of a mixed assemblage of Highland cattle and Konik horses in a natural grazing regime on alluvial grassland. 
We equipped all cattle and horses with GPS collars and studied the relationship between the density of the 
hourly GPS positions of the grazers and the density of bird observations over the year and in relation to habitat 
characteristics. As expected, the guild of birds that seemed to profit most from the year-round low-intensity 
grazing with cattle and horses were the open-area foraging birds. In our study site, the distribution of birds 
associated with wetlands and woodlands was more clearly related to habitat characteristics than to the area use 
of grazers, and the presence of aerial birds depended mainly on the season. Most bird species and individuals 
were observed on open areas scattered with small woody patches and waterbodies and at areas with moderate 
grazer density. Further, the number of bird individuals on the grazed area was about twice as large as on an 
ungrazed control area. A mosaic of landcover types with varying vegetation heights and a low percentage of 
woody cover maintained by low-intensity grazing seems thus to fulfil the needs of birds with different feeding 
and breeding ecologies. 
 
 

1. Introduction 
 
Year-round grazing by free-roaming large herbivores is increasingly used in the management 
of European grassland restoration projects (Gilhaus et al. 2014). One type of grassland 
ecosystems are the alluvial grasslands that originally developed around rivers due to floods 
and the activity of beavers and large herbivores (Hejcman et al. 2013). These environments 
have high conservation value as they provide ideal conditions for a broad diversity of species 
(Emanuelsson 2008; Silva 2008).  

The number and area of such natural grasslands, however, considerably decreased in 
Europe during the Anthropocene (Lewis & Maslin 2015), due to regulations of rivers and 
agricultural intensification; accordingly, species associated with these environments, such as 
certain grassland birds, also declined (Bissels et al. 2004). Therefore, the restoration and 
conservation of European alluvial grasslands is targeted by the European LIFE program (Silva 
2008). As a means of conservation, grazing by horses and cattle became an important 
management tool especially with the spread of rewilding and natural grazing projects in the 
recent years (Linnartz & Meissner 2014; Naundrup & Svenning 2015; Pereira & Navarro 2015). 

Grazing ungulates have been shown to create and maintain patchy landscapes 
through their different space use patterns and different grazing ecology (Adler et al. 2001; 
Fuhlendorf et al. 2006; Svenning 2002; Vera 2000). Such patchy, heterogeneous habitats are 
structurally complex and rich in resources (reviewed by Stein et al. 2014). As the ‘more 
individuals hypothesis’ (Srivastava & Lawton 1998) suggests, greater resources support more 
individuals and more species (Hurlbert 2004), including birds (May 1986; van Klink et al. 2016; 
VanWieren 1995). While the composition of the landscape is often the main factor 
determining the usage of an area by birds (Hildén 1965; Marone et al. 1997; Skórka et al. 
2006), it has been difficult to separate this landscape effect from the effect of the usage of 
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the area by grazers (Lovász et al. 2021). Furthermore, the intensity and seasonal variation of 
grazing, and the different feeding and breeding ecology of the bird species may influence how 
birds react to large herbivore grazing. 

Grasslands grazed at low intensity (<0.5 animal unit per hectare) seems to provide 
particularly good foraging conditions and nesting sites for almost all grassland-associated bird 
species (Buckingham & Peach 2005; Pärt & Söderström 1999). For instance, the abundance 
of the Eurasian Skylark Alauda arvensis, Red-backed Shrike Lanius collurio or Meadow Pipit 
Anthus pratensis were higher with low-intensity grazing in the breeding season, as these birds 
are likely able to profit from the food availability in heterogenous habitats that result from 
the grazers’ activity (Ceresa et al. 2012; Evans et al. 2006; Kohler et al. 2016).  

In contrast, intense grazing (>2.0 animal unit per hectare) may only increase densities 
of birds that can exploit homogenous, very short vegetation or bare ground, such as Thrushes, 
Turdus sp, which feed on soil-dwelling invertebrates (review by Buckingham & Peach 2005). 
Species richness among open-area associated birds was higher in low- and moderately grazed 
areas, and lower in areas with high densities of grazers (Batary et al. 2007).  

The relationship between grazers and bird groups that are not or less dependent on 
open areas is less understood. Wetland-associated birds have been suggested to be 
negatively affected by grazer presence due to the trampling of nests around water bodies, 
where herbivores accumulate for drinking (Mandema et al. 2013; Pakanen et al. 2011), but 
the heterogenous vegetation maintained by grazers can also facilitate nesting of individuals 
of this bird guild by reducing predation risk (Whittingham & Evans 2004). 

Similarly, results of studies about the seasonal variation in the influence of grazers on 
birds were often inconsistent, describing both positive and negative relationships between 
birds and grazing (reviewed by Atkinson et al. 2004). For instance, (Wilson et al. 1996) found 
that the Skylark avoided grazed fields in winter and also reported “extremely low densities” 
of Skylarks on grazed pastures in summer (Wilson et al. 1997). In contrast, Suárez et al. (2003) 
emphasized the importance of grazed areas for both wintering and breeding Skylarks. 

So far, studies mainly investigated how the impact of grazing on birds differs between 
enclosures with different grazing intensities (e.g.: Baldi et al. 2005; Söderström et al. 2001), 
often in experimental conditions (Evans et al. 2006). However, the presence of grazers is 
usually not evenly distributed over an enclosure; some areas are used more intensely by the 
grazers than others. Since the actual grazing pressure in natural conditions has been difficult 
to quantify due to the heterogeneous use of the area by grazers (Fern et al. 2020), reactions 
of birds to such varying area usage of grazers has been rarely addressed (Lovász et al. 2021). 
Further, previous research tended to focus on the effects of grazing on breeding birds only 
(e.g.: Coppedge et al. 2008; Kohler et al. 2016; Vold et al. 2019), or on birds of one specific 
guild (e.g.: Cox et al. 2014; Lituma et al. 2022), but very rarely on entire bird communities 
during both the breeding- and migration period.  

We here studied how the species richness and abundance of individuals of a bird 
community is related to the area use of a mixed assemblage of Highland cattle and Konik 
horses in a natural grazing regime throughout the year in an alluvial grassland ecosystem. We 
classified the bird community of the study site into the following four guilds according to the 
main foraging strategies of the birds: aerial, open area, wetland, and woodland birds 
(adapting bird categories used by Francis et al. 2020). We were interested in how the numbers 
of individuals and of species of these four bird guilds varied according to the density of cattle 
and horse GPS positions in our study area in a French nature reserve that was recently 
ecologically restored. 
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We also studied how the relation between bird and grazer densities varied over the 
year and depending on landcover characteristics, and we compared species richness and 
abundance of birds on the grazed area to a non-grazed control site in the breeding season. 
We expected that, due to the different ecology of the birds of the different foraging guilds, 
the presence of birds on the grazed area depends not only on grazer densities, but also on 
the season and on characteristics of the habitat. 
 
 
2. Materials and methods 
 
2.1. Study site 
 
We carried out the study in a 32-ha test-enclosure that is part of an ecosystem restoration 
project of the nature reserve Petite Camargue Alsacienne, located in Alsace, France, north of 
the city of Basel, Switzerland. The area is situated on the Rhine Island, where approximately 
100 ha of former agricultural fields had been turned to an alluvial environment. The 
ecosystem restoration process started in 2014 and involved establishing a heterogenous 
grassland habitat scattered with shrubs (hawthorn, Crataegus sp; dog rose, Rosa canina), 
young and old trees (willow, Salix sp; oak, Quercus sp) and bare-ground gravel sites, 
surrounded by patches of old forests (oak, ash). The water from the Rhine is led through the 
area as a small stream, and ground-water ponds have also been created. The aim has been to 
maintain the heterogeneity of the area and facilitate a species-rich alluvial ecosystem.  

The study area has been managed using a low intensity year-round mixed grazing 
regime (<0.5 animal units per ha, where 1 animal unit = 500 kg (Andresen et al. 1990)) with 
the aim of substituting extinct wild herbivores such as the wild horse (Equus ferus) or the 
aurochs (Bos primigenius) with domestic breeds kept in semi-wild conditions (Lovász et al. 
2021). This so-called natural grazing approach includes minimal human intervention and no 
systematic winter feeding (Linnell et al., 2015; Vermeulen, 2015). 
 
 
2.2. Landcover characteristics 
 
We carried out landcover surveys on the grazed study site and the non-grazed control area. 
We used satellite imagery in QGIS (version 3.4.4-Madeira) to divide the study area into 50x50 
m grid cells. With the help of a printed map of the grid cells, the observer (L.L.) surveyed each 
grid cell by standing in the midpoint of the cell and estimating the percentage of landcover 
types.  

We followed Cunningham & Johnson (2019) when defining a small number of classes 
for landcover types in our study area. Our categories for landcover types were: tree-cover 
(namely all trees of ca. ≥ 3 years old), sapling-cover (all growth stages of young trees of ca. < 
3 years old), shrub-cover, cover of meadow, surface of bare ground and surface of water over 
the respective grid cell. We assumed that in our study site, these characteristics are important 
determinants for habitat selection of birds (Hildén 1965). When it was necessary for adequate 
estimation of the cover types – for example, when visibility decreased due to trees –, the 
observer walked along one diagonal of the grid cell to determine the cover attributes. 
Additionally, the observer compared the observations to a digital map of the area while 

3



109

Chapter 3

estimating the percentages. The survey took place once during the study period in summer 
2020. The large-scale habitat characteristics did not noticeably change during the 1.5-year 
study period. 

From our six different landcover types (Table 3) the cover of meadow was the most 
abundant type (61%). Bare ground, tree cover and shrub cover represented only a small 
proportion of all cover types (6.9%, 3.4% and 1.7% respectively), which is not surprising as the 
area was restored with the aim of recreating an open alluvial grassland. Single trees and 
shrubs were patchily distributed without providing an extensive cover. The relatively high 
percentage of sapling cover (17.9%) indicates a fast succession rate of mainly poplar (Populus 
sp) trees. Such sapling areas were generally extensively covering large (often more than 1ha-
sized) areas, with either bare ground or species-poor meadow patches as understory. 
Extensive bare ground areas were only found near water bodies, but also these showed a 
tendency to be covered by vegetation. Water bodies represented 9.2 percent of all cover 
types, and all of them were groundwater ponds with relatively stable water level throughout 
the year. 
 
 
2.3. Cattle and horse data  
 
To counteract the natural succession by willow and poplar saplings on the open meadows and 
create a heterogenous environment, large grazers were gradually introduced to the test 
enclosure starting from September 2018 with horses and January 2019 with cattle. The initial 
number of 5 Highland cattle and 5 Konik horses were increased to 7 cattle (5 adults and 
additionally 2 calves born on the area) in the summer of 2019 and to 7 horses (5 adults and 
additionally 2 young mares bought) in the summer of 2020. From the beginning until the end 
of our data collection, the overall stocking rate increased from about 0.3 animals per ha to 
about 0.4 animals per ha.  

We equipped all animals with GPS collars (Followit, type Pellego) upon their arrival to 
the study area. The collars registered the position of the animals every hour. The first round 
of data collection was from January to July 2019 (Lovász et al. (2021). Our GPS collars did not 
run longer than 5 months with one charge, and we were only able to recharge the devices of 
the horses; the cattle were not tame enough to handle the collars without the need of 
capturing and blocking the animal, and it was not possible to capture the cattle herd during 
summer when they cannot be lured using hay. We thus acquired more durable GPS collars 
(Followit, type Tellus) for 2 individuals of the cattle herd and waited until the next winter 
when the next round-up of the herd was carried out. We continued data collection after 
equipping the two individuals of the cattle herd with the new collars in 2020 March. Data 
were then continuously collected until March 2021. In total, data were collected during one 
year and six months. In our analysis, we took into account that we had different numbers of 
collars during the different time periods.  

The data were downloaded through satellite processing from the interface of the GPS 
collar provider (Followit, Lindesberg, Sweden), thus no contact to the animals was needed to 
access the data. GPS collars comply with animal welfare requirements for horses (Collins et 
al. 2014; Hennig et al. 2018) and have been widely used also on cattle since decades, without 
causing harm or disturbance (Turner et al. 2000; Ungar et al. 2005). 

The GPS fixes in our dataset may show some imprecision because GPS accuracy can 
vary due to atmospheric conditions, satellite or receiver errors (Hurn 1993), satellite 
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geometry (Dussault et al. 2001), topography, overhead canopies, or adjacent structures (Di 
Orio et al. 2003; Moen et al. 1996). Our GPS collars did not record HDOP (horizontal dilution 
of precision), so we could not statistically account for inaccuracy (Langley 1999). However, as 
the rate of GPS positions falling outside of the fenced area were negligible (see Lovász et al. 
(2021)), we assumed that imprecision would not strongly influence our results. 

We considered the hourly GPS fixes of the horses and cattle as a proxy for their space 
use, i.e., the density distribution of the animals over the study area.  
 
 
2.4. Bird abundance and species richness data  
 
2.4.1. Main study site 
We surveyed bird abundance by transect counting following the recommendations of 
Gregory et al. (2004) and Bibby et al. (2000).  

We established three line transects over the grazed open area of the test enclosure, 
each about 700 m long, in a way that all parts of the area were in visual and/or auditory 
distance from the transect line. A trained observer (L.L.) walked along each transect with a 
slow pace and recorded the position of all identified individual birds (seen or heard) on a 
digital map (Map Marker 2.11_1442). Birds flying higher than 20 m above the ground were 
not recorded except if they showed connection to the area (e.g., Skylarks Alauda arvensis that 
made territorial songflights at ≥ 20 m elevation were counted, but raptors or water birds 
crossing ≥ 20 m over the meadows or migrating Common Swifts Apus apus were not). 

During each survey, all three transects were visited between sunrise and noon, thus 
excluding dawn to minimize detectability differences due to rapid changes in the birds’ 
conspicuousness and activity (Dawson 1981). We systematically varied the order of surveying 
the three transects among surveys. We assume that differences in bird detectability between 
the three transects were likely minimal, due to the similar open habitat of the surveyed areas. 

Our total sampled area was 21.4 ha. We did not include the 10.6-ha forested area of 
the 32-ha enclosure as our aim was to investigate bird abundance and species richness on the 
open areas.  

We aimed to survey during one morning every two weeks between 31 January 2019 
and 24 July 2019, and weekly between 20 March 2020 and 22 March 2021. We collected data 
only in favorable weather conditions (no precipitation, <5m/s wind).  

We avoided double counts as much as possible by using a cut-off distance of 60 m to 
each side of the transects so that the surveyed range of the area would not overlap but cover 
the entire study site. We followed the recommendation of Dawson & Bull (1975): 
observations were regarded as different individuals only if the observer was reasonably 
certain that not the same individual was observed. 

We classified bird species into four different guilds (functional groups on an ecological 
basis (Wilson 1999) according to their foraging ecology (Table 1). We took account of the main 
foraging habitats on the Rhine Island and applied the concept of a ‘guild’ as described by Root 
(1967) as a “group of species that exploit the same class of environmental resources in a 
similar way”.  
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Foraging guild Aerial Open area Wetland Woodland 
Criteria of 
classification 

Species mainly 
capturing their 
prey and foraging 
in the air, without 
the need of landing 

Species mainly 
foraging on the 
ground where 
vegetation is 
scarce or low 

Species whose 
main foraging 
strategy is 
dependent on the 
proximity to water, 
including reedbeds 

Species mainly 
foraging in areas 
partially or entirely 
covered by shrubs 
and/or trees 

Table 1. Criteria for classifying the bird species of our main study area into guilds  
 
2.4.2. Control area  
We carried out transect surveys also on a control area that consisted of two parts, one of 14.3 
ha, the other 9.5 ha (in total 23.8 ha) that we selected on two different parts on the Rhine 
Island, each in close proximity to the main study site. We considered the two parts together 
as one control site and defined three transects for transect sampling similar to the main study 
site. The control site included similar habitat as our main study area but was not grazed by 
cattle or horses during our data collection. However, the control area was grazed by sheep 
and goat during a few weeks in spring and summer 2019, but not in 2020. Therefore, we 
considered this area as a non-grazed control site in 2020. Our survey method was analogous 
to that of the main study site. Data collection took place between 8 April 2020 and 22 May 
2020.  
 
 
2.5. Permissions 
 
The study was done with the permission of the national nature reserve Petite Camargue 
Alsacienne. Because the GPS collars belonged to the nature reserve and were deployed and 
used for management reasons, we did not need a permit for the usage of the GPS data. 
 
 
2.6. Statistical analysis 
 
We calculated the mean numbers of species and of individuals in the main study site and 
control site during the breeding season. To assess how bird abundance and species richness 
was related to grazer density, we used data of our main study site only.  

For the analysis, we used the 50x50 m grid cells of the UTM grid over the study area. 
To analyze how abundance of birds belonging to different guilds were related to grazer 
density, season, and habitat characteristics, we used generalized additive mixed models 
(GAMM) that we fitted to the data of each bird guild (Table 1) separately. Our response 
variable was the number of bird individuals counted per survey per 50x50m grid cell summed 
over all species belonging to a bird guild. We assumed a zero-inflated negative binomial 
distribution of the bird counts with a constant proportion of zero values. We used the 
logarithm as link function for the count model. As predictors we used grazer density, date 
(day of year), and habitat characteristics.  

Grazer density was measured as the sum of the hourly horse and cattle GPS positions 
per grid cell over the previous 3 weeks prior to a bird survey. Our previous study (Lovász et 
al. 2021) showed that the effects of horse vs cattle densities on bird count densities were 
rather similar; we therefore pooled the data for horse and cattle GPS positions. We further 
assumed that grazer space use patterns earlier than 3 weeks before the respective bird survey 
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did not substantially influence space use of birds. Because we assumed that the detectability 
of birds is relatively homogeneous across the main and control study area and our aim was 
not estimating the total number of birds present, we did not take detectability into account 
in our analyses following Buckland et al. (2001). As habitat characteristics we used the 
landcover variables “bare ground”, “sapling”, “shrub” and “tree”. The most abundant 
landcover type “meadow” was not included as predictor in the model to avoid redundancy 
and keep collinearity to a minimum in the predictors because cover types sum to 100%. The 
cover type “water” was included as a binary variable indicating presence of water on the 
50x50m cell. All predictors were z-transformed so that their means were zero and their 
standard deviations one. 

We used a two-dimensional tensor product smooth for grazer density and day of year. 
To obtain the smooth terms, we used three cubic regression splines as implemented in the 
function t2 of the package mgcv (Wood et al. 2013). Because some grid cells at the edges of 
the study area had smaller sizes than 50x50m, we used the logarithm of the grid cell size as 
an offset in the linear predictor of the counts.  

The grid cell ID was first used as a random factor to account for repeated measures. 
However, Markov chains of these model fits did not converge well. We therefore omitted the 
random factor from the model. To assess how strong pseudoreplication may be, we estimated 
the proportion of residual variance that can be explained by among-grid cell variance, the so-
called intra-class correlation coefficient (ICC), using normal linear mixed models. ICC was low 
for all guilds (wetland birds: 8.1%, woodland birds: 2.6%, open land birds: 0.7%, aerial birds: 
<0.1%). We thus considered pseudoreplication due to repeated measures of grid cells as low 
in our study. However, we acknowledge in the interpretation of our results that our 
compatibility intervals (Amrhein & Greenland 2022) may slightly underestimate statistical 
uncertainty particularly for wetland birds. 

To analyze how species richness was related to grazer density, day of year, and habitat 
characteristics, we used the number of species detected during one survey on each of the 
50x50m grid cells as outcome variable in a further GAMM. Similarly to the model for the 
abundance, also here we used a zero-inflated negative binomial model. The same predictors 
as for the analyses of abundance were used, except that the logarithm of the grid cell size 
was used as a covariate instead of an offset. For analyzing species richness, we used grid cell 
ID as a random factor to account for repeated measures in the grid cells. Unlike for the 
abundance models, Markov chains for the species richness model including cell ID as random 
factor converged well.   

All models were fitted using Hamiltonian Monte Carlo methods as implemented in 
Stan (mc-stan.org; (Carpenter et al. 2017). We used the R-package brms as an interface to 
Stan (Bürkner 2017). We used the default prior distributions which are optimized for z-
transformed predictors and do not markedly affect the results, i.e. the positive range of t(3, -
2.3, 2.5) for the intercept of the negative-binomial model, a logistic(0,1) for the intercept of 
the zero-model, flat priors for all model coefficients, positive range of t(3,0,2.5) for the 
variance parameters (random effects and coefficients of the smoother) and gamma(0.01, 
0.01) for the shape parameter of the negative-binomial model. 

After fitting the models, we checked convergence graphically by looking at the Markov 
chains and using the R-hat value. We further checked the goodness of fit via posterior 
predictive model checking using the package shinystan (Gabry 2017). We compared density 
distributions of our data with density distributions of data replicated from the models and 
compared means, standard deviation, minimum and maximum of our data with replicated 
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data based on the models. We also checked for spatial correlation by looking at the semi-
variance and by visualizing the residuals on a map. 

Posterior predictive model checking revealed that Poisson distribution or negative 
binomial distribution did not describe the data distribution well, but zero-inflated negative 
binomial distributions fitted well to all our response variables. 
 
 
3. Results & discussion 
 
3.1. Bird counts on the main study site and the control site 
 
In total, we made 5447 observations of individuals of 87 bird species during the entire study 
(see Table 2 in the Appendix for the species list). On the main (grazed) study site, we surveyed 
112 grid cells during a total of 73 surveys between 31 January 2019 and 22 March 2021. 
During these 73 surveys, we counted 5104 individual birds. 

For comparison, we conducted surveys at a (non-grazed) control site during a period 
of about two months in the breeding period, from the 89th to the 142nd day of the year. In this 
control site, we surveyed 121 grid cells during 7 surveys and compared the number of 
individuals to the number of individuals observed on the main site during the same time 
period in 2019 (6 surveys) and in 2020 (7 surveys). The mean (±SE) number of observed bird 
individuals per survey per grid cell was 0.93 (±0.14) on the main site, and 0.43 (±0.08) on the 
control site. Also the mean species richness of birds was higher on the grazed area (0.27±0.01) 
than on the control site (0.18±0.01) during the period of comparison. 
 
3.2. Effects of grazer density, season, and habitat on individual bird observations 
 
In the following, we describe how the numbers of individual observations of aerial, open-area, 
wetland, and woodland birds changed seasonally, in relation to the numbers of GPS fixes of 
grazers per grid cell summed over a 3-weeks period (grazer density) and in relation to habitat 
characteristics at our main study site.  
 
3.2.1. Aerial-foraging birds 
In total, we made 831 observations of aerial-foraging bird individuals. Almost all birds of this 
guild were swallows and swifts that do not breed at the study site (422 Barn swallows, 138 
House martins, 269 Common swifts). During spring migration (April and early May), the 
numbers of individuals in the aerial foraging guild reached a peak particularly in areas with 
low grazer density (Fig 1, Fig 2a and b). During the rest of the year, there was no obvious 
relation of numbers of aerial-foraging birds to grazer densities (Fig 1, Fig 2b; the apparent rise 
at high grazer densities on 1 September in Fig 2a has high uncertainty). 

Even though a direct relationship to areas with higher density of grazers may not be 
apparent, a large number of swallows and swifts were present at our study site during spring 
and summer (almost twice as many on average per grid cell as, for example, in open-area 
associated birds during the same period). It is likely that the presence of grazers is 
advantageous for swallows and swifts, due to the generally higher abundance of flying insects 
in the proximity of large ungulates (Møller 2001; Musitelli et al. 2016). 
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There were slightly more counts of aerial birds on plots with higher proportions of 
meadow cover (Fig 3a). We expected to find more aerial foraging birds over water bodies, 
since swallows often forage on insects above water. However, we did not find such a 
difference when comparing grid cells with and without water presence (Fig 3a). Also, the 
percentage cover in all other habitat categories showed almost no relationship with bird 
abundance in the aerial-foraging guild (Fig 3a). The overall weak relation of numbers of aerial-
foraging birds with habitat variables may indicate that the distribution of flying insects, which 
serve as prey for aerial birds such as swallows, was relatively even across landcover types in 
our study site. Similarly to our results, Neilly & Schwarzkopf (2019) found that the “abundance 
of aerial foraging guilds was not influenced by the grazing treatments, vegetation type or 
habitat variables”. 

 
3.2.2. Open-area foraging birds 
In total, we made 2352 observations of open-area foraging birds. We observed more 
individuals at grid cells with higher grazer frequencies throughout the year (Fig 1, Fig 2a-b). 
The number of individuals reached its peak in spring and early summer (i.e., during the 
breeding period; Fig 1 and 2) and this peak was particularly strong with high grazer densities 
(Fig 2b). 

The most frequently observed birds in the open-area foraging guild were Starlings 
(940 individuals), Skylarks (639), and Pipits (473). Starlings were mostly non-breeding guests 
and were only present on the study site during spring and summer, while Skylarks were 
observed both breeding and migrating, and Pipits were migrants and occasional winter 
visitors. The peak of bird observations of this guild in spring (Fig 2b) may thus be mainly 
shaped by the spring arrival of Starlings, since Starlings are often associated with grazing 
ungulates (Källander 2004). The generally positive association between grazer density and 
number of open-area birds throughout the year is reflected in the year-round presence of 
Skylarks and Pipits that usually forage on areas with short and diverse vegetation maintained 
by grazers (Buckingham et al. 2006; Chamberlain et al. 1999; Wakeham-Dawson & Aebischer 
1998).  

When investigating the landcover effects, it seemed that number of individuals in the 
open-area foraging guild slightly decreased with increasing proportion of bare ground (Fig 
3b). This probably reflects the fact that in our study site, areas with bare ground were mainly 
found between and around sapling-covered areas; and sapling cover appeared to negatively 
affect the numbers of open-area birds (Fig 3b). Uncertainty for the meadow, tree and shrub 
cover was too large to draw conclusions. There also seemed to be more open-area foraging 
birds on grid cells with water bodies (Fig 3b), which may reflect that in our study site, water 
bodies were often surrounded by meadows. Overall, we found that the density of open-area 
associated birds on our study area was better explained by grazer density than by landcover, 
which is in line with the findings of previous studies (e.g. Neilly & Schwarzkopf 2019). 

 
3.2.3. Wetland-foraging birds 
In total, we made 1051 observations of wetland-foraging birds, from which the Mute swan 
(235 individuals), the Mallard (172) and the Tufted duck (140) were the most numerous, all 
of which bred at or around the study site in low numbers but were mostly non-breeding 
guests. 

The number of individuals of wetland species was generally negatively related to 
grazer densities throughout the year (Fig 1). Both in the breeding period and in the migration 
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period, we counted more birds of this guild at lower grazer densities (Fig 1 and 2), reflecting 
that at our study site, horses and cattle spent only a small fraction of their time in or around 
water bodies. Also at a study site in the UK, Highland cattle in semi-wild conditions spent less 
than 0.5% of their daily time budget standing in water, and standing in water was not at all 
observed in Konik horses (Laidlaw 2018). 

When investigating which landcover type attracts wetland birds, we found that, as 
expected, birds of this guild were associated with water: we counted about ten times more 
individuals at grid cells with water than without water (Fig 3c). The number of individuals 
slightly decreased with increasing bare ground and sapling cover, while it seemed to increase 
with increasing meadow-, shrub-, and tree cover (Fig 3c). This pattern may reflect that our 
study site, water bodies were often surrounded by meadows, and also the few trees and 
shrubs on the study site often grew near water bodies. In contrast, sapling cover was usually 
dense and located farther from water bodies and therefore did not attract wetland-
associated birds. 

 
3.2.4. Woodland-foraging birds 
We counted in total 1213 woodland-foraging birds; the most numerous were the Great tit 
(281 individuals), the Common chaffinch (183) and the Red-backed shrike (140), all of which 
bred on or around the study site. 

There were overall less woodland-foraging birds during the breeding period than 
during the migration period and during winter (Fig 1 and 2). While during the breeding period, 
numbers of woodland birds were higher at higher grazer densities (Fig 1 and 2a), during 
autumn and winter there were slightly more birds where grazer densities were lower (Fig 1, 
but uncertainty in Fig 1a for September was high). 

The seasonal variation in the abundance of woodland birds and their relation to 
grazers may be explained by the fact that our study site is mainly an open area with few trees 
and shrubs, but is surrounded by old forests. In spring, woodland-associated species such as 
the Great tit and the Chaffinch were breeding in the surrounding forests rather than at our 
study site, while Red-backed shrikes were breeding on the study site. The insectivorous 
shrikes prefer grazed open areas scattered with shrubs that provide nest sites and hunting 
perches (Ceresa et al. 2012) as well as insects particularly around grazers (Brambilla et al. 
2007; Vanhinsbergh 2000), explaining the positive association of the woodland guild with 
grazers during the breeding period. The higher number of woodland-associated birds counted 
on the study site during autumn and winter reflects that the resident Chaffinches and Great 
tits, which are predominantly granivorous in winter (Perkins et al. 2000), often searched for 
food on grazed open areas. Earlier findings explained this assuming that also woodland birds 
profit from the activity of grazers opening up the vegetation, thus increasing prey and seed 
visibility (Leal et al. 2019). Similarly to our results, Laiolo (2005) found that open areas had a 
larger avian diversity in winter than in spring, hosting also woodland-associated birds. 

Woodland-associated birds used the different landcover types as expected: woodland 
birds were more often observed in areas with higher shrub- and tree-cover (Fig 3d), while less 
individuals were observed at areas with higher cover of bare ground, meadow, and saplings 
(Fig 3d). We observed almost no difference between the number of woodland-associated 
birds in grid cells with or without water (Fig 3d).  
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Figure 1. Number of individuals (abundance) of the four different foraging guilds of birds, in relation to grazer 
density and date. Heatmap colors with contour lines indicate average number of individuals. Vertical dotted lines 
indicate segment lines of grazer densities of 5 and 125 GPS positions per grid cell per 3-weeks period, and horizontal 
dotted lines show 1 May and 1 September. These segments are plotted in Figure 2, where we also provide 95% 
compatibility intervals. Note that patterns are unreliable at extreme values (in the corners of each plot).



117

Chapter 3

12

Figure 2. Number of individuals (abundance) of the four foraging guilds of birds in relation to grazer density and 
date. Fig 2a. shows the segment of bird abundance for each guild for two haphazardly selected days: 1 May 
(breeding period) and 1 September (migration period), with 95% compatibility intervals. Figure 2b shows the seg-
ment of bird abundance for each guild for two selected grazer densities: 5 GPS positions per grid cell per 3 weeks, 
meaning low density, and 125 positions per grid cell per 3 weeks, meaning high grazer density (average grazer 
density throughout the study period was 24.1 GPS positions per grid cell per 3 weeks). The shaded areas are 95% 
compatibility intervals. Note that patterns are unreliable at extreme values (at the beginning and end of the x-axis).

a) b)
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3.3. Effects of grazer density, season, and habitat on species richness of birds

We found species richness to be rather constant throughout the year, with an average of 
about 0.3 species counted per grid cell per survey (Fig. 4).

Independent of the landcover variables included in the model, most species per grid cell 
were observed at average grazer densities (24.1 GPS positions per grid cell per 3 weeks) at the 
median day of the study period (1st June) (Fig 5), and this pattern was similar throughout the 
year (Fig 6). However, the pattern at grazer densities that were higher than average was unclear 
due to the large compatibility intervals, at least for the median day of the study period (Fig 5, 
right side).

Figure 4. Changes of number of bird species as a function of date, at original (top) and zoomed (bottom) scale; shaded 
areas are 95% compatibility intervals. On the original scale plot, black dots indicate the number of species detected in  
a grid cell on the given day.
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The number of bird species decreased slightly with increasing cover of bare-ground, 
meadow and saplings (Fig. 7/a-c), while it increased with more extensive shrub and tree cover 
(Fig. 7/d-e) and was also higher in grid cells with presence of water (Fig. 7f). On our study site, 
grid cells with shrubs, trees and water bodies represented more structure-rich environments 
than grid cells without such woody patches or water bodies. Our result of increased bird spe-
cies richness in these grid cells thus fits the general pattern that species richness is usually 
driven by the structural complexity and heterogeneity of the environment (Bailey et al. 2004; 
Currie 1991), where more complex structures provide suitable habitats for a larger number of 
species with different ecology (Kolasa & Pickett 1991; Stein et al. 2014).

Figure 5. Number of species and average number of species per grid cell in relation to grazer density on the median 
day of the study period (1st June). On the figure on the left side, horizontal boxplots indicate the number of species 
counted per grid cell per survey. Sample sizes refer to the sum of the number of grid cells where the respective 
number of species was found during the 73 surveys (the total number of grid cells was 112 that were each surveyed 
73 times). On the right-side figure, the regression line represents the average number of species per grid cell, and 
dotted lines are compatibility intervals.

Figure 6. Number of species in relation to grazer density and date (colors and contour lines indicate the average 
number of species per grid cell).

0

1

2

3

4

5

6

Nu
m

be
r o

f s
pe

cie
s 

[/5
0x

50
m

]
n= 5757

n= 1202

n= 229

n= 55

n= 14

n= 2

n= 1

1 2 5 25 125 10000

Grazer density [sum positions over 3 weeks/50x50m]

0.0

0.1

0.2

0.3

0.4

0.5

1 2 5 25 125 10000

Grazer density [sum positions over 3 weeks/50x50m]

1.Jan.

1.April

1.July

1.Oct.

1 2 5 25 125

 0.
2 

 0.22 

 0.24 

 0
.2

4 

 0.26 

 0
.2

6 

 0.28 

 0.3 

0

Number of
species

0.19
0.21
0.23
0.25
0.27
0.3



120

Chapter 3

15

4. Conclusions

The guild of birds that at our study area seemed to profit most from the low-intensity grazing 
with cattle and horses were the open-area foraging birds. Here, the number of observations 
was consistently higher at higher grazer density throughout the year. In winter, however, grazed 
areas seemed to be important for woodland-foraging birds as well. These patterns are likely 
due to the open habitat maintained by grazers (Leal et al. 2019) that provides better food avail-
ability, prey visibility, and predator detectability for birds (Buckingham & Peach 2005; Cox et al. 
2014; Whittingham & Evans 2004). Our results are in line with earlier suggestions that due to 
the different ecology of the different foraging guilds, the actual presence of birds on a grazed 
area depends also on the season and habitat cover, not only on grazer densities (Laiolo 2005).

The numbers of wetland- and aerial-foraging birds seemed to be relatively independent 
of grazing at our study site. Unsurprisingly, we found that in wetland birds it was the presence 
of water rather than grazing density that explained their abundance over the grazed area. This 
may suggest that, contrary to some earlier findings (e.g. Pakanen et al. 2011), wetland-associ-
ated birds are not negatively affected by the presence of grazers.

The guild of aerial-foraging birds did not show a clear association to either grazing or 
landcover. As suggested by (Neilly & Schwarzkopf 2019), a reason may be that conspicuous 
responses of bird species to grazing are only to be expected in guilds that forage close to the 
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Figure 7. Relationships between overall bird species richness and landcover types. Note that the scale of the x axis 
on plots a)–e) changes according to the maximum percentage of the respective landcover type over all grid cells. 
Plot f) depicts the binarized effect of water presence in the surveyed grid cells.
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ground. Further research could address the relationship of grazer densities and flying insects, 
taking account of landcover differences; however, such an approach may need to account for 
variables that might be hard to control for, for instance the effect of wind and temperature 
on both the habitat use of grazers and the distribution of insects. 

The positive relation between increasing meadow cover and number of bird 
observations in three of four guilds (except woodland birds) and the generally positive 
relation between shrub cover and the number of individuals of every guild are in line with 
earlier studies; for example Pons et al. (2003) pointed out that grasslands scattered with 
shrubs have the highest bird conservation index, since these areas host more individuals and 
more species than forested areas.  

Overall species richness showed an optimum at grid cells with average grazer density, 
similarly as in earlier studies showing that many bird species favor areas with low-intensity 
grazing (Barzan et al. 2021). We found the highest species richness at areas of our study site 
where scattered woody patches and water bodies enriched the open habitats. Since such 
heterogeneous habitats are structurally complex and rich in resources (Stein et al. 2014), they 
are able to host more individuals of more species (Srivastava & Lawton 1998). 

In view of the overall heterogeneity of our study site, we conclude that a mosaic of 
landcover types maintained by grazers, with varying vegetation height and a low percentage 
of woody cover, seems to fulfil the needs of birds with different feeding and breeding ecology 

(Perkins et al. 2003; Whittingham & Evans 2004). This indicates that conservation 
management resulting in heterogenous environments is more favorable than practices 
resulting in homogenous areas. 
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Appendix 
 
Table 2. List of species and number of individuals counted on the Rhine island (on the main and control site) 

 

 
Species name (Latin) Species name (English) Foraging 

guild 
Number of 
individuals 

1 Accipiter gentilis Northern goshawk woodland 1 
2 Accipiter nisus Eurasian sparrohawk woodland 4 
3 Acrocephalus scirpaceus Eurasian reed warbler wetland 8 
4 Aegithalos caudatus Long-tailed tit woodland 41 
5 Alauda arvensis Eurasian skylark open 639 
6 Alcedo atthis Common kingfisher wetland 33 
7 Alopochen aegyptiaca Egyptian goose wetland 103 
8 Anas crecca Eurasian teal wetland 34 
9 Anas platyrhynchos Mallard wetland 172 
10 Anser anser Greylag goose wetland 3 
11 Anthus sp Pipit species open 473 
12 Apus apus Common swift aerial 269 
13 Ardea cinerea Grey heron wetland 65 
14 Aythya fuligula Tufted duck wetland 140 
15 Aythya nyroca Ferruginous duck wetland 11 
16 Branta canadensis Canada goose wetland 2 
17 Buteo buteo Common buzzard open 6 
18 Carduelis carduelis European goldfinch woodland 43 
19 European greenfinch European greenfinch woodland 16 
20 Certhia sp Treecreeper species woodland 1 
21 Charadrius dubius Little ringed plover  wetland 4 
22 Ciconia ciconia White stork  open 37 
23 Columba palumbus Common wood pigeon woodland 2 
24 Corvus corone Carrion crow open 29 
25 Corvus corax Common raven woodland 7 
26 Common cuckoo Cuculus canorus woodland 1 
27 Cygnus olor Mute swan wetland 235 
28 Delichon urbicum Common house martin aerial 138 
29 Dendrocopos major Great spotted woodpecker woodland 11 
30 Dendrocoptes medius Middle spotted woodpecker woodland 1 
31 Dryobates minor Lesser spotted woodpecker woodland 3 
32 Egretta alba Great egret wetland 5 
33 Egretta garzetta Little egret  wetland 7 
34 Emberiza citrinella Yellowhammer woodland 11 
35 Emberiza schoeniclus Common reed bunting wetland 30 
36 Erithacus rubecula European robin woodland 111 
37 Falco subbuteo Eurasian hobby aerial 2 
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38 Falco tinnunculus Common kestrel open 3 
39 Ficedula hypoleuca European pied flycatcher woodland 2 
40 Fringilla coelebs Common chaffinch woodland 183 
41 Fulica atra Eurasian coot  wetland 22 
42 Gallinago gallinago Common snipe  wetland 10 
43 Garrulus glandarius Eurasian jay  woodland 13 
44 Hirundo rustica Barn swallow aerial 422 
45 Jynx torquilla Eurasian wryneck woodland 3 
46 Lanius collurio Red-backed shrike woodland 140 
47 Lanius excubitor Great grey shrike woodland 3 
48 Locustella luscinioides Savi's warbler wetland 1 
49 Milvus migrans Black kite open 7 
50 Milvus milvus Red kite open 1 
51 Motacilla alba White wagtail open 108 
52 Motacilla cinerea Grey wagtail  wetland 17 
53 Motacilla flava Western yellow wagtail open 4 
54 Netta rufina Red-crested pochard wetland 6 
55 Oenanthe oenanthe Northern wheatear open 1 
56 Parus caeruleus Eurasian blue tit woodland 64 
57 Parus major Great tit woodland 281 
58 Phasianus colchicus Common pheasant open 5 
59 Philomachus pugnax Ruff wetland 1 
60 Phoenicurus ochruros Black redstart open 3 
61 Phoenicurus phoenicurus Common redstart open 1 
62 Phylloscopus collybita Common chiffchaff woodland 31 
63 Phylloscopus trochilus Willow warbler woodland 1 
64 Picus viridis European green woodpecker open 1 
65 Prunella modularis  Dunnock woodland 8 
66 Regulus ignicapilla Common firecrest woodland 2 
67 Regulus regulus Goldcrest woodland 3 
68 Saxicola rubetra Whinchat open 4 
69 Spatula clypeata Northern shoveler wetland 3 
70 Spinus spinus Eurasian siskin woodland 23 
71 Sturnus vulgaris Common starling open 940 
72 Sylvia atricapilla Eurasian blackcap woodland 9 
73 Sylvia borin Garden warbler woodland 7 
74 Sylvia communis Common whitethroat  woodland 4 
75 Sylvia curruca Lesser whitethroat woodland 2 
76 Tachybaptus ruficollis Little grebe wetland 26 
77 Tadorna ferruginea Ruddy shelduck wetland 6 
78 Tringa glareola Wood sandpiper  wetland 5 
79 Tringa ochropus Green sandpiper wetland 70 
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80 Tringa totanus Common redshank wetland 5 
81 Troglodytes troglodytes Eurasian wren woodland 27 
82 Turdus iliacus Redwing woodland 52 
83 Turdus merula Common blackbird woodland 93 
84 Turdus philomelos Song thrush woodland 9 
85 Turdus pilaris Fieldfare open 89 
86 Upupa epops Eurasian hoopoe open 1 
87 Vanellus vanellus Northern lapwing wetland 27 
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Figure 3. d Num
ber of individuals (abundance) of woodland-foraging birds in relation to landcover types
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A B S T R A C T   

Horses are gaining importance in European nature conservation management, for which usually 
so-called primitive breeds are favored due to their claimed robustness. An increasingly popular 
breed, the Konik horse, is often said to be the direct descendent of the alleged European wild 
horse, the Tarpan. However, both the direct descent of the Konik from European wild horses and 
the existence of the Tarpan as a wild species are highly debated. In this review, we scrutinized 
both contemporary research and historical sources and suggest that the Tarpan and the Konik as 
its direct descendent are manmade myths that hinder effective conservation management. We did 
not find evidence that the Tarpan was a wild horse rather than a feral horse. We did not find any 
evidence either for a closer connection between the Konik and any extinct wild horse than be-
tween other domestic breeds and wild horses. We discuss three perspectives on why the myth has 
become widely accepted and survived to this day: a historical-political, a biological-ecological, 
and an emotional perspective. It seems that the origin story of the Konik and its connection to 
the Tarpan was shaped by personal and political interests, including nationalistic ideas. These as 
well as general human emotions towards horses have influenced researchers and laypeople to 
keep the myth alive, which has been possibly negatively impacting contemporary nature con-
servation. Indeed, today’s Koniks originated from a small founder population of only six male 
lines that were selected according to their phenotypic traits, with the aim to rebreed the ‘wild 
Tarpan’. Strict breeding practices have led to high inbreeding levels in recent Konik populations, 
which may undermine nature conservation purposes. Therefore, we suggest that mythologized 
origin stories should not be an argument for selecting breeds of grazers for nature conservation.   

1. Introduction 

Natural meadow ecosystems in Europe are increasingly managed using large herbivores as ecosystem engineers. Such management 
schemes often involve so-called primitive horse breeds (Chodkiewicz, 2020; Fraser et al., 2019). Indeed, domestic horses can coun-
teract woody plant encroachment and the spread of invasive plant species (Cosyns et al., 2001; Henning et al., 2017; Svenning et al., 
2016). Domestic horses are thus thought to be capable of taking the ecological role that extinct wild horses once played (Sandom et al., 
2014; Vermeulen, 2015) by contributing to a dynamic vegetation equilibrium in European temperate ecosystems (Vera, 2000). Nature 
conservation initiatives in Europe, such as Rewilding Europe (https://rewildingeurope.com), are successfully popularizing grazing by 
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horses, emphasizing the importance of robust and local horse breeds (Linnartz and Meissner, 2014). One of these breeds, the Konik, 
stands out from the others as it is generally associated with the Tarpan, the alleged “original European wild horse” (Sutherland, 2002). 
Although the Tarpan officially went extinct a century ago (Groves, 1986), it is not only claimed that Koniks are direct descendants of 
this alleged wild horse but in some cases that Koniks are Tarpans. This practice of calling the Koniks Tarpans seems to be attractive for 
some contemporary conservationists in Europe (see, e.g., Michelot, 2015; Widstrand, 2016). 

However, the history of the European wild horse has been controversially debated during the past centuries, and discussions 
continue until today, both in science and applied nature conservation (Linnell et al., 2016). A wide range of opinions have been 
proposed about the Tarpan, without a clear consensus (see Table 1). For example, there are claims that the Tarpan is a present-day 
equine species (Bernáldez-Sánchez and García-Viñas, 2019), while others doubt that it had ever been a wild species and not simply 
a domestic breed (Ewart, 1906; Linnell et al., 2016; Smith and Gesner, 1841; Librado et al., 2021). 

The origin of the Konik has also been debated (Forrest, 2019; van Vuure, 2014, 2015), with strong ties to the question of the Tarpan. 
Some believe that today’s Koniks are direct descendants of the Tarpan (i.e., of the European wild horse; e.g., Gurgul et al., 2019; 
Michelot, 2015; Stefaniuk-Szmukier et al., 2017), claiming that there is a “genetic line that has never really been broken” (ARTHEN, 2012) 
between Tarpans and present-day Koniks. However, others argue that both the Konik and the Tarpan are results of a certain “bricolage” 
(Lizet and Daszkiewicz, 1995), products of manmade myths (Forrest, 2019) rather than direct descendants of truly wild horses. 

In this review, we aimed to summarize different perspectives on the theory of the Tarpan as a wild horse and how this theory affects 
contemporary nature conservation, in view of the growing number of Koniks grazing in European nature reserves. We traced back 
original literature until the 1760s and screened contemporary articles, both from the scientific and the grey literature, to describe the 
origins of the story behind the common beliefs that the Konik is the closest descendant of the Tarpan and that the Tarpan is the extinct 
‘European wild horse’. 

In the following, we thus start with a description of the historical and anecdotal events leading to the alleged discovery of the 
Tarpan and outline the story of how the Tarpan transitioned into Konik (Section 2). In Section 3, we then provide a summary of the 
different perspectives on how and why this story persisted to this day, and on the evolutionary and phylogenetic origin of wild and 
domestic horses in general. In Section 4, we discuss practical implications of the origin stories for modern nature conservation. 

2. The origin story of the Konik-Tarpan confusion 

2.1. The beginnings: inventing the wild horse 

The story about the Tarpan probably started in 1768. A young and ambitious German naturalist, Samuel Georg Gmelin, had been 
travelling around the Russian steppes, commissioned by the empress Catherine II. The task was to discover and describe the Russian 
empire. 

Soon after launching on his expedition, as we can read in his memoire, Gmelin (1770) was in search of wild horses. Rumors from 
locals reached him that some of these animals were roaming just around the region he was travelling through: a group of six passed 
near a town called Bobrowsk just a few days before Gmelin’s arrival. To ensure the success, he equipped himself with a group of skilled 
local hunters. It did not take long for the locals to find the group of horses and thus fulfil the wish of the – likely well-paying – Western 
traveler. According to the locals, the group consisted of both “wild” and “Russian” horses and their “bastard” offspring (Gmelin, 1770). 
The hunters managed to kill the leading stallion and two mares and captured the hybrid foal alive (Fig. 1). Gmelin briefly summarized 
the characteristics of these horses in his memoire: They were mouse-colored [“Mausfarben”] with very long hair that looked more like 
a fur than a horse hair [“Ihre Haare sind sehr lang, und so dicht, daß man mehr einen Pelz, als ein Pferdefell, anzufühlen glaubt”]. The 
feet below the knee were black [“die Füsse sind unterhalb ihrer Mitte bis an die Klauen schwarz”]. Their eyes were fiery [“ihre Augen 
sind feurig”]. Their ears were either short or long like that of a donkey [“entweder in der Grösse der zahmen Pferde … oder lang, bey 
nahe wie Esels-Ohren”]. Their mane was very short and frizzy [“Ihre Mähne ist sehr kurz und kraus”]. Their tail was more or less hairy 
but shorter than that of tame horses [“Ihr Schweif ist mehr oder weniger haarigt, doch immer etwas kürzer, als bey den zahmen 
Pferden”] (Gmelin, 1770). 

A few years after Gmelin, Pieter Boddaert created a scientific name based on Gmelin’s memoire: Equus ferus, Wild horse, Cheval 

Table 1 
Variations about explanations of what a Tarpan is in the scientific literature.  

What is a Tarpan?  

Synonym for wild horses Kovalevskaya (2020) 
A subspecies of a wild horse that lived into historic times Groves (1994); Kefena et al. (2012) 
European wild horse Heck (1952); Kolbas (2002); Spassov and Iliev (1998) 
Russian wild horse ICZN (2003) 
Ancestor of the domestic horse Bökönyi (1987); Rudik (2003) 
Feral horse (domestic breed living in a wild state) Ewart (1906); Nobis (1971); Pallas (1773); Ståhlberg and Svanberg (2011) 
Ecomorphotype of the Eurasian wild horse Bennett and Hoffmann (1999) 
Plateau horse Jordana et al. (1995) 
Steppe wild horse Pasicka (2013); Pruski (1959) 
Primordial horse Martellozzo (2020) 
A present-day horse species Bernáldez-Sánchez and García-Viñas (2019)  
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sauvage (Boddaert, 1785). With his work, the Elenchus Animalium, published in 1785, the wild horse was born for the scientific world. 

2.2. The story continues: the alleged wild horses of the Białowieża forest 

In the early nineteenth century, the general forester of Poland, Julius Brincken, was commissioned by the Russian tsar Nicholaus I 
to describe the Białowieża Forest. In his memoire (Brincken, 1826) about the flora and fauna of the Great Wilderness – situated in 
today’s Poland – he wrote about half a page on wild horses. He named these horses as “Equus sylvestris, Cheval sauvage” (meaning wild 
horse), apparently creating a new horse species although regretting that a description of the horses is not possible, given they were last 
seen 40 years before Brincken’s memoire. As Brincken explained, the number of these “Chevaux sauvage” continuously decreased by 
the end of the eighteenth century, until the last individuals were captured and taken to the animal park of an influential Polish 
aristocrat, count Zamoyski, who collected exotic animals. Then, because these horses had “no use at all” (a notion that was not 
explained by Brincken, 1826), they were supposedly handed over to local farmers in 1806. The farmers then, as asserted by Brincken, 
crossed their domestic horses – called Koniks – with these Equus sylvestris. Therefore, as the author argues, this Equus legacy can still be 
recognized among these little farm horses (Brincken, 1826). The name Tarpan was again not yet mentioned. 

2.3. Reinventing the wild horse: the back-breeding experiment of a Polish professor 

A century after Brincken’s book appeared, in the 1930s, Brincken’s idea of wild horses in Poland was revisited by a Polish professor, 
Tadeusz Vetulani. Vetulani presented a project proposition of back-breeding the “Forest Tarpans” to the Polish government, calling it 
Equus caballus gmelini Antonius forma silvatica Vetulani (Vetulani, 1939). The idea of the Polish wild horse was born. Vetulani’s 
experiment meant selecting for the ‘ancient traits’ by crossing little farm horses around the Bilgoraj region of Poland (an area not far 
from the Białowieża forest, where count Zamoyski’s estates were located), by means of selection of individuals with specific pheno-
typic traits at each generation (van Vuure, 2015). The traits Vetulani aimed for were those he believed to be of the original Tarpans 
(Vetulani, 1928). The notion of the Tarpan was by this time apparently known among scientific circles, even though Brincken did not 
give any phenotypical description nor the name Tarpan to his Equus sylvestris. Vetulani selected in total 19 mares and four stallions 
(Vetulani, 1938) as a founder population and started the breeding experiment that involved a high degree of inbreeding (van Vuure, 
2015). The project soon became popular in Poland: a large breeding center was established in the Białowieża forest, and politicians and 
the public supported the initiative. The project soon gained international fame, for example in Germany, where the Heck brothers – 
who had already been working on breeding back the aurochs – also started a back-breeding experiment using Koniks to reconstitute a 
wild horse (van Vuure, 2015).1 

2.4. The outcome of story-telling: a contemporary myth 

The above three intermingling stories raise a number of concerns and doubts, and call for further investigation. 

Fig. 1. The depiction of the wild horse (not yet called Tarpan) by Gmelin in his travel memoire dated to 1770 (Gmelin, 1770). The animal is a foal 
without obvious external characteristics that were later attributed to the Tarpan. 
Image source: Gmelin (1770). 

1 For details about the back-breeding initiation of the Heck-brothers see van Vuure (2015) or Forrest (2019). 
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First of all, were those horses that were allegedly seen in the 18th century really wild in the biological sense and not just escaped 
individuals of domestic stocks and hence only feral (where feral refers to free-roaming domesticated animals living in a wild state (King 
et al., 2021))? Second, how could a back-breeding experiment of the 1930s result in genetic successors of an extinct horse, while until 
today the only evidence for the existence of this extinct horse can solely be found in some anecdotal sources? Third, why are all of these 
alleged wild horses referred to as Tarpans today, together with the clearly domestic Konik, and what does the term Tarpan actually 
refer to? 

The debate is ongoing since the turn of the nineteenth and twentieth century (Ewart, 1906; Smith and Gesner, 1841). Today, several 
authors consider the story of the Tarpan and the Konik as a contemporary myth rather than reality (Castelli, 2016; Lizet and Dasz-
kiewicz, 1995; van Vuure, 2015). 

In spite of the uncertainty, according to the current official taxonomical status (Gentry et al., 2004; ICZN, 2003), the Tarpan is still 
recognized as a wild horse: in 2003, the International Commission on Zoological Nomenclature (ICZN) conserved as valid the usage of 
the name “Tarpan, Russian wild horse, Equus ferus BODDAERT (1785)”. However, this status lacks scientific evidence (see below). 
Often, the Tarpan is regarded as the direct ancestor of the Konik horse breed, and along this idea, the ‘wild’ characteristics of the Koniks 
are emphasized in nature conservation. 

The current general belief that the Tarpan is an extinct wild horse species and the Konik is its closest descendant seems to have been 
created along romantic ideas and political agendas and reinforced by superficial science (Forrest, 2019; Kolbas, 2002; van Vuure, 
2015). There does not seem to be sufficient evidence that the Tarpan had ever been a wild and not only a feral horse (Linnell et al., 
2016; Olsen and Zeder, 2006). There seems to be no consensus over which horse (if any) should be regarded as Tarpan (Pruski, 1959). 
Additionally, there is no genetic evidence that the Konik horse would show genetic proximity to any wild horse (see Section 3.2.3.). Yet 
the old phrases about direct descendance of the Koniks from a nineteenth century mythical wild horse population keep circulating 
among scientists and conservationists and seem to influence nature conservation initiatives around Europe, raising this horse breed to 
a status of being a perfect candidate for introduction into protected areas (Linnell et al., 2016; Vermeulen, 2015). It is more and more 
common among conservationists and laypeople to mix the terms Tarpan and Konik (e.g., Michelot, 2015; Unknown, 2020; Widstrand, 
2016), which amplifies the confusion. How could this happen? 

3. How and why the myth became common knowledge 

So far, we described the origin of the alleged story that the Tarpan is a wild horse that survived until historic times and that the 
Konik is a direct descendant of this wild horse. In the following, we discuss four perspectives on why the story could become widely 
accepted and survive to this day: the historical-political, the biological-ecological, and the emotional perspective. 

3.1. Historical-political perspective 

3.1.1. Naming the Tarpan 
Many researchers agree that the name “Tarpan” is controversial both considering its history and what it refers to (Forrest, 2019; 

Linnell et al., 2016; Lizet and Daszkiewicz, 1995). It is already not easy to trace back the first written evidence of the name; therefore it 
is no surprise that sources often do not give a reference for the first mention, but refer to it as having “popped up” on the Russian 
steppes during the 18th century (Lizet and Daszkiewicz, 1995; van Vuure, 2014). 

When we scrutinized the original literature of the 18th century, we found that the name Tarpan seems to first appear in the 
memoire of Peter Simon Pallas (Pallas, 1773). Pallas was another Western scholar, contemporary of Gmelin, who also travelled around 
Russia to describe the vast empire (see below). In his book, Pallas reported about horses seen in the wild. He believed, however, that 
these steppe horses descended from feral domestic horses that escaped human care during the turmoil of various wars (Jezierski and 
Jaworski, 2008; Pallas, 1773). Pallas did not give a detailed description of these horses, but interestingly, after mentioning the name 
Tarpan, he continued with describing the Khulan (Pallas, 1773)2 – an equid that is today recognized as the Mongolian wild ass (Equus 
hemionus hemionus). It seems like the two names, Tarpan and Khulan, referred to the same animal at the time of Pallas. 

Jezierski and Jaworski (2008) mentioned a different ‘first mention’: according to the authors, Peter Rytschkow was pioneer in using 
the term Tarpan in 1762. The original Russian text of Rytschkow (or Rychkov), however, reads as Tarlan (Тарланы = tarlans) instead of 
Tarpan. The author also mentioned another horse type, the Kumans (КуМаны = kumani), yet it is not clear whether he meant wild or 
feral horses under either name. 

Nevertheless, by about the middle of the 19th century, the term Tarpan had become established as the name for the wild horses of 
Eastern Europe. As James Cossar Ewart, a Scottish zoologist, wrote: “for more than a century all the horses living in a wild state in 
Europe, which happened to be of a mouse-dun colour, seem to have been regarded as Tarpans” (Ewart, 1906). It is therefore not clear 
whether the term originally meant to be ‘wild’ or ‘in a wild state’. 

As Ståhlberg and Svanberg (2011) summarized, the Kazakhs called the Tarpans as Taga and they were considered to be not 
originally wild, but feral horses. Pruski (1959) reported that in Russia, horses that were commonly called Tarpans could have been a 
number of things: feral domestic horses, hybrids between domestic and wild horses, or even different wild asses: kulans, kiangs, khurs 

2 “On m’a dit que l’on rencontrait souvent des tarpanes, ou chevaux sauvages, près de la source de l’Irtek, qui est dans les montagnes des landes, ̀a 
plus de quarante verstes. Le cheval des landes, nommé Koulan par les Kirguis, est souvent le conducteur des tabanes; il ressemble beaucoup à un 
petit mulet. J’y vis un jeune étalon sauvage qui différait d’un cheval Russe ordinaire”. Pallas (1773). 
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and onagers (Jezierski and Jaworski, 2008). 
According to Forrest (2019) and Heptner et al. (1988), the names Takhi and Tarpan were used interchangeably during the course of 

the 18th and 19th century, likely referring to the same – yet unclear – animal, or even potentially referring to a number of different 
horses, regardless of them being ordinary domestic or feral or wild. 

The famous naturalist Charles Hamilton Smith reported about his discussion with Tahtar and Cossack informants (with the aid of an 
interpreter whose language skills were “not super abundant”) and with the Mongolic troopers who were “stupid or unwilling” (Smith 
and Gesner, 1841)3 and came to the general conclusion that his informants were talking about both real wild horses and a feral breed, 
and called the former as Tarpan or Tarpani and the latter as Takja, Taga or Muzin.4 In addition to this uncertainty, Hamilton-Smith was 
apparently not sure to have read his own notes correctly.5 Interestingly, he assigned three different colors to the “Tarpani”: tan, isabella 
and mouse, although tan and isabella describe those horses that we know today as the Przewalski’s horse or Takhi (Fig. 2). 

Additionally, as it turns out from Forrest (2019), the hide and skull of a horse that was captured between 1876 and 1878 and given 
to Colonel Przewalski was first referred to as Tarpan – before the classification by Poliakov as Equus przewalski. It seems like there had 
not always been a distinction between Przewalski’s and Tarpan. 

The chromosome number of the Przewalski’s horse (66) justifies its difference to any other domestic horse (64). In the Tarpan, 
however, no specimen seems to have yet been found that could serve as a proof for its existence as a wild species. 

Today two alleged Tarpan skeletons exist in museums: the so-called Cherson Tarpan (which is also called Shatilov Tarpan by 
Spasskaya and Pavlinov, 2008) that was likely captured in the Zagradovskaya steppe near the Cherson region in the Ukraine in 1866 
and considered to be lectotype (Fig. 3); and the Shatilov Tarpan (which is sometimes called Taurian or Crimean Tarpan (Pasicka, 
2013)) that was probably captured in the Rakhmanovskaya steppe and is considered to be paralectotype (Spasskaya and Pavlinov, 
2008). However, already an earlier craniometric analysis (Spasskaya and Pavlinov, 2008) unambiguously classified one of these 
specimens as a domestic horse, and grouped the other with most recent Przewalski’s horses or their hybrids. (A recent genomic 
characterization of the Crimean Tarpan is discussed in Section 3.2.3.). 

Several important questions arise from these independent lines of evidence: what should one regard as Tarpan? Has the Tarpan ever 
referred to the same animal as the present-day Przewalski’s horse? Is the Takja the same as the Przewalski’s horse? Are the Takja and 
the Tarpan feral breeds or truly wild species? So far, there is no strong scientific evidence supporting one hypothesis or the other. 
Nevertheless, strong but apparently unfounded scientific claims have shaped the public opinion over the years (Table 1). 

Groves (1994) reported that there should be two subspecies of wild horses that survived into historic times: the Tarpan and the 
Przewalski’s horse. Ten years later, the scientific decision was made: the International Commission on Zoological Nomenclature 
(ICZN) conserved as valid the usage of the name “Tarpan, Russian wild horse, Equus ferus Boddaert (1785)”. 

On the one hand, this was a step forward compared to the “plethora” of scientific and common names (as put by Gentry et al., 2004) 
and combinations of them (Table 2) given for wild or non-wild horses (reviewed, e.g., in Groves, 1994; Spasskaya and Pavlinov, 2008; 
Spassov and Iliev, 1998). 

On the other hand, giving such credit to what appears to be a rather uncertain taxonomic identification seems dangerous as it 
allows researchers to refer to the Tarpan as a wild horse as a plain fact instead of handling the issue as a highly questionable hypothesis. 

Naming new species has always been a pride for scientists – so much so that today there are even auctions on giving scientific names 
to newly discovered species (Jacobs, 2018). As a result, often several synonyms may refer to one single organism (Alroy, 2002). Today, 
giving a name to a new species has rigorous rules, including having a designated holotype (a single specimen that acts as the identifier 
for the entire species) and first and foremost a reliable source of information and documentation of the identity of the species (Hone, 
2013). However, this has not been the case with regard to the Tarpan: No specimen of a real Tarpan has been preserved, and no 
holotype of the Tarpan exists. 

3.1.2. Romanticism in the 19th century – Should we believe Gmelin? 
The eighteenth century brought growing romantic interest in wilderness in the Western countries (Forrest, 2019). Russia did not 

wait long to follow the movement, especially after Catherine II the Great, the pragmatic “enlightened empress” (Kahn, 2020), took over 
the throne and – as a continuation of the work of Peter I – started Westernizing the Russian cultural and scientific life (Thaden, 1954). 
The aim was to raise the empire’s reputation to the level of Western Europe (Griffiths, 1973; Ståhlberg and Svanberg, 2011) and to 
refute the widespread contemporary perception of Russia as a “barbaric other” (Kahn, 2020). 

As one of the means, she established the Imperial Academy of Arts and Sciences in St Petersburg as a scientific and educational 

3 Hamilton Smith described his source of information as “…an independent trooper of the desert; who had spent ten or twelve years on the 
frontier of China, and, I understand, was often seen at Paris attending his Tahtar chief at the theatres, in 1814. My interpreter was an officer in the 
Don Cossack regiment of Colonel Bigaloff, whose French was not super abundant. From the Mongolic troopers I obtained little information; they 
were stupid or unwilling.” Smith and Gesner (1841).  

4 “From the answers of Russian officers of this irregular cavalry, who spoke French or German, we drew the general conclusion of their general 
belief in a true wild and untameable species of horse, and in herds that were of mixed origin. Those most acquainted with a nomadic life, and in 
particular an orderly Cossack attached to a Tahtar chief as Russian interpreter, furnished us with the substance of the following notice. ‘The tarpani 
form herds of several hundreds, subdivided into smaller troops, each headed by a stallion; they are not found unmixed excepting towards the borders 
of China’” Smith and Gesner (1841).  

5 “If I mis-read not my note, Takja, and this name, I find also, in Nemnich, written Taga; but I am not sure if it is there meant to bear the same 
definition as above. I took the word, on one or two occasions, to be applied to all unowned horses of the steppes.” Smith and Gesner (1841). 
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center and set out expeditions by Western scholars around her empire to describe the terra incognita (Chantreau, 1794). Pallas, Gmelin 
or Humboldt are only a few examples. The terra incognita also attracted naturalists in their own interest, for example from Britain: a 
variety of British geologists, geographers, ornithologists and botanists started visiting the remote parts of Russia in search of new 
material (Pethybridge, 1972). 

It is no surprise that finding rare or even extinct horses as mysteries of the terra incognita meant success and pride for the visiting 
scholars, especially as there was also a growing romanticization of the untamed horse itself in the Western culture (Forrest, 2017). 

Despite the romantic era of the 19th century, there was already much doubt about the existence of wild horses among the Western 
scientific community, and researchers parted to the two extremes of the issue. Charles Hamilton Smith’s bitterness about the skeptics 
who questioned the existence of real wild horses well demonstrates these fierce oppositions: “Whatever may be the lucubrations of 
naturalists in their cabinets, it does not appear that the Tahtar or even the Cossack nations have any doubt upon the subject, for they 
assert that they can distinguish a feral breed from the wild by many tokens” (Smith and Gesner, 1841). 

The fate of Gmelin’s captured horse does not become clear from the naturalist’s memoire. It does not seem to have reached a 
museum so that the specimen could have been examined by other researchers or preserved for later investigation (e.g., through 
extraction and analysis of the ancient DNA). Besides, Gmelin’s description is incomplete regarding whether the observed horses were 
truly wild in the zoological sense, or were feral domestic horses (Jezierski and Jaworski, 2008). At that time, this was probably not 
even an issue, because of the lack of genetic knowledge: a horse found in the wild was simply a ‘wild’ horse. The name Tarpan does 
neither appear in Gmelin’s notes nor in the book of Boddaert. Nevertheless, later researchers (e.g., Fages et al., 2019; Antonius, 1938; 

Fig. 2. A depiction of the Tarpan as imagined by Charles Hamilton Smith (Smith and Gesner, 1841) after consulting alleged eye-witnesses of these 
horses. In comparison with the Tarpan of Gmelin (Fig. 1), the depicted animal seems to be more similar to today’s Przewalski’s horses. 
Image source: Smith and Gesner (1841). 

Fig. 3. The famous “last photo” of a “living Tarpan”, from – supposedly – 1884. The origin of the photo is unknown just like that of the horse. It is 
generally referred to as a “non-pure Tarpan”, believed to be captured around the Cherson region in the Ukraine and transported to the Moscow zoo 
(Groves, 1994). 
Image source: Wikimedia (2021). 
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Pasicka, 2013) made the connection themselves, attributing the Tarpan to Gmelin’s name and considering it as a real wild horse. 

3.1.3. A forester’s fantasy – Should we believe Brincken? 
Brincken based his description of the Białowieża forest on his impressions after having visited the forest merely twice (Brincken, 

1826) on the occasions of so-called hunting parties (van Vuure, 2015). It has been questioned whether such visits should be considered 
reliable sources of information (Daszkiewicz et al., 2004; van Vuure, 2015). As discussed in van Vuure (2015), Brincken had a political 
reason for writing his essay. He was commissioned by the Russian tsar Nicolaus I, who considered the forest as his hunting ground (the 
Białowieża forest had been under Russian control until 1917). Because Brincken had already gained some enemies across Poland, he 
had an interest to maintain good relations to other powerful circles in order to keep his position in forestry (van Vuure, 2015). 
Supposedly, an extended description about the forest with a long list of wild animals could have been a good means for pleasing the 
tsar. 

Brincken’s contemporaries heavily criticized his work for inaccuracies and fabrications regarding the flora and fauna of the 
Białowieża forest, and for even inventing species (van Vuure, 2015). For example, three different types of brown bear, two species of 
red squirrel, the wolverine, the Russian flying squirrel, or the steppe polecat are animals that – as scientists of Brincken’s times reported 
(reviewed in Daszkiewicz et al., 2004 and van Vuure, 2015) – could either not have existed or have never lived in the forest, or at least 
not at the time of Brincken’s essay. 

Although Brincken’s book is valuable as it aims to describe this natural area (van Vuure, 2015), it seems that it played a major role 
in forming the myth around the Tarpan. van Vuure (2015) gives a detailed critique about Brincken’s book regarding wild horses. 
Indeed, Brincken’s story relies on anecdotal information: by the time Brincken visited the Białowieża forest, the horses – if they ever 
had been there – had long disappeared (van Vuure, 2014; Brincken, 1826). Therefore, the ‘evidence’ on which the beliefs about wild 
horses that survived to modern times are based is no more than second-hand information about stories passed on between fellow 
hunters (van Vuure, 2015). 

3.1.4. Victorian fashion of cross-breeding – a bridge to back-breeding 
In the Victorian age, scientists often engaged in transcending species boundaries, crossing different plant and animal species 

(Moine, 2017) both to trace hereditary origins and to assess how nature can be artificially modified. Professor James Cossar Ewart 
successfully crossed, for example, zebras with horses (Button, 2018). He also carried out an experiment crossing ancient British horse 
breeds to see whether their offspring would result in a wild horse – a Tarpan. Ewart, “having ascertained that, by crossing carefully 
selected forms, remote types are sometimes restored in all their original purity” (Ewart, 1906), crossed a Shetland pony mare with a 
Welsh pony stallion. The result were two foals: one ordinary Celtic pony, and one “which, though bred in Scotland, will, I believe, be 
regarded by Continental naturalists as typical a Tarpan as ever roamed the Russian steppes” (Ewart, 1906). 

Apparently, the phenotypic traits attributed to the Tarpan could be reproduced by some randomly crossed breeds. This hardly 
means that such an animal is a wild species. The explanation lies in more profound reasons, namely of the inheritance of dominant 
alleles (see Section 3.2.1). Ewart concludes that “there seems no escape from the conclusion that the Tarpan, once common in the east 
of Europe, cannot be considered as a true wild species.” 

Vetulani himself was aware of the work of Ewart who might actually have been a precursor for Vetulani’s breeding-back exper-
iments (van Vuure, 2015). Yet, contrary to Ewart, Vetulani did believe that the Tarpan is an original wild species and was also 

Table 2 
Variations of scientific and vernacular names for recent domestic and wild horses (Bennett and Hoffmann, 1999; 
Groves, 1994; ITIS, 2021; Spasskaya and Pavlinov, 2008) with special regard to those concerning the Tarpan. 
Species names in bold are considered currently valid by the International Commission for Zoological Nomen-
clature (ICZN, 2003). Tarpans are indicated with an *.  

Scientific name Vernacular name 

Equus caballus Linnaeus, 1758 Feral horse, Horse (valid) 
Equus caballus caballus Linnaeus, 1758 Domestic Horse, Northwestern European Horse 
*Equus caballus ferus Boddaert (1785) *Russian wild horse, Tarpan 
Equus caballus przewalskii Poliakov, 1881 Mongolian Wild Horse, Przewalski’s Horse 
*Equus caballus gmelini Linnaeus, 1758 *Wild tarpan 
*Equus ferus Boddaert (1785) *Russian wild horse, Tarpan (valid) 
Equus ferus caballus Linnaeus, 1758 Domestic Horse, Northwestern European Horse 
*Equus ferus ferus Boddaert (1785) *Tarpan 
Equus ferus przewalskii Poliakov, 1881 Mongolian wild horse, Przewalski’s Horse 
*Equus gmelini Antonius, 1912 *Tarpan / the Tarpan of Europe 
*Equus przewalskii gmelini Geptner, 1955 *South Russian steppe tarpan 
*Equus przewalskii przewalskii Geptner, 1955 *Dzhungarian / eastern tarpan 
*Equus przewalskii silvaticus Geptner, 1955 *Forest tarpan 
Equus przewalskii Poliakov, 1881 Przewalski’s horse, takh (valid) 
*Equus przewalski silvaticus, Vetulani 1936 *Forest tarpan 
*Equus sylvestris von den Brincken (1826) *Forest tarpan 
Equus hagenbecki Matschie, 1903 Przewalski’s horse, takhi 
Equus caballus pumpelli Duerst, 1908 Afro-turkic Horse, Oriental horse 
Equus gracilis Ewart, 1909 European wild horse  
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convinced that this Tarpan played a major role in the constitution of the Polish Konik (van Vuure, 2015). Vetulani was successful in 
reproducing Ewart’s experiment on the large scale by selecting horses to cross for achieving his desired Tarpan-traits. 

3.1.5. Horses and nationalism – Should we believe Vetulani? 
Horses, as explained below (Section 2.3), are an important part of human history and culture. Throughout centuries, the horse has 

been not only a functional animal but also a cultural icon (Edwards et al., 2011). Nations still have their own horse breed(s), and 
keeping the genetic line of these breeds in its ‘purity’ is of high interest to a huge industry (Forrest, 2019). 

There seems to be also an interest to claim a country to have been the place where the last ‘wild horse’ was seen (Pasicka, 2013). 
Interestingly, the emergence of the lobby for a Polish wild horse, the forest Tarpan, coincides with the beginning of an independent era 
in Poland: after the first world war, following more than a century of foreign rule, an independent Polish state was restored (BBC, 2018; 
van Vuure, 2015). As a symbol of freedom, owning the last wild horse might have been particularly important for a country where 
freedom was deprived such as in Poland. The seeds of Vetulani’s idea of having an own, independent, national wild horse potentially 
fell on fertile soil among contemporary politicians. As van Vuure puts it, “Breeding the konik contributed significantly to national 
pride” (van Vuure, 2014; Lizet and Daszkiewicz, 1995). Poland was ‘back on the map’ and had been able ‘to breed back the European 
wild horse’, a horse that was so strongly associated with Polish nature and Polish history” (van Vuure, 2014). In the interpretation of 
Vetulani in 1927, the Tarpan had “retained its superior features not only in the Koniks of Biłgoraj, but in more Polish horses” (van 
Vuure, 2014). 

The idea also seemed and still seems to be popular among scientists. There are only a few Polish authors who acknowledged that 
there is not really a convincing background for claiming the Konik to be a descendant of the Tarpan; for instance, Jezierski and 
Jaworski (2008) wrote that “What is known in the literature about the descent of the Koniks from the Tarpan is based on historical 
sources, craniometric analyses and speculations resulting from it”. On the other side, there is a long list of local research on Koniks, 
popularizing the idea that Poland was home to the last wild horses that lived in Europe before going to extinction (e.g., Janikowski, 
1942; Komosa and Purzyc, 2009; Pasicka, 2013; Vetulani, 1928, 1939). 

Poland, however, is not the only country where alleged descendants of the Tarpan are claimed to still exist. 

3.1.6. Other candidates for being ‘direct descendants of Tarpans’ 
Although the marketing of the Koniks seems to be the most successful of all, they are not the only horse breed competing for the 

prestigious title of being direct descendants of the Tarpan. 
For example, the Portugese Sorraira breed has similar phenotypic characteristics as the Konik, with mouse-dun coloration and 

dorsal stripes; and although it comes from the other side of Europe, is also considered to have a direct connection to Tarpans (Von 
Lettow-Vorbeck, 2005). The Sorraira faces similar problems with inbreeding effects as does the Konik (Section 4.1.2.): according to the 
official studbook (Oom et al., 2004), all of today’s individuals descended from only 12 founders. Besides, the Sorraia also is believed to 
be the ancestor of the Lusitano and Andalusian breeds, and it is claimed to be an ancestor of the “entire World’s light saddle horses” 
(Luís et al., 2006; Oom and Cothran, 1994). 

Another candidate is the Exmoor pony of England that is argued to be “not a ‘man-made’ breed, but a wild horse type with a 
separate history that has been uninfluenced by domestic horses” (Hovens and Rijkers, 2013), explaining this with their “primeval 
form”, which is mainly their bay-dun coat color (Oelke, 2012). 

The eastern part of Europe also has some alleged wild-horse descendants: the Hucul and the Bosnian Mountain horse. The Hucul’s 
origin is debated between Slovakia, Romania (Georgescu et al., 2011) and Poland (Purzyc, 2007) and, just like the origin of the Konik, 
it also fades into anecdotes. There are suppositions that the Hucul derives from a number of different breeds; others claim that they are 
“the direct descendants of the Tarpan horses (…) representing a subpopulation of Tarpan horses that adapted to the conditions in 
mountainous areas” (Georgescu et al., 2011). The Bosnian Mountain horse is mentioned alongside Koniks as the “only close de-
scendants of the extinct Equus ferus ferus (Tarpan)” (May-Davis et al., 2019), but it is also said to be a product of a cross between the 
Tarpan and the Przewalski’s horse (Maletić et al., 2018). 

Based on this alleged origin of the Hucul and the Konik, the Estonian Native Horse recently entered the scientific literature as 
another descendant of the Tarpan: a recent study (Castaneda et al., 2019) claims to describe “genetic evidence for the alleged Tarpan 
ancestry of the Estonian Native Horse”, although the authors have not sampled any Tarpan. The basis of the ‘evidence’ is that the 
Estonian horse is clustered together with the Hucul and Konik in a phylogenetic analysis. As the Konik is said to be a “direct descendent 
of the Tarpan”, a similar origin for the Estonian horse was inferred by the authors. Of course this result is based on the assumption that 
the alleged Tarpan horse would be the direct ancestor of the Konik horse, which remains highly hypothetical in the absence of 
genetic-based evidence. 

Closing the list of examples, the Gotland pony, a Swedish so-called ancient horse breed is sometimes also regarded to be directly 
originating from the Tarpan (Fortini et al., 2015). A study investigating genetic relationships within horse breeds revealed low genetic 
diversity within the breed, which may indicate isolation of the population (Castaneda et al., 2019), but not necessarily a connection to 
a ‘wild horse’. 

3.2. Biological-ecological perspective 

3.2.1. Phenotypic resemblance – to the unknown? 
The main argument for regarding Koniks as descendants of wild horses is that Konik horses have been bred to phenotypically 

resemble an alleged Tarpan (Linnell et al., 2016). However, we do not know what the Tarpan looked like. Indeed, also Gmelin’s 
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description does not correspond to what later scholars described as attributes of a Tarpan, as discussed in the following. 

3.2.1.1. Coloration, dorsal stripe. The major alleged indicator that the Konik could be a direct descendant of the Tarpan is the coat 
coloration. Koniks generally exhibit a mouse-dun coloration, that is, they are mouse-grey with dark mane and tail and have a black 
dorsal stripe, occasionally horizontal bars on the legs and dark patches on the shoulder (Imsland et al., 2016; Stefaniuk-Szmukier et al., 
2017). 

According to Gmelin, the ‘wild’ horses in the Voronesh area were mouse grey. This might mean a mouse-dun color, yet the most 
visible characteristics of the dun coloration, namely the dorsal stripe and the zebra-stripes on the legs, are not mentioned by Gmelin. 
These stripes, very often associated with ‘wildness’, would therefore have been absent from the alleged Tarpan horses described by 
Gmelin. Nevertheless, later scholars still referred to Gmelin’s mouse color as dun, attributed it to everything that is called a Tarpan, and 
used it as an argument for claiming that Koniks must have Tarpan genes because they show this phenotype (Martin, 1845; Stachurska, 
1999; Stefaniuk-Szmukier et al., 2017). 

Additionally, even if Gmelin would have forgotten to mention the strikingly conspicuous dorsal stripe, this dun coat would not 
necessarily represent any guarantee for wildness. Indeed, the dun gene is fully dominant over non-dun (let the owner of the color be 
wild or non-wild; Imsland et al., 2016), and therefore this coloration easily appears in domestic horses as well, e.g., in the Arabians, 
Thoroughbreds, Spanish breeds, Quarter horses, Paints and Appaloosas (Animal Genetics Inc, 2021; Thiruvenkadan et al., 2008). 

3.2.1.2. Fur length. The fur length of Gmelin’s horses was described to be long, at least longer than those of “Russian horses” (Gmelin, 
1770). However, the season of Gmelin’s horse adventure was winter, and horses that live under non-stabled (non-boxed, non-shaved) 
conditions are known to grow longer hair during winter. A study that measured hair coat properties of different equids in different 
seasons reported an average 12.15 mm (SD 4.12) hair length in summer and 47 mm (SD 10.72) in winter, in ordinary domestic horses 
with outdoor housing (Osthaus et al., 2018). Hair length similarly varies between seasons in donkeys and mules, but differs between 
equid species (Osthaus et al., 2018). It is likely that the general view of local people on their Russian horses developed from seeing 
horses that received, at least partially, indoor housing and therefore had a characteristic of shorter hair than their free-roaming 
conspecifics. Also, as different equids show different hair lengths, different horse breeds likely also show a difference. The in-
dividuals in the group of Gmelin’s horses may have well shown differences in hair length if the group consisted of different breeds. 
Therefore, fur length can hardly be taken as evidence for wildness. 

3.2.1.3. Mane. The erect mane without a forelock is considered a feature of wildness (Janikowski, 1942): every current wild equid 
species from zebras through donkeys to wild asses possesses such a mane. About the adult horses in Gmelin’s adventure, we only know 
that their mane was “short and frizzy”, but there is no mention about a missing forelock or about an upright-standing mane. The 
frizziness even seems to refer to a longer mane, as a very short mane rarely can curl. Besides, the drawing presented in Gmelin’s book 
represents a foal and not an adult specimen (Fig. 1; Gmelin, 1770). Since every horse foal has an upright-standing mane until it matures 
and the mane grows longer, this depiction does not seem relevant in this context. 

3.2.1.4. Fiery eyes. Eye and facial expressions of domestic horses have been suggested to show emotional states (Dalla Costa et al., 
2017; Hintze et al., 2016; Wathan et al., 2016). Fiery eyes are therefore not a distinguishing feature for wild horses but can appear in 
domestic horses as well. 

3.2.1.5. Short or long ears, short tail. The length of the ears and tail seem to be explained by individual variation rather than being 
species-specific traits of horse breeds or populations (e.g., Brooks et al., 2010). Therefore, these phenotypic traits cannot be taken as 
proxies to identify the origin of modern horses. 

In conclusion, many of these traits appear to be rather controversial. As Olsen and Zeder (2006) reports, horses with dun coats, 
zebra striping on the legs, and prominent stripes down their backs are very common today in domestic herds in Mongolia. Yet, those 
Mongolian horses are not thought to be of wild origin; at maximum they may be hybrids between domestic and Przewalski’s horses 
(Olsen and Zeder, 2006). 

3.2.2. The transition from wild to domestic – The domestication process and its impact on wild horses 
The equid family originated some 55 million years ago, and equids are extremely well represented in the fossil record until the end 

of the Pleistocene (Librado and Orlando, 2021; Orlando, 2015). The group from which today’s domestic horses are derived originated 
in North America and colonized the Old World by spreading to Eurasia through Beringia. While horses became extinct in the Americas 
at the time of the massive extinctions around 10,000 years ago, they continued to persist in the Old World (MacFadden, 2005; Orlando, 
2015). 

While a number of wild horse species and populations have been described from the Eurasian steppe between about 35,000–10,000 
years ago (Azzaroli, 1990; Groves and Ryder, 2000), they have most likely become extremely rare by the beginning of the Holocene 
(Barron-Ortiz et al., 2019; Leonardi et al., 2018; Vilà et al., 2001). Wild horses became locally extinct in most geographical regions 
after the end of the Ice Age, with only a few populations persisting in small numbers in relic, scattered groups (Bendrey, 2012; Levine, 
1999). It is unclear whether all the different relic populations belonged to different species or subspecies or whether differences may 
also reflect individual variation (Olsen and Zeder, 2006). 

The reasons for the decline of wild horses are debated, but it is commonly thought that the decrease of suitable habitat due to 
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climate change and increasing human expansion were its main drivers (Clutton-Brock, 1992). Beside monopolizing habitats important 
for horses, human impact manifested in overhunting and the spread of domestication, which likely involved capturing wild individuals 
(probably mostly mares due to their calmer temperament) and integrating them into the stock of domestic horses (Orlando, 2015). The 
first evidence for horse domestication comes from Botai, an archaeological settlement located in Northern Kazakhstan, and dates back 
to approximately 5500 years ago (Outram et al., 2009). By the Bronze age (about 4000 ago), domestic horses had spread throughout 
Eurasia. In the millennium following the assumed first instance of horse domestication, a rapid increase in the number of horse remains 
was recorded in the osteological records, especially in the Eurasian steppes (Bibikova, 1986; Vilà et al., 2001). This, together with the 
archeological (Outram et al., 2009) and genomic (Allentoft et al., 2015; Orlando, 2020) evidence, suggests that the number of horses 
rose due to focused breeding and spread associated with human continental expansions (Olsen and Zeder, 2006) and not because of 
natural expansion (de Barros Damgaard et al., 2018). 

Until recently, it was believed that modern domestic mares were originating from numerous different regions while very few, 
closely related stallions with the same Y-chromosome haplotype contributed to the genetic makeup of extant horses (Jansen et al., 
2002; Kavar and Dovč, 2008; Lindgren et al., 2004). However, recent genetic analyses of ancient male horses suggest a very different 
story, with a high Y-chromosome diversity observed in ancient domestic horses, at least until about 2000 years ago, followed by a 
drastic decline to reach present-day levels some 850–1350 years ago (Fages et al., 2019; Librado et al., 2017; Wutke et al., 2018). This 
pattern of broad maternal contribution may reflect the intense spread of domestic animals, or pastoralism itself, where people were 
moving from one locality to the other, capturing wild mares from local relic populations to add to the domestic stock. 

Moreover, Bendrey (2012) adds a behavioral aspect for the widespread collapse of wild horse distribution in the early Holocene. 
Horses are known to be impeded in their reproduction when social groups are disrupted. As explained above, humans essentially 
disrupted social groups by capturing individuals to add to their domestic herds or simply to eat them. Such reduction in reproductive 
rate likely contributed to the exponential decrease in wild horse numbers. 

Not only did the number of wild populations decrease in the pre-domestication times of the early Holocene up until the Bronze Age, 
but wild horse populations gradually mixed with domestic individuals, resulting in various levels of gene flow across Eurasia. Ståhlberg 
and Svanberg (2011) suggested that domestic animals (horses, sheep, goats, cattle) of the Asian steppe nomads roamed freely with 
little attention from humans. Even today, domestic horses in Kazakhstan, Mongolia, and Russia are released from the corrals in the 
evening to graze through the night on natural pasture (Olsen and Zeder, 2006). Many of these free-roaming animals essentially became 
feral. How much these individuals have been affected by human-driven selection remains unknown. 

The social organization of horses also explains how wild and domestic populations could intermingle. Horses display female de-
fense polygyny, forming harems that consist of a leading stallion and several mares; colts are expelled from the group and fillies also 
disperse. The young males then form bachelor groups, and as they achieve maturity, they emerge to capture mares from other groups 
and form their own harem (Boyd et al., 2016). It is likely that such a reproductive behavior added to the extent of gene flow between 
domestic and wild horses. 

Further, since horses are very mobile animals, considerable displacements must have been characteristic of wild populations (Kavar 
and Dovč, 2008). Such mobility results in gene flow, which may partly explain the lack of phylogeographic structure found in the 
mitochondrial DNA of current domestic horses (Kavar and Dovč, 2008). It thus may be logical to assume that such mobile behavior 
facilitated gene flow between the relic wild horse populations and domesticated stocks. This, and the high ancestral mitochondrial 
variability inferred from pre-domestication horses, resulted in the relatively high mitochondrial diversity that is now observed in 
modern domestic horses (Cieslak et al., 2010). 

In view of both horse behavior and of the numerous human migrations across Eurasia in the last five millennia, it seems unlikely 
that wild horses could have avoided contact with their domestic counterparts. There is also a very low probability that they have 
preserved their pristine wildness until the end of the eighteenth century without substantial gene flow from the domestic stock or from 
feral individuals. 

3.2.3. Ancient genomics and the origins of horse domestication 
The exact geographic and temporal origins of modern domestic horses have been highly debated. Importantly, the horses first 

herded at Botai have been shown to be the direct ancestors of the modern Przewalski’s horses rather than of modern domestic horses, 
with Botai horses contributing only about 3% of their ancestry to the genomic makeup of ancient and modern domestic horses of the 
last 4000 years (Gaunitz et al., 2018). At the far western end of the Eurasian continent, the Iberian Peninsula has been suggested to be 
another independent center of horse domestication, based on archaeological evidence and genetic data from modern horses (Warmuth 
et al., 2011). However, recent paleogenomic evidence has again suggested a very limited genetic contribution of these horses to 
modern domesticates, thus strongly arguing against a major domestication process initiated in Iberia (Fages et al., 2019). These Iberian 
ancient horses dating back to about 4800 to 3900 years ago may have been either wild or domesticated and could correspond to the 
horses depicted in Paleolithic rock paintings. They have also been suggested to be putative ancestors of a hypothetical wild European 
horse population (Fages et al., 2019). 

The two main remaining geographic sources of domestication origins are the Pontic-Caspian, encompassing South-West Russia 
north of the Caucasus mountains and present-day eastern Ukraine (Anthony, 2010), and Anatolia (Arbuckle, 2012). A recent study 
based on ancient mitochondrial genomes from ancient Turkey, Georgia and Armenia dismissed Anatolia as a likely center for horse 
domestication on the basis of substantial replacement of females about 4000 years ago in that region – although whether this also 
applies to males remains to be tested (Guimaraes et al., 2020). Further, a recent paleogenomic study analyzing the genomes of 273 
ancient horses from all over Eurasia pinpointed the origin of modern domestic horses in the steppes of Western Eurasia (Librado et al., 
2021). The authors revealed that all of the ancient horse domestic genomes dating back to the last 3000 years and spreading 
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throughout Eurasia show very close genetic affinities with each other and thus form a relatively homogeneous group whose origin lies 
in the lower Volga-Don region, north of the Caucasus (Librado et al., 2021). These horses are also very distinct from other extinct and 
extant lineages, including that of the Przewalski’s horses and the now-extinct lineage of Bronze-Age Iberian horses, which also 
extended in the rest of Europe, further in the North to Scandinavia and in the East to Poland, Czech Republic and Hungary. The 
possibility that another European wild horse lineage existed until recent times – namely, the so-called Tarpan – cannot yet be ruled out 
by this apparent homogeneity in the domestic stock of the last three millennia. However, it suggests that if such a distinct European 
horse ever existed, it left little to no genomic signature in the makeup of modern domestic horses. 

Interestingly, Librado et al. (2021) also performed genomic characterization of the alleged Tarpan specimen from North Crimea 
(see Section 3.1.1.), dating back to the nineteenth century. They showed that this individual shared genetic affinities with both the 
modern domestic lineage and an Eneolithic European lineage, suggesting that at least some of the horses identified as Tarpan in the 
past centuries may be the result of past admixture between these two lineages. The authors also showed that the alleged Tarpan lineage 
this specimen belonged to was not related to the Przewalski’s horses, and that it did not contribute genetically to the domestic stock 
until its extinction. Therefore, the horse population this Crimean specimen belonged to cannot be the ancestor of domestic horses – 
including Koniks. Ideally, genomic characterisation of more alleged Tarpan and/or European wild horse specimens would be needed to 
get additional insight into the status and genetic contribution of the hypothetical European wild horse. 

To our knowledge, no whole-genome characterization of the Konik breed has been performed yet. It is therefore difficult to place it 
in the diversity of modern horse breeds. Here again, genomic analyses are needed to shed light on the origin of this population, and 
whether it substantially differs from the rest of the modern domestic stock. However, based on mitochondrial genomes, Lippold et al. 
(2011) have shown close genetic affinities between one Konik horse and a German sport house horse, falling within the diversity of 
matrilines observed in modern breeds and indicating that this Konik horse may not descent from a specific divergent maternal lineage. 
Additionally, analyzing the hypervariable D-loop of the mitochondrial genome of 173 Konik horses, Cieslak et al. (2017) have revealed 
high mitochondrial diversity in this breed, with no less than 19 distinct haplotypes represented. When compared to 79 D-loop se-
quences of 15 horse breeds, these once again fell within the overall maternal genetic diversity of modern breeds, suggesting a common 
maternal ancestry for the Konik horse and other domestic breeds. These findings support the hypothesis that the Konik horse may 
descend from the same ancestral wild mares as the rest of the modern domestic stock. 

3.3. Emotional perspective 

Horses seem to trigger very strong emotional response in humans (Bökönyi, 1987; Scasta, 2019). This emotionality may lie in the 
impact of horses on human history. During the almost six millennia of human-equine relationship, horses have revolutionized warfare 
and transportation, and by doing so played a key role in spreading language, religion, ideas, political units, inventions and information 
across cultures and continents, thus strongly contributing to shaping Eurasian civilizations (Anthony, 2010). 

Among others, Clutton-Brock (1992), Lawrence (1988) and Kelekna (2009) argued that human history would have developed 
rather differently without horses: The nomadic empires of the Eurasian steppes, the Scythians, the Huns, the Mongols and the Turks 
could not have conquered much of the urban centers of the sedentary Western world without mastering horse-riding and mounted 
archery. Alexander the Great’s conquer from Greece to India, Hannibal’s invasion of Spain and Italy, Caesar’s Gallic Wars would likely 
not have happened without horse power. Similarly, there would have been most probably no Crusades where armies of mounted 
knights crossed the old continent to Jerusalem, and Genghis Khan could not have broken through the Great Wall of China without the 
help of sixty thousand horses. More recently, horses played a crucial role in the conquest of the New World by European settlers, as well 
as in much of the Old World’s wars until the nineteenth century. Besides warfare, the development of human cultures and the 
dispersion of human genes has been facilitated by horses for thousands of years (Kelekna, 2009): horses helped globalizing the world 
for the first time in history (Forrest, 2017). 

It is probably due to this globalized and intermingled connection that the relationship between man and horse, according to some 
authors, became symbiotic (Scasta, 2019), and sometimes even regarded to be a coevolution (Robinson, 1999), although likely only in 
a cultural sense. Riding and/or owning a horse has been a status symbol throughout history (Edwards et al., 2011; Robinson, 1999). 

Further, people have become emotionally attached to the animals they lived and worked with (Edwards et al., 2011). Horses have 
become interconnected with humans over many generations (Haraway, 2008), and even in people who have no direct personal 
experience with horses, a certain sentimental approach towards these animals may still persist due to the description given in books 
and media: Horses are usually associated with terms such as loyalty, speed, endurance, power, grace, and intelligence (Beever and 
Brussard, 2000). 

Although the importance of horses has dramatically decreased in the economy of most countries since the industrial revolution and 
the progressive replacement of horses by machines, the horse still represents a cultural icon (Edwards et al., 2011), a national heritage 
(Notzke, 2016), and an ecological agent (Notzke, 2013). Horses are still admired and highly valued companions (Walsh, 2009) and are 
used in recreation and tourism (Notzke, 2016). Importantly, horses are also highly valued in the sport and breeding industry, and are 
thus associated with huge financial stakes (Derry, 2016). Further, they have a growing importance in nature conservation and in 
particular in maintaining valued landscapes and nature protection areas (Beer et al., 2020; Chodkiewicz, 2020; Mills and McDonnell, 
2005; Naundrup and Svenning, 2015). 

This modern role of horses in nature conservation may, however, be often hindered by the strong emotions of people towards these 
animals. The sentimental approach often results in subjective interpretation of facts, which affects efficient horse-management 
(Ransom and Kaczensky, 2016) and apparently also scientific research. Not only laypeople, but often also scientists tend to inter-
pret certain claims about horses as truths, and especially about wild horses, without clear scientific evidence. 
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As a historical example, several ancient texts can be found referring to ‘wild’ horses that roamed across Europe and Asia. Herodotus 
narrated about magnificent white wild horses, roaming about 2500 years ago in Scythia (Groves, 1994). Mentions of ‘wild horses’, 
either by hunting or eating them, tend to pop up in archaic literature from Pope Gregory III (in 732) through the Nibelungenlied (13th 
century) until 18th century articles (for details, see van Vuure, 2015). None of these stories can be evidenced, as there is no osteological 
evidence pointing towards their validity. Yet such anecdotes seem to have been attractive enough to shape the way we think about 
horses. 

Such emotionality towards horses may have contributed to formulate a myth around the Tarpan and the Konik, both among the 
public and among scientists, rather than handling the issue with caution, acknowledging uncertainty. 

Indeed, part of the scientific literature still contains unfounded yet strong claims, such as: “there cannot be any doubt that the tarpan 
was the wild form from which the first domestic horses of Europe were derived” (Bökönyi, 1987). Unless strong evidence is provided, such 
overconfident claims are often simply opinions, based on emotions rather than facts. Scientific opinions and scientific evidence are 
then often confounded, leading to misconceptions both among scientists and the public (Haddaway et al., 2015). Thus the hypothesis 
that the Tarpan is the extinct European wild horse and the Konik is its closest descendant became reported as a fact in research articles, 
often without providing any reference for the claim, because it seemed to have entered common knowledge (for example, see the 
claims in Gurgul et al., 2019; Mackowski et al., 2015; Pasicka, 2013). As often, the problem with common knowledge is that there 
seems to be no need to provide references, let alone to check the available references (Roig, 2003). 

Today, researchers who investigate horse domestication are showing that the picture is far from being clear and that several – if not 
many – horse populations may have coexisted in the early stages of horse domestication (Orlando, 2020; Librado et al., 2021); hence, 
there was probably never one unique ‘European wild horse’. Nevertheless, the accepted yet probably wrong common knowledge about 
the Tarpan and the Konik stays very strong. Beside heavily diminishing the chance of any counterclaim to be heard, this common 
knowledge might be detrimental for applications in nature conservation, as discussed in the following section. 

4. Outlook 

4.1. How the myth influences nature conservation 

4.1.1. Practical issues – the Konik-Tarpan lobby: easier fundraising? 
There seems to be still a strong lobby for considering certain horse breeds as the closest descendants of the Tarpan, regardless of the 

presence or absence of evidence for what a Tarpan was. The Konik breed has been particularly subject to this fashion (e.g., Michelot, 
2015; Vera et al., 2007; Vetulani, 1928; Widstrand, 2016). In Poland, and more generally in Europe, the Konik has been successfully 
popularized as the direct descendant of the Tarpan (aka the European wild horse; Linnell et al., 2016). 

In Europe, the idea of rewilding (Soulé and Noss, 1998) with horses became known probably most prominently in the Netherlands, 
in the vast rewilding project of the Oostvaardersplassen. With this rewilding project, it seems, the concept of introducing Koniks in 
nature reserves on the basis of being direct wild-horse descendants has also started to spread across Western Europe (van Vuure, 2015). 
It did not take long for the Konik to start becoming more and more widespread in other European countries as well, with France 
currently being one of the Konik-Tarpan hotspots in nature conservation (Lizet and Daszkiewicz, 1995). 

Although all lines of evidence indicate that the Konik is simply a domestic breed, popularizing them as the direct descendants of 
Tarpans, and thus of wild horses, seems to make it hard to grasp for both scientists and laypeople that Konik horses do not represent a 
wild species. The Konik-Tarpan parallelism seems to be a successful marketing tool in terms of promoting important nature conser-
vation projects both among laypeople and politicians, by evoking romantic feelings towards wild horses and wilderness (Scasta, 2019), 
and therefore helping fundraising (Lizet and Daszkiewicz, 1995). 

This raises the question of whether mis-claiming a breed as being wild type would be justified for conservation purposes. 
Interestingly, some examples can be found where the alleged wildness of the Koniks may facilitate conservation management. In 

Bulgaria, for example, the Tarpan is apparently on the national red list as a wild species, and horses registered as Tarpan (namely, 
Koniks) are exempt from veterinarian law, thus they do not need to be microchipped (as the European animal welfare law requires) and 
can be managed as wild animals (Vermeulen, 2015). This practice would largely facilitate nature conservation management, since in 
such schemes, horses are untamed and are kept in wild circumstances. Therefore, any veterinary intervention in rewilding projects 
may mean unnecessary stress and potentially more harm than benefit. In such wild conditions, it is usually best practice to only 
intervene when an animal suffers and has no chance for self-healing. The only reasonable solution is then often euthanasia – other 
initiatives may only cause unnecessary further suffer for the animal. However, even if declaring the Konik a wild species may facilitate 
conservation management, initiating such measures across Europe would lack a scientific basis, would lead to further confusion about 
the origins of wild horses, and, most importantly, would increase the chance of inbreeding (see below). 

An alternative to the Bulgarian example would be to give semi-natural grazers the status of wild animals (Blom, 2019), without the 
need of declaring them biological wild types. Such a status of ‘ecological wildness’ would help conservation initiatives not only focused 
on horses but on other domestic animals as well, such as cattle, goat or sheep breeds. 

A paradigm-shift to a marketing by emphasizing the ecological importance of Koniks (see, e.g., Kohler et al., 2016; Lovász et al., 
2021) and other horses (e.g., Duncan, 2012; Loucougaray et al., 2004), rather than the importance of biological origin, could be just as 
efficient as the marketing of biological origin, while it would be an example of evidence-based science communication. 

4.1.2. Practical issues – inbreeding 
Beside the misleading myth about the origins, there are practical consequences of a lobbying focus on the Konik-Tarpan story. 
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Koniks are valued in nature conservation for their robust constitution that makes them self-sustainable in natural conditions 
(Gurgul et al., 2019). One explanation for their robustness is usually that they have undergone little selective breeding and thus possess 
many characteristics of their wild or feral ancestors (Vera, 2009). However, due to the ideas of wild-horse descendance, nature 
conservationists seem to have been trying to conserve the assumed wild haplotype in Koniks, with the aim of preserving the lines that 
Vetulani once established (Cieslak et al., 2017). And those lines were already a quite narrow selection from the gene pool. 

Vetulani started breeding with a very small population of 22 horses (van Vuure, 2015) by explicitly selecting for certain pheno-
typical traits among local farm horses (Vetulani, 1938). The practice continues, and from 1985 the Konik studbook has been closed, 
meaning that the addition of “outside blood” to the official breeding program is forbidden (Cieslak et al., 2017; Fornal et al., 2020; 
Kaminski et al., 2017). Additionally, in 1999, the program of conservation breeding of Koniks introduced a regulation that only those 
horses are allowed to enter the breeding registry that descended from the parents entered in the main registry and possess mouse grey 
coat color with a stripe (Pasicka, 2013). 

Such practice does not differ from ordinary horse-breeding practices where breeders aim for certain characteristics: a process that is 
associated with domestication. Domestication, on the other hand, is associated with inbreeding and an excess of deleterious mutations 
(Schubert et al., 2014). 

Wolc and Balińska (2010) showed that a high proportion of genes from only a few founders suggests a small gene pool in today’s 
Koniks. This may be due to the population bottleneck created by the selection by Vetulani and the early breeders to achieve horses that 
exhibit the “Tarpan-like” features. In the first studbook issued in 1962, 34 maternal and six paternal lines were included (Cieslak et al., 
2017). Of these, 19 of the maternal lineages were lost during the following 40 years, so contemporary Koniks descend from six paternal 
and 15 maternal lineages (Cieslak et al., 2017; Fornal et al., 2020). A recent study investigating genomic inbreeding in Koniks in 
Poland showed an inbreeding coefficient (i.e., the probability that two alleles at a locus are identical by descent (Wright, 1922)) 
ranging from 5.25% to 22.41% (Kaminski et al., 2017), and Pluta et al. (2016) reported inbreeding coefficients from > 5% to > 15%. 
Further, Wolc and Balińska (2010) pointed out that inbreeding levels have been gradually increasing in Koniks in Polish breeding 
stocks, from 0.11% in 1956 to 9% already in the 2000s. 

These rates seem to be rather high, given that the general rule of thumb suggested in animal breeding is to restrict the rate of 
inbreeding to below 1%, preferably below 0.5% (Oldenbroek and van der Waaij, 2015); a rate of inbreeding of 1% means that at least 
25 males and 25 females need to be used for breeding (Oldenbroek and van der Waaij, 2015). 

Because the European Koniks originate from Polish stocks, the high inbreeding rates reported in studies carried out in Poland likely 
also apply to stocks in other European countries; however, to our knowledge, so far there are no studies on inbreeding in Konik 
populations outside Poland. Reportedly, some countries where Koniks are used for conservation projects prefer breeding their own 
‘national’ Koniks. This may lead to more serious decrease in genetic variability if it hinders genetic exchange with Konik populations 
from other countries. As reported by Kaminski et al. (2017), breeders may even aim to mate horses of relatively high inbreeding levels. 

Such inbreeding may affect the health of today’s Koniks and could influence their suitability in rewilding and other conservation 
initiatives. Inbreeding likely results in homozygosity on the genome, which may then increase the chances of offspring being affected 
by deleterious or recessive traits (Stearns and Hoekstra, 2000). As Pluta et al. (2016) summarize, the negative consequence of increased 
homozygosity can manifest in inbreeding depression, resulting in a decrease of fertility, vitality, and resistance to disease, in phenotype 
delicacy (i.e., a weaker skeleton), increased susceptibility to adverse environmental conditions, and a weakening of psychological 
resistance. 

Apparently, the expectation that Konik horse populations were mainly shaped by natural selection (Gurgul et al., 2019) seems not 
to be fulfilled. Selective breeding and mating in closed populations makes their genetic characteristics highly uniform within the breed 
– a problem that is also found in other horse breeds (Gurgul et al., 2019). 

Therefore, for nature conservation projects, it would be wise to regard the Konik as an ordinary breed, where it is preferable to have 
the largest possible genetic distance between individuals rather than to try preserving a specific genetic line that is claimed to be that of 
the alleged Tarpan. 

5. Conclusion 

In our extensive literature search, we did not find scientific evidence, neither in historical sources nor in the reported phenotypic or 
genetic traits, for wild horses to have survived until recent historic times (i.e., until the 16th to 18th century; Olsen, 2017; van Vuure, 
2015). We also found no scientific evidence that the Tarpan had ever been wild and not simply a feral horse. Additionally, there seems 
to be no consensus on which of the ancient horse populations roaming in different parts of Eurasia should be regarded as Tarpan, 
leading to the simple conclusion that we apparently do not know what sort of horse the various alleged Tarpan populations were. 
Finally, the Konik has never been shown to have genetic proximity to this alleged Tarpan. 

5.1. What is the European wild horse, if not a Tarpan? 

Recent research in ancient genomics and archaeology has shown that the Przewalski’s horse cannot be considered as the ancestor of 
modern domestic horses, and that the earliest domesticated horses do not represent the ancestors of modern horses either (Gaunitz 
et al., 2018). Instead, modern domestic horses are now thought to descend from a distinct population roaming in the southern Pontic 
Caspian steppes that became progressively managed by humans throughout the third millennium Before Common Era, thus starting 
from about 5000 years ago (Anthony, 2010; Librado et al., 2021). Interestingly, recent genomic evidence has also shown that several 
now-extinct horse lineages may have marginally contributed some genes to present-day domestic horses (Fages et al., 2019). Horses 
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that have survived the glaciation period but predated the domestication period have been referred to as post-glacial (Sandoval-Cas-
tellanos et al., 2017), pre-domestic (Pruvost et al., 2011), or simply wild (Orlando, 2020), regardless of any assumption about their 
contribution to the modern domestic stock of horses. Only two of these horse lineages still exist today: the one leading to modern 
domesticated horses and the one leading to present-day Przewalski’s horses. 

It would thus be advisable to revise the current official taxonomic vernacular name of the entry of the Equus ferus and refer to Equus 
ferus as a species complex (e.g., Guthrie, 2003) rather than a single species. 

5.2. What is the Konik, if not a Tarpan? 

Although regarding the Konik as a simple breed would likely mean that its reputation as a wild horse or as a direct descendant of a 
wild horse would disappear, this would not mean that the breed would be any less valuable and unique (Lizet and Daszkiewicz, 1995). 
As we reviewed, its wildness has not been evidenced genetically. Accurate determination of the status of this breed will therefore 
leverage further investigation of its genomic makeup and its genetic relationships with other Eurasian modern and ancient horse 
populations. 

5.3. The role of horses in nature conservation 

Comparative studies on dietary differences between horse breeds are lacking (Fraser et al., 2019), but judging from studies on 
single breeds, the ecological effects of horses do not seem to strongly depend on the breed. Irrespective of the investigated type of 
horse, several studies have shown a general positive correlation between grazing by horses and biodiversity and the abundance of 
target species, while controlling undesired vegetation (Catorci et al., 2012; Freedman et al., 2011; Henning et al., 2017; Kohler et al., 
2016; Lamoot et al., 2005; Lovász et al., 2021). Also, horses have been assumed to be highly adaptive (Goodwin, 2007), which 
contributes to their suitability in nature conservation management. Nonetheless, to investigate whether certain horse breeds may be 
more suitable than others, further research would be necessary, for example by experimentally comparing the performance of different 
breeds in natural environments. From our review, we conclude that the mythologized wild origin of the Konik horses is not the factor 
that may make them more or less suitable than other breeds. 
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Discussion
The aim of this thesis was to explore the effect of semi-wild large herbivores on their 
environment, with special regard to birds as indicators for biodiversity. The context 
of introducing domestic animals for nature conservation purposes as ecological 
substitutes to extinct species also gave the opportunity to investigate a current socio-
political issue of the origin of wild horses and certain horse breeds. The framework 
of the thesis has been the ecosystem restoration project on the riparian floodplain 
zone on the Rhine Island, which is regarded to be one of the largest ecosystem 
restorations in Central Europe. The thesis therefore involves both theoretical and 
applied perspectives.

As summarized in the Introduction, large herbivores act as ecosystem engineers 
due to their large size, which involves high impact on the vegetation and is responsible 
for maintaining habitat heterogeneity (Adler et al. 2001). Thus they are the first-line 
actors in reconstructing lost wilderness (Svenning et al. 2016; Vermeulen 2015). The 
concept of ‘rewilding’ with a mixture of large herbivores gave the idea for introducing 
domestic horses and cattle on the Rhine Island (see Chapter 1), an area that was 
recreated from a state of being destroyed by river-regulation and intensely exploited 
by agriculture. The questions of this thesis were raised as contributing to this 
restoration project. They address however only a fraction of the concerns emerging 
from the conservationists of the Petite Camargue, and are only the beginning of the 
long-term studies that have been – and will be – set up to follow the development of 
the restored ecosystem. 

My approach of assessing the relationship between the spatio-temporal 
distribution of the grazers and that of birds on the study area in Chapter 2 and 3 is 
derived from the concept that large herbivores are ecosystem engineers whose impact 
on the habitats determine how suitable these habitats are for other species. I chose 
birds as a species group to be the main focus of this thesis because they are known to 
be suitable biodiversity indicators, as suggested by, for instance, Gregory (2006), due 
to being widespread and diverse species; being conspicuous and thus easy to observe 
with non-invasive techniques; and representing a high trophic level and thus being 
sensitive to changes on lower stages. However, drawing incisive implications regarding 
biodiversity in general would be bold due to the limited size and scale of the study. 
Yet, even though on a modest scale, these two chapters are examples of studying 
natural processes in its complexity with all the constraints of non-controllable factors 
and the resulting uncertainties, rather than constructing experimental setups that 
would probably generate less uncertainties but potentially distorted results that are 
not necessarily applicable to non-experimental conditions. 

In Chapter 2, (Lovász et al. 2021b), we focused on how the space use of the 
introduced cattle and horses are related to the observed songbirds on the Rhine Island. 
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By using hourly GPS positions of the grazers as a proxy for their space use, we first 
assessed their spatial density distribution over the study area and related to data of 
bird transect sampling throughout a five-months’ period. The results showed that the 
investigated eight most common songbird species reacted similarly to the densities of 
cattle and horses and that, in line with the results of other studies (eg., Heldbjerg et al. 
2017; Wilson et al. 1997), from the eight investigated bird species, the Starling and the 
Skylark showed the clearest positive relationship to the density of grazers. Our results 
do not necessarily imply a causal relationship between large herbivore density and 
bird occurrence. Yet, considering the consistency of the relationship during the study 
period despite the variation in the distribution of grazers, it is probably correct to say 
that the Starling and, importantly, the Skylark, which is a declining species in Europe 
(BirdLife 2018), seem to profit from the presence of horses and cattle by using habitats 
that are kept open by the grazers.

In Chapter 3 (Lovász et al, 2022, in preparation), with an extended dataset, we 
could address the relationship between the grazers and the entire bird community 
classified into four guilds over the year and depending on landcover characteristics 
on our study area. We assessed the differences of the abundance of aerial-foraging, 
open-area foraging, wetland-, and woodland-foraging bird guilds in relation to the 
spatio-temporal distribution of cattle and horses, and also compared to the number 
of individuals and species richness on the grazed area to that of a non-grazed area. 
Unlike in Chapter 2, we could here separate the seasonal effect, the landscape effect 
and the effect of the usage of the area by grazers. The results suggest that wetland 
and woodland birds were more clearly related to the habitat than to the distribution 
of grazers, and the presence of aerial birds depended mainly on the season. The 
distribution of observed open-area birds were, however, clearly better explained by 
the grazer density than by landcover or season. More open-area foraging birds – the 
majority of them being Starlings and Skylarks – were observed in areas with high 
grazer densities, which is in line with our earlier findings in Chapter 2. In general, on 
our study site, most birds were related to areas where open landscape was scattered 
with woody patches and waterbodies, and to areas that grazers used in moderate 
densities. Therefore it seems that the mosaic environment with low-intensity grazing 
by large herbivores, as suggested by several earlier studies (Hovick et al. 2015; Kerekes 
& Vegvari 2016), is indeed the most ideal for birds of different feeding and breeding 
ecologies. 

Although it seems that large herbivores, whether wild animals or semi-wild 
domestic breeds, are suitable tool in conservation management, the selection of the 
species and breed may not be straightforward. The topic of Chapter 4 (Lovász et al. 
2021a) emerged following the discussions and disputes about the large herbivore 
species for the restoration project on the Rhine Island. In a review with co-authors 
Antoine Fages and Valentin Amrhein, I investigate the historical and socio-political 
context of the origin of horses, a question with century-long debates leading to 
contemporary conservation decisions. 

Discussion
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Namely, a popular breed in recent conservation initiatives, as well as in 
the restoration of the Rhine Island, the Konik horse, is often said to be the direct 
descendent of the alleged European wild horse, the Tarpan. Often this assumed origin 
is used by conservationists to claim that Koniks are one of the most suitable breeds 
for nature conservation purposes. However, both the direct descent of the Konik from 
European wild horses and the existence of the Tarpan as a wild species seems to be 
questionable. We scrutinized contemporary research and historical sources and did 
not find evidence that the Tarpan was a wild horse rather than a feral horse. We also 
did not find any evidence for a closer connection between the Konik and any extinct 
wild horse than between other domestic breeds and wild horses. We suggest that the 
Tarpan and the Konik as its direct descendent are manmade myths and that effective 
conservation management should not be based on such origin stories. 

I believe that the findings of the thesis provide applicable information for the 
restoration project on the Rhine Island and an addition to the knowledge base of 
rewilding destroyed European landscapes with large herbivores. 

Discussion
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Planet Earth, Europe, September 2017: a strictly protected European bison (Bison 

bonasus), one out of only around 4,000 individuals that exist today, was sentenced to 

death and shot. The story quickly swept around the media: a bison wandered over 

from Poland – where the species live in natural conditions without fences – to 

Germany, where it ended up being killed by authorities. Why? Because it was claimed 

to be a “danger to the public.” 
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‘True nature’ is dirty, muddy, biting and yes, it should be dangerous. It should 

not be a place where we go jogging to beat work-stress, or an environment to 

walk the dog in to escape from family.

However, by today, our concept of ‘nature’ is something like the closest 

park in the neighborhood. We regard it as a place where we can get some 

fresh air without making our expensive hiking shoes messy and from where 

we sufficiently eliminated the mosquitos that could treacherously bite us.

Modern nature is safe and criss-crossed by tourist paths.

It is certainly not something dirty, muddy, biting and dangerous. But this 

modern nature is not the nature where ecosystems function well, and not the 

one that will make it possible for us humans to live on planet Earth for another 

couple of centuries.

“Something fundamentally wrong…”

Shooting a European bison in the 21st century is only the tip of the iceberg. 

Over the last centuries, we made a ‘good’ job on turning the original natural 

habitats into ones that directly serve our human world. We have been 

hunting, keeping livestock, clearing forests and managing crop fields; we have 

been overexploiting natural sources and by now, as they are close to their last 

breath, we try to figure out more and more aggressive methods to exploit 

even more. The WWF reports an overall 52% decline in biodiversity between 

1970 and 2010. We have such an impact on Earth that scientists proposed 

declaring the dawn of a new geological epoch: the Anthropocene.
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Europe today — the index is based on human population density, human land use, infrastructure 
and human access (e.g railroads, navigable rivers). You can play around with the map (and be 
shocked) here. Image: Wildlife Conservation Society & Columbia University 

One of the most severe consequences of this human impact, although largely 

unreported, is the decline of native large herbivore fauna all around the world – in 

Europe too. 

Our continent used to be home to a variety of large herbivore species, such as the 

aurochs (the wild cattle), several wild horse species, the European bison and the elk. 

From these herbivores, the elk (Alces alces) was suppressed by human activities from 

its original Pan-European range to only the northernmost parts of Europe. The aurochs 

(Bos primigenius) became completely extinct. (By today, genetic backbreeding has 

made it possible to ‘substitute’ the wild cattle with a phenotypically similar but 

genetically different animal, the Heck-cattle.) Both the European bison (Bison bonasus) 

and the wild horses (Equus ferus) became extinct in the wild. In the case of the bison, 

only 54 individuals survived in zoological gardens, and only after great effort could 

the slowly growing population be reintroduced to the wild in a national park 

in Poland. 
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In the case of horses, even though there used to be an array of wild 

subspecies widespread throughout Europe, only one, the Przewalski’s horse 

(Equus ferus Przewalskii) has survived. (However, a recent study doubts that 

the Przewalski’s horse is a true descendant of wild ancestors.) The situation was 

basically the same as in the case of the bison: today’s endangered Przewalski’s 

horse populations of about altogether 2,000 horses are descendants of only 

12 individuals.

But efforts to reintroduce these horses to the wild is only taking place in 

Mongolia, while in Europe, horses live only in fenced areas.

So, with the exception of red deer, European landscapes are now almost 

completely devoid of free-roaming wild large herbivores.

Why is this a problem? 

Large herbivores are major drivers of ecosystems; their presence regulates 

the dynamics of vegetation by controlling the spread of forests and keeping 

meadows open, and thereby establishing a wide range of habitats for diverse

Appendix

Przewalski’s horses in the Cévennes, France — a fenced area where horses can ‘prac-
tice’ free life before being reintroduced to Mongolia. Photo: Lilla Lovász

https://www.sciencedaily.com/releases/2018/02/180222145132.htm
https://www.takh.org/en/
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flora and fauna (see e.g. the book by Dutch ecologist Frans Vera entitled 

Grazing Ecology and Forest History). They have facilitating and controlling 

effects on every trophic level of the ecosystem, which is a prerequisite for 

functionality. Not only that, what are known as ecosystem services – such as 

pollination, waste decomposition, water purification, etc. – only operate if 

there is a functioning ecosystem in the background with a variety of species 

living in natural habitats.

Controversies start at the species level

Horse and cattle species co-evolved, filling up a variety of niches. By using 

different feeding strategies, they also influence their environment differently. 

They are the most important regulators of European ecosystems simply due to 

their large size compared to other smaller herbivores. It would be thus logical 

to target ecosystem restoration by concentrating first on the reintroduction of 

both horses and cattle as complementary species.

But the debate already begins at the ‘species level’. Agronomists argue that 

domestic herbivores could fulfil the ecological role of the now extinct species 

while also securing traditional jobs in agriculture. So, why not just advocating 

extensive farming?

The main problem with domestic herbivores is that they are domestic, 

comes the reply from ecologists. These animals have been bred for milk 

and meat production over centuries, so it is not surprising that their 

ability to survive without human intervention has largely declined. To 

keep them healthy, they are treated against diseases and parasites with 

an array of medication that can destroy the soil invertebrate fauna. And, 

even if they are kept outside, they – also by law in some countries – have 

to be fed during winter, which prevents the most important disturbance  
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on the ecosystem. In contrast, wild species, like the bison and wild horses 

debark young trees and uproot wood saplings during wintertime, contributing 

to the natural suppression of tree and bush encroachment.

Traditional, extensive agriculture with domestic animals is thus important 

for maintaining cultural landscapes, which is of major concern too. But this 

is something different to nature protection, as for example L.M. Navarro and 

H.Q. Pereira argue.

The Rewilding debate

The concept of ‘rewilding’ is the passive management of ecological 

succession with the goal of restoring natural ecosystems, which is to be 

achieved by reintroducing free-roaming wild large herbivores to remote 

landscapes throughout Europe and reducing the human control over them. 

The rewilding movement targets areas that used to be agricultural fields but 

became available to nature conservation due to land abandonment caused by 

socio-economic changes. The objective is not to stop at the level of herbivores, 

since a self-sustaining ecosystem is not complete without the top of the 

trophic pyramid: predators. (For more details see the website of the Rewilding 

Europe group or the freely accessible book Rewilding European Landscapes.)

But not every part of Europe works the same way. The wilderness of the 

Croatian Velebit mountains is quite different to Central European landscapes.

Here, around Switzerland, Germany and France, almost every piece of 

land is managed in one way or another, and crossed by roads and railways. A 

fear from bison wandering on highways and wolves eating sheep serve as a 

reason to panic. Bureaucracy and opposing interests make it very difficult — if 

not impossible — to move beyond the debate being fought over the idea of 

rewilding.
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Just think about the fierce opposition that a recently initiated bison 

reintroduction project faces in Switzerland: landowners instantly raised red 

flags against the arrival of the animals. They fear that the 20 bison planned 

to be released in the Jura would not find enough food, and thus could cause 

damage on the farmers’ crops. “Bison? Utopia,” they say.

“Maybe we really will have to start with small enclosures. Not because 

we have to accustom the bison to the landscape, but because we have to 

accustom the human being to the bison” – says one of the initiators of the 

bison-back-to-Switzerland program.

It will most likely not be an easy task to change people’s feelings about wild 

animals being ‘dangerous beasts’ to regarding them as ‘part of life’.

But some projects, for example the bison-trail in the Netherlands, show 

that it is not impossible.

How about getting used to being surrounded by wild animals? Bison in Kraansvlak, 
Netherlands, are in a fenced enclosure, but a trail crosses the site, so tourists could 
potentially bump into the animals. Photo: Lilla Lovász

https://www.solothurnerzeitung.ch/ld.1440928
https://www.solothurnerzeitung.ch/solothurn/thal-gaeu/stefan-hor-auf-mit-dem-murks-das-streitgesprach-zum-wisentprojekt-im-thal-ld.1467585
https://www.wisenten.nl/en/yourself
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The ‘lawn-mowers’ vs ‘ecosystem-engineers’ controversy

An intermediate solution towards reintroducing real wild herbivores is 

the idea of the so-called natural grazing with semi-wild, primitive horse and 

cattle breeds (e.g Konik or Sorraira horses or Exmoor ponies, and Highland or 

Galloway cattle). As Frans Vera reasoned decades ago, these animals, being 

closer to the once existing species’ wild traits, are able to self-sustainability; 

they don’t require winter feeding or medication. They are therefore likely to 

be able to contribute to ecosystem restoration.

There are some – already existing – nature protection areas around Central 

Europe that could serve as ecosystem restoration sites. At these areas, the 

encroachment of trees and bushes causes the management team headaches 

anyway, so natural lawn mowers are generally welcome. However, the ‘lawn 

mower’ idea regards large herbivores as forms of cheap labour that do the 

job of tractors but without petrol, and not as key parts of the ecosystem. The 

presence of a rare orchid species for example might raise the idea of setting up 

exclosures to protect the plant from herbivore trampling. From the ecologist’s 

point of view though, it is not specifically the individual orchids that have to 

be protected but the entire ecosystem around the plant.

A herbivore is not a lawn mower but part of a self-governing system that 

will make it possible also for the orchid to thrive.

Our research group – associated with the University of Basel and the Research 

Station Petite Camargue Alsacienne – currently works on a renaturation project 

on the Rhine Island. An area surrounded by the Old Rhine and the Rhine Canal 

only about 10 kilometres from Basel, formerly covered by corn fields, was recently 

ploughed and given back to nature. The idea of the natural grazing project on the 

island is to let the area ‘managed’ by semi-wild Konik horses and Highland cattle.
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Our research investigates the niche differentiation of these large herbivores 

by looking at the dynamism of their space use and their joint effect on the 

environment. These animals do not depend on humans, thus, are suitable 

candidates to be real ecosystem engineers – they may successfully suppress 

natural succession on the Rhine Island. Conservationists of the nature reserve 

understood that the managers’ role now is not caring for the animals as pet 

species by feeding and regularly shepherding them, but caring for the project 

to be self-governing. Nevertheless, questions of how much to interfere if there 

happen to be problems, how much we humans are responsible for animals 

that we fence off, and how close tourists should be allowed to get to the –

ideally – wild and dangerous animals are topics of ongoing discussions.

The Reconciliation paradox

Reconciliation of the human world and nature seems to be a desired 

solution by many conservationists around the world, but it is again something 

that everybody sees differently.

How about getting used to being surrounded by wild animals? Bison in Kraansvlak, 
Netherlands, are in a fenced enclosure, but a trail crosses the site, so tourists could 
potentially bump into the animals. Photo: Lilla Lovász

https://en.wikipedia.org/wiki/Reconciliation_ecology
https://en.wikipedia.org/wiki/Reconciliation_ecology
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We want to regard ourselves as part of nature – but only as long as it neatly 

fits within our civilized world, as long as grass is freshly cut and we can feed 

squirrels from our hands.

At the same time, we regard bison roaming freely around us as ‘danger’ and 

we cry for ‘predator-free zones’ if wolves eat our sheep, because they don’t fit 

into the concept of modern nature.

“Don’t panic!”

“The worst thing that will probably happen – in fact is already well underway 

– is not energy depletion, economic collapse, conventional war, or the expansion 

of totalitarian governments. As terrible as these catastrophes would be for us, 

they can be repaired in a few generations. The one process now going on that 

will take millions of years to correct is loss of genetic and species diversity by the 

destruction of natural habitats. This is the folly our descendants are least likely 

to forgive us,” said Edward O. Wilson way back in 1984.

More than 30 years have since passed and the problem is not that there are 

no solutions. There are actually too many. While there is a constant ideological 

debate among scientists, conservation managers and the public as to whether or 

not traditional farming or rewilding is best for biodiversity, whether or not nature 

protection areas should be managed or let to be self-governing and whether or 

not humans should be part of nature, there is not much time and energy left for 

actually doing something.

This would be a reason to panic…
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But we weren’t meant to put paper bags over our heads, lie down and 

wait for the Vogon fleet to demolish our planet. We could, for once in Earth’s 

lifetime, come to an agreement.

–

For discussions on the topic or comments about the article I thank Roel van Klink, 

Tobias Roth and Valentin Amrhein.

Image from the film adaptation of Douglas Adams’ book, The Hitchhiker’s Guide to The 
Galaxy: Last seconds before the Earth is demolished.
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