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Summary

Summary

Animal health and welfare is an important part of the organic husbandry, both in terms of the organic
principles and because of consumer interest. But problems in the organic egg production resulting in
diseases, feather pecking and cannibalism, have led to the need of management tools in order to
secure animal health and welfare.

The aim of this project is to develop management tools for the organic egg production, aimed to
secure animal health and welfare in the flocks.

In the first part of the project a welfare assessment system for organic egg production was developed
and tested on five farms, having a total of ten flocks. The ten flocks were monitored regularly for a
number of production and welfare parameters in order to evaluate the practical applicability of the
welfare assessment system. A welfare assessment report was created and presented for each producer,
and the welfare assessment system was evaluated with respect to its function as a decision support
tool. In addition two welfare indicators were studied separately to evaluate variability and
interpretation. Adjustments for the welfare assessment system were suggested, in order to improve
collected data, presentation and the practical applicability of the system.

In the second part of the project the first part of a HACCP system was developed, using an expert
panel analysis. Eighteen experts received a series of questionnaires, where the construction of each
questionnaire was based upon the answers of the former. By quantifying the experts’ opinions, ten
health and welfare problems were selected, and associated risk factors and control points identified. A
generic HACCP system was described together with the possibilities of evaluating the system and
possibilities of a practical application.

The two management tools have very different approaches to improving animal health and welfare,
and subsequently different methods, cost and advantages. This makes them relevant for different
purposes and by different producers and interested parties.

The thesis includes four papers describing the development of the welfare assessment system (paper
1), and evaluation of two welfare indicators included in the welfare indicator protocol (paper Il and I1).
Finally the development of the HACCP-like system is described in paper IV:

paper I: Hegelund, L., Sgrensen, J.T. & Johansen, N.F. (2003) Developing a welfare assessment
system for use in commercial organic egg production. Animal Welfare 12(4), 649-654.

paper I1: Hegelund, L. & Sgrensen, J.T. (2007) Measuring fearfulness of hens in commercial
organic egg production. Animal Welfare 16, 167-171.

paper I11: Hegelund, L., Sgrensen, J.T. Hegelund, L., Sgrensen, J.T., Kjer, J.B. and Kristensen, I.S.
(2005) Use of the range area in commercial egg production systems: Effect of climatic
factors, flock size, age and artificial cover. British Poultry Science 46(1): 1-8.

paper 1V: Hegelund, L. & Sgrensen, J.T. (in press) Developing a HACCP-like system for
improving animal health and welfare in organic egg production - based on an expert
panel analysis. Animal.



Sammendrag

Sammendrag

Husdyrsundhed og velfard er en vigtig del af gkologiske jordbrug, bade pa baggrund af de gkologiske
principper, men ogsa pa grund af forbrugernes interesse i emnet. Problemer i den gkologiske
&gproduktion med sygdom, fjerpilning og kannibalisme har fart til et behov for styringsredskaber til
sikring af dyrenes sundhed og velfeerd.

Malet med dette projekt var at udvikle styringsredskaber til gkologiske segproduktion, med henblik pa
at sikre dyrenes sundhed og velfaerd.

| farste halvdel af afhandlingen udvikles et velfeerdsvurderingssystem til brug i kommerciel gkologisk
&g produktion. Systemet testes pa ti flokke fra fem garde for at evaluere den praktiske anvendelighed
af systemet. Der foretages jeevnlige registreringer af velfeerdsindikatorer i de ti flokke. Efterfalgende
udarbejdes en velfeerdsvurderingsrapport, som preesenteres for producenterne med det formél at
evaluere rapportens brugbarhed som et redskab til beslutningsstette. Tillige analyseres to
velfeerdsindikatorer i andre besztninger for at evaluere deres stabilitet og tolkning. Velfaerdsvurde-
ringssystemet justeres efter afprevningerne og analyserne for at forbedre datakvaliteten, praesenta-
tionen samt den praktiske anvendelighed af systemet.

I anden halvdel af afhandlingen udvikles fgrste del af et HACCP system vha. en ekspertpanel-analyse.
Atten eksperter deltager i ekspertpanelet, hvor de modtager i alt fire spargeskemaer. Andet, tredje og
fjerde spargeskema er alle baseret pa besvarelserne fra det tidligere spargeskema. Ved at kvantificere
eksperternes besvarelser udvalges ti sundheds- og velferdsproblemer og deres associerede
risikofaktorer og endelig identificeres mulige kontrolpunkter for disse risikofaktorer. Et generisk
HACCP system beskrives og muligheder for at videreudvikle og evaluere systemet diskuteres.
Slutteligt diskuteres mulighederne for praktisk anvendelse af HACCP-systemet.

De to management-redskaber er i udgangspunktet meget forskellige, trods det at de begge er malrettet
mod at forbedre husdyrsundhed og velferd i den gkologiske a&gproduktion. De forskellige metoder
der benyttes, omkostninger ved systemerne og fordele ved redskaberne medfgrer, at de er relevante i
forskellige sammenhange.

Afhandlingen inkluderer fire artikler, der beskriver udviklingen af velfeerdsvurderingssystemet
(artikel 1), evalueringen af to velferdsindikatorer, inkluderet i velfeerdsvurderingssystemet (artikel 11
og I11), samt udviklingen af HACCP-systemet (artikel V).

artikel I: ~ Hegelund, L., Sgrensen, J.T. & Johansen, N.F. (2003) Developing a welfare assess-
ment system for use in commercial organic egg production. Animal Welfare 12(4),
649-654.

artikel 1l:  Hegelund, L. & Sgrensen, J.T. (2007) Measuring fearfulness of hens in commercial
organic egg production. Animal Welfare. 16, 167-171

artikel 111: Hegelund, L., Sgrensen, J.T. Hegelund, L., Sgrensen, J.T., Kjer, J.B. and Kristensen,

I.S. (2005) Use of the range area in commercial egg production systems: Effect of cli-
matic factors, flock size, age and artificial cover. British Poultry Science 46(1): 1-8.

artikel 1V: Hegelund, L. & Sgrensen, J.T. (in press) Developing a HACCP-like system for
improving animal health and welfare in organic egg production - based on an expert
panel analysis. Animal.






Introduction

1 Introduction
1.1 Background

In Denmark there is a considerable demand for organic foods, and consumer interests have been
related to food safety issues, environmental concern and animal welfare (Hermansen, 2003). Organic
sales increased with more than 12% in 2005 with milk, cheese and egg being major contributors to the
total sale (Danmarks statistik, 2006). The organic egg production holds a market share of 14% of the
total egg production in Denmark (Madsen, 2006). This is exceptionally high compared to other
European countries (Windhorst, 2005), and it makes organic egg production an important actor in
Danish agriculture.

The agricultural development has since 1960 led to increasingly bigger farms and specialised pro-
duction, and this development is now also seen within organic agriculture (Anon., 2006). Conse-
quently flocks are getting bigger and time per animal is reduced. Besides the increase in farm size the
production has been highly specialised. Meat and egg production are completely separated, and the
breeds used in commercial egg production are produced by a few trans-national breeding companies
(Serensen, 2001). The breeding companies are providing hatcheries with a parent stock, and they
deliver day-old chickens for rearers. The rearers house the chickens until they are about 16-18 weeks
of age, then they are transported to the egg production facilities. In organic egg production hens are
housed in free ranging flocks of 3000 hens with access to perches, littered floor, sand bathing areas,
and nests.

However, European reports show that organic egg production struggles with serious problems, e.g.
feather pecking, infectious diseases and parasites reducing animal welfare (Bestman and Maurer,
2006). This probably relates to a combination of the specialised production and the large loose housed
flocks. Producers have limited options for choosing breeds well adapted to the production system as
the selection for a long time have been based on caged hens (Sgrensen, 2001) and they have little
control over the rearing period. The large loose housed flocks are difficult to monitor, infectious
diseases can spread rapidly due to the many possibilities for animal interactions, and finally the access
to an outdoor area limits the possibilities for bio security. In addition the organic regulation limits the
use of disinfectants, veterinarian remedies, and pesticides. As a result the organic egg production in
Denmark depends on large flocks of high yielding animals which are presently not properly/optimally
selected to the systems. This means that the hens’ coping capabilities are basically challenged in all
commercial organic flocks, so even minor disturbances can tip the balance of the hens resulting in
serious behavioural problems. Consequently, it is essential to optimize farm management in order to
reduce any such disturbances.

Often a distinction is made between three levels of management: operational management, tactic
management and strategic management, related to different time horizons and impact of the decisions
(e.g. Huirne and Dijkhuizen, 1997). And studies of risk factors for the production problems can relate
to all three categories. Improvements of operational management in terms of daily routines with fewer
disturbances have been shown to reduce feather pecking (e.g. Green et al., 2000). Tactic management
in terms of vaccinations schedules and pasture rotation can reduce infectious diseases and intestinal
parasites. And finally improvement of the range area or changing flock sizes, which are related to
reduced feather pecking (e.g. Bestman and Wagenaar, 2003) are parts of the strategic management.



Introduction

In the present study two different management tools, with the purpose of improving animal health and
welfare, are developed. (1) A welfare assessment system using reports of risk factors and status of
animal health and welfare in a benchmarking system. The welfare assessment system is designed as a
decision support tool for the farmers, aimed at tactic and strategic management. (2) A HACCP-like
system using monitoring and control of risk factors in a quality control system. The HACCP system
provides a set of guidelines for better control with operational management.

1.2 The aim of the PhD project

The overall aim of the PhD project was to develop two different management systems for use in or-
ganic egg production systems in order to improve animal health and welfare.

The individual aims were:

- Development and presentation of a welfare assessment system for organic egg production (paper 1)
- Evaluating measures/indicators of welfare for use in the welfare assessment system (paper Il & I11)
- Developing a generic HACCP-like system adaptable for organic egg production (paper 1V)

10



The welfare assessment system

2 The Welfare assessment system

2.1 Introduction

Systems applied to assess animal welfare at herd or flock level has gained increasing interest during
the last 20 years, and a vide range of different systems have been developed. However the methods
used to evaluate welfare differ and this can be related to their different goals and their basic welfare
definitions (Johnsen et al., 2001; Main et al., 2003).

Welfare assessments can use information from different sources: the environmental parameters
(system, management) influencing the animals, and the animal based parameters (animal health,
animal behaviour) expressing the animals’ response to the environment. And different welfare
assessment systems rely on different weighing of these information sources (Johnsen et al., 2001). If
the goal of a welfare assessment is to investigating the impact of the housing systems on animal
welfare (e.g. conventional vs. organic), then environmental parameters are often dominating. The
certification systems ‘Tiergerechtheitsindex’ (TGI) 35L aiming to secure minimum housing standard
is an example of this (Bartussek, 2001). However, if the goal is to assess animal welfare at farm level
or assess how animals perform in a specific production system, it is necessary to include animal based
parameters. Two examples here would be the testing of alternative housing systems for laying hens in
Sweden (Gunnarson et al, 1995) and certifying a specific welfare standard, as the Bristol Welfare
Assurance Programme (Leeb et al., 2005). A welfare assessment system usable as an advisory tool
should include information on specific and potential welfare problems their causes (Bonde, 2003), i.e.
a combination of both environmental parameters and animal based parameters.

But besides using the information from different sources a welfare assessment system utilised for
advisory purposes must also be transparent, providing farmers with a full understanding of the results
(Main et al., 2003). Several approaches are presently applied for integrating welfare measures, and
both ‘scoring systems’ and ‘classic post-hoc interpretation of results’ are methods providing
transparency (Spoolder et al., 2003). ‘Scoring systems’ rely on a weighing of welfare indicators, and
result in evaluating the level of welfare by predefined scoring sums, e.g. the TGI system. This pro-
vides a description of the welfare status with one or a few figures and make the systems very suitable
for certification purposes. A hierarchical structure can be applied enabling assessment of welfare
within different themes. In the “classic post-hoc approaches’ a range of indicators are measured, and
the result of each indicator is used in a subsequent evaluation of welfare. Welfare indicators are not
weighted beforehand, and no welfare limit is predetermined. Consequently the approach leaves the
possibility of discussing the importance of specific welfare indicators under specific farming circum-
stances (Rousing, 2003). Examples of a classic post hoc approach are the ethical account for Live-
stock farming (Serensen et al., 2001), developed into the DIAS Welfare Assessment System (Rous-
ing, 2003; Bonde, 2003; Mgller et al., 2003).

2.2 Methodological considerations
2.2.1 The welfare assessment system as a decision support tool in organic egg production
Sources of information

The purpose of developing a welfare assessment system was to provide the organic egg producers
with a decision support tool to improve management. And this specific goal will influence the selec-

11



The welfare assessment system

tion and weighing of welfare indicators and risk factors (Johnsen et al., 2001). If information on flock
welfare status is to be converted into targeted management strategies, information on system and
management must be available along with information on health and welfare status (Sandge et al.,
1997). This requirement comply with the DIAS welfare assessment system, where information is
collected from four sources (1) the production system, (2) the management, (3) behaviour of the ani-
mals, and (4) animal health (Figure 2.1).

The DIAS welfare assessment system is based on a definition of welfare suggested by Simonsen
(1996), where animal welfare is the combination of positive and negative feelings an animal experi-
ences. The implication of using the animals subjective experiences to define welfare, is, that welfare
cannot be measured directly. Instead welfare has to be assessed indirectly, by combining information
on external factors influencing the animals and the animals’ response in terms of health and behav-

iour.
The system — Sy_ster_n
application

Animal
diseases

Animal
behaviour

Welfare assessment

Figure 2.1 Sources of information for assessing animal welfare (from Sgrensen et al., 2001).

Periodically reports

Management can change periodically and so can health and welfare problems, and this will be very
pronounced in organic egg production, as the productions are all-in-all-out systems. If a welfare
assessment system is to be used as a decision support tool, then the basis for decision making must
reflect this variation. Consequently the welfare assessment must report the development of different
welfare indicator, giving a dynamic portrait of the whole production period. The welfare assessment is
therefore aimed at assessing welfare throughout the production period, and sum up the results in an
annual report, which can provide the producers with a basis for their management strategies.

The welfare assessment report

In order to make the welfare assessment system a functioning decision support tool, the information
obtained via farm recordings must be presented to the producers. And this must be performed in a
manner that motivates and enables producers to focus on the relevant problems and risk factors. As
concluded by Bonde et al. (2001) three kinds of information is important for that purpose: An over-
view providing a summery of the results, an evaluation of the welfare, providing the producers with a
frame of reference and documentation of results, supporting the welfare evaluation. As documented
by Sgrensen et al. (1998) a motivation for inclusion of indicators should be part of the documentation
ensuring that producers’ appreciate the relevance of the welfare indicators.

12
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Consequently the following structure was used, when developing the welfare assessment report:
Chapter 1: summary and conclusions. Chapter 2-4: health, behaviour, system and management.
Chapter 5: appendix, including the registration protocol. Each of the chapters 2-4 includes a motiva-
tion for including each indicator, the scoring method, documentation of results and an evaluation,
providing the frame of reference. Breed specific standards was used as reference for weight and egg
production. Norm figures from the efficiency control and farm data was used as a reference for mor-
tality, and mandatory requirements for system capacity were presented together with farm data. The
remaining indicators were only presented with results from other farms. The intention of using other
farms as reference was to make the accomplishments of a producer the target for other producers;
Thereby making aims and goals, set through the comparisons, realistic targets.

2.2.2 Developing the welfare indicator protocol

The process of developing a DIAS Welfare Assessment System starts by evaluating possible indi-
cators relevant to describe welfare status or potential risk factors. The welfare indicators should sa-
tisfy the following requirements: (1) indicators should be relevant for animal welfare, based on scien-
tific knowledge (2) Indicators should be able to reflect development over time (3) Indicators should be
measurable on a commercial farm in a relatively cheap and easy manner (4) Indicators should be
possible to use in decision support (Sgrensen et al., 2001). As presented in Paper I, production spe-
cific criteria for organic egg production limits the choice of welfare indicators. The loose housed
flocks make individual identification impossible and thereby eliminate the possibility of following
focal animals. And in the large flocks, examination of single individuals must be of short duration in
order to get sample sizes large enough to sufficiently describe the natural variation; as sample sizes
rarely exceeds 100 individuals, indicators must have a prevalence of minimum 3% in order to be
detected at all.

The welfare indicators are aggregated into a welfare indicator protocol, by evaluating each welfare
indicator for its independent relevance, its marginal information value and its practical applicability
(Rousing et al. 2001). The independent relevance refers to the indicators specific relevance in a
welfare assessment. While the marginal information value is an evaluation of degree of unique in-
formation an indicator can provide. By evaluating the marginal information value it becomes possible
to select the indicators that describe the welfare status best with the least amount of overlap. Finally
the practical applicability is evaluated in terms of reliability. The independent relevance for the in-
cluded welfare indicators is described in Paper I.

Due to the all-in-all-out production cycle of organic hens, the timing of monitoring is very important.
Different health and welfare problems exists at different production periods (e.g. placement, peak of
lay, end-production), therefore a thorough welfare assessment must cover a full production cycle.
During the first two months of production the hens are exposed to a transfer (from rearing to produc-
tion) and experience the physiological load of going into full lay. Consequently the first part of the
production period imparts many stress factors, and therefore needs extra attention. In addition ma-
nagement, as well as health and welfare parameters not related to age, are also likely to fluctuate
(Alban, 1997), and monitoring over a period enables detection of fluctuations not discovered in a one-
point monitoring scheme. It was therefore decided to monitor the flocks every month in the beginning
of the production period, and every second month after peak of lay: in weeks 20, 24, 28, 36, 44, 52,
60 and 68.

13
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In order to enable evaluation of indicators and visiting frequencies, in a subsequent farm-testing, the
initial welfare indicator protocol was more extensive that the final protocol was aimed to be. Inability
to select the most appropriate indicators beforehand resulted in inclusion of indicators with possibly
low marginal values (e.g. fear tests). And some indicators were included, although not suited for on-
farm assessment, to investigate the need for additional information in the final welfare indicator pro-
tocol (e.g. autopsies revealing internal parasites and crop impaction). The welfare assessment protocol
included the indicators selected via the described procedure, and methods were selected under the
criteria that a flock recording could be concluded within % day. The initial registration protocol is
presented in Appendix 1. And the motivations (i.e. independent relevance) for including the indicators
are presented in Paper I.

In the following section some considerations regarding choice of key indicators or recording methods
are presented.

Clinical examination: Methods for scoring plumage condition without handling the hens have been
developed and applied in several studies (Bright et al., 2006; Bestman and Wagenaar, 2003), however
an interest in including a measure of wounds, feet health and weight led to the decision of performing
a clinical examination of a sample of hens in all flocks. So in all flocks a clinical examination was
performed on 50 hens. A vide range of different plumage scoring systems exists, including both
scorings of whole body and very detailed scorings of single body parts, as discussed by Kjer (1999).
In the present study it was emphasised to use a scale including separate scorings of body part, but
using an intermediate level of details. Methods and scales used for scoring plumage condition and
foot health was adopted from Kjer (2000) and the scale is subsequently recommended by the LAY-
WEL EU project (Tauson et al., 2005). Plumage conditions are scored on a 4-point scale at five
different body parts: neck, breast, wings, back and tail. In addition wounds/scars are noted on a 3-
point scale, modified after Gunnarson et al., (1995). Keel bone deviations ware scored on a 4-point
scale using the method described by Gunnarson et al., (1995). In addition the hens’ weight was
recorded.

Mortality: Daily mortality and cause of mortality were recorded. Causes of mortality were specified
as piling, predators or other causes. This was decided in order to attribute sudden large mortality
figures to either piling or diseases. The estimated number of birds taken by predators were based on
producers own records, and validated by information on numbers of hens purchased and sold.

Red mites: Mite traps or visual inspections are applied for estimating number of mites in hen houses.
Mite traps act as mite hiding places during daytime, some designed to be removed and burned (Sokol
and Romaniuk, 2006), while others aim at a quantification of the infestation level, however the most
mentioned methods (incl. cardboard trap) is designed for laboratory analysis (Nordenfors and Chirico,
2001). Additional a very uneven distribution of mites in the house (Sokol and Romaniuk, 2006) could
cause problems in getting reliable results from mite traps. So we chose to sample in 5 spots
throughout the house. We created a mite hiding place, as suggested by Mauer (2002), using a plastic
tube (d=3 cm) with a piece of paper inside. The paper (length 21 cm) was first crushed then rolled to
fit the tube (length 30 cm). Traps were attached under the perches in all houses, equally distributed
within the house. Traps were prepared with paper by the producer 3-7 days prior to farm visits.

Autopsies: In order to investigate weather indicators for crop impaction, vent pecking and intestinal
parasites should be included; autopsies were performed on four hens in relation to every farm visit.

14
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The farmers were asked to collect the last four dead hens, dying from other causes than piling and
predators.

Use of the range area: In several studies use of the range area is measured as percentage of hens
outside (Appelby and Hughes, 1991; Bubier and Bradshaw, 1998; Davison, 1986; Keeling et al.,
1988). However, studies indicates that a vide range of factors influences the hens’ use of the range
area, including climatic factors, as discussed in paper I1l. The variable weather conditions are likely to
increase the within-flock variation, making it difficult to compare farms with respect to use of range
area. Visits in an advisory program cannot be scheduled in order to record use of range area only
under specified conditions, as has been done in other studies (Bubier and Bradshaw, 1998). Conse-
quently the varying weather conditions needs to be accounted for, if the number of hens outside is to
be used in a comparison between farms.

The degree of within-flock variability was examined in 37 flocks from 5 farms, and the effect of cli-
matic factors, flock size, and age was analysed in a generalised linear model, as described in paper I11.
The need for a sufficient number of observations for statistical analysis, made it impossible to use
recordings from the development of the welfare assessment system. Instead we used data from an on-
farm study aimed to examine the effect of artificial cover on use of the range area.

Fear tests: Fearfulness can be measured using different forms of behavioural tests, and often a dis-
tinction is made betwe