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Abstract 

Human activities have significantly affected fauna and flora populations and many species 

are now on the verge of extinction. To counteract this loss of biodiversity, alternative 

methods of farming and land preservation are considered. The method of rewilding ‘nature’ 

has gained attention, where animal species are reintroduced within selected ecosystems and 

there is no human intervention. In Europe, a common practice within rewilding is naturalistic 

grazing using large ruminants and horses within fenced grazing areas. However, this practise 

raises concerns regarding animal welfare and especially hunger and starvation under harsh 

climate conditions.   

The goal of this project was to develop a welfare assessment protocol, for year-round grazing 

Scottish Highland cattle in Denmark under naturalist grazing conditions, with a focus on 

Body Condition Scoring, based only on observations from a distance. Furthermore, 

behavioural observations are discussed, in connection with the illustrated method for 

monitoring on herd level, and with the implementation of an alarm system to detect potential 

‘out-of-control’ cases. Finally, the relation between carcass composition and the distant 

Body Condition Score, with its components, was examined.  

For these purposes, seven potential animal-based indicators were tested on the field and five 

(Round, Coat, Rumen Fill, Dewlap, and Shoulder Bone) were eventually selected. The 

statistical analysis showed that Dewlap and Shoulder Bone scores were statistically 

significant (p<0.05) and with Round being borderline significant (p=0.051), demonstrating 

a positive relation with the distant Body Condition Score. The developed distant Body 

Condition Scoring guide is limited to scorings ranging from 2.5 to 3.25, because of the 

limited variation of the observed animals. The proposed method for monitoring on herd level 

involves the creation of control charts with herd-specific control limits that effectively 

detected small and medium-sized deviations that occurred on herd level. Even though none 

of the indicators had statistical significance in relation to carcass classification, animals with 

a distant Body Condition Score >3 received higher scores than those with a score ≤3. 

The results of this study are in agreement with the current literature but are not representative 

of a larger herd or a different breed of cattle. In conclusion, the welfare assessment protocol 

developed in this thesis could serve as inspiration for future studies in validation of Body 

Condition Scoring in nature projects. Additionally, it offers insights in ruminant behaviour 

in naturalist grazing, under Danish conditions.  
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Chapter 1: Introduction  

The concept of rewilding was first introduced at the turn of the century (Gordon et al., 2021; 

Jørgensen, 2015), and in the last decade has gained recognition and the scientific community 

is taking a step forward (Helmer et al., 2015; Jepson et al., 2018; Pettorelli et al., 2019; 

Svenning et al., 2016). The environmental impact of human practices has taken a toll on 

many species of fauna and flora, resulting in a significant reduction in biodiversity and 

species extinction (Gordon et al., 2021). Rewilding, simply explained, is an attempt to 

restore an ecosystem to its previous state (before human intervention) by reintroducing 

species of mega fauna (large mammals) and mega flora (large trees) (Helmer et al., 2015). 

Many studies have been conducted to evaluate the different aspects of a rewilding program 

such as animal welfare, biodiversity enhancement, economic consequences and social 

impact and political agenda. A more common form of rewilding in practice, is naturalist 

grazing, where livestock is used (ruminants and horses), and is usually connected to 

landscape preservation (Wallis De Vries et al., 2007). The available literature discusses 

rewilding from a theoretical point of view, highlighting the lack of rewilding projects in 

practice, and the need for further research (Garrido et al., 2019; Svenning et al., 2016). 

Based on the current literature and research, the main concerns of the Danish public and 

veterinary community regarding rewilding, and the use of contemporary livestock, can be 

summarized in the following questions;  

 

1. Is animal welfare compromised according to Danish legislation? 

‘’ Are the animals suffering according to the five freedoms; *Freedom of Hunger and Thirst, 

Freedom of Pain, Injury or Disease, Freedom of Fear and Distress, Freedom to express 

normal behavior and Freedom from Discomfort? ‘’  

*For the purposes of this project, only Freedom of Hunger was examined.  

 

2. How can we monitor to ensure animal welfare?  

‘’ What is the appropriate approach to monitor large year-round grazing herds (monitoring 

on herd level) to ensure Freedom of Hunger and good animal welfare? ‘’  
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3. Human intervention?  

‘’ On what level should humans intervene and when is the right time to do so? What is the 

proper management strategy to ensure good welfare whilst not compromising the integrity 

of the ecosystem? ‘’  

 

These questions inspired the main scientific objectives of the thesis which are to be found at 

the end of the theoretical section.  

Theoretical Background 

1.1 Rewilding and livestock: a welfare perspective  

Rewilding can be linked to many practices, e.g., year-round grazing, naturalistic grazing 

(MacDonald et al., 2000) and can target different aspects of a chosen ecosystem; cattle 

grazing to help bird nesting (as referenced by Metera et al, 2010), light grazing to increase 

local population of insects such as butterflies (Bussan, 2022; Wallis De Vries et al., 2007).  

The main hypothesis is that by isolating the ecosystem from human intervention and through 

time and proper species selection, that ecosystem will flourish and return to, or closely 

resemble, a previous state (Sandom et al. 2012). Consequently, resulting in an increase in 

biodiversity (Fløjgaard et al., 2021; Isselstein et al., 2005; Tallowin et al., 2005).  

As previously mentioned, large mammals play a key role in the rewilding process 

(Schweiger & Svenning, 2020; Svenning et al., 2016), as they have always been a part of the 

ecosystem and can have a great influence on the microflora and microfauna; historic 

evidence dating back to thousands of years show that mega mammals (>1000kg) could be 

found globally, but, through the years, human intervention has caused most of these species 

to go extinct (Svenning et al., 2016). Therefore, it is not possible to introduce the original 

species. In some cases, it is possible to introduce niche substitutes, meaning species that are 

closely related to the extinct species (Corlett, 2016; Svenning & Faurby, 2017), like 

elephants (closely related to mammoths) and African lions (closely related to sabretooth cat). 

In Europe, where there are currently no mega mammals (Fløjgaard et al., 2021; Svenning & 

Faurby, 2017), rewilding projects use livestock, and more specifically large herbivores 

(>500kg) like cattle, horses, bison, and buffalo (Fløjgaard et al., 2021). It is believed that 

domesticated species can have a similar impact on the ecosystem as their ancestors and can 
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even have a positive economic impact as it is presumed that some type of human 

management will have to take place to maintain the new ecosystem (Gordon et al., 2021). It 

is also debated whether these domesticated species need to be de-domesticated (return to 

their ‘wild natural’ behaviour) or as more docile species, need to be included in the rewilding 

process. Even though there is no accurate research to portrait the full potential of using 

livestock in rewilding projects (Gordon et al., 2021), there are examples of successful and 

less successful rewilding initiatives in Europe;   

● Knepp Wildland in England, an area of 1,400 hectares that was used for intensive 

agricultural practices, has been rewilded multiple times since 2002, using populations 

of longhorn cattle, Exmoor ponies, Tamworth pigs and fallow deer. The animals graze 

all year and there is no supplementary feeding. The animals are also used for meat 

production (75 tonnes of animals are slaughtered each year) (Fløjgaard et al., 2021). 

● Oostvaardersplassen in the Netherlands is probably the most controversial project; Heck 

cattle, Konik horses and roe deer, were reintroduced to 5,600 hectares of wetland from 

1983 to 1992. A large number of animal deaths were reported (related to starvation and 

injuries/illness), causing political and public debates, and the management style was 

changed to human intervention when needed (i.e. weakened animals are killed and the 

population is regulated in order to avoid starvation in the winter months) (Fløjgaard et 

al., 2021). 

● Kraansvlak in the Netherlands is one of the oldest projects; European bison were 

reintroduced to an area of 220 hectares in 2007, followed by Konik horses in 2009 and 

Scottish Highland cattle in 2016. To this day, the area has been expanded to 330 hectares 

and there is no supplementary feeding (Fløjgaard et al., 2021).  

 

On the other hand, the view on this practice can be very controversial; 

 

Scientists have debated the selection of animal species, more specifically in Europe, as some 

animals are domesticated, meaning they have gone through years of selection and other 

husbandry practices (such as cattle), and are not suited for rewilding purposes (Lorimer et 

al., 2015). Furthermore, this type of practice raises concerns about animal welfare and comes 

in contradiction with laws regarding fenced animals 

(Ministeriet for Fødevarer, Landbrug og Fiskeri, 2021). 
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A survey concerning rewilding, directed to the public and the scientific community, was 

conducted in Denmark between 2018 and 2022 by Sandøe et al. (2022) and showed that 

there are four key points, regarding animal management and animal welfare, that seem to be 

the most controversial; (Sandøe et al., 2022). 

 

• The general conception of animal welfare: absence of suffering vs natural living  

• The welfare assessment level: group vs individual animal welfare  

• Feeding: supplementary feeding vs no feeding regime  

• Death: natural death vs lethal or non-lethal removal  

 

Opinions differ within the scientific community, specifically on welfare issues, with 

advocates of natural behaviour and the opportunity to live free in a “wild” but natural 

environment (for each species) (Sandøe et al., 2022) and advocates of a life free of hunger, 

pain and suffering, meaning that the animals will suffer without human intervention (Sandøe 

et al., 2022). It is also debatable whether it is possible to monitor these animals as a herd, 

whilst maintaining animal welfare on the individual level (i.e., if the overall herd is thriving, 

it is acceptable to ignore an individual animal that is suffering or not thriving) (Sandøe et al., 

2022; Winckler, 2019). 

The Danish legislation (Animal Welfare Act) (Dyrevelfærdsloven, 2021) states:  

 

§3  ‘Anyone who keeps animals must ensure that they are treated with care, including that 

they are housed, fed, watered, and looked after taking into account their physiological, 

behavioral and health needs in accordance with recognized practical and scientific 

experience.’ 

Section 9  ‘Anyone who keeps animals must ensure that the animal is looked after at least 

once a day.  

PCS. 2. Paragraph 1 does not apply to free-ranging animals on grass etc. However, such 

animals must be inspected regularly.’  

 

For free-grazing herds in national parks on the other hand, the Animal Welfare Act includes 

a separate section under “Special provisions on animals that are exposed in natural national 

parks” (Dyrevelfærdsloven, 2021) were it is stated:  
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§20a  ‘The Ministry for Food, Agriculture and Fisheries may, in order to meet the 

consideration of nature and biodiversity in a nature national park covered by a permit 

under the Nature Conservation Act, exempt certain animal herds that are exposed in such a 

nature national park, and the animals' offspring, from the provisions of § 3 and section 9, 

subsection 1 and 2.’ 

Even though the Ministry recognizes the differences between a production animal and a free-

grazing animal, the Welfare Act clearly states that animals under human care (or in this case 

fenced animals) need to be monitored regularly to ensure good animal welfare.  

1.2 Rewilding in practice – naturalist grazing  

Although rewilding is hard to achieve in practice, there is a large number of “rewilding” 

initiatives (i.e. year-round grazing and key species re-introduction) and projects throughout 

Europe (Helmer et al., 2015). Free grazing and year-round grazing have been closely linked 

to rewilding initiatives. In Denmark, the National Center for the Environment and Energy 

(Nationalt Center for Miljø og Energi) published a report mapping, analysing and describing 

all known rewilding projects in Denmark and the effects on biodiversity (Fløjgaard et al., 

2021). 

Three different approaches to rewilding are described;  

● *Passive or Organic (minimal human intervention) 

● Trophic rewilding (re-introduction of key species, usually predatorial) 

● Pleistocene rewilding (long-term evolutionary approach) 

*For the purposes of this project, only Passive rewilding will be discussed. 

 

Passive or Organic rewilding proposes that through minimal human intervention (minimum 

forestry) the ecosystem will be re-introduced to previously lost populations such as birds, 

insects, and predators, which will then thrive in the new niches. As livestock grazing has 

been linked to population increase in birds and butterflies (Garrido et al., 2019; van Klink et 

al., 2016; Rupprecht et al., 2016) it is considered to be part of the passive rewilding process 

and is suitable for the European conditions (Pettorelli et al., 2019). Within the report, the 

authors recognize that there is a larger number of such rewilding initiatives, including 

Amager Fælled (collaborator of this project), but were not included in the report due to 

management requirements (relocation of the herd when necessary) (Fløjgaard et al., 2021). 
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The use of livestock to control vegetation has been a common agricultural practice 

(Humphrey, 1998; Rook et al., 2004) but, the different effects of grazing can play a key role 

in rewilding and potentially in biodiversity increase;  

 

1. Grazing behaviour 

Depending on the selected species, the grazing behaviour can vary, leading to different 

outcomes in the fauna biodiversity, due to different dietary choices and needs in each species 

(Fløjgaard et al., 2021; Rook et al., 2004). Through selective grazing, or selective 

defoliation, the abundance of fauna species can be altered, resulting in the growth of 

unpalatable tall plants and the creation of a more mosaic landscape (as referenced by Metera 

et al, 2010; Schweiger & Svenning, 2020). 

 

2. Treading or trampling  

Grazing animals can create certain disturbances in the soil (the degree of which depends on 

the size of the animal (as referenced by Metera et al, 2010), by creating gaps in the sward 

and mulches in the soil, that allow new seeds to grow and in some cases, offer protection on 

plant seeds (Bokdam et al., 2002; Varva, 2005). On the other hand, depending on the 

stocking rate (Russell et al., 2001) a combination of wet soil and grazing the grass too close 

to the ground (<20mm) can result in soil erosion (Kauffman et al., 1983; Varva, 2005).  

 

1. Nutrient cycling 

The concentration of nutrients by the urine and faeces can alter the animals’ grazing 

behaviour; cattle do not graze near faeces’ patches (Bokdam et al., 2002) resulting in more 

“selective” grazing. Furthermore, grazing animals contribute to seed dispersal, through the 

process of endozoochorus; while grazing animals consume seeds that pass through their 

digestive system and are then dispersed with the faeces (Bakker, 1998). Another method of 

seed dispersal is exozoochorus, which is the transport of seeds by the animals’ coat (Bakker, 

1998).  

There is a lack of research on many aspects of a rewilding project or other naturalistic grazing 

schemes, and the true effects and side effects of such practices are not fully understood 

(Fløjgaard et al., 2021; Metera et al., 2010; Rook et al., 2004). 
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According to Fløjgaard et al., 2021, 85 rewilding projects are currently in progress in 

Denmark, and the authors recognize that the actual number is larger but only these, fall 

within their definition of a rewilding project. The naturalistic grazing project, currently in 

progress at Amager Fælled (collaborating farm of this project) was not included in the report, 

owing to excessive management (Fløjgaard et al., 2021). 

1.3 BCS and welfare assessment  

‘Good animal welfare’ can have many meanings and can focus on various aspects of an 

animals’ life (Welfare Quality®, 2009; Webster J., 1994). A welfare assessment can include 

direct indicators, such as body condition scores (BCS) (Animal Based Indicators - ABI) or 

indirect indicators such as environmental enrichment, good bedding, and temperature control 

(Resource and Management Based Indicators- RBI and MBI) (Welfare Quality®, 2009; 

Spigarelli et al., 2020). Body Condition Scoring is a method of assessing the subcutaneous 

stores of fat, by palpation, and scoring designated areas on the animal’s body (Welfare 

Quality®, 2009; Roche et al., 2009). This BCS is commonly used as the need of weighing 

the observed animals is eliminated, but at the same time, it is possible to assess whether an 

animal will require supplementary feeding in the long term (Spigarelli et al., 2020). There 

are several different scoring scales used for BCS but the most commonly used are the 5-

point scale (dairy cattle) and the 9-point scale (beef cattle) (Spigarelli et al., 2020). 

1.4 Scottish Highland cattle: origins, characteristics, and management 

A common breed of cattle used in Denmark for the purposes of landscape preservation, is 

the Scottish Highland (SH) cattle, which was brought to Denmark approximately 30 years 

ago. Their thick coat and their robust nature, allows them to adapt and thrive under the 

Danish weather conditions. Therefore, this breed of cattle was selected for the welfare 

assessment and the collection of data.  

1.4.1 Origins 

With records dating back to the 1800s, SH cattle are known for their hardiness, their unique 

appearance, and their ability to survive in unfavourable conditions (Roberts, 1905). SH 

represent a good example of a low maintenance breed that can graze year-round with 

minimum human-animal interaction (Pauler et al., 2020; Roberts, 1905).  

It is debated whether the SH are indigenous in Scotland, but there are records of “pure” 

Highland herds in northern Scotland, and the western islands (Roberts, 1905). Originally, 
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the breed was divided into two classes, based on the coat, colour and size of the animal. The 

animals that were smaller and shaggier (usually black in colour) were classified as West SH 

or Kyloe (native name in the west isles of Scotland). The animals that were larger and had a 

sleeker coat (usually dune in colour) were classified as Mainland Highlander or Highlander 

(Roberts, 1905). Due to limitations in terms of transferring the animals, and the different 

environmental conditions between the Scottish Isles and the mainland, these two classes 

were created (Roberts, 1905). Today, SH are registered as a single breed and records (Herd 

Book) of the breed have been kept since 1885 by the Highland Cattle Society (Highland 

Cattle Society, 2023). 

1.4.2 Characteristics 

Although little information can be found for this breed of cattle, records from various cattle 

shows (dating back to 1822) give information on prize winning animals as well as fat stock 

and carcass weight. A detailed description of an animal representing the breed characteristics 

can be found in the first Herd Book, dating to 1885 (Roberts, 1905; Highland Cattle Society, 

2023). 

As previously mentioned, the SH have been prize winning show cows, not only because they 

are considered the most picturesque breed of cattle but also because of their high quality 

meat (Roberts, 1905) (Highland Cattle Society, 2023), which is high in protein and iron, and 

is low in fat and cholesterol compared to other beef, whilst maintaining a unique flavour 

(Highland Cattle Society, 2023).  

The points of the breed, defined and described by the Herd Book (Roberts, 1905) are the 

head, neck, shoulders, back, body, hind quarters, and hair.  

The head is described as “the most picturesque” and highly proportionate to the rest of the 

animal, with broad distance between the eyes, an area usually covered with long hair, and 

long horns, that are different between males and females (Roberts, 1905; Highland Cattle 

Society, 2023).  

The neck is described as tight, with no dewlap, forming a straight line between the head and 

the shoulder in cows (Roberts, 1905; Highland Cattle Society, 2023). 

The body of the animal is described as well-rounded, with a straight back, full thighs and 

highly developed hind quarters. The hind legs and the forelegs should be short, a result of 

inbreeding to achieve black coat colour (Roberts, 1905), with a wide stance, giving the 

animal a proudful walk; a reliable sign of pure and good breeding (Roberts, 1905; Highland 

Cattle Society, 2023).  
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The hair is described as long and slightly waved. As previously mentioned, the original SH 

were black and dune in colour (Roberts, 1905). Originally, the black animals were favoured, 

as they were considered to be stronger and more capable of surviving under harsh conditions. 

It is believed that it is because of inbreeding that these animals have developed this type of 

dwarfism that we see to this day (Roberts, 1905). On the other hand, in order to satisfy a 

growing market of noble Englishman, the breeding of red, cream/white, and brindle animals 

began, as they were much preferred and used as recreational animals, in private parks 

(Roberts, 1905).  

1.4.3 Feeding and management  

The SH are a low productive breed, with a slow growth rate but at the same time are sturdy 

and robust animals and are not as demanding, feed-wise, as other breeds (Albertí et al., 

2008). They are known for their foraging skills and their ability to eat everything that is 

available in order to survive under unfavourable conditions (Roberts, 1905; Pauler et al., 

2020). According to Roberts (1905), records from the 1800s show that farmers would simply 

let their animals graze during the winter, without offering any feed or shelter. This type of 

management, which was used for years, resulted in great financial losses for the farmers, as 

many animals would not survive the cases of extreme weather and the grazing areas were 

not of a high quality, even before the winter months had start (Roberts, 1905). These losses, 

combined with the rising price of beef, led to new types of management, where the pastures 

were divided and kept for winter use, the farmers started to offer some feed or hay during 

the winter. Furthermore, some type of natural shelter (if available) proved to be beneficial 

for the animals (Roberts, 1905).  

In a recent study by Pauler et al. (2020), three types of cattle (low, medium, and high 

productivity) were used and the differences in anatomy, movement and foraging behaviour 

were tested, in a controlled grazing area in the Alps for 10 weeks. The SH represented the 

low productivity type of cattle, and the results showed that on average, they had a positive 

daily weight gain of 0.08 kg, compared to the other two breeds, which had average losses of 

0.3kg (medium) and 0.6kg (high) (Pauler et al., 2020). The SH grazed all the available area 

evenly and covered a smaller distance, on average, compared to the other breeds, that walked 

longer distances to find high quality feed (Pauler et al., 2020). 

Although the SH are a slow maturing and slow growing breed, their meat is considered to 

be of high quality; tender, well-formed, and well-marbled flesh (Highland Cattle Society, 

2023). This breed of cattle has been compared to other high-producing breeds, with records 
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dating back to 1904 (Roberts, 1905). Figure 1 shows the results of the annual Smithfield Fat 

Stock Show in London, from December 1904, where several breeds were examined.  

 

 

  

Figure 1: Fat Stock test of Highland cattle and other well-known breeds in London, 1904 

(Roberts, 1905). 

Scientific objectives 

The goal of this thesis is the demonstration of a welfare assessment in practice, for year-

round grazing cattle in Denmark, with focus on distant Body Condition Score (dBCS). The 

current study is divided into three sub-studies:  

 

Sub-study 1: ‘’Can animal welfare, related to feeding and prolonged hunger, be assessed on 

herd level using only observations and no handling?‘’  

Sub-study 1 aims at conducting a welfare assessment on year-round grazing SH cattle by 

describing and analyzing the composition of an overall dBCS.  

 

Sub-study 2: ‘’How to monitor on herd level to ensure welfare over time?‘’ 
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Sub-study 2 aims to illustrate a method of monitoring overall dBCS (absence of prolonged 

hunger) on herd level over time, in connection to social behaviour, and  provide suggestions 

for an alarm system that identifies out-of-control cases.   

 

 

Sub-study 3: ‘’Is dBCS valid for assessing body composition?‘’ 

Sub-study 3 aims at describing the relation between carcass scoring and overall dBCS, and 

the correlation between the components of the dBCS and the carcass scoring. 

Chapter 2: Materials and Methods 

For the practical demonstration of the welfare assessment and the data collection, a 

collaboration was made between the University of Copenhagen, the master student and 

Københavns Kogræsserlaug, an association that has been practicing the year-round grazing 

system with non-reproductive cattle and horses (naturalistic grazing) for the last 9 years 

(Københavns Kogræsserlaug, 2015). It is a voluntary association, located in Amager Fælled 

were they keep a small herd of 18 SH heifers on their pastures during the spring and summer 

(May to beginning of November 2022), and five heifers and six horses during autumn and 

winter (November to end of April 2023) (Københavns Kogræsserlaug, 2015). There is no 

(or occasional and targeted) supplementary feeding and minimum handling year-round 

(mostly for pasture relocation). With this practise, the association focuses mainly on nature 

preservation and on a lesser extent, production of meat from the cattle “on an ecologically 

sound basis” that is later distributed among the members. (Københavns Kogræsserlaug, 

2015). 

This SH herd was convenience sampled (despite the small size), as the only participating 

year-round grazing cattle herd, due to practical issues such as location, transportation, and 

willingness to cooperate. 

On the first scoring day, all animals were photographed for identification purposes and 

recognition of specific traits, although in practice, it was particularly challenging to identify 

the animals by just looking at them. The animals were observed approximately every two 

weeks, and each visit lasted one to three hours, depending on the size of the Herd, the weather 

conditions, and the location of the animals.  
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2.1 Welfare principles and criteria 

 

For this project, the welfare assessment of year-round grazing SH cattle was executed 

under the welfare principles used in the Welfare Quality® Assessment protocols. A detail 

description can be found in Table 1.  

 

Table 1: Structure description of the project: welfare principles, criteria and measurements 

used in the project.  

Welfare principle  Welfare criteria  Measurement  

Good feeding Absence of 

prolonged hunger 

1. dBCS developed by the 

master student  

2. WQA (modified)  

*Appropriate behaviour  Expression of social 

behaviours  

Field notes  

Good animal-human 

relationship  

Field notes  

Expression of other 

behaviours  

Field notes  

*Secondary assessment (more under Sub-study 2) 

2.2 Grazing area and yearly grazing plan 2022-2023. 

The grazing area is divided into four fields (Picture 1); Nordfolden, Sydfolden, Vestfolden 

and Østfolden. During this project, the animals grazed at Nordfolden (approx. 10 hectares), 

Sydfolden (approx.. 7 hectares) and Østfolden (approx. 10 hectares). The area belongs to the 

Copenhagen Municipality and the Amager Nature Park and is actively maintained as an open 

space by human intervention; the forest areas and all unwanted flora in the fields is cleared 

out by large teams of people who are send during the year and they cut down specific trees 

and shrubs, not only to preserve the area but to assist the grazing cattle as well. Water is 

available at all fields and is either a manmade source or natural, like small ponds (Picture 2). 

The fields have large open spaces covered in grass as well as areas that are covered with 

shrubs, small forest-like areas, meadows, and marshes (Picture 3&4). The fields also contain 

areas where the animals do not have access to graze, due to the vegetation or to the path 

system that is created for human recreation. The grazing plan can be seen in Figure 2.  
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Picture 1: Aerial photo with marked blue 

areas showing the four different fields at 

Amager Fælled (Københavns 

Kogræsserlaug, 2015a). 

 

 

 

 

 

 

 

 

 

 

 

Picture 2: A small pond 

close to the entrance of 

Sydfolden. 
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Picture 3: Nordfolden in April 2023 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Picture 4: Østfolden in March 

2023 
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Figure 2: Illustration of the grazing plan at Amager, containing the number of animals, location, grazing period, and human intervention (relocation of the 

animals or transportation, field maintenance). 
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On Sydfolden and on Østfolden (recent addition), a wooden enclosure is available for both 

cattle and horses to rest and take cover from the rain. On Nordfolden, close to the entrance, 

the cows have access to a mineral rock, which is suspended from a tree. Recently, two more 

mineral rocks were added at Østfolden, after the suggestion of the collaborating veterinarian.  

The relocation of the animals from field to field is done with the help of metal bars that form 

a directional path, and the caretakers lead the animals to the next field e.g., no physical 

handling (Picture 5). 

 

 

Picture 5: Metal bars placed at the entrance of Nordfolden a few days before the relocation. 

The bars were left there for a few days so that the animals would get used to them.  

2.3 Sub-study 1 

2.3.1 Considerations regarding dBCS: Welfare Quality® Assessment protocol (WQA) 

According to the WQA, the areas of importance when doing BCS (under fattening cattle for 

the purposes of this project) are the Tail Head, the Loin and the Vertebrae. The scoring 

scheme of the WQA can be seen in Figure 3. This method of scoring was modified in order 

to address an inconsistency with the classic BCS; in the WQA a + sign is used to indicate 

thinness in the area of interest and a - sign to indicate satisfactory condition. The final score 

was high for thin animals, and low ‘satisfactory’ animals. However, this arrangement posed 

a problem when comparing the final scores with the classic body condition scoring system, 

where a high number signifies satisfactory condition, and a low number represents thinness. 
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To ensure consistency and have comparable results, the original scoring scheme was revised 

(Table 2); a + sign is given to indicate satisfactory condition and a - sign to indicate thinness. 

Moreover, the final two-scale scoring was changed to a four-scale. This adjustment ensures 

that the final scores align with the conventional body condition scoring system, where a 

lower score represents thin animal, and a higher score represents a well-rounded animal. The 

four-scale scoring was implemented for better representation of the composition of the herd, 

as not all animals were represented by the original scale. Furthermore, the main goal for this 

revised scoring scheme is to establish a “reference point” for comparing different scoring 

methods and thus having a more comprehensive understanding of the strengths and 

limitations of each method. 

 

 

 

 

 

 

 

 

 

Figure 3:  BCS for fattening cattle according to the Welfare Quality® Assessment 

protocol, 2009 
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Table 2: Modified scoring system and description, based on WQA.  

Modified scoring   Body Condition  

0 = All 3 regions are classified as very thin 

(--) 

Very lean, the animal is emaciated  

1 = All 3 regions are classified as thin (-) Lean, the animal is very thin 

2 = Classified as satisfactory, maximum 

two regions classified as thin (+) 

Satisfactory, some areas are lacking fulness  

2.5 = Classified as satisfactory, no regions 

classified as thin (++) 

Satisfactory, all areas are well rounded  

*Animals that had more than one (++) score, were given a 2.5  

2.3.2 Development of dBCS 

In total, seven areas of interest (indicators) were chosen for the dBCS; five for the final dBCS 

and two replacements. The indicators were inspired by the available literature (Edmonson et 

al., 1989; Hersom & Thrift, n.d.; Lalman et al., 2017; Soares & Dryden, 2011; Spigarelli et 

al., 2020; Zielke et al., 2018) add guides here) and can be seen in Table 3. 

 

Table 3: Tested indicators during the project.  

INDICATORS 

Thighs 

(Replaced) 

Horns 

(Replaced) 

Round  Coat Rumen 

Fill 

(R.F.) 

Shoulder 

Bone  

Dewlap 

 

The final assessment sheet used for the scoring the indicators can be seen in the Appendix 

Α, and the WQA assessment table can be seen in Appendix B.  

 

On every visit, each animal was photographed from all sides, or a video was taken in cases 

where the animal was anxious, or the weather conditions were unfavourable. Each 

heifer/steer was observed as closely as possible (approximate distance ranging from 1 to 20 

meters) in each region of interest and a score was assigned (--, -. +, ++). Each animal was 

scored twice independently, using the dBCS and the modified WQA. Finally, each animal 

was given a dBCS, based on a 5-point scale, with intervals of 0.25, and ranging from 1 

(severely emaciated animal) to 5 (extremely obese animal), either on the field or based on 

the obtained photographs.  
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For fattening cattle, a 9-scale BCS is commonly used. To help assign the final dBCS during 

the first scoring weeks, multiple BCS guides were consulted (Department for Environment, 

Food & Rural Affairs, n.d.; Lalman et al., 2017; Selk, n.d.). The master student chose to 

develop a 5-scale dBCS for simplicity reasons (Soares & Dryden, 2011), and for easy-use 

by inexperienced users. The final dBCS can be found under Results. 

The development and usage of the dBCS was done only by the master student and there were 

no intra-observer agreement studies made, to assess the validity of the scoring scheme.  

2.4 Sub-study 2 

During the scoring, the health status and the entire herds’ social behaviour was noted along 

with the time, date, and location. The surrounding environment (including presence of 

people and weather), and the behavioural observations, inspired by the study of Geven and 

de Graaf (2014) on SH natural behaviour, were noted. As the focus of the project was to 

develop and assess an overall dBCS, social behaviour observations and grazing behaviour 

observations, were reduced to field notes, instead of creating an ethogram (Banks, 1982), 

taken at the end of every visit, or during the scoring when possible (to be further discussed 

in the Discussions section). With this approach, the goal is to explore the relationship 

between social behaviour, by pinpointing specific events during the winter scoring, and 

dBCS, by comparing the development in the scores pre and post the event. The final herd 

assessment sheet can be found in Appendix C.  

2.5 Sub-study 3 

On November 14, 2022, all heifers that were not selected for the winter grazing period were 

transported to the Kosakgårdens slaughterhouse. On November 15th, the master student 

visited the location and photographed the carcasses of the 13 heifers. Pictures were taken 

from all angles (Pictures 11&12), in order to cover all areas of interest for the carcass 

classification. A detailed description of the carcass classification scheme used can be seen 

in Table 4. 
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Table 4: Carcass classification scheme; Shape indicates the physique and muscle density 

(EUROP system) and has five classes. Each class has two subclasses (+ & -), making Shape 

a 15-class category. Fatness indicates the degree of thickness of the tallow (fat) cover 

(EUROP system) and has five classes. Colour indicates how light or dark the tallow is 

(Danish system) and has five classes (AHDB, 2023; Kreaturer, 2023). 

Category Classes  

Shape E (Excellent), U (Very good), R (Good), O 

(Satisfactory), P (Rings). 

Fatness 1 (Very poor), 2 (Poor), 3 (Normal), 4 

(Good), 5 (Very Good) 

Colour 1 (extra light), 2 (quite light), 3 (normal), 4 

(slightly dark/yellowish), 5 (dark/yellow) 

 

 

                                                 

Pictures 11&12: Panoramic shots of a heifers’ carcass at the slaughterhouse on November 

14th, 2022. 
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2.6 Statistical analysis  

 

Sub-study 1 

The data was initially collected on paper and was transferred to Excel sheets (Microsoft 365) 

at the end of every visit. The data was converted from symbols to ordinal scorings in order 

to proceed with the analysis. All converted data was then inserted to an open-source statistics 

program (JASP) for the descriptive analysis to obtain the mean and the standard deviation 

(SD). The data was divided into three ‘Herds’; all animals observed from October until 

slaughtering date were Herd 1, the 5 overwintering animals (November-April) were Herd 2 

and the new animals (end of April) along with the 5 overwintering heifers, were Herd 3. 

Each Herd was analysed separately, and interval plots were created to illustrate the 

distribution of the scorings (Appendix D). 

Two out of the five tested Indicators (Thighs and Horns) were replaced by Round and Coat, 

four weeks into the study. For this reason, Herd 1 was excluded from the autocorrelation 

tests for Round and Coat. There was missing data across all Herds, for several reasons 

(weather conditions, the animal was not cooperating etc.) which caused difficulties during 

the analysis. For this reason, the mean/median imputation was used in R studio, to replace 

the missing values in the data with the mean/median of the previously obtained observations. 

This approach assumes that the missing values are missing at random and that the mean or 

median is a reasonable estimate for the missing values.  

The data was then tested for autocorrelation in R studio to define the level of dependency in 

the timeseries. A Box-Ljung test was used to check each parameter for autocorrelation and 

to determine the linear relationship between lagged scorings across all indicators. 

Autocorrelation Function (ACF) plots were created to identify any patterns between the 

scoring of each indicator and dBCS and determine whether the scoring is affected by that of 

previous visits.  

A Spearman test was used to assess the correlation co-efficient between indicators and 

dBCS. This test examines the strength and direction of the monotonic relationship between 

two variables; Indicators (independent variables) and dBCS (dependent variable). The 

correlation coefficient (r) ranges from -1 to +1, where -1 indicates a perfect negative 

correlation, +1 indicates a perfect positive correlation, and 0 indicates no correlation. With 

this approach, the variables do not have to follow a linear pattern and a basis for further 

analysis is provided. 
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To provide a better understanding of the relationship between the indicators and the overall 

dBCS, a linear mixed model was fitted using the Restricted Maximum Likelihood (REML) 

method to analyse the data with the following formula:  

 

`dBCS` ~ ‘Indicatori’ + (1 | Herdj) 

 

Where:  dBCS is the mean overall dBCS per Herd (dependent factor) 

 

Indicatori is one of the ith indicators (5 in total) used for the dBCS (affecting 

variables/ fixed effects) 

 

 Herdj is the jth Herd (random effects) 

  

With this analysis, the goal is to estimate the effects of the indicators on the mean overall 

dBCS while considering the variability between herds. The REML method is used to obtain 

the estimates of the fixed effects and the random effects in the model. The confidence 

interval was set to 95% (significant p-value 0.05). All indicators were tested together, and 

the model was not reduced. The residuals of the model are assumed normally distributed 

around zero (assumptions tested by QQ-plot).  

  

 

Sub-study 2 

Even though the animals were scored and observed on the individual level, the data was used 

to illustrate the overall dBCS and variation (assessment on Herd level) through time by 

calculating the mean dBCS per visit. With this approach the overall dBCS status per visit 

and per Herd was obtained. Subsequently, the mean and the SD of the mean dBCS (mean 

data) was calculated, providing an overall measure of the dBCS through time and the central 

tendency of the data. 

To identify any out-of-control cases during the monitoring period, three control limits were 

calculated according to the Montgomery “Rules of Thumb” (Montgomery, 2009) by adding, 

or subtracting from the mean, the SD multiplied by the distance parameter a:  

 

Control limits = Mean(x) ± a * SD 
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Where:       Mean(x) is mean overall dBCS per Herd 

 

                      a is the distance parameter, ranging from 1 to 3 

 

    SD is the standard deviation per Herd 

 

The purpose of using control limits and the Montgomery Rules of Thumb is to provide an 

“alarm system” to monitor data over time, were “out-of-control” cases are identified and the 

decision-making process is improved. Finally, the mean dBCS scores per Herd were plotted 

against time and the three control limits were applied.  

 

Sub-study 3 

To test the different indicators and their relationship with the carcass characteristics (fatness 

and shape) and assess whether any of the areas of interest provides a good representation of 

body composition, the mean values of the indicators and dBCS of the slaughtered animals 

were calculated. A generalized linear model was used twice (two models) with the following 

formula:  

 

Carcass characteristic ~ ‘Indicatori’ + dBCS + Age + Chilled carcass weight 

 

Where:  Carcass characteristic is Fatness and Shape 

 

 Indicatori is the mean value of the ith indicator used for the dBCS  

 

 dBCS is the mean value of the dBCS 

 

 Age is the age of the animal  

 

 Chilled carcass weight is the weight of the chilled carcass of each animal 
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With this approach the data is analyzied with the assumption that it is not normally 

distributed and there is no linear relationship between data points. The confidence interval 

was set to 95% (significant p-value 0.05). 

Finally, four line plots were created based on the different Fatness and Shape categories of 

the slaughtered animals. Each plot contains the animals’ ID and the distribution of the 

different indicator scorings and dBCS per animal.  

Chapter 3: Results 

3.1 Sub-study 1: practical results related to herd structure and development of dBCS 

The master student observed the animals from October 2022 until May 2023 and the animals 

were divided into three Herds. The five selected animals for the winter (Herd 2) were 

observed for a total of eight months (start until the end of the study) and are included in all 

3 Herds. The composition of each Herd can be seen in the following Tables 5, 6, 7.  

 

Table 5: Composition of Herd 1, including ID number, age in years and colour of coat. 

*Animal ID Age Colour 

105367-00528 3 Red 

105367-00537 3 Red 

105367-00539 3 Red 

105367-00563 3 Brown-White 

105367-00575 2 Red 

105367-00605 2 Red 

105367-00610 2 Brown-White 

105367-00639 2 Red 

105367-00651 2 Brittle 

60434-00314 2 Dun 

60434-00325 3 Brown-White 

60434-00361 2 Brittle 

79834-00155 2 Black  

*Animals from Herd 2 not included 
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Table 6: Composition of Herd 2 (main Herd), including ID number, age in years, colour of 

coat and place in the hierarchical chain. 

Animal ID Age (years) Colour *Hierarchical chain 

112135-00450 5  Beige 1 (Leader of the herd) 

60434-00313 3 Black 3 

**105367-00555 3 Black 3 

60434-00309 3 Red/brittle  2 (Second leader) 

60434-00335 3 Beige 4 (Smallest in size) 

*Based on observations by the master student and the caretakers (in detail under discussion) 

**This heifer is a mixed breed of SH and another unknown breed 

 

Table 7: Composition of Herd 3, including ID number, age in years and colour of coat. 

*Animal ID Age (years) Colour 

116791-00059 3 Red 

80671-00126 3 Beige 

60434-00351 3 Black 

105367-00594 3 Red 

105367-00620 3 Beige/Brown 

105367-00624 3 Red 

105367-00643 3 Red 

105367-00673 3 Beige 

105367-00677 3 Red 

105367-00679 3 Black 

60434-00346 (steer) 3 Black 

105367-00674 (steer) 3 Beige 

105367-00680 (steer) 3 Red 

*Animals from Herd 2 not included 
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3.1.1 Chosen indicators for dBCS 

The seven potential indicators were tested to help evaluate the body condition of the cattle 

and to help assign a dBCS. After one practise visit, and two scoring visits, two indicators 

were rejected and replaced as they were not suitable for this breed of cattle, whilst keeping 

in mind the living conditions, or there was a lack of observable changes;  

• Thighs were rejected as it was exceedingly difficult to assess and score them, due to 

the area being covered in long, thick hair. As the weather grew colder, the coat grew 

longer and thicker and therefore this indicator was rejected. Furthermore, the area 

was difficult to assess due to the weather conditions, were the differences between a 

wet animal and a dry animal were too hard to assess. This indicator was replaced by 

Round which is also located in the hind legs.  

• Horns were rejected as there were no observable changes, even though the animals 

were using the trees to scratch their heads and there was some mild fighting during 

the winter months. This indicator was replaced with Coat, which was chosen for its 

use as a health status indicator and because the master student wanted to examine 

whether the thick coating of SH affected the final scoring, especially during the 

winter where the coat is long and thick (more under Discussion). For a better 

understanding of the differences in coat quality during the different seasons, an 

illustration can be seen in Figure 5.  

 

Moreover, a Rumen Fill guide (Agriculture and Horticulture Development Board 2020) was 

used as a reference to score the R.F. which is used as an indicator of acute hunger but can 

potentially be connected to behavioural changes (the animal is hungry) and be used as a 

measurement of prolonged hunger and thus influencing the dBCS (starvation/obesity). For 

a better understanding of the R.F. during the project, an illustration can be seen in Figure 5. 

Finally, the five indicators were divided into two categories, primary and secondary based 

on the direct or indirect effect they have on the final dBCS score.  
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3.1.2 Final dBCS 

Due to the small size of the observed Herds and their common origin, there was minor 

variation among the animals when it comes to dBCS; the dBCS ranged from 2.5 to 3.5 with 

most of the animals ranging from 2.75 to 3. The lowest score of 2.5 was observed only when 

Herd 3 arrived at the end of April and the highest score of 3.5 was documented during 

December and January and only the oldest animal scored that high. Therefore, the final 

dBCS illustrates only the scores that were obtained during this study.  

The final list of the chosen indicators can be seen in Appendix E, and the final dBCS can be 

seen in Figure 4. 
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dBCS 

Final 

scoring 

2.5 2.75 3 3.25 

Very Thin Thin  Nourished Well Nourished  

INDICATORS 

Round 

    

Shoulder 

Bone 
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Figure 4: Illustration of the dBCS scoring scheme of the primary indicators, with the use of pictures obtained during the project. The scores 

range from 2.5 to 3.25.  

 

 

 

 

 

 

 

 

Dewlap 
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*Same heifer, 105367-00555  

 

Figure 5: Variation of Coat quality for SH (with different colours of coat) and R.F. during the project, starting from October 2022 until March 

2023 (bimonthly).

Secondary October  December February  March April 

*R.F. 

     

Coat 
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3.2 Sub-study 2 

Along with the individual assessment of each heifer, the entire herd was also assessed based 

on social behaviour and health status (Table 8). For the herd assessment, the total number of 

animals that fell in each category (percentage), were noted along with the presence of injuries 

or other “abnormalities”.  

 

Table 8: Herd assessment  

*Social 

Behaviour  

Grazing, ruminating, sleeping, interaction with other cattle/observer, 

fighting 

*Health 

Status  

Injuries in body and/or horns and hoofs 

Scoring 

scheme  

% of Animals 

observed  

 

- - No animals observed (0%) 

-  One quarter of the herd (25%) 

+  Half of the herd (50%) 

++  Three quarters of the herd (75%) 

+++   All animals (100%) 

 

*Field notes 

 

No injuries were observed during the project. All animals were usually displaying the same 

behaviour (within each Herd) that differed depending on the time of the visit (Table 9).  

 

Table 9: Social behaviours observed during the project divided into morning and afternoon 

hours. 

Time of day  Observed Behaviours 

Morning 10.00-11.00 Grazing and interacting 

with other heifers and 

observer 

Afternoon 13.00-14.00 Ruminating, sleeping, 

allogrooming 
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The social behaviour observations are discussed in detail and are compared to the mean 

overall dBCS of each Herd (Figure 8), under Discussion.  

3.3 Sub-study 3 

The carcass classification for the 13 slaughtered animals can be seen in Table 10. All the 

scores were given based on the obtained photographs. The average weight of the carcasses 

was 171 kg, minimum of 126kg and maximum of 195kg. Although all carcasses seem to fall 

into the same classification category ranging from good (R) to very good (U), there are clear 

differences in fat deposition.  

 

Table 10: Carcass scoring based on the EUROP scoring system, including animal ID, age 

in years, chilled carcass weight in kgs and average of each category.  

 

Animal ID Age 

(years) 

Shape 

(categorical 

variable) 

Fatness 

(ordinal 

variable) 

Colour 

(ordinal 

variable) 

Chilled 

carcass weight 

(kgs) 
105367-00528 

 
3 U-  (10) 3 4 195 

105367-00537 

 
3 U-  (10) 4 4 179 

105367-00539 

 
3 U    (11) 4 3 190 

60434-00314 

 
3 R    (8) 3 3 190 

105367-00563 3 R+  (9) 3 4 198 

105367-00575 2 R-   (7) 3 3 149 

105367-00605 2 R    (8) 3 4 171 

105367-00610 2 R    (8) 3 4 147 

105367-00639 2 U    (11) 4 3 151 

105367-00651 2 R-   (7) 3 2 147 

60434-00325 3 R    (8)  3 3 185 

60434-00361 2 R    (8) 3 4 191 

79834-00155 2 R    (8) 3 3 126 

Average  2.5  R/R+ (8.7) 3.2 3.4 171 
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3.4 Statistical Analysis 

Sub-study 1 

The descriptive analysis of the data can be seen in Figure 6; The valid and the missing values 

for each factor within each Herd can be seen. N represents the number of animals in each 

Herd and Min and Max represent the minimum and the maximum values for each Indicator, 

the dBCS and the WQA. The Shapiro-Wilk test showed that the data is not normally 

distributed, which was expected, due to the limited data that was obtained during the study; 

if there was a larger collection of data during a greater period of time, the data would 

probably be normally distributed. Furthermore, the mean and the SD for each Herd and each 

Indicator were also calculated.  

 

 

 Figure 6: Descriptive analysis of the data 

 

The ACF plots showed no evidence of autocorrelation in the data (example in Figure 7). The 

p-values from the Box-Ljung test were not statistically significant and therefore, the data is 

not autocorrelated. Due to a large number of missing data from Herd 1, this herd was 

excluded from the autocorrelation test for Coat and Round. 
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Figure 7: Example of an ACF plot for the autocorrelation test (Dewlap) 

 

The Spearman test showed that all indicators had a moderate positive monotonic relationship 

with the dBCS, except for R.F. that showed a weak positive relationship (Table 11). 

 

Table 11: Results of the Spearman test 

Indicator  Correlation Coefficient (r value)*  

Round 0.49 

Dewlap 0.54 

Shoulder Bone 0.58 

Coat 0.53 

Rumen Fill  0.34 

*Range: -1 (perfect negative correlation), 0 (no correlation), 1 (perfect positive correlation)  

 

The mixed model showed (Table 12) that Dewlap and Shoulder Bone are statistically 

significant with p-values of <0.0001 and 0.00207 respectively. The coefficient estimates 

indicate that a one-unit increase in Dewlap or Shoulder Bone score is associated with a 0.099 

and a 0.083 unit increase of dBCS, respectively. Round was found borderline significant 

were a one-unit increase is associated with a 0.344 unit increase in dBCS. Coat and R.F. 
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where not statistically significant (p>0.05). Model assumptions were tested by examining 

the normality of the residuals using a Q-Q plot (Figure 8) (Filliben, 1975). 

 

Table 12: Results of the mixed model, illustrating the indicators and the respective p-values 

and correlation coefficients. 

Indicator  P-value (confidence interval 95%) Parameter Estimates**  

(+,-, NI)*** 

Round 0.051* 0.053 +  

Dewlap <0.0001 0.099 + 

Shoulder Bone 0.00207 0.083 + 

Coat  0.65* 0.007 NI 

Rumen Fill  0.94* 0.003 NI 

*not statistically significant     **approx. values    ***indication of an increase (+) or decrease (-) in dBCS or 

No Impact (NI) 

 

 

Figure 8: Q-Q plot of the residuals from the mixed model.  

Sub-study 2 

The mean dBCS per Herd from October (start of the study) until the end of May (end of 

study) with the three control limits can be seen in Figure 9.  
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Figure 9: Mean dBCS per Herd from the beginning until the end of the project including 

the central line (mean) and three control limits (1-2-3sigma lines).  

 

The central line represents the target value of dBCS (>3). The mean dBCS of Herd 1 shows 

an increase from October to November, with one point outside the lower 1-sigma line. This 

indicates a possible out-of-control case, were one or more animals fall below the standard 

variation of the Herd. 

Herd 2 shows a similar increase to Herd 1 from the end of  November, until the end of 

December, followed by a steep increase in mean dBCS during January. The dBCS remained 

constant untill the end of February, followed by a steep decrease. In March, the mean dBCS 

is decreased until April were it falls in the target central line. At the end of April, the mean 

dBCS shows a large increase in value (approx. 0.25 points). In total there are four points 

outside the upper 1-sigma line, meaning that one or more animals have a higher score than 

the standard variation of the Herd.  

Even though Herd 3 shows an increase in dBCS duting May, all points fall outside the lower 

1-sigma line with one point almost reaching the 2-sigma line.  
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Sub-study 3  

The descriptive analysis of the data can be found in Table 13. The generalized linear model 

showed that none of the variables were statistically significant for Fatness or Shape (p>0.05) 

(Table 14). For Fatness, 10 animals were categorized as ‘normal’ with a scoring of 3, and 

three animals were categorized as ‘good’ with a scoring of 4. For Shape, nine animals were 

categorized as ‘good’ with a score ranging from seven to nine (-R, R, +R) and four animals 

were catgorized as ‘very good’ with a score ranging from 10 to 12 (-U, U, +U). The 

respective plots can seen in Figures 10, 11, 12 and 13. These plots were created in order to 

have a better understanding of the variation of the mean indicator scores and the mean dBCS 

for each animal that was given the same score of Fatness or Shape.  

 

Table 13: Descriptive analysis of the data.  

Carcass Scoring  No of animals Percentage (%) 

Category Fatness 

Normal (3) 10 76.92% 

Good (4) 3 23.08% 

Category Shape 

Good (R) 9 69.23% 

Very Good (U) 4 30.77% 

 

Table 14: Results of the generalized linear model.  

Indicator  P-value (confidence interval 95%) 

Round 0.397* 

Dewlap 0.760* 

Shoulder Bone 0.153* 

Coat  0.239* 

Rumen Fill  0.8* 

dBCS 0.141* 

Age 0.190* 

Chilled Carcass Weight 0.213* 

*not statistically significant   

 

 



 

43 

 

 

Figure 10: Mean indicator scores and mean dBCS of each animal in Fatness category 

‘normal’. 

 

 

Figure 11: Mean indicator scores and mean dBCS of each animal in Fatness category 

‘good’. 
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Figure 12: Mean indicator scores and mean dBCS of each animal in Shape category ‘good’ 

(-R, R, +R). 

 

 

Figure 13: Mean indicator scores and mean dBCS of each animal in Shape category ‘very 

good’ (-U, U, +U). 
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Chapter 4: Discussion  

In this chapter, the Results of the project are discussed, analysed, and compared to other 

similar studies. Limitations and future perspectives are also discussed, including the 

conclusion of the thesis.  

4.1 Sub-study 1  

4.1.1 Indicators  

Based on the statistical analysis, two out of the five Indicators were significant in the final 

dBCS (Dewlap and Shoulder Bone) which, in practice, were the most difficult areas to score. 

One of the biggest challenges was the thick coat and the animals’ semi-wild behaviour. More 

specifically, the long hair surrounding the area, in combination with the animals’ movement 

of the neck (standing straight/grazing, turning to keep eye-contact), made it almost 

impossible to photograph the area and assess the fulness of the Dewlap or score the Shoulder 

Bone (Aubé et al., 2022; Zielke et al., 2018). This problem became more manageable as time 

progressed, and the master student adapted to the animals’ behaviour and the surrounding 

area, meaning that with experience and practice, the scoring process and the final dBCS 

becomes more accurate (Kristensen et al., 2006). On the other hand, if the selected indicator 

is effectively representative of the BCS, the influence of individual expertise on the scoring 

process diminishes and results in minimum variation of BCS among assessors (Edmonson 

et al., 1989; Ferguson et al., 1994).  

Round was found borderline (p=0.051) significant when it comes to dBCS and can 

potentially be replaced by a different area of interest in the same region on the animals body 

(rear), like Tail Head, Hooks and Pins (Edmonson et al., 1989; Soares & Dryden, 2011; 

Zielke et al., 2018). Some studies suggest that a combination instead of replacement of 

indicators could possibly increase the credibility of the final assessment (Rousing et al., 

2001). Despite the semi-wild nature of the cattle, the rear can be viewed relatively easily, in 

comparison to Dewlap and Shoulder Bone, as the animals’ movement does not disturb the 

scoring process, and the area has distinctive features for assessing the body condition such 

as prominent bones of the hip area. Furthermore, even though the area is covered in thick 

coating, the hair lies mainly flat, and there are small observable differences between a wet 

and a dry animal. Coat and R.F. were also not statistically significant for the final dBCS, 

which is contradictory to the results of a study by Edmonson (1989) et al where R.F. was 
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significant. In another study, Coat was also used to assess the body condition of Bali cattle 

but was eliminated from the final BCS for simplicity reasons (Soares & Dryden, 2011). In 

this project, Coat seemed to have no effect on body condition scoring but still presented 

problems in assessing the animals even more so, due to their living conditions (year-round 

grazing).  

 4.1.2 Distant Body Condition Score 

Originally, only Herd 1 and 2 were going to be scored and observed during the project. When 

the new animals arrived in April, there were clear differences in body condition, compared 

to the two original Herds, with a mean dBCS of 2.79, 2.95 for Herd 1 and 3.14 for Herd 2. 

The new Herd was comprised of older heifers, compared to Herd 1, and it was brought to 

Amager from a year-round feeding farm, were the animals also grazed outside. The animals 

seemed very thin, with low coat quality (matted hair on hind legs) and were very difficult to 

approach. Finally, this Herd included three steers, which were significantly smaller in size 

than the females. For these reasons, Herd 3 was included in the project (increase of 

variation).  

Body conditioning without the ability to palpate the animal, can be very challenging, 

specifically when it comes to long-haired breeds, and even more so for rewilding animals. 

Despite these challenges, none of the observed animals were given a lower score than 2.5 

(mostly Herd 3) or a higher score than 3.5 (only one heifer). In Figure 8, the distribution of 

dBCS scorings can be observed throughout the duration of the project for each Herd. The 

overwintering animals (Herd 2) seemed to adapt well to their environment and were able to 

sustain their physique throughout the winter without supplementary feeding, with a dBCS 

ranging from 2.75 to 3.5. Nevertheless, these results are not representative of a larger herd, 

or a different size pasture and can be a matter of further discussion; the collaborating 

veterinarian who visited the animals in March, consulted the caretakes to start supplementary 

feeding of the smallest heifer, which was given a score of 2.75. The master student scored 

the animal differently (dBCS=3), which shows that the final scoring can vary among 

observes (Edmonson et al., 1989; Ferguson et al., 1994; Kristensen et al., 2006). 

Furthermore, supplementary feeding in naturalist grazing programs can have many negative 

impacts such as changes in feeding habits, behaviour, genetics as well as transmission of 

diseases and parasites (Milner et al., 2014). Further research is required to determine whether 

or not a dBCS is an appropriate way to monitor prolonged hunger in rewilding animals (any 

form of rewilding) (Matthews et al., 2012). 
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4.1.3 Welfare Quality® Assessment  

There seems to be a positive correlation between the scores obtained by the WQA and the 

dBCS; an increase in dBCS corresponds to an increase in WQA with similar SD in Herds 1 

and 2. Herd 3 on the other hand, showed lower mean scores of WQA with larger SD, but 

higher mean dBCS scores with lower SD, indicating limitations in the protocol. The WQA 

was developed to assess one or multiple welfare criteria of indoor beef cattle on a mass 

production scale. The final score serves as a comprehensive evaluation of the animal's BCS, 

and the percentage of lean animals, serves as a herd level assessment. However, this 

approach may not be suitable for rewilding purposes (naturalist grazing)(Aubé et al., 2022), 

where an accurate scoring of individual BCS is essential for monitoring acute and/or 

prolonged hunger. More specifically, there can be cases of misrepresentation of thin animals, 

were a score of 2 (satisfactory) is given according to the WQA but, in reality, the animal is 

thin (BCS of 2.5). Consequently, the statistical analysis between these two values and 

making direct comparisons proved challenging. Finally, the Welfare Quality® Assessment 

Protocol has been compared to other protocols (Andreasen et al., 2023), and other limitations 

have been observed.   

4.2 Sub-study 2  

There was a steady increase in dBCS for Herd 1 (Figure 9), gaining an average score of 0.25 

from the beginning of the study in October until the slaughtering date in November 2022. 

During October, one-point falls outside the lower 1-sigma control limit, raising an alarm, 

indicating a larger variation in dBCS among the individual animals of the herd. This 

indication is representative of the herd, as there were animals that were scored with a 2.75 

throughout October, whilst the majority showed an increase in dBCS, reaching a score of 3. 

The animals were social within and outside the herd, with no excessive amount of fighting 

or display of fear towards people. The herd usually moved and acted as a group, and spend 

most time grazing, ruminating or resting, which is in agreement with the results of other 

behavioral studies   (Geven & de Graaf, 2014; Kilgour, 2012). There was no clear 

hierarchical chain, but there was obvious competition between the larger animals; scratching 

on a tree, licking the saltlick, interacting with caretaker and master student or the public.  

Herd 2 followed the same steady increase in dBCS as Herd 1, from November to December 

where the herd was relocated to the next pasture along with six horses. The mean dBCS 

increases even more (approximately 0.25) in the beginning of January and remains the same 
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until the beginning of February, 2023. This increase places the entire herd outside the upper 

1-sigma control limit, raising an alarm, indicating the collective (entire herd) deviation from 

the target dBCS. This outcome can potentially be explained by the relocation to the new 

pasture where there were no animals grazing since the beginning of the year and there was 

plenty of available feed. Furthermore, according to a study by Gilhaus and Hölzel (2016), 

the nutrient value of nutrient-rich pastures remains sufficient until the beginning of winter 

and biomass quantity showed no seasonal differences (Gilhaus & Hölzel, 2016), which 

potentially allowed the small herd of five heifers to grow in dBCS. Initially, the animals 

showed signs of stress during the first scoring days, which could be explained by the 

relocation and sudden appearance of the horses. As the weather conditions deteriorated 

(constant rain, snowing, excessive wind) the animals started to become more alert and more 

aggressive; even though the animals were familiar with the master student, they would 

constantly maintain eye contact and would not allow to stand behind them (always facing 

the observer). They were anxious in the presence of people, and they would run if 

approached (keeping a distance of approximately 5 meters). The animals would graze in 

close proximity but would keep a larger distance than that observed in November and show 

minimum to no social interaction with each other. During February 2023, the dBCS reverts 

to a lower score and keeps decreasing until end of March. During that time, the animals were 

again relocated to the next pasture, along with the six horses. This pasture had large areas 

that were unreachable by the master student and the animals had to walk longer distances to 

graze or find feed. Even though SH will travel long distances to find feed and are very 

versatile when it comes to feed selectivity (Pauler et al., 2020), these animals are still semi-

wild (raised in a year-round feeding farm) and probably not as accustomed to finding feed 

under challenging circumstances. The herd was observed grazing as one unit, which is 

contradictory to the results of Geven & de Graaf (2014) were distance while grazing was age 

and status dependent (hierarchical chain). In April, the animals started to show aggressive 

behaviour, mostly towards the smallest member which led to an increase in grazing distance 

between the animals; on the 13th of April, only one heifer could be found (oldest animal). 

This behaviour could be connected to the limited available resources, as it is otherwise 

contradictory to other behavioral studies for SH (Geven & de Graaf, 2014), were the animals 

are the most social during spring. Finally, this behaviour could also be connected to the 

supplementary feeding of the smallest heifer, that made all herd members more people 

focused.  
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The steep decrease in dBCS observed in the end of April, represents the new animals (Herd 

3) and despite their origin and age, their dBCS were significantly different than that of Herd 

1 and 2. The mean dBCS falls close to the lower 2-sigma control limit indicating a medium 

size deviation from the target dBCS. In a short period of time (less than a month) the animals 

showed an increase in dBCS which can potentially be explained by the fact that the pasture 

on which they were placed was not used since November (no grazing pressure) (Fløjgaard 

et al., 2021) and the grass had grown (spring) (Gilhaus & Hölzel, 2016). Even though the 

animals seemed to be thriving on the field, the mean dBCS was still low, and under the 1-

sigma control limit, indicating a larger variation of dBCS scoring among the individual 

animals. Again, this is representative of Herd 3, as most of the animals had a low dBCS (2.5) 

that increased with time, but still was under the target dBCS (raised to a 2.75). Along with 

the dBCS increase, the new animals became less fearful with every visit, but still maintaining 

a distance of approx. 3 meters. The overwintering animals showed strong territorial 

behaviour towards the new animals and would keep a large distance when grazing. This 

behaviour seemed to change after approximately 3 weeks, where all cattle seemed to be 

grazing together. 

This method of monitoring animals longitudinally is commonly used for out-of-control 

observations. Since the control limits are calculated based on the observed animals and the 

SD of the herd, this method of monitoring can be specifically tailored for the needs of the 

herd or the respective needs of the farmer and/or veterinarian. Depending on the number of 

points (observations) that lay outside these limits, and depending on the observed subject, 

very small and very large deviations from the mean can be seen, along with potential patterns 

of the data (Montgomery, 2009). Furthermore, control charts are a relatively simple way of 

observing data; commonly used to differentiate between normal variation (data points fall 

within the control limits) and non-random variation (data points fall outside the control 

limits), control charts can be used in making comparisons between past and present 

observations and/or between herds (Montgomery, 2009).  

4.3 Sub-study 3  

For the relation between body composition and dBCS, the 13 slaughtered animals were given 

a carcass classification score. Colour was not included in the statistical analysis (more under 

limitations). 
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All carcases seem to fall within two classes for each category, despite the differences in 

weight. The most noteworthy example was the carcass weighing 126kg, which was covered 

evenly in tallow and the ribs were surrounded by fat; this heifer, started with a dBCS of 2.75 

and reached a 3 by the last scoring (six days before slaughter). Even though she was within 

the target dBCS, she was shorter and smaller in size compared to the rest of the herd. Her 

size and to a lesser extent, her personality, where the main reasons for not keeping her during 

the winter. This discrepancy can potentially be explained by the results of a study by Gregory 

et al (1998) where high scoring animals in BCS had lean carcasses which appears 

contradictory to the correlation between BCS and body fatness, i.e. a low BCS identifies a 

lean cow (Gregory et al., 1998).  

Apart from three heifers (105367-00537;105367-00539;105367-00639) that were scored U 

(very good) for Shape and ‘good’ for Fatness, the remaining animals were scored as R (good) 

and ‘normal’ respectively (heifer 105367-00528 scored U in Shape). The indicator scorings 

(Figures 10,11,12,13) are of similar values between the animals in the same category, except 

for Round and Coat where the values differ by 0.5 to 1.5. The distribution of R.F. scorings is 

almost identical for the high scoring carcasses (ranging from 4.45 to 4.55) for both categories, 

whereas the lower scoring carcasses have multiple values (ranging from 4 to 5). Despite these 

differences, the dBCS is similar for all carcasses in each category; 3 to 3.05 for high scoring 

carcasses and 2.75 to 3 for lower scoring carcasses. These results appear to place animals with 

a dBCS >3 in a higher class and animals with a dBCS of ≤3 to a lower class. These results seem 

to be in agreement with the findings by Shemeis et al (1994) and Apple et al (1999), where 

carcass quality was better for high dBCS scores in dairy cattle (Apple, 1999; Shemeis et al., 

1994).   

 

Limitations and future perspectives 

Sub-study 1 

The small size of the Herds limited the variation of indicator scorings and with no intra-

observer agreement studies taking place, the validity of the chosen indicators and their effect 

on the final dBCS scoring requires more research. There is a lack of case studies when it 

comes to long-haired breeds of cattle and with no known BCS guide or detail description of 

body composition of SH, made the assessment even more challenging.  

The need for evaluating the potential indicators in practice, limited the amount of collected 

data, resulting in no scorings for Round and Coat until week six of the project. Future studies 
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should consider testing all potential indicators prior to the beginning of the official scoring, 

to ensure that each one can be scored and observed easily (Rousing et al., 2001), under all 

weather conditions. Finally, for weather conditions like Denmark, both the indicator and the 

scoring method need to be simple and quick, as heavy rain and frozen mud can limit the 

observer’s ability to see clearly or walk. Taking photographs of all areas of interest is crucial, 

as they help assessing the animal at a later time and under more favorable conditions.  

The final dBCS guide is limited to four scorings (2.5-3.25) as no other scores were observed, 

due to small variation among the individual animals. Most of the dBCS scores were given 

after the visit and were based on the obtained photographs, as in most visits it was raining 

and the scoring equipment was getting wet, or it was impossible to reach the animals due to 

obstacles (deep water, tree roots etc.). Having to use two independent scoring protocols took 

a lot of time and the animals were not always cooperating or patient with the observer. Lastly, 

as the focus of the project was the dBCS and accurate scoring, there was a lack of useable 

photographs, as most time was spent on scoring and observing. Future studies should 

consider photographing the animals first, and then proceed to the scoring, as both weather 

conditions and the animal’s behaviour, can suddenly change. 

  

Sub-study 2 

The herd level assessment chosen for this project was limited due to the focus on body 

condition scoring, and only the health status and social behaviour were examined. No 

animals presented signs of injuries and mostly acted and moved as a group. Furthermore, 

only a few aspects of appropriate behaviour were considered and served more as method of 

better understanding the dynamics of the herd under naturalist grazing conditions in 

Denmark. Future studies that include observations of behaviour under similar conditions, 

should consider observing the herd closely, prior to the herd assessment, and should include 

a larger number of animals, and a larger variety of individuals (not only heifers). Finally, the 

suggested method for monitoring the dBCS longitudinally, requires some level of knowledge 

in order to be executed successfully, and requires a steady collection of data which might 

prove inappropriate for rewilding purposes.   

 

Sub-study 3 

In retrospect, the classification should have taken place on location; the freezer walk-in area 

was relatively small for the number of carcasses that were stored, and it proved difficult to 
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manoeuvre and handle the carcasses and take proper photos at the same time. Due to lack of 

space, the angle was not very wide, and it was impossible to take one picture to showcase 

the entire half of the carcass. Because of this difficulty, all pictures used to score Fatness, 

and half of the pictures used to score Shape, were taken using panoramic shots. The lighting 

was not ideal, which led to difficulties assigning the proper score for Colour. The biggest 

limitation during the carcass classification was the lack of observer experience. With only 

theoretical knowledge about carcass classification, combined with the poor-quality 

photographs, the final scoring was very challenging. Future studies should consider having 

training sessions for carcass classification or should include experts that either assist or 

assign the final scoring. Finally, carcass classification could be combined with other methods 

of carcass analysis, for obtaining more accurate results such as assessing muscle mass, fat 

thickness, dry matter content etc (Shemeis et al., 1994).  
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Conclusion 

Objective 1: 

Based on the outcome of this project, the animals seemed to adapt well to their environment, 

displaying both positive and negative behaviors. There were no signs of compromised 

welfare (absence of prolonged hunger, unnatural behaviors) but, some behaviors could be 

connected to signs of acute hunger. The final distant Body Condition Score (dBCS) guide is 

limited to four scorings (2.5-3.25) but could be used and developed in future similar projects, 

as it could be considered representative of the Danish conditions if larger variation is 

described.  

 

Objective 2: 

Based on the results and the master students’ observations, the suggested scoring frequency 

of the herd is every second week (no observable changes in dBCS every week under present 

management conditions). For monitoring reasons, the suggested visiting frequency is every 

week, so that any behavioral changes can be observed (potential signs of acute hunger e.g. 

Rumen Fill, behavioral changes).  

The need for human intervention for naturalistic grazing programs such as the one at Amager 

is clear, as the animals cannot move freely from pasture to pasture, and some level of forestry 

(Fløjgaard et al., 2021) is also required to minimize the environmental impact (Hansen et al., 

2001) and to avoid injuries.   

Creating control charts for monitoring cattle over time and the implementation of “alarms” 

is a common method of data observation. Despite the limited data, smaller and medium size 

deviations could be observed throughout the project. Finally, this method of monitoring 

needs to be tested again on a larger herd, with multiple dBCS scorings and a larger 

distribution of data points.  

 

Objective 3:  

Based on the results, it seems that dBCS is representative of the body composition, to a 

certain level; high scoring animals in dBCS were given higher carcass classification scores. 

The data was limited, and the scoring conditions were not ideal. Further research is required 

to have a better understanding of the relationship between dBCS and carcass quality.  
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Appendix 

A. Indicator scoring (individual assessment) 

Individual assessment of Highlanders / (number of animals)/(herd number)  

Ear tag Comments Back Left 

Side 

Body Dewlap Date 

Round R. F. Coat Depth/ No 

folds 

Shoulder 

bones 

Time Location Comments 
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B. Welfare assessment based on the WQA, including final dBCS. 

Ear 

tag 

BCS based on welfare quality 

assessment  

Total 

score 

of 

WQA 

 

dBCS 

Tail 

Head 

Loin Vertebrae  

      

      

      

      

      

      

      

      

      

      

      

      

      

      

      

      

      

      
Scoring based on the Welfare Quality® Assessment (++/+ /-/--)  

 

 



 

62 

 

 

C. Herd assessment  

Herd Assessment / Date:                                No animals observed: 

 

Location:                                                            Time frame:   

Comments  

Social Behavior  Grazing   

Ruminating    

Sleeping    

Interaction with 

other 

animals/observer 

  

Injuries  Type of injury    

Severity of injury    

Hygiene   
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D. Interval plots of the chosen indicators and dBCS per Herd 
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E. List of chosen indicators, location on the body, definition of each indicator, description of the area and scoring scheme 

 

Location  Front Back Left Side Body 

Indicator 

and priority  

Dewlap and Shoulder definition  

(Primary) 

Round 

(Primary) 

Rumen Fill 

(Secondary) 

Coat quality 

(Secondary) 

Definition Dewlap: A long fold or flap of skin 

extended from under the head to the 

brisket  

Shoulder: or Point of Shoulder, greater 

and lesser tubercle (vet-Anatomy, no 

date). 

Area of the hind 

legs, divided 

into top round, 

eye of round and 

bottom round 

Fulness of the rumen, observed 

from the left side of the animal  

 Thick, double 

coat, comprising a 

downy undercoat 

and outer hair that 

could be 13 

inches long 

(≈33cm) (Cow 

Caretaker, 2022) 

Description Dewlap: Fulness, number of observed 

folds 

Shoulder bone: Visibility under coat 

when animal is standing straight/grazing 

 

Fulness, 

compared to the 

tail bone and pin 

head 

Fulness of the rumen Appearance 

(matted, coarse, 

fluffy and shiny, 

observable 

patches), texture, 

and length 
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Scoring 

Scheme  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Dewlap 

- -1 = the skin is not stretched, multiple 

small flaps can be observed (e.g., 4-5), 

neck area narrow, area in front of brisket 

not filled in, not prominent (1) 

 

-1  = the skin is a little stretched, bigger 

flaps can be observed (e.g., 3-4), neck 

area less narrow, area in front of brisket a 

little filled in, area a little prominent (2) 

 

+ 1 = the skin is a more stretched, some 

flaps can be observed (e.g., 2-3), neck 

area less narrow, area in front of brisket a 

little filled in, area a little prominent (3) 

 

+ 2 = the skin is more stretched creating 

two big flaps of skin, neck area less 

narrow, area in front of brisket more 

rounded, more prominent (3) 

 

Round 

-= area less 

curved, tail bone 

more prominent 

(1) 

 

+ = area curved; 

tail bone not as 

prominent (2) 

 

+ + = area 

rounded and 

prominent, tail 

bone not 

prominent (3) 

 

 

 

 

 

 

 

Rumen Fill 

 Scoring modified and based on the 

Rumen Fill guide for Dairy cattle, 

(Agriculture and Horticulture 

Development Board 2020) with 

added intervals of 0.5. 

 

1: Deep dip in left flank, more than 

one hand width deep after last rib.  

 

2: Dip in left flank, one hand width 

deep after last rib.  

 

3: Slight dip visible in left flank, 

after last rib.  

 

4: No dip is visible in left flank, after 

last rib.  

 

5: Skin is flat, or slightly bulging, on 

the left flank, after the last rib.  

 

Coat 

4 = fluffy, 

long and 

shiny 

 

3 = fluffy and 

long, not as 

shiny 

 

2 = long, 

rough, not 

shiny 

 

1 = fluffy, 

short, not 

shiny 

 

0 = matted, 

rough, not 

shiny 
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 Shoulder Bone 

-= the bone is prominent, clearly visible 

under the coat when the animal is 

standing straight (1) 

 

+ = the bone is visible but not prominent 

under the coat when the animal is 

standing straight (2) 

 

++ = the bone is not visible under the 

coat when the animal is standing straight, 

visible when animal is grassing (3) 

 

   

 

 

 

Scoring 

scheme 

+ + 1 = the skin is stretched (no visible 

flaps), neck area well rounded, area in 

front of brisket well rounded (4) 

 

 

 

 

 

 

 

 


