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Zusammenfassung 

Das Ziel dieser Arbeit ist es, die wissenschaftlichen und praktischen Grundlagen für eine 

nachhaltige Schafzucht durch die Integration genetischer, phänotypischer und wirtschaftlicher 

Perspektiven zu verbessern, wobei ein besonderer Schwerpunkt auf Gesundheits- und 

Tierwohlmerkmalen wie der Schwanzlänge liegt. In drei sich ergänzenden Studien untersucht 

diese Arbeit die genetische Architektur und die Wechselbeziehungen zwischen Schwanzlänge 

und Wachstumsmerkmalen bei Merinolandschafen (Kapitel 2), die Heterogenität deutscher 

Schafhaltungssysteme und ihre Auswirkungen auf die Priorisierung von Zuchtzielen (Kapitel 3) 

und die Entwicklung eines verbesserten bioökonomischen Modellierungsrahmens zur Ableitung 

ökonomischer Gewichte für ein breites Spektrum von Zuchtmerkmalen, einschließlich neuartiger 

Merkmale für Tierwohl und Krankheitsresistenz (Kapitel 4). Zusammen tragen diese Studien zu 

einem ganzheitlichen Verständnis darüber bei, wie wohlfahrtsorientierte Zuchtstrategien 

umgesetzt werden können, ohne die Produktionseffizienz oder die Wirtschaftlichkeit zu 

beeinträchtigen. 

Die erste Studie liefert eine detaillierte quantitativ-genetische Analyse der Schwanzlänge (SL) 

und ihrer Zusammenhänge mit wichtigen Wachstumsmerkmalen. Unter Verwendung von Ein-

Merkmal-, Mehrfachmerkmal- und Strukturgleichungsmodellen (SEM) zeigt die Studie, dass die 

SL in hohem Maße vererbbar ist, was auf ein starkes Potenzial für eine genetische Verkürzung 

der Schwänze als Alternative zum Schwanzkupieren hinweist. Wichtig ist, dass SEM-Ansätze 

zeigen, dass sich die phänotypischen Pfade, die die SL mit der Wachstumsleistung verbinden, 

von den zugrunde liegenden genetischen Korrelationen unterscheiden. Während die genetischen 

Korrelationen zwischen Schwanzlänge (SL) und Gewichtsmerkmalen positiv sind, was aus 

züchterischer Sicht auf antagonistische Beziehungen hindeutet, sind die SEM-basierten 

zeitverzögerten phänotypischen Effekte negativ. Das bedeutet, dass längere Schwänze das 

Wachstum beeinträchtigen können, da sie eine erhöhte Anfälligkeit für Kontaminationen und 

Infektionen mit sich bringen. Diese Ergebnisse unterstreichen die Bedeutung der Modellierung 

von Merkmalsabhängigkeiten nicht nur genetisch, sondern auch durch kausale phänotypische 

Pfade, die umwelt- und gesundheitsbezogene Risikofaktoren widerspiegeln. Die Studie schafft 

somit eine methodische und konzeptionelle Grundlage für die Integration von Tierwohlmerkmalen 

wie der Schwanzlänge in Zuchtprogrammen unter Berücksichtigung ihrer komplexen 

biologischen Zusammenhänge. 

Aufbauend auf dieser genetischen Perspektive verlagert die zweite Studie den Fokus auf die 

Vielfalt der Haltungssysteme in der deutschen Schafzucht. Durch hierarchisches Clustering von 

25 Schafbetrieben werden drei unterschiedliche Haltungssysteme identifiziert, die sich in 

Herdengröße, Produktionsausrichtung und Wirtschaftsweise (z. B. ökologisch vs. konventionell) 

unterscheiden. Unter Verwendung eines kontingenten Bewertungsansatzes leitet die Studie 
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clusterspezifische wirtschaftliche Gewichte für 12 Zuchtzielmerkmale ab, basierend auf der 

Zahlungsbereitschaft der Landwirte. Während die meisten Merkmale über alle Cluster hinweg 

eine ähnliche Bewertung aufweisen, zeigt die Futterverwertung erhebliche Unterschiede, was den 

Einfluss des Haltungssystems auf die wirtschaftliche Relevanz der Merkmale unterstreicht. 

Bemerkenswert ist, dass alle Cluster der Merkmalskategorie „Gesundheit und Tierwohl”, 

einschließlich der Schwanzlänge, mit Werten zwischen 24% und 29% eine erhebliche Bedeutung 

beimessen. In einigen Clustern werden Merkmale des Tierwohls und der Tiergesundheit sogar 

noch vor Leistungsmerkmalen priorisiert. Diese Ergebnisse unterstreichen, dass moderne 

Zuchtziele auf die Merkmale des Haltungssystems zugeschnitten sein müssen und zunehmend 

die gesellschaftlichen und von den Landwirten geprägten Erwartungen hinsichtlich des 

Tierschutzes und funktioneller Robustheit widerspiegeln sollten. 

Die dritte Studie vertieft die ökonomische Bewertung der Schafzucht, indem sie das bio-

ökonomische Modell mit dem Softwarepaket ECOWEIGHT um Gesundheits- und 

Tierwohlmerkmale erweitert. Das erweiterte Programm ermöglicht die Integration von 

Krankheitsinzidenz, Behandlungskosten und Schwanzlänge auf Herdenebene, wodurch 

marginale und relative ökonomische Gewichte für 15 Zuchtmerkmale bei Merinolandschafen 

abgeleitet werden können. Fruchtbarkeit und Überlebensmerkmale erweisen sich als die 

wirtschaftlich einflussreichsten Merkmale, die zusammen den größten Teil des relativen 

ökonomischen Gewichts ausmachen. Im Gegensatz dazu tragen Gesundheitsmerkmale, 

Parasitenresistenz, Schwanzlänge und Produktionsmerkmale nur marginal zum ökonomischen 

Gesamtgewicht der untersuchten Forschungsherde bei, was vor allem auf deren 

außergewöhnlich hohen Gesundheitszustand zurückzuführen ist. Sensitivitätsanalysen, bei 

denen der Anteil kurzschwänziger Tiere verändert wurde, zeigen nur geringfügige 

Verschiebungen der ökonomischen Gewichte, was darauf hindeutet, dass eine auf das 

Wohlergehen ausgerichtete Züchtung für kürzere Schwänze ohne wesentliche wirtschaftliche 

Einbußen umgesetzt werden kann.  

Zusammenfassend bieten die drei Studien einen umfassenden Rahmen für die Integration von 

Tierwohlmerkmalen, insbesondere der Schwanzlänge, in Schafzuchtprogrammen. Die 

genetischen Analysen zeigen die Machbarkeit der Selektion auf kürzere Schwänze und 

verdeutlichen gleichzeitig, wie wichtig es ist, phänotypische Pfade zu berücksichtigen, die mit 

Gesundheitsrisiken verbunden sind. Die Charakterisierung der Haltungssysteme unterstreicht, 

dass Tierschutzmerkmale von Landwirten zunehmend geschätzt werden und sich in den 

Zuchtzielen widerspiegeln sollten. Schließlich bestätigt die bio-ökonomische Modellierung, dass 

die Einbeziehung von Tierwohl- und Gesundheitsmerkmalen die wirtschaftliche Effizienz nicht 

beeinträchtigt und durch flexible Modellierungsinstrumente unterstützt werden kann, die 

komplexe Merkmalsmuster berücksichtigen können. Diese Arbeit trägt daher zur Entwicklung von 

Zuchtstrategien bei, die das genetische Potenzial, die wirtschaftliche Rentabilität und die 
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gesellschaftlichen Erwartungen an einen verbesserten Tierschutz in der modernen Schafhaltung 

in Einklang bringen. 
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Summary 

The aim of this cumulative dissertation is to advance the scientific and practical foundations for 

sustainable sheep breeding by integrating genetic, phenotypic, and economic perspectives, with 

a particular focus on health and welfare traits such as tail length. Across three complementary 

studies, this work investigates (chapter 2) the genetic architecture and trait interrelationships of 

tail length and growth traits in Merinoland sheep, (chapter 3) the heterogeneity of German sheep 

production systems and their implications for breeding goal prioritization, and (chapter 4) the 

development of an enhanced bio‑economic modelling framework to derive economic values for a 

broad spectrum of breeding traits, including novel welfare and disease resistance traits. Together, 

these studies contribute to a more holistic understanding of how welfare‑oriented breeding 

strategies can be implemented without compromising production efficiency or economic viability. 

The first study provides a detailed quantitative‑genetic analysis of tail length (TL) and its 

associations with key growth traits. Using single‑trait, multiple‑trait, and structural equation 

models (SEM), the study demonstrates that TL is highly heritable, indicating strong potential for 

genetic shortening of tails as an alternative to tail docking. Importantly, SEM approaches reveal 

that phenotypic pathways linking TL to growth performance differ from the underlying genetic 

correlations. While the genetic correlations between TL and weight traits are positive, suggesting 

antagonistic relationships from a breeding perspective, the SEM-based time-lagged phenotypic 

effects are negative. This implies that longer tails may impair growth due to increased 

susceptibility to contamination and infection. These findings highlight the importance of modelling 

trait interdependencies not only genetically, but also through causal phenotypic pathways that 

reflect environmental and health‑related risk factors. The study thus establishes a methodological 

and conceptual foundation for integrating welfare traits into breeding programs while accounting 

for their complex biological relationships. 

Building on this genetic perspective, the second study shifts focus to the diversity of production 

environments and management systems within the German sheep sector. Through hierarchical 

clustering of 25 sheep farms, three distinct production system types are identified, differing in herd 

size, production orientation, and management philosophy (e.g. organic vs. conventional). Using 

a contingent valuation approach, the study derives cluster‑specific economic weights for 12 

breeding goal traits based on farmers’ willingness to pay for genetic improvement. While most 

traits show similar valuation across clusters, feed utilization exhibits significant differences, 

underscoring the influence of production context on economic trait relevance. Notably, all clusters 

assign substantial importance to the trait category “health and welfare,” including tail length, with 

values ranging from 24% to 29%. In some clusters, welfare traits are prioritized even above 

performance traits. These results emphasize that modern breeding goals must be tailored to 
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production system characteristics and increasingly reflect societal and farmer‑driven expectations 

regarding animal welfare and functional robustness. 

The third study further deepens the economic evaluation by extending the ECOWEIGHT 

bio‑economic model to incorporate health and welfare traits more explicitly. The enhanced model 

allows for the integration of disease incidence, treatment costs, and herd‑level tail‑length status, 

enabling the derivation of marginal and relative economic values for 15 breeding traits in 

Merinoland sheep. Fertility and lamb survival traits emerge as the economically most influential, 

collectively accounting for most of the relative economic value. In contrast, health traits, parasite 

resistance, tail length, and production traits contribute only marginally to overall economic value 

in the evaluated research herd, largely due to its exceptionally high health status. Sensitivity 

analyses altering the proportion of short‑tailed animals reveal only minor shifts in economic 

values, suggesting that welfare‑oriented breeding for shorter tails can be implemented without 

substantial economic trade‑offs. The study also highlights the need for broader datasets 

representing more diverse production environments to ensure generalizable economic 

evaluations. 

Taken together, the three studies provide a comprehensive framework for incorporating welfare 

traits, particularly tail length, into sheep breeding programs. The genetic analyses demonstrate 

the feasibility of selecting for shorter tails while revealing the importance of accounting for 

phenotypic pathways linked to health risks. The characterization of production systems 

underscores that welfare traits are increasingly valued by farmers and should be reflected in 

breeding goals. Finally, the bio‑economic modelling confirms that incorporating welfare traits does 

not compromise economic efficiency and can be supported by flexible modelling tools capable of 

accommodating complex trait patterns. This cumulative work therefore contributes to the 

development of breeding strategies that align genetic potential, economic viability, and societal 

expectations for improved animal welfare in modern sheep production. 
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1 Introduction 

 

1.1 Tail length 

1.1.1 Tail anatomy and function 

Tail length in sheep is an important breeding trait and an increasingly important animal 

welfare issue. Sheep have between three and 24 tail vertebrae, which is highly breed 

dependent (Ellenberger & Baum, 2013). As part of a study on tail length, numerous 

malformations were found in Merino sheep, especially in the lower tail section, in addition 

to the number of 19 to 24 tail vertebrae (Haverkamp et al., 2015). The malformations 

mainly consist of one or more block vertebrae, i.e. a bony fusion of two or more vertebrae, 

which may involve only the vertebral bodies, the vertebral arches or the entire vertebra 

(Noden & Lahunta, 1985). Visually easily recognisable deformities, so-called buckling 

tails, are usually caused by malformed block vertebrae (Herzog, 2001; Hümmelchen et 

al., 2023). 

While the ancestor of domestic sheep, the mouflon, has a naturally short, narrow tail, 

domestication and targeted breeding for high wool yield has resulted in many sheep 

breeds with much longer, densely woolly tails (Shelton, 1977). This originally had the 

advantage of maximizing the woolly body surface area and hence wool yield. However, 

as the economic importance of wool declined, the disadvantages of long tails, such as 

contamination and increased risk of disease (e.g. myiasis, dermatitis), became 

increasingly important (Mereu et al., 2024). 

In sheep, the tail is mainly used for insect defense and can be actively moved by the 

animal. However, a long, woolly and dirty tail impairs mobility. Increased tail movement 

in the form of raising and lowering as well as wagging, also in combination, is possible 

(Kiley-Worthington, 1976). 
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1.1.2 Tail docking and reasons for the practice 

The docking of sheep's tails is a practice that goes back centuries, and the main reasons 

for this procedure have not changed to the present day. The main reason is to prevent 

the infestation of maggots (myiasis) in the anal, vulva and inner thigh areas. Faeces can 

accumulate on the tail, which greatly increases the risk of fly infestation, especially in 

long-tailed, heavily wool-covered breeds of sheep. The flies lay their eggs in the 

contaminated wool and the eggs hatch into maggots, which cause severe damage to the 

tissues on which they feed and can cause considerable pain and even death to the animal 

if left untreated (Shephard et al., 2022). Various methods of docking have been used 

internationally, including cutting the tail with a knife, squeezing with docking pliers, 

twisting and cauterizing with hot pliers. However, these methods were often associated 

with significant blood loss, risk of infection and pain (Graham et al., 1947; French et al., 

1994; Gascoigne et al., 2021). 

Today, the only approved method in Germany is the rubber ring method, in which an 

elastic rubber ring is placed between the vertebrae using special forceps. The aim is to 

cut off the blood supply to the distal part of the tail. The strangulated part of the tail dies 

and falls off after a few days. This method is considered comparatively gentle but is still 

associated with acute pain and stress for the lambs, as evidenced by increased cortisol 

levels and restlessness (Hannemann et al., 2017). 

 

 

1.1.3 Legal status 

In Germany, the docking of sheep tails is regulated by the Animal Welfare Act. According 

to §5 and §6 of the Animal Welfare Act (TierSchG, 2006), the complete or partial 

amputation of body parts of vertebrates is generally prohibited. However, there are 

exceptions that are explicitly listed in the law, e.g. lambs may be docked with an elastic 

rubber ring until the 8th day of life. In the case of organically reared sheep in accordance 

with the EU Organic Regulation 889/2008 (Verordnung (EG) Nr. 889/2008, 2008), routine 

docking is also prohibited, and a special permit is required to justify the reason for this 

procedure. In addition, an anesthetic or analgesic must be administered after the 

procedure. There is no general authorization for tail docking in sheep in most countries. 
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According to the EU, there is no general authorization for tail docking in sheep. The EU 

leaves the specific formulation of the law to the Member States. For other species, such 

as pigs, EU Directive 2008/120/EC prohibits routine tail docking (European Union, 2008). 

Countries such as Finland and Sweden have a complete ban on tail docking for pigs, 

while there are no similarly strict regulations for sheep. In Switzerland, there are new 

regulations for the docking of lambs from 2025. These will require a minimum tail length 

of 15cm to be retained. However, there is also a transition period of 15 years to switch to 

breeding animals with shorter tails, until which time the docking of lambs under 8 days 

old is allowed without anaesthesia (Hannemann et al., 2017). Austria has set an age limit 

of 3 days for lambs. In addition, the personnel performing the procedure must be qualified. 

For lambs older than 3 days, veterinary anaesthesia is mandatory. The approved method 

is not the elastic rubber ring as in Germany, but a sharp cut with a knife. As in Switzerland, 

the length of the tail is also regulated, with a maximum of one third of the tail for fattening 

lambs and half of the tail for breeding animals. In the Netherlands, there has been a 

general ban on tail docking since 2008, and the procedure may only be carried out in 

individual cases if indicated by a veterinarian (Hannemann et al., 2017). Mulesing is a 

practice that is not permitted in Germany to prevent fly maggot infestation. This animal 

welfare practice is widespread in Australia, where strips of skin are removed from around 

the tail of young Merino lambs with little or no anesthetic. The method was developed in 

the 1920s and is still used today, particularly in Australia, the world's largest wool 

producer. It is estimated that around 10 million lambs are affected each year. Scientific 

studies show that Mulesing is associated with considerable pain and stress for the 

animals (Woodruff et al., 2020; Wilson et al., 2011). The procedure causes a sharp 

increase in the stress hormone cortisol, and lambs show significant pain behavior and 

reduced activity for days after the procedure (Bayerische Landesanstalt für 

Landwirtschaft, 2017-2019). Mulesing has been banned by law in New Zealand since 

2018. Violations of the ban are severely punished, and the use of anaesthesia is also 

prohibited. Experience in New Zealand shows that alternatives such as breeding sheep 

with fewer skin folds or other management measures can be successfully applied without 

compromising animal welfare (James, 2006). 
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1.1.4 Breeding for shorter tails  

Tail length is the visible result of complex genetic and developmental processes and can 

be used to characterize and differentiate sheep breeds. In addition to its mechanical 

function, such as balancing the body, the tail performs other functions in different breeds, 

such as thermoregulation, insect defense or the accumulation of energy reserves in the 

form of fat. These differences are used to classify sheep by tail type (Porter et al., 2016). 

The group of long-tailed sheep includes most European commercial breeds, such as 

Merino sheep. Their tails usually extend to or beyond the hock and are narrow and thin. 

Long-tailed sheep are the most common breed in the world and are known for their wool 

and meat production. Short-tailed sheep are mainly Nordic breeds such as Finn sheep 

and Romanov. Their tails are much shorter, less woolly and usually only a few centimeters 

above the base. These animals are often particularly hardy and adapted to harsh 

climates. Fat-tailed sheep store a large proportion of their body fat in their tails, which can 

become conspicuously thick and heavy. Typical examples of this group are the Awassi, 

Karakul and Damara. These breeds are particularly common in North Africa, Central Asia 

and the Middle East, where the stored fat serves as an energy reserve in times of scarcity 

(Mohapatra & Shinde, 2018). The final group are the fat-tailed sheep. In contrast to fat-

tailed sheep, fat-tailed sheep store fat mainly on the rump and have a very short tail or 

no visible tail. These breeds are mainly found in Africa and Central Asia (Halimani et al., 

2021). Phenotypically, the tail can be categorized as short, medium or long, either using 

a tape measure or purely visually based on the hock joint (Eck, 2020; Hümmelchen et al., 

2023). However, information on tail length in the literature varies from breed to breed. Tail 

length is a quantitative trait and is influenced by several genes. The heritability is between 

0.38 and 0.77 depending on the breed (Oberpenning et al., 2023; Lagler et al., 2022; 

Haverkamp et al., 2015; Scobie & O'Connell, 2002). 

An important gene that significantly influences tail length is HOXB13. The short-tailed 

variant of this gene is also present in long-tailed domestic sheep breeds and can be 

enriched by targeted selection and mating. Animals homozygous for the short-tailed 

variant are phenotypically short-tailed, while heterozygous animals have tail lengths 

between the two extremes (Kalds et al., 2022). A genetic test for the HOXB13 variant 

would allow targeted selection of breeding animals and thus accelerate breeding progress 
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(Lagler et al., 2022). Crossbreeding experiments, for example with Finn sheep, have 

confirmed that the offspring of the first generation have significantly shorter tails than the 

long-tailed parents (Oltenacu & Boyalan, 1974). Targeted crossbreeding of short-tailed 

breeds, or enrichment of a population with short-tailed alleles, therefore, offers a 

sustainable way to reduce tail length and eliminate the need for routine docking. 

 

 

1.1.5 Genetic and environmental effects on tail length 

Shortening the length of the tail through breeding means a physiological reduction in the 

number of vertebrae. The effects on other body traits are considered in this context. There 

are correlations between tail length and other body traits (James, 2006). For example, 

body size needs to be corrected in relation to tail length (Greeff et al., 2015). Hümmelchen 

et al. (2023) go one step further and measure tail circumference in addition to body 

measurements using ultrasonography and radiology, finding higher accuracy and 

repeatability. Other trait correlations investigated by Hümmelchen et al. (2025) in relation 

to tail length are fertility parameters and body traits. They found that tail length had no 

negative effect on the latter traits. 

Structural equation modelling (SEM) is used in animal breeding to record complex 

relationships between latent (non-measurable) and measurable breeding target traits. It 

is possible to integrate data from the areas of environment, management and genetics. 

Los Campos (2006) used SEM in dairy cows to describe the relationship between somatic 

cell count and milk yield. König et al. (2008) investigated causal relationships between 

claw diseases and milk yield in Holstein cows using recursive linear and threshold 

models. A correlation between high milk production and the occurrence of claw diseases 

is suspected, which may be induced by metabolic stress, pain and restricted feed intake. 

These innovative models are also used in sheep breeding. Jafaroghli et al. (2022) 

investigated the usefulness of SEM for the genetic evaluation of lifetime performance 

traits (e.g. number of lambs born per lambing period) and first lambing age in Moghani 

sheep. In the study, SEM showed higher predictive accuracy for traits with complex 

causal relationships (e.g. time lags between first lambing age and later reproductive 
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performance) and demonstrated the potential for analyzing reproductive traits in 

breeding. 

 

 

1.1.6 Overall breeding value  

The overall breeding value (OBV) for sheep serves as a central instrument for assessing 

the genetic suitability of breeding animals. In Germany, it has been calculated nationwide 

for 25 sheep breeds since 2014 and has been updated every six months since 2021, 

integrating various individual traits such as fertility, fattening performance, carcass quality 

and conformation into an overall assessment (VIT, 2024). An overall breeding value for 

organically reared animals has also been established, but not explicitly for sheep. So far, 

however, no further traits relating to animal health or animal welfare have been added for 

Germany; the focus is on production traits. In Austria, the OBV has been calculated for 

17 sheep and 7 goat breeds since 2017, focusing on functional and production traits. 

France has a milk-emphasized weighting with a focus on milk quantity and milk 

composition (ÖBSZ, 2021). The main breeding goals of African sheep and goat breeding 

programs are high meat and reproductive performance, supplemented by functional traits 

such as disease and parasite resistance, fertility, adaptability, and a high survival rate of 

offspring (Ojango et al., 2025). The French dairy sheep breeding industry is pursuing new 

breeding goals that combine performance traits with characteristics such as disease 

resistance, longevity and efficiency, to improve resilience (Astruc et al., 2018).  

For a dual-purpose Merino sheep breed in central Chile, meat production traits such as 

body weight and daily weight gain have the highest economic importance. Wool quantity, 

wool quality, fertility, and lamb survival are less important but still have economic 

relevance (Lembeye & Castellaro, 2025).  

A study by Welday et al. (2022) was conducted to determine the breeding goals of 

smallholder sheep farmers for Northern Ethiopia. The key traits for rams were body size, 

tail shape and libido, while for ewes, the most relevant traits were body size, litter size 

and maternal ability.  

Conrad et al. (2022) examined the suitability of different sheep breeds for use in Central 

European vineyards during the growing season. The authors emphasise that the most 
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relevant factors are body size and the inability to stand on hind legs, to prevent damage 

to the vines. Therefore, the animals' characteristics of low mouth and standing height are 

essential for this form of sheep farming and for preserving particularly endangered 

breeds. 

Animal welfare is an increasingly important issue in the sheep industry. It encompasses 

aspects such as animal health, behavior and welfare and is directly linked to husbandry 

systems and meat production. Consumption of sheep meat in Germany is increasing and 

consumers are becoming more aware of the production of sheep meat. Current welfare 

issues in sheep production include the non-docking of ewe lambs, the increasing 

presence of wolves and the need for flock protection measures, and parasite 

management. To obtain an economic weighting for breeding traits such as tail length, 

which cannot be measured directly in economic terms, it is helpful to conduct a consumer 

survey. This survey technique is called the Contingent Valuation Method (CVM) and has 

been successfully used in agriculture. The CVM asks consumers about their hypothetical 

willingness to pay for a change in utility. The result is economic weights for target breeding 

traits, which are needed to design and adjust an overall breeding value. 

 

 

1.2 Derivation of economic weights in sheep production systems 

 

1.2.1 Economic efficiency of sheep farming 

Defining the profitability of sheep farming in Germany is a challenge. In contrast to 

economic figures for other animal species such as pigs or cattle, there are no reports on 

sheep farming. Due to the diversity of husbandry systems, breeds and regional aspects, 

an economic evaluation of pure sheep farms seems inconsistent, but is essential for 

maintaining competitiveness. 

Sheep farming in the European Union is largely supported by the Common Agricultural 

Policy (CAP), which operates under two pillars. The first pillar comprises direct payments, 

including coupled premiums for ewes, which vary depending on the member state and 

region. In Bavaria, for example, the planned premium for 2025 is 39 € per ewe, while 

Saxony grants additional wolf protection premiums of 55 € per animal per year. Area-
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based payments, which average around 286 € per hectare in the EU, particularly benefit 

farms in less-favored areas, where sheep often graze grassland to maintain the 

landscape. The second pillar of the CAP focusses on agri-environmental measures that 

promote extensive grazing systems with up to 280 € per hectare for species-rich 

grassland. These funding instruments are indispensable, as up to 60% of German sheep 

farmers' income comes from public funds and the sector would not be able to survive 

without subsidies. 

The profitability of sheep farming in Germany was analyzed by von Korn (2020) as part 

of a project. Over 460 farms and 450,000 ewes were considered. In addition to a high 

average number of 611 animals per farm, it was recognized that 88% of the land used 

was leased. The most important source of income for the farms is lamb production, which 

generates an average of 97.7 € per lamb. However, 60% of the total proceeds are public 

subsidies, reported here by von Korn at 42 - 225 € per ewe per year. Production costs 

amount to an average of 246 € per ewe per year. Without public subsidies, a profit of  

-68 € was recorded, which emphasizes the need for subsidies in sheep farming. 

Regarding the remuneration of working hours, it can be stated that the remuneration is 

5.70 €/hour, whereas in agriculture it is around 17.50 €/hour. To date, no further figures 

are available on the economic situation of sheep farming in Germany. The precarious 

working conditions on many farms are pointed out throughout the EU, where average pay 

is often less than 6 € per hour (Belanche et al., 2020). 

In a Brazilian study, the production costs for lamb are mainly determined by variable 

expenses (64.15%), 63.17% of which are feed costs (Raineri et al., 2015). Fixed costs 

account for over 20%, mainly due to labour (11.10%) and infrastructure depreciation 

(5.75%), supplemented by 14.19% return on capital. In order to work more efficiently and 

profitably, Raineri et al. (2015) calculated that a 1% increase in carcass weight reduces 

costs by 0.91% and that this can be increased by better utilization of pastures and better 

feed conversion. Low technical efficiency, e.g. due to low stocking densities or inefficient 

breeds, is cited as a cost factor. In order to reduce these costs sustainably, farms should 

invest in breeding programmes and modern pasture management, as well as in more 

efficient infrastructure and automation in the long term. In relation to more efficient 

breeding programmes, El Sabry et al. (2023) reported a correlation between space 

availability and higher performance. Daily weight gain and milk yield increase with more 
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space, which in turn reduces stress and optimizes the animals' feed conversion. There is 

also an improvement in wool quality when the animals are kept outdoors, and the 

frequency of skin irritations decreases. According to Lima et al. (2017), feed efficiency 

has a significant influence on profitability. As feed accounts for 71% of total costs, feed 

efficiency is essential to remain profitable even with opportunity costs. It is important that 

feed efficiency does not compromise carcass quality. Practical measures to increase 

competitiveness include digital feeding systems and genotyping to identify high 

performing lambs.  

Another breeding focus should be on breeding heat-tolerant animals in order to secure 

sheep farming in the long term (Al-Barakeh et al., 2024; Belanche et al., 2020). Making 

farms climate-resilient is also a promising aspect for the future. The resilience of farms 

should be increased through the introduction of regenerative agricultural practices, such 

as soil-conserving grazing techniques or agroforestry systems. At the same time, markets 

for ecosystem services can open up new sources of income. These include, for example, 

certification systems for carbon storage. Sheep farming in arid regions also faces 

particular challenges such as economic dependencies and sustainability issues (Al-

Barakeh et al., 2024). As previously described, extensive grazing preserves semi-natural 

habitats such as nutrient-poor grasslands and helps to store carbon. However, poorly 

managed grazing systems also harbor risks such as nutrient surpluses due to 

overgrazing, which pollute groundwater and soils. 

 

 

1.2.2 Economic evaluation of sheep farming systems  

Sheep farming in Germany is characterized by a duality between traditional landscape 

management and modern livestock production. As multifunctional production systems, 

sheep farms combine ecological, cultural and economic tasks. Through grazing, they 

preserve biotopes worthy of protection, such as juniper heaths and dyke landscapes, and 

contribute to biodiversity (Müller et al., 2019). An attempt to identify the different farm 

structures in German sheep farming reveals the following. Around 72% of farms keep a 

maximum of 49 animals, while only 4.6% manage flocks of more than 500 sheep 

(Statistisches Bundesamt, 2023). At the same time, hobby farming is becoming 
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increasingly important, often as a sideline to maintain grassland. Migratory flocks with 

historical herding concepts continue to characterise regions that cannot be maintained or 

worked with agricultural machinery. However, there is no clear overview of existing 

livestock systems, e.g. for cattle or pigs (Herold et al., 2021).  

Cluster analysis is used in modern animal husbandry to classify heterogeneous farm 

structures, animal behavior or management strategies into homogeneous groups. When 

these methods are applied to the German sheep industry, three superordinate husbandry 

systems can be identified: stable management, paddock management and traditional 

grazing. These systems are often combined seasonally. During the winter months, for 

example, lambing is increasingly carried out in stables, but for the rest of the year the 

animals are kept in paddocks.  

Schütte (2023) goes one step further and uses cluster analysis to define nine different 

farming systems. The husbandry systems are identical throughout Germany for both 

conventional and organic husbandry. All the husbandry systems mentioned are 

represented in both systems.  

A comparison of German and international sheep production systems shows that 

extensive grazing is predominant, particularly in Australia, New Zealand, Great Britain 

and parts of South America. Because of the large areas of land available, sheep are often 

kept in very large flocks, sometimes with minimal human labour.  

Intensive farming systems such as milk sheep are particularly common in southern 

Europe (e.g. Greece, Italy), the Middle East and parts of North Africa. Here, sheep are 

kept year-round or predominantly indoors in order to control feeding and achieve high 

milk yields.  

While in Germany the focus is on landscape conservation and meat production, 

internationally the emphasis is sometimes more on milk (e.g. feta production in Greece) 

or wool (Australia, New Zealand). Sheep farming in Germany is characterised by 

extensive, semi-natural grazing and makes an important contribution to landscape 

conservation. Internationally, there are similar extensive systems (especially in countries 

with large areas) and intensive systems designed to maximize production. The choice of 

farming system is highly dependent on regional conditions, economic objectives and 

regulatory frameworks. 
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1.2.3 Bio-economic models for derivation of economic values for breeding traits 

To quantify the monetary impact of individual breeding target traits on overall farm 

performance, bio-economic models integrate production and functional parameters (e.g. 

fertility rates, fattening performance) with economic indicators (cost structures, market 

prices). In the face of structural challenges, such as high labour costs and subsidy 

dependency, this approach allows data-driven prioritization of traits that can increase both 

productivity and profitability. Using bio-economic modelling, it is possible to calculate 

economic weights for target traits in relation to the production system. Economic weights 

are generally defined as partial derivatives of the profit function. They describe the 

relationship between profit and biological, economic and production parameters for each 

of the evaluated target traits (Wolfová et al., 2011). 

The international literature often emphasizes the importance of growth rates and carcass 

quality as central economic weights in bio-economic models (Conington et al., 2004; 

Jones et al., 2004; Wolfová et al., 2011). Compared to Germany, they show a stronger 

focus on market dynamics and economies of scale, often with a more comprehensive 

data base. They also underline the need to give greater weight to climate resilience and 

labour productivity in future models. When calculating the economic weights for 14 

production and functional traits, milk yield, conception rate of ewes, litter size and lifespan 

of ewes were identified as the most economically important traits (Krupová et al., 2009). 

It is not only breeding traits alone that play a role in bio-economic models, but also the 

current issue of climate resilience and the carbon footprint. These topics were addressed 

in an Irish study by Kilcline et al. (2024), which analyses the profitability of sheep farming 

with regard to the carbon footprint. Technical optimizations such as increasing slaughter 

weights through targeted flock management or increasing grazing capacity could 

increase productivity by up to 20% and reduce nitrogen use at the same time. Breeding 

progress, especially in the area of maternal traits and feed efficiency, plays a key role 

here - higher litter sizes and survival rates not only reduce costs, but also emissions per 

kilogram of meat. Emissions from feed production could be offset by the introduction of 

climate-smart grazing systems, e.g. perennial mixed crops that sequester carbon in the 

soil. This study again emphasizes the importance and necessity of subsidies, without 
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which sheep farming would be unprofitable. Another bio-economic modelling on the 

economics of carbon sequestration looks at the possibility of planting marginal land and 

grazing it with sheep and cattle (Wangui et al., 2021). The planted shrubs not only serve 

as an additional source of fodder, but also as erosion control and a carbon sink. At the 

same time, the carbon sequestered in the shrubs can open up new sources of income 

through the trading of certificates. Here, too, it is emphasized that without state subsidies 

or higher carbon prices, the measure is hardly profitable due to the high costs of planting 

and maintaining the shrubs and the currently still low revenues on the carbon market. 

The German literature on bio-economic models in sheep production focuses on the 

dependency on agricultural policy frameworks and cost reduction through breeding 

optimization. When comparing trait weights, functional traits such as hoof health and 

longevity are gaining importance in Germany to reduce labour costs (Oberpenning et al., 

2025). 

 

 

1.3 Aims of the study 

The first study aimed to clarify the genetic architecture linking tail length and growth traits 

in Merinoland sheep. Given the increasing importance of breeding for short tails as an 

alternative to tail docking, the study sought to estimate genetic parameters for tail length, 

birth weight, weaning weight, and post‑weaning weight using single‑trait, multiple‑trait, 

and structural equation models. A key objective was to determine whether structural 

equation models, which incorporate time‑lagged causal pathways, provide deeper 

insights into the biological and environmental mechanisms connecting tail morphology 

with growth performance. By quantifying direct and maternal genetic effects, as well as 

recursive relationships among traits, the study intended to evaluate potential antagonistic 

genetic correlations and identify whether environmental risk factors, such as 

hygiene‑related infections in long‑tailed lambs, should be integrated into breeding 

strategies. 

The second study focused on characterizing German sheep production systems and 

deriving cluster‑specific economic weights for breeding goal traits. By applying 

hierarchical clustering to 25 herds, the study aimed to identify production system types 
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that differ in size, management intensity, and economic orientation. A central objective 

was to quantify farmers’ willingness to pay for improvements in twelve breeding traits and 

to determine how these preferences vary across production clusters. The study sought to 

reveal whether health and welfare traits, particularly tail length, are consistently valued 

across systems and to evaluate whether breeding goals should shift from 

performance‑driven selection toward greater emphasis on functionality, welfare, and 

system‑specific needs. 

The third study aimed to extend an existing bio‑economic model to incorporate health and 

welfare traits, with a particular focus on parasite resistance and tail length in Merinoland 

sheep. By enhancing the ECOWEIGHT software with modules for disease incidence, 

treatment costs, and herd tail‑length composition, the study sought to derive marginal and 

relative economic values for fifteen breeding traits. A key objective was to assess the 

economic relevance of health and welfare traits under varying herd tail‑length scenarios 

and to evaluate the robustness of economic values through sensitivity analyses. The 

study further aimed to determine whether current economic weights are biased by the 

high health status of research herds and to highlight the need for broader data sources 

to ensure representative economic evaluations.  
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5 General Discussion 

The following discussion serves on the one hand to provide an overarching interpretation 

of the results from chapters 2-4 and, on the other hand, to embed them in the current 

state of research. The analyses in this study shed light on the correlations and influencing 

factors with regard to breeding for short tails in Merino sheep.  

Chapter 2 analysed the relationships between tail length and selected body 

characteristics, in particular body weight. Based on a structural equation model (SEM), 

phenotypic, environmental, and genetic factors were considered simultaneously in order 

to map a comprehensive structure of effects. The results indicate a high heritability of tail 

length (h2=0.6), meaning that the trait responds well to selective breeding. 

The economic evaluation of breeding traits in sheep breeding is addressed in chapters 3 

and 4. In chapter 3, the preferences of sheep breeders were surveyed using the 

contingent valuation method, and based on this, an overall breeding value was developed 

that explicitly includes health traits for the first time.  

The results show that health traits are weighted similarly highly by respondents as classic 

production traits, reflecting the growing importance of animal health and welfare in the 

practical definition of breeding goals.  

Chapter 4 presents an economic evaluation of new breeding goals using a bio-economic 

model. Health-related traits, including tail length, were considered in this modelling 

approach for the first time. The results illustrate that tail length as a breeding goal trait 

has a measurable economic impact on the profitability of sheep farming and is therefore 

important for the sustainable optimization of breeding programs. 

The following section of this chapter takes a closer look at the breeding objective of tail 

length, explains its relationship to other traits, and assesses its economic impact. It also 

discusses the extent to which the findings can contribute to the further development and 

establishment of suitable breeding strategies. Finally, conclusions are drawn and 

recommendations for practical breeding work are formulated. 

 

 

5.1 Genetic parameters and heritabilities for tail length and other breeding goal traits 

Breeding for short tails is increasingly being addressed as a relevant topic in current 

research and is being investigated in depth in various studies. In this study, a heritability 
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of 0.6 was determined, which is classified as high and therefore has a favourable effect 

on breeding. This opens up the possibility of reducing tail docking procedures and 

pursuing breeding goals relevant to animal welfare. A recent study by Hodge et al. (2025) 

reports similarly high heritabilities (0.35-0.67). Greef et al. (2015) and Jonsohn et al. 

(2023) also report high heritabilities for tail length between 0.58 and 0.68. A higher 

heritability than that found in the present study is reported by Mainzer et al. (2025) at 

0.85, which can be explained by the low number of animals. 

The high heritabilities for tail length reported in chapter 2, in conjunction with the 

confirmed results of previous authors, indicate moderate to high heritability for this trait. 

These results support the approach of selecting for shortened tail length in sheep. 

 

 

5.2 Genetic correlations between tail length and breeding goal traits 

The correlation between traits plays a central role in breeding for short tails, meaning that 

targeted selection for shorter tails can lead to measurable changes within a few 

generations (Lagler et al., 2022; Eck, 2020). As shown in chapter two, there is a positive 

genetic correlation between tail length and weaning weight (0.23 +- 0.12). Hodge et al. 

(2025) come to similar conclusions. For breeding, this means that breeding for shorter 

tails also has a negative effect on weight. In addition to body weight, Eck (2020) also 

found positive correlations between tail length on the one hand and withers height, back 

length, or the quotient of tail length and withers height on the other hand in sheep. Lagler 

et al. (2022) recorded body length in addition to tail length and body weight and also found 

a positive correlation between the traits. Other authors confirm the positive correlations 

between tail length, body length, and body weight (Hümmelchen et al., 2022; Haverkamp, 

2015). In addition, Hümmelchen et al. (2023) phenotyped the tail using sonographic data 

and also recorded the number of tail vertebrae using X-rays. The presence of wedged 

and block vertebrae was found to be significantly correlated with tail length. Hümmelchen 

et al. (2023) found a high prevalence of caudal spine fractures and block or wedged 

vertebrae in Merinoland lambs; although the study did not measure pain directly, the 

authors highlighted, that such skeletal breaks are a welfare concern and likely to be 

painful. 

Mainzer et al. (2025) reported heritabilities of 0.23 for the trait number of vertebrae and 

0.85 for tail length. For the trait tail abnormalities, a heritability close to zero was found, 



Chapter 5 

 

61 

 

which in this case is favourable in terms of breeding for short tails. According to the 

authors, the abnormalities are highly likely to be caused by husbandry-related influences. 

In addition, there is a negative correlation between the traits tail length and number of 

vertebrae, which is due to the thickness of the tail. Thinner tails often have more and 

longer vertebrae than thicker tails (Mainzer et al., 2025). This thesis is supported by 

Amane et al. (2023), who report a significant influence on the number and length of 

vertebrae in relation to tail thickness. In addition, the authors conclude that length in cm 

is sufficient as a recording characteristic, as there is a positive correlation between the 

vertebral characteristics and these characteristics can be estimated using a model. 

Accordingly, it is possible to use tail length alone as a predictive parameter to estimate 

osteology.  

As described in chapter 2, tail length was therefore recorded as the sole trait in this study. 

The aforementioned study by Amane et al. (2023) supports this study design, which 

eliminates the need to record additional tail traits. According to Eck (2020), tail length 

measurement is highly reliable, which further justifies the sole recording of tail length in 

this study. This method of measuring the tail using a centimeter ruler, as used in 

chapter 2, is therefore practical and reliable. In 2020, Grant et al. assessed the pain 

response of docked lambs using qualitative behavioural assessment (QBA), with the 

result, that painkillers had no effect after docking. The absence of an analgesic effect 

underscores the need to breed for shorter tails. 

With regard to further trait correlations, it should be noted, that Hümmelchen et al. (2025) 

found no negative correlation between tail length and reproductive traits. Similarly, there 

is no significant correlation between wool quality traits and tail length (Medrado et al., 

2021). The correlations between tail length and other breeding traits discussed in this 

paragraph have been exhaustively examined. To date, no negative consequences of 

selection for shorter tails have been found. However, further research is needed on the 

possible influence on tail length for future-oriented breeding traits such as parasite 

resistance and robustness. 

 

 

5.3 Structural equation models for determining tail length and weight traits in sheep 

In chapter 2, the factors influencing breeding traits are analysed in detail using a SEM. A 

negative correlation was found between tail length and weaning weight, as well as 
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between tail length and slaughter weight. These relationships were discussed in detail in 

previous chapters. The negative correlation suggests that animals with shorter tails tend 

to have more favourable weight development. In addition, an intrauterine influence could 

play a role as a potential cause of the observed relationships. 

SEM enable simultaneous consideration of recursive relationships between traits, thereby 

leading to more precise estimates (Gianola & Sorensen, 2004).  

Apart from this work, there is no other publication to date, in which SEM have been used 

and tail length as a breeding trait was included. However, with regard to production-

relevant parameters, in particular different body weights, there are several studies that 

follow similar methodological approaches. Mohammadi et al. (2020) use SEM to analyse 

causal relationships between body weights at defined stages of development in sheep. 

They report consistently positive effects between weight measurements at different times 

and also consider the 9-month and yearling weights, which were not included in the 

present study. The results presented in chapter 2 are consistent with the findings of 

Mokhtari et al. (2019) and Masari et al. (2021). Yazdanpanah et al. (2024) confirm these 

results and show that SEM enables more precise modeling of genetic and phenotypic 

relationships between growth parameters in sheep. In addition, the authors emphasize 

the importance of considering and optimizing environmental factors. In summary, it can 

be stated, that SEM is a powerful tool for mapping causal relationships between complex, 

interlinked breeding traits. 

Further studies of this kind are needed to identify additional potential relationships 

between tail length and other traits, and to gain a deeper understanding of the underlying 

biological mechanisms. It would also be interesting to confirm in practice whether the 

recursive relationships between tail length and weight can be replicated. 

 

 

5.4 Genes influencing tail length 

Since TL is a highly heritable trait, it is interesting to look at the gene loci that can influence 

this trait in addition to the results discussed in chapter 2. The genetic architecture of this 

trait is complex. Several studies have shown that genes influencing tail morphology 

interact in a complex network that controls not only the number of vertebrae but also fat 

tail formation and general tail structure (Kalds et al., 2022; Wang et al., 2025; Qi et al., 

2024; Xu et al., 2021; Zhu et al., 2024). QTL analyses identified significant associations 
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with TL, particularly on chromosome OAR11 in the HOXB13 gene region (Lagler, 2022). 

Studies on short- and long-tailed Merino sheep also confirm several selection signals that 

correspond to the variability of tail morphology (Mainzer et al., 2025). A recent study by 

Wang et al. (2025) genotyped two sheep breeds for different tail lengths. Two genotypes 

were identified in short-tailed sheep, which had a detection accuracy of 70% for the 

method and thus offer new approaches to breeding for short tails. 

The high heritability and identification of relevant gene regions make it clear that breeding 

for short tails is feasible in many populations without having to worry about negative 

effects on production parameters (Mainzer et al., 2025; Wang et al., 2025). In particular, 

breeds such as Merino sheep exhibit natural variations that can be specifically exploited 

to avoid tail docking in the long term (Eck, 2020; Lagler, 2022; Mainzer et al., 2025). 

Despite this genetic potential, there is still room for improvement in practical 

implementation, particularly with regard to clear phenotypic recording and reliable 

genotype-phenotype assignment. 

In summary, breeding for short tails is feasible, when genetic influences are considered. 

However, further studies are needed on the causal relationships between phenotypes 

and gene loci that can influence tail length. 

 

 

5.5 Derivation of economic breeding values for breeding goal traits 

The economic evaluation of breeding goal traits in practical sheep breeding can be carried 

out using various methods. The methods used in this study to derive economic weights 

were discussed in detail in chapters 3 and 4. In chapter 3, the WTP for breeding goals 

was determined considering farm clusters. In chapter 4, a bio-economic model was used 

to calculate the economic values and profitability for functional, production, health, and 

welfare traits. This study was the first to include tail length and other health traits in a bio-

economic model and evaluate them economically. 

The evaluation of sheep farming systems is helpful for subsequent economic 

assessment; to this end, it is useful to classify the different farming systems. Chapter 3 

showed that cluster analysis can be used to classify farming systems. In the study by 

Schütte et al. (2024), nine different sheep farming systems were classified using 

clustering. The study focuses primarily on extensive and semi-intensive farming systems, 

which are characterised by varying degrees of grazing and indoor housing. Extensive 
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systems are mainly based on grazing, which reduces feeding costs and provides freedom 

of animal movement, while simple, functional shelters are used in winter and during 

transitional periods (Manoj et al., 2024; Schütte, 2023). The design of the barn has a 

significant impact on the well-being and productivity of the animals. For example, 

insufficient ventilation can cause respiratory infections and heat stress, while a floor, that 

is too hard, can lead to callus formation on the knees and hocks (Miguel et al., 2025). 

Thénard et al. (2024) underscores the findings of this study and also identifies three key 

farm profiles: small farms that pursue individual breeding goals, medium-sized farms with 

flexible selection criteria, and large farms that use established breeding indices to ensure 

the sustainability of their breeding systems.  

Aouina et al. (2025) also clustered sheep farms. In addition to the farm characteristics 

and farm manager information described in chapter 3, the authors reported that hygiene 

practices, estrus management, and timing of mating emerged as key determinants in 

characterising the farming systems.  

In other areas of animal husbandry, clustering methods are used to group other animal 

species according to specific characteristics. In buffalo, clusters were formed according 

to lactation profiles, which allowed conclusions to be drawn about individual feeding 

strategies and productivity (Krupová et al., 2025). Wolters et al. (2021) used a similar 

approach clustering cattle according to various criteria such as production systems, herd 

size, breed, or region. Clustering methods are also used in behavioral research on dogs 

aimed at identifying groups with similar behavioral patterns and correlate these with 

characteristics such as fear or aggression (Pereira et al., 2022). 

Overall, it is clear that in animal science, both the design of housing systems and the use 

of cluster methods represent important starting points for improving animal welfare, 

productivity, and economic efficiency (Krupová et al., 2025; Manoj et al., 2024; Miguel et 

al., 2025; Pereira et al., 2022; Schütte, 2024; Wolters et al., 2021; Zhai et al., 2024). 

 

 

5.6 Current breeding goals in sheep breeding 

Modern sheep breeding today not only emphasizes classic performance traits such as 

production traits, but also increasingly integrates new breeding goals such as tail length 

and health traits, as described in chapter 3. Based on a contingent valuation survey of 

shepherds in Germany, a recommendation for a new total breeding value was developed 
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in chapter 3. For the first time, this also considers health and welfare traits such as TL 

and disease resistance. The current overall breeding value in Germany does not include 

health and welfare traits in sheep breeding (VIT, 2025). This chapter will focus on the 

main areas of current breeding goals.  

A recent African study by Phaladi et al. (2025) also deals with breeding objectives and 

reported, that health and welfare traits are not important to farmers. The focus there is on 

production and exterior traits of sheep. These results are similar to the findings of Bekuma 

et al. (2025) and once again confirm that health and welfare traits are not given any 

weighting. The study by Ragkos & Abas (2015) also did not include health and welfare 

traits in the breeding objectives for dairy sheep, but instead focused on production traits.  

Similar weightings of breeding traits to those used in this study were reported by Tabbaa 

et al. (2019): meat production, followed by disease resistance and adaptability to the 

rearing environment. In contrast, little importance was attached to the traits of 

conformation, milk production, and wool or fiber production. As mentioned in chapter 3, 

milk and wool production in particular play a minor role, as these traits are not of great 

economic importance in Germany. However, the above-mentioned breeding goals were 

influenced by the effects of breed, region, farm type, and herd structure and size. 

Tail length was an important trait for the farmers surveyed, as pointed out in chapter 3. 

This result is supported by Adimasu et al. (2019), where tail length and the exterior of 

breeding rams were traits to be considered and, from the farmers' point of view, influenced 

the selection of breeding animals. A study by Rose et al. (2015) examines breeding goals 

for Merino sheep in different regions and concludes that breeding goals should be 

adapted to regional conditions in order to respond optimally to husbandry conditions and 

other economic influences. However, in chapter 3 this regional influence on breeding 

goals could not be substantiated. 

 

 

5.7 Derivation of economic weights using bio-economic models 

Chapter 4 dealt with the derivation of economic weights using a bio-economic model. This 

study was the first to consider health and animal welfare traits in a bio-economic model. 

Current studies on the topic also deal with the use of bio-economic models that take new 

breeding goal traits into account. Smith et al. (2025) use a bio-economic model to assess 
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the resilience of Australian Merino sheep. Resilience was rated positively in the results 

but had a minor influence on the total value at 2.02%.  

Another recent study by Amraei et al. (2025) confirms the findings presented in chapter 

4, that production traits were most important and that the traits are strongly influenced by 

prices. The sale of lambs had the greatest economic significance, followed by milk 

production, which had no influence in this study because no dairy sheep were included. 

The economic significance of wool traits was very low (Amraei et al., 2025), which 

confirms the results reported in chapter 4. 

Guo et al. (2025) define breeding objectives for Merino sheep with a focus on wool quality 

and weight traits. In agreement with the findings in chapter 4, they reported a high 

weighting for the WW, while yearlings’ weight was associated with a merely low influence. 

Similar trait weightings in goats are also published by Tesema et al. (2023). Here 

production traits such as daily gain, weaning and various other weights were important. 

In addition, the goats´ coat colour was found to be relevant. However, Merinoland sheep 

are a single-colour breed, which is why colour could not be investigated in chapters 3 and 

4.  

Waters et al. (2024) calculated expected breeding values (EBVs) for robustness, a 

breeding goal trait in sheep. They used hair thickness as an indicator of robustness. While 

robustness was not investigated in this study, it could be an interesting issue to be 

addressed in future research. One drawback of using hair thickness as a surrogate 

marker in sheep is, that it has a high intraindividual variance and cannot easily be 

assessed in practice. 

Recent studies show that the development and application of bio-economic models are 

of central importance not only for sheep farming but also for other livestock breeds (Bohan 

et al., 2019; Gizaw et al., 2018; Krupová et al., 2013; Slavova, 2021). These models are 

becoming increasingly important, particularly in the optimization of husbandry systems 

and the development of location-adapted breeding strategies. The integration of 

environmental and animal welfare aspects into the derivation of breeding goals is 

considered promising, as it contributes to more sustainable and economically viable 

production systems. 
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5.8 Future-relevant traits in sheep breeding 

According to Smith et al. (2025), resilience factors in sheep represent a breeding trait, 

that will be influential in the future. The study demonstrates, that the integration of 

resilience into breeding programs is feasible, but requires careful evaluation to avoid 

compromising productivity. 

Cunha et al. (2024) deal with parasite resistance in sheep, focusing in particular on 

resistance to gastrointestinal nematodes (GIN). Four traits are mentioned as indicators of 

resistance (egg count per gram of feces, hematocrit, FAMACHA score, and DAG score), 

which exhibit low to moderate heritability. The FAMACHA score, which is particularly easy 

to record in practice, would be a trait, that could be effortlessly implemented in the future, 

enabling selection. In the present study, various traits related to disease resistance were 

considered in chapters 3 and 4. On the one hand, the survey reported in chapter 3 

revealed a weighting for disease resistance; on the other hand, as described in chapter 

4, it has a measurable economic impact on profitability and should therefore be 

considered in the future.  

Another trait, that was not addressed in this study but still has an economic impact, is 

heat tolerance. Oyieng et al. (under peer review) investigated the economic impact of 

heat stress on sheep in Africa. The authors describe a significant influence of heat on the 

weight of the animals and recommend that this trait should be considered when selecting 

breeding animals. In addition, the authors describe breed-related differences in heat 

tolerance.  

Finally, a topic not covered in this study is the use of AI for data collection. Emsen et al. 

(2025) used AI to record the behavior of sheep. The authors consider the use of these 

new technologies to be beneficial, as conventional data collection is often time-

consuming and AI can be very helpful. In addition to saving time, the authors state, that 

AI tools can improve the health and well-being of the animals.  
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5.9 Conclusion 

The present results highlight the potential of integrating genetic and economic analyses to 

optimise breeding strategies in Merinoland sheep. Considering direct and maternal genetic effects 

alongside covariate structures enabled precise estimation of heritabilities and correlations, 

particularly for tail length and body weight traits. Tail length was found to be genetically highly 

modifiable, but it was also found to have an unfavourable correlation with growth traits. SEM 

analyses indicated complex, sometimes contradictory, phenotypic correlations influenced by 

environmental and health factors. 

Concurrently, cluster analysis revealed distinct differences between production systems, 

influenced by farm size, husbandry type, and the socioeconomic circumstances of farm 

managers. This heterogeneity is reflected in significant variations in economic weights, 

particularly with regard to the growing importance of functional, health, and welfare traits 

compared to traditional performance traits. While it was found that tail length is genetically highly 

modifiable, the low relative economic values for tail length, health and parasite traits emphasise 

the need to expand the data base through system-wide surveys and to consider genotype-

environment interactions more specifically in the future.  

Overall, the results demonstrate that future breeding programmes for Merino land sheep must be 

based on a holistic integration of genetic, economic and management-related components to 

promote sustainable progress in animal welfare and production. 
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