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Abstract

Infestation with gastro-intestinal nematodes (GIN) in 
small ruminants can cause server economic losses and 
endanger animal welfare. The development of organic 
farming systems, the increased public awareness for drug 
residues in agricultural products and the development of 
resistant strains of parasites have enforced the search for 
sustainable alternatives.

The aim of this review is to summarise the current sci-
entific knowledge of alternative strategies to prevent and 
control endo-parasitic diseases in sheep and goat farming 
systems. Many scientific studies and projects have shown 
big discrepancies between results obtained under in vitro 
and in vivo conditions. Often research has been carried out 
under clinical conditions for extended periods before being 
moved to on farm trials and it was observed that extensive 
clinical research on a topic does not necessarily result in 
the discovery of a practical control option.

Effective pasture management on the other hand proved 
promising and offers solutions that can be successfully 
transferred to most farming situations with applied knowl-
edge about host-parasite interactions and interrelations 
building the base for low pasture infection rates for graz-
ing animals. There are also a number of possible manage-
ment strategies (e.g. stocking rate reduction and regular in-
tensive monitoring of animal condition) that can also help 
optimise animal health status. The area of selective breed-
ing has also shown promise as a viable control option. The 
influence of nutritional status was also investigated in the 
context of non-chemotherapeutical options for control. It 
was found that optimised nutrition improves the ability of 
animals to cope with the adverse effects of worm infesta-
tion. Protein nutrition proved to be playing a key role as 
it is needed for growing processes as well as for immune 
responses. The investigation of alternative anthelmintic 
treatments like bioactive forage, phytotherapy, homeopa-
thy and copper-oxide are not discussed in this paper.

Keywords: endo-parasite, small ruminants, organic farm-
ing, alternative treatments

Zusammenfassung

Alternative Managementstrategien zur Vermeidung 
und Kontrolle von Endoparasiteninfektionen in der 
Schaf- und Ziegenhaltung - Ein Überblick über den ge-
genwärtigen Stand des Wissens

Infektionen mit Endoparasiten – insbesondere den Ma-
gen-Darm-Strongyliden (MDS) - sind eine der bedeu-
tendsten Probleme in der Schaf- und Ziegenhaltung. Die 
Ausweitung des Ökologischen Landbaus, die größere öf-
fentliche Aufmerksamkeit für den Tierarzneimitteleinsatz 
und Resistenzen bei den Parasiten haben dazu geführt, 
dass weltweit verstärkt nach nicht-medikamentösen Me-
thoden der Vermeidung und Kontrolle von Endoparasiten-
infektionen gesucht wurde. Das Ziel dieser Literaturana-
lyse war es, den gegenwärtigen Stand des Wissens für die 
Schaf- und Ziegenhaltung darzustellen und zu bewerten. 
Bei dieser Studie wurden alternative Entwurmungsmittel 
(Anthelmintika) wie bioaktive Futtermittel, Phytotherapie, 
Homöopathie und Kupferoxide nicht betrachtet.

Es konnte festgestellt werden, dass es ein beträchtliches 
Potenzial der medikamentenfreien Vermeidung und Kon-
trolle von Endoparasiteninfektionen in der Schaf- und 
Ziegenhaltung gibt. Biologische Methoden, optimiertes 
Weidemanagement, Zuchtprogramme und eine verbesserte 
Ernährung - insbesondere die Proteinversorgung - spielen 
dabei eine zentrale Rolle.

In der Literatur wurden viele widersprüchliche Ergebnisse 
festgestellt, zum Beispiel zwischen /in vitro/ und /in vivo/ 
Studien. Erfolgreiche Studien unter klinischen bzw. experi-
mentellen Bedingungen wurden bei – selten durchgeführten 
– Studien unter Praxisbedingungen meistens nicht bestätigt.

Optimierte Weidemanagementsysteme mit besonderer 
Beachtung der Parasit-Umwelt-Wirtstier-Wechselwir-
kungen (Ätiologie) scheinen ein großes Potenzial in der 
Vermeidung von klinischen Endoparasitosen zu haben. 
Eine reduzierte Besatzdichte der Weidetiere und eine an-
gepasste Tierbeobachtung und -bewertung (standardisier-
tes qualifiziertes Monitoring) sind dabei wichtige Instru-
mente. Eine gezielte Zucht auf Wurmtoleranz (resilience) 
erscheint ebenfalls möglich, wenn auch die Heretabilität 
relativ niedrig zu sein scheint. Eine verbesserte Ernährung 
– besonders in der Proteinversorgung – erlauben dem Tier 
eine verbesserte Abwehrkraft gegenüber Infektionen.

Schlüsselworte: Kleine Wiederkäuer, Ökologischer Land-
bau, Alternative Behandlungsmethoden 



76

1 Introduction

Since the development from extensive to intensive ag-
riculture, animal health problems have developed with 
alarming speed. In areas with intensive sheep and goat 
farming systems endo-parasites have been become a major 
threat, which is reflected in the sales figures of many coun-
tries (Coles, 2005). 

Infections with gastro-intestinal nematodes can have a 
detrimental effect on animal health (Lüscher et al., 2005), 
leading to clinical and sub-clinical diseases, that may result 
in financial loss and overall decreased productivity (Rah-
mann et al., 2002).

Current large scale sheep and goat production relies 
heavily on the application of chemical anthelmintics. The 
compulsory and often excessive use of chemo-therapeutics 
(Hein and Harrison, 2005), often in combination with poor 
management practises (Wolstenholme et al., 2004), has re-
sulted in endo-parasite nematodes starting to develop re-
sistance to treatment drugs. At present, resistant strains of 
endo-parasites can be found all over the world, with some 
strains being resistant to most active agents.

With the increasing problem of resistance and the devel-
opment of the organic movement aiming for more sustain-
able ways of farming, the search for alternatives has be-
come necessary (Thamsborg and Roepstorff, 2003). 

This paper is a literature review of current scientific 
knowledge on alternative management strategies to pre-
vent and control endo-parasitic diseases in sheep and goat 
farming systems. It will investigate the current level of re-
search, summarise and discuss the experiences and results 
obtained in the last decade, and recommend suitable alter-
native control strategies.

Using both primary and secondary literature sources; 
available books, research reports, workshop proceedings, 
reviews and internet articles were collected to provide an 
overview and base for both historical and recent findings. 

The principle of this strategy bases on the rule that all 
species of animal are regulated by other living organisms 
to prevent the uncontrolled increase of one population. In 
the context of parasite control it usually means the use of 
a naturally occurring antagonist to lower a pest population 
which would otherwise cause losses to animal production. 
Grønvold et al. (�996) conclude that of all possible antago-
nistic organisms only nematophagous fungi, earthworms 
and dung beetles have realistic potential as biological con-
trol agents, although there are several species that little or 
nothing is known about and therefore their potential use for 
biological control cannot be assessed/estimated. 

2 Controlling helminths through effective pasture man-
agement

Understanding the influence of pasture management on 
the internal parasite control possibly starts with detailed 
epidemiological knowledge of the development of the par-
asites in and outside their hosts (Table �). What varies with 
different climates is the larval development outside the host 
and therefore no reliable statement can be made for larval 
availability and survival that applies to all climates. That 
is why the following points should be considered when at-
tempting to control internal parasites on the pasture.

Larval availability and survival on pasture (Barger, 
�999):

• the intake of infective larvae will be proportional to the 
concentration of infective larvae on herbage

• if larval availability is observed over a longer period 
of time, peak and troughs will be discovered and once 
peaks are known, the optimal timing of control meas-
ures can be determined

• searching the origin of a peak is necessary for further 
prevention 

• Larval survival is different for each climate and it is es-
sential to know reasonably exact survival times for the 
estimation of a substantial decline in pasture infectivity 

As an example Uriarte et al. (2003) studied the seasonal 
changes of parasitic nematode burdens in sheep and identi-
fied three generations of parasites during the experiment 
(approx. one year). The first generation derived from lar-
vae inhibited within the animals that continued their de-
velopment in spring. The next generation resulted from 
the over-wintering absorbed larvae on the pasture and was 
the most important source of newly acquired infections in 
lambs, often leading to clinical symptoms. The last genera-
tion that was observed in autumn had little impact on the 
animals but was identified as the main source of pasture 
contamination for the following season. This experiment 
shows the applicability of the above-mentioned points and 
the importance of epidemiological knowledge for success-
ful grazing management.

In context with grazing management and epidemiologi-
cal knowledge the two terms ‘safe’ and ‘clean’ pasture are 
often referred to and it seems advisable to explain them to 
avoid misunderstandings. 

‘Clean’ pasture is the expression for a pasture with a nil or 
very low infection risk when animals are firstly grazed on it 
(Younie et al., 2004), this is achieved by a three year rota-
tion between a susceptible species, an unsusceptible spe-
cies and the use of the land for forage or crops (Thamsborg 
et al., 2004). 
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Table �:
Summary of all helminths parasitizing the gastro-intestinal tract (Behrens, �987; Kassai, �999; Rommel et al., 2000; Vlassow et al., 200�; Bostedt und 
Dedié, 1996; Winkelmann, 2005)

Disease Genus and species Common 
name

Site Prepatent 
period

Longevity* Optimal temp.

Cooperiosis Cooperia curticei,
C. oncophora

Small 
intestinal
worm

Small 
intestine

�5 - �8 days Several months 20 - 25 °C

Haemonchosis Haemonchus contorus 
H. placei , H. similis

Barber’s pole/
Twisted 
stomach/
Wireworm

Abomasum 2 - 4 weeks Eggs need warm/
moist conditions 
then they live for 
some weeks

20 - 25 °C

Ematodirosis Nematodirus battus
N. fillicolis,
N. furcatus, 
N. helvetianus, 
N. spathinger

Thread-
necked 
worm

Small 
intestine

N. battus
�5 days 
N. helvet.
20 - 26 days

Eggs survive for 
one year and longer,
they can overwinter, 
once hatched they live
for approx. 3 weeks

20 - 25 °C

Ostertagiosis Ostertagia ostertagi 
O./ Teledorsagia 
circumcincta, 
O. crimensis,
O. leptospicularis, 
O. pinnata, 
O. trifucata 

Medium
brown 
stomach 
worm

Abomasum �7 - 28 days Several months, 
survives mild winters

20 - 25 °C

Tricho-
strongylosis

Trichstrongylus aexi,
T. capricola,
T. colubriformis,
T. rugatus,
T. vitrinus 

Bankrupted
worm

Small 
intestine

2 - 4 weeks Several months 20 - 25 °C

Monieziosis/
Tapeworm disease/
Cestodoses

Moniezia benedeni,
M. expansa

Tapeworm Duode-num 30 - 52 days Survival of the 
infected interm. 
host �,5 - 2 years

Develop. at 
28 °C in 
interm. Host 
in 4 weeks

Cystic 
echinococcosis/
Hydatidosis/
Hydatid disease

Echinicoccus
cysticus 
(hydatidosus)

Tapeworm 
hydatid

Various 
inner 
organs

�.5 - 2 years,
sometimes less

No data available

Strongyloidosis Strongoloides 
papillosus

Dwarf 
thread 
worm

Small 
intestine,
lungs,
skin

9 - �4 days Larvae max. 
4 months

> �0 °C 
20 °C opt. 

Oeso-phagostomosis/
Nodular worm disease

Oesophagostomum 
columbianum 
O. venulosum

Nodular 
worm

Small 
intestine, 
colon

45 days approx. 6 months or more Ca. 25  °C 

Chabertiosis Chabertia ovis / Small 
intestine, 
colon, 
rectum

5 - 7 weeks Larvae 
6 - 8 weeks 
in summer

Ca. 25 °C 

Bunostomosis/
Hookworm disease

Bunostomum 
trigonocephalum

Hook worm Skin, lungs, 
small intestine

7 weeks Eggs � - 2 years 
Larvae 7 weeks 
in summer

20 - 30 °C 

Paramphistomatidosis/
Rumen fluke disease

Paramphistomum
cervi, 
Caulicophoron 
daubneyi…

Rumen fluke Duode-num, 
rumen

14 weeks 
approx.

Up to 6 months 
in temperatures
< �0 °C

Develop. at 
�6 - �7 °C 
in interm. 
host in ��0 days

* Longevity can vary greatly depending on climatic conditions, particularly temperature and humidity



78

‘Safe’ pastures are referred to those that are minimally 
contaminated. It takes approximately 3 to 9 months for 
pasture infectivity to decrease significantly for most spe-
cies, depending on the climate and time of the year (Barger 
et al., �999), an exception are certainly Nematodirus ssp. 
whose eggs are able to survive on pasture for more than a 
year (Younie et al., 2004). 

In Northern European conditions a pasture can be con-
sidered safe if it meets the following criteria (Thamsborg 
et al., 2004):

Spring:

�. Pastures that have not been grazed by small ruminants 
in the last grazing season

2. Pastures that have not been grazed by small ruminants 
since midsummer of the previous year are safe all nema-
tode species except for Nematodirus ssp.

Summer and Autumn:

�. Pastures last grazed in autumn of the previous year that 
have not been grazed in spring the following year

2. Pastures that have not been grazed for 3 months during 
summer are safe except for Nematodirus ssp.

In this context it is not only necessary to know about the 
time frames for safe pastures to keep pasture contamina-
tion at a low level, it is as important to know for which 
period of time animals can remain on the pasture until the 
next generation of infective larvae has developed, which is 
shown in Table 2.

Table 2:
Guideline for contamination of safe pasture in temperate climates 
(Thamsborg et al., 2004; Eysker et al., 2005)

Spring Summer/Autumn

Infected animals Up to 6 weeks 2 – 3 weeks

Uninfected animals Approx. 8 – 12 
weeks (Mid June)

At least 6 weeks

3 Earthworms

Earthworms are soil inhabitants that live on organic mat-
ter deposited on the soil surface. Organic matter gets pulled 
down below the surface either for food or to plug the earth-
worms burrows. Therefore the major contribution of earth-
worms towards the biological control of nematodes is seen 
in the destruction of eggs and larvae by digesting them or 
transferring them to deeper levels of the soil where chances 
that they can reach the surface as infective larvae are very 

low (Persson, �974). A New Zealand study examined the 
ability of mixed earthworm populations, alone or in com-
bination with other biological control organisms to reduce 
pasture infectivity in two experiments (spring and autumn) 
(Waghorn et al., 2002). “Earthworms reduced the total 
number of larvae recovered in both trials and the number 
recovered from herbage in trial �.”

4 Dung Beetles

The term ‘dung beetle’ refers to those beetles that live 
partly or exclusively on the dung of herbivores. Most spe-
cies belong to the family Scarabaeidae. Adult beetles use 
the liquid contents of manure for their nourishment and 
some species form dung balls which they bury and lay 
their eggs in, others just live in the manure pats (Thomas, 
200�). The activity of dung beetles is being discussed con-
troversially: by breaking up the pats and partially burying 
the manure, they enhance the drying up of the dung which 
deteriorates growing conditions for larvae (Grønvold et al., 
�996) but by the same activities in bad weather conditions 
they might help the larvae to survive by airing out the pats 
and thereby providing oxygen to the larvae.

Bryan (�973 and �976) was able to show in his experi-
ments that dung beetles can reduce larvae on herbage in 
between 40 to 93%, the percentage of reduction correlated 
positively with the number of beetles. Bryan also found 
out that the burial of dung containing larvae contributed 
to their longevity and he concluded that the burial can cre-
ate a favourable environment for larval development be-
cause they are protected from extreme climatic conditions. 
Waghorn et al. (2002) also confirmed the influence of dung 
burial in respect to larval development with the result of 
significantly more larval recoveries than when dung was 
not buried, although dung was manually buried in order 
to mimic the natural activities of the dung beetle. Vlassoff 
et al. (200�) also mention that results of studies with dung 
beetles have been variable, some species reduce and others 
increase larval numbers (Fincher, �973). 

5 Nematophagous fungi

In this special case, it means the use of the naturally oc-
curring nematophagous or nematode-destroying fungi to 
control parasitic nematodes in ruminants. Nematophagous 
fungi are soil inhabitants and can be found in most soil 
types throughout the world. Research has shown they are 
found more frequently in organic production systems than 
any other (Jansson and Lopez-Llorca, 2004). 

The fungi can be divided into groups depending on their 
mode of affecting nematodes: there are nematode trapping, 
parasitic fungi and toxin producing fungi (Jansson et al., 
�997). The fungi of the nematode trapping group all have 
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in common that they form a vegetative hyphal system that 
produces trapping organs such as sticky nets, knobs or 
rings (Hertzberg et al., 2002). When for example a nema-
tode gets trapped, the fungi penetrate the nematode cuticle 
with their hyphae that then grow out and fill the body of the 
nematode to finally digest it. 

The idea of using nematophagous fungi to control para-
sitic nematodes is based on the reduction of the larval level 
in the faeces before larvae reach the vegetation, which re-
quires a high density of spores in the faeces. There are two 
possible ways to reach that high spore density, the first is 
to artificially inoculate the faeces and the second way is to 
administer the spores orally. Since the first way seems not 
viable the only possibility was to discover those fungi that 
are able to survive the gastro-intestinal tract of ruminants. 
This complex problem may have been one reason for the 
rather slow progress of science concerning this topic.

Research had started as early as in the 1940’s but with 
little success at the time. In the 1960’s there was evidence 
found for predaceous fungi working against parasitic nem-
atodes (Parnell and Gordon, �963), but these experiments 
were not continued. The major breakthrough was achieved 
at the beginning of the 1990’s when Larsen et al. (1991) 
selected fungi that were able to survive in vitro conditions 
simulating the passage through the gastro-intestinal tract 
of cattle. The two genera tested, Arthrobotrys and Dud-
dingtonia, both showed the ability for survival with the ge-
nus Duddingtonia performing significantly better, 87.5% 
versus 46% (Larsen et al., �99�). These results were the 
final trigger for detailed research in this area and since then 
many trials have been undertaken in several countries in 
which faecal samples of sheep have been screened for pre-
dacious fungi (Larsen et al, �994; Hay et al., �997; Ghah-
farokhi et al., 2004). Even after the promising results of the 
feeding trials with Duddingtonia flagrans (Wolstrup et al., 
�994; Githigia et al., �997; Faedo et al., �998) science con-
tinued to research a wider range of fungi until the end of 
the 1990’s when trials with fungi other than Duddingtonia 
flagrans started to decrease. 

From the year 2000 onwards most scientists started to 
focus on the potential of D. flagrans. One of the first ques-
tions that occurred in that context was whether or not D. 
flagrans had the ability to grow beyond faeces into the sur-
rounding soil and by doing so it could control emerging 
third stage larvae from eggs deposited prior or post deposi-
tion of fungal spores (Faedo et al., 2000). The results con-
firmed that D. flagrans significantly reduces the number 
of infective larvae that migrate onto the pasture and it also 
showed that there was no effect on larval migration of prior 
and post deposited faeces. In the first years, most of in vivo 
trials focused on the potential of larval reduction by the 
fungus and either there was only little knowledge about 
the amount of chlamydospors necessary for a successful 

reduction nor was it clear if the larvae of different species 
would be affected in the same way. 

5.1 Sheep

Githigia et al. (1997) were the first to assess the preventa-
tive effects of D. flagrans under field conditions in lambs 
and their results were the first to show varying possibilities 
and potential limitations with the use of D. flagrans under 
field conditions. The results showed that sub-clinically in-
fected lambs grazed on contaminated pasture, fungus feed-
ing does not eliminate the risk of severe infection and can 
consequently only be applied on uninfected animals and 
clean pastures.

Within the framework of the EU-project called ‘Worm 
control in organic production systems for small ruminants 
(WORMCOPS) a series of field trials have been conducted 
in Northern Europe to assess the performance of D. fla-
grans in two different management systems (animals either 
set-stocked or moved regularly) (Thamsborg et al., 2004). 
The experiments in Denmark and in the UK observed the 
applicability of D. falgrans in set-stocked farming systems 
in the time from 2002 to 2004 and both trials had rather 
disillusioning results: 

• At times there was a lack of any beneficial effects
• Unreliability in the control of Nematodirus ssp.
• Animals needed either de-worming or moving to clean 

pastures to survive the trials
• Administered supplement was only slowly accepted
• No or insignificantly reduced pasture infectivity

The evaluation of D. flagrans on the two farms in Sweden 
from 200� to 2003 was the only set of trials that had an 
overall positive result: All ewes were de-wormed before 
turnout in these experiments and went to naturally infected 
paddocks receiving supplement with or without fungus. 
Faecal egg counts and worm burdens were comparative-
ly low throughout the evaluated time, indicating that the 
farms had had reasonably good helminths control strate-
gies anyway (Waller et al., 2004). 

Contrary to these results were the results from studies 
conducted in the Netherlands in 2002 and 2003: Although 
the sheep were moved at 3 week intervals no useful effects 
could be observed (Thamsborg et al., 2005). At the same 
time there was another field trial undertaken in Northern 
Germany that was independent from WORMCOPS. The 
trial investigated the influence of D. flagrans on the in-
fection risk for sheep and goats under set-stocked condi-
tions (Holst, 2005). In this trial infected and uninfected 
sheep were moved to contaminated pastures. Throughout 
the whole time there were no significant differences in  
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faecal egg counts or pasture infectivity between control 
and fungus receiving sheep. Another field trial that was 
undertaken in Malaysia showed very good results for D. 
flagrans in combination with rapid rotationally grazing 
(Chandrawathani et al., 2004). 

5.2 Goats

Several studies have dealt with the possibilities of the ad-
ministration of D. flagrans spores to goats; however these 
have consisted of a limited number of field trials. As with 
studies concerning sheep there seems to be the same dis-
crepancy between conclusions based on short-term trials 
under in vitro and in vivo experimental conditions (Paraud 
and Chartier, 2003; Paraud et al., 2003; Waghorn et al., 
2003; Terill et al., 2004; Paraud et al., 2006) and the appli-
cability under field conditions (Holst, 2005; Chartier and 
Paraud, 2005). 

All the studies that were conducted under experimental 
conditions show positive results, where the reduction of 
larval development ranged from 40.4% to 89% (Wagehorn 
et al., 2003), 60.8% to 93.6% (Terill et al., 2004), 62.8% 
to 99.5% (Paraud et al., 2006). In contrast to these results 
Holst (2005) observed no significant larval reduction due 
to D. flagrans under field conditions. 

6 Climatic conditions

The particular climate of an area always influences the 
grazing management because egg hatching and larval de-
velopment both depend on prevailing climatic conditions. 
Larval survival times can range from some weeks in the 
wet tropics (Banks et al., 1990) to more than a year in tem-
perate climates (Barger, �987). For this reason there is no 
universally applicable grazing system that regulates pas-
ture infectivity in every climate. 

For example a grazing system that has proved to be reli-
able for parasite control in the tropics is referred to as “ro-
tational grazing” (Barger, �999). This system is based on 
rapid pasture movement (every 3-4 days) to provide safe 
pasture, followed by longer periods of spelling (30+ days) 
based on the duration of the parasite cycle (infective larvae 
develop and die within 4-6 weeks in the tropics) (Chan-
drawhathani et al., 2004). 

Rotational grazing has already proved its efficiency in 
the tropics (Chandrawathani et al., 2004) but it cannot be 
applied to temperate climates for several reasons, one of 
which is the long amount of time for pasture to become 
safe again (Barger, �999). In Table 2 the guidelines for 
contamination of safe pasture in temperate climates are 
shown and can be used to develop moving strategies.

The Mediterranean climate comprises various sub cli-
mates that lead to a great diversity in this area and to two 

basic differences in management strategies (Thamsborg et 
al., 2004). The main difference is whether there is a break in 
the middle of the grazing season (dry lands/ transhumance) 
or not (irrigated land).

7 Grazing system and herd management in respect to 
control strategies

There are basically two different types of grazing systems 
and three different types of management. Grazing systems 
differ in the stock movement frequency; this can vary from 
no movement at all to frequent changes between pastures. 
In the case of no movement animals remain on the same 
pasture for the whole grazing season (set-stocked). Both 
grazing systems have advantages and disadvantages but in 
terms of parasite control it is easy to imagine that sub-clini-
cally infected animals that stay within the same area for a 
complete season keep contaminating the pasture continu-
ously and by doing that they constantly increase the infec-
tion risk for uninfected animals. 

In terms of different management strategies there are 
organic, integrated and conventional ways of managing a 
farm, which principles are assumed to be known and there-
fore won’t be discussed in detail. 

An interesting fact in this context that appears to be worth 
mentioning is the influence of the management strategy on 
parasite diversity. A French study that conducted investiga-
tions into the impact of management strategy on the parasite 
diversity found that organic farms have a significant higher 
diversity of parasites on pastures and in infected animals 
(Cabaret et al., 2002a). A further study that researched the 
relationship between diversity and intensity of infection in 
dairy goats detected that intensity of infection was nega-
tively correlated with helminths diversity (Silvestre et al., 
2000).

The main function of any grazing system is to provide 
safe/clean pastures on which animals can safely graze as 
well as sufficient forage availability for grazing animals 
(Barger, �999). In order to control gastro-intestinal nema-
todes through grazing management three strategies can be 
categorized as measures to minimize new and re-infection. 
The three categories are ‘preventive strategies’, ‘evasive 
strategies’ and ‘diluting strategies’ and they are summa-
rized in Table 3.

Studies in France and in Denmark (Bouilhol and Mage, 
200�; Githigia et al., 200�) highlighted in their results how 
important a well thought-out grazing system is. The French 
survey analysed different management concepts for organ-
ic meat sheep farms and found that concepts were varying 
in (�) time of lambing and (2) management for weaners 
(moved to either infected or uninfected pastures). The first 
important outcome of this survey was that early lambing 
appears to be the key for sufficient weight gain because it 
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uses the seasonal plant growth to full capacity (Bouilhol 
and Mage, 2001). Their other finding confirms that mov-
ing weaners to safe pastures is a successful measure for 
parasite control.

In the Danish experiment the ‘dose and move’ strategy 
was compared to a ‘move only’ strategy (from an infected 
to a clean pasture) for lambs at weaning time. As a re-
sult acute parasitic gastroenteritis could be prevented and 
weight gains were comparable for all groups, although pas-
ture contamination was higher on the pastures that had been 
grazed by the ‘move only’ group (Githigia et al., 2001).

8 Stocking rate and animal behaviour

The base for successful parasite control in small rumi-
nants is to keep the pasture infection level low so that the 
animals are not exposed to an excessive larval population 
on the pasture. A further fact that may be considered in this 
context is the possible correlation between actual migra-
tion height of infective larvae and stocking rate. Research 
results appear dissonant and controversial in this particu-
lar question. While one source states that the majority of 
larvae usually “crawl only one inch from the ground onto 
herbage, so not allowing animals to graze below that point 
will cut down a lot of infestation” (Wells, �999). Another 
source writes that about 80% of the infective larvae can 
be found on the first two inches of vegetation, so avoiding 
grazing to below this level will reduce problems (Schoeni-
an, 2005). On the other hand Thamsborg et al. (�996) argue 
that a reduced plant cover can as well create condition less 
favourable for larval development and that faecal deposits 
on short grass result in significantly reduced infective lar-
vae on the surrounding pasture (Secher et al., �992)

Although the correlation between stocking rate and par-
asite infestation is mentioned, only two studies could be 

found in the run-up of the literature inquiry. 
Thamsborg et al. (1996) investigated the influence of 

an increasing stocking rate on nematode infection rate in 
sheep in an experiment. Their results demonstrated that 
the stocking rate has a rather long term effect than short 
term consequences because only little differences were ob-
served in the first year whereas higher levels of infection, 
related to an increased stocking rate, were confirmed for 
the second year of the experiment.

A more recent study investigated the relationship between 
nematode infections and general farming aspects and char-
acteristics on 20 French dairy goat farms (Vallade et al., 
2000). In this survey those farms that needed the fewest 
annual anthelmintic treatments either fed supplements or 
had a reduced stocking rate. While Vallade et al. see a clear 
connection, Thamsborg et al. (�996) assume that the rela-
tionship between stocking rate and infection level is nei-
ther strong nor consistent but is very complex.

This complex relationship could originate from the fact 
that larval intake is not simply determined by pasture con-
tamination but by a living organism which has a foraging 
strategy that might protect itself from the excessive intake 
of parasites “Ruminants are known to avoid grazing herb-
age which is contaminated with faeces” (Hutchings et al., 
�998). Cooper et al. (2000) concluded in their experiments 
that sheep generally prefer grazing uncontaminated patch-
es of pasture and that the presence of faeces enables sheep 
to detect and avoid contaminated patches. Further on in 
the experiment sheep generally appeared to consume few-
er larvae than were present on herbage and infected sheep 
consumed more larvae than uninfected ones. The authors 
conclude that “parasite infection status and faecal distribu-
tion influence grazing behaviour and rate of infective lar-
vae consumption”.

A study that was conducted in context with nutrition 

Table 3:
Overview of different grazing management strategies (Barger, �997; Cabaret et al., 2002b, Thamsborg et al., �999; Younie et al., 2004)

Preventive Strategies Evasive Strategies Diluting Strategies

Turning out parasite free animals on clean 
pastures

Worm challenge is evaded by moving animals 
from contaminated to clean pasture

Worm challenge is relieved by diluting pasture 
infectivity

 Delayed turnout

 Changing pastures between seasons 

 Moving at weaning 

 Late lambing 

 Grass reseeds 

 Cultivation of annual forge crops 

 Silage/ hay aftermaths 

 Alternation of different host species

 Moving to safe pastures within the same 
season

 Alternate grazing of different species

 Hay/silage aftermaths 

 New grass reseeds 

 Cultivation of annual forage crops

 Avoid stocking rates close to carrying 
capacity of plant production

 Reduction of the general stocking rate 

 Mixed grazing with other host species

 Alternate grazing with other host species

 Mixed grazing with other age groups
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found that grazing behaviour changes with parasite infec-
tion, suggesting that sheep are able to detect metabolic sig-
nals caused by parasitism, and according to these signals 
start selecting plants with higher nutritional values (Cos-
grove and Niezen, 2000).

Engel (2002) approached this subject by exploring be-
haviours of wild animals and how they manage internal 
parasites. It was shown that most animals have a very good 
understanding of what is wrong with them and often know 
and use the appropriate medical plants. To some extent this 
instinctive knowledge is still present in domesticated ani-
mals; research with goats and tanniferous plants has shown 
that if goats are given a choice they will select diets with 
moderate tannin levels.

The above discussed studies once more document how 
complex the relation between grazing animals and inter-
nal parasites is. It appears logical that keeping animals at 
the upper limit of pasture productivity interferes with the 
inherent necessity of ruminants to graze further away from 
faeces and therefore a decreased stocking rate may help to 
control nematodes in sheep and goats.

9 Monitoring and intervention

The principle of Monitoring and Intervention builds part 
of the base for organic farming, particularly because, as 
shown in chapter two, the preventive use of any conven-
tional treatment is prohibited. Therefore regular inten-
sive monitoring is inevitable to guarantee animal welfare 
(Thamsborg et al., 2004) and protect animals against un-
necessary suffering. 

Because any preventive use of anthelmintics is outside 
the organic standards, the treatment method applied at the 
moment is the strategic usage of anthelmintics, where only 
individuals are treated (Waller, 2005). However, before any 
therapy can be administered it has to be established which 
animals are physically affected by parasitic nematodes. 

There are three commonly applied methods to determine 
worm infestation with different explanatory powers:

(�) scoring general body condition
(2) determine faecal egg count (FEC)
(3) scoring for deviate physical conditions

The body condition should be monitored not only for 
signs of nematode infestation but also other negative influ-
ences. Early practice in Australia showed good results for 
worm control treating only a small percentage of the flock 
(�0-20%), those animals with the highest FEC and those 
with the lowest weight gain. Nevertheless, treating animals 
with low weight gain seems risky as weight loss or lim-
ited weight gain can be due to several other conditions not  

necessarily due to parasitic nematodes (Waller, 2005).
The determination of faecal egg counts appears very use-

ful in obtaining a clear picture of worm infestation with-
in single animals as well as within a mob (mob counts) 
(Thamsborg et al., 2004). When the FEC reaches a speci-
fied limit (e.g. over 400 eggs/gram (EPG) in lambs) it indi-
cates the need for treatment (Younie et al., 2004). However, 
recommendation in New Zealand (http://www.ceresfarm.
co.nz/internalparasites.htm) estimates trigger levels to be 
the following: below 500 EPG is low, in between 600 and 
2000 EPG stands for moderate infestation and above 2000 
EPG is critical. Consequently body condition scoring as 
well as faecal egg count determination allows treatment to 
be carried out on selected animals and therefore minimize 
the risk of the buildup of anthelmintic resistance within the 
flock.

An approach that is quite similar to the above-mentioned 
faecal screening, is the use of the FAMACHA© chart to 
determine the degree of haemonchosis in sheep and goats 
(Koopmann and Epe, 2006). This chart gives farmers the 
possibility to assess the clinical condition by the colour of 
the eye mucosa (score � - 5) and drench only those animals 
that have a score above 3 (Bath et a., 200�). If animals 
become heavily infected and there is a requirement for 
chemical intervention, there are some points that need to be 
considered before the administration of any conventional 
de-wormer (Humann-Ziehank and Ganter, 2005):

• never treat the whole flock, only treat infected animals
• always confirm infestation by laboratory examination of 

a faecal sample
• check for resistance before deciding on a particular rem-

edy
• administer treatment on empty stomach to increase ef-

ficiency
• avoid inappropriate dosing
• do not move immediately animals after drenching, wait 

for � - 2 days
• check success 7 - 10 days after drenching by laboratory 

FEC

10 Improvement of animal resistance through selective 
breeding

A further possibility of controlling parasitic nematodes in 
sheep and goats lies within the breeding management. The 
idea is to use only those animals for breeding that shows 
either an inherently occurring resistance or resilience to 
nematode challenges (Bishop et al., �996). This idea has, 
as other alternative strategies, come into the fore since the 
extent of the spreading anthelmintic resistance of parasites 
has become more and more obvious. 
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Research that has been done in the last decades could suc-
cessfully show “that it is possible to exploit genetic varia-
tion in resistance to nematode parasites of sheep by selec-
tion” (Gray, �997). The selection for resistant animals is 
possible within different animals as well as within different 
breeds of sheep and goats (SAC, 2000). Various studies 
have been done on this issue, some focused on the varying 
degrees of resistance amongst differing breeds (Baker and 
Gray, 2004; Amarante et al., 2004), and others focused on 
the occurrence of resistance and its heritability within one 
breed (Bisset et al., �996; Bouix et al., �998; Gauly and 
Erhardt, 200�). 

The outcome of these studies confirmed that within and 
amongst populations of animals that are challenged by in-
ternal parasites there are always animals that perform bet-
ter than others, they are either resistant, resilient or toler-
ant (explanation see glossary) (Bishop and Stear, 2003). 
Breeding in recent years has concentrated on resistance last 
but not least because resilience is far less heritable then 
resistance (Eady et al., 2006). Tolerance on the other hand 
is not a desirable trait at all because tolerant perform well 
indeed but contribute to pasture contamination (Meat New 
Zealand, �999).

10.1 Possibilities for estimating breeding value

The starting point of science was to explore the ways of 
nematode transmission and how transmission could be re-
stricted by modifying animals (Bishop and Stear, 2003). 
This led to the question of how resistance in animals could 
be measured to determine the criteria for which animals 
were being selected.

All studies that have been reviewed for this paper estimat-
ed breeding value on the base of faecal egg counts, howev-
er there are other methods which can also be used like the 
use of genetic markers and blood immunity response tests 
(Gray, �997). In this context dag scores (DS) and faecal 
consistency scores have been looked into as possible indi-
rect indicator traits for resistance but correlation between 
FEC and these traits has not been explored in full detail and 
results remain contradicting (Pollott et al., 2004)

In recent years most selection has been done on the basis 
of faecal egg counts (Bishop and Stear, 2003) but there is 
an additional blood screening test that has been developed 
to assist selection that is called the ‘Host Resistance Test’ 
(HRT) (AGresearch, 2004). This test measures the host 
antibody level and makes it thereby possible to select for 
animals with relatively high levels (AgVax, 2006). 

In New Zealand, one of the leading countries in selec-
tive breeding, a selection index has been developed to give 
farmers the chance to select for resistance as well as pro-
duction traits (Meat New Zealand, �999). Those farmers 
that have been using this index for over ten years show 

a significant reduction in FEC, improved wool production 
and higher growth rates in ewes and lambs on their farms 
(SAC, Stapledon Report, 2000).

10.2 Relation of resistance to other traits

Sheep and goats have been bred for many centuries in 
differing and sometimes contrasting environments for vari-
ous reasons, parasite resistance normally not being in the 
foreground. Today there is a variety of breeds - from milk 
to meat to dual purpose breeds either high-performing or 
extensive, a wide range of sheep and goats has been bred. 
Since the beginning of breeding towards enhanced animal 
resistance its relation to other performance traits (like e.g. 
fleece weight, body weight, fibre diameter, milk produc-
tion) has been discussed and studied (Bishop and Stear, 
2003). The results of the existing sources are contradicting 
and range from no marked genetic relationship between 
FEC and production traits (Eady et al., 2006), to small un-
favorable genetic relationship between fleece weight and 
FEC (Meat New Zealand, 1999), to a significant negative 
correlation between FEC and daily weight gain (Gauly and 
Erhardt, 200�). The complex correlation of these different 
traits can possibly be cleared by taking a look at the under-
lying physiological processes (Bishop and Stear, 2003). 

Animals that get challenged by nematode parasites need 
a surplus of energy either for an immune response or to 
maintain performance (e.g. growth, pregnancy, and lacta-
tion), therefore resistance and performance competes for 
resources, particularly for protein. These findings are con-
firmed by a study of Kahn et al. (2003) in which is shown 
that supplementation of ewes during the peri-parturient 
period enhances their ability to resist infection and conse-
quently reduces faecal egg output overall in those animals 
previously selected for nematode resistance. The study 
also confirmed lower fleece weights and wool growth rates 
for resistant ewes and lower birth-weights for their lambs. 
This once more shows the physiological problem of preg-
nant and lactating ewes and does. Under normal conditions 
nematode infection would have little impact on the animal, 
however during pregnancy or lactation, body resources 
have to be divided and in more resistant animals the divi-
sion turns out to be in favour of immunity (Bishop and 
Stear, 2003). A similar process applies for wool growth, in 
which case the two traits are competing for scarce sulphur 
containing amino acids.

So all in all these studies show that the relation in between 
resistance and performance traits “are a balance of the costs 
of being resistant versus the beneficial consequences of be-
ing resistant” (Bishop and Stears, 2003).
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11 Enhancing host resilience and resistance through 
nutrition

The following section will concentrate on the interrela-
tion between the nutritional status and parasite infestation 
in sheep and goats. This issue has been, more or less, in-
tensively researched for about a decade now and still holds 
a few open questions.

The fact that the gastro-intestinal tract builds the base for 
a lot of physiological processes, and that it is at the same 
time, the central location for all those parasites this paper 
focuses on, makes this section particularly interesting.

The whole subject can be considered from two different 
points of view, the first how parasites affect the physiologi-
cal processes of their hosts, and the second, how the nu-
tritional status of the hosts can be influenced in order to 
enhance their resilience and resistance (Coop and Holmes, 
�996). 

In general it can be claimed that well nourished animals 
cope better and overcome infection with parasitic nema-
todes quicker then malnourished ones (Wells, 1999). The 
groups that are most susceptible to parasitism are young 
lambs and kids (when immunity has not been established 
yet) and their mothers (because of the peri-parturient drop 
of their immune system) (Waller and Thamsborg, 2004). 
Protein availability in particular (Van Houtert et al., �995a 
and �995b, Valderrábano et al., 2002) and balanced min-
eral supply (Sykes and Coop, 2001) seem to play key-roles 
in the protection from nematode infections. 

As already discussed in the last section do Coop and 
Holmes (�996) as well as Bishop and Stears (2003) sup-
port the thesis that an animal has only a certain amount 
of nutritional resources (particularly protein) that have to 
be allocated amongst the different body functions. If the 
protein supply for example does not cover the necessary 
requirements, certain functions will be prioritized (usually 
to the disadvantage of immunity).

In this context the role of dietary protein has been re-
searched intensively. Van Houtert et al. (�995a, �995b) 
showed in their studies that the administration of protein 
supplement reduced production losses, enhanced expul-
sion, reduced the need for drenching significantly, in-
creased wool production and fibre diameter and reduced 
faecal egg counts.

More recent studies have carried out investigations into 
the impact of different forage types on the performance of 
parasitized sheep. These studies showed a correlation be-
tween administered forages and ability to cope with worm 
infestation. The reviewed feeding trials both showed the 
positive effects on lambs feed with white clover. Niezen 
et al. (2002c) discovered that an increased proportion of 
white clover in the diet of lambs resulted in improved 
weight gain and overall better performance. These find-

ings are confirmed by Marley et al. (2005) who researched 
the effects of forage legumes in comparison to ryegrass 
in lambs, moreover they showed that the consumption of 
white clover leads to lower FEC and a reduced adult worm 
burden. 

Coop and Holmes (�996) reviewed studies on the in-
fluence of nutrition on (1) parasite establishment, (2) es-
tablished infections and (3) immune responses. In their 
conclusion protein supplementation appears to have no 
influence on the initial parasite establishment but on estab-
lished infection and the immune response which is indicat-
ed by a reduced FEC and worm burdens and by enhanced 
resistance to re-infection. 

Valderábano et al. (2002) could not confirm a reduction in 
faecal egg counts in their study but it was observed that fe-
male worm size and fecundity decreased significantly with 
the level of nutrition. A further review comments on what 
other studies have demonstrated “that protein supplemen-
tation of ewes around lambing may limit the peri-parturient 
rise in faecal egg counts depending on protein level during 
pregnancy” (Thamsborg, 200�a). 

Kahn et al. (2003) showed in their study that supplemen-
tation did not affect faecal egg output in the phase prior to 
birth but it reduced FEC by more than 50% postpartum. 

The latest study that was reviewed for this paper assessed 
the rate of immunity improvement in lactating ewes when 
the demand for protein was either decreased or fulfilled 
(Houdijk et al., 2006). This study points out that optimized 
host protein nutrition could be able to reduce the establish-
ment of parasites around the peri-parturient loss of immu-
nity. Further more the experiment showed that the decrease 
in protein demand is able to induce the regain of immunity 
in ewes within short periods of time. The authors conclude 
that if the decrease in demand is able to lead to such a dra-
matic improvement of immunity, the optimization of nutri-
tion might result in an equally quick improvement.

12 Conclusions

Parasitic nematodes remain a major threat to the health 
and welfare of small ruminants all over the world and the 
demand for alternative control measures has constantly in-
creased during the last years. Infestation with endo-para-
sites can have severe consequences for the animal as well 
as for the livestock farmers leading to economic loss and 
restricted productivity (Holst, 2005). 

In the last decades parasites have been controlled with 
the preventive use of anthelmintics which has resulted in 
parasitic drug resistance. Although resistance in parasites 
is spreading, commercial farming continues to rely on the 
preventive use of anthelmintics.

The aim of this paper was to investigate the level of re-
search in alternative strategies for control and prevention 
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of endo-parasitic diseases in sheep and goat farming sys-
tems, and discuss the obtained results with regard to over-
all viability in organic agriculture. The emphasis was put 
on alternative strategies for prevention because this meas-
ure aligns more with the overall principles of organic ag-
riculture, which is to maintain health rather than curing 
disease.

Reviewed were the following options: biological control, 
pasture management, selective breeding and optimised nu-
trition. Although a lot of research has been done on biologi-
cal control options the outcome of this area of investigation 
proved rather disillusioning. The use of fungus spores to 
control infective larvae on the pasture cannot be recom-
mended because of the high variance between results ob-
tained under experimental conditions and those obtained 
in field trials. 

Effective pasture management on the other hand proved 
promising and offers solutions that can be successfully 
transferred to most farming situations with applied knowl-
edge about host-parasite interactions and interrelations 
building the base for low pasture infection rates for grazing 
animals. There are also a number of possible management 
strategies (e.g. stocking rate reduction and regular inten-
sive monitoring of animal condition) that can also help op-
timise animal health status. 

The area of selective breeding has also shown promise 
as a viable control option. It is currently being practised 
in New Zealand and Australia with good results. Animals 
with strong resistance to infection are being selected for 
future breeding lines and as a result flocks of animals with 
higher resistance are being produced. As yet limited re-
search or results have been obtained under European pro-
duction conditions but this is an area which warrants future 
investigation.

The influence of nutritional status was also investigated in 
the context of non-chemotherapeutical options for control. 
It was found that optimised nutrition improves the ability 
of animals to cope with the adverse effects of worm infes-
tation. Protein nutrition proved to be playing a key role as 
it is needed for growing processes as well as for immune 
responses. Two measures can be recommended from the 
findings of this report. First of all farmers should ensure 
sufficient food supply for their stocks at all times to avoid 
nutritional stress. Secondly animals that are particularly 
susceptible can be helped by placing them on protein-rich 
diets.

Many scientific studies and projects have been reviewed 
for this paper and these have often shown big discrepancies 
between results obtained under in vitro and in vivo condi-
tions. Often research is carried out under clinical condi-
tions for extended periods before being moved to on farm 
trials and it was observed that extensive clinical research 
on a topic does not necessarily result in the discovery of a 

practical control option. While the difficultly of field trials 
is acknowledged (difficulty controlling parameters, etc.), it 
is important for them to be undertaken as early as possible 
to prove the viability of further research.

In conclusion the most viable control strategies proved to 
be development of sustainable farming systems and adop-
tion of effective management strategies.
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