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Einleitung 

Die Arche Warder ist weltweit der größte Tierpark für seltene und vom Aussterben bedrohte 

Nutztierrassen. Mit einem klaren wissenschaftlichen Konzept nimmt die Arche Warder eine 

wichtige Funktion bei der Erhaltung von seltenen Nutztierrassen ein. Auf 40 Hektar Parkgelände 

mit artgerechten und ästhetisch gestalteten Anlagen sowie auf diversen Satellitenstationen 

leben rund 1100 Tiere aus derzeit 89 verschiedenen Rassen.  

Das holistische Konzept der Arche Warder beruht auf sechs Säulen: 

1. Professionelle Erhaltungszucht: In Zusammenarbeit mit Züchtern sichert die

Erhaltungszucht ausgewählte Rassen.

2. Satellitenstationen: derzeit 13 Satellitenstationen außerhalb des Parks beherbergen

ca. 60 Prozent des Tierbestandes und ermöglichen so die Vergrößerung des

Genpools und die Eingliederung ausgewählter Tiere in die landwirtschaftliche

Nutzung. Außerdem gewährleisten sie den Schutz vor Seuchenzügen.

3. Bildungsangebote: Durch anspruchsvolle Bildungsangebote für Kinder, Jugendliche,

Erwachsene und Schulgruppen wird einerseits die Bedeutung der Haustiere für die

Entwicklungsgeschichte des Menschen vermittelt, andererseits ermöglicht die Arche

Warder eine direkte Begegnung zwischen Tier und Mensch. Seit 2023 lädt das

Besucherzentrum „Domesticaneum“ mithilfe eines modernen

Ausstellungskonzeptes („Edutainment“) auf eine Zeitreise durch die gemeinsame

Geschichte des Menschen und seiner Haustiere ein.

4. Vernetzung: Die Arche Warder ist eng vernetzt mit Naturschutzorganisationen,

Tierparks, Zoos, Herdbuchzüchtern, anderen Arche Höfen, sowie vielen anderen

Institutionen und Betrieben.

5. Forschung: Im Rahmen von Forschungsvorhaben zu physiologischen, genetischen

und morphologischen Besonderheiten alter Rassen arbeitet die Arche Warder eng

mit Universitäten und außeruniversitären Forschungseinrichtungen zusammen. Seit

2007 begleitet ein wissenschaftlicher Beirat (aktuell 10 Mitglieder) die Arbeit der

Arche Warder und berät sie in Fragen der Tierzüchtung, Tierhaltung und Forschung.
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6. Schutz durch Erhalt der einheimischen Biodiversität: Der nach ökologischen Kriterien

gestaltete Landschaftstierpark ist so angelegt, dass er zahlreichen wilden Tier- und 

Pflanzenarten neue Mikrohabitate bietet (zum Beispiel Teiche, Knicks, Bauminseln, 

Trockenrasen). Unterstützt wird dies durch die ganzjährige Bereitstellung von 

Nisthilfen und Fütterungsplätzen für Wildvögel. Zudem sind die Satellitenstationen 

zum überwiegenden Teil als extensive Flächen in Form einer naturnahen 

Bewirtschaftung angelegt. 

Forschung ist eine zentrale Säule im Konzept des Tierparks Arche Warder. Dabei stellt die 

Vielfalt an gehaltenen Tierrassen und die damit einhergehende Diversität nicht nur eine 

einzigartige genetische Ressource dar, sondern bietet auch die Grundlage für breitgefächerte 

wissenschaftliche Studien. Über die letzten Jahre sind in Kooperation mit verschiedenen 

Forschungseinrichtungen eine Vielzahl von Projekten entstanden, die vor allem die 

physiologischen, genetischen und morphologischen Besonderheiten der alten und bedrohten 

Haus- und Nutztierrassen untersucht haben. Darüber hinaus ist der Tierpark Arche Warder 

durch sein holistisches Konzept auch ein Ort für ökologische oder entwicklungsgeschichtliche 

Untersuchungen. Der vorliegende Sammelband gibt einen Überblick über diese Forschungen 

aus den Jahren 2009-2025. Er ist nach Themenbereichen gegliedert und stellt jeweils die 

Kurzfassungen (Abstracts) der Publikationen vor.  Auf diese Weise werden die vielfältigen 

Veröffentlichungen in einen Gesamtkontext gestellt und die Breite des verfolgten 

wissenschaftlichen Ansatzes dokumentiert. Ferner soll der Sammelband als Ausgangspunkt für 

zukünftige Forschungsvorhaben dienen.  

Folgende Themenbereiche werden behandelt: 

Immunologie, Genetik, Ernährung, Domestikation/Archäologie, Ökologie, Physiologie, 

Tiergartenbiologie, Infektiologie, Fallberichte, Erhaltungszucht, Ökonomie, 

Rechtswissenschaften, Populärwissenschaft. 
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Abstract European mouflons (Ovis orientalis musimon) are

Mediterranean sheep that were introduced worldwide as park

and game animals during the last few centuries. Today,

European mouflons are endangered in their natural refuge

areas. Mouflons are able to interbreed with domestic breeds

to form fertile hybrids of an intermediate phenotype. As some

introduced mouflon populations were deliberately crossed

with primitive domestic breeds to improve their hardiness

and trophy size and as evidence of uncontrolled interbreeding

exists, the alleged purity of most mouflon populations has

been debated for decades. In this study, we developed a ge-

netic test to separate pure bred mouflons and domestic sheep

from their hybrids. We searched for hybridization using

insertionally polymorphic endogenous retroviruses and a set

of novel microsatellites. Three instances were found of do-

mestic sheep alleles in a retrotype dataset out of 192 mouflons

from Western Germany. Considering the combined outcome

of microsatellite and retrotype profiling, the amount of hybrid-

ization is negligible. We assume that the selective hunting of

animals that show signs of hybridization in their phenotype is

responsible for the low number of hybrids.

Keywords Mouflon . Sheep . Introgression . Endogenous

retrovirus . Microsatellite

Introduction

The European mouflon (Ovis orientalis musimon) is an im-

portant game species in many European countries. Originally,

it was a feral sheep native to the Mediterranean islands of

Corsica and Sardinia. Formerly considered as an autochtho-

nous population of the Asiatic mouflon (Ovis orientalis

gmelini), European mouflons are now widely accepted to be

the descendants of primitive domestic sheep introduced to the

islands by Neolithic peoples approximately 7000 BP (Poplin

1979; Hiendleder et al. 1998; Ludwig and Benecke 2003;

Meadows and Kijas 2009). Since the 18th century,

Mediterranean mouflons have been released in many

European regions and in America as a park animal or game

species for trophy hunting (Uloth 1972). While mouflons are

now endangered in their original Mediterranean habitat, they

are well-established in mainland Europe. For example, the

feral population in Germany numbers approximately 8000

specimens, and the species is listed as a game animal.

Considering the close phylogenetic relationship between a

domestic sheep and the European mouflon, hybridization be-

tween both lineages is a risk for outbreeding depression and

trophy quality. European mouflons interbreed successfully

with domestic sheep and produce fertile offspring (Herzogi

and Mavrogenis 1990). On the Mediterranean islands, domes-

tic sheep are often kept in free-ranging conditions, and mating

with mouflons occurs sporadically, leading to a gene flow in

both directions (Lorenzini et al. 2011; Ciani et al. 2014, 2015).

Electronic supplementary material The online version of this article

(doi:10.1007/s10344-016-1003-3) contains supplementary material,

which is available to authorized users.

* Oskar Schröder

oschroeder@izw-berlin.de

1 Department of Evolutionary Genetics, Leibniz-Institute for Zoo and

Wildlife Research, Alfred-Kowalke-Str. 17, 10315 Berlin, Germany

2 Wildlife Research Institute, Pützchens Chaussee 228,

53229 Bonn, Germany

3 Tierpark Arche Warder e.V., Langwedeler Weg 11,

24646 Warder, Germany

Eur J Wildl Res

DOI 10.1007/s10344-016-1003-3





93K. Frölich et al.  ·  Ancestry of Girgentana goat 

DER 
ZOOLOGISCHE 

GARTEN
THE ZOOLOGICAL GARDEN

Zool. Garten N.F. 89 (2021) 93-101

  Is the Markhor (Capra falconeri) the ancestor of 
domestic Girgentana goat? 
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Abstract

Girgentana is a charismatic breed of domestic goat (Capra hircus) characterised by unique corkscrew-

shaped horns. They are commonly kept as livestock in Sicily, where they are indigenous, but are also shown 

in many European zoos because of their interesting morphology. Although the bezoar, or wild goat (Capra 

aegagrus), is commonly accepted as the ancestor of modern domestic goat breeds, recently the markhor 

(Capra falconeri) has been investigated as a precursor to Girgentana due to their similar horns and coats. 

Here, we examined the genetic relationship between Girgentana, bezoar and markhor using mitochondrial DNA 

sequences and Y-chromosomal SNPs. These genetic markers produced evidence that only the bezoar is an 

ancestor of Girgentana, and the markhor is evolution-arily unrelated.

Keywords: ancestry, Caprinae, Girgentana, livestock, local breed 
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A SLC45A2 mutation is strongly associated with the cream dilution 
in Baroque donkeys

Die Fellfarbe des Barockesels ist assoziiert mit einer Mutation im 
SLC45A2 Gen
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Abstract

Objective  Domestic Baroque donkeys are popular animals in 
many European parks and zoos. Although their cream coat 
color is very charismatic, the underlying genetics is still undis-
covered. Addressing this question, a candidate approach was 
used to search for the causative mutation.
Material and methods  Considering the knowledge from do-
mestic horses, the Solute Carrier Family 45 Member 2 (SLC45A2) 
was identified as the most promising candidate. Samples from 
77 domesticated donkeys, 11 wild equids, 1 mule and 2 domes-
tic horses were included in comparison. All exons and the flank-
ing intron sequences of the SLC45A2 were sequenced (2774bp).
Results and conclusions  Sequence comparison revealed that 
a mutation found exclusively in exon 7 transmembrane region 
11 (c.1457C > T; p.Ala486Val) is very likely responsible for the 
charismatic coat color phenotype in Baroque donkeys. Family 
studies produced evidence for an autosomal recessive mode 
of inheritance. Since the coat color in Baroque donkeys varies 
from almost white to gold, the question remains whether the 
base coloration, which in mammals is regulated by the ASIP and 
MC1R genes, also have an impact but no remarkable mutations 
were found in Baroque donkeys.

Zusammenfassung

Gegenstand und Ziel  Barockesel sind den meisten aus Zoos und 
Tierparks aufgrund ihrer charismatischen Fellfarbe bekannt. Die 
Genetik der cremefarbenen Aufhellung ist dabei nach wie vor un-
bekannt. In dieser Studie wurde ein Kandidatengenansatz zur Er-
forschung der cremefarbenen Aufhellung des Barockesels genutzt.
Material und Methoden  Basierend auf dem Wissen zur Fell-
farbgenetik des Pferdes, wurde das Solute Carrier Family 45 
Member 2 Gen (SLC45A2) untersucht. Insgesamt 2774 Basen-
paare des SLC45A2 von 77 Eseln, 11 Wildequiden, 1 Maultier 
und 2 Hauspferden wurden sequenziert.
Ergebnisse und Schlussfolgerungen  Ein Aminosäureaustausch 
im Exon 7 Transmembrane Region 11 (c.1457C > T; p.Ala-
486Val) konnte als vermutlich ursächliche Mutation für die 
cremefarbene Aufhellung identifiziert werden. Familienstudien 
belegten einen autosomalen und rezessiven Erbgang. Zusät-
zliche Studien an pigmentregulierenden Genen (ASIP und 
MC1R) brachten keinen zusätzlichen relevanten Mutationen.
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Summary

Aim of the study was to evaluate, if the mixed breed German Landrace x Turopolje (L x T) was suitable 
for conventional fattening and the production of high quality palatable meat. Hence, we chose to study 
the carcass characteristics of three diff erent breeds: true bred Turopolje (T x T) (n=15), an autochthonous 
Croatian breed, German Landrace x Pietrain (L x P) (n=19), a typical German pig hybrid and German 
Landrace x Turopolje (L x T) (n=23) as mixed breed. All three breeds were kept in a conventional fattening 
indoor system. Th e data consisted of the chemical and physical values of the carcass and the diff erence 
between breeds during breeding and fattening. All pigs were fattened with a conventional ad libidum 
feeding system. Th e feed consisted of an optimal mixture for the fattening of L x P. Th e daily feed intake 
and the weight from birth until the end of the fattening was recorded every 14 days. Th e quality of the 
carcass was evaluated at the age of 20 and 25 weeks. Th e measurement of the carcass was based on the 
“Richtlinie für die Stationsprüfung auf Mastleistung, Schlachtkörperwert und Fleischbeschaff enheit 
beim Schwein” published by the national German control offi  ce. L x T showed the lowest feed intake per 
kg carcass compared to the other breeds. Th e quality of meat was characterized by pH, conductance, 
intramuscular fat and water holding capacity. L x T showed a trend for a lower conductance in week 
25. Th e value of pH and water holding capacity was not signifi cant between the breeds. Surprisingly, 
the intramuscular fat of L x T was by trend higher compared to L x P and signifi cantly lower than 
T x T (p < 0.05). L x T had by trend a higher carcass weight and a larger carcass length compared to L x P, 
which was signifi cantly higher than T x T (p < 0.05). In conclusion, the new breed L x T seems to be suitable 
for an indoor fattening system and produces a high quality palatable meat. Th e energy and protein intake 
should be slightly reduced, which would reduce the cost of meat production.

Key words

carcass, intramuscular fat, hybrid pig, Turopolje pig breed
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analyzed for its major components, cholesterol concentration and a complete fatty acid profile. From all studied

scientific and health authorities. Although milk and dairy

able impact on animal performance and lipid profile in sheep

al., 2008; Bodas et al., 2010; Altenhofer et al., 2013) and fish

The entirety of the milk was first collected in a single con-
tainer and posteriorly aliquoted in the definitive samples, in
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Abstrac t

Objective  The aim of this study was to compare the fattening 
performance and pork quality of 10 pigs from the endangered 
breed Bentheim Black Pied (BBS) with 30 F1 pigs from the wide-
ly used Danish hybrid pig (Large White x Danish Landrace) 
crossed with BBS (BHP), all fattened up under free-range con-
ditions.
Material and Methods  A total of 40 pigs were fattened up 
under a restrictive feeding regime on a 1.28ha pasture and 
weighed monthly. Subsequently, the pigs were slaughtered, 
carcass traits were assessed, and samples from M. longissimus 
thoracis et lumborum (LTL) and back-fat were collected for lab-
oratory analysis.
Results  Fattening performance differed significantly between 
the groups: BHP pigs were significantly heavier at the end of 
the fattening period (128.3 kg BHP vs. 102.5 kg BBS), with sig-
nificantly higher average daily weight gain. Significant differ-
ences were observed in carcass characteristics (carcass length, 
cutlet weight, carcass yield). However, BBS pigs showed a more 
favourable fatty acid profile, notably with higher levels of the 
essential α-linolenic acid. Water-holding capacity was lower in 
BHP pigs, with significantly higher drip losses during cold storage 
at 2 °C, while grill- and thawing-losses did not differ significantly. 
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Lines of Evidence–Incremental Markings in Molar Enamel
of Soay Sheep as Revealed by a Fluorochrome Labeling
and Backscattered Electron Imaging Study
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Abstract

We studied the structural characteristics and periodicities of regular incremental markings in sheep enamel using
fluorochrome injections for vital labeling of forming enamel and backscattered electron imaging in the scanning electron
microscope. Microscopic analysis of mandibular first molars revealed the presence of incremental markings with a daily
periodicity (laminations) that indicated successive positions of the forming front of interprismatic enamel. In addition to the
laminations, incremental markings with a sub-daily periodicity were discernible both in interprismatic enamel and in enamel
prisms. Five sub-daily increments were present between two consecutive laminations. Backscattered electron imaging
revealed that each sub-daily growth increment consisted of a broader and more highly mineralized band and a narrower
and less mineralized band (line). The sub-daily markings in the prisms of sheep enamel morphologically resembled the
(daily) prisms cross striations seen in primate enamel. Incremental markings with a supra-daily periodicity were not
observed in sheep enamel. Based on the periodicity of the incremental markings, maximum mean daily apposition rates of
17.0 mm in buccal enamel and of 13.4 mm in lingual enamel were recorded. Enamel extension rates were also high, with
maximum means of 180 mm/day and 217 mm/day in upper crown areas of buccal and lingual enamel, respectively. Values in
more cervical crown portions were markedly lower. Our results are in accordance with previous findings in other ungulate
species. Using the incremental markings present in primate enamel as a reference could result in a misinterpretation of the
incremental markings in ungulate enamel. Thus, the sub-daily growth increments in the prisms of ungulate enamel might
be mistaken as prism cross striations with a daily periodicity, and the laminations misidentified as striae of Retzius with a
supra-daily periodicity. This would lead to a considerable overestimation of crown formation times in ungulate teeth.
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Introduction

Fully formed dental enamel is the hardest and most durable

biological substance of the mammalian body [1]. Enamel is,

therefore, normally the best preserved among the mineralized

tissues in archaeological skeletal remains. Because enamel does not

remodel or repair, the microstructure of enamel preserves

information on the mode of the formative process, regarding both

regular (physiological) growth events and pathological alterations

caused by stress episodes [1–9]. The resulting growth marks in the

enamel of both recent and ancient teeth enable a precise

reconstruction of the timing of enamel formation and of stress

episodes affecting enamel matrix formation, an information that is

of major importance in the context of demographic, (palaeo-)

pathological and forensic studies [1,2,7–9].

Enamel is produced by specialized cells of epithelial origin, the

ameloblasts, and the temporal sequence of amelogenesis comprises

the secretory and maturation stages [1,10]. The newly secreted

enamel matrix is soft and gel-like. It contains enamel-specific

proteins (mostly amelogenins) that are essential for the proper

growth of the thin enamel crystals that almost instantaneously

form in the extracellular enamel matrix [11,12]. During the

secretory stage, the mineral content of the matrix increases to

about 30% by weight. In the ensuing maturation stage, the enamel

crystals expand in width and thickness as the extracellular matrix is

removed, and the enamel achieves its final composition of about

96% mineral by weight [12,13].

A fully active secretory ameloblast possesses a cellular extension

(the Tomes’ process) at its distal pole with two sites of matrix

secretion ([1,12,14,15]. The first site constitutes a rim around the

base (proximal portion) of the Tomes’ process, a region also called

the ameloblast shoulder [5]. Here the matrix of the interprismatic

enamel is secreted. The distal portion of the Tomes’ process (or the

’Tomes’ process proper’ [15]) extends from the proximal portion

and protrudes into a pit whose walls consist of interprismatic

enamel. Matrix secretion occurs along one face of the distal

portion of the Tomes’ process, and in this way the pit is filled with

a prism, which is a long rod-like structure that extends from the

enamel-dentin-junction (EDJ) towards the outer enamel surface

(OES) [12,14,15].

At the onset of amelogenesis, a thin layer of initial enamel is

secreted by ameloblasts that have not yet developed the distal

portion of their Tomes’ processes and therefore possess only a

single, flat secretory surface at their distal cell pole. As a

consequence, all crystallites of the initially formed enamel show

PLOS ONE | www.plosone.org 1 September 2013 | Volume 8 | Issue 9 | e74597
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Abstract: Sheep were one of the first livestock species domesticated by humans. After initial

domestication in the Middle East they were spread across Eurasia. The modern distribution of

endogenous Jaagsiekte sheep retrovirus insertions in domestic sheep breeds suggests that over

the course of millennia, successive introductions of improved lineages and selection for wool quality

occurred in the Mediterranean region and most of Asia. Here we present a novel ancient DNA

approach using data of endogenous retroviral insertions in Bronze and Iron Age domestic sheep from

the Caucasus and Pamir mountain areas. Our findings support a secondary introduction of wool

sheep from the Middle East between the Late Bronze Age and Iron Age into most areas of Eurasia.

Keywords: archaeozoology; ancient DNA; endogenous retrovirus; mitochondrial haplotype; retrotype

1. Introduction

Domestic sheep remain the most important livestock in many regions of Asia to this day.

First domesticated in the Fertile Crescent around 10,000 BP [1], they were subsequently spread

over Eurasia. Of special importance for the northeastern spread of domestic sheep, but also goats

and cattle are the Caucasus Mountains [2] and the foothills of the Hindukush and Pamir Mountains

in eastern Central Asia [3]. These regions acted as pathways of introduction to northern Central Asia,

which was otherwise blocked by inland seas and deserts. Further innovations in sheep breeds and

their transmission would also likely have followed these routes.

The Caucasus region is one of the first areas into which domestic sheep were introduced from

the Fertile Crescent. In the southern Caucasus, domestic sheep are attested around 8000 BP [4].

In the Ponto-Caspian steppes north of the Caucasus range, sheep are known from Dagestan from

the 8th millennium BP [5]. Notably, wild sheep (Ovis orientalis) are native to the southern Caucasus,

Genes 2017, 8, 165; doi:10.3390/genes8060165 www.mdpi.com/journal/genes
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ABSTRACT
We studied the spatio-temporal variation of mineral apposition rate

(MAR) in postnatally formed coronal dentine of mandibular first molars
from Soay sheep repeatedly injected with different fluorochromes. MAR
declined along the cuspal to cervical crown axis, and from early to late
formed dentine, that is, from the dentine at the enamel-dentine-junction
(EDJ) to the dentine adjacent to the dentine-pulp-interface (DPI). Highest
mean MARs (about 21 mm/day) were recorded in cuspal dentine formed in
the period of 28-42 days after birth. Lowest values (<2 mm/day) were
recorded in late-formed (secondary) dentine close to the DPI. The high
MARs recorded in the dentine of the cuspal crown portions enable the for-
mation of a large tooth crown within a relatively short period of less than
one year. The established MARs in the dentine of the different crown por-
tions of sheep molars will allow a precise determination of the timing of
stress events affecting dentine formation. They are also helpful for devising
sampling protocols in studies of trace element or stable isotope distributions
in sheep dentine aimed at assessing temporal variation of incorporation
into forming dentine. Such data are useful in a variety of contexts, includ-
ing, for example, the exposure to pollutants and the reconstruction of hus-
bandry practices or feeding regimes. Anat Rec, 301:902–912, 2018. VC 2017
Wiley Periodicals, Inc.

Key words: apposition rate; dentinogenesis; intravital label-
ing; mineralization; teeth

INTRODUCTION

Dentine is a mineralized connective tissue that forms
the bulk of the tooth. In mammals, dentine is typically
covered by enamel in the tooth crown and by cementum in
the root. Mature dentine is composed of approximately 70
wt% mineral (impure hydroxyapatite), 20 wt% organic
matrix (mainly collagen), and 10 wt% water (Frank and
Nalbandian, 1989). Dentine formation is basically a two-
step process. First, a collagen-rich organic matrix (the
predentine) is laid down by the dentine-forming cells
(odontoblasts). This matrix is then mineralized via matrix
vesicles containing apatite crystals. Progressive growth of

these crystals causes a rupture of the vesicles and the for-
mation of apatite clusters that eventually coalesce into a
coherent dentine mineralization front. Mineral deposition
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Mammalian dental hard tissues show periodic variation in their ap-

positional growth rates (Boyde, 1989; Dean, 2000; Hillson, 2014; 

Maas & Dumont, 1999; Ohtsuka & Shinoda, 1995; Okada, 1943; 

Zander & Hürzeler, 1958). As a result, enamel, dentine and cemen-

tum exhibit characteristic incremental markings that constitute a 

permanent record of the growth process for the respective tissue, 

analogous to the growth rings of trees (Dean, 1987, 2000; Hillson, 

2005, 2014; Hogg, 2018; Klevezal, 1996; Risnes, 1998; Waugh 

et al., 2018).

The cyclic modulation of growth rates and the periodic varia-

tion of various other (physiological and behavioural) processes are 

controlled by biological rhythms. These are understood as biological 

adaptations to environmental cycles of different lengths, including 

recurring events with a tidal, daily, lunar or annual periodicity (Baker, 

1938; Floessner & Hut, 2017; Hogg, 2018). Biological rhythms 

are governed by genetically controlled endogenous mechanisms 

| |
DOI: 10.1111/joa.13502  

1 | 1 | 1 | 1,2 | 1
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Mammalian dental hard tissues exhibit incremental markings that reflect the periodic 

variation of appositional growth rates. In order to use these markings to characterize 

dental growth processes and to infer life- history traits, an unequivocal identification 

of their periodicities is required. We performed a fluorochrome labelling study on 

forming enamel and dentine in molar teeth of wild boar and domestic pigs to establish 

the periodicity and temporal correspondence of incremental markings in enamel and 

dentine. The dominant incremental markings in enamel (laminations) and dentine (von 

Ebner lines) recorded in the pig teeth are of a daily nature. In addition, long- period 

incremental markings with a periodicity of 2 days were recorded in enamel (striae of 

Retzius) and dentine (Andresen lines). The 2- day growth rhythm was also expressed at 

the lateral crown surface, as evidenced by the pattern of perikymata. In enamel, also 

markings with a sub- daily periodicity, representing an ultradian growth rhythm, were 

observed. Our study provides experimental evidence for the periodicity of incremen-

tal markings in porcine enamel and dentine. The findings correct previous misconcep-

tions on incremental markings in dental hard tissues of pigs and other ungulates that 

had led to erroneous conclusions regarding crown formation parameters.

Andresen lines, laminations, perikymata, striae of Retzius, von Ebner lines





Journal of Anatomy. 2023;00:1–18.   | 1wileyonlinelibrary.com/journal/joa

|

The analysis of incremental growth marks with known periodicities 

in dental hard tissues enables the reconstruction of tooth growth 

and inferences on life- history traits of extant and fossil species 

(Dean, 1987, 2000, 2006; Dean et al., 1993, 2020; Dirks et al., 2009, 

2012; FitzGerald, 1998; Hogg, 2018; Köhler et al., 2021; O'Meara 

et al., 2018; Schwartz et al., 2002, 2006; Shellis, 1998; Smith 

et al., 2006). In mammalian enamel and dentine, the periodicities 

of growth marks have been determined by labelling of the forming 

| |
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Based on the previously established periodicity of enamel growth marks, we recon-

structed crown growth parameters of mandibular second molars from two wild boar 

and two domestic pigs of the Linderöd breed. Body weight gain and progression of 

dental development were markedly faster in the domestic pigs than the wild boar. 

2 did not differ between domestic pigs and 

wild boar, mean crown formation time (CFT) of this tooth was considerably shorter in 

was mainly attributable to a higher enamel extension rate (EER) in the domestic pig. 

Generally, EER was highest in the cuspalmost deciles of the length of the enamel- 

dentine- junction and markedly dropped in cervical direction, with lowest values oc-

curring in the cervicalmost decile. In consequence, the cuspal half of the M
2
 crown 

was formed about three times faster than the cervical half. In contrast to the EER, no 

marked difference in daily enamel secretion rate (DSR) was recorded between do-

mestic pigs and wild boar. The duration of enamel matrix apposition as well as linear 

enamel thickness in corresponding crown portions was only slightly lower in the do-

mestic pigs than the wild boar. Thus, the earlier completion of M2 crown growth in 

the domestic pig was mainly achieved by a higher EER and not by an increased DSR. 

The more rapid recruitment of secretory ameloblasts in the course of molar crown 

formation of domestic pigs compared to wild boar is considered a side- effect of the 

selection for rapid body growth during pig domestication.

crown formation time, domestication, enamel extension rate, enamel secretion rate, 

fluorochrome labelling
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Mineralized structures like bone and teeth preserve information 

about the activity of their forming cells in their microanatomy 

(Hogg, 2018). Numerous studies demonstrated that the analy-

sis of bone microstructure allows important life-history traits of 

mammals to be reconstructed such as life-span, growth rate, and 

age at skeletal maturity (Klevezal, 1996; Bromage et al., 2009; 

Köhler et al., 2012; Marín-Moratalla et al., 2013; Cambra-Moo 

et al., 2015; Jordana et al., 2016; Hogg, 2018; Nacarino-Meneses 

and Köhler, 2018; Calderon et al., 2019). According to the life his-

tory theory, bone microstructure is not only affected by internal 

factors (age, sex, and genetic makeup) but is also shaped by var-

ious external factors, including nutrition and mechanical loading 

(Frost, 1990; Lieberman et al., 2003; Pearson and Lieberman, 

2004; Ruff et al., 2006).

| |
DOI: 10.1111/joa.13194  

| | | 2 |

1Department of Biology, University of 

Hildesheim, Hildesheim, Germany

2Tierpark Arche Warder e.V., Warder, 

Germany

Horst Kierdorf, Department of Biology, 

University of Hildesheim, Universitätsplatz 

1, 31141 Hildesheim, Germany

Email: kierdorf@uni-hildesheim.de

We studied ontogenetic changes of histomorphological features and bone type dis-

tribution in the humeral midshaft region of Soay sheep from three postnatal age 

classes (13, 25, and 33 months). Our study demonstrated a marked change of bone 

type distribution in the humeri with age. In the cortical midshaft region of 13-month-

old individuals, periosteal fibrolamellar bone was the dominating bone type. This in-

dicates a rapid bone growth during the first year of life, which was only interrupted 

by a seasonal growth arrest in the animals’ first winter. In individuals from the two 

older age classes, periosteal lamellar-zonal bone and intermediate fibrolamellar bone 

had been formed at the periosteal surface, and endosteal lamellar-zonal bone at the 

endosteal surface. These bone types are indicative of a reduced bone growth rate. 

A marked reduction in radial growth was already recorded in the 25-month-old indi-

viduals. Distribution and extent of secondary bone showed a marked bilateral sym-

metry in the humeri of individual sheep. The presence of secondary bone was largely 

restricted to the anterior (cranial) and the medial cortical areas. This characteristic 

distribution of remodeling activity within the humeral cortex of sheep is consistent 

with the view that remodeling activity is largely caused by compressive stress. Our 

study further demonstrated the presence of a considerable cortical drift in the sheep 

humeri over the study period, with endosteal resorption occurring predominantly 

in the posterior (caudal) quadrant and formation of a prominent endosteal lamellar 

pocket in the anterior (cranial) and medial cortical quadrants.

bone modeling, bone remodeling, bone resorption, cortical drift, endosteal lamellar pocket, 

secondary bone
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A R T I C L E  I N F O
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A B S T R A C T

The structural dynamics of the interactions between defensins or lysozymes and various saccharide chains that
are covalently linked to lipids or proteins were analyzed in relation to the sub-molecular architecture of the car-
bohydrate binding sites of lectins. Using tissue materials from rare and endangered domestic animals as well as
from dogs it was possible to compare these results with data obtained from a human glioblastoma tissue. The
binding mechanisms were analyzed on a cellular and a sub-molecular size level using biophysical techniques (e.g.
NMR, AFM, MS) which are supported by molecular modeling tools. This leads to characteristic structural pat-
terns being helpful to understand glyco-biochemical pathways in which galectins, defensins or lysozymes are in-
volved. Carbohydrate chains have a distinct impact on cell differentiation, cell migration and immunological
processes. The absence or the presence of sialic acids and the conformational dynamics in glycans are often corre-
lated with zoonoses such as influenza- and coronavirus-infections. Receptor-sensitive glycomimetics could be a
solution. The new  findings concerning  the  function of galectin-3  in  the nucleus  in relation  to differentiation
processes can be understood when the binding specificity of neuroleptic molecules as well as the interactions be-
tween proteins and nucleic acids are describable on a sub-molecular size level.

1. Introduction

The defense against pathogens is one of the most important topics in
human and in veterinary medicine [1–3]. Lectins in general and in par-
ticular lysozymes or defensins with a lectin-function play an important
role in these host-protection processes since they have to be considered

as a significant part of the innate immune system. Lectins are defined as
carbohydrate binding proteins which are neither enzymes nor antibod-
ies  [4,5].  Instructive  examples  can  be  found  in  Figs.  S1  S3.
Lysozymes  are  not  only  enzymes which  cleave  carbohydrate  chains
they also have a pathogen directed target function mediated by the cor-
responding  lectin-like  structure  [6–8].  The  lectin-like  architectures

☆ We dedicate this article to the memory of our colleague Tibor Kožár who passed away on June 5, 2024.
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E-mail addresses: zhangning1111@126.com (N. Zhang), hcsiebert@aol.com (H.‑C. Siebert).

https://doi.org/10.1016/j.ijbiomac.2024.134951
Received 11 June 2024; Received in revised form 14 August 2024; Accepted 20 August 2024
0141-8130/© 20XX

Edit Preview PDF

Volume 279, Part 1, November 2024, 134951 



Radiologische Veränderungen des Hufbeins beim Esel unter Berücksichtigung des Alters J. Wacker et al.

Pferdeheilkunde – Equine Medicine 40 (2024) 375

Pferdeheilkunde – Equine Medicine 40 (2024) 4 (Juli/August) 375–386

Radiologische Veränderungen des Hufbeins beim Esel 
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Zusammenfassung: Ziel dieser Studie ist es, die röntgenologische Normalanatomie des Hufbeins beim Esel zu beschreiben und das Auftreten 
von pathologischen Abweichungen insbesondere unter Berücksichtigung des Alters des Tieres zu untersuchen. Es wurden lateromediale Rönt-
genaufnahmen der distalen Zehe aller 4 Gliedmaßen von 42 klinisch gesunden und im Schritt lahmfreien Eseln europäischer Rassen angefer-
tigt. Anschließend wurden das Auftreten und die Schwere von radiologischen Veränderungen des Hufbeins mithilfe eines Punktesystems erfasst. 
Die statistische Auswertung erfolgte mit besonderem Augenmerk auf die Abhängigkeit der Veränderungen vom Alter des Tieres. Insgesamt 
konnten Aufnahmen von 160 Hufbeinen ausgewertet werden. Die Hufbeinspitze war in einer großen Mehrzahl der Fälle nicht entsprechend der 
Norm winkelig und scharf konturiert, während nur ein geringer Prozentsatz der Probanden Veränderungen im Bereich des Processus extensorius 
aufwies. Während die Parietalflächen bei den meisten untersuchten Gliedmaßen glatt und scharf konturiert waren, wiesen die Sohlenflächen 
der meisten Hufbeine milde bis moderate Unregelmäßigkeiten auf. Mittel- bis hochgradige röntgenologische Auffälligkeiten der Parietal- sowie 
der Sohlenfläche traten ebenso wie schwerwiegendere Veränderungen der Hufbeinspitze in Form lytisch-atrophischer Veränderungen oder 
Hutkrempenbildungen deutlich häufiger an der Vorder- als an der Hintergliedmaße auf. In Bezug auf das Alter der Tiere konnte lediglich mit 
den Veränderungen an der Hufbeinspitze ein signifikanter, negativer Zusammenhang nachgewiesen werden (p < 0,05). Im Hinblick auf Ver-
änderungen des Processus extensorius, der Parietal- sowie der Sohlenfläche konnte keine signifikante Korrelation mit dem Alter nachgewiesen 
werden (Processus extensorius p = 0,3863, Parietalfläche p = 0,2958, Sohlenfläche p = 0,1712). Das Gewicht der Tiere beeinflusste alle Para-
meter hingegen signifikant, der Zusammenhang war in jedem Fall positiv (p < 0,05). Insgesamt zeigten fast alle Tiere (41/42 Tiere, 97,6 %) 
an mindestens einer Gliedmaße Veränderungen von mindestens einem Parameter. Röntgenologische Veränderungen des Hufbeins beim 
Esel sind in einer Population klinisch gesunder Esel ein sehr häufiger Befund, deren Auftreten und Schwere nicht mit dem Alter, aber mit dem 
Gewicht der Tiere signifikant im Zusammenhang zu stehen scheinen (p < 0,05). Ein Grund dafür, dass keine eindeutige Korrelation mit dem 
Alter der Tiere festgestellt werden konnte, ist vermutlich die Tatsache, dass ältere Tiere mit deutlichen Veränderungen entweder nicht mehr die 
Einschlusskriterien der vorliegenden Studie im Sinne von klinischer Allgemeingesundheit und Lahmfreiheit im Schritt erfüllen oder aber infolge 
der den Veränderungen zugrunde liegenden Erkrankungen gar kein entsprechend hohes Alter erreichen. Die erhobenen Befunde scheinen 
also keinesfalls kausal mit dem Alter der Esel im Zusammenhang zu stehen. Sie sind vermutlich vielmehr die Folge verschiedener Formen der 
Huflederhautentzündung, vor allem der chronischen Hufrehe.

Schlüsselwörter: Equiden, degenerativ, Röntgen, Zehe, Radiometrie, P3

Incidence of radiological changes of the coffin bone in donkeys in consideration of the age

To date, only a few studies have dealt with the radiological changes of the coffin bone in all equids in terms of roughness of the bone edges, 
bone resorption as well as remodeling processes and bone deformation. It seems to be an empiric finding that remodeling processes, the 
associated deformation and new bone formation on the coffin bone are a normal sign of ageing in donkeys. So far, there are no profound 
studies or publications on corresponding changes in donkeys and their dependence on the age of the animal. The objective of this study is 
to describe the normal radiographic anatomy of the donkey's coffin bone and to investigate the occurrence of pathological abnormalities, 
particularly in relation to the age of the animal. Furthermore, the study aims to prove that the changes mentioned above are not a normal 
sign of ageing in donkeys, but rather pathological conditions, for example as a result of chronic laminitis. Lateromedial radiographs of the 
distal toe of all limbs of 42 clinically healthy and lameness-free donkeys of European breeds were taken. The occurrence and severity of ra-
diographic changes in the coffin bone were assessed using a scoring system. The tip as well as the extensory processus of the coffin bone were 
each assessed with regard to the presence of a sharply defined contour. The parietal and sole surfaces were also assessed for the presence 
of a smooth contour, slight irregularities through to moderate and severe changes and exostoses. The statistical evaluation was carried out 
with particular attention to the dependence of the changes on the age of the animal. A total of 160 limbs were examined. 28.1 % of the coffin 
bones showed a sharply contoured coffin bone tip, whereas 71.9 % showed deviations from the described norm in the sense of a blurred or 
rounded contour of the coffin bone tip, atrophic and lytic processes in the area of the coffin bone tip or the formation of a cap. The majority of 
these changes (69.5 %) were minor deviations in the sense of a blurred or rounded contour of the coffin bone tip. In the present study, severe 
changes to the tip of the coffin bone, i.e. atrophy and cap formation, occurred more frequently on the forelimbs than on the hind limbs. The 
age as well as the weight of the donkeys had a significant influence on the occurrence of changes of the coffin bone tip (p < 0.05). While age 
showed a negative correlation with the changes in the tip of the coffin bone, a positive correlation was found in relation to weight. 10.7 % of 
the coffin bones showed a blurred contour in the area of the extensory processus. With regard to changes in extensory processus no significant 
correlation with age (p = 0.3864) or limb (p = 0.0962), but a positive correlation with the weight of the donkeys was found (p < 0.05). The 
parietal surface was smooth in the majority of the cases (65 %), 28.1 % showed slight roughness of the parietal surface and only 6.9 % showed 
moderate to severe changes, mainly on the front limbs. Age had no significant influence on changes in parietal surface (p = 0.2958). How-
ever, weight was positively correlated with changes in parietal area and the forelimbs showed significantly more changes than the hindlimbs 
(p < 0.05). In contrast to the parietal surface, the sole surface was sharply contoured in only 28.7 % of all cases. The majority (62.5 %) showed 
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Introduction: Due to the tremendous importance of the hoof for the welfare 

of equids, plenty of studies have investigated the foot conformation of horses, 

which can be objectively described by morphometric measurements. Although 

the foot conformations of horses and donkeys differ, only poor data exists 

describing the physiological foot conformation of donkeys. The objective of this 

study was to provide reference values for different radiographic parameters for 

healthy donkeys. Additionally, this study aimed to evaluate differences between 

the left and right limb or between the medial and lateral parts of the hoof and 

the dependence of various parameters on size, age, and weight.

Materials and methods: Lateromedial and dorsopalmar radiographs were taken 

of 46 generally sound donkeys, that were lame-free in walk, following a hoof 

correction due to their hoof pastern axis. With the help of radiopaque markers, 

several measurements were performed on the radiographs. The statistical 

analysis was carried out by determining mean values and standard deviations. 

All parameters were tested for significant differences between the left and right 

limbs as well as the medial and lateral hoof parts. The methodology included 

using a paired T-test after proof of a normal distribution of the data using a 

Shapiro–Wilk Test. For parameters without a normal distribution, the Wilcoxon 

rank-sum test was used instead. The dependence of the parameters on height, 

weight, and age was examined using a Spearman rank correlation.

Results: Reference values for the various parameters were provided for an 

average population of healthy donkeys. For two parameters, heel length and 

sole thickness, a significant difference between the left and right limb was 

shown. There was evidence the medial wall angle was significantly bigger than 

the lateral wall angle (p = 0.0075), whereas the sole thickness was significantly 

larger on the lateral aspect (p < 0.001). No correlation with age was found for 

most variables, with a few exceptions. Almost all absolute lengths measured 

showed a moderate to strong positive correlation with the weight and height 

of the subject, while most angle measurements were not dependent on these 

parameters. The data obtained specifically for the donkeys in this study differ 

substantially from the data already published for horses. Thus, this data serves 

as a helpful guideline for the assessment of radiographs of the donkey’s foot. 

All donkeys included in this study were generally sound and lame-free in walk, 

but there was undeniable evidence of chronic laminitis and not all the values 

collected can be considered to be physiological.
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Article

Radiographic Morphometric Measurements of the Donkey’s
Distal Hind Limb
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Simple Summary: Donkeys and horses are close relatives of the equid species but never-
theless exhibit relevant differences in body structure, particularly in the feet. The state of
health of the hooves and their bony structures can be objectively assessed using distance
and angular measurements on radiographs. The measured values determined for the
horse are often used analogously for the donkey, although it must be assumed that their
transferability is limited. Due to a lack of data on the hind feet of donkeys, radiographs
of this region from 41 generally sound donkeys were analyzed to provide a database for
improving medical care and hoof treatment. The results show that donkeys have steeper
hind hooves compared to horses and that the coffin bone is located more distally in the
hoof capsule. Furthermore, positive relationships were found between all measurement
variables and weight, with the length measurements being more dependent on weight than
the angular measurements. There are hardly any clinically relevant differences between left
and right. Further studies with larger numbers of donkeys and more accurate examination
methods are required for validation and supplementation.

Abstract: Morphometric measurements of the toe serve as a reference for the objective as-
sessment of the presence of a pathological condition and as a guide for the correct trimming
of the hooves. Therefore, the anatomical differences between horses and donkeys oblige
an autonomous database with reference values for the donkey. The aim of this study was
therefore to provide readings of the distal hind limb on radiographs of donkeys. Radio-
graphs of the distal hind limb in two projections of 41 generally sound donkeys without
lameness in walk were taken after previous hoof trimming and preparation according to a
standardized radiographic procedure. A total of 16 lengths and 9 angles were measured
and statistically analyzed in each hoof. The dorsal hoof wall is on average 70 to 80 mm
long and angled at 55◦; the coffin bone runs parallel to the hoof wall. The average founder
distance is 17 mm, and the mean sole thickness is 14 mm. The heel angle averages 52◦,
which is slightly flatter than the hoof wall angle. Correlations with weight and height are
observed. Concluding, the morphometric measurements confirm the differences between
horses’ reported normal anatomy and the presented donkeys. Disorders can be detected by
applying the measurements.

Keywords: donkey; hindlimb; radiograph; X-ray; measurement; hoof; toe; physiology;
equid; database
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Original Research Article

Influence of genotype-environment interaction on stress parameters during 
spontaneous farrowing in modern and traditional pig breeds housed in 
crates and pens

M. Oster a , C.A. Gladbach a,b, A. Vernunft a , H. Reyer a , W. Otten a , C.C. Metges a ,  
E. Muráni a , S. Ponsuksili a , K. Frölich c, K. Wimmers a,d,* , H. Bostedt b

a Research Institute for Farm Animal Biology (FBN), Wilhelm-Stahl-Allee 2, Dummerstorf, 18196, Germany
b Veterinary Clinic for Reproductive Medicine and Neonatology, Justus Liebig University, Frankfurter Straße 106, Gießen, 35392, Germany
c Arche Warder e.V., Langwedeler Weg 11, Warder, 24646, Germany
d Faculty of Agricultural and Environmental Sciences, University Rostock, Justus-von-Liebig-Weg 7, Rostock, 18059, Germany

A R T I C L E  I N F O

Keywords:
Birth process
Farrowing conditions
Female
Sow housing
Sow management
Traditional breeds

A B S T R A C T

The transition from farrowing crates to farrowing pens aims to improve animal welfare by enabling the 
expression of maternal behavioural profiles. This study examines the spontaneous farrowing process in both 
farrowing crates and pens for modern German Landrace (GL) and traditional German Saddleback (GS) pigs — 
two breeds with different breeding histories and adaptations to housing systems. The goal is to investigate 
whether, and how, both breeds benefit equally from farrowing pens. From the birth of the first piglet until 1 h 
after the last delivery (intrapartum; ip), half-hourly blood samples were collected from catheterized sows in 
addition to blood samples retrieved from antepartum (ap) and postpartum (pp) periods. After spontaneous, non- 
induced farrowing, the traditional GS breed exhibited a significantly shorter gestation length, smaller litter 
weight, and a lower incidence of labour dystocia compared to modern GL sows. Breed effects were observed for 
profiles of heart rate (ip: GL > GS), cortisol (ap: GL < GS; ip: GL < GS), adrenaline (ap: GL < GS), noradrenaline 
(ip: GL < GS), non-esterified fatty acids (ap: GL < GS; ip: GL < GS), glucose (ap: GL > GS), and β-hydroxybutyrate 
(ap: GL < GS) at distinct peripartum periods. Effects due to housing appeared for heart rate (ap: crate > pen) as 
well as respiratory rate (crate < pen) and adrenaline (crate > pen) at distinct time points. Taken together, breed- 
specific endocrine control and energy-related metabolic properties might suggest a need for tailored housing 
conditions during parturition for modern and traditional sows.

1. Introduction

The husbandry system of breeding pigs during gestation, farrowing, 
and lactation constitutes a particular challenge in order to reconcile the 
demands of society and breeders for pricing, animal welfare, economic 
value, and work safety. For decades, sows were kept in crates during 
farrowing and lactation, which might offer piglets some protection 
against crushing [1], but are also associated with restrictions in 
behavioural needs [2–4]. In fact, several European countries such as 
Sweden, Finland, Norway, and Switzerland have already banned the 
housing of sows in farrowing crates during late gestation and lactation. 
In other countries, such as Germany, legislators have only recently 

mandated improvements for animal welfare [5].
As in all other mammals, the farrowing process in pigs proceeds in 

distinct phases termed stage 1 (antepartum period; last hours to days 
before labour; includes endocrine changes, nesting behaviour, and 
colostrum production preceding birth of the first piglet), stage 2 (intra
partum period; typically 2–12 h; includes onset of labour and expulsion 
of fetuses), and stage 3 (expulsion of placentas which may commence in 
stage II). The postpartum period begins after parturition and includes 
initial recovery for 12–24 h, while uterine involution lasts 2–4 weeks. 
Farrowing is initiated or maintained by several important endocrine and 
metabolic processes and requires the interplay of progesterone, estro
gen, 13,14-dihydro 15-keto-prostaglandin F2α metabolite (PGFM), 

* Corresponding author. Research Institute for Farm Animal Biology (FBN), Wilhelm-Stahl-Allee 2, Dummerstorf, 18196, Germany.
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Übersichtsartikel

Einleitung und Hintergrund
Mitten in Schleswig-Holstein, dem nördlichsten Bundesland in 
Deutschland, liegt der Tierpark Arche Warder. Diese Anlage ist als 
Landschaftstierpark gestaltet, in dem den Bedürfnissen von Natur, 

Tieren und Menschen in ökologischer und ästhetischer Weise Rech-
nung getragen wird. Darüber hinaus betreibt die Arche Warder in 
Kooperation mit Universitäten und anderen wissenschaftlichen Ein-
richtungen zahlreiche Forschungsvorhaben zu Aspekten des Schut-

Übersichtsartikel

Tierpark Arche Warder
Ein holistisches Projekt zur Erhaltung alter Nutztierrassen
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Zusammenfassung

Der Tierpark Arche Warder ist weltweit das größte Zentrum für 
seltene und vom Aussterben bedrohte Nutztierrassen. 87 Rassen 
sowie 7 Stammformen (Wildtierarten) leben hier in einem 40 ha 
großen Landschaftstierpark sowie auf 19 Satellitenstationen mit 
insgesamt 150 ha und vermittelt einen umfassenden Eindruck von 
der einstigen tierischen Agrobiodiversität. Der Landschaftstier-
park sowie das Besucherzentrum „Domesticaneum“ bilden die 
Grundlage für intensive, hautnahe Tier-Mensch-Begegnungen, 
Umweltbildung, Naturerfahrung sowie die Vermittlung der Be-
deutung der Haustiere in der Kulturgeschichte des Menschen. 
Darüber hinaus ist die Arche Warder eine wissenschaftliche Insti-
tution. Dieser holistische Ansatz mit den folgenden 6 Säulen hat 
ein Alleinstellungsmerkmal: (1) Erhaltungszucht, (2) Satellitensta-
tionen, (3) Bildung, (4) Vernetzung, (5) Forschung, (6) Erhalt ein-
heimischer Biodiversität. Dieses Konzept soll in der vorliegenden 
Veröffentlichung vorgestellt werden.

Abstr act

Ark Warder Zoological Park is the world’s largest center for rare 
and endangered domestic animal breeds. The park houses 87 
breeds and 7 ancestral forms (wild animal species) across a 40 
ha landscape park and 19 satellite stations (150 ha), providing 
a comprehensive impression of the once-extensive-agro-bio-
diversity. The park’s scenic landscape as well as the newly es-
tablished Domesticaneum science center form the foundation 
for intensive, close human-animal-contact, environmental 
education, immersive nature experiences, and the conveyance 
of domestic animals’ significance in human cultural history. 
Furthermore, Ark Warder is based as a scientific institution. This 
holistic approach based on the following 6 core principles can 
be regarded as a unique concept: (1) Conservation breeding, 
(2) Establishment of satellite stations, (3) Education, (4) Net-
working, (5) Research, (6) Preservation of native biodiversity. 
This concept will be presented in this publication.
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57J. Kögler  ·  Monitoring livestock breeds in zoological gardens

Zool. Garten N.F. 89 (2021) 57-66

Bestandsmonitoring einheimischer Nutztierrassen in 

Zoologischen Gärten als Basis für eine ex-situ in-vivo 
Erhaltungsstrategie

Monitoring regional livestock breeds in zoological gardens as basis 

for an ex-situ in-vivo conservation strategy

Zusammenfassung

Fast alle Zoologischen halten neben Wildtierarten auch Nutztierrassen als Teil 

der tiergenetischen Vielfalt, des kulturell-gesellschaftlichen Erbes und zum Zwecke der öf-

fentlichen Bildung. Doch anders als bei Wildtierarten gibt es bislang kein 

Bestandsmonitoring und Management der Nutztierpopulationen mit der Zielset-

zung, den Beitrag von Zoos zur Erhaltung bedrohter Nutztierrassen mithilfe einer zoospe-

ex-situ in-vivo Erhaltungsstrategie zu erhöhen. Der vorliegende Bericht erfasst 

und bewertet daher die Nutztierbestände, speziell die der fünf Großtierarten der 56 deut-

schen Mitglieder des Verbands der Zoologischen Gärten (VdZ) e.V. Demnach hielten im 

Jahr 2020 insgesamt 45 VdZ-Zoos 74 einheimische Nutztierrassen. Darunter waren 27 Zoos 

mit 569 Individuen aus 29 einheimischen Großtierrassen. Das entspricht 38 % der gesamten 

Großtierrassen-Vielfalt Deutschlands. Im Durchschnitt hält jeder Zoo neun Individuen und 

zwei Rassen. Weiterhin halten VdZ-Zoos 54 % aller einheimischen Großtierrassen aus der 

Gefährdungskategorie Erhaltungspopulation (ERH) und 56 % aller Rassen aus der Gefähr-

dungskategorie Beobachtungspopulation (BEO), vgl. (BLE, 2019). 12 der 27 Zoos haben 263 

Herdbuchtieren aus 24 Rassen im Bestand. Basierend auf dem Bestandsmonitoring werden 

ex-situ in-vivo Erhaltung bedrohter 

einheimischer Großtierrassen zu optimieren.

DER

ZOOLOGISCHE

GARTEN

THE ZOOLOGICAL GARDEN
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Übersichtsartikel
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Zusammenfassung

Die extensive Haltung von Haustieren hat Vorteile für Flächen 
und Artenvielfalt. Damit auch die Tiere profitieren, müssen 
Tierhalter allerdings spezielle rechtliche wie praktische Heraus-
forderungen bewältigen. Der Beitrag gibt einen Überblick über 
einige besonders zu beachtende Aspekte des Managements 
sowie der Veterinärmedizin und versucht dabei zu verdeutli-
chen, warum ein bestandsbetreuender Tierarzt bei dieser Hal-
tungsform sinnvoll ist, will man insbesondere Verstöße gegen 
das Tierschutzgesetz vermeiden. Dies gilt grundsätzlich unab-
hängig davon, ob es sich um eine Haltung zu erwerbswirt-
schaftlichen Zwecken oder zur reinen Landschaftspflege han-
delt. Gerade bei letzterer können die Zuständigkeiten aber so 
verteilt sein, dass ein bestandsbetreuender Tierarzt etwaige 
Lücken in der faktischen Verantwortungsübernahme zulasten 
der Tiergesundheit ausgleichen könnte.

Abstr act

Extensive husbandry of domestic animals has advantages for 
land and biodiversity. In order to also benefit the animals, ani-
mal owners must cope with special legal and practical challen-
ges. This article provides an overview of some of the particular 
aspects of management and veterinary medicine that need to 
be taken into account. It also attempts to explain why an on-
site veterinarian is reasonable for this type of husbandry if one 
wants to avoid violating the German Animal Welfare Act. This 
holds true regardless of whether animals are kept for commer-
cial purposes or purely for landscape maintenance. In the latter 
case in particular, responsibilities may be distributed in such a 
way that an on-site veterinarian could compensate for gaps in 
factual accountability that threaten the health of the animals.
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Kai Frölich
Liebe Leserinnen und Leser,

Grußwort Kai Frölich 19|

während der Phase der Jäger und Sammler war die 

Landschaft in weiten Teilen Europas durch strukturrei-
che Wälder mit mosaikartig eingestreuten Lichtungen 
und Mooren gekennzeichnet. Im Zuge der Sesshaftwer-
dung des Menschen sowie der Entwicklung von Acker-
bau und Viehzucht veränderte sich das Landschaftsbild 
dramatisch. Die landwirtschaftliche Nutzung formte 
im Laufe der Jahrhunderte eine offene und vielfältige 
Kulturlandschaft, die durch eine hohe Biodiversität 
charakterisiert war. Im Rahmen der Nutztierhaltung 
wurden Rassen gezüchtet, die an bestimmte Standorte 
angepasst sind (autochthone Rassen). Sie gehören zum 
kulturhistorischen Erbe einer jeweiligen Region.

Die heutige Landwirtschaft hat es geschafft, für viele 
Menschen die Ernährung zu sichern. Gleichwohl steht 
sie derzeit vor einer der größten Herausforderungen: 
Einerseits muss eine immer höhere Produktivität 
erreicht werden, um eine zunehmende Zahl an Men-

schen zu ernähren; andererseits hat die Landwirt-
schaft eine besondere Verantwortung zur Erhaltung 
der Biodiversität, weil sie große Landschaftsflächen 
beansprucht. Fast alle sind sich einig, dass eine Trans-

formation der derzeitigen Produktionsverfahren not-
wendig ist. Nur wie diese verlaufen soll und in welcher 
Geschwindigkeit sie vollzogen werden muss, wird kont-
rovers diskutiert.

Eine extensive Bewirtschaftung von Flächen kann dabei 
zum Erhalt der Biodiversität und Ökosystemleistungen 
beitragen. Neue Wege der intensiven, aber ressour-

censchonenden Landwirtschaft wie das „Precision Far-
ming“ im Zuge der Digitalisierung der Landwirtschaft 
ermöglicht hingegen hohe Erträge und Effizienz bei 
niedrigem Pestizid- und Stickstoff-Eintrag.

Alte Nutztierrassen wären in der Lage, eine Schlüs-

selposition im Rahmen der extensiven Beweidungs-

formen einzunehmen. Sie sind genügsam, wetterhart 
und haben eine höhere immunologische Kompetenz 
als klassische Hochleistungsrassen. Die Haltung dieser 
robusten Rassen in extensiver Weidehaltung ist grund-

sätzlich sinnvoll, da sie auch mit energiearmem Futter 
zurechtkommen und die Tiere auf diese Weise zur 
nachhaltigen Pflege von Kulturlandschaften einen wich-

tigen Beitrag liefern können.

Gerade die traditionsreiche Landwirtschaft in Schles-

wig-Holstein sollte die Herausforderung einer professi-
onellen, zukunftsorientierten Transformation angehen 
– es lohnt sich!

Ihr

Prof. Dr. Dr. Kai Frölich
Direktor 
Arche Warder – Zentrum für alte Haus- und Nutztierrassen e.V.
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Message in a suitcase
THE ASSOCIATION OF GERMAN-SPEAKING ZOOLOGICAL GARDENS (VDZ) AND ARCHE WARDER ZOO 
HAVE DEVELOPED A MINISTRY-FUNDED PROJECT TO SHED MORE LIGHT ON THE CONSERVATION OF 
LIVESTOCK AND INCREASE THE IMPACT OF ZOOS ON ENDANGERED LIVESTOCK BREEDS

Besides wild animal species, most 

zoos also have livestock breeds in 

their collection to display agricultural 

animal genetic diversity, promote 

regional cultural and social heritage 

and educate their visitors. However, 

so far there have been few efforts to 

manage populations of endangered 

livestock breeds across institutions 

in the way we do for many wildlife 

species. Furthermore, education 

programmes about the diversity of 

livestock, their traditional purposes 

and the question of why so many 

breeds are nowadays endangered 

are not yet firmly embedded in the 

educative offers of all zoos. Therefore,

the VdZ and Arche Warder Zoo 

developed and initiated a project 

to increase the overall contribution 

of zoos to the conservation of 

endangered livestock breeds. 

Methods to achieve this goal focus 

on (a) cross-institutional population

management and scientifically based 

breeding recommendations as 

well as supporting official breeding 

associations, (b) the development 

of innovative and free educational 

materials, and (c) increasing networks 

as well as stimulating the internal 

and external communication about 

endangered livestock breeds and 

the role zoos may play to conserve 

these breeds for future generations. 

The project started in 2020, runs for 

three years and receives €235,000 in 

financing from the German Federal 

Ministry of Food and Agriculture.* 

A CASE FOR CONSERVATION

As part of our aim to embed the 

topic of livestock in the educational 

programmes of zoos, the so-called 

‘VdZ livestock suitcase’ was developed 

in cooperation with the Association of 

German-speaking Zoo Educators (VZP). 

The idea was to provide our members 

with a free-of-charge collection of 

innovative education materials to be 

used in the zoo school and in front 

of livestock enclosures. We chose a 

E D U C A T I O N

Julia Kögler, Deputy Executive Director, VdZ; Sinje Büttner, Project Coordinator, and Kai Dieter Frölich, Executive Director, Arche 

Warder Zoo

CONTENTS OF THE VDZ LIVESTOCK SUITCASE © S. BÜTTNER, ARCHE WARDER

high-quality and easily transportable 

wooden suitcase as a base and filled 

it with an extensive collection of 

materials. The contents include realistic 

toy figures of livestock and of the wild 

animal species they derived from, 

specifically designed memory and 

quartet card games portraying different 

endangered breeds, posters displaying 

the remarkable diversity of livestock 

breeds, CO2 footprints in different sizes 

for sustainability games and – most 

important – an extensive instruction 

booklet with background information 

on livestock issues and suggestions on 

how to use the collection of materials. 

The content focuses on the process 

of domestication and the advantages 

and the diversity of livestock, including 

factors responsible for the ongoing loss 

or decline of many regional breeds. 

Thus, zoo educators can more easily 

teach the differences between wild 

animals, farm animals and pets, share 

urgently needed knowledge with our 

mainly urbanised societies on livestock 

and the numerous animal products we 

use, and promote a responsible and 

sustainable use of nature’s resources. 

The main target group is schoolchildren 

between first and sixth grade, but 

the level of information and games 

can be simplified to suit the needs of 

kindergarten children, and can also 

be scaled up to educate adult visitors. 

The costs for the development of the 

prototype reached €10,000 and each of 

the 50 suitcases cost €500.

POSITIVE FEEDBACK

After evaluating the prototype with 

the help of the education team 

of Nordhorn Zoo, and after a few 

consequent amendments, we were 

finally able to give the go-ahead for the 

production of the VdZ livestock suitcase 

in spring 2022, and 50 zoos in Germany, 

Austria and Switzerland received a 

suitcase each. So far, the feedback from 

the educators has been consistently 

positive and they are grateful for the 

valuable expansion of their material 

collection. We also coordinated a joint 

press release with all receivers of the 

suitcase and the story was extremely 

popular with the media. This allowed us 

to highlight once again the important 

role of zoos for public education and 

their impact on the conservation of 

biological diversity.

*The project is supported by funds 

from the Federal Ministry of Food and 

Agriculture (BMEL) based on a decision 

of the Parliament of the Federal Republic 

of Germany via the Federal Office for 

Agriculture and Food (BLE), grant number 

2818BM030 and 2818BM031.
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Arche Warder 
ein ungewöhnlicher Landschaftspark 

Arche Warder: Moderne tiergerechte Gehege, die sich ins Landschaftsbild einfügen. ©Arche Warder 

 

 
Der Landschaftspark Arche Warder ist Teil des 
europäischen Netzwerkes Arca-Net, in dem über 
700 Institutionen und Höfe in 40 europäischen 
Ländern erfasst sind, die die landwirtschaftliche 
Vielfalt mit traditionellen lokalen Rassen und 
Kulturpflanzen einer breiten Öffentlichkeit zu-
gänglich machen: 

 

Mitten in Schleswig-Holstein, dem nördlichsten 
Bundesland in Deutschland, liegt ein ausserge-
wöhnlicher Tierpark: die Arche Warder. Diese Anla-
ge ist als ästhetischer Landschaftstierpark gestaltet, 
in dem den Bedürfnissen von Natur, Tieren und 
Menschen Rechnung getragen wird und der dar-

über hinaus eine wissenschaftliche Institution ist. 
Dieser holistische Ansatz hat weltweit ein Alleinstel-
lungsmerkmal. Nirgendwo sonst gibt es ein derarti-
ges Konzept (s.u.) und so viele alte Haus- und 
Nutztierrassen an einem Ort. 

84 alte und gefährdete Haustierassen sowie 8 
Stammformen (Wildtiere) leben hier in einem 40 ha 
grossen Landschaftstierpark sowie auf 18 Aussen-
flächen mit insgesamt 150 ha.  

Der eigentliche Tierpark präsentiert sich dabei den 
Besuchern als vielfältiges, naturnah gestaltetes 
Parkgelände, in das sich weitläufige Weideflächen 
und moderne tiergerechte Gehege ästhetisch ins 
Landschaftsbild einfügen. Insgesamt arbeiten dort 

K.Frölich
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Most zoological gardens keep livestock breeds as well as wild 

animal species in their collections. This allows them to display 

livestock animals’ genetic diversity, promote cultural and social 

heritage while at the same time educating the public. Zoos 

preserve wild animal species and livestock breeds for non-

economic reasons and because of their mandate to protect 

animal genetic diversity. In addition, zoos have the potential 

to sensitise millions of visitors from various backgrounds on 

the topic of livestock. However, the potential role that zoos 

could play in conserving endangered livestock breeds and in 

educating and communicating about this topic, so far remained 

at an institutional engagement level rather than following a 

coordinated, strategic, and cross-institutional approach. 

 

Therefore, the Association of Zoological Gardens (“Verband der 

Zoologischen Gärten” - VdZ), based in Berlin, and Arche Warder 

Zoo, Germany, initiated a three-year model and demonstration 

project in 2020 in order to increase the overall contribution of 

zoos to the conservation of endangered livestock breeds. VdZ is a 

regional zoo association and currently represents 71 members in 

Germany, Austria and Switzerland as well as one member in Spain. 

Arche Warder Zoo is a member of VdZ and Europe’s largest center 

for endangered livestock breeds, with about 1,200 individuals in 87 

breeds. The joint project is supported by substantial funds from the 

German Federal Ministry of Food and Agriculture.  

 

The project aims are to:  

(a) Implement scientific conservation breeding programmes  

and cross-institutional population management for  

endangered livestock breeds. 

(b) Educate on the topic of livestock. 

(c) Network and increase internal and external communication.

 

Dr Julia Kögler from VdZ and Sinje Büttner from Arche Warder Zoo 

outline the project implementation and the results so far. 

As a scientific base for the project, we adopted the Ministry’s list of 

140 livestock breeds which are specifically monitored and managed 

in and by Germany (BLE 2019). Furthermore, in 2020 we carried 

out a survey amongst our 56 German members to evaluate their 

livestock collection (Kögler 2021). We found that 45 VdZ zoos kept  

a total of 1,070 individuals of 74 regional livestock breeds. Amongst 

those, 27 VdZ zoos had 569 individuals of 29 different large animal 

breeds, i.e. horses, cattle, pigs, sheep and goats. Thus, as a first 

result we showed that our members have 38% of Germany’s 77 

large livestock breeds on display for visitors. The large breeds kept 

in zoos represent 54% of Germany’s 14 breeds with an urgent status 

for conservation measures and 56% of Germany’s 36 breeds with  

a medium status for conservation measures. Secondly, we found 

that only 12 out of the 27 zoos with large regional livestock breeds 

held a total of 263 individuals of 24 breeds that were registered  

in studbooks.  

 

This result made it clear that within the framework of the project, 

studbook breeding had to receive special attention by means of 

entering more zoo born animals in the respective studbooks and 

by purchasing additional breeding animals from studbook holders. 

So far, 27 individuals of the five project focus breeds (“Deutsches 

Schwarzbuntes Niederungsrind”, “Hinterwälder Rind”, “Coburger 

Fuchsschaf”, “Rauhwolliges Pommersches Landschaf”, “Bunte 

Deutsche Edelziege”) have been funded by project means and  

added to zoo collections. In 2021/2022, 17 offspring of the focus 

breeds were born and have been or will be entered in studbooks.  

It would not have been possible to coordinate the active and cross-

institutional management of populations and maintain the fruitful 

engagement with the regional breeders’ associations if the project 

funding had not enabled the recruitment of a project coordinator.

A Cow is Not Just a Cow 
A German Project Supports Zoos  
in Consering Livestock Breeds

Dr Julia Kögler1, Sinje Büttner2

1Deputy Executive Director, Association of Zoological Gardens (VdZ), 2Project Coordinator, Arche Warder Zoo, Germany
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Professor Dr. Dr. Kai Frölich

Liebe Leserinnen und Leser,

unsere Zeit ist geprägt von vielfältigen ernsten Proble-

men, die vielfach auch die Landwirtschaft betreffen. Bei-

spiele hierfür sind Auswirkungen der Klimaveränderung, 

Verlust von Biodiversität, Fachkräftemangel und fehlen-

de gesellschaftliche Akzeptanz für landwirtschaftliche 

Produktionsmethoden. 

Zur Bewältigung dieser Probleme werden aus der Ge-

sellschaft heraus oftmals nur einfache Lösungen an-

geboten, die der Vielschichtigkeit der Problemstellung 

nicht gerecht werden. Eine zentrale Voraussetzung für 

die Bewältigung dieser hochkomplexen Probleme ist 

meiner Ansicht nach eine exzellente Bildung, die ins-

besondere im Bereich Landwirtschaft, Naturschutz und 

Artenschutz auch angewandten Charakter haben muss. 

Die Arche Warder versucht, als außerschulischer Lernort 

dazu beizutragen, Bildung zu verbessern und anschau-

lich zu vermitteln. Im April dieses Jahres eröffnete unser 

Ministerpräsident Daniel Günther das neue Besucher-

zentrum in der Arche Warder: das Domesticaneum. In 

diesem hochmodernen Gebäudekomplex wird der Be-

sucher mithilfe eines multimedialen, aber auch gegen-

ständlichen Ausstellungskonzeptes (Edutainment) auf 

eine Zeitreise durch die gemeinsame Geschichte des 

Menschen und seiner Haustiere mitgenommen. 

Diese Zeitreise beginnt in der Altsteinzeit und endet 

in der Gegenwart. Dabei wird anschaulich und mit z.T. 

spielerischen Ansätzen vermittelt, wie ausgeprägt die 

Rolle der Haustiere für die Kulturgeschichte sowie die 

Ausbreitung des modernen Menschen war. 

Es ist wichtig, Bildung als eine gesamtgesellschaftliche 

Aufgabe ernst zu nehmen und dafür genügend finanziel-

le Mittel zur Verfügung zu stellen, auch in Zeiten ange-

spannter Haushaltslage und vielfältiger anderer Krisen. 

Nur so können wir den komplexen Herausforderungen 

der Gegenwart und Zukunft begegnen und sinnvolle 

Lösungsstrategien entwickeln. 

Ihr

 

Prof. Dr. Dr. Kai Frölich

Direktor, Arche Warder - Zentrum für alte Haus- und Nutztierrassen e.V.
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Liebe Leserinnen und Leser,

Schleswig-Holstein ist ein Land voller Vielfalt und einzig-

artiger Landschaften: von der malerischen Ostsee über 

die raue Nordsee bis hin zu den vielfältigen Binnenland-

schaften mit ihren Endmoränen, Seen und Mooren. Kein 

anderes Bundesland verfügt über zwei unterschiedliche 

Meere. Diese Diversität macht unsere Heimat nicht nur 

landschaftlich reizvoll, sondern bietet auch einen wichti-

gen Lebensraum für zahlreiche Arten.

Doch inmitten dieser Schönheit stehen wir vor drängen-

den Herausforderungen. Der Verlust der Biodiversität 

ist kein fernes Problem – er betrifft uns alle. Es geht 

nicht nur um das Verschwinden einzelner Arten oder um 

mögliche negative Auswirkungen von Agrosubventio-

nen, sondern vor allem um den Verlust von besonderen 

Habitaten, die für viele Lebewesen unverzichtbar sind. 

Der drastische Rückgang von z.B. Kiebitz und Rebhuhn, 

einst ubiquitäre Arten in unseren Landschaften, stimmt 

mich nachdenklich. Diese Veränderungen sind ein ein-

dringlicher Weckruf für uns alle.

Ich erinnere mich an die 70er und 80er Jahre, als der 

Natur- und Artenschutz in Schleswig-Holstein einen 

hohen Stellenwert hatte. Der Schutz des Seeadlers 

und die Wiedereingliederung des Uhus waren damals 

bedeutende Meilensteine, die uns zeigten, wie wichtig 

aktives Handeln für den Erhalt einzelner Arten sowie der 

entsprechenden Lebensräume ist. Schirmherren dieser 

Projekte waren seinerzeit der Landwirtschaftsminister 

Günter Flessner und Finanzminister Roger Asmussen. 

Heute müssen wir den Schutz unserer Artenvielfalt 

erneut ins Bewusstsein rücken, denn der Schutz der Bio-

diversität kann aufgrund der gesellschaftlichen Fokus-

sierung auf den Klimaschutz leicht in den Hintergrund 

treten.

Ein entscheidender Schritt in diese Richtung ist die Ver-

netzung aller relevanten Stakeholder. Landwirte, Natur-

schutzverbände, Wissenschaftler, Kommunen und die 

Zivilgesellschaft müssen zusammenarbeiten, um ganz-

heitliche nachhaltige Lösungen zu entwickeln. Nur durch 

den Austausch von Wissen und Erfahrungen können 

wir innovative Ansätze finden, die sowohl die landwirt-

schaftliche Produktion als auch den Schutz unserer Bio-

diversität berücksichtigen.

Bildung und Sensibilisierung sind entscheidend, um 

die Zusammenhänge zwischen Mensch, Natur und 

Artenvielfalt zu verstehen. Wir müssen lernen, die 

vielschichtigen Probleme der Gegenwart als gesamtge-

sellschaftliche Aufgabe zu begreifen und sie mit einem 

tiefen Verständnis für die Vielfalt und den Wert unserer 

natürlichen Umwelt anzugehen.

Lassen Sie uns gemeinsam dafür eintreten, dass Schles-

wig-Holstein auch in Zukunft ein Land der Diversität 

bleibt. Nur durch gemeinsames Handeln und kluge 

nachhaltige Strategien können wir die Schönheit unserer 

Landschaften und die Vielfalt der Arten bewahren und 

für zukünftige Generationen sichern.

Herzliche Grüße,

 

Ihr

Prof. Dr. Dr. Kai Frölich

Direktor, Arche Warder - Zentrum für alte Haus- und Nutztierrassen e.V.
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