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Introduction

Taxonomy, distribution and use of South American camelids

South American camelids, together with the species Old World camel (dromedary and the two-
humped camel), belong to the suborder Tylopoda. The domesticated South American camelid
species are llamas (Lama glama) and alpacas (Vicunja pacos), who originated in the wild form
guanaco (Lama guanicoe) and vicunja (Vicunja vicunja) respectively (Fowler, 2010). Crosses
of the four species are fertile offspring (Gauly et al., 2011).

Alpacas can be divided into the two breeds Huacaya and Suri, which differ in the wool quality.
Huacaya fibre is shorter than Suri and it is crimped and spongy. The Suri, on the other hand,
has long fibres without crimps and it hangs down alongside the body in ringlets (Fowler, 2010).
Being larger in size than alpacas, llamas have a wide variation in size and weight and differ in
their fibre volume. There exists a more woolly variety, one with middle fibre amounts, one with
less fibre on the neck, extremities and body, as well as the Suri-type variety (Fowler, 2010).
The point of origin is the High Andes of Peru and Chile. Nowadays, South American camelids
have their original habitat in South America countries like Peru, Bolivia, North of Chile and
Argentina. Since the late 70s to early 80s, the number of Ilamas and alpacas increased in
countries outside of South America. They are found in large numbers in the USA, Australia and
Central Europe (Gauly et al., 2011). In these countries, they are raised for a number of purposes,
including pets or companion animals, fibre production, show animals, draught, breeding, meat
etc. (Cebraet al., 2014).

Situation in Europe

In Central Europe, especially in Germany, South American camelids are mostly to be found in
small farming systems with two to six animals each. Most of the animals are raised as pets or
companion animals. For this reason, there is not an exact stock number existing (Gauly et al.,
2011). Scientifically based nutritional requirements are not available for camelids that are raised
under Central European conditions. The calculations of the nutritional requirement are mainly
based on the knowledge from their native countries of South America, or are simply adapted
from other livestock, mainly from small ruminants. Both derivations are in need for extensive
analysis. It is critical to compare Europe with South America, because of the different climatic
conditions and the wide range between the farming management systems. Furthermore the
anatomy and physiology varies considerably between South American camelids and true

ruminants.
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Difference in the digestive anatomy and physiology of South American camelids and true

ruminants

South American camelids are ruminants in the strict sense of the word that is they chew a cud
but there are some important differences especially in the digestive anatomy and physiology
between camelids and true ruminants.

The forestomach system of true ruminants like sheep, are three independent hollow organs
(rumen, reticulum and omasum) with the attached glandular stomach (abomasum) (von
Engelhardt and Breves, 2005; Loeffler and Gabel, 2013). In contrast, camelids have only three
distinct compartments (C1, C2 and C3) associated with the foregut and stomach (Vallenas et
al., 1971). The first two compartments (C1 and C2) and the first four-fifths of the third
compartment (C3) are representative of the reticulorumen and have the function of a
fermentation chamber hosting a microbiological flora and fauna. The last fifth of the elongated
tubular C3 is similar to the glandular stomach (abomasum) of true ruminants (Wang et al.,
2000).

To digest the cellulose, fibre and dry matter (DM) of their feed, both species (true ruminants
and South American camelids) are dependent on these microbiological flora and fauna in their
foreguts and compartments (Van Saun, 2006; Gauly et al., 2011). Ruminating animals have
developed a speciality for digesting feed rich in celluloses (von Engelhardt and Breves, 2005;
Van Saun, 2006). The camelids flora exhibits a higher level of activity, which may be the reason
to a greater digestive efficiency (San Martin, 1987; Dulphy et al., 1997; Sponheimer et al.,
2003). Tichit and Genin (1997) found in an in sacco dry matter digestibility study that the
digestibility was indeed higher in llamas than in sheep. Therefore, the best symbiotic
relationship between microbial population and host animal is found in the South American
camelids (Cebra et al., 2014). It can be concluded that a combination of greater degree of
degradability coupled with an increased microbial yield provides llamas and alpacas with an
increased advantage in dealing with coarse, low quality feed compared to other ruminants and
herbivores (Van Saun, 2006).

Another difference between true ruminants and South American camelids is the size of their
gastrointestinal tract and the particulate outflow rate. These camelids have smaller stomach
compartments and a slower particulate outflow rate (San Martin, 1987). This slower outflow
rate will lead to a longer retaining time of the food particles and in a longer fermentation time
in the camelid foregut than in the ruminant one (Heller et al., 1986; Dulphy et al., 1994). The

hydrolysis of cell wall components by certain microbial enzymes is working all in all slowly;
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hence, the time in which the ingesta is available for the microbes is very important for the
efficiency of the digestion (von Engelhardt and Breves, 2005)

Another outstanding anatomy feature of South American camelids is the specific upper lip. It
is adjusted to select the better parts of the feed. Smaller than the lower lip it is divided by a
median groove. Both lips are more mobile than the ones from other herbivores, what allows a
high selective ability (Cebra et al., 2014).

All the differences in anatomy and physiology of the digestive tract between South American
camelids and true ruminants may influence the DM-intake (DMI) and the selective behaviour

of the different animals, which may require a different feeding approach for the camelids.
Nutrition value and diet composition

The key element for an efficient and sustainable animal production is a proper diet composition.
The precondition is the knowledge of both diet composition and total intake for preparing a
proper feed ration. Many different factors influence the feed intake by both grazing and
browsing ruminants (NRC, 2007), such as the season (Newman and Paterson, 1994), the
digestive system morphology and anatomy (Vallenas et al., 1971), the digesta retention time of
the feed, the selectivity of the animal (San Martin, 1987), the size of the body (Kleiber, 1961;
Demment and Van Soest, 1985) and the digestibility and quality of the forage (Meissner and
Paulsmeier, 1995). When the animals are kept under controlled conditions or on pasture, the
diet formula has to be based on animal requirements (NRC, 2007). As a rough guide, it may be
accepted that with increasing diet quality, animals have to ingest less of their feed because their

requirements are satisfied by smaller amounts (Meyer et al., 2010).
Dry matter intake

By definition, the DM includes every substance left after drying at 103 °C; volatile substances
are lost during this drying process (Meyer et al., 2009). The DMI is generally measured in %
of body weight (BW) of the specific species and is dependent on different energetic situations
of the animal like gestation, lactation and growth as well as environmental factors like coldness
(Meyer et al., 2009). The influence of the diet composition, season and species on the DMI has
been studied extensively in various ruminants including sheep or cows (i.a. Celaya et al., 2007;
Meyer et al., 2010). A result of the experiment performed by Celaya et al. (2007) is that the
dietary overlaps of cattle, sheep and goats increased from late summer to winter as the mean
sward height decreased under a certain height. They also claim that sheep have the best and
cattle the worst performance during the year and goats are the best complementing species with
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others. In the review created by Meyer et al. (2010), they affirm that animals compensate for a
decreasing diet quality with an increasing feed intake. The review also says that a coarser, more
fibrous feed leads to a mechanical intake limitation in ruminating animals. Meyer et al. (2010)
have compared the feed intake of herbivores and detected that in general camelids have a lower
intake per kg metabolic BW (mBW) than other ruminating animals with comparable fibre
contents in the forage. For South American camelids, information about intake, diet
composition and feeding behaviour is rare (San Martin and Bryant, 1989; Genin and Tichit,
1997; Dulphy et al., 1998; Fraser, 1998). San Martin and Bryant (1989) summarize a large
number of intake data for llamas and alpacas of the Andean region. They show an average DMI
of 2.0 % (llama) and 1.8 % (alpaca) of BW. The NRC (2007) expect a DMI of 1.0 % and 1.5 %
of BW, respectively, which are lower than the detected numbers of San Martin and Bryant
(1989). Dumont et al. (1995) found under grazing conditions a lower DMI of 0.8 to 1.3 % of
BW. Similarly, Ordofiez (1994) found a DMI of 1.7 kg per day, equivalent to 1.6 % of BW
assuming 110 kg BW also in free grazing animals. In these previous studies, the DMI is
measured based on one single hay quality or averaged over a wide range of qualities. The main
focus was on the DMI. It is still unclear how the feed composition, gender or species are
affecting intake. Furthermore, it is proven more complicated to compare results of grazing
studies with studies under controlled housing conditions. Van Saun (2006) even asserted, that
the exact DMI can only be detected under strict controllable housing circumstances.

The large difference in the quality of the forage used may also lead to a wide range of DMI
results (Cebra et al., 2014). Like mentioned before, ruminating animals like South American
camelids are increasingly limited in their food intake capacity as diet quality decreases and have
a typical drop in intake with increasing fibre content (Meissner and Paulsmeier, 1995). This is
due to the fact that more fibrous feed has to be ruminated upon for a longer time before it can
clear the rumen which causes a mechanical intake limitation (Meyer et al., 2010). Barboza and
Hume (2006) reported in their study that herbivores may increase their feed intake on high
quality food to build up energy reserves for times when feed quality is low.

Organic neutral-detergent fibre intake

According to the definition of the extended Weender analyses (Henneberg and Stohmann,
1860) following the method of VVan Soest et al. (1991), Organic neutral detergent fibre (NDFowm)
is all cell wall components of the plants. The more NDFowm content a plant has the more fibrous
itis.
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An early study of Hintz et al. (1973) indicate that South American camelids are twice as
efficient than sheep in digesting fibre. It can be found in the literature that a recommendation
of a minimum of 25 % crude fibre in the diet of ruminating animals (Van Saun, 2006; NRC,
2007; Gauly et al., 2011; Cebra et al., 2014). There is still a lack of scientifically approved
numbers. Not all fibre is usable for camelids in their nutrition, but it is essential for the diet of
the forestomach microbial population, which processes it for the animal itself (Van Saun, 2006).
This microbial fermentation leads to a greater range of microbial protein and degradation of
consumed feed (Cebra et al., 2014).

Crude protein intake

The most common system for detecting the dietary crude protein (CP) based on the total
nitrogen (N) is the Kjeldahl method (Kjeldahl, 1883). The results are expressed on a CP basis
(N*6.25) (Henneberg and Stohmann, 1860).

Especially in camelids, protein is an important part for the diet for both microbial and animal
needs (Van Saun, 2006). Hinderer (1978) claimed that Ilamas are able to hydrolyse more urea
per unit of time in C1 than other ruminants can do in their rumen. This would lead that llamas
have more urea available for protein synthesis by microorganisms. In ruminating animals,
retained nitrogen is recycled to the microbial flora and fauna as urea, which is processed to
microbial protein (Van Saun, 2006)

This gives camelids the ability to use poor quality roughages of low protein content contrary to
other ruminating animals. Van Saun (2006) also detected that the protein requirement in true
ruminants and ruminant like animals, like South American camelids, is more complex than only
digestible protein or CP. Due to the microbial flora and fauna in the forestomach or
compartments, they can process highly soluble and degradable dietary protein and non protein
N (Van Saun, 2006). The recommendation for dietary protein content for South American
camelids varies widely and is dependent on the state of performance of the animal. It ranges
from 8-14 % of the DM (Gauly et al., 2011). An overflow protein intake will lead to weight
gain, increasing feed costs and a greater N excretion. (Cebra et al., 2014). In camelids and other
ruminating animals, protein is needed for both microbes and animals to function properly
(Cebraet al., 2014). A high CP content in the feed is set even with a higher feed quality.

Selectivity behaviour

Ruminating animals like small ruminants or South American camelids, obtain nutrients from a

variety of feed sources including protein, fat, and both structural and non-structural



CHAPTER 1 7 Introduction

carbohydrates. Ruminating animals kept on pasture will be selective on what they chose to
consume. They consume primarily the easy to remove parts of the plant like leaves and husks
and go for sheath only when the amounts of the more palatable parts are to low (Methu et al.,
2001). In an experiment by Leonardi and Armentano (2003), cows housed in tie-stalls selected
their offered hay against longer particles in favour for short, easy palatable parts.

The selection is dependent on multiple factors like the nature of the animals themselves, and
the plant resources they have access to. It is essential that the management systems permits the
animals to be selective (NRC, 2007). Another factor influencing the selectivity of animals is
the presence of another species like in co-grazing systems (Walker et al., 1994). For example,
when comparing sheep and llama in such a system, Genin et al. (1994), showed that Ilamas
selected the more coarse grass species than sheep, though there is less tendency for this
selectivity behaviour in the same system with sheep and goats.

Fraser and Baker (1998) and Fraser (1998) detected in their experiments that sheep selected the
high N and low fibre food items, unlike guanacos, who selected the fractions with the higher
fibrous parts of the plants. They avoided the more digestible leaves, which the sheep fed on.
Fraser (1998) also said that both sheep and South American camelids were found to be selective
feeders, but their choice of diet differs in composition. This difference could be used to increase
overall productivity of the pasture and animal performance.

Selective behaviour can also lead to complications, for example, when diets are made of fine
fibre, selection can reduce intake of long, coarse particles and decrease chewing activity and
forestomach pH (Leonardi and Armentano, 2003).

Ruminating animals like South American camelids would always choose the feed with the
better quality (high digestibility and protein content, few secondary compounds) than the

average of the forage biomass, which can be found in the feedlots (NRC, 2007).
Co-grazing South American camelids and sheep

It is a very animal friendly husbandry to keep them on pasture or in loose barn systems. The
possibility to live on pasture is the best choice for the nutrition of the animals, as well as in the
aspect of animal-welfare (Gauly et al., 2011). Especially for South American camelids, which
are animals needing their distance from each other and avoid physical contact with others in the
herd (Gerken et al., 1997).

There is still a lack of scientifically based studies about the behaviour of South American
camelids on pasture. Gauly et al. (2011) claimed a daily grazing period of 7-12 hours in several

periods. They say that the feed intake is spread over the whole day with interruptions for
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rumination. South American camelids are diurnal animals, which have rest and rumination
times during the day. Grazing time overnight is limited for ruminants, thus they optimize
nutrient intake by rumen filling during the daytime (Penning et al., 1995). They are not active
in the dark (Fowler, 2010).

Usually camelids sleep in a sternal position, but they can be found lying in a lateral position.
Sheep do not use this lateral position, because they cannot oversee their territory from that
position, therefore they are at higher risk of predation (Hulet et al., 1987; Penning et al., 1993).
In the work of Baumont et al. (2000), they said that in a loose barn or extensive pasture
management system, the diet compositions and the impact of grazing on the biomass is also the
result of a muliple layered realtionship between the animal and nature. Free housed animal show
an enterprising nature in diet and selection by taking small portions from many sources, thereby
increasing the likelihood that the complex diet will satisfy its nutrient requirements (NRC,
2007).

Grazing Behaviour

The diversity of anatomy and physiology may influence and distinguish the grazing strategy of
true ruminants like sheep and South American camelids. On the other hand, co-grazing of these
two species may have a positive effect for the productivity of the feedlots. Especially when
there is a situation of maintaining single species herds grazing, the biomass is left unbalanced.
Overgrazing of a pasture will lead to a shift in one or the other direction. The possible outcome
can be an overgrowing of coarse and woody plants or desertification (NRC, 2007). It is an
increasing problem that there are mainly flocks of only one species like small ruminants, which
leads to a loss of valuable browse and grass species (NRC, 2007). Because co-grazing systems
are very effective in terms of resource use, these could be a solution for an effective utilization
of available rangeland.

However, for the equilibrium between animal needs and economic benefit in all management
systems, it is important to maximize the proportion of forage in the diet to minimize feeding
costs. To reach these goals, it is important to know the animal behaviour and dietary choice as
well as in housing systems and on pasture (Baumont et al., 2000). Heitschmidt et al. (2004)
claim that co-grazing of multiple species can effectively change the number of poorly usable
plant material to a better harvestable biomass. There exists a wide range of numbers of co-
grazing studies between true ruminants among themselves. For example, co-grazing small
ruminants like sheep and goats are improving the vegetation conditions (Walker, 1994). Goats

are a good addition to other species for the best use of occurring pasture resources. Furthermore,
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multispecies grazing systems improve the spatial use of pasture (Forbes and Hodgson, 1985),
parasite control (Waller, 2006) and potentially lower loss due to predation under distinct
conditions (Hulet et al., 1987).

In South America, it is practiced that camelids are co-grazed with sheep (Pfister et al., 1989;
San Martin and Bryant, 1989; Tichit and Genin, 1997). It would seem as if housing South
American camelids together with small ruminants is possible under Central European
conditions, even though the climatic terms, the pasture and the animal performance are
different. For example, while sheep consume forage that came into contact with dung (Brelin,
1979), South American camelids will not touch that forage (Gauly et al., 2011). Fraser (1998)
claims that with mixed grazing groups, the wastage around latrine areas of South American
camelids would decrease when co-grazed with other species.
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Aim of the study

As mentioned before, the knowledge about DMI and feeding behaviours of South American
camelids kept under Central European conditions is still limited. There are scientific
publications about DMI and co-grazing with other species especially done in the countries of
origin. However, in previous studies, the DMI was measured either based on one single hay
quality or averaged over a wide range of qualities. So it is still unclear from these studies how
the feed composition, gender or species are effecting intake. There is also a lack of scientifically
published studies about the behaviour of South American camelids on pasture under European
conditions. It is unknown how they spent their time and how their daily routine looks like. It is
questionable if co-grazing camelids with other species like sheep may affect their behaviour
and their physical comfort. In the worst case, it could lead to an increase of stress and a decrease
of their productivity. On the opposite side, it may lead to an increase of animal productivity and
represents a benefit for the efficiency of the pasture.
Therefore it was the aim of this dissertation:
— to determine the DMI of Ilamas depending on the quality of the hay and its effect on the
composition of a feed ratio (Chapter 2)
— to determine the DMI of Ilamas and alpacas studying effects of gender and hay quality,
and whether selection of feed is influenced by these factors (Chapter 3)
— to assess the behaviour of the two species llama and sheep, when kept on the same
pasture under Central European conditions to detect a possibility for future co-grazing
systems (Chapter 4)
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