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Abstract
A study was undertaken to determine and compare the grazing ecology of goats, red deer and

South American camelids when pastured on three contrasting vegetation types typical of hill
and upland ecosystems in Scotland: an established sown sward (Lolium perenne dominated);
an indigenous grassland (Nardus stricta dominated); and a dwarf-shrub community (Calluna
vulgaris dominated). Plots at each site were grazed in sequence with data collected during one
spring (May/June) and two summer (August/September) experimental sessions. For each
period at each site plant species composition, canopy structure and herbage biomass were
characterized. Samples of the diet selected by up to five mature castrated goats, red deer and
guanacos fistulated at the oesophagus were used to establish diet composition and in vitro
digestibility of the diet. Herbage intake and diet digestibility of an additional five intact
animals of each species were determined using n-alkane faecal markers. Total grazing time
was estimated using vibracorders and bite rate data collected by observation. The influence of
vegetation type and season on the diet composition and ingestive behaviour of each species
was evaluated. Between species comparisons on each vegetation type were also made.
Differences in selectivity for and against vegetation components indicate that guanacos are
principally grazers while goats and red deer are intermediate feeders. On the Lolium sward the
goats and red deer selected green leaf of both monocotyledonous and dicotyledonous plants
whereas the guanacos selected only graminoids. On the Nardus community the main dietary
component for all three animal species was broad-leaved grasses selected from the species-rich
intertussock areas. On the dwarf-shrub community there was strong selection for and against
graminoid species and Calluna vulgaris respectively, with the dominant species of plant only
making a substantial contribution to the red deer diet. Where differences between estimates of
diet digestibility were identified the digestibility of material consumed by each species of
animal on the sown sward was higher than that from either indigenous community; and the
digestibility of material selected from the indigenous grassland was higher than that from the
dwarf-shrub community. Only the in vitro digestibility of diets selected from the Calluna
community was subject to a consistent seasonal effect. Organic matter intake for the red deer
was relatively constant. In contrast, intake for the goats and guanacos was found to vary
according to vegetation type, with consumption highest on the indigenous grassland
community and lowest on the dwarf-shrub. When expressed per unit metabolic weight the
organic matter intakes of the three species were generally similar. Total grazing time for the
goats was lower than that for either the red deer or guanacos. In contrast, no consistent
differences in total grazing times between the red deer and guanacos were found. The
influence of differences in morphology and digestive physiology on the results obtained is
explored and the implications of differences in diet composition and ingestive behaviour for
sward responses and optimum grazing management regimes discussed.

Xiv



CHAPTER ONE

INTRODUCTION
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Introduction

In Scotland the land cover is dominated by indigenous 'vegetation (M.L.URL, 1993),
and until recently sheep production has been the main source of income on Scottish hill
farms. However hill vegetation has low nutritional value for livestock (Hodgson and
Eadie, 1986), especially in winter, and the costs of wintering on lower ground or
supplementary feeding together with changes in the eligibility and level of government
assistance make the economics of hill sheep farming at present insecure. Consequently
interest has grown in the potential of integrating alternative species of livestock, such as
goats (Capra hircus), red deer (Cervus elaphus) and South American camelids, into

traditional production systems (Wright, 1993).

Goats are a source of fine fibre and there has been particular interest in the potential for
cashmere production in recent years (Russel, 1993a). In contrast to wool and mohair,
cashmere quality appears to be insensitive to non-genetic factors (Russel, 1993b). As a
result ‘predictable and constant quality cashmere could potentially be produced from

even poor-quality land resources in climatically harsh regions.

Others have looked to red deer as an alternative means of using poor hill land, either
farmed for venison production or managed for stalking (Blaxter et al., 1974; Wilson,
1985). Pressures from afforestation, agriculture and recreation have modified the
distribution of the wild population of red deer (Mitchell, Staines and Welch, 1977) witﬁ
the result this species has been forced to demonstrate its ability to adapt and survive on
poorer-quality, more remote and exposed hill land.

Like goats, South American camelids are a potential source of fibre for commercial
production. ,The undercoat of the guanaco (Lama guanicoe) is comparable in fibre
diameter and value to cashmere (Russel, 1993a) and appéars to have potential as a luxury
fibre. Recent work investigating the relationship between level of nutrition and fibre

growth of camelids suggests that nutrition has neither a quantitative nor qualitative effect
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on fibre production (Russel and Redden, 1994). Thus again there is the potential for
fine fibre enterprises to be based on poorer-quality vegetation without productivity being

compromised.

The change from traditional livestock enterprises to those incorporating so-called 'novel'
species of animal such as goats, red deer or South American camelids will require the
development of new systems of management. However, little is currently known of the
diet selection, herbage intake or ingestive behaviour of these three species of animal in
the context of hill vegetation in Scotland, and consequently the scientific basis for their

uptake in the current climate of diversification and changing land use is limited.

In addition to providing resources for commercial enterprises the hills and uplands are a
rich source of wild flora and fauna (Ratcliffe and Thomson, 1988). Effective wildlife
management requires a basis on which to judge the ecological carrying capacity of a
particular habitat in relation to a given animal species (Caughley and Sinclair, 1994).
Wild populations of red deer, which concemn a wide section of the general public as an
aesthetic feature of the Scottish Highlands, currently exceed the carrying capacity of the
land they occupy (Callander and MacKenzie, 1991) yet there is a dearth of relevant
information with which to formulate appropriate management regimes (Clutton-Brock

and Albon, 1992).

New management systems must also take into account environmental factors. Reviews
list many examples where foraging by goats (Campbell, Ebersohn and Broembsen, 1962)
and red deer (Mitchell, Staines and Welch, 1977) have been associated with the
deterioration or destruction of vegetation resources. However, in many cases the
problem is caused or exacerbated by man's mismanagement. In contrast, an
understanding of the foraging strategy of sheep and cattle can now be used to predict the

impact of these species on vegetation dynamics (Hodgson, 1985a). The lack of
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information regarding the grazing ecology of goats, red deer and South American
camelids on semi-natural communities in the UK limits opportunitics to manage and
utilise these alternative species to achieve conservation as well as agricultural objectives in

these ecosystems.

Comparative information on diet selection and nutrient uptake of thesé species would
also contribute to the general understanding of the grazing strategies of ungulate species.
Historically, foraging theory has focused specifically on predatofs and parasitoids (Pyke,
1984; Stephens and Krebs, 1986). Only relatively recently has there been interest in
adapting conventional understanding of an "animal's response 1o its environment's
heterogeneity 1o incorporate choices made by herbivores (Owen-Smith and Novellie,
1982; IHius and Gordon, 1987; Ungar and Noy-Meir, 1988; Lundberg and Astrom,
1990a). This interest has in turn led to a variety of studies quantifying plant/animal
interactions and specifically the effect of vegetation characteristics on the mechanistic
processes that underlie diet selection and ingestive behaviour. In general these
experiments generate data under very controlled conditions with animals consuming one
plant species from an artificial sward (Black and Kenney, 1984; Laca et al., 1992; Gross
et al, 1993). If an animal's response under more complex grazing systems is to be
predicted and understood, detailed comparative information regarding diet selection and

ingestive behaviour on a range of vegetation types is required.

Differences in diet selection and ingestive behaviour of sympatric wild or free-roaming
ungulates have been related to differences in body size, mouth size and method of
prehension and digestive tract morphology (Hofmann, 1973, Jarman, 1974; Schwartz
and Ellis 1981; McNaughton, 1984; Illius and Gordon, 1987, Gordon and Illius, 1988).
However, as a rule such animals inhabit heterogeneous ecosystems and have access to a
variety of vegetation types. Consequently opportunities 1o collect comparative

information on diet selection and nutrient intake by different animal species when
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restricted to one vegetation community are limited.

- This study was set up to determine and compare the grazing ecology of goats, red deer
and South American camelids on three contrasting vegetation types typical of the hills
and uplands of the UK: an established sown sward (Lolium perenne dominated); and
indigenous grassland community (Nardus stricta dominated); and a dwarf-shrub
community (Calluna vulgaris dominated). This research complements previous work
which established baseline information on the diet selection (Grant et al., 1983; Grant ez
al., 1987), herbage intake and ingestive behaviour (Hodgson er al., 1991) of cattle and

sheep confined to comparable vegetation communities.
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2.1 INTRODUCTION

To meet its requirements for maintenance, growth and reproduction an animal must gain
energy and nutrients through consumption of food. For a grazing animal there are few
situations where there are not qualitative or quantitative limitations on the food items
available for consumption (Hodgson, 1982a). Consequently the intake of this animal is
likely to be constrained by either digestive capacity; i.e. the product of the volume of the
organ(s) used for the breakdown of plant tissue, and the digestive turmover within the
organ(s) (Belovsky, 1986); or feeding time (Bunnell and Gillingham, 1985). By
modifying aspects of its ingestive behaviour an animal can counteract these constraints
and increase the probability of meeting its nutrient requirements from the available
vegetation. However, feeding must be integrated with additional tasks necessary for
survival and reproduction. Consequently time and energy may need to be partitioned
between a number of activities. The approach generally applied to the study of feeding
strategies, optimal foraging theory (Pyke, 1984), assumes that animals maximise some
objective function, usually energy captured per unit time, by choosing among alternate

behaviours subject to a set of constraints (Stephens and Krebs, 1986).

This review will describe the different ways in which an animal can modify its behaviour
to allow it to meet its requirements within the constraints imposed by the food resource
available. It will then consider the physiological and morphological features of a given

animal species which are influential in determining which of these options are chosen.

2.2 MEETING REQUIREMENTS

2.2.1 Diet selection

Carnivores, granivores and fugivores can recognise and select food items with a relatively
high degree of precision since they prey upon food items which occur as discrete
packages (Stephens and Krebs, 1986). In contrast, large mammalian herbivores select

food items from a structurally and chemically diverse spectrum and consequently
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discerning the nutritional merits of individual food items is more difficult. Thus,
whereas the food source for camivorous predators can be characterised as being patchily
distributed, highly nutritious and mobile, that of a herbivore will be typified by the
nutrients being at low density (Westoby, 1978) and, particularly on intensively managed
sown swards, more evenly distributed (Senft et al., 1987; Gordon and Lascano, 1994).
However, despite this relative uniformity in foed distribution for the herbivore, a degree
of variation will exist between individual dietary items in type and/or amount of

nutritional constituent which may be exploited.

Selection of dietary components can be thought of as occurring at a number of
hierarchical levels (Jarman and Sinclair, 1979; Senft et al., 1987). Firstly, in a given
feeding bout an animal can choose a vegetation type or community on which to feed.
‘This decision may be influenced by factors such as climate, topography and the
availability of shelter (Amold, 1984; Stuth, 1991) in addition 1o forage quality and
quantity. Secondly, within a vegetation type or community an animal can choose among
plant types or species to eat. Thirdly, it may choose which morphological units of those
plants to eat. Depending on the choices made by a given animal, the composition of the
diet selected may be substantially different to the proportions of various species or plant
parts present within a particular community or sward (Amold, 1960a; Grant er al., 19835).
Such selection minimises the adverse effects of pronounced seasonality in the quality and
quantity of the food available for selection (Milne, 1974; Jamman and Sinclair, 1979,
Grant and Hodgson, 1986). Clearly, the scope for sclection will depend on the
heterogeneity of the vegetation the animal is feeding from and the spatial distribution of
different plant components, and for domesticated species this is generally dictated by

management regimes imposed by man (Gordon and Lascano, 1994).

The sown swards typical of intensive production systems are generally characterised by

being highly digestible and consumption is more likely to be limited by quantity than
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quality of vegetation available (Hodgson er al., 1991). In comparison indigenous plant
communities are rarely limiting in overall vegetation quantity. However, such swards are
‘generally characterised by a wide diversity of plant species which may offer extremes in
digestibility (Grant and Campbell, 1978; Armstrong, Common and Smith, 1986; Gordon,
1989a). Through selection of particular plant species or plant parts an animal may
exploit this variation and consume a diet higher in quality than the average for the
environment. To date the majority of studies on indigenous vegetation have considered
diet composition at the community or mosaic level. However, such areas of vegetation
are composed of a variety of plant species and morphological units, and without an
insight into within-community selection Lhe understanding of the animal’s response to the

vegetation available which is gained is comparatively superficial.

In addition to the digestibility of different plant species within vegetation communities,
their spatial distribution (Spalinger, Hanley and Robbins, 1988) and seasonality of plant
growth (Amold, 1960a; Amold, Ball, McManus and Bush, 1966; Gordon, 1989a) arc
likely to be limiting to nutrient intake and result in the uneven distribution of grazing
pressure both within and between plant communities (Hunter 1962; Jarman and Sinclair,
1979; Grant and Maxwell, 1988; Gordon, 1989b). In such circumstances, utilisation of a
given species may be dependent on the availability of another, more preferred species
(Milne, Bagley and Grant, 1979; Grant and Hodgson, 1981; Vulink and Drost, 1991). If
the density of a preferred species is too low or it is 00 widely dispersed then although it
will be consumed if encountered, there may be no benefit to the animal in searching for
it. Clearly, without a comprehensive characterisation of the vegetation on offer
interpretation of an animal's response to different components within the sward is
impossible, yet few studies of plant/animal interactions on heterogeneous swards include

detailed botanical measurements at the plant species or plant part level.
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In addition to diversity in nutritional quality of different species of plant, variations are
found in the ldigestibility of different morphological units of a single plant and between
live and dead components (Grant and Campbell, 1978). There is general agreement that
from the single plant a herbivore will consume leaf in preference to stem, and green (or
young) in preference to dry (or old) (Amold and Dudzinski, 1978). This selection of
particular plants or plant parts results in the material eaten usually being higher in
nitrogen and gross energy but lower in fibre (Amold, 1960a) than the material offered

and rejected (Cowlishaw and Alder, 1960).

Of equal importance to selection for particular components within a sward is selection
against. Selection or avoidance of particular plant species or plant parts may be
influenced by various types of plant defence. The form and function of animal repellent
characteristics of plants which may be encountered are diverse and include: physical
deterrents such as form or growth habit (Flores, Provenza and Balph, 1989) and barbs or
thoms (Cooper and Qwen-Smith, 1986); high fibre contents and slow fractionation rates
which lead to low digestibility (Lundberg and Astrom, 1990b); and chemical toxicity
(Freehand and Janzen, 1974). However, the contest between plant and animal is an on-
going process (Rhoades, 1985) and adaptive features to counteract the effectiveness of
such plant defences can be found. For example, a number of animals including goats
(Provenza and Malechek, 1984) and deer (Austin et al., 1989), may minimise the effects ,
of plant secondary compounds by producing salivary mucoproteins which bind
specifically to plant tannins and nullify their digestion-inhibiting effects (Robbins et al.,

1987).

Vertical selection for different elements has also been identified within sown swards.
" Consumption of grass and clover by sheep has been linked to their proportions in the
grazed horizon (Milne et al,, 1982), while Barthram (1980) found grazing to be

confined to the layer which contains only green leaf material. This led to the suggestion
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that layers containing leaf sheath inhibit grazing and limit the depth of the grazed layer,
even when the consequence is a marked reduction in herbage intake. The comparatively
undetailed botanical measurements generally associated with grazing trials on indigenous

communities has meant comparable data from heterogeneous vegetation is scarce.

In all situations the relationship between the animal and the vegetation it is feeding upon
is dynamic (Lundberg and Astrom, 1990a). Biomass extraction through ingestion to
provide energy/nutrient gain for an animal removes material from a number of pools of
photosynthetic mass and may alter the subsequent growth form of individual plants
(Pellew, 1983; Ward and Saltz, 1994). Thus through consistent selection the animal may
alter the composition of the sward or community (McNaughton, 1984). An
understanding of the foraging strategies of cattle and sheep can now be used to predict
the impact of these species on vegetation dynamics (Hodgson, 1985a). However,
comparative information for a range of animal species is required to achieve greater
flexibility in the options available to those attempting 10 manage temperate grazing

systems, whether to meet agricultural or conservation objectives.

2.2.2 Intake

As indicated earlier, herbage intake can be a major factor dictating nutrient intake, and
can vary fivefold depending on sward conditions (Hodgson and Grant, 1981). In
particular it is likely to be the primary source of variation in nutrient intake rate on
intensively managed sown pasture (Penning 1986). In turn the intake rate of any given
component will be dependent upon the potential rate at which it can be eaten, its
accessibility, and its palatability, i.e. those factors inherent in a food item which elicit a

selective response by the animal.

The relationship between forage intake rate and availability is characterised by a

functional response (Holling, 1959; Spalinger, Hanley and Robbins, 1988; Lundberg and
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Astrom, 1990a; Gross et al.,, 1993). In order to understand the cause-effect relatioﬁships
between sward characteristics and intake it is necessary to know how the components of
sward structure influence the mechanics of the grazing process (Hodgson, 1983b). The
bite is the most important determinant of intake rate (Stobbs, 1973; Hodgson, 1985b;
Spalinger, Hanley and Robbins, 1988). The mass of an individual bite taken by an
animal is determined by the bite area and the bite depth; the product of which is the bite
volume (Burlison, Hodgson and Illius, 1991); and the mass of herbage per unit volume

in that space.

The realisation that sward height is a key component affecting intake rate has led to its
- control becoming a widely used management tool (Hodgson, Mackie and Parker, 1986).
Bite mass has been found to decrease with decreasing sward surface height, and, in order
to try and maintain intake rate bite rate may be increased -(Allden and Whittaker, 1970;
Penning 1986). At the same time, prehending bites account for an increasing proportion
of total jaw movemenis in response to a decrease in mass per umit area (Black and
Kenney, 1984; Penning, 1986). Conversely, a reduction in biting rate on taller swards is

associated with an increase in masticating rate (Penning, 1986).

Sward bulk density, a low stem content and a high leaf/height ratio have also been
identified as having a major influence upon the size of bile taken (Stobbs, 1973).
However, Black and Kenney (1984) found the relationship between intake rate and the
combined representation of sward height and bulk density, herbage mass, more
consistent. More recent work has further developed the methodology of Black and
Kenney (1984) for measuring independent effects and interaction of sward structural
characteristics on bite dimensions and bite mass {Ungar, Genizi and Demment, 1991;
Laca et al., 1992). This work has confirmed bite mass cannot be predicted solely on the
basis of herbage mass; both sward height and density must be taken into account. Sward

height, bulk density and mass per unit area, separately, explained seventy-one per cent,
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twenty-eight per cent and eighty-eight per cent of variance in bite mass respectively
(Ungar, Genizi and Demment, 1991). With the relationship between herbage intake and
sward structure the subject of so many different investigations a profusion of empirical ‘
results exists and mathematical modelling is now being used to integrate the morass of

data generated (Ungar and Noy-Muir, 1988; Demment and Greenwood, 1988).

Daily intake is the product of instantaneous intake rate and the total duration of grazing
bouts, i.e. grazing time. However, unaccep;ablc errors are likely to be encountered if
short-term estimates are extrapolated to free-roaming animals (Penning et al,, 1991; Laca
et al., 1992). For example, bite rate tends to be overestimated when measured over
periods shorter than two minutes, particularly on swards that enable large bite weights to

be taken (Forbes, 1988).

The wider applicability of such work is also limited by the homogeneity of the vegetation
resource used during such trials. To date the majority of intake studies have
concentrated on relatively uniform sown swards or artificial swards. As a result they have
only considered vertical variation and density within the sward. Indigenous swards are
characterised by intimate mixtures of plant species and morphological units. The spatial
relationships between plant species or morphological units may limit intake in mixed

sward/community situations.

2.2.3 Grazing Time and Pattern

As instantaneous intake rate and grazing time together determine daily intake rate an
animal can alter its intake by adjusting time spent grazing. An increase in grazing time
in response tb limnitations imposed by herbage availability has been recorded for sheep
(Allden and Whittaker, 1970). However, the associated compensation became
increasingly more incomplete as herbage mass or height declined. Likewise cattle have

been found to be unable to satisfy their feed requirements on high-quality but low-
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yielding swards, despite increasing grazing time to compensate for the small bites
prehended (Chacon, Stobbs and Dale, 1978). Such increases in grazing time have been
found to be associated with a decrease in ruminating time (Amold, 1960b; Penning,

1986).

Grazing time is the product of the number of feeding bouts and length of those bouts.
Currently the mechanisms that control the initiation and termination of grazing are
poorly undérstood. Nevertheless, a number of factors which influence overall grazing
time and/or grazing pattern have been identified, including environmental conditions
(Stuth, 1991) and group size (Penning er al,, 1993). Grazing activity patterns are also
correlated with body size (Bunnell and Harested, 1989) and diet. Selective feeders were
found to graze more frequently and less intensively, most likely as a result of the more

rapid digestion and passage of higher quality foods (Schwartz and Ellis, 1981).

Characteristics of the vegetation being selected from dictate the proportions of time spent
engaged in the different components of ingestive behaviour (Bunnell and Gillingham,
1985). Thus if an animal is foraging in food saturated paiches the processes of cropping
and chewing are the principal factors (Spalinger and Hobbs, 1992). In contrast when
foraging in food dispersed patches cropping and searching will limit intake rate. This
allocation of more grazing time to searching leads to an overall drop in bite rate where

food items are dispersed (Stuth, 1991)

2.3 MORPHOLOGICAL AND PHYSIOLOGICAL FEATURES INFLUENCING DIET
SELECTION AND INGESTIVE BEHAVIOUR

2.3.1 Age and physiological status

The nutrient requirements of a given animal are not fixed but are affected by factors
such as age and/or physiological status. As a result changes in diet selection or herbage

intake may be observed (Amold and Dudzinski, 1967; Langlands, 1968) as an animal
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alters its foraging strategy 10 accommodate new demands for engrgy or specific
nutrients. Even when nutrient requirements remain constant other factors may alter and
impose constraints on how these requirements are met, again affecting the foraging
strategy of the animal concemed. For example, although herbivores generally féll into
the category of "energy maximisers” (Westoby, 1978; Demment and Van Soest, 1985;
Vulink and Drost, 1991), during the breeding season a dominant male may appear to be
a "time minimiser”, attempting to satisfy its minimum energy requirements in the least
feeding time in order to increase mating opportunities while females and non-

reproductive males remain energy maximisers (Belovsky, 1986).

2.3.2 Body size

Body size has a fundamental effect on the foraging strategy of an animal since this and
related variables determine the overall time-energy constraints within food must be
secured. In particular there is a strong relationship between body size and metabolic
requirement (Brody, 1945; Kleiber, 1961). In general the food requirements of
mammals increase with increasing body weight as a result of increasing costs of
maintenance and production, although significantly this increase is not linear (Demment
and Van Soest, 1985). Consequently, although larger mammals require more nutrients
per day than smaller mammals their relative requirements are lower. Thus a larger
ruminant requiring a greater absolute quantity of nutrients during a day will have less
time per unit of nutrient to spend selectively foraging than does a smaller ruminant with
a lower absolute requirement (Bell, 1970; Jarman, 1974), and large ungulates have been
found to abandon selective grazing under conditions where it is still profitable for small
ungulates to continue selective grazing (Schwartz and Ellis, 1981). Likewise, larger
animals may be forced to move to taller, more accessible parts of the sward or graze
other communities once preferred areas have been grazed too short to allow intakes to be

maintained (Clutton-Brock, lason and Guiness, 1987; Illius and Gordon, 1987).
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However, since the larger animal has a lower relative requirement it can in general meet
its nutritional needs with relatively lower quality forage (Illius and Gordon, 1991). In
addition, increasing body size should theoretically produce higher digestibilities because
of longer retention times (Van Soest, 1982). This relaxation in the constraints of rapid
passage, together with the greater metabolic requirements of large animals, has been
suggested as a prerequisite for the evolution of gut structures that selectively delay the
passage of fibrous foods (Demment and Van Soest, 1985). In practice, however, the
increase in digestibility of a given food with increasing body size has been found to be

negligible (Ilius and Gordon, 1991).

2.3.3. Mouth morphology

Mouth size and body size are highly correlated, presumably because of the overall time-
energy constraints on forage selectivity. Consequently, small ungulates tend to have
mouths adapted for carefully selected discrete high quality food items while large species
have mouths adapted for rapid ingestion of large quantitics of undifferentiated items,
possibly of low quality (Jarman and Sinclair, 1979). More specifically the dimensions of
the incisor arcade determines the extent to which an animal can prehend and ingest
discreet food items from within the spatial a'rray of vegetation (Grant et al, 1985; Gordon
and Illius, 1988; Flores, Provenza and Balph, 1989), and consequently determines the
degre;a of selectivity that is mechanically possible for the forager to exhibit, and the time

and energy costs of selectively foraging on specific plant parts or individuals,

Differences can be identified in the dentition of grazers and browsers, with the two
categories having incisor arcades which are typically broad and flat or narrow and
pointed respectively (Gordon and Illius, 1988) while roughage eaters which graze and
ruminate for relatively prolonged periods each day have well-developed chewing muscles
and molar arcades (Axmacher and Hofmann, 1988). Likewise morphological and

functional characteristics of associated anatomical parts, such as lips, tongues and salivary
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glands, can be related to feeding type (Hofmann, 1989) and may enhance the ability of

the herbivore to prehend, ingest or masticate food.

2.3.4 Digestive system

Two distinct digestive systems have evolved in herbivores which differ in the location of
the fermentation site and the existence of a rumination process. All three of the species
studied during this series of experiments can be considered to have ruminant digestive
systems. In comparison with a hind-gut digestive system this is hypothesised as having
two principal advantages. Firstly, regurgitated boluses can be chewed repeatedly thus
allowing the food to be ground to a smaller particle size without compromising ingestive
rate, and secondly structurally complex carbohydrates such as the cell walls of plants are
digested by microbes in the reticulo-rumen before entering the true stomach (i.e. the
omasum and abomasum). The principal disadvantage of ruminant digestive systems is
that in order for food to pass from the rumen into the rest of the digestive tract it must be
broken down to a relatively small paricle size. Consequently the selective retention of
very fibrous forages limits the rate of food passage through the gastrointestinal tract of
the ruminant and restricts consumption of additional forage (Blaxter, Wainman and
Wilson, 1961; Campling, 1964). Intake is, therefore, controlled by the capacity of the
alimentary tract and in particular the reticulo-rumen. In contrast, a hind-gut digestor
may be less efficient at digesting the fibrous cell walls of plants but can pass much more
plant material through its digestive tract daily and thus extract more nutrients than would
a ruminant on fibrous plant material (Janis, 1976; Duncan et al, 1990; Nlius and Gordon,

1992).

The digestibility of the cell wall fraction of a forage is a function of the digestion rate
acting on a particle for the duration of its retention within the gut. Therefore, in order
for an animal to benefit from a high fibre diet, food must be retained within the rumen

for a sufficient time to digest the cellulose component of the fibre (Van Soest et al.,

15



Review of grazing ecology

1983). For an animal with a relatively small rumen, rumen fill is reached in a relatively
short time duﬁng feeding and consequently voluntary intake would be greatly restricted
on a high cellulose diet. Thus a high rumino-reticular volume relative 1o body weight is
an adaptation to a high-cellulose diet, typically a dict consisting primarily of grasses. In
contrast, low rumino-reticular volume to body weight ratio is an adaptation to a low cell-
wall diet typically consisting primarily of young grasses, forbs or browse (Prins and

Geelen, 1971; Demment and Longhurst, 1987).

This relationship between feeding behaviour and gut morphology formed the basis of a
classification system (Hofmann, 1968) which categorised ruminants as belonging to one
of three groups: concentrate feeders; grass and roughage feeders; and seasonally and
regionally adaptable intermediate feeders (Hofmann and Stewart, 1972; Hofmann,
1973). According to this classification, concentrate feeders prefer to browse on rapidly
digested leaves, shoots and fruits and have a characteristically small rumen and cmasum
but relatively large reticulum. In contrast, grass and roughage feeders which can survive
on bulky fibrous diets have a large rumen and omasum but small reticulum. Differences
were also identified in the intemal structure of the stomach compartments and the
mucosal surface formations in the various regions of the stomach (Hofmann, 1968,
Demment and Longhurst, 1987). Intermediate feeders, which appear to be adapted to
mixed habitats and can accommodate extreme climatic conditions and seasonal changes
in plant fibre content, were reported as exhibiting characteristics between those of
concentrate and roughage feeders (Vrba, 1984). However, the functional relationships
between gut structure and digestive strategy inferred by Hofmann (1973, 1989) do not

appear to bear up to detailed analysis (Gordon and Illius, 1994).
While the detailed anatomical information available for a wide range of wild, semi-

domesticated and domesticated species of animal has been used to predict their response

to broad categories of vegetation, the potential for using differences in diet selection and

16



Review of grazing ecology

niche separation identified in this way as a management tool for manipulating grazing

systems has been largely ignored.

2.4 SUMMARY
1. By selecting particular plant species and/or plant parts an animal can consume a diet of

higher nutritional value than the average on offer from the vegetation available,

2. Herbage intake and associated aspects of ingestive behaviour such as bite size, bite
depth and grazing time may also be modified to accommodate changes in vegetation

quality and/or quantity.

3. The response of a particular species of animal to a given situation can be predicted

from morphological and functional adaptations.

4. Most studies have considered plant/animal interactions on homogeneous sown swards,

and consequently their results have limited relevance for natural plant communities.

5. Previous studies on indigenous vegetation types have generally incorporated mosaics
of differing plant communities, whereby animals' diet and intake are integrated across
communities. Consequently detailed within-community comparisons have not been

possible.

6. Differences in vegetation community sclection by free-ranging animal species have

limited interpretation of between-species differences in diet composition and intake.
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Materials and method
3.1 SITES AND MANAGEMENT '

To allow a close comparison with equivalent data for conventional livestock species to be
made, the basic experimental design followed that of a series of experiments
invéstigating seasonal variation in diet selection, herbage intake and ingestive behaviour
of sheep and cattle grazing speéiﬁed plant communities (Grant et al, 1985; Grant er al,

1987; Hodgson et al, 1991).

The goats, red deer and guanacos studied grazed three contrasting vegetation
communities encompassing extremes in structure and quality; a Lolium perenne
dominated established sown sward; a Nardus stricta dominated indigenous grassland
community; and a Calluna vulgaris dominated dwarf-shrub community. The Lolium
and Calluna experimental sites were located at the Macaulay Land Use Research
Institute's Glensaugh Research Station (Laurencekirk, Kincardineshire; National Grid
reference NT 670800); and the Nardus experimental site at the Institute's Sourhope

Research Station (Yetholm, Roxburghshire; National Grid reference NT 840210).

On each indigenous community_two adjoining experimental plots of approximately 3 ha
were constructed: while on the more productive ryegrass sward the plots were 1 ha each.
The plots on the Nardus and Calluna communities were located on vegetation which had
previously been incorporated within large hill enclosures. Consequently management
had been minimal and typical of farming regimes in marginal areas. The Lolium sward
was also representative of its type, and had received routine applications of nitrogenous
fertiliser and herbicides. OQutwith the experimental periods the plots on all three
vegetation types were grazed by farm livestock; primarily sheep in the case of the Nardus
area and deer in the case of the Lolium and Calluna areas. In the case of the Nardus and
Calluna plots representative utilisation was maintained by opening gates in the perimeter
of the experimental area and incorporating these once again in the large hill enclosures.

All livestock was excluded from the experimental sites for at least four weeks prior to
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each grazing trial. This period of growth in conjunction with the previous period of
typical utilisation ensured that while representative botanical composition and canopy
structure were maintained the experimental animals were not restricted by quantitative

limitations in the overall biomass of vegetation available.

3.2 EXPERIMENTAL DESIGN

During the growing seasons of 1991 and 1992 the experimental sites were grazed such
that information was collected from a summer trial in 1991 and from a spring and a
summer trial in 1992, allowing an assessment to be made of seasonal changes in the’
response of the three species of animal to the vegetation available. Each investigation
consisted of a five-day 'run-in' period followed by a seven-day experimental period.
During the former, animals gained experience of the sward on the first or ‘run-in’ plot
while vegetation measurements to establish botanical composition, canopy structure and
sward biomass were carried out on the adjoining measurement plot. Animal
measurements commenced at the star{ of the seven-day period when the animals were
moved from the 'run-in' area to the measurement area. To ensure that the direct
presence of one species of animal did not modify the behaviour of another (Arnold,
1984), this second measurement area was subdivided into three subplots and a species of
animal randomly assigned to each. To provide each species with access to the entire
measurement area and hence make interspecific comparisons valid, the animals were
rotated around these subplots on days three and five of the measurement week,

effectively giving forty-eight hours on each.

Measurements of herbage intake, grazing time, grazing patiern and bite rates by five
animals per species were made on each of the three vegetation types. In addition four or
five oesophageal fistulated goats; three to five oesophageal fistulated red deer; and one
to five oesophageal fistulated guanacos were available to estimate the botanical

composition and digestibility of the diet selected by each species of animal on each
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community. Where possible the same animals were used throughout the project, and

within a season the composition of the group was consistent.

3.3 VEGETATION MEASUREMENTS

3.3.1 Species composition and canopy structure

An extensive range of methods and techniques are available to provide a quantitative
description of vegetation (Gfant, 1993), depending on the particular aspects under
investigation. Of these, the two approaches most commonly adopted to determine
species composition of the sward within experimental plots are sample clipping and
separating into botanical components, oOr estimating specific frequency from the
intercepts of a steel pin projected through the vegetation either vertically (Welch, 1984b;
Glatzle, Mechel and Vaz Lourenco, 1993) or inclined at an angle (Grant er al, 1985).
Both methods can provide detailed descriptions of plant communities in terms of plant
species, plant parts and proportions of live and dead material. However, botanical
separations to species level are extremely time-consuming, particularly in the case of
samples from indigenous swards. In contrast, the use of a point-quadrat method allows
relatively rapid collection of data which can be used to create a comprehensive profile of
the vegetation present within an experimental area. In addition by recording height
from ground level of elements identified canopy structure can be characterised. One of
the principal disadvantages of the point quadrat method is a bias towards plants with
large and/or horizontal leaves. In addition this method can underestimate the proportion
of dead material in the sward if the lower strata of the sward are too dense to record

(Grant, 1993).

Over four days during the 'run-in' period botanical composition and canopy structure
were characterised for each of the three vegetation communities using a point quadrat

inclined at 35°. The possibility of extreme environmental conditions during this period
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having an impact on the sward profile generated for each plot was mediated by

recording the same number of quadrats for each of the three sub-plots daily.

On the Nardus and Calluna communities each of the measurement sub-plots were
partitioned into forty divisions and a quadrat measured at random within each of these.
On the smaller ryegrass sub-plots twenty quadrats were taken using the same restricted
randomisation procedure. For each quadrat at least twenty-five contacts were made, with
tﬁe transverse of a ncedle always completed. This led to approximately 1200 contacts
being identified per sub-plot on the indigenous communities and approximately 600 per
sub-plot on the sown paéture. Data was logged using a purpose-written software
program (Mark Gillingham, E.R.C.C., 1986) run on a Husky Hunter computer, For
each contact plant species, state (green or dead), and morphological unit were recorded,
along with height from the humus layer. Morphological units were recorded as either
leaf, vegetative stem, flowerstem or flower for all plants except the heaths where current
season's shoots, old growth, wood and flower were morc appropriate.  Preliminary
analysis was carried out using a second computer program (1. Finlayson, M.L.URL.L,

1992) to tabulate percentage specific frequency values for each data scl.

Statistical analysis was carried out on proportional data following an angular
transformation. Inter-plot similarities in vegetation composition were calculated using
the City-block measure adjusted for double zeros. This was then used to derive and plot

principal co-ordinates.
The degree of clumping of the various species encountered on gach community was

determined using Green's index (GI) (Ludwig and Reynolds, 1988):

GI = ((s%/x) - 1) / (n-1)]
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where x and s2 are the mean and variance respectively, and n the number of individuals
in the sample. GI varies between O (for random) and 1 (for maximum clumping).
Unlike other indices of dispersion, GI is independent of n and is therefore more suitable

for comparing across communities.

3.3.2 Herbage biomass, botanical separations and in vitro digestibility

Non-destructive methods of measuring herbage biomass, such as eye estimations, height
and/or density measurements, and devices such as an electronic pasture yield meter
(Hodgson, Rodriguez Capriles and Fenlon, 1977) are more liable to bias than cutting
methods (Frame, 1981). Cutting methods also have the advantage of generating samples

for additional analyses including botanical composition and in vitro digestibility.

Vegetative biomass was determined by collecting herbage samples from within quadrats
on the final day of the 'run-in' period. Using a similar restricted random procedure to
that utilised during the point quadrat data collection, six and ten quadrats per sub-plot
were collected from the sown and indigenous communities respectively. In the case of
quadrats on the Nardus vegelation, samples werc taken from inter-tussock areas since
evidence suggested these areas would be the focus of ingestive attention under the
conditions of high herbage availability of this study. As such areas generally feature a
varicty of plant types and species, a complete picture of their composition is essential if
an accurate interpretation of the animals’ response to this type of heterogeneous
environment is to be made. For all three communities the vegetation rooted within each
quadrat site was removed at ground level using battery-powered sheep shears. The
dimensions of the quadrats varied depending on the vegetation community under study.
On the ryegrass plots a conventional 1220 x 150 mm quadrat was used. However on the
Nardus community a smaller 400 x 200 mm quadrat was more practical since sampling
was to be restricted to the inter-tussock areas. In contrast on the heather plots a larger

600 x 400 mm quadrat was used to accommodate the distinctive structure of the
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dominant plant species. An additional side-clip of vegetation was cut from the edge of
the quadrat site and retained for determination of botanical composition and in vitro

digestibility. All samples were stored at -20°C prior to analysis.

To determine herbage biomass and dry matter content the fresh weight of each sample
was recorded. The samples were then dried at 90°C for forty-cight hours and re-

weighed.

The side clip associated with each quadrat was separated into species and morphological
groupings equivalent to those identifiable within the extrusa samples from the same
community (see 3.4.1 Diet Composition). The Lolium sward had the smallest number of
categories: green lamina of broad-leaved grasses; dead lamina of broad-leaved grasses;
grass vegetative stem; grass flowerstem; grass flower and scedhead; green leaf of
Trifolium repens ; dead leaf of Trifolium repens; green petiole of Trifolium repens; dead
petiole of Trifolium repens; other dicotyledonous plants; and litter. Grass malterial within
the samples collected on the Nardus cdmmunity was separated into: green lamina of
Nardus stricta; dead lamina of Nardus stricta; green lamina of broad-leaved grasses,
dead lamina of broad-leaved grasses; green lamim of finc-leaved grasses; dead lamina of
fine-leaved grasses; grass vegetative stem; grass flowerstem; and grass flower and seed
head. Additional plant species which occurred were grouped according to genus and
separated into green and dead categories. Unattached dead material was grouped in a

litter category.

From each of the heather side-clips four to five Calluna vulgaris shoots were randomly
selected and separated into flower; current season; green old growth; dead old growth;
and wood. The remainder of the sample was then separaled into the following
categories: additional Calluna vulgaris; Erica cinerea, Empetrum nigrum, green leaf of

Vaccinium myrtillus, dead leaf of Vaccinium myriillus; green stem of Vaccinium
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myrtillus; dead stem of Vaccinium myrtillus; green leaf of Vaccinium vitis-idaea ; dead
leaf of Vaccinium vitis-idaea; green stem of Vaccinium vitis-idaea ; dead stem of
Vaccinium vitis-idaea; litter; and grass categories similar to those listed for the Nardus

community.

Since estimation of in vitro digestibility is affected by the method of drying (Grant and
Campbell, 1978), all sarhples were freeze-dried before being weighed to allow the
proportion of each plant group in_ each side-clip on a dry matter basis to be calculated.
The separated categories from each quadrat side-clip were then bulked for each sub-plot
to provide sufﬁéient sample for subsequent in virro analysis, and milled through a Imm

sieve.

Statistical analysis was carried out on the proportional data after it had undergone an
angular transformation. For each vegetation type analysis of variance was carried out to
investigate the effect of session and sub-plot on herbage biomass and the contribution of

each vegetation category to the overall sward.

3.4 ANIMAL MEASUREMENTS

The goats used during the project were all cashmere feral crosses which originated from
the Macaulay l.and Use Research Institute's main herd based at the Institute’s Sourhope
Research Station. All were mature castrated males. The red deer were also supplied by
the Institute's commercial herd, which is based at its Glensaugh Research Siation. Again
all were mature castrated males. Unlike goats and red deer, South American camelids in
general and guanacos in particular are not readily available in this country.
Consequently the group of ten guanaco and parl-guanaco mature males and castrates
used during this project came from several sources. Mean liveweights of the goats, red
deer and guanacos respectively over the two years were 49.4 + 2.46kg, 102.7 + 2.64kg

and 109.0 + 4.6kg.
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Close-quarter handling and restraint of the red deer and guanacos was achieved using
deer handling pens and a drop-floor crush (Ritchie's of Elgin; Hamilton, 1994). The
animals were familiarised with this equipment prior to the experimental fieldwork to

ensure minimal disturbance of the animals during data collection.

As outlined in the experimental design, during each experimental fortnight the animals
became accustomed to each vegetation type during a five day 'run-in' period after which

they were moved to the measurement area.

3.4.1 Diet composition

Although detailed observations of a given sward before, during and after grazing may
suffice where the effect of grazing on sward composition and productivity is under
investigation (Cowlishaw and Alder, 1960; Grant, 1993), where more detailed
information is required regarding diet composition or if heterogeneous swards are being
grazed animal-based methods aﬁ: gencrally employed. These range from the relatively
simplistic manual collection of herbage samples based on obscrvation and mimicry to
the use of surgically-modified animals., Which method is most appropriate for a given
situation depends upon the species of animat under study, animal numbers, size of study
area and vegetation type. Thus in large study arcas where information on selection at the
vegetation community level is sufficient data is commonly gathered by observation,
usually supplemented by records of dung deposition (Welsh, 1984a; Gordon, 1989b). If
the study animals can be captured and equipment fitted then radio telemetry may be
used to identify and quantify use of habitats where observation methods are not

practicable {Catt and Staines, 1987, Warren et al., 1992).
The choice of method for determining diet composition at the plant species or plant part

level is subject to similar considerations.  Thus nonobtrusive observations or

measurements of the utilisation of forage plants are commonly employed when studying
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wild animals (Parker, Gillingham and Hanley, 1993). However, such methods are subject
to observer error, particularly where an assessment of the composition of a diet selected
on structurally complex vegetation is required. An altermative approach is the collection
of material which had been consumed by the animal. When plants are eaten most of
their tissue is broken up and digested but small fragments, particularly of the epidermal
cuticle remain intact and are passed out in the faeces. These particles can be identified to
species or family level from their morphological features and used to determine which
plants were originally selected (Crocker, 1959). However, this method does not take into
account variations in rate of digestion of different plant species or plant parts (Slater and
Jones, 1971). Similar limitations apply to the identification of material obtained from
the alimentary tract; usually the rumen. Thus stomach content analysis and faecal
analysis have been found to overestimate less digestible portions of the diet while
underestimating more digestible portions (McInnis, Vavra and Krueger, 1983). Another
drawback of rumen content analysis is that it generally involves the sacrifice of the study

animal.

If tame wild animals are available or a domesticated species is under investigation, the
most common approach is to prepare animals ﬁétulated at the oesophagus, which allows
repeated collections of relatively undigested material to be méde. Questions of accuracy
remain however (Jones and Lascano, 1992), as a sample collected over approximately
thirty minutes by a surgically-prepared animal is assumed to be representative of the

long-term diet selected by intact animals.

Using a maximum of five, mature castrated oesophageal-fistulated animals of each
species extrusa samples were collected for each of the measurement sub-plots. The goat
and red deer oesophageal fistulates were prepared using the techniques developed for
sheep (Cook er al., 1963). In the case of the guanacos, however, this basic methodology '

had to be refined to accommodate anatomical and behavioural differences (Goddard and
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Fraser, 1994). Following successful establishment of a fistula the animals were

familiarised with the sampling equipment and experimental routine.

After consideration of the lack of knowledge available regarding oesophageal fistulation
in the guanaco it was decided to initially prepare only one animal to assess recovery and
performance. The experience gained during this first year then contributed to the
successful establishment of a further four oesophageal fistulates prior to the second year
of fieldwork. The number of goat and red decr oesophageal fistulates available for
sampling also fluctuated between experimental sessions as a result of a variety of health
problems all unrelated to the fistulation process. Although lack of animal numbers
could h;we been compensated for by taking repeated samples from each animal on each |
subplot, evidence suggests that inter-animal variations in the composition of extrusa
samples are large and that there is a risk of confounding treatment and individual animal

differences if such a method is used (Langlands 1967; Hodgson, 1969).

As previous experience of a given sward has been shown to affect the composition of the
_ diet selected by an individual (Hodgson, 1969; Carulla, Lascaﬁo and Ward, 1991) the
oesophageal fistulates used during this study were given the same opportunity to adapt to
the different vegetation types as the core grazing animals and had equivalent experience
of the layout of the experimental plots. Sampling was stimulated by'starving the animals
for a period prior to sample collection. Thé optimum length of time varied, with the
goats and red deer requiring least encouragement and being penned for approximately
one hour. In contrast the camelids were easily distracied from grazing and, unless they
had spent a considerable time, at least three hours, without food, sampling was
unsuccessful. However, evidence suggests that such periods of fasting do not affect the
digestibility or chemical composition of the diet selected (Langlands 1967; Hodgson,

‘1969; Greenwood and Demment, 1988).
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Following this period of food deprivation the fistula plugs were removed and polythene
bags attached round the neck. The animals were then released and allowed to graze the
apprbpriate sub-plot. If an animal regurgitated rumen contents into the bag the material
was discarded. After forty-five minutes or as soon as an adequate quantity of extrusa
had accumulated, whichever was sooner, the animals were returned to the handling pen,

the bag removed and the plug replaced.

The extrusa samples collected were stored at -20°C prior to analysis. The saliva was left
with the sample. This results in a degree of contamination with salivary salts and organic
matter but has means that there is no loss of soluble plant compounds. The samples were
divided and a representative subsample used to delermine botanical composition while
the was remainder freeze dried and milled through a 1 mm sieve in preparation for
subsequent in vitro digestibility and n-alkane analyses. As with the herbage separations
samples were freeze-dried rather than oven-dried to minimise loss of volatile compounds,

especially water soluble carbohydrates and nitrogen.

Botanical composition of the extrusa was estimated by three operators taking replicate
pinches of Sample, suspending this in separate petri dishes of water and examining the
suspension under a (x7) stereoscopic microscope (Olympus SZ, Tokyo) fitted with a
gridded eyepiece. Any fragment of vegetatién positioned under the intersection of lines
on the grid was identified where possible as to taxon, morphological unit and state (green
or dead). The petri dishes were examined systematically until 100 contacts had been
recorded. As with the point quadrat method for establishing species composition of the
vegetation available to the animal, this method is biased towards fragments of large leaves
with their increased probability of lying beneath at least one intersection. However, this
is unlikely to have unduly influenced the results in this case since extremes of leaf size

were not found among the plant species encountered.
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Statistical analysis was carried out on proportional data following an angular
transformation.  Firstly multiple regression was used to estimate the contribution of
sources of variation to the observed inclusion rates of different vegetatidn categories in
the diet. Following this a more detailed investigation was made of the principal sources
of variation. A general feature of much of the data collected for the red deer and
guanacos was a large number of missing values which resulied in the data being
unbalanced. Thus different sources of variation were not balanced with respect 1o each
other. To overcome this problem analysis has been carried out using Residual
Maximum Likelihood (REML). This generated values for mean effects and standard
errors of differences between means. T-tests were then used to determine significance of

differences.

Diet selection was quantified by calculating electivity indices for each species of animal
grazing each community using the modification by Jacob (1974) of Ivlev's Electivity

Index:
D=(-p)r+p-2rp)

where r is the fraction of a given food type in the diet and p the fraction of the same
food in the environment. D varied from -1 to O for negative selection and from 0 to +1

for positive selection.

Variation in the overall composition of the diets selected from each community by the
three species of animal were investigated using Spearman’s rank coefficient. In
comparison with other rank coefficients this method gives weight to pairs of ranks that
are further apart and is therefore more appropriate when there is less certainty about the

reliability of close ranks.
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During both experimental sessions in 1992 faeces samples were‘also collected from the
oesophageal fistulates, stored at -20°C and prepared for n-alkane analysis as described in
section 3.4.3 Intake. By comparing the overall alkane profile of the faeces of the core
grazing animals‘ with those of fhe oesophageal fistulates when grazing each of the
communities the validity of assuming that oesophageal-fistulated animals consumed a

similar diet to the intact animals could be assessed.

3.4.2 Diet digestibility

Digestibility, apart from being a nutritionally important measurement helps to integrate
many of the separate aspects of selectivity such as consumption of green material in
preference to dead herbage and leaf in preference to stem. However, the time and
expense involved in collecting sufficient forage to feed animals for in vivo trials limits its
application. Instead indirect methods of estimating in vivo digestibility have been

developed.

It is possible to estimate diet digestibility using an appropriate marker assuming the
marker is non absorbable, unaliered during passage through the animal, quantitatively
recoverable; physically similar to or associated with the material it is to mark, does not
affect the digestive process, and that feed and faeces are accurately sampled (Le Du and
Penning, 1982). Satisfying these criteria is difficult. For example, although lignin has
been widely used as an internal marker it can be digested to a certain (and variable)
degree leading to the suggestion that this component should Be used as a marker only
when evidence exists that faccal recoveries approach 100 per cent (Fahey and Jung,
1983). More recently the use of n-alkanes as a marker to allow diet digestibility'to be
estimated has been proposed (Dove and Mayes, 1991). One of the main advantages of
this approach is that digestibility can be determined simultancously with herbage intake

for individual intact grazing animals.
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The more widely used alternative is an in vitro digestibility estimation (Tilley and Terry,
1963). However, in the case of in virro determinations for grazing animals once again
much is dependent on how representative the extrusa sample is of the diet consumed by
a grazing animal. In addition ensalivation and mastication of herbage have been shown

to affect in vitro organic matter digestibility values (Langlands, 1966).

Since this study offered a valuable opportunity to compare the results obtained from
each of these methods, diet digestibility was calculated using both in virro analysis of
extrusa samples collected from oesophageal fistulates and n-alkane analysis of the facces

samples of the intact grazers following dosing with C3s.

In vitro digestibility of replicates of the freeze-dried and milled extrusa samples were
carried out using the method of Tilley and Terry (1963) as modified by Alexander and
McGowan (1966). Donor rumen liquor was obtained from rumen-fistulated sheep
maintained on a hay diet. Included in the in virro digestion procedure were in vivo
standards for sheep derived from comparable vegetation types and fed undried at a level
close to appetite (Armstrong, Common and Smith, 1986). Dry maticr conient and ash
determinations were included in the analytical process, allowing results to be expressed
on an organic matter basis. All analyses were done in duplicate and repeated if

agreement was not satisfactory.

Diet digestibility was also estimated using the dosed n-alkane technique. Following daily

dosing with C3g alkane faecal sampling and sample analysis (see 3.4.3 Intake) faecal

output was estimated using the following equation:

Faecal output (FO) = (Dy/Fj) * 0.95
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where Dj and Fj are the daily dose and faecal concentration of Caig respectively and a
ninety-five percent recovery (0.95) of C3s in the faeces is assumed (R.W. Mayes, pers.

com). Digestibility was then calculated using the equation below:

Digestibility = (Intake - Faecal Output)/Intake

Again dry matter content and ash content determinations were carried out, and results

expressed on an organic matter basis.

3.4.3. Intake

Similar considerations to those influencing which method of determining diet
composition is most appropriate for a given situation will govern how intake is measured.
Thus estimating food intake of wild herbivores generally relies on observations,
preferably following standardisation of the recording system (Crawford and Whelan,

1973: Parker, Gillingham and Hanley, 1993).

In contrast, where domestic species of livestock are being studicd more intensive methods
of measuring intake can be employed without causing undue stress to the animal or
altering its subsequent behaviour (Hatfield er al,, 1993). For example, herbage intake
can be estimated from liveweight change during a period of grazing (Allden, 1962;
Allden and Whittaker, 1970; Penning and Hooper, 1985) by hamessing the animals for
faecal and urine collection, and correcting for additional weight losses weight losses
estimated from fully harnessed animals not permitied to graze. The principal advantage
of such this approach is the possibility of estimating intake over a relatively short period

of time and/or when pasture conditions are changing rapidly.

However, total collection of faeces in the field is laborious and has many potential
sources of error. As a result where an estimate of intake over longer periods is required

faecal output is generally estimated from the dilution in faeces of a dosed indigestible
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marker. In the past chromium sesquioxide (CrpO3) was most commonly used (Le Du
and Penning 1982) either dosed twice daily or in ac continuous-release bolus (Parker et
al., 1990; Hatfield, Walker and Glimp, 1991). More recently attention has shified to the
potential of using dosed and herbage n-alkanes as markers for the determination of
herbage intake (Mayes and Lamb, 1984; Mayes, Lamb and Colgrove, 1986, Ohajuruka
and Palmquist, 1991) and Dove and Mayes (1991) review the potential advantages and

disadvantages of these and other plant wax components to estimate intake.

Another approach to estimating forage intake has been the development of systems for
detecting bolus swallowing (Forwood, Hulse and Ortbals, 1985; Forwood and Hulse,
1989: Forwood, da Silva and Paterson, 1991). However, the nced for surgically-
modified animals is likely to preclude the use of such equipment for large scale grazing

trials, even if increased accuracy were established.

During this study herbage intake was estimated using the equation:

I = (Fy/F; * Dy / (Hi - (Fi/Fj) * Hj)

where 1 is daily herbage intake (kg OM/day), F;and F; are the faccal concentrations of
specified odd-chain and even-chain alkanes; Hj and Hjthe herbage concentrations of the
same odd-chain and even-chain alkanes; and Dj the daily dose of a specified even-chain

alkane.

During each experimental session herbage intake was estimated for the five core grazing
animals of each species by daily dosing with pellets impregnated with C3p
(dotriacontane) (and C3g (hexatriacontane) to estimate diet digestibility - see diet
digestibility) using a sheep cobalt bolus dosing gun. Taking into account body weight
along with predicted intake and diet digestibility values pellets weighing 1.0g (goats) and

1.6g (red deer and guanacos) were prepared (R.W. Mayes, pers. com.). The ratio
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C37:Ca3 was chosen as evidence indicates faccal recoveries of C32 and C33 alkanes are
similar (Mayes, Lamb and Colgrove, 1986). Having established an equilibrium in the
faccal concentration of dosed alkane during the run-in period and allowed forty-eight
hours for the passage of vegetation eaten on the measurement plots faeces samples were
collected daily from each animal for the last five days of the measurement week and
stored at -20°C. These samples were then freeze-dried and milled in preparation for

subsequent chemical analysis.

Subsequent chemical analysis was carried out following a modified version of the
procedure outlined in Mayes, Lamb and Colgrove (1986). ’fhe principal difference was
the omission of the unnecessary solvent extraction step prior to saponification of the
crude extracts. Replicate weighed samples of extrusa or faeces (1.0g and 0.5g
respectively) and internal standard (tetratriacontane, C34) were saponified in 1M
alcoholic KOH. Following saponification the extracts were passed through silica gel
columns to remove plant pigments and wax lipids such as the long-chain alcohols,
leaving alkanes in the eluate. N-alkane levcls were then determined using gas-liquid
chromatography (PU4550, Pye Unicam Ltd, Cambridge) with two vials prepared and
analysed per extraction. Peak areas of the n-alkanes were calculated using a Specra-
Physics SP400 computing integrator (Hemel Hempstead, Herts.). Varations in the
chromatography procedure were accoulmed for by regularly including standards and
adjusting the sample results for differences between the estimated and known value of

these standards.

3.4.4 Grazing pattern

A variety of methods are available to choose from when recording 'grazing time and
ingestive behaviour of grazing animals. The most simple of these entails regular
observations to collect data regarding location and activity. Such an approach is clearly

time consuming and although labour requirements may by reduced by the use of time
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lapse photography or video cameras, results are dependent on prevalent environmental

conditions and their effect on visibility. Accuracy of interpretation is also limited.

An altemative approach is to use equipment meésuring head or jaw movements of
individual animals. Comparatively simple mechanical devices such as Kienzle
vibracorders mounted on the shoulder (Allden 1962) or head (Stobbs, 1970) have been
used for some time. However, these and similar mechanisms such as the "grazing clock”
(Jones and Cowper, 1975), although robust and simple, do not allow the identification of
individual bites and so cannot provide information regarding total number of bites or

bite rates.

In comparison recording systems consisting of a halter incorporating a transducer
connected to a storage device can be used to produce analogue electrical signals of the
jaw movements which can be subsequently replayed and analysed to give time spent
grazing, ruminating and idling; and to count the jaw movements associated with these
activities (Penning, 1983; Penning, Steel and Johnson, 1984; Matsui and Okubo, 1991;
Matsui, 1994). As well as increased interpretation such devices have the advantage of
offering data summarised on a minute by minute basis. The main disadvantage is

equipment fragility.

Considering the increased risk of equipment damage associated with the species of
animal under study reliability of data collection was considered to be of primary
importance. Thus grazing time and grazing pattern were established using shoulder-
mounted Kienzle vibracorders. These were fitted to the five core animals of each species
during the last five days of the measurement period. To allow the animals to become
accustomed to the harmnesses these were introduced on the day prior to the measurement
period. The clock mechanisms were then added on day three of the measurement week

and the paper charts changed daily.
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Central to the use of vibracorders is the assumption that if the animals head is moving up
and down it is grazing. However, the animal may be involved in an activity unrelated to
feeding. Equally it may be engaged in feeding bchaviour, moving between patches and
searching for food but not biting. To counteract this, during interpretation of the charts
a minimum of five minutes uninterrupted trace.was required to signal a change in

behaviour.

Total grazing time for each day was calculated for each animal by summing the duration
of the grazing bouts marked on the vibracorder chart. In addition the diurnal grazing
pattern was established from each chart by recording at fifteen minute intervals whether
or not a grazing bout was underway. This created a profile for each grazing animal for
each day which could be used to assess the degree ol consistency and synchronisation of
grazing patterns. To determine whether grazing was more synchronised than would be
expected by chance the kappa coeflicient ol agreement (K) was used as a coefficient of
synchronisation (Rdok and Penning 1991). This is deﬁﬁcd as the ratio of the total
proportion of synchronisation P(A) (corrected for chance synchronisation P(E)) to the
maximum possible proportion of synchronisation, 1 (corrected for chance

synchronisation) i.e.
K = (P(A) - P(E)) / (1-P(E))

Using vibracorders it was necessary to adopt an additional method of determining bite
rate. This information was collected by visual observation. With such manual recording
systems it is easier to record the time taken to make a specificd number of bites rather
than the total number of bites made in a fixed time interval. Therefore bite rates were
calculated for the five core animals of each species during the measurement week by

recording the time taken for an animal to make 100 bites. As jaw movements were
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judged to be difficult to observe accurately except at very close quarters head
movements were recorded. These could normally be easily observed from a
considerable distance and often even if an animal was partly obscured. Data was
recorded while the animal was engaged in ingestive behaviour which would register as a
grazing bout on the corresponding vibracorder chart, and included time spent by the
animal moving between patches or searching for the next bite, i.e. time spent actively but
unsuccessfully seeking acceptable mouthfuls of herbage to bite. Clearly such definitions
are subjective but once established the same criteria for estimates of bite rate were used

across species throughout the study.

3.5 STATISTICAL ANALYSIS
All statistical analyses were conducted using the GENSTAT statistical soltware program

(version 5.2; Lawes Agricultural Trust, 1988).

3.6 SUMMARY
1. Goats, red deer and guanacos were studied on three contrasting vegetation types: a
Lolium perenne dominated established sown sward; a Nardus stricia dominated

indigenous grassland; and a Calluna vulgaris dominated dwarf-shrub community.
2. There was one spring and two summer experimental sessions at each site.

3. Species composition and canopy structure for each vegetation type were characterised

using the point-quadrat technique and botanical separations.

4. Diet composition of the three species of animal on each vegetation type was
established using oesophageal-fistulated animals. The extrusa samples collected also

underwent in vitro analysis to determine diet digestibility.
5. Herbage intake was estimated using the n-alkane technique. The animals were dosed

daily with C3p and grab samples collected. The animals were also dosed with Czg

allowing diet digestibility to be estimated.
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6. Total grazing time and grazing pattern were recorded using shoulder-mounted

Keinzle vibracorders. Visual observations of bite rates were also made.
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Vegetation profiles

4.1 INTRODUCTION

The availability of nutrients to a herbivore is a function not only of the chemical
composition of the forage but also of the spatial distribution ‘and abundance of the
nutrients. Thus structure and héterogeneity of vegetation are factors which affect animal
performance ‘and require consideration in addition to measures of average mass and
quality of forage available. Likewise, without a comprehensive profile of the vegetation
available to an animal subsequent interpretation of diet composition results is limited.
Therefore, a major component of this study was to quantify the vegetation available to

the grazing animals.

The vegetation communities of temperate climates can be considered to fall into two
broad categories; sown swards and indigenous communities; each of which offers
different scope for manipulation of the quality and quantity of material selected and
ingested by an animal. In comparison with indigenous swards sown pastures are
- generally characterised by being more homogeneous. These swards are typically
dominated by monocultures of grass or grass/legume mixtures and are generally found
on the more fertile soils. They tend to be highly productive both in terms of the quality
and quantity of plant material. Consequently they are generally subjected to intensive
management regimes and productivity is likely to be encouraged by applications of

nitrogenous fertilisers.

Indigenous communities are gencrally composed of a wide range of plant species
(Rodwell, 1992). However, despite the relative diversity in comparison with sown
pastures there is likely to be consistency within communities in their overall composition
as théy are essentially composed of plants adapted to similar climatic, physiographic and
edaphic factors. The distribution of the plant species within the community is less
predictable as a result of localised variations in parameters including water content,

aeration, concentration of key elements within the underlying soil, or microclimate
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(Grime, Hodgson and Hunt, 1988). Conditions may also be influenced by the vegetation
jtself. Thus the dominant species within a community may modify environmental

factors which in turn influence the number and distribution of additional species.

4.2 MATERIALS AND METHOD
The techniques which were used to establish species composition and canopy structure
for each of the vegetation communities are described in Chapter Three along with details

of the statistical analyses employed.

4.3 PRESENTATION OF RESULTS

Whilst the measurement area on each communily had been split into three sub-plots to
prevent interactions between the species of animal under study it was appreciated that
significant inter-plot differences in the composition of the sward were possible,
particﬁlarly on the heterogeneous indigenous vegetation. Thus it was necessary to test
the validity of assuming the animals were exposed (o the same foraging opportunities on
each sub-plot. Using the point quadrat data inter-plot similarities were calculated and
used to derive and plot principal co-ordinates. Distinct groupings according to session
(summer 1991, spring 1992, summer 1992) could be identified (Figure 4.1). Thus the
difference between a given sub-plot and the other two sub-plots from the corresponding
session were less than the difference between the same sub-plot during the other two
sessions. Likewise, multiple regression of the results of the botanical separations
identified session as the main source of variation, with subplot having little effect. In
light of these findings subsequent analysis was conducled across sub-plots on a

community basis, unless otherwise stated.
The results presented for each vegetation type follow a similar format with separate

sections devoted to botanical composition, degree of clumping, canopy structure and

biomass. By using this approach a profile of the overall sward is generated on a step-by-
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Figure 4.1; Principal co-ordinate analysis of point-quadrat data.
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step basis. Firstly the various components present in the sward are identified, secondly
the horizontal distribution of these components is described, thirdly their vertical
distribution within the canopy is established, and finally session and/or seasonal changes

in the overall herbage biomass are considered.

To create a picture of the diversity of species of plant available to the grazing herbivore
the composition of the measurement areas on each community during each experimental
session have been depicted in a series of graphs generated using the point quadrat data.
A pie chart featuring plant categorics present within the sward and identifiable within the
diet summarises the overall composition of the vegetation. In each case the dominant
species, defined as the species which occurs with greatest frequency in the most important
stratumn of the community, has been ‘drawn out’ for emphasis. Where the plant category
is composed of a number of species, e.g. broad-leaved grasses, a stack-graph hés been
produced to illustrate the contribution of each. Thus the contribution of each individual

species of plant identified can be gauged.

To characterise the sward in more detail, in terms of vegetation categories identifiable
within the diet, the point quadrat data has been tabulated according to plant type,
morphological unit (leaf, stem, flower) and statc (green, dead). These categories take
into consideration ecological and morphologi‘cnl similaritics between plants; and the
accuracy of identification of fragments in extrusa samples collected by ocsophageal
fistulated animals. By considering only the first hit of each point quadrat needle and
assigning these to similar categories the sward surface of each community on each
occasion has also been characterised. These sets of proportional data were used for
subsequent comparison with the proportions of the corresponding categories in the diet
and are plotted in the graphs depicting diet selection on each community in Chapters

Five, Six and Seven.
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The compuier prbgram (. Finlayson, pers. com.) available to summarise point quadrat
data provided percentage specific frequency information for a given area without at any
stage taking into account variability between quadrats. Thus standard errors would only
be available across subplots; i.e. based on only three observations per category. For this
reason the results of the botanical separations, which give at least eighteen observations
per category, have been used as the basis for statistical analysis of variance between
sessions and season in the contribution of each category to the composition of the sward.
The biomass separations were also analysed to obtain an estimate of the in vitro

digestibility of each vegetation category during each experimental session.

Calculation of the Green's index (GI) for each species (scc Chapter Three) gave an

assessment of the degree of clumping of the different species cncountered.

The point quadrat data has also been used to create a series of graphs depicting the
distribution of plant categories within horizons in the sward. The first series of graphs
for cach sward type groups the plant species present into the broadest categories of
monocotyledons and dicotyledons. Subsequent graphs give particular emphasis to
graminoid species from the Lolium and Nardus swards and Calluna vulgaris from the
dwarf-shrub community, and illustrate the effect of season and sward horizon on the

distribution of morphological units of these.

During the botanical separations unattachcd dead vegetation was considered to be the
equivalent of the point quadrat category 'litter’. The bulk of this material, over seventy
per cent for the Nardus community and eighty per cent for the Lolium pasture and
Calluna community, was located at the base of the sward, i.e. within the first two height
bands on the sward profile graphs. This transient element within the sward has been
excluded from subsequent analyses. To sirhp]ify the sward profile graphs, moss has also

been excluded. Although the amount of moss recorded on the Lolium pasture was
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negligible, this plant category made a significant contribution to the indigenous
communities although it was rarely encountered in the dict (see Chapters Five, Six and
Seven). Once again the majority of hits were recorded at the base of the sward: over

eighty and ninety per cent for Nardus and Calluna communities respectively.

Finally, from the weights of samples cut within quadrats herbage biomass (kgDM/m?)
was calculated and compared. However, as it was impossible to account for variations in
moisture content due to climatic conditions, no comparison is made between sessions in

the percentage dry matter of the herbage available.
Nomenclature of vascular plants follows Clapham, Tutin and Moore (1987).

RESULTS

4.4 THE LOLIUM SWARD

4.4.1 Species composition

The overall species composition of the Lolium swards as determined using the point
‘quadrat technique is tabulated in Table 4.1. In addition to the dominant graminoid
species nine funhér species of broad-leaved grass were encountered. All were native and
perennial with the exception of Poa &nnua which is an annual or short-lived perennial.
Nine species of dicotyledonous plants were recorded, including white clover.  Of these
eight species other than clover, Ranunculus repens, Cerastium fonianum, Rumex
obtusifolium, Bellis perennis and Plantago major are perennial. The remaining three are
annuals. All are native and common in fmproved swards or where cultivation has taken

place.
The contribution of each species of plant encountered to the diet composition categories

(stack-graphs) and the proportion of the total sward accounted for by these categories

(pie-chart) are illustrated in Figures 4.2a, 4.2b and 4.2¢ for summer 1991, spring 1962
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Dietary category Family Genus Common name
broad-leaved grasses |Gramineae Agrostis canina brown bent-grass
Agrostis capiliaris common bent-grass
Deschampsia cespitosa |tufted hair-grass
Dacrylis glomerata cock's foot
Holcus mollis creeping soft grass
Phleum pratense Limothy
Poa annua annual meadow-grass
Poa pratensis smooth meadow-grass
Poa trivialis rough meadow-grass
clover Papilionaceac. Trilfolium repens white clover
other dicotyledonous |Caryophyliaceae |Cerastium fontanum mousc-ear chickweed
plants ' . Stellaria media chickweed
Compositae Bellis perennis daisy
Cruciferae Capsella bursa-pastoris |shepherd's purse
Plantagineae Plantago major great plantain
Polygonaceae Polygonum aviculare common knotgrass
Rumex obtusifolius broad-leaved dock
Ranunculaceac  |Ranunculus repens creeping buttercup

Table 4.1: Plant species encountered on the Lolium community in addition to

Lolium perenne.
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and summer 1992 respectively.

In gencral over eighty per cent of the hits were broad-leaved grasses, and although there
was a relative reduction in the proportion of Lolium perenne encountered duriﬂg the

third experimental session this species remains dominant irrespective of season.

There was an increase in the proportion of dicotyledonous plants in the sward when the
results for the experimental periods in 1992 are compared with those from 1991,
During the spring session this can be attributed to the 'other dicotyledonous plant’
category accounting for an increased portion of the sward (see section 4.4.2 for statistical
analysis) while the clover content remained similar to that reéorded in 1991. By the
summer session a decrease in ‘other dicotyledons' resulted in the ratio of this category to
clover being close to that in summer 1991 while the overall contribution of

dicotyledonous plants remained similar to that in spring 1992.

4.4.2 Effect of session on sward composition

The effect of session and season on the composition of the sward in terms of categories
based on plant species, morphological units and state (live/dead) was determined using
the botanical separations data, Table 4.2 gives a summary of statistically significant

differences.

There was a statistically significant reduction in the proportion of green lamina of broad-
leaved grasses in summer 1992 in comparison with the previous two sessions, while the
sward in spring 1991 had significantly less dead lamina than either summer session. The
proportion of vegetative stem was lower in summer 1991 in comparison with spring or
summer 1992. There was a significant reduction in the flowerstem content of the
samples collected in summer 1992 when compared with spring 1992, Like\;vise summer

1992 had a reduced proportion of flower and seedhead in comparison with both summer
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Vegetation category

Summer 1991 v.

Summer 1991 v,

Summer 1992

Spring 1992 v.

Summer 1992

Spring 1992

broad-leaved leaf green * ns
grasses ' dead ns * ik
grass vegetative stem ns ok ns
grass flowerstem wE * ns
grass seed/flowerhead ok ns ook
Trifolium repens  leaf green ns ns ns
dead ¥ * ns
petiole ns * ke
other dicots leaf green HwA * ns
dead ns ns ns
stem ns ns ns
flower ns *ok *ok

ns = not significant; * = p<0.05; ** = p<0.01; *** = p<0.001

¢ = plot effect '
y = plot x session interaction
Table 5.2: Summary of statistical analysis comparing the dicts selccted by the goats

from the Lolium sward during each experimental scssion
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sessions.

The proportions of live and dead leaf of Trifolium repens were unaffected by season.
However, an increase in the occurrence of clover petiole was recorded in summer 1992 in
compariéon with both summer 1991 and spring 1992. Other dicotyledonous species

were more prevalent in the spring session than either of the summer sessions.

Estimates of the in vitro digestibility of these vegetation categories during each

experimental session are tabulated in Table 4.3.

4.4.3 Green's index

The Green's index value for each species present is listed in Table 4.4. There was little
clumping of the species of broad-leaved grass recorded on the Lolium perenne
dominated pasture. Likewise, Trifolium repens was dispersed across the measurement-
area. Although the degree of clumping of additional dicotyledonous species varied, even

the highest index values corresponded io a relatively dispersed distribution.

4.4 4. Sward profile

The first series of graphs (Figure 4.3) shows the distribution of monocotyledonous and
dicotyledonous plants within the sward for the diffcrent experimental scssions.  While
dicotyledonous - planis were found in each height band up to 15-17.5 cm, grasses were
recorded at up to 33-35.5 cm. Thus on each occasion there was a section at the top of
the sward consisting only of grasses. The most striking difference between the three
profiles was the reduction in sward height in the summer of 1992 compared with the two
previous experimental sessions. This was associated with the base of the sward being
altered through a marked increase in the proportion of monocotyledonous material
occurring in the 0 - 2.5cm and 3 - 5.5cm strata.  There was also an increased

contribution of dicotyledonous plants to the sward in 1992, with again the main change
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Vegetation category

Summer 1991

Spring 1992

Summer 1992

broad-leaved grasses  leal green 0.784 + 0.0097 0.806 + 0.0060 0777 + 0.0017

dead 0487 + 0.0097 0.581 0450 + 0.0143
grass vegetative stem 0.780 + 0.0058 0751 + 0.0164 0.742 + 0.0115
grass flowerstem 0422 0744 + 0.0067 0410
grass seed/flowerhead - 0.751 -
Trifolium repens leaf green 0.800 0.815 0.797
other dicots 0.734 0.755 + 0.0039 0.754

mcan + s.c.m. across sub-plots
noscem. = value for bulked samplc from entirc measurcment area

insufficient sample

Table 4.3: In vitro digestibility values for vegetation categories from the Lolium sward during
each experimental session.
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Genus ' Summer 1991 | Spring 1992 | Summer 1992
Agrostis canina 0.1037 0.0535 0.1939
Agrostis tenuis 0.1412 0.0526 0.0276
Dacrylis glomerata - 0.0441 . -
Lolium perenne 0.0012 0.0009 0.0026
Phleum pratense - - 0.1446
Poa annua 0.0528 0.0431 0.1068
Poa pratensis 0.0092 0.0469 0.0036
Poa tenuis - 0.0280 -
\Trilfolium repens 0.0078 00280 | 00181

Cerastium fontanum - - 0.1032
Stellaria media - 0.0041 0.1594
Plantago major - 0.0428 0.3070
Rumex obtusifolius - 0.1453 0.1777
Ranunculus repens 0.0646 0.0163 0.0120

Values range between 0 - 1: 0 = random and 1 = maximum clumping

Table 4.4: Green's index values for plant species encountered
on the Lolium sward.
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Figure 4.3: Distribution of monocotyledonous and dicotyledonous plants within
the Lolium sward canopy during each experimental session.
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in overall profile occurring at the base of the sward.

The second group of graphs (Figure 4.4) plots the profile of the morphological units of
the broad-leaved grasses. Again the relative reduction in sward height in summer 1992
and the associated effects on the base of the sward are apparent. In contrast to summer
1991 when the densest strata was 6.0 - 8.5¢m, the greatest density of material was found
from O - 2.5cm. However, common features can also be identified within the three
swards. For example, on all occasions leaf was distributed throughout the sward.
Similarly, for all three swards vegetative stem was located within the lower half of the

sward while flowerstem occurred at all heights, irrespective of season.

The third set of graphs (Figure 4.5) concentrates on the distribution of green and dead
leaf within the sward. Like vegetative stem dead leaf was located within the lower
horizons of the sward and was found also in the strata where the green leaf was most
dense (summer 1991 6.0 - 8.5cm: spring 1992 3.0 - 3.5: summer 1992 3.0 - 3.5). Once
again the difference between the profiles for summer 1992 and the other profiles is
worthy of comment because of the increased proportion of dead material in summer

1992,

To summarise the composition and canopy structurc of the sward the proportions of the
total sward and sward surface accounted for by the equivalent of dictary categories are
listed in Table 4.5. Green lamina of broad-leaved grasses accounted for a greater
proportion of the sward surface than the to_tal sward. In contrast, the percentage of dead
lamina and vegetative stem at.the swafd surface were consistently lower than in the total
sward. A similar trend was found for the different proportions of Trifolium repens with
the proportion of green leaf higher at the sward surface but those of dead leaf and
petiole lower. The proportion of hits identified as dicotylcdonous plants other than

Trifolium repens was similar at the surface to that recorded for the sward as a2 whole.



Vegetation prafiles

36-38.5 Summer 1991
33-35.5 |
30-32.5
27-29.5 |
24-26.5 J

21-23.5 4
18-20.5 213

15-17.5 2221
12.14.5 22227722774

0.11.5 PZZZrZZ777 77770
T TT TSI TT I
(T TT I |

O Ch

-8.
-5.
-2.

n L Lh

T T T T T T T T
0 100 200 300 400 500

;
36-38.5 ] Spring 1992
33-35.5 | pring
30-32.5 ¥4 Vegetlative siem
21295 J F1 Leat

%1222 T Flowerstem
18-20.5 £ Secd/Mowerhead
15-17.5 | .

12-14.5
9-11.

Height (cm)

P |
v A
TSIy

epe
1 tn g0
Lh Lh Ln

1 1 ! ] * r T T
0 100 200 300 400 500

36-38.5 | Summer 1992
33-35.5 |

30-32.5 |
27-29.5 _
24-26.5 |
21-23.5 |
18-20.5 |
15-17.5 |
12-14.5 |

9-11.5 |
685 VPAZ772772727A

3-5.5 T TTTITTTTTITITE IS
0-2.5 ST TS TENL S

0 100 200 300 400 500
Number of hits

I

Figure 4.4: Distribution of morphological units of broad-leaved grasses within
the Lolium sward canopy during each experimental session.
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Figure 4.5: Distribution of green and dead lamina of broad-leaved grasses within
the Lolium sward canopy during each experimental session,

57



Vegetation profiles

Summer 1991 | Spring 1992 | Summer 1992
Vegetation category Total Surface| Total Surface] Total Surface
broad-leaved leaf green | 79.7 829 60.7 76.2 43.0 65.3
grasses dead 4.1 24 74 0 14.6 2.8
grass vegetative stem 6.6 1.0 10.8 1.7 21.2 2.5
grass flowerstem 1.3 1.4 29 1.7 2.2 2.5
grass seed/flowerhead 04 1.0 0.8 2.9 0.1 0
Trifolium repens  leaf green 4.1 6.7 4.0 83 10.4 17.3
dead 0.3 0 0.6 0 0.3 0
petiole 09 1.0 0.1 0 12 0
flower 0 0 0 0 0.1 0
other dicots leaf green 2.0 32 7.7 8.2 43 3.3
dead 0.2 0 1.0 0 0.4 0
stem 0.3 0.3 4.5 0.5 1.4 1.3
flower 0 0 0.1 0.5 0 0
Table 4.5: Proportions of total Lolium sward and sward surface only accounted

for by categories equivalent to those used during analysis of diet

composition.
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4.4.5 Biomass

The mean herbage biomass and herbage dry matter ;;ercentage for each experimental
period are given in Table 4.67. There was a significantly higher herbage biomass for the
Lolium pasture in summer 1992 compared with the two previous experimental sessions

(compared with summer 1991 p < 0.001; compared with spring 1992 p < 0.001).

4.5 THE NARDUS COMMUNITY

4.5.1 Species composition

The species composition of the Nardus measurement area is listed in Table 47. In
addition to the dominant tussock-grass, two further species of fine-leaved grass and nine
species of broad-leaved grass were encountered. With the exception of Poa annua, which
can be an annual or short-lived perennial, all arc native perennials. Also perennial are
the various members of the Cyperaceae and Juncaccac families grouped together and
labelled ‘other monocotyledonous plants’. As identification of individual species of
Carex and Luzula would have been prohibitively time-consuming classification was based

on genera only. Six species of perennial dicotyledonous plant were also encountered.

The contribution of each of these species (stack-graphs) to the overall composition of the
sward (pie-charts) is depicted in Figures 4.6a, 4.6b and 4.6¢ for summer 1991, spring
1992 and summer 1992 respectively. Nardus siricta, as the domin;mt species within the
community, accounted for approximately forty per cent of the hits on each occasion.

The remaining species were found in the inter-tussock areas.

The proportions of broad- and fine-leaved grasses within the sward were similar. The
contribution of the various species encountered 10 the broad-leaved grass category was
similar for all three experimental sessions, with Agrostis spp. the most prevalent. In

contrast, when the stack-graphs for the fine-leaved grasses are compared, there is an
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Herbage biomass (gDM/m2) Dry matter (%)
Session mean s.e.nm. mean s.e.m,
Summer 1991 379.8 25.81 239 1.32
Spring 1952 3959 23.96 16.6 0.47
Summer 1992 589.2 36.64 27.7 1.11
N

Table 4.6: Herbage biomass (gDM/m2) and herbage dry matter percentage of
the Lolium sward during each experimental session.
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Dietary category Family Genus Common name
broad-leaved grasses Gramineae  |Agrostis canina brown bent-grass
Agrostis capillaris commaon bent-grass
Anthoxanthum odoratum  |scented vemal grass
Deschampsia cespitosa tufted hair-grass
Dactylis glomerata cock's foot
Holcus mollis creeping soft-grass
Molinia caerulea purple moor-grass
Poa annua annual meadow-grass
Poa pratensis smoth meadow-grass
fine-leaved grasses Deschampsia flexuosa wavy hair-grass
Festuca ovina sheep's fescue
other monocotyledonous |Cyperaceac [Carex sedges
plants Eriophorum angustifolium |common cotton-grass
Trichophorum cespitosum |deer grass
Juncaceae Juncus squarrosus heath rush
Luzula wood rush
dicotyledonous plants Ericaceae Vaccinium myrtillus blacberry
Vaccinium vitis-idaea cowberry
Papilionaceae |Trifolium repens white clover
Polygonaceae |Rumex obtusifolius dock
Rosaceae Potentilla erecta commaon tormentil
Rubiaceae Galium saxatile heath bed-straw

Table 4.7: Plant species encountered on the Nardus community in addition to

Nardus stricta.
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Figure 4.6a:  Contribution of individual plant species to the overall
composition of the Nardus community in summer 1991
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Figure 4.6b: Contribution of individual plant species to the overall
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apparent trend towards an increase in Festuca ovina at the expense of Deschampsia

flexuosa over the three experimental sessions.

Moss was a consistent feature of the sward. In comparison 'other monocotyledonous
plants’ and 'dicotyledonous plants’ made only minor contributions. Species of Luzula are
clearly the most influential of the non-grass monocotyledons accounting for over eighty
per cent of the hits within the category, with Carex spp. the other consistent contributors
to this portion of the sward. Galium saxatile was the dicotyledon most- frequently
encountered within the swards. Potentilla erecta and Vaccinium myrtillus were also
found to be present during the three experimental scssions, while Trifolium repens and

Vaccinium vitis-idaea made a minor contribution to the summer 1992 sward.

4.5.2 Effect of session on composition of inter-tussock arcas

The effect of session and season on the composition of the inter-tussock areas in terms of
categories based on plant species, morphological unit and state (live/dead) was
investigated using the botanical separations data (as outlined in Chapter Three samples
had been taken from the inter-tussock arcas only). A summary of statistically significant

differences is given in Table 4.8.

When considering the contribution of plant groups consisting of graminoid plant parts a
number of statistically significant differences belween sessions were recorded.  For
example, a significantly higher proportion of dcad Nardus stricta leal was recorded in
spring 1992 in comparison with summer 1992, Green lamina of broad-leaved grasses
significantly was higher in the summer 1992 experimental period compared with the
previous spring experimental period. Likewise, the incidence of dead lamina of broad-
leaved grasses was significantly higher in sﬁmmer 1992 than in the two summer scssions.
The occurrence of dead lamina of fine-leaved grasses was significantly lower during

summer 1991. During the third experimental period there were significantly higher

635



Vegetation profiles

Summer 1991 v.{Summer 1991 v.| Spring 1992 v,
Vegetation category Spring 1992 Summer 1992 | Summer 1992
Nardus feaf  green ns ns ns
dead ns ns ek
broad-leaved leaf  green ns ns ok )
grasses dead ns dokok ok
fine-leaved leaf green ns ns ns
grasses dead *ok ok ' s
grass vegetative stem * Hk ns
grass flowerstem ns *E * )
grass seed/flowerhead ns ns ns )
Carex all green ns ns ns
: dead . ns ns ns
leaf  green | ns ns ns
dead ns ns ns W
other monocots.  all green ns ns ns
dead ns ns ns
Galium all green ns ns ns )
dead - n§ ns ' ns by
Vaccinium all green ns ns ns
dead | ns ns ns
Potentilla atl green ns ns ns
dead ns ns ns
Imoss ns ns ns

ns = not significant; * = p<0.05; ** = p<0.01; *** = p<0.001
¢ = plot effect
y = plot x session interaction

Table 4.8: Summary of statistically significant diflerences between sessions in the

contributions of vegetation categories to the overall composition of the
Nardus community.
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levels of grass flowerstem recorded but no corresponding differcnces were found
between sessions in the proportion of grass seed/flowerhcads. The session with the lowest
stem content, summer 1991, has a significantly higher proportion of vegetative stem in

comparison with either session in 1992.

No statistically significant differences were found between the proportions of the
dicotyledonous species in the community. Likewise, the proportion of Carex spp. and
Luzula spp. was similar during all three sessions. As such componenis, particularly those
located in the lower strata of the sward, would be more susceptible to significant changes
in sward structure and associated changes in competition for resources they may be used
to gauge consistency between sessions. The stability of these species indicates that
although the proportions of live and dead morphological units of the grass categories

may have fluctuated, the overall structure and character of the sward was maintained.

The biomass separations were also analysed to obtain an estimate of the in vitro

digestibility of each vegetation catcgory during each experimental session (Table 4.9).

4.5.3 Green's index -

The GI value for each species is listed in Table 4.10. The low values of GI calculated for
Nardus stricta indicate that it was evenly distributed across the measurcment area. There
was also little clumping of the more common of the broad-leaved species of grasses,
including Agrostis canina, Agrostis capillaris and Anthoxanthum odoratum. The two
species of Poa were more clumped in comparison. The specics of broad-leaved grass
with a high GI value, such as Holcus mollis and Dactylis glomerata, were not located
during all three experimental sessions. The two species of fine-leaved grasses other than

Nardus stricta showed little clumping.

The degree of clumping of Carex spp. varied but was relatively constant for Luzula spp..
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Vegetation category

Summer 1991

Spring 1992

Summer 1992

Nardus stricta lcal  green 0582 + 0.0102 0.662 0.580
. dead 0.403 0.378 + 0.0077 -
broad-leaved grasses leaf  green 0679 + 0.0128 0777 + 0.0012 0.682 + 0.0072
dead 0431 + 00230 0.438 0424 + 0.0051
fine-leaved grasses leaf  green 0.637 + 0.0155 0.700 + 0.0055 0.619 + 0.0058
dead 0.412 0423 + 00024 0.391 + 0.0053
grass vegetative stcm 0487 + 00215 0496 + 0.0172 0.561 + 0.0084
grass flowerstem 0.516 0.466 0.516 + 0.0156
Luzula leal  green 0.560 - -
dicots. all  green 0.598 0.611 0.623
moss green 0326 + 0.0092 0377 + 0.0267 0.333 + 0.0025
dead 0.273 - -
mean + S.e.m. across sub-plols
nos.em. = value for bulked sample from entire measurcment arca
- = insufficient samplc
Table 4.9 In vitro digestibility values for vegetation categories from the Nardus community during

cach experimental session.
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Species Summer 1991 | Spring 1992 | Summer 1992
Agrostis canina 0.0043 0.0210 0.0110
Agrostis tenuis 0.0154 0.0087 0.0151
Anthoxanthum odoratum 0.0038 0.0063 0.0052
Deschampsia cespirosa - - 0.8661
Dactylis glomerata - -

Holcus mollis 0.9231 - 0.5625
Molinia caerulea 0.6251 - (0.2355
Poa annua 0.9580 0.0388 -
Poa pratensis 0.0193 0.0831 0.0491
Deschampsia flexuosa 0.0061 0.0056 0.0114
Festuca ovina 0.0053 0.0033 0.0045
Nardus stricta 0.0035 0.0032 0.0022
Carex spp. 0.0067 0.0485 0.1670
Eriophorum angustifolium - - 0.3104
Trichophorum cespitosum 0.5104 - -
Juncus squarrosus - - -
Luzula spp. 0.0358 0.0220 0.0223
Potentilla erecta 0.0265 (0.0253
Galium saxatile 0.0101 0.0070 0.0067
moss 0.0024 0.0013 0.0009

Values range between 0 - 1: 0= random and 1 = maximum clumping

Table 4.10: Green's index values for plant species encountered
on the Nardus community.
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Of the dicotyledonous plant species there was a higher degree of clumping of Vaccinium
myrtillus than either Potentilla erecta or Galium saxatile. Moss and litter were distributed

across the entire measurement area.

4.5.4 Sward profile

A similar approach to that used for the Lolium sward was implemented to create an
overall picture of the structure of the Nardus grassland. Again the first serics of graphs
(Figure 4.7) differentiates between monocotyledonous and dicotylcdonous plants
occurring at different height bands. Once more dicotyledonous plants did not feature in
the upper height bands of the sward. This was also the case for non-grass
monocotyledonous plants, which have been plotied separatcly from the graminoid
species reflecting their dietary importance. Apart from a reduction in overall sward
height in spring 1992 the profiles for all three experimental sessions are similar, with the

sward consistently at its most dense at 3.0 - 3.5cm irrespective of scason.

With animals expected to graze from the species-rich inter-tussock areas Nardus stricta
has been plotted separately from the other grass specics. The graphs which depict the
morphdlogical structure of the Nardus stricta tussocks (Figure 4.8) indicalc that in
addition to a reduction in the overall sward height being recorded in spring relative to the
summer experimental sessions, a substantial scasonal change in composition occurred.
There was a large increase in the incidence of dead leaf and a correSponding.decease in
green leaf at all height-bands. A second notable difference is the absence of grass

flowerstem and inflorescence categories in spring.

Despite a similar reduction in overall sward height the scasonal variation which was
evident in the composition of the profiles of the Nardus stricta tussocks was not found
when the distribution of the morphological units of the inter-tussock grass species is

considered (Figure 4.9). Vegetative stem was concentrated at the base of the sward
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Figure 4.7:

Distribution of graminoids,

Number of hits

other monocotyledonous plants and

dicotyledonous plants within the Nardus community canopy during
each experimental scssion.
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Figure 4.8: Distribution of morphological units of Nardus stricta during

each experimental session.
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Figure 4.9: Distribution of morphological units of inter-tussock grasses within

the Nardus community canopy during each experimental session.
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whereas the number of flowerstem hits was constant for ail height-bands  and

correspondingly accounts for an increasing proportion as the sward height increascs.

Due to the dietary importance of the inter-tussock grass spccics the distribution of live
and dead lamina of broad and fine-leaved grasses has been plotred scparately (Figure
4.10). Once again the reduction in overall sward height was cvident, but in contrast 10
the Nardus stricta tussocks there was not a dramatic change in the proportions of green
and dead leaf. However, as the frequency of hits and distribution of dcad leaf did 'not
alter between sessions, the taller swards of the summer sessions were characterised by
having their upper half consisting only of green leaf whereas in spring dcad leaf was

encountered at all height bands.

The composition and canopy structure of the sward the proportions of the total sward
and sward surface accounted for by the equivalent of dietary categories are summarised
in Table 4.11. Tt is this data which has been plotied for comparison with the results on
dietary cdmposition reponed in Chapters Five, Six and Seven. While slight variations in
the proporiions of catcgories of grass leaf can be identificd the moél striking difference
between the sward as a whole and the surface only was the reduction in grass vegetative
stem. Also noteworthy is the increase in sced/flowerhead :al the surface during the
summer session. A number of minor components, such as decad Vaccinium myrtillus and

Potentilla erecta were never encountered at the sward surface.

4.5.5 Biomass

The mean herbage biomass and herbage dry matter percentage for cach session are given
in Table 4.12. There was a statistically significant decrease in the herbage biomass of the
inter-tussock areas of the Nardus community betwecn the spring and summer
experimental sessions (compared with summer 1991 p < 001; compared with summer

1992 p < 0.01).
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Figure 4.10: Distribution of green and dead lamina of inter-tussock grasses within
the Nardus community canopy during each experimental session.
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Summer 1991 | Spring 1992 | Summer 1992
Vegetation category Total Surface| Total Surface| Total Surface
Nardus leaf green 12.0 23.1 4.7 8.5 14.0 21.7
dead 10.1 53 21.6 29.1 12.9 10.0
broad-leaved leaf green 20.0 35.8 11.9 21.0 15.7 21.7
£rasses dead 4.6 0.8 53 5.4 4.3 1.7
Festuca leaf  green 54 4.5 7.1 10.4 8.1 9.6
dead 3.6 0 6.5 3.5 59 1.4
Deschampsia leaf green 37 20 2.9 6.2 1.7 28
dead 0.7 0.3 0.9 0.6 0.3 0
grass vegetative stem 147 1.2 17.4 2.8 12.1 04
grass flowerstem 2.4 7.7 1.1 1.5 54 17.7
lgrass seed/flowerhead 2.3 9.5 0.2 0.4 1.9 84
Carex green 0.2 0 0.1 0.2 0.3 0.6
dead 0 0 0.2 0.2 0 0
leal  green 23 26 1.1 1.3 1.2. 1.0
dead | 14 0 12 07 | 12 02
Galium all green 4.6 2.2 2.4 1.7 5.2 1.3
dead 0.2 0.3 0 0 0.1 0
Porentilla all green 11 1.8 0.1 0.2 0.4 0.6
Vaccinium all greeh 03 0.3 0.1 0 0.2 0
dead 0.1 0 0 0 0.1 0
other dicots 0 0.2 0 0 0.1 0
moss 9.7 2.0 153 6.2 8.8 0.6
Table 4.11: Proportions of total Nardus sward and sward surface only accounted

for by categories equivalent to those used during anal ysis of diet

composition.

76




Vegetation profiles

Herbage biomass (gDM/m?2) Dry matter (%)
Session mean s.e.m. mean s.c.m.
Summer 1991 1049.4 67.66 36.9 : 1.00
Spring 1992 686.1 57.19 478 1.17
Summer 1992 966.7 54.47 38.9 0.88

Table 4.12: Herbage biomass (gDM/mZ) and herbage dry matter percentage of
the Nardus communily during cach experimental session.

77




Vegetation profiles

4.6 THE CALLUNA COMMUNITY

4.6.1 Species composition

The species composition during each of the experimental sessions as determined using
the point quadrat is tabulated in Table 4.13. In addition to Calluna vulgaris two further
species of evergreen dwarf shrub, Empetrum nigrum and Erica tetralix, werce encountered.
Two species of Vaccinium , V. myrtillus and V. vitis-idaea, were identified which differ in
being deciduous and evergreen respectively. The other (wo species of dicotyledonous
plant encountered were both native perennial herbs. Only three graminoids were
recorded. Two of these, Deschampsia ﬂexﬁasa and Festuca ovina, were {ine-lcaved
grasses and the other broad-leaved. Three non-grass monocotyledonous  genera,

Eriophorum, Juncus and Luzula, werc also identificd.

The contribution of each of these species (stack-graphs) to the overall composition of the
community (pie-chart) is depicted in Figures 4.11a, 4.11b and 4.11c¢ for summer 1991,
spring 1992 and summer 1992 respectively. On cach occasion the dominant species,
Calluna vulgaris, accounted for at least sixty per cent of the total hits recordéd. In
comparison the other two heaths made litle contribution. Of these consistently more
Empetrum nigrum than Erica tetralix was encountered. 'Other dicotyledonous plants’ and
'monocotyledonous plants’ were recorded more frequently than ‘other heaths’.
Vaccinium myrtillus was consistently the principal contributor to the ‘'other
dicotyledonous plant’ portion of the sward. Of the monocotylcdonous species - the
frequency of hits of Festuca ovina was highest in summer 1991 but Deschampsia
flexuosa accounted for the majority of hits in spring and summer 1992. However, on
each occasion it was the moss category which ranked as accounting for the second largest

proportion of the sward after Calluna vulgaris.

4.6.2 Effect of session on sward composition

The effect of session and season on the composition of the sward was determined using
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Dietary category Family Genus Common name
other heaths Ericaceac  |Empetrum nigrum crowberry
Erica tetralix cross-lcaved heath
other dicotyledonous |Ericaceac Vaccinium myrtillus blacberry
plants Vaccinium vitis-idaca cowberry
Rosaceae Potentilla erecta common tormentil
Rubiaceac  |Galium saxatile heath bed-straw
monocotyledonous Gramincac |Agrostis canina brown bent-grass
plants Deschampsia flexuosa wavy hair-grass
Festuca ovina sheep's fescue
Cyperacaca |Eriophorum angustifolium |COMMON COLLON-Zrass
Juncaceae  |Juncus squarrosus heath rush
Luzula spp. wood rush
Table 4.13: Plant specics encountered on the Calluna community in addition to

Calluna vulgaris.
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Monocotyledonous

Deschampsia flexuosa

d Festuca ovina
Other
dicotyledonous

plants

Galium saxatile /4
FPotentilla erecta

Vaccinium myrtillus

Vaccinium vitis-idaea

Other Calluna vulgaris

Empetrum nigrum heaths

Erica tetralix

Figure 4.11a: Contribution of individual plant species to the overall composition
of the Calluna community in summer 1991 ‘
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Figure 4.11b: Contribution of individual plant species to the overall composition
of the Calluna community in spring 1992 '
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Figure 4.11c: Contribution of individual plant species to the overall composition
of the Calluna community in summer 1992
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the data from the botanical separations. A summary of statistically significant
differences is given in Table 4.14. The relative proportions of the morphological units
of the four to five Calluna vuigaris plants dissected in detail (see Chapter Three) were
used to estimate the percentage of the total weight of Calluna vulgaris accounted for by

each plant part.

Statistically significant differences were found in the proportion of current s¢ason's
shoots and green old growth between all experimental sessions. However, when these two
categories are combined (o form one category of green Calluna vulgaris leaf
comparable with the dietary composition catcgory, no statistically significant diffe}enccs
are evident. A statistically significant difference was found beltween years in the
proportion of Calluna vulgaris wood, with summer 1991 being lower than both spring
and summer 1992, A scasonal effcct was evident in the proportion of Calluna vulgaris
flowers encountered with samplcs collected during spring 1992 having significantly

lower proportions than those from either summer scssion.

No differences were found in the percentages of live or‘ dead Vaccinium spp. stem, or
dead leaves of either Vaccinium myrtillus or Vaccinium vitis-ideae. Levels of green
Vaccinium myrtillus leaves were significantly higher in spring 1992 .compnred with either
summer session while levels of green Vaccinium vitis-ideae leaves were higher in summer

1991 compared with spring 1992 and summer 1992,

When monocotyledonous plants were considered statistically significant differences were
identifiable on two occasions. There was an increased contribution of lamina of fine-
leaved grasses in summer 1991 in comparison with summer 1992 while dead Juncus

squarrosus were more common in summer 1991 than either session in 1992,

The biomass separations were also analysed to obtain an cstimate of the in vitro
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Summer 1991 v.

Summer 1991 v.

Spring 1992 v.

Vegetation category Spring 1992 | Summer 1992 Summer 1992
Calluna shoot  green ns ns ns
dead ns ns ns
WOOd e e % L ns
ﬂOWCr ¥ ek He Nk e ok ¥
Erica all - - -
Empetrum all . ns ns
V. myrtillus leaf green >k ns Rk
dead ns ns ns
V. vitis-idaea leaf green * * ns
dead ns ns ns
Vaccinium stem green ns ns ns
dead ns ns ns
fine-leaved grass  leaf green ns * ns
~ dead ns ns ns
broad-leaved grass leaf green - - -

: dead - - -
grass vegelative stem ns ns ns
grass flowerstem ns ns ns
grass seed/flowerhead ns ns ns
Juncus .oall green ns ns ns

dead * * ns
Carex all green ns ns ns
dead - - -
Galium all green ns ns ns
dead - - -
moss ns ns ns

ns = not significant; * = p<0.05; ** = p<0.0L; *#% = p<().001
¢ = plot effect
vy = plot x session interaction

Table 4.14: Summary of statistically significant differences between sessions in the
contribution of vegetation categories to the overall composition of the
Calluna community.
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digestibility of each vegetation category during cach experimental session (Table 4.15).

4.6:3 Green's index

The Green's index value for each species present is listed in Table 4.16. As anticipated,
the value of GI calculated for Calluna vulgaris indicated that it was distributed evenly
across the measurement area. In 1991 Calluna was randomly dispersed and in 1992 the
indices of clumping were extremely low. Empetrum nigra was more clumped but the Gl
value was still low. On all three occasions the Erica tetralix was the most clumped of the
heath species. Both Vaccinium myrtillus and Vaccinium vitis-idaea were relatively

dispersed.

The GI value for Feswuca ovina Wwas Jow in 1991 and this specics was randomly
distributed in both sessions in 1992. There was also litlle clumping of Deschampsia
flexuosa. In comparison, when Agrostis canina, Juncus Squarrosis, Eriophorum
angustifolium and Galium saxatile were encountered, they were recorded as occurring in

clumps. Moss was distributed evenly.

4.6.4 Sward profile

In comparison with the grass swards the sward-height of the dwarf-shrub community is
not influenced by season. Figure 4.12 illustrates the distribution of monocotyledondus
and dicotyledonous plants at different horizons in the sward, and contrasts with the
equivalent graphs for the two grass swards. With the Calluna community it is the
dicotyledonous group which dominates while monocotyledonous plants are restricted to
the lower half of the canopy. Calluna vulgaris has been plotied separately 10 emphasis

the importance of this species.

Of the height-band profiles which have been created those from the Calluna vulgaris

data (Figure 4.13) are most easily interpreted as they resemblce closcly the structure of
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Vegetation category

Summer 1991

Spring 1992

Swimmer 1992

Calluna currcnt scason  green 0.475 + 0.0077 0466 + 0.0010 0432 + 00123
old growth green 0425 + 0.0043 0439 + 0.00064 0341 + 0.0110
dead 0307 + 0.0257 0301 + 0.0125 0.248 + 0.0043
wood 0211 + 0.0260 0224 + 00215 0.191 + 0.0068
flowcrs 0335 + 00227 - 0.289 + 0.0110
Empetrum 0.352 0.274 0.254
Vaccinium leal green 0411 0.537 + 0.0270 0452 +
stem green 0363 + 0.0350 0328 + 00028 0.245 + 00365
dead 0.247 -
finc-leaved grasses green 0.605 + 0.0361 0597 + 00224 (0.649
dcad 0.472 0.346 0412
vegetative stem 0.451 0356 + 0.0392 0.426
moss green 0318 + 0.0098 0316 + 0.0054 0229 + 0.0024
dead 0.190 - -
mean + S.cam. across sub-plols
nosem. = valuc for bulked sample from entirc measurcment area

Table 4.9: In vitro digestibility values for vegelalion categories from the
during cach ¢xperimental session,

insulTicicnt sample

Calluna community
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Species Summer 1991 | Spring 1992 | Summer 1992
Calluna vulgaris 0.0003 0.0003 0.0002
Erica cinerea 0.0460 0.1410 0.1008
Vaccinium myrtillus 0.0071 0.0051 0.0058
Vaccinium vitis-idaea 0.0019 0.0183 0.0024
Galium saxatile - 0.3234 -
Agrostis canina - (0.9231 0.0633
Deschampsia flexiosa 0.0259 0.0075 0.0040
Festuca ovina 0.0090 - -
Eriophorum angustifolium - - 0.3545
Juncus squarrosus - 0.3814 0.1143

Values range between 0 - 1: 0= random and 1 = maximum clumping

Table 4.16: Green's index values for plant specics encountered
on the Calluna community.
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Summer 1991
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Figure 4.12: Distribution of Calluna vulgaris, other dicotyledonous plants and
monocotyledonous plants within the Calluna community canopy
during each experimental session.
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Figure 4.13: Distribution of morphological units of Calluna vulgaris within
the Calluna community canopy during each experimental session.
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the living plant. In particular the pattern of growth is illustrated by each
chronologically-consecutive morphological unit being denscst at each taller height band.
The only seasonal difference was in the contribution of current scason's growth and

flowers to the summier profiles in comparison with those from the spring .

To summarise the composition and canopy structure of the sward the proportions of the
total sward and sward surface accounted for by the equivalent of dictary categories are
listed in Table 4.17. It is this data which has been used for comparison with dietary
composition in Chapters Five, Six and Seven. Green shoois of Calluna vulgaris
accounted for between 43-47 per cent of the sward surface yet are ncver more than 37
per cent of the total sward. There was also a dramatic increase in the percentage of
Calluna vulgaris flowers at the surface. In contrast there was a reduction in the
propoftion of dead shoots of Calluna vulgaris at the surface compared with the total
sward. Erica spp. was only encountered once at the sward surface. Other specics rarely
recorded at the sward surface, if at all, include Vaccinium vitis-idaea and Galium saxatile.
Likewise the proportion of moss was very low in comparison with the whole sward and

grass vegetative stem was never recorded.

4.6.5 Biomass

The mean herbage biomass and herbage dry maticr [or cach scssion are listed in Table
4.18 respectively. There was a statisticzﬂly significant increase in the herbage biomass of
thé Calluna community during both sessions in.1992 compared with the experimental
session in 1991 (compared with spring 1992 p < 0.01; compared with summer 1992 p <

0.01)

4.7 SUMMARY
1. Attributes which include an ability to tolerate the heavy trampling and defoliation
associated with intensive stocking have led 1o Lolium perenne being the most important

cultivated graminoid species. However, despite these characteristics sown swards are
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Summer 1991 | Spring 1992 | Summer 1992
Vegetation category Total Surface| Total Surface| Total Surface
Calluna shoot green 37.0 57.8 298 574 274 433
dead 21.6 11.9 20.5 12.1 16.2 11.8
wood 9.0 29 12.5 8.0 14.5 8.1
flower 6.3 18 2.0 7.5 8.2 222
Erica shoot  green 0.5 0 0.1 0 04 0.7
Empterum all 20 0.6 39 1.9 32 1.3
V. myrtillus leaf green 39 3.4 45 52 24 2.8
dead 0.5 0.2 0.2 0 0.2 0
V. vitis-idaea  leaf green 0.4 0 0.7 0.4 0.5 0
Vaccinium stern green 2.7 1.7 2.7 1.4 3.7 3.0
dead 0.7 0.4 0.6 0.4 0.7 0.2
Festuca leaf green 2.6 0.8 0 0 0 0
dead 1.1 0.6 0 0 0.1 0.2
Deschampsia  leaf . green 0.9 04 39 43 33 1.9
dead 0.3 0.4 1.7 0.5 3.8 1.5
grass vegetative stem 1.5 0 22 0.0 1.7 0
grass flowerstem 0 02 0.7 0 0 0
srass seed/flowerhead 0 0.2 0 0 0 0
Juncus green 0 0 0.2 0.2 0.2 0
dead 0 0 0.3 0 0.1 0
Galium all green 0.1 0 0 0 0 0
dead 0.1 0 0.1 0 0 0
mOoSss 8.6 095 13.1 0.7 13.2 3.0

Table 4.17: Proportions of total Calluna sward and sward surface only accounted
for by categories equivalent to those used during analysis of diet
composition,
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Session

Herbage biomass (gDM/m2)

Dry matter {%)

mean

s.e.m, mean s.c.m.
|Summer 1991 1316.2 78.48 48.9 8.59
1Spring 1992 1736.3 115.87 38.8 12.55

Summer 1992 1761.1 114.52 39.7 14.00

Table 4.18; Herbage biomass (gzDM/m?2) and herbage dry matier pereentage of

the Calluna community during each experimental session.
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susceptible to invasion as they age: firstly by species such as Poa annua, then by Agrostis
spp. and Holcus spp., and eventually by many other indigenous grasses.  This process
of invasion is reflected in the number of additional specics of broad-leaved grasses

encountered on the established sown pasture used in this study.

2. Broad-leaved grasses were the main component in the sown sward, with Trifolium
repens also a consistent contributor. In addition to thesc components a number of
additional species of dicotyledonous plant made minor contributions to the overall sward
profile. These were principally opporiunistic 'weeds' which had appeared following soil

disturbance due to repairs to the drainage system for the pasture.

3. Semi-natural grassland, such as the Nardus stricta dominated community used during
this project are largely the product of continuous grazing of man's flocks and herds
(Grant and Maxwell, 1988). In comparison with sown pasturc there was a greater
number of vegetation categories in general, and grass types in particular, which resulted

in increased opportunity for selective grazing.

4. Both broad-leaved and fine-leaved grasses wcre available growing belween the
distinctive tussocks formed by the dominant specics. Also present in these species-rich
inter-tussock areas were other monocotyledonous plants, dicotyledonous plants and
moss. The degree of clumping of these components varicd, increasing the vanability of

the herbage available.

5. As a dwarf-shrub community the architecture of the Calluna-dominated vegetation
was very different from that of cither grassland community. Such heath moorland can
be partitioned into a number of strata. The density and uniformity of the stand depends
considerably on its age as well as the environment. In general the density of the second
stratum is inversely correlated with that of the one above; and this rclationship continues

down through the series.

6. The dominant stratum consists mainty of the dwarf-shrub canopy, in this case Calluna
vulgaris. The second, discontinuous stratum was found beneath and in the gaps of the
top stratum and contained partly creeping dwarf-shrubs such as Empetrum nigrum, o1
shorter and less branched species of plants such as Erica tetralix and Vaccinium spp..
The third stratum contained smaller plants, such as Galinm saxatile, while the final

stratum consists of mat-forming mosses.
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Diet selection and ingestive behaviour of goats

5.1 REVIEW

The goat was one of the first animals to be domesticated, with records indicating their
presence as the domesticated form in Egypt from as early as 2700 BC (Merrill and
Téylor, 1976). Goats have an ability to thrive in very harsh environments where the
rainfall is often below seventy millimetres per year (Devendra, 1978) and this contributes
to them having a relatively wide distribution. In contrast to sheep, where sixty per cent of
total numbers are found in temperate zones and less than forty per cent in tropical zones,
nearly eighty per cent of all goats are found within the band 0 - 40° N, in the arid
tropical and subtropical regions (Devendra and Coop, 1982). However, despite its wide
distribution and use, Malechek and Provenza (1983) comment that of the important
domestic animal species probably least is known about the goat in rclation to ils numbers

and economic importance.

Goats are intermediate feeders under Hofmann's (1973) classification. They have a
relatively larger rumen volume than shecp of cattle (Church, 1976; Demment and Van
Soest, 1985) and although the evidence is equivocal (Devendra, 1978) recent
comparative studies show some differences in the ability of sheep and goats to digest the
same forages (Forcant, Vanbelle and Goldroud, 1986; Tolkamp and Brouwer, 1993).
Goats and sheep appear to digest high quality forages 10 a similar extent but goats tend
1o be more efficient at digesting low quality diets (Louca, Antoniou and Harzipanayiotou
1982; Domingue et al., 1991). Goats also appear 10 be able 1o digest forages containing
secondary compounds more effectively than sheep (Howe, Barry and Poppi, 1988). This
may result from the differential adaption of the goats' rumen microflora (Gihad, El-
Bedawy and Mehrez, 1980) and their possessing salivary proteins (Provenza and
Malechek, 1984; Robbins et al, 1987) which may nullify the effects of digestion-

inhibiting tannins.

One of the main differences between sheep and goats is that, although they both exhibit a
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mixed foraging strategy, they have differing preferences for grass and browse
respectively (Squirés, 1982; Bullock, 1985). This _in turn can be correlated with
additional adaptive diversification. Several morphological features contribute 10 the
goats’ successful adaptation to a broad variety of environmental "conditions.  For
example, their narrow incisor arcade and mobile upper lip allows them to select
individual species and morphological units of plants (Gordon and Illius, 1988). Likewise
goats exhibit a number of behavioural features which contribute to their versatility. For
example, being sure-footed allows goats to forage by climbing low trees or on narrow
ledges, potentially giving them an advantages over sheep and cattle in having an
exclusive food source (Harrington, 1982). Similarly, their ability to assume a bipedal
stance can give them exclusive use of a browsc stratum unavailable to sheep.
Consequently spatial partitioning of the food resource must be taken into consideration
when interspecific competition is being evaluated. It has also been suggested that by
travélling greater distances than their ruminant counterparts goats increase the
opportunity to select a varied diet although this will depend on the dispersion of food

items (Huston, 1978).

van Soest (1987) comments that this versatility and improved performance is
characteristic of a response to tropical conditions where morphological partitioning into
plant parts of high and low digestibility offers the opportunity for dictary selection by
capable species. In contrast, the comparatively nutritively uniform forages which can
occur in cooler temperate climates may result in goals not appearing to be very different

from other intermediate feeders.

Although reported as having a preference for hilly terrain or arcas with tree or shrub
cover, this appears 10 be principally a responsc 10 protection from predation and
inclement weather rather-than as a result of seeking a preferred food source (Harringion,

1982).
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As is the case for the majority of herbivores, the common practice of classifying the diet
of goats into grass, forbs and browse obscures the fact that each class is comprised of one
or more species, each with its own palatability characteristics, and that goats select their
diet on a species and plant-part basis. Certainly as a result of their differing preferences
there is strong evidence for differences in dict selection between goats and sheep on
rangelands {(Bullock, 1985; Lu, 1988). In general goats arc more catholic in their
feeding habits and tend to consume grass and forb species ‘when available and more

browse than sheep during the dry season or winter when grass and forbs are limited.

Research suggests that goats may have an important role 10 play in thc control and
manipulation of hill communities. The differences recorded in the diet selected when
goats were compared with cattle and sheep indicate that they may be a valuable addition
to mixed grazing system as an aid to management of the varicd plant communities of hill
land and particularly in the maintenance and further improvement of resecded pastures
(Russel et al., 1983). Likewise, evidence of an increase in the clover content of pastures
grazed by goats has been recorded (McGregor, 1985; Radcfiffe, Townsend and Baird,
1991). Goats have also been used effectively in the control of unwanted plant species,

for example, gorse (Radcliffe, 1985; Bullock and Kinnear, 1988).

However, in some paris of the world goats are considered (0 be highly destructive of
vegetation and the principal contributors to scvere soil crosion although the views
expressed are frequently biased and seldom supported by experimental evidence
(Campbell, Ebersohn and Broembsen, 1962). In may situations the main problem is

overgrazing due to mismanagement by man.

RESULTS
5.2 DIET COMPOSITION

Variations in the proportion of the diet accounted for by different vegelation categories
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were in 2 number of cases identified as resulting from plot effects and/or plot x session
interactions, despite the vegetation profiles for the sub-plots being similar (Tables 5.2,
5.5 and 5.8). This suggests that the response of these animals to a given sward can be
changeable, and selection for or against particular items unpredictable. Nevertheless, a
general picture of the diet most likely to be selected by goats from each community can

be created.

5.2.1 The Lolium sward
The mean proportions of the components sclected by the goats from the sown sward
during each experimental session are tabulated and depicted in Table 5.1 and Figure 5.1

respectively.

On all three occasions the main dietary component was green lamina of broad-leaved
grasses; with this vegetation category encompassing around two-thirds of the material
consumed. In contrast dead lamina of broad-leaved grasscs and other morphological

units of grass made only minor contributions to the diet selected.

Dicotyledonous plants accounted for between 18 and 25 per cent of the diet. Once again
green leaf was the principal component, wilh dead leaf, stem and flowers present only in
very small quantities if at all. While Trifolium repens made a substantial contribution to
the diets of the goats during all three experimental sessions, there was a significant
increase in the amount of 'other dicotyledonous plants’ in the diets selected during both
sessions in 1992 in comparison with the diet consumed in summer 1991 (Table 5.2).
This inclusion of additional species of dicotyledonous plants resulted in the overall
contribution of dicotyledonous plants to the diet increasing during the second year, and

was correlated with the significant decrease in green lamina of grass.

The associated Electivity Index values for the categorics identified in the diets consumed
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Vegetation category

Summer 1991

Spring 1992

Summer 1992

broad-leaved leaf green 789 + 6.32 673 + 545 f4.1 + 6.61
grasses dead 16 + 034 1.8 + 057 48 + 1.14
grass vegetative stem 04 + 0.10 1.4 + 036 23 + 0.67
grass flowerstem 02 + 0.14 22 + 0.65 13 + 040
grass seed/flowerhead 05 + 037 2.1 + 0.60 0.1 + 0.08
Trifolium repens  leaf  green 178 + 6.03 94 + 201 174 + 572
dead 02 + 0.10 0 0.0 + 002
petiole 04 + 0.16 02 + 014 0.8 + 017
flower - - 0
other dicots lealf  green 0 152 + 646 8.0 + 240
dead 0 02 + 0.14 0.2 + 0.09
stem 0 03 + 0.16 0.6 + 041
flower - 0 03 + 0.2
=12 n=17 n=15
0 = recorded in vegetation but not in dict. - = absent from vegetation and diet.
All results expressed as mean perecentage + - S.c.m.

Table 5.1: Composition of the diets consumed by the goats on the Lolium

community.

98




66

Summer 1991 Spring 199 Summer 1992

.,
—

TN

N

ALY
-

N

Percentage

S
N

N

- - -
g & B S -
2 2 = ol
© E ‘5 7] 2 e
= 2 & 3 o< 8
2] H e H
= Py = 3

v 17

broad leaved grasscs - green leal
grass - vegelalive siem

grass - flowersiem

grass - sced/Mowerhcad

CDOER

clover - green leal
clover - petiole & flower

other dicots. - green feaf
A other dicots. - stem & (lower

B &

Figure 5.1: Composition of the diets consumed by the goats on the Lolium sward.

§1008 Jo morapyaq aansadul pup uonIzas 121
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Summer 1991 v.

Summer 1991 v.

Spring 1992 v.

Vegetation category Spring 1992 Summer 1992 | Summer 1992
broad-leaved leaf green * 8 Coons
grasses dead ns * ok
grass vegetative stem ns HAE ns
grass flowerstem ok * ns
grass sced/flowerhead Hk ns AR
Trifolium repens  leaf green ns ns ns
dead il * ns
petiole ns * ek
other dicots leaf green etk #* ns
dead ns ns ns
stem ns ns ns
flower ns ok ok

by
ow
oy
by

by

Table 5.2:

ns = not significant; * = p<(1.05;
£ p

¢ = plot cffect
y = plot x session interaction

*¥ = n<().01; #¥* = p<0.001

Summary of statistical analysis comparing the dicts sclected by the goats
from the Lolium sward during cach experimental scssion
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on the Lolium sward are listed in Table 5.3. No clear pattemn can be jdentified in the
response of the goats to the various vegetation categories encountered. Despite green
lamina of broad-leaved grasses accounting for over 60 per cent of the material
consumed, this component was only tolerated or weakly sclected in comparison with
availability in the sward as a whole, and tolerated or weakly avoided relative to the
composition of the sward surface. Selection and avoidance of dead lamina, flowerstem
and seed/flowerhead of grasses also varied between sessions, whercas the avoidance of
grass vegetative stém was comparatively consistent. The levels of green clover leaf in the
diet indicated there had been positive and neutral sclection for this component relative to
its availability in the total sward and at the sward surface respectively. Sclectivity for the
dead clover leaf, petiole and flowers varied. Likewisc, sclection for land against green and
dead leaves of other dicotyledonous plants was unpredictable while there was sustained

avoidance of stem.

5.2.2 The Nardus community
The mean proportions of components in the dict selected from the indigenous grassland
community on each occasion are tabulated and depicted in Table 5.4 and Figure 5.2

respectively.

There was a pronounced seasonalily- in the diet composition of the goats on the Nardus
sward. While the main component in the dict sclected during cach experimental session
remained green lamina of broad-leaved grasses, the level in the spring 1992 diet was
significantly lower than that recorded during cither summer session (Table 5.5).
Conversely there was a pronounced increase in the amount of Luzula spp. in the diet
consumed during this experimental session resulting in this component accounting for
over 20 per cent of the material consumed. There was also an increase in the proportion
of green lamina of Nardus stricia from well below 1 per cent to almost 5 per cent. In

contrast there was no evidence of a seasonal shift in the contribution of green and dead

101



Diet selection and ingestive behaviour of goats

Summer 1991 | Spring 1992 [ Summer 1992
Vegetation category Total |Surface| Total |Surface| Total {Surface
broad-leaved - leaf  green 0 - + - + 0
grasses dead - - - - + + -- +
grass vegelative stcm -- - - - - -- 0
grass flowerstem -- - - - + - -
grass seed/flowerhead + - + - + + +
Trifolium repens  leaf green |+ + + + + 0 + 0
dend - ++ -- - + +
petiole - - + ++ - ++
flower --
other dicots leaf green - - -- + + o+ 0
dead - - -- + + - ++
stem -- - - -- - - -
flower - - - - ++ +

Abbreviations: + + = strong selection; + = weak sclection; 0 = indi fference; - = weak
avoidance; - - = strong avoidance; blank = absent from vegetation and dict.
Total = relative to proportion in total sward. Surface = relative 1o proportion at

sward surface.

Table 5.3: Selectivity indices for goat dicts from the Lolium sward.
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0 = recorded in vegetation but not in diet.
All results expressed as mean percentage

- = absent [rom vegetation and diet.

+

s.c.m.

Table 5.4: Composition of the diets consumed by the goats on the Nardus
community.
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Vegetation category Summer 1991 Spring 1992 Summer 1992
Nardus leaf green 02 + 0.09 49 + 144 0.0 + 0.02
dead 00 + 0.4 04 + 0.20 0.1 + 0.07
broad-leaved leaf green 62.8 + 7.03 36.8 + 6.37 798 + 3.33
grasses dead 39 + 0.85 94 + 1.04 8.0 + 090
Festuca leaf green 1.1 + 0.38 0.6 + 0.24 0.2 + 0.16
dead 02 + 0.10 03 + 0.11 0.0 + 0.02
Deschampsia ~ leaf  green 12 + 036 33 + 076 22 + 092
dead 0.1 + 008 09 + 029 0.2 + 0.11
grass vegetative stem 20 + 034 3.5 + 0.56 1.6 + 0.38
grass flowerstem 25 x 083 38 + 0.69 3.1 + 0.63
grass seed/lNowerhead 17.2 + 6.85 1.0 + 0.60 1.3 + 041
Carex -all green 0 0.1 + 0.06 0
dead - 0 -
Luzula flower - 1.8 + 096 -
leaf areen 09 + 0.62 215 + 649 25 + 203
. dead 0.2 + 0.15 7.0 + 194 06 + 0.34
other monocots.  all green 0 - 0
dead 0 - 0
Galium all grecn 24 + 132 03 + 0.21 02 + 012
dead 0.0 + 002 + 00 + 002
Vaccinium all grecn 00 + 0.02 20 + 111 0.0 + 004
dead 0.0 + 0.04 22 + 178 0
Potentilla all green 26 + 1.83 0 0
dead 0.1 + 009 0 -
Campanula all green 24 + 235 - -
other dicois. all green 0 - 0
moss 0.1 + 004 03 + 016 0
n=13 n=16 n=15
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Summer 1991 v.]Summer 1991 v.{ Spring 1992 v.
Vegetation category Spring 1992 Summer 1992 | Summer 1992
Nardus leaf  green ok ok ns Hokok
dead ns ns ns
broad-icaved Jeaf = green ook * ok
grasses dead * A % ns
Festuca leaf green ns ns ns
dead ns ns ns
Deschampsia leaf  green ns ns ns
dead w3k ns ®
grass vegetative siem * ns wkE
grass flowerstem * ns ns
grass seed/flowerhcad ok Rk ns
Carex all green ns ns ns
Luzula flower il ns ek ok
leaf  green ok ns ek
dead Bk ns ok
Galium afl green ns ns ns
dead ns ns ns
Vaccinium all green ok ns ek
dead ns ns ns
Potentilla all green ok wE ns
dead . * ns
Campanula all green ns ns ns
moss ns ns *

oy

oy
ov
oy

oy
o

v

ns = not significant; * = p<0.0

¢ = plot effect
y = plot x session interaction

5; #% = p<().01; *#* = p<0.001

Table 5.5: Summary of statistical analysis comparing the diets sclected by the
goats from the Nardus community during cach experimental session.
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lamina of either Festuca o?ina or Deschampsia flexuosa. Likewise the levels of grass
vegetative stem and flowerstem werc consistently low and although seed/flowerhead made
a substantial contribution to the diet in summcr 1991 this was not sustained in either
session in 1992. The levels of dicotyledonous plants in the diet were low on all three

occasions.

The Electivity Index values for the dictary components selected from the Nardus
community are listed in Table 5.6. The significantly higher proportion of green lamina
of Nardus stricta recorded for the spring 1992 diet is associated with a switch from
strong avoidance 10 tolerance of this component in its carly growth phase. In contrast,
despite the significanf differences in the amount of grecn lamina of broad-lcaved grasses
there was consistent strong selection relative to the availability of this component in the
sward as a whole. Selection of dead lamina of broad-lcaved grasses also occurred,
contrasting with the response of the goats to this vegetation category when grazing on the
Lolium sward. In gencral there was an avoidance of Festuca ovina, whilc the selectivity

indices for Deschampsia flexuosa were variable.

There was avoidance of vegetative stem in the sward as a whole, while, in contrast,
selection occurred relative to the availability of this component at the sward surface. This
contrasts with the results from the sown pasture where vegetative stem was consistently
avoided. Although the selectivity indices for grass flowerstem in summer 1991 differed
from those of seed/flowerhead with the goats avoiding stcm but selecting secd/flowerhead,
during the experimental sessions in 1992 the selection and avoidance of these

components were similar.
The significant increase in the contribution of all parts of Luzula spp. to the spring 1962

diet was associated wilh consistent strong selection for these components at that time. In

contrast, sedges were consistently avoided. There is no consistent pattern in the selection
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Summer 1991 | Spring 1992 Summer 1992
Vegetation category Total |Surfacé| Total |Surface| Total |Surface
Nardus leaf  green - - -- 0 - -- --
dead - - - - - - - - - - - -
broad-leaved leaf  green + + + + ++ + + + ++
|grasses dead | O ++ + + + ++
Festuca leaf . green | -- -- -- - - - -
dead -~ ++ -- -- - - --
Deschampsia  leaf  green -- - Q - + .
dead - - - ] + - + +
grass vegelaitve siem -- + - - + .- + +
grass flowersiem 0 -- ++ + - --
grass secd/ilowerhead ++ + + + + - --
Carex all green - - - -- -- - -
dead -- --
Luzula flower + + ++
leaf  green - - + + + + + +
dead -- ++ ++ ++ - +
other monocots. all ~ green -- _ --
dead -- --
Galivm all grean - O -- - - -
' dead -- -- - 4
Vaccinium all green -- -~ ++ + + -- + +
dead - + + + + - -
Potentilla all green + + + - - -- - .-
dead + + + - -
Campanula all green | ++ ++
other dicots. all green - - - - ' --
moss -- -- -- -- S .-
Abbreviations: + + = strong selection; + = weak selection; 0 = indifference; - = weak
avoidance; - - = strong avoidance; blank = absent from vegetation and dict.

Total = relative to proportion in total sward. Surface = relative to proportion at
sward surface.

Tabie 5.6: Sclectivity indices for goat dicts from the Nardus community.
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or avoidance of the categories of dicotyledonous plants between sessions, nor can

variations be attributed to seasonal differences.

5.2.3 The Calluna community
The mean proportions of components in the diet sclected by the goats from the dwarf-
shrub community on each occasion are tabulated and dcpicted in Table 5.7 and Figure

5.3 respectively.

The number and va’ﬁety of vegetation categories making a substantial contribution to the
overall diet consumed increased on the Calluna community in comparison with the
grasstand communities. Thus instead of one category accounting for the bulk of the
material consumed as was found when the goats Vselected from the grass swards, the
proportion of the diet accounted for by the main dictary component never excecded

thirty per cent.

Creen shoéls were the only component of Calluna vulgaris which made a consistent
contribution to the dict sclected during each experimental session, ranging from just over
5 per cent in spring 1992 to 18 per cent in summer 1992. In conirast, the levels of dead
shoots and wood in the dict weré lower than 2 per cent on all three occasions. The
percentages of Calluna vuigaris flower in the diets selected in summer 1991 and spring
1992 were also low, yet during summer 1992 this component accounted for over 11 per

cent of the overall diet.

While green and dead leaves of Vaccinium myrtilius were a major dictary component,
leaves of Vaccinium vitis-idaea were consumed only in minor quantitics or omitted.
Green Vaccinium stem accounted for up to 7 per cent of the diet yet the amount of dead

Vaccinium stem recorded was negligible.
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0 = recorded in vegetation but not in dict.

All results expressed as mean percentage  +

- = absent from vegetation and dict.

S.c.m.

Vegetation category Summer 1991 Spring 1992 Summer 1992
Calluna shoot green 13.1 + 2.81 52 + 2.22 18.0 + 449
dead 1.2 + 0.25 1.1 + 0.58 1.7 + 050
wood 0.6 £+ 0.20 0.1 + 0.08 1.2 + 0.31
flower 14 + 062 04 + 0.19 11.2 + 3.05
Erica shoot green 1.7 + 1.38 1.4 + 1.19 29 + 1.13
dead 0.1 + 0.08 0.2 + 0.15 0.1 + 0.06
wood 0.6 £+ 0.56 0.2 + 0.14 04 + 042
flower 0 1.1 + 0.71 02 + 0.16
Empetrum 0 0 0
V. myrtillus leaf  green 49 + 1.80 216 + 643 139 + 2.86
dead 124 + 4.5 7.0 £ 1.70 11.7 + 3.28
flower - 0.2 + 015 -
V. vitis-idaea leaf green 04 + 0.34 0 03 + 0.19
dead 0 - 0
Vaccinium stem  green 7.0 + 231 33 + 1.08 6.2 + 1.39
dead 04 + 020 0.2 + 0.17 04 + 0.16
Festuca leaf green 26.5 + 4.58 204 + 7.23 163 + 5.50
dead 12.2 + 247 44 + 097 8.1 + 252
Deschampsia leaf green 0 0.1 + 0.08 0
dead 0 0 0
|broad-lecaved grass leaf green 96 + 609 7.2 + 224 0.6 + 0.33
dead 47 + 2.006 33 + 1.22 04 + 0.21
grass vegelalive stem 04 + 0.24 55 + 2.23 04 + 018
grass flower stem 1.6 + 0.23 41 + 078 0.7 = 0.32
grass seed/flowerhead 0.2 + 0.16 2.1 + 0.99 -
Juncus green - 0.9 + 0.09 0
dead - 0.0 + 003 0
Galium green 0 0.1 + 0.06 0
dead 0 0.0 + 0.03 -
other dicot. green 0.1 + 0.14 - -
moss 1.2 + 052 .1 + 074 5.6 + 442
n=11 n=12 n=15

Table 5.7: Composition of the dicts consumed by the goats on the Calluna
community.
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Green and dead lamina of Festuca ovina in the diets accounted for between 16-30 and
4-12 per cent of the material consumed respectively. However, aithough these and
" equivalent categories of broad-leaved grasses were significantly lower in summer 1992
than during either of the previous experimental sessions (Table 5.8), the levels of grass
vegetative sterﬁ, flowerstem and seed/flowerhead were all significantly higher during the
spring experimental session. Green and dead lamina of Deschampsia flexuosa was all

but omitted from the diet.

The corresponding Electivity Ind;x values for each component are listed in Table 5.9.
When compared with the selectivity indices for the various vegctation catcgories available
on the grassland communities, il can be seen that sclection for or against the same
component during different sessions was most consistent on the Calluna community. in
general all morpho]ogiéal units of the dominant species were avoided, yct those of Erica
spp. selected. Green and dead leaves of Vaccinium myrtilius were sclected along with
green Vaccinium spp. stem, whereas dead Vaccinium spp. stem and the response to leaves

of Vaccinium vitis-idaea varied.

With the exception of lamina of Deschampsia flexuosa 21l grass calegorics were selected,
In contrast, selection for and against Juncus spp. and the species of forbs present varied.
Although moss was avoided relative to the proportion of this component in the sward as a

whole, weak selection occurred in comparison with the availability at the sward surface.

5.3 DIET DIGESTIBILITY

5.3.1 In vitro digestibility

The mean digestibility of the diets selected from each community by the oesophageal
fistulates during each experimental session are listed in Table 5.10a and plotted in Figure

54a. Summaries of statistically significant dilferences are given in Table 5.10b and

5.10c,
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Summer 1991 v.]Summer 1991 v.} Spring 1992 v,
Vegetation category Spring 1992 Summer 1992 | Summer 1992
Calluna shoot green * ns R Y
dead ns ns ns
wood ns ns >k
flower ns ok sokk oy
Erica shoot green ns ns ns
dead ns ns ns
wood ns ns ' ns
{lower * ns ns
V. myritillus leaf  green ns ns ns
dead ns ns ns
flower * ns ® W
V. vitis-idaea leaf . green ns ns ns
dead - - _ -
Vaccinium stem  green ns ns ns
dead ns ns ns
Festuca leaf  green ns * * ]
dead koK | ns ol
Deschampsia leaf  green ns ns ns
broad-leaved grass leaf  green ns * ** v
dead ns ok ok W
grass vegetative stem * ns ek
grass flower stem Rk ns ke oy
grass seed/flowerhead Rk : ns okk oy
Juncus green ns ns ns
dead ns ns ns
Galium green ns ns ns
dead ns ns ©ons
other dicot. green ns ns ns
moss ns ns ns ¢

ns = not significant; * = p<0.05; ** = p<0.01; *** = p<0.001
¢ = plot effect
y = plot x session interaction

Table 5.8: Summary of statistical analysis comparing the dicts selected by the
goats from the Calluna community during each cxperimental session
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Summer 1991 | Spring 1992 Summer 1992
Vegetation category Total |Surface| Total |Surface| Total |Surface
Calluna shoot green -- - - -- -- - --
| dead -- -- -- -- - --
wood -- .- -- -- -- .-
flower -- -- -- -- + _
Erica shoot green + + ++ ++ ++ + + + +
dead + + + + ++ ++ + + + +
wood ++ + + + + + + + + ++
flower - - + + + + + + ++
Empetrum -- -- - -- -- --
V. myrtillus leaf  green + + 4+ ++ ++ + +
dead + + ++ ++ + + + + ++
flower ++ 4+
V. vitis-idaea leaf  green 0 ++ -- -- - ++
. dead - - --
Vaccinium stem green + ++ + + + +
dead - 0 - - - +
Festuca leaf  green |+ + + + ++ ++ + + + +
dead + + ++ + + + + ++ + +
Deschampsia leaf  green - - -- -- -- - .-
dead - - -- -- - - -- -
broad-leaved grass leal  green | ++ + 4+ + + + + ++ ++
decad ++ ++ + + + + ++ ++
grass vegetative stem 0 + + + + + - ++
grass flower stem + + + + 4+ + + + + ++
grass seed/owerhead + + 0 + + + +
Juncus green + + + + --
dead -- F 4+ .-
Galium green -- ++ ++ --
dead -- - + +
other dicot. green | ++ ++
moss -- + -- + . T

Abbreviations: + + = strong selection; + = weak selection; 0 = indilfcrence; - = weak
avoidance: - - = strong avoidance; blank = absent from vegetation and diel.

Total = relative to proportion in total sward. Surface = relative to proportion at

sward surface.

Table 5.9: Selectivity indices for goat dicts from the Calluna community.
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Vegetation Summer 1991 Spring 1992 Summer 1992
Lolium 0.784 + 0.0059 0806 + 0.0103 0.802 + 0.0086
Nardus 0.655 + 0.0137 0.656 =+ 0.0102 0632 + 0.0106
Calluna 0501 + 0.0213 0.668 + 0.0141 0441 + 00234
Summer 1991 v. Sumumer 1991 v. Spring 1992 v,

Vegetation Spring 1992 Summer 1992 Summer 1992
Lolium ns ns ns
Nardus ns ns ns
Calluna EEE LT EET S
Session Lolium v. Nardus Lolium v. Calluna Nardus v. Calluna
Summer 1991 bl ok ok
Spring 1992 ok S ns
Summer 1992 ok Hokk wok A

a. mean + s.em.

b. summary of statistical diffcrences between scssions

¢. summary of statistical differences between vegelation communitites

Table 5.10: In vitro digestibility of diets sclected by goats.
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There were no significant differences in in vitro digestibility between the diet selected
from the Lolium sward during cach session. Likewise, the digestibility of the diets
consumed on the Nardus community were similar. The dict selccted from the Calluna
community in spring 1992 had a significantly higher coefficient of digestibility than that
selected in summer 1991 which in turn was significantly higher than the value for the

diet consumed in summer 1992.

The in vitro digestibility of the diet selected from the Lolium sward was consistently
significantly higher than those from the indigenous communities. During the summer
experimental sessions the diet consumed on the Nardus community had a significantly
higher coefficient of digestibility than the dict sclected from the Calluna community. In
comparison the significant increase in digestibility of the Calluna diet in spring

corresponded to there no longer being a difference.

5.3.2 Digestibility from n-alkancs

Equivalent results and statistical information for dict digestibility as determined using the
n-alkane technique for intact animals grazing the same communities have been plotted
and tabulated in Figure 5.4b and Table 5.11a, 5.11b and 5.11c respectively. Once again
there were no significant differences in the digestibility of the diet selected from the
Lolium sward during each experimental session. However, a significant difference
between the spring 1992 and summer 1992 diets selected from (he Nardus community
was recorded; while conversely a significant differcnce between the diets consumed in
summer 1991 and summer 1992 on the Calluna vegetation identified in the in virro

results was no longer detected.
Considering differences between communities, the digestibility of the diets consumed on

the Lolium and Nardus swards in summer 1991 were similar whereas the digestibility of

the material consumed on the dwarf-shrub communily was significantly lower then that
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Vegetation Summer 1991 Spring 1992 Summier 1992
Lolium 0.777 + 0.0083 0.802 + 0.0078 0.761 =+ 0.0133
Nardus 0.723 + 0.0182 0.795 + 00111 0645 + 0.0571
Calluna 0441 + 0.0417 0716 + 00264 0.442 + 00113
Summer 1991 v. Summer 1991 v. Spring 1992 v.

Vegetation Spring 1992 Summer 1992 Summer 1992
Lolium ns ns ns
Nardus ns ns o
Calluna ko ns ok
Session Lolium v. Nardus Lolium v. Calluna Nardus v. Calluna
Summer 1991 ns ok R
Spring 1992 ns * ns
Summer 1992 * G Fohk

a. mean  * S.cam.

b. summary of statistical differences between sessions

c. summary of statistical diffcrences between vegetation communitites

Table 5.11: Digestibility of dicts sclected by goals as determined using n-atkanes.
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on either grass community. Only the digestibility of the.Lolium diet was significantly
higher than that of the Calluna diet in spring 1992. In summer 1692 there were
significant differences between all three, with the digestibility of the Lolium and Calluna

diets having the highest and lowest values respectively.

5.4 INTAKE

5.4.1 Organic matter intake

The organic matier intake (OMI) of the goats on ecach community during each
experimental session are listed in Table 5.12a and plotted in Figure 5.5a. Statistical

differences are summariséd in Table 5.12b and 5.12c¢.

No differences were recorded between experimental sessions in the amount consumed on
the Lolium sward. In contrast, on both the Nardus and Calluna communities the intake

of the goats was significantly higher during the spring session.

During the session in summer 1991 OMI was higher on the Nardus grassiand than on the
Lolium sward or Calluna community. This was repeated in spring 1992 and in addition
intake on the Calluna co-mmunity was significantly higher than that on the Lolium sward.
While no difference was detected between the amounts consumed on the Lolium and
Nardus or Lolium and Calluna communities during the third scssion, once again the
OMI of the goats was significantly higher on the Nardus community than on the Calluna

community.

5.5.2 Digestible organic matter intake
The digestible organic matier intake (DOMI) during each experimental  session is
summarised in Table 5.13a and plotted in Figure 5.5b. Summaries of statistically

significant differences are given in Table 5.13b and 5.13c.
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Vegetation Summer 1991 Spring 1992 Summer 1992
Lolium 09507 + 0.07381 1.042 + 021321 1.040 + 0.0606
Nardus 1.348 + 0.1187 2245 + 0.1469 1.269 + 01582
Calluna 0.646 + 0.0826 1.431 + 0.1587 0.723 - =+ 0.0367
Summer 1991 v. Summer 1991 v, Spring 1992 v.

Vegetation Spring 1992 Summer 1992 Summer 1992
Lolium ns ns ns
Nardus ook ns ek ke
Calluna ok ns o
Session Lolium v. Nardus Lotium v. Calluna Nardus v. Calluna
Summer 1991 * ns ks
Spring 1992 ok sk * LEEY
Summer 1992 ns ns i

a. mean + Se.m.

b. summary of statistical diffcrences belween sessions

¢. summary of statistical differences between vegetation communilites

Table 5.12: Organic matter intake of goats (kg/day)
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Vegetation Summer 1991 Spring 1992 Summer 1992
Lolium 0704 + 0.0605 0.837 + 0.1092 0.790 + 0.0445
Nardus 0983 + 01117 | 1785 + 01230 | 0859 + 0.1615
Calluna 0297 + 0.0618 1.044 =+ 0.1475 0322 =+ 0.0231]
Summer 1991 v. Summer 1991 v, Spring 1992 v.

Vegetation Spring 1992 Summer 1992 Summer 1992
Lolium ns ns ns
Nardus ok ns Hdk
Calluna ok ns ik
Session Lolium v. Nardus Lolium v. Calluna Nardus v. Calluna
Summer 1991 ns * o
Spring 1992 okow ns ok
Summer 1992 ns Hok o

a. mean * Ss.e.m.

b. summary of statistical diffcrences between sessions

¢. summary of statistical dilferences between vegetation communitites

Table 5.13: Digestible organic matter intake of goats (kg/day)
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No significant differences were recorded between sessions in the goals’ DOMI on the
Lolium sward. In contrast, on both indigenous communities DOMI was higher during

the spring session than either summer session.

During both summer sessions the DOMI of the goats on the grasslands communitics was
significantly higher than that on the dwarf-shrub community. During spring DOMI on
the Nardus community was higher than that on either the Lolium or Calluna

communities.

5.5 GRAZING PATTERN

5.5.1 Total grazing time

The total grazing time of the goats on each community during each experimental session
are listed in Table 5.14a and plouced in Figure 5.6. Statistical diffcrences are summarised

in Table 5.14b and 5.14c.

Although there was no difference between the total grazing time of the goats on the
Lolium sward in summer 1991 and that in spring 1992 there was a significant increase in
summer 1992 in comparison with the spring session. No diflerences were found between
the three grazing times recorded when the goals were sclecting from the Nardus
community. The results for the Calluna community indicale the goats spent

significanily more time grazing in summer 1991 than cither session in 1992,

During the experimental sessions in summer 1991 and spring 1992 there was a
significant increase in the amount of time spent grazing when the animals were on either
of the indigenous communities relative to that on the Lolium sward. In contrast, for
summer 1992 there were no differences between the total grazing times recorded on the

three vegetation types.
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Vegetation Summer 1991 Spring 1992 Summer 1992
Lolium 266 + 203 270 + 177 334 + 230
Nardus 388 + 213 374 + 307 358 + 202
Calluna 450 + 216 349 + 386 311 o+ 221
Summer 1991 v. Summer 1991 v, Spring 1992 v.

Vegetation Spring 1992 Summer 1992 Summer 1992
Lolium ns ns *
Nardus ns ns ns
Calluna ok ok ns
Session Lolium v. Nardus Lolium v, Calluna Nardus v. Calluna
Summer 1991 Aok ek ns
Spring 1992 ok * ns
Summer 1992 ns ns ns

a. mean 4 s.em,

b. summary of statistical differences between sessions

c. summary of statistical differences between vegetation communitites

Table 5.14: Total grazing time of goats (min/day).
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5.5.2 Grazing pattern .
The grazing pattern of the goats on cach occasion was also dctermined from the
vibracorder data. Figurc 5.7 shows as an example the cumulative results for the
measurement wecks in 1991, which arc similar to those for both sessions in 1992, The

goats grazed mainly during daylight hours, with the gencral pattemn similar on all three

vegetation types.

4.5.3 Synchronisation of grazing
The kappa coefficients of synchronisation (K) of grazing, not grazing and ovcrall
activity on each vegetation type are given in Tablc 5.15, togcther with the variance and z

statistics for each K.

The =z statistics calculated indicate that irrcspective of vegetalion Lypc there was grealer
synchronisation of both grazing and not grazing amongst the group of goats than would
be expected by chance. The increased cocfficients of synchronisation for not grazing in
comparison with those of grazing can be accounted for by the goats confining their

grazing primarily to daylight hours (Figure 5.7). .

There were no seasonal change in the kappa coefficients calculated; neither was there a
consistent order within sessions in the K values for overall activily calculated for each

vegetation type.

5.5.4 Bile rates
The bite rates for the goats on each community during each experimental session are
listed in Table 5.16a and plotted in Figure 5.8. Statistical differences are summarised in

Table 5.16b and 5.16c.

Only onc significant difference between sessions was recorded. The bite rate on the



f goats

[ToTiaNs)

Diet selection and ingestive behav

Lolium sward

gove
00'tT
00€e
00T
000
0061
0081
oLt
0091
00st
00wl
Qe
0oclL
0oLt
o0ot
00°6
00’8
0oL
009
00
00y
00t
002
0L
0070

Nardus community

T T T

I
o @ «©
- O O

1
e

T
<+ o
c o o

Suizead sjewiue Jo uondodoad

- 00°FC
00t
00°7c
00'1T
000z
0061
00'81
00°Lt
0091
oSt
00 vl
ooel
00l
QoL
00701
006
00'8
00'L
009
006
00y
00'¢
00¢
00°1
000

Calluna communily

Time of day

pattem of goats.

[44
o

Effect of season and vegetation type on grazin

Figure 5.7

126



-

LTl

Grazing Not grazing Total
Session Yegetation K Var (K) 7 K Var (K) Z K Var {K) Vi
Summer 1991 |Lolium 0.035  0.0000148 9.15 0.098  0.0018729 2.27 0220 0.0014190 5.84
Nardus 0.030  0.0000163 7.48 0.083  0.0019397 1.89 0.187  0.0014646 4.87
Calluna 0.060  0.0000347 10.13 0.132  0.0015375 3.37 0.307  0.0010364 9.52
Spring 1992 |Lolium 0.071 0.0000444 10.78 0.134  0.0009063 4.46 0322 0.0005168 1418
Nardus 0.068  0.0000611 8.69 0,133 0.0015419 341 0317  0.0009709 10.19
Calluna 0.066  0.0000395 10.50 0.131 0.0010646 4.01 0310  0.0006476 12.19
Summer 1992 {Lolium 0.080  0.0000669 9.73 0.131 0.0007516 478 0.325 0.0003688 16.91
Nardus 0.060  0.0000365 0.98 0.125  0.0012241 3.59 0.294  0.0007799 10.54
Calluna 0060  0.0000283 11.20 0133 0.0013051 3.68 0.308 0.0008725 10.41

K =kappa coefficicnt of synchronisation

Var(K) = variance of K

z =7z statistic for K

Table 5.15: Grazing synchronisation of goats
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Vegetation Summer 1991 Spring 1992 Summer 1992
Lolium 397 + 294 465 =+ 4799 385 + 3.62
Nardus 345 + 392 469 + 3.07 41.0 + 3.07
Calluna 344 + 256 334 + 135 329 + 216

Summer 1991 v. Summer 1991 v. Spring 1992 v,
Vegetation Spring 1992 Summer 1992 Summer 1992
Lotium ns ns ns
Nardus * ns ns
Calluna ns ns ns
Session Lolium v, Nardus Lolium v. Calluna Nardus v. Calluna
Summer 1991 ns ns ns
Spring 1992 ns * *
Summer 1592 ns ns ns

a. mean + s.em.

b. summary of statistical differences between scssions
c. summary of statistical differences between vegetation communitites
ns = not significant; * = p<0.05; ** = p<0.01; *** = p<(0.001

Table 5.16: Bite rates of goats (bites/min).
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Nardus community in summer 1991 was found to be lower than that in spring 1992.

During summer 1991 no significant differences between bite rates on the three
vegetation communities were recorded. In spring 1992 the bite rate on the Calluna
community was recorded as being lower than that on cither grassland communily.
‘However, during the summer 1992 session the bite rates on all three vegetation

communities were again similar.

5.6 DISCUSSION

Previous studies of goats on similar vegetation types to those grazed during the currcnt
trial have concentrated on the effect of the animal on vegetation dynamics and/or
focused on the utilisation of a particular plant specics {e.g. Russcl er al, 1983; Grant,
Bolion and Russel, 1984; Bullock and Kinnear, 1988; Merchant, 1993; Smith and
Bullock, 1993). Consequently only limiled interpretation of the results of these studies
has been possible. In addition there are surprisingly few comparable results regarding
diet composition, diet digestibility and intake of frec-roaming  goals on temperale

vegetation communities are available.

The overall response of the goats to the sown sward was markedly diffcrent to ihcir
reaction to the two indigenous communities. On the Lolium sward the goats were
generally inconsistent in their selection for and against the various vegelation categories
available in the sward. Thus, although the proportion of the dict accounted for by
dicotyledonous plants in summer 1991 was lower than the proportion rccorded in the
sward during the same session, during both ¢xperimental periods in 1992 the proportions
in the diet and sward were similar. Likewise during all three experimental sessions the
ratio of Trifolium repens to other dicotylcdonous plants in the diet of the goats matched

that in the sward.
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The low incidence of dead lamina of broad-lcaved grasses together with the general
avoidance of grass vegetative stem indicates that the goats were confining their grazing to
the upper strata of the sward. A study of dietary overlap between sheep, cattie and goats
grazing in common showed that similarity was greatest between goats and cattle (Squires,
1982), and cattle are known to graze at shallower depths within the sward canopy than
sheep (Hodgson and Grant, 1981). Grant, Bolton and Russcl {1984) also concluded that
differences in utilisation of grass and clover by sheep and goats reflected a difference in
grazing height. Thus the goats exhibiled stronger vertical than horizontal sclection
within the sward and the impression is of relatively indiscriminate consumption of

material at or near the sward surface.

In contrast on both indigenous communities the goats were found to be more discerning
in the dict they selected from the range of plant species and plant pans available. In the
case of the Nardus dominated grassland pronounced secasonal changes in dietary
composition were also identified. During the spring session therc was no longer
avoidance of Nardus stricta grcch lamina while the strength of sclection of broad-leaved
grass'es was reduced and there was a switch to consumption of Luzula spp. This
tolerance of Nardus stricta exiends only to green Icaves and corresponds 1o an increase
in the digestibility relalivc to green lamina of the mature plants encountered during the

summer experimental sessions (see Chapter Four).

Although the digestibility of green lamina of the broad-leaved species of grass was also
higher during the spring session, the proportion of the total sward accounted for by this
category was at its lowest and the proportion in the diet was approximately half that
recorded during the summer sessions. However, as the proportion of Luzula spp. leaves
in the sward was lower, the switch to strong selection for this genera in the spring must be
related to a factor or factors other than availability. Unfortunately, the contribution of

this category to the sward profile during the spring experimental session was so small that
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insufficient material was accumulated during the botanical separations of the herbage
side-clips to allow an in vitro determination to be performed. Consequently it was not
possible to establish whether a change in digestibility of this genera would account for
the goats' strong selection in spring. Similar preferences for other plant categorics have
been noted with, for example, consumption of Juncus spp. being recorded at a time when
grasses of higher digestibility were available (Bullock, 1985). Such preferences can be
exploited as an effective management tool to eliminate or control such plant specics in
sheep pasture (Merchant, 1993), although if high stocking densitics arc used there is a
risk of associated liveweight loss leading to animals of poor condition vulnerable (o

parasite infection and cold stress (McGregor, 1985).

Regardless of the factor or factors bringing about this scasonal switch in sclection for
Luzula spp., the implications of strongly selecting for lhis type of vegetation catcgory are
worthy of comment. It was noted in the ficld that the Luzula spp. patches being
consumed by the goats occurred in distinct patches, and this is verified by thc Green's
Index value calculated from the poinl quadrat data.  Thus, although material was
observed as being consumed cn route between patches, by concentrating on the clumps
of Luzula spp. the goats will have limitcd the range of addidonal plant specics they
encountered. In addition, since individuals tended o graze in relatively close proximity
selection for comparatively small paiches of vegetation led 10 compelition for the same

resource and aggression being observed.

This seasonal change in dict composition on the indigenous grassland community was
complemented by a seasonal change in organic matter intake. Whereas there were no
significant differences between the organic matier intakes of the goats in spring and
summer on the sown sward, on the Nardus community intake was rccorded as being
significantly higher during the spring experimental session.  However, the overall

digestibility of the diet selected at this time was not significantly different to the
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digestibility of the diets consumed during either summer scssion. A possible explanation
is that bite selection was relatively more time-consuming during the summer sessions
when the switch from vegetative to reproductive growth of most of the plant species
available will have reduced the ovcrall digestibility of the sward. Thus although diet
digestibility was maintained once again it was at the expense of organic matter intake
since grazing time was unaltered. Similar results have been reported for goats grazing
lightly and heavily stocked ranges (Malechek and Leinweber, 1972a).  Alternatively the
higher intake recorded in spring could have been duc to increascd palatability of
particular food items available at that time relative to those cncountered during the

summer sessions. This would be in kceping with the switch 1o strong selection for Luzula

spp..

A seasonal change in organic matlcr intakc was also recorded on the dwarf-shrub
community. Thus the goats were apparently unable to sustain the spring value for diet.
digestibility later in the season when the proportions of green leaves of graminoid species
and Vaccinium spp. were lower, despite sacrificing daily intake. Indecd there are
indications of another scasonal switch in diet composition, albeit of reduced magnitude
in comparison to that exhibited on the Nardus grassland, with clevated proportions of
grass vegelative stem, flowerstem and secd/flowerhead being recorded in the spring dict.
Similar variations in the consumption of perennial grasses and an associated ¢ffect on the
amount of browse sclected have been‘r'ccofdcd among goats on rangeland (Malechek
and Leinweber, 1972b; Bryant, Kothmann and Merrill, 1980). However, goats have also
been recorded as preferentially consuming Calluna vilgaris (Bullock, 1983) and
apparent avoidance of graminoids in a tree/shrub dominated habitat has also been
observed (Smith and Bullock, 1993). Thus it would appear that, despite the emphasis in
the literature on the contribution of shrubs and trees to the dicts of goats, they cannot be
classified as obligatory browsers. Instead their consumption of grass and/or browsc

depends on the specific opportunities available. The variability of the goats dict suggests
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that this species will quickly adapt its grazing stralcgy o accommodate specific
opportunities available. However, further research is required to identify the additional
factors which contributed 1o the substantial between-animal and  within-animal
differences in dict composition of the goats which were rccorded.  This unpredictability,
together with their selection of ephemeral plant specics suggest that grazing by goats

would be undesirable in conservation arcas where rare plant specics arc found.

As previously indicated, the goats confined their grazing 10 the upper strata of the
Lolium sward and similar findings have been reported clsewhere (Grant, Boltoen and
Russel, 1984). However, the inclusion of some moss and the sclection ol grass vegelative
stem in spring on the Calluna community indicate that the goats were preparcd to select
items from the base of the this community. This is despite the nature of the architecture
of the dominant plant species restricting access to the base layer, and illustrates the

advantages of mobile lips and narrow mouths in sclecting particular food itcms.

The differcnces in diet digestibility and intake were not reflected in dilferences in total
grazing time. In general the grazing times recorded during this study werc lower than
those estimated by observation on Texas rangeland (Askins and Tumer, 1972) and on

hill vegetation in Spain (K. Osoro, pers. com.).

During the microscopic examinations of the extrusa samples it was noted that fragments
of vegetation in the material collecled by the goats were smaller and morc damaged than
those in the samples from the red deer or camelids. This suggests prehended matcrial
was being chewed more thoroughly prior 1o swallowing which is consistent with results of
comparisons with sheep (Domingue, Dellow and Barry, 1991a). Increased chewing will
result in a greater proportion of particles which can be classed as small or intermediate in
size entering the rumen (Dominguc, Dellow and Barry, 19917a). In addition large

particles which have resisted breakdown in the mouth will be structurally weakened
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increasing the chance of these fracturing diréclly into small panicles, without passing
through an intermediate size. Even though more fibrous material such as flowerstem will
not be broken down to the same degree by chewing as green lamina, smaller particles
relative to those produced by the other two species of animal could rcsult.  Animals of
small body size, such as goats, are unable to retain fibrous particles for microbial
degradation for as long without an unacceptable reduction in intake (Cam;ﬁling, 19645.
By decreasing particle size the surface arca of particles which is available for rﬁicrobial
attachment and colonisation will be increased (Elliot and Norton, 1985; Domingue,
Dellow and Barry, 1991b). In addition transit time will be decrcased (Poppi et al., 1980,
Lechner-Doll, Kask and Engc]hardl; 1991) creating an opportunity Lo incrcase voluntary
food intake (Domingue, Dellow and Barry, 1991b). Thus digestibility of a given [ecd
consumed ad libitum may be lower, but total consumption of digestible material could be
increased. In such circumstances a high throughput of material could result in an
increase in intake onr poorer quality vegetation. This would account for the higher
organic matter intakes on the indigenous grassland in comparison with the sown sward.
On {hé dwarf-shrub community where diffcrences in digestibility between plant species
and plant parts were more extremc maintaining sclective feeding would be of primary

importance even if this was at the ¢xpense of organic matler intake,

Smaller particles will pass quickly from the rumen having undergone comparatively
limited microbial digestion. Thus such a system would also be advantagcous where an
animal could consume high quality food items which did not requirc preliminary
fermentation since it would minimise unnecessary energy loss to the microbial
population (Demment and Greenwood, 1988). Under these -circumstan'ces the animai
would be expected to select a diet comparatively high in water soluble carbohydrates and
low in structural carbohydrates, and exploit variations in the susceptibility of different
food items to breakdown during chewing. This may go some way (0 explain ihe

variability of dict sclection by the goats and the associated exploitation of plant species at
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particular stages of growth recorded here and elsewhere (Genin and, Badan-Dangon,

1991; Fedele et al., 1993).

5.7 SUMMARY
1. Goats were found to be flexible in their dictary habits, but were also highly sclective,

particularly on the indigenous communities.

2. When grazing on the Lolium sward the goats exhibited selection for green leaf at or
near the sward surface, regardless of plant species. In contrast, on the indigenous
communities there was discrimination between different plant genera and specics, in

addition to sclection of green and avoidance of dead material.

3. On the Nardus community the goats avoided the dominant tussock-grass, with the
degree of avoidance increasing in summer. Broad-lcaved grasses from the inter-tussock
areas were strongly selected, and were the main dictary component.  Minor components
from within the sward were also consumed in varying amounts. In particular, non-grass

monocotyledonous plants made a substantial contribution 1o the spring dicl.

4. On the Calluna community, Calluna vulgaris was avoided whereas Vaccinium spp. and

graminoid species were selected.

5. Diet digestibility was strongly influenced by vegetation type. OMI was also influenced
by végetalion type, and on the indigenous grassland was also affected by season.
Differences in DOMI between scssions and betwecn vegetation types within sessions
reflected the pattern of differences in OMI, indicating that dict digestibitity varied less
than intake.

6. The goats grazed mainly during daylight hours. Neither vegetalion Lype nor season

had a consistent effect on total grazing time or bite rate.
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6.1 REVIEW

Thé deer family are placed within the Order Artiodactyla (even-toed ungulates), suborder
Ruminantia, Infraorder Pecora. The living Pecora compriscs, in addition to the Cervidae,
the families Moschidae (musk-deer) Giraffidac (giraffes and okapi); Bovidac (cattle,
antelopes, etc.) and Antilocapridae (pronghoms). The Cervidaec comprise forty species
from seventeen genera, some of the species appearing totally unalike in size, behaviour,
performance and especially in their fceding and digestive strategics (Hofmann 1985).
This diversity and the evolutionary lincages of the Cervidae reflect their responses to
selective forces including predators, pathogens and the processes of resource partitioning

and niche selection (Harrington, 1985).

Red deer are indigenous between latitudes 30° and 65° in the Northern temperate zone
(Mitchell, Staines and Welch, 1977) with a wide but discontinuous distribution. It has
been suggested that the species’ current flexibility originated in response to the
environmental fluctuations to which it was exposed during the Middle and Upper
Pleistocenc (Lister, 1984) and that a high degrec of genetlic variation is maintained,
helping the species persist in a variable habitat (Harrington, 1985). Certainly, throughout
their natural range red deer are found in a varicty of climatic and vegetation types,
although they have a preference for areas which provide cover (Lockie, 1967; Staines
and Welch, 1984) and are encountered most characteristically in upland forest or
woodland areas with locally open spaces (Lister, 1984). Kay and Staines (1981) provide
an extensive review of the range and habitat types of wild deer higﬁligh;ing this

versatility and commenting on the resultant variation in performance.

Within the areas of Europe which support an indigenous population of red deer body
weight and antler size increase progressively from north-west to south-cast. Thus those
in Hungary, Yugoslavia and Bulgaria have around 2 1o 2.5 times the body weight and

around 3 to-4 times the antler weight of those on Scottish hill-land (Mitchell, Staines and
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Welch, 1977). Such differences are largely due to the effects of qnvironment and
nutrition, and Lowe (1961) has reviewed the fnuhiple factors which can be implicated in
the dramatic decrease in size of red deer since their arrival in Scotland at the end of the
Pleistocene. Within the red deerrpopulation in Britain there are further van‘atidns in size,
with those on hill pastures achieving adult liveweights which are generally substantially
lower than those in afforested arcas (Ratcliffe, 1987) and those of farmed red deer
(Loudon and Hamilton 1989). Hill pastures and associated restrictions in winter forage

quality have an allied role in limiting body weight and ultimate population sizc .

Red deer have been important to man since pre-historic times and have been kept in
parks and enclosed forest land in Europe for at least five centuries. However, it is only
recently that they have been farmed along the same lines as other domestic livestock
(Louden and Hamilton, 1989). In general the increascd pressures from afforestation,
agriculture and recreation have resulied in deer being restricted to the poorer-quality,
more remote and exposed hill-land. In Scotland the majority of deer are rfree-ranging‘
passing from one estate to another and arc simultancously considered pests and

commercially viable.

Volatile fatty acids within the rumens of red deer are apparently produced and removed
in similar patterns to those of sheep (Maloiy, Kay and Goodall, 1968; Prins and Geclen,
1971; Hobson et al., 1976) with similar faclors governing concentrations and activities of
microbes in the alimentary tract. For example, rufncn bacterial and protozoal counts of
red deer have been found to vary with season and appear to reflect differences in

nutritional state (Hobson, Mann and Summers, 1976).
Red deer undergo conspicuous cycles of reproductive activity and moulting which are

entrained by photoperiod (Mitchell, McCowan and Nicholson, 1976), and cxhibit related

seasonal trends in voluntary food intake (Suttie and Simpson, 1985) and body condition
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(Mitchell, McCowan and Nicholson, 1976). Consequently intake is lower in winter and
‘higher in summer when there are demands for growth, lactation and storing fat for the
rut and for winter. As this increased voluntary food intake is not associated with a
depression in digestibility (Milne et al., 1978; Barry et al.,, 1991) or mean retention time
(Milne et al., 1978), it has been suggested that there may be a compensatory enlargement
of the digestive tract (Milne et al., 1978) allowing digestive efficiency to be preserved
despite major seasonal changes in voluntary food intake. Certainly large increascs in
rumen pool size of both liquid and solid digesta have becn demonstrated (Dominguc et
al., 1991; Barry et al., 1991) in summer compared with winter. Howcever, more rceent
findings suggest that the extra digesta load is not accommodatcd by hypertrophy of any
part of the alimentary tract but by an increasc both in the dry maticr content of the

digesta and in the degree of rumen fill (Sibbald and Milne, 1993).

Although work has shown that red deer digest fibrous diets less well than sheep and that
this is associalc;d with a more rapid passage of food through the diécstivc tract (Kay and
Goodall, 1976), Milne (1980) concluded that differences in digestibility and mean
retention time at equal intakes for red deer and sheep are unlikely o be large on higher

quality diets.

Like goats, red deer are intermediate- feeders under Hofmann's (1973) classification and
they share a number of other features, A wide varicty of food specics are consumed and
much of the variation in diets can be related to differcnces in plant availability (Kay and
Staines, 1981; Jenkins and Starkey, 1991). It has been suggested that by selecting a great
number of different plants the toxic effects of certain plants is reduced while their
nutritive value is exploited (Hofmann, 1985). They are seasonally and regionally
adaptable taking browse and grasses in various amounts according to scason and arca.
Thus, while grass has been found to be the most important diclary component in summer

the contribution of heather increases in winter (Jensen, 1968; Hobson et al, 1976).
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Similarly heather has been recorded as being ingested in different amounts according (o
area apparently irrespective of the amount on offer, which may relate to sile
characteristics, or the presence of other more or less palatable species (Charles, McCowan

and East, 1977).

Despite the number of studies on interactions between deer and their natural ecosystems,
little work has been done giving an insight into food selection at a detailed level, either in
relation to the qualify of plant specics or the actual mechanisms of sclection. While
selection of plant communitics has been investigated using obscrvations and/or laccal
counts (Charles, McCowan and East, 1977, Gordon, 1989b), sclection of individual plants
or plant parts has tended to rely on visual assessment of removal of 'vegetative matler,
particularly from shrubs and trces (c.g. Kossak, 1976), examination of rumen contents
(e.g. Jensen, 1968; Prins and Geelen, 19715 Hobson et al., 1976), or analysis of faccal
material. More controlled cxperiments have often involved only onc or two animals
making interpretation limited (c.g. Staines, 1968; Maloiy, Kay and Goodall, 1968;

Dzieciolowski, 1970, Yalden 1978).

RESULTS

6.2 DIET COMPOSITION

Variations in thc proportions of a given component in the dict attributable to plot cffects
or plot x session interaciions were rarc (Tables 6.2, 6.5 and 6.8) indicaling the
composition of the dicts selected by the deer during cach experimental  scssion were

consistent.

6.2.1 The Lolium sward
The mean proportions of components in the diet selected by the red deer from the sown
sward on each occasion are tabulated and depicted in Table 6.1 and Figure 6.1

respectively.
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Vegetation category Summer 1991 Spring 1992 Summer 1992
broad-leaved leaf green 000 + 1.25 659 + 3.35 634 + 374
grasses dead 14 + 048 43 + 111 46 =+ 081
grass vegetative stem 1.7 + 047 19 + 054 09 + 030
grass flowerstem 08 + 029 1.8 + 042 1.0 + 0.55
grass seed/flowerhead 09 + 0.19 30 + 0.89 03 + 0.20
Trifolium repens  leaf green 48 + 1.30 84 + 2.04 19.1 + 4.32
dead 02 + 005 0 02 + 0.14
petiole 0 05 + 036 07 + 020

flower - 0.1 + 009 0
other dicots leaf green 0.1 + 0.00 133 + 3.87 9.6 + 273
dead 0 03 + 0.13 0.2 + 0.10

stem 0 03 + 0.16 0

flower - 01 + 0.12 -

moss 0.1 + 012 - -

n=9 n=11 n=12

0 = recorded in vegetation but not in diet.
All results expressed as mean percentage

Table 6.1: Composition of the diets consumed by the red deer on the Lolium

_ community.

- = absent from vegetation and diet.

+
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Green lamina of the broad-leaved grasses was the main componcent in lhq diet sclected on
each occasion; accounting for between 60 and 90 per cent of the material consumed. In
contrast, the amount of dead lamina necver excceded 5 per cent and the remaining
morphological units of grass each contributed less than a total of 3 per cent. The
significantly lower proportion of green lamina in the dicts sciccted during the
experimental sessions in 1992 (Table 6.2) corresponded 1o an increase in the amount of
dicotyledonous plants consumed. Once again green leaves of dicotyledonous plants
made the principal contribution to the dict whereas the amounts of dead lcaves, stem and

flowers recorded were negligible.

The Electivity Index values for the components in the diets sclrcctcd from the Lolium
sward are summarised in Table 6.3. While weak selection for green lamina of broad-
leaved grasses and for grass seed/flowerhcad was identified, dead lamina, vegetative stem
and flowerstem were avoided in comparison with the proportions of these components in
the sward as 2 whole. Selection for or against of the grass catcgorics in comparison with
‘the proportions recorded at the sward surface was more variable. Similarly there was no
clear pattern in the selection index values for the different morphological units of clover

or other dicotyledonous plants.

6.2.2 The Nardus community
The mean proportions of components in the dict selected from the Nardus stricta
dominated community on each occasion are tabulated and depicted in Table 6.4 and

Figure 6.2 respectively.

The dominant tussock-grass of the indigenous grassland was avoided by the red deer.
Instead they selected their diets from the relatively specics-rich inter-lussock  arcas.
Green lamina of broad-leaved grasses was identified as the main dictary component and

consistently accounted for over sixty per cent of the material consumed. A significantly
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Summer 1991 v. | Summer 1991 v.| Spring 1992 v.
Vegetation category Spring 1992 Summer 1992 Summer 1992
broad-leaved leaf green o ek ns
grasses dead * * ns
grass vegelative stem ns ' ns ns i
grass flowerstem ns ns ns
grass seed/flowerhead * ns *kK
Trifolium repens  leaf green ns Sk ok
dead ns ns ns
petiole ns *k ns
other dicots leaf green ook ek ns
dead * ns ns
stem ® . ns *
flower ns ns ns
MOSss ns ns ns

ns = not significant; * = p<0.05; ** = p<0.01; *** = p<0.001
¢ = plot effect
y = plot x session interaction

Table 6.2: Sumrmary of statistical analysis comparing the diets selected by the red
deer from the Lolium sward during each experimental session
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Summer 1991 | Spring 1992 | Summer 1992
Vegetation category Total |Surface| Total |Surface| Total |Surface
broad-leaved leaf green + + + - + 0
£rasses dead - - - - ++ -- +
grass vegetative stem -- + -- 0 - -
grass flowerstem - - - 0 - -
grass seed/flowerhead + 0 + + 0 + 3+ + +
Trifolium repens  leaf grecn 0 - + 0 + 0
dead - + + -- - + 4+
petiole -- - - ++ ++ - ++
flower ++ + + .
other dicots leaf green -- -- + + + 0
dead -- -- + 4 - T+
stem - - -- - - - -- .-
flower 0 --
moss ++ ++

Abbreviations: + + = strong selection; + = weak sclection; 0 = indiffercnce; - = weak
avoidance: - - = strong avoidance; blank = absent from vegetation and diet.

Total = relative to proportion in total sward. Surface = relative Lo proportion at

sward surface.

Table 6.3: Selectivity indices for red deer diets from the Lolium sward.
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Vegetation category _Summer 1991 Spring 1992 Summer 1992
Nardus leaf green 1.1 + 0.30 1.9 + 075 08 + 027
dead 04 + 0.15 03 + 018 0.1 + 007
broad-leaved leaf green 762 + 2.63 61.3 + 1.85 694 + 273
grasses dead 37 + 085 16.6 + 1.99 12.1 + 0.81
Festuca leaf green 24 + 0.66 08 + 0.19 0.8 + 041
dead 04 + 0.26 03 + 0.11 03 + 014
Deschampsia leaf  green 45 + 0.81 69 + 108 79 + 140
dead 01 + 0.08 1.7 + 046 08 + 0.25
grassvegetative stem 26 + 0.2 41 + 0.62 43 + 006
grass flowerstem 35 + 054 3.5 £ 077 1.8 + 0.65
grass seed/flowerhead 1.8 + 0.70 09 + 082 1.0 £ 0.29
Carex ail green 0 0 0
) dead - 0 -
Luzula flower - 0.1 + 0.07 -
leaf green 02 + 018 0 0.1 + 0.04
dead 0 0 0.1 + 0.08
other monocots.  all green 0 - 0
dead 0 - 0
Galium all green 1.3 + 0.55 0.1 + 0.13 05 + 0.29
dead 0 - 0
Vaccinium all green 04 + 026 03 + 0.27 0
dead 0 - 0
Potentilla all green 13 + 073 0 0
dead 0 0 -
other dicots. all green 0 - -
moss 02 + 051 1.1 + 047 0.1 + 023
0 = recorded in vegetation but notin diet.  -= absent from vegetation and diet.

All results expressed as mean percentage £ S.6.m.

Table 6.4: Composition of the diets consumed by the red deer on the Nardus
commurity.
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lower proportion of this component during the 1992 experimental scssions (Table 6.5)
corresponded with a significantly greaicr proportion of the diet accouﬁlcd for by decad
lamina of these grasses. Of the two species of fine-leaved grasscs found in the inter-

tussock areas Deschampsia flexuosa made the greater contribution.

Levels of the other morphological units of grass in the dicts consumed on cach occasion
were low. Similarly the grass-like monocotyledonous plants and dicotyledonous plants

made little contribution to the dicts consumed by the deer.

The Electivity Index values for the components identified in the diets consumed by the
red deer on the Nardus community arc listed in Table 6.6. In gencral there was strong
avoidance of lamina of Nardus stricta and Festuca ovina. In contrast there was strong
selection for lamina of broad-leaved grasses and inconsistent selection for lamina of
Deschampsia flexuosa. Although vcgcmlive stem was strongly avoided in comparison
with the proportion of this component in the sward as a4 whole, sclection occurred relative
to the availability of this componcnt at the sward surface. There is an indication of a
seasonal change in selectivity of flowerstem and seed/Nowerhead, with these componcents
being avoided dufing the summer sessions but sclecied in spring 1992, There was also
selection of Luzula spp. flowers in spring 1992, bul apart from this particular plant part
the grass-like mdnocoty]cdonous plants werc strongly avoided. 'I‘h%: only

dicotyledonous species selected was Vaccinium myrtillus.

6.2.3 The Calluna community
The mean proportions of components in the diet selected by the red deer from the

Calluna community on cach occasion are tabulated and depicted in Table 6.7 and Figure

6.3 respectively.

Two vegetation categories, green Calluna vulgaris shoots and green lamina of Festuca
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Summer 1991 v.] Summer 1991 v.| Spring 1992 v.

Vegetation category Spring 1992 Summer 1992 | Summer 1992
Nardus leaf  green ns ' ns ns
dead ns ns ns
broad-leaved leaf green ol ok ns
grasses dead A ok ns
Festuca leaf  green ns ns ns
dead ns ns. ns
Deschampsia = leaf  green ng ns ns
dead * ns ns
grass vegetative stem ns ns ns
grass flowerstem s * *
grass seed/flowerhead * ns ns
Luzula flower * ns *
leaf green ns ns ns
dead ns . ns ns
Galium all green ok * ns
dead ns ns ns
Vaccinium all green ns ns ns
Potentilla all green Hokok ok R ns
moss ns ns ns

Table 6.5: Summary of statistic

ns = not significant; * = p<0.05; ** = p<0.01; *¥* = p<0.001
o = plot effect
y = plot X session interaction

al analysis comparing the diets selected by the

oy

red deer from the Nardus community during each experimental session.
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Summer 1991 | Spring 1992 | Summer 1992
Vegetation category Total |Surface| Total |Surface| Total |Surface
Nardus leaf  green -- - - - -- -- --
dead -- -- -- .- -- --
broad-leaved leaf  green | ++ ++ ++ ++ + + + +
grasses dead - ++ + + ++ ++ + 4+
Festuca leaf  green - - -- -- -- -
dead -- + + - - -- -- --
Deschampsia Jeaf green + + + 0 ++ + +
dead - - - + + + ++
grass vegetatve stem -- + .- + -- 4+
grass flowerstem + - + + + .- --
grass seed/flowerhead - - - ++ + - --
Carex all green - - - - -- - --
dead - - --
Luzula ~ flower ++ ++
leaf  green - - - - - - - - -- -
dead -- - - .- - -
other monocots. all green - - --
dead -- .-
Galium all grean - - - -- -- -
dead - - -- --
Vaccinium all green + + + ++ ..
dead -- A --
Potentilla all green 0 - .- -- -- --
dead -- - -
other dicots. all green --
moss -- -- -- - - T
Abbreviations: + + = strong selection; + = weak selection; 0= indifference; - = weak
avoidance; - - = strong avoidance; blank = absent from vegetation and diet.

Total = relative to proportion in total sward. Surface = relative to proportion at
sward surface.

Table 6.6: Selectivity indices for red deer diets from the Nardus communmnity.
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Vegetation category Summer 1951 Spring 1992 Summer 1992
Calluna shoot green | 34.3 + 4.26 14.6 + 3.67 534 + 5.04
dead 3.2 + 047 25 +£ 078 60 + 122
wood 17 + 045 05 + 0.29 47 + 0.72
flower 2.7 + 075 0.0 + 0.03 12.1 + 2.01
Erica shoot green 04 + 0.39 04 + 0.24 0.1 + 0.10
dead 0.0 + 0.03 - 02 + 0.07
wood 0.1 + 0.07 - 0
flower 0 - -
Empetrum 0 0 D
V. myrtillus leaf  green 1.3 + 046 112 + 2.74 0.8 + 0.28
dead 1.4 + 033 5.1 + 1.67 1.0 + 032
V. vitis-idaea leaf  green 0 0 0
dead 0 - 0
Vaccinium stem green | 3.1 + 077 19 + 0.51 0.7 + 0.18
dead 0.2 + 0.19 0.3 = 0.18 0
Festuca leaf green | 316 2.81 50.2 + 5.10 143 + 495
dead 14.1 + 2.08 64 + 108 51 + 1.63
Deschampsia leaf  green 0.2 + 0.15 0 0
dead 00 + 003 0 0
broad-leaved grass leaf  green 38 + 197 1.0 + 0.58 0.8 + 024
dead 1.2 + 042 03 + 0.10 0.5 + 017
grass vegelative stem 0.1 + 007 1.1 + 049 0.1 + 0.10
grass flower stem 0.1 + 047 41 + 0.75 03 + 0.18
grass seed/flowerhead - 04 + 0.25 0
Juncus green - 0.0 + 003 0
dead - 0 0
Galium green 0 - 0
dead 0.0 + 003 0 -
moss 0.1 + 005 0 0.7 + 0.06
n=28§ n=10 n=10

0 = recorded in vegetation but not in diet.
All results expressed as mean percentage

- = absent from vegetation and dict.

+

s.c.m.

Table 6.7: Composition of the diets consumed by the red deer on the Calluna
community.
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ovina, together accounted for approximatcly two-thirds of the material gnnsumcd by the
red deer from the dwarf-shrub community. Howcever, the levels of each varied between
sessions. The proportion of the spring dict accounted for by green Calluna vulgaris
shoots was significantly lower than recorded in cither summer dict (Table 6.8). There
was also a significant difference between the proportions of green Calluna vulgaris
shoots in the summer 1991 and summer 1992 diets, with the higher proportion in 1992

being matched by higher proportions of dead shoots, wood and flowers.

The significant decrease from over 30 per cent to under 15 per cent in the amount of
green Calluna vulgaris shoots in the spring 1992 diet relative 10 the summer 1991 dict
was matched by a signilicant increase in green lamina of Festuca ovina resulting in this
category making up 50 per cent of the dict. However, during the summer session in
1992 the proportions were reversed,  Leaves ol other  grass specics made  little
contribution to the dict of the red deer. Likewise, although there was a scasonal yarialion
in the amount of grass flowersiem the overall contribution to the dict of this and lﬁc

other grass morphological units remained relatively small.

The proportions of green and dead leaves of Vaccinium myrtillus in the dict were
significantly higher during the spring experimental session. Additional species of
dicotyledonous  plants available were all but omitied along with  grass-like

monocotyledonous plants.

The Electivity Index valucs for the components in the dicts consumed on the dwarf-
shrub community are listed in Table 6.9. The changes in the amount of green Calluna
vulgaris shoots in the diet of the red deer correspond to changes in sclectivily from
tolerance in summer 1991 to weak avoidance during the spring session and strong
selection in summer 1992 relative (0 the proportion ol this component recorded in the

sward as a whole. Selectivity relative 1o availability at the sward surface showed a similar
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Summer 1991 v.

Summer 1991 v.

Spring 1992 v.

by

Vegetation category Spring 1992 | Summer 1992 Summer 1992
Calluna shoot green ek * *ER
dead ns ns *
WOOd e ek e W e e e
ﬂower Hg o K R
Erica shoot green ns ns ns
dead ns ns ns
wood ns ns ns
V. myrtillus leaf  green Rowck ns ke
dead * ns *ok
Vaccinium stem  green ns il ns
dead ns ns ns
Festuca Ieaf green w* * ok
dead ok ook ns
Deschampsia leaf  green ns ns ns
: dead ns ns ns
broad-leaved grass leaf green ns ns ns
dead ns ns ns
grass vegetative stem Hkw ns ok
grass flower stem ns ns ns
grass seed/flowerhcad * ns *
Juncus green ns ns ns
Galium dead ns ns ns
moss ns ns ns

ns = not significang; * = p<0.05; ** =p<0.01; *** = p<0.001
¢ = plot effect
y = plot x session interaction

Table 6.8: Summary of statistical analysis comparing the diets selected by the
red deer from the Calluna community during each experimental session
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Summer 1991 | Spring 1992 Summer 1992
Vegetation category Total |Surface[ Total |Surface| Total |Surface
Calluna shoot green 0 - - -- ++ +
dead -- -- -- -- .- -
wood -- - -- -- -- -
flower - - - -- -- + -
Erica shoot green - + + + + ++ -- --
dead 0 ++ + + + +
wood ++ + + .-
flower --
Empetrum - - - - -- - - - - - -
V. myriillus leaf  green -- - + + - -
dead + ++ + + + + + + + +
flower
V. vitis-idaea leaf  green - - -- - - -
| dead | -- .-
Vaccinium stem  green 0 + - + -- --
dead -~ - - - .- --
Festuca leaf  green | ++ + + + + + + + + ++
dead + + + + + + + + ++ + +
Deschampsia leaf  green - - - - -- -- --
dead - - -- -- - - -- --
broad-leaf leaf green | ++ + + ++ + + + + ++
dead + + + + ++ + + + + ++
vegetative stem -- + + + + + - + +
flower stem + - + + o+ ++ + +
seed/flowerhead -- ++ ++
Juncus green -- - - --
dead -- --
Galium green -- --
dead - ++ - - --
MOoss -- -- -- -- -- .-

Abbreviations: + + = strong selection; + = weak selection; 0 = indifference; - = weak
avoidance; - - = strong avoidance; blank = absent from vegetation and diet.
Total = relative to proportion in total sward. Surface = relative to proportion at

sward surface.

Table 6.9: Selectivity indices for red deer diets from the Calluna community.
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pattern of avoidance in the spring followed by selection in the summer. The other
morphological units of Caliuna vulgaris were avoided. In contrast, the response of the

deer to Erica spp. was more variable.

Although green Vaccinium myriillus leaves were only sclected during the spring session,
there was consistent selection for dead leaves of this plant species. Lcaves of Vaccinium

vitis-idaea were avoided along with dead Vaccinium stem.

Irrespective of season there was strong selection for lamina of Festuca ovina and broad-
leaved grassesl yet, strong avoidance of lamina of Deschampsia flexuosa.  While
consistent selection for the remaining morphological units of grass took place during the
spring experimental session, the sclection indices relative to the proportions of cach
category available in the sward as a whole or at the sward surface were variable for the

summer diels.

6.3 DIET DIGESTIBILITY

6.3.1 In vitro digestibility.

The mean digestibility of the diets sclected from éach community by thc ocsophageal
fistulated animals during each experimental session arc listed in Table 6.10a and plotted
in Figure 6.4a . Summarics of statistically significant diffcrcncles arc given in Table

6.10b and 6.10c.

The digestibility coefficients of the diets selected during cach experimental period on the
Lolium sward were similar. Likewise there were no diflerences between sessions in the
digestibility of the diels selected from the Nardus grassland. In contrast, the dict chosen
during the spring session on the Calluna communily was significantly more digestible

than that sclected during either summer Session.
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Summer 1991

Vegetation Spring 1992 Summer 1952
Lolium 0.802 + 0.0041 0.796 + 0.0089 0818 + 0.0161
Nardus 0.683 + 0.0079 0.691 + 0.0076 0.661 + 0.0041
Calluna 0485 + 0.0116 0.714 + 0.0289 0487 =+ 0.0015

Summer 1991 v. Summer 1991 v, Spring 1992 v.
Vegetation Spring 1992 Summer 1992 Summer 1992
Lolium ns ns ns
Nardus ns ns ns
Calluna ook ns woR
Session Lolium v. Nardus | Lolium v. Calluna Nardus v. Calluna
Summer 1991 ok ok dokE
Spring 1992 HkE ok ns
Summer 1992 ok ek kR

a. mean + s.e.am.

b. summary of statistical differences between sessions
summary of statistical differences between vegetation communitites

c.

Table 6.10: In vitro digestibility of dicts selected by red deer.
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Figure 6.4:. Effect of season and vegetation type on digestibility
of diets selected by red deer as determined using:
a. in vitro analysis; b. n-alkane analysis
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During both summer sessions there werc significant dilferences between the digestibility
coefficients of the diet selected on each of the vegetation types with those of the diets
consumed on the Lolium and Calluna swards highest and lowest respectively. However,
in spring the digestibility of the diet selected on the Nardus grassland was similar o that

of the diet consumed on the Calluna community.

6.3.2 Digestibility from n-alkancs
Equivalent results and statistical information for dict digestibility as detcrmined using the
n-alkanes technique have been ploticd and tabulated in Figure 6.4b and Table 6.11a,

6.11b and 6.11c respectively.

Once again, the digestibility of the dict sclected on the Lolium sward on cach occasion
was similar. While there were no dilferences between the diet selected on the Nardus
grassland in summer 1991 and either of those consumed in 1992, the digestibility ol the
diet consumed in summer 1992 was significantly lowcer than that on the same sward in
spring 1992.  The coefficicnt of digestibility of the diet sclected from the Calluna
community in summer 1992 was significantly lower than Lhzﬁ consumed in cither of the

previous sessions.

Once again during both summer sessions there were significant diffcrences between the
digestibility cocfficients of the dicts selected from each vegelation community, with that
consumed on the Lolium sward highest and that on the Calluna community lowest.
While the digestibility of the Calluna dict was also significantly lower than that on either
grassland community in spring in contrast to the summer sessions there was no
difference between the digestibilities of the diets chosen on the Lolium and Nardus

swards.
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Vegetation Summer 1991 Spring 1992 Summer 1992
Lolium 0.813 + 0.0089 0.833 + 0.0035 0.810 =+ 0.0063
Nardus 06908 + 0.0191 0.649 + 0.0159 0708 + 0.0187
Calluna 0578 + 00134 0.604 + 00267 0450 + 00187

Sunumner 1991 v. Summer 1991 v. Spring 1992 v.
Vegetation Spring 1992 Summer 1992 Sununer 1992
Lolium ns ns ns
Nardus ns ns *
Calluna ns ok R
Session Lolium v. Nardus Lolium v, Calluna Nardus v. Calluna
Summer 1991 ek ok il
Spring 1992 Rk HEA ns
Summer 1992 ok oAk ok ok

mean + s.eam.

Table 6.11: Digestibility of dicts selected by r

summary of statistical dif ferences belween SCssions
summary of statistical differences between vegetation communitites
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6.4 INTAKE

6.4.1 Organic matter intake
Organic ‘matter intakes (OMD) for the red deer on cach community during each
experimental session are listed in Table 6.12a and ploued in Figure 6.5a. Statistical

differences are summarised in Table 6.12b and 6.12c¢.

The OMI by the red deer when grazing the Lolium pasture was lowcer in summer 1991
than in summer 1992. No differences between scssions were recorded in the amount

consumed on either of the two indigenous communitics.

During the experimental periods in summer 1991 and spring 1992 the OMI by the red
deer was similar on each vegetation type. In contrast, there were significant differences
between the amounts consumed on cach community in summer 1992, with intake on the

Lolium sward highest and that on the Calluna community lowest,

6.4.2 Digestible organic matter intake
The digestible organic matter intake (DOMI) values for the red deer on cach community
are listed in Table 6.13a and plottcd in Figurc 6.4b. Summaries of statistically

significant differences are given in Table 6.13b and 6.13c.

The DOMI of the red deer on the sown sward in summer 1992 was signilicantly higher
than that recorded during either of the two previous sessions. In contrast, DOMI on the
indigenous grassland was similar during all three scssions. The DOMI recorded in spring
1992 on the Calluna community was significantly higher than that recorded during the

summer session the same year.

In summer 1991 DOMI was significantly Jower on the dwarf-shrub community than on

either grassland community, During the spring scssion DOMI was higher on the sown
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Vegetation Summer 1991 Spring 1992 Summer 1992
Lolium 2033 + 02642 2481 + 02641 3.748 + 0.1626
Nardus 2437 + 0.1040 2.158 + 0.1108 2368 + 0.1217
Calluna 1.888 + 0.1947 1.841 + 02924 1325 + 0.0838
Summer 1991 v. Summer 1991 v. Spring 1992 v.

Vegetation Spring 1992 Summer 1992 Summer 1992
Lolium ns wE ns
Nardus ns§ ns ns
Calluna ns ns ns
Session Lolium v. Nardus Lolium v. Calluna Nardus v. Calluna
Summer 1991 ns ns ns
Spring 1992 ns ns ns
Summer 1992 ok ks ko

a. mean 4+ s.cm.

b. summary of statistical differences belween sessions

c.

summary of statistical differences between vegelation communitites

Table 6.12: Organic matter intake of red deer (kg/day)
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Vegetation Summer 1991 Spring 1992 Summer 1992
Lolium 1.659 + 0.2256 2.068 + 0.2231 3034 + 0.1295
Nardus 1.696 + 0.0454 1.403 + 0.0897 1,720 + 0.1303
Calluna 1.085 + 0.0917 1.135 + 0.2276 0.600 + 0.0560
Summer 1991 v. Summer 1991 v, Spring 1992 v.

Vegetation Spring 1992 Summer 1992 Summer 1992
Lolium ns wdE o
Nardus ns ns ns
Calluna ns ns ®
Session Lolium v. Nardus Lolium v. Catluna Nardus v. Calluna
Summer 1991 ns * *
Spring 1992 * X ns
Summer 1992 ok ik ek

a4, mean  + sem.

b. summary of statistical differences between sessions

¢. summary of statistical differences between vegelation communitites

Table 6.13: Digestible organic matter intake of red deer (kg/day)

164




Dier selection and ingestive behaviour of red deer

sward than on either indigenous community. DOMI on thc sown sward was again
highest in summer 1992, when a significant diffcrence was aiso recorded between the

DOMI on the Nardus and Calluna communities, with the lattcr lower.

6.5 GRAZING PATTERN

6.5.1 Total grazing time

The total grazing time of the red dcer on each community during cach experimental
session are listed in Table 6.14a and plotied in Figure 6.6. Statistical differences are

summarised in Table 6.14b and 6.14c.

The total grazing time on the Lolium sward during the summer 1991 scssion was
significantly higher than that for the spring 1992 session. On the Nardus community the
total grazing timc of the red deer in summer 1992 was significantly lower than that
recorded for either summer 1991 or spring 1992. The grazing time during the spring
session on the Calluna community was significantly lower than that recorded for cither

summer session.

During the summer 1991 experimental session the total grazing lime on the three
vegelation types was similar. In contrast, during the spring 1992 session they werc all
significantly different with the grazing limes recorded when the deer were selecling from
the Nardus community and Lolium sward highest zind lowest respectively.  During
summer 1992 the amount of time the decr spent grazing was significantly higher on the

dwarf-shrub community than on cither of the grassiand communitics.

6.5.2 Grazing pattern
The grazing pattern of the red deer on each vegelation type during each experimental
session was also determined from the vibracorder data. The cumulative results for the

measurement weeks in summer 1991 are depicted in Figure 6.7 as an cxample. The
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Vegetation Summer 1991 Spring 1992 Summer 1992
Lolium 599 + 4638 493 + 135 518 + 230
Nardus 621 + 203 621 + 243 500 + 144
Calluna 672 + 26.7 560 + 204 679 + 143

Summer 1991 v. Summer 1991 v. Spring 1992 v.

Vegetation Spring 1992 Summer 1992 Summer 1992
Lolium ok ns ns
Nardus ns ok E okok
Calluna ok ns kR
Session Lolium v. Nardus Lolium v. Calluna Nardus v. Calluna
Summer 1991 ns ns ns
Spring 1992 otk * *
Summer 1992 ns A ok

a, mean + sem.

b. summary of statistical differcnces between sessions

C.

summary of statistical differences between vegetation communitites

Table 6.14: Total grazing time of red deer (min/day).
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time of red deer. '
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graphs plotted are similar to those generated by the two 1992 data scts.

As illustrated, within a given session the grazing pattern of the deer was similar

irrespective of vegetation type, with the animals grazing during both day and night.

6.5.3 Synchronisation of grazing

Table 6.15 gives the kappa coefficient of synchronisation (K) of grazing, not grazing
and overall activity on each vegetation type during cach session, together with the
variance and z statistics for each K. All but onc kappa coefficient were significantly
different from zero indicating that synchronisation was grealcr than would be cxpecled
by chance. The exception was the pattermn of activily recorded on the Lolium sward in

spring 1992.

In general the coefficient of synchronisation of not grazing for cach scssion was slightly
higher than that of grazing. There was no consistent order within sessions in the overall
K calculated for each community. Consequently vegetation type did not influcnce the

animals’ synchronisation.

6.5.4 Bite rate
The mean and standard error of bite rates recorded for the red deer on cach community
during each experimental session are listed in Table 6.16a and plotied in Figure 6.8.

Statistical differences are summarised in Table 6.16b and 6.16c.

The bite ratc on the sown sward was higher in summer 1992 than it was during either of
the previous two sessions. The only other significant difference between scssions was a
lower bite rate on the Nardus community in summer 1992 in comparison with spring

1992.
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Grazing Not grazing Total
Session Vegetation K Var (K) z K Var (K) Vi K Var (K) A
- |Summer 1991 {Lolium 0.035 0.0003042 2.00 0.040 0.0006293 1.61 0.113 .0002373 7.35

Nardus 0.039 0.0000259 7.73 0.097 0.0018229 2.26 0.220 0.0013086 6.08
Calluna 0.019 ~ 0.0002406 1.24 0.027 0.0011353 0.79 0.070  0.0005627 2.94

Spring 1992 {Lolium 0.054 0.0001676 421 0.062 0.0003297 3.43 0.176 0.0000779 19.89
Nardus 0.001 0.0002609 0.05 0.001 0.0024553 0.03 0.002 0.0002830 0.15
Calluna 0.050  0.0000984 4.96 0.070 0.0005667 2.96 0.182 0.0002197 12.28

Summer 1992 |Lolium 0.050 0.0003579 . 262 0.052 0.0004536 2.45 0.153 0.0001624 11.97
Nardus 0.036 0.0001216 3.29 0.047 0.0004358 2.26 0.126 0.0001343 10.89
Calluna 0.102 0.0003447 5.50 0.105 0.0003989 5.27 0.311 0.0001352 26.76

K = kappa coefficient of synchronisation

Var(K) = variance of K

Table 6.15: Grazing synchronisation of red deer

z =z statistic for K
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Vegetation Summer 1991 Spring 1992 Summer 1992
Lolium 357 + 417 46 + 199 450 + 271
Nardus 447 + 406 465 + 344 344 + 251
Calluna 384 + 254 208 + 1.85 378 + 0.86

Summer 1991 v. Summer 1991 v. Spring 1992 v.
Vegetation Spring 1992 Summer 1992 Summer 1992
L.olium ns * *
Nardus ns ns ok
Calluna ns ns ns
Session Lolium v. Nardus Lolium v. Calluna Nardus v. Calluna
Summer 1991 ns ns ns
Spring 1992 * ns ek
Summer 1992 * ns ns

a. mean + s.e.m.

b. summary of statistical differences between sessions
c. summary of statistical differences between vegetation commuritites
ns = not significant; * = p<0.05; **=p<0.01; *** = p<0.001

Table 6.16: Bite rates of red deer (bites/min).
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During summer 1991 the bite rates rccorded on cach of the (hree vegetation
communitics were similar, However in spring 1992 the bite rate for the red deer when
grazing the Nardus éommunity was higher than that on cither the Lolium or Calluna
communities. A significantly higher bile ratc on the indigenous grasstand in comparison

with the sown sward was also recorded in summer 1992.

During summer 1991 no differences were recordcd between the bite rates on each
vegetation type. However, in spring 1992 the bite rate of the red deer was higher when
grazing the Nardus communily than on either the Lolium sward or Calluna communit'y.
In contrast, during the summer session later the same year the bite rate was higher on the

Lolium sward than on the Nardus community.

6.6 DISCUSSION

Since the red deer studied had originated from farm stock, the animals were introduced
to the intensive handling associated with a trial of this nature prior 10 the cxperimental
work commencing. This period of habituation climinated the stress-related behaviour
initially exhibited when the animals were restraincd (Diverio, Goddard and Gordon,

1993) and allowed the collcction of data from calm animals.

During all three experimental sessions persistent difficultics were encountered capturing
the red deer. Although inconvenient, this did not appear to distress the animals or altered
their subsequent behaviour. In the case of the ocsophageal [istulated animals, however,
the ensuing activity frequently led to partial or complete sample loss. While this is
unlikely to have affccted results of the subscquent microscopic examinations 1o
determine diet composition, the recurring ldss of the liquid fraction of the extrusa
samples may have influenced the in vitro digestibility determinations, Cell contents will
have been released into the salivary fraction during mastication and failure 1o include this

fraction in the subsequent in vitro digestibility analysis would be expected to Icad to an
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underestimation of the coefficient of digestibility of the dict originally sclected
(Langlands, 1966). However, during thc microscopic cxaminations il was noted that,
even when sample collection had becn complete, the red deer extrusa samples consisted
of fragments of plant material which were larger and less damaged than thosc found in
the samples from cither the goals Or guanacos. This implies the red deer chewed
prehended material less prior to swallowing. This will have resulted in only relatively
small quantities of cell contents being relcased into the saliva, and may account for the in
vitro digestibility values of the extrusa samples being similar to thosc estimated using n-

alkanes.

The red deer were more sclective when grazing on the two helerogencous communitics
than when on the relatively homogencous established sown sward. Although there was
selection and avoidance of green and dead leaf respectively on the Lolium sward the
proportions of broad-leaved grasses, Trifolium repens and other dicotyledonous plants in
the diet were similar to those present in the sward. In other studics diets of red deer on
similar vecgetation have been reported 10 contain higher and lower proportions of
ryegrass and white clover respectively relative to proportions in the sward (Ataja et al,,
1992). Ataja et al. (1992) suggest the fower content of clover in the diet may be due o
its lower height in the grazing canopy. This agrees with the selectivity indices calculated
during the current study which indicated that the red deer were consuming sward

components in similar proportions (o those present near the sward surflace.

On the Nardus community the deer conﬁncd. their grazing to the species rich inter-
tussock areas, resulting in broad-leaved species of grass again being the main dietary
component. This agrees with observations made under free-ranging conditions when
deer were recorded as closely cropping Agrostis/Festuca grassland, while areas dominated

by Nardus stricta were less heavily grazed (Watson and Staines, 1978).
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While red deer have a digestive system adapted for a dict containing both graminoids and
browse (Hofmann, 1985), they are primarily adapted to make use of the ccll-wall content
of plant material they consume and consequently would be expected to gra:;,e 1o a greater
degree than they browse. Certainly, grasses made a substantial contribution to the dict on
the dwarf-shrub community despile graminoid specics accounting for only a small
proportion of the point quadrat hits (Chapter Four). The proportion of grasses
consumed was inversely proportional to the consumption of green Calluna vulgaris
shoots, with togcther these two vegetation calegorics dominating the dicts sclected.  As
there was consistent selection for grass irrespective of season or session, while in contrast
green shoots of Calluna vulgaris werc only sclected in summer 1992 it would appear that
the overall contribution of cach category was dictated by the availability of the former,
This pattern is consistent wilh the obscrvation of Milne and Grant (1978) that the
proportion of Calluna vulgaris in dicts of sheep was inverscly related to the quantity of
available grass. Il also concurs with previous studics of frec-ranging red decer which
found the proportions of hcather higher in winter and spring (Jensen, 1968; Hobson et
al., 1976; Yalden, 1978) when grass (juallity and quantity are gencrally lower, although
Welch (1984a) found dung volumes on sites fcaturing different graminoid species were
similar where Calluna vulgaris had roughly equal cover and height, suggesting grazing

of subsidiary grasscs or Juncus spp. was determined by usage of Calluna vudgaris.

Few of the minor components encountered during the vegetation surveys of the
indigenous communities werce selected by the r(;d decr. Similarly,r there was no evidence
of a seasonal change in diet selection in responsc 1o the scasonal changes in the
proportions or digestibility characleristics of individual vegetation catcgories within any
of the three swards. Contributing to this consistency are the selectivity restrictions
imposed on the deer by their comparatively broad, flat mouths which will reduce their
ability to discriminate between particular plant species and/or plant parts (Gordon and

Illius, 1988). Consequently under free-ranging conditions seasonal changes in diet
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selection occur at the community level (Charies, McGowan and East, 1977, Gordon,

1989¢).

The consistency of the diets selected from each vegelation type across scasons and ycar
indicates that although red deer are considered to be mixed feeders consuming a variable
diet, this plasticity will have been a response {0 changes in the specific opportunities
available. When the composition of the vegetation on offer is constant, s0 100 is dict

composition.

It is difficult o explain the organic matter intake on the Lolium sward recorded in
summer 1992 being significantly higher than that during (he previous summer.  The
consistency of the results obtained from each animal as reflected in the standard error of
the mean intake value rules out undetected pellet loss by onc ol the animals lowering the

C3p-alkane concentration in the facces.

With the exception of this cstimate for consumption on the sown sward during the sccond
summer the organic matter intake of the deer remained  constant irrespective of
vegrctalion type or scason. As the red deer used during this study were castrates they did
not expericnce the direct testosteronc-induced cessation of food intake associated with
rutting stags but still followed the seasonal rhythm of food intake exhibited by both
sexes in response to changes in daylength.  As a result, peak food intakc for these
animals would be expected in lalc spring-carly summcr and the lowcest intake during
mid-winter (Suttie et al., 1983). Seasonal differences in vqlumary food intake during the

current study were therefore unlikely.
When differences in liveweight are taken into account the intake values on the indigenous

grassland and dwarf-shrub community arc similar to thosc for castrawes fed Agrostis-

Festuca spp. and heather in spring (Milnc et al., 1978). Likewisc, if the inexplicable
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intake for summer 1992 on the Lolium sward is excluded the intake valucs detcrmined
are similar to those estimated for weaner red deer stags (Semiadi et al, 1993a) and
mature hinds (Heydon et al., 1993) grazing pcrennial rycgrass/white clover pastures.
The latter trial used the n-alkane technique to measurc intake and diet digestibility, and
generated similar digestibility valucs ‘for summer scssions on plots with similar high
availabilities of herbage to those recorded during the current study. Valucs for diet
digestibility on the Lolium sward as determined from in vitro analysis on extrusa samples
in this study are slightly lower than those for extrusa samples collected by weaner (Ataja
et al., 1992) and mature (Semiadi er al., 1993a) castrates grazing a conventional
perennial rycgrass/white clover sward in New Zealand,  No cquivalent data for dict
digestibility of frec-roaming red deer on indigenous communitics is available for

comparison.

No difference was found in the total grazing time on the Lolium sward in summer 1992
compared with summer 1991 to relae 0 the differences in intake obscrved. Instead
neither the difference in grazing time identified on this sward nor those found between
sessions on the indigenous communitics can be linked 10 changes in intake. Likewise the
pattern of differences in grazing limes on different communitics within a given
experimental session do not correspond to differences in digestible organic maller

intake.

In comparison with recorded values for stags on indigenous pasturc during summer
(Clutton-Brock, Guiness and Albon, 1982}, the total grazing times recorded during the
current study on the indigenous communilies arc generally comparable, but with those
on the Lolium sward consistently lower. The values from the Lolium pasture arc also
slightly lower than those of stags and hinds on a grass/clover sward in New Zealand
(Semiadi et al., 1993b). However, the daily patierns of grazing arc similar. Likcwi.;;e the

activity profiles created from the vibracorder data during the current study agrec with the
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conclusions of Mitchell, Stains and Welch (1977) that red deer are diurnal with pcaks of
activity at dawn and dusk. The rates of biting observed during the current study were
substaminally lower than those previously reported for red deer grazing a grass/clover
sward (Semiadi et al., 1993b). However, Semiadi er al. (1993) rccorded time to take
twenty bites and rates of biting cstimated using the 20-bite method have been shown to
be substantially greater than those measured using the 100-bitc method (Illius, 1989). In
general rate of biting did not vary with sward type which agrees with observations made

on wild red deer (Clutton-Brock, Guiness and Albon, 1982).

6.7 SUMMARY
1. The dicts consumed by the red deer on each vegetation community were nolably

consistent across seasons and years.

2 On the Lolium sward the red decr sclected green leal of ail plant groups found at or

near the sward surface.

3. When grazing on the Nardus community the deer demonstrated more discrimination
between plant genera and species than on the Lolium sward. The dominant wussock grass
was consistently avoided, and instead the deer confined their grazing 1o the intcr-tussock

areas. As a result green leaves of broad-teaved grasses was the main dictary component.
4. When the dcer grazed the dwarf-shrub community Calluna vilgaris was generally
avoided, with its contribution to the diet inversely proportional 10 the consumption of

graminoid specics.

5. While dict digestibility was diclated by vcgetmion'lype, OMI was relatively consislent.

Thus diet digestibility varied more than intake, and this is reflected in the DOMI results.

6. The red deer grazed during both day and night. Neither vegelation type nor scason

influenced total grazing time or bite ratc of the deer.
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Diet selection and ingestive behaviour of South American camelids

7.1 REVIEW

The guanaco (Lama guanicoe) and vicuna (Lama vicugna) arc indigenous hoofstock of
the South American high plains and, together with the domesticated llama (Lama glama)
and alpaca (Lama pacos) belong 10 the family Camelidae, which also includes the
dromedary and bactrian camels. Camelids appear in the late Eocence fossil record and
were one of the first of the modern families of Artiodactyls (Franklin, 1982). They are
separated from the Infraorder Pecora into the suborder Tylopoda (pad-footed) because
they differ in stomach morphology (thrce compartments), absence of homs or antlers
and the replacement of hooves with callous pads cnding in claws-(Novoa and Wheeler,
1982). Inconsistencies and confusion on lamoid classilication are found throughout the
literature as illustrated by Franklin (1982) and Novoa and Whecler {1982). Most
European classiﬁéations place all four species in the same genus, Lama, whereas those of
North and South America use (w0 genera, recognising the vicuna 4s a scparale genus

Vicugna.

Of the four species of South American camelid the guanaco has the broadest
geographical and altitudinal distribution, with the latter ranging from sca level to 4250
metres (Frankdin, -1982) and four geographical subspecics have been described (Novoa
and Wheeler, 1982). In contrast, 1h-e llama and alpaca populations arc essentially
restricted 1o the Bolivian and Peruvian altiplano of the Andes Mountaing, an exlensive
high plateau zone between 3600 and 3800 meters above sea level.  Vicuna distribution is

also limited to this area but may include altitudes of up to 4800 metres above sea level,

There are two general climatological seasons in the part of the Andcs most densely
populated by camelids; a mildly warm, rainy growing period from December 10 April
and a cold dry period from May to November. Precipitation is erratic and limited, with
approximately 80 per cent of the rainfall occurring during the wet season and the

remainder during the dry season in the form of hail and snow (Sumar, 1988).
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Rangeland plant production follows this patlem with an abundance of forage in the wet
season and scarcity in the dry season. Bunchgrasses of the gencra Stipa, Festuca and
Calamagrostis are the dominant vegetation (Bryant and Farfan, 1984). As with other
high altitude animals, camelids are adapted to survive cxtreme conditions such as low
ambient oxygen, dehydration and radical temperature flucluation (Mario and Morrison,

1963).

Camelids share a number of common behavioural characteristics, some differing from
most other livestock. For example, they defecate and urinate in rclatively confined areas
(latrines) (Sumar, 1988). For guanaco and vicuna this has the short-term primary
function of marking territories. In the fong-term it has a fertilising cflect, particularly

after rain, and possibly reduces the risk of infestation by internal parasites.

The differences in morphoiogy, histology and motility of the forcstomnch mentioned
can be accounted for by independent development fol!owﬁ‘ug separation of the Tylopoda
and Pecora suborders from primordial specics which  were simple  stomached
(Engelhardt and Heller, 1985). Like true ruminants c;\mclids'hzwe a digestive system
which includes a forestomach with a population of bacieria and protozoa which breaks
down cellulose into shori-chained fauly acids and have evolved the same general
characteristics of regurgitation and remastication of food. However, their forcstomach is
anatomically different, having only threc compartments (referred to as C1, C2 and C3).
Studies of camelid gross anatomy, microscopic analomy and physiology indicate that C1
and C?2, which account for eighty-three and six per cent of stomach volume respectively
(Vallenas, Cummings and Munnell, 1971), are comparable to some extent with the rumen
and reticulum in conventional ruminants. The third'comparlment (C3) accounts for
eleven per cent of the stomach volume l(VaIlenas, Cummings and Munnell, 1971) and has
been considered the homrologue of the true ruminant abomasum (Johnson, 1983).

Elsewhere the proximal four-fifths of this tubular organ has been viewed as an omasal
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homologue and the distal one-fifth, which corresponds to the sitc of gastric glands, as an

abomasal homologue or hindstomach (Heller, Gregory and Engelhardl, 1984).

The basic pattern of motility of these stomach compartments has been shown to differ
markedly in sequence and number of contractions in comparison with ruminants (Heller,
Gregory and Engelhardt, 1984) although regulation of forestomach motility is similar
(Engelhardt and Heller, 1985). The particular sequence of contraction which have
evolved in camelids results in an effective microbial digestion of the rather dry
forestomach contents by allowing maximum mixing of food with bicarbonate bulfer and
with the micro-organisms of the forestomach without incrcasing the rate of forestomach
emptying (Heller, Gregory and Engelhardt, 1984). In addition it facilitaics a long,
variable retention time of particles and the absorption of water and solutes (Engelhardt

and Hetler, 1985).

Retention time of feed particles in the fermentation chamber of the forestomach is
significant as it largely governs the amount ol fibre digested, and camclids have adapted
to conditions where forage quality may be limited by reducing intake and sclectivity
increasing transit time of the digesta through the digestive tract to better accommodate
microbial attack of the highly structured carbohydrate dict. Thus, although large
particulate transit time is increased, with llamas rctaining particles for a comparatively
longer period of time as compared 10 cattle or sheep, the passage of liquid and smaller
particles is more rapid (Clemens and Stevens, 1980; Engelhardt, Rubsamen and Heller,
1984). This high fluid flow rate supporis a more rapid microbial fermentation through a
higher buffering capacit;g and improves outflow of the soluble products of microbial
fermentation. In addition, histochemical and biochemical analysis as well as absorption
studies have revealed that the function of the glandular epithelium in the llama
forestomach is different from that of ruminal epithclium (Rubsamen and Engelhardt,

1979) and adapted for greater digestive efficiency (Valicnas, Cummings and Munnell,
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1971). Consequently, absorption rates for the 1lama forcstomach have been recorded as
two to three times those of sheep and goat rumens (Rubsamen and Engeihardt, 1979).
Such features have been suggested as contributing to the greater digestion coefficients
which have been reported for llama than sheep on low and medium quality diets (Hintz,
Schryver and Halbert, 1973), although digestion cocfficients were similar on high quality

diets (Bryant, 1987, cited in San Martin and Bryant, 1989).

Most information on voluntary intake in camelids comcs from comparative studies with
sheep under penned conditions. Reviewing previous studies San Martin and Bryant
(1989) concluded that the voluntary intake for llama was lower than that of sheep on a
metabolic weight basis. They also concluded that, with some exceptions, consumplion in
. the dry season was similar to or greater than in the rainy scason. A higher intake in the
dry season when dietary quality is lower is postulated as resulting from cither an increase
in gut capacity in responsc (o lower dict quality during the dry season, or the high water

content of plants during the rainy season.

The dental anatomy of camelids also scts them apait from ruminants. The single upper
incisor of both old and necw world camclids has migrated caudally and cvolved 10 a
caniniform shape and function (Estcban and Thompson, 1988) while the six lower
incisors make contact v;fith a toothless dental pad. Thesc incisors are firmly fixed in the
mandible, similar to the dentition of shcep and goals but in contrast to the loose
attachment of bovine teeth (Fowler, 1989). In the casc of vicunas these sharp lower
incisors differ in shape and structure from those of other artiodactylids becing more like

the continuously erupting incisors of rodems (Miller, 1924).
The upper lip of the camelid is split by a labial cleft and can be considered prehensile

(Wilson, 1989). As a result of the split each side of the lip can be manipulated

independently to investigate a potential food item and draw it 1o the tecth. The vertical
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and horizontal mandible movement allows [or efficient usc of the premolars and molars

in cutting and grinding of fibrous fceds.

In the Peruvian Altiplano llama and alpaca are mixed with sheep and managed together
(San Martin and Bryant, 1989). However, few studies have compared dietary
composition between these .hcrbivores to understand how they partition the forage
resource, although it has been observed that, while alpaca uscd more moist bottomlands,
llama preferred to graze drier areas dominated by tall and coarsc bunchgrasses (Franklin,

1982).

Such studies would have to take into account seasonal differences in dict composition.
Using microhistological analyses of faccal maierial Bryant and Farfan (1984) cstablished
grass consumption by alpaca was highest during the dricst months and declined during
the early wet season when forbs increased.  Similarly, consumption. of grass-like
monocoty]edonou§ plant species was inversely related to grass in the dict. Reiner and
Bryant (1986) also found that where grass was available it comprised the bulk of the
alpaca diet, but on a site with low grass availability and abundant scdges dicts were

dominated by sedges.

In general the guanaco is acknowledged as being a generalist herbivore, consuming a
diet consisting of a broad range of forage types (Racdeke, 1980). This may be the result
of the evolution of the guanaco without any major herbivore competitors or alternatively
that it is in part a response to the recent increase in competition with domestic sheep.
Certainly the consumption of particular forage specics has been linked to availability,
.and a shift in diet composition during periods of competition with sheep has been

suggested (Raedeke, 1980).
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RESULTS

7.2 DIET COMPOSITION

7.2.1 The Lolium sward

The mean proportions of components in the diet selected by the guanacos from the sown
sward on each oécasion are tabulated and depicted in Table 7.1 and Figure 7.1

respectively.

The diet selected by the camelids from the Lolium sward was composed almost entirely
of graminoid species, with dicotyledonous plants only accounting for between 1-6 per
cent of the material consumed. Green lamina of broad-leaved grasscs was the main
dietary component on alll three occasions. The significant decrcase (Table 7.2) in. the
proportion of the dict accounted for by this catcgory from over 90 per cent in summer
1991 to 70 per cent in 1992 corresponds 10 a significant increasc iﬁ the amount of dead
lamina in the diets in 1992. The only indication of scasonal variation in dict
composition was a significantly higher amount of sccd/ﬂo@crheud in the dicts sclected

during the spring session.

The Electivity Index values for the components identified in the camelid dicts are listed
in Table 7.3. In general there was selection for green lamina, flowerstem and
seed/flowerhead of the graminoid species. Dcad lamina and vegetative stem were avoided
relative to the proportions of these components in' the -sward as a whole but selected
relative to the composition of the sward surface. Although green lcaves of Trifolium
repens were consistently avoided, during 1992 there was tolerance or sclection of clover

petiole.
7.2.2 The Nardus community

The mean proportions of components in the diet consumed on the Nardus community

during each experimental session arc tabulated and depicted in Table 7.4 and Figure 7.2
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Vegetation category Summer 1991 Spring 1992 Summer 1992
broad-leaved leaf green [ 91.3 + 221 [ 712 + 206 725 + 370
grasses dead 29 + 0.60 59 + 1.02 136 + 243
grass vegetative stem 07 + 038 59 + 1.21 44 + 0.81
grass flowerstem 25 + 1.61 51 + 0.81 33 + 1.18
grass seed/flowerhead 1.3 + 072 89 + 2.19 0.2 + 0.10
Trifolium repens  leaf green 1.2 + 0.18 1.1 + 0.57 28 + 1.18
dead 0 00 + 0.01 0.1 + 001}
petiole 0 02 + 021 12 + 0.63

flower - - 0
other dicots leaf green 0 + 1.4 1.2 + 086
dead 0 0 00 + 005

stem 0 0 0
flower - 0.1 + 008 03 + 020
moss - - 02 + 017

, n=3 n=11 n=7

0 = recorded in vegetation but not in diet. - = absent [rom vegetation and diet.

All results expressed as mean percentage  +  s.c.m.

Table 7.1: Composition of the diets consumed by the guanacos on the Lolium
CcommMunity.
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Summer 1991 v.

Summer 1991 v.

Spring 1992 v.

Vegetation category Spring 1992 Summer 1962 Summer 1992

broad-leaved leaf green ik ok ns
grasses dead ns * *

grass vegetative stem * ns ns
grass flowerstem ns ns ns
grass seed/flowerhead ok E ns Fkk
Trifolium repens  leaf green ns ns ns
dead ns ns ns
petiole ns ns ns
other dicots leaf green ns ns ns
- dead ns ns ns
flower ns ns ns
moss ns ns ns

Table 7.2:

ns = not significant; * = p<0.05; ** = p<0.01; *** = p<(.001
¢ = ploteffect
w = plot x session interaction

Summary of statistical analysis comparing the dicts selected by the
guanacos from the Lolium sward during each experimental session

187




Diet selection and ingestive behaviour of Sowth American camelids

Summer 1991 | Spring 1992 Summer 1992
Vegetation category Total |{Surfacel Total |Surface| Total [Surface
broad-leaved leaf green + + + - + 4+ +
grasses dead - 0 - ++ 0 ++
grass vegetative stem -- - - + + -- +
grass flowerstem + + + + + + +
grass seed/flowerhead + 4+ + ++ + + + 4+
Trifolium repens  leaf green -- -- -- - - .
dead -- -- -- ++
petiole -- -- + + + 0 + +
flower -
other dicots leaf  green -- - - -- - - .
| dead - - - - -- + +
stem -- -- -- .- -- .-
flower + -- ++ + +
moss + + + +

Abbreviations: + + = strong selection; + = weak selection; 0 = indifference; - = weak
avoidance; - - = strong avoidance; blank = absent from vegetation and diet.
Total = relative to proportion in total sward. Surface = relative to proportion at

sward surface.

Table 7.3: Selectivity indices for guanaco diets from the Lolium sward.
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Vegetation category Summer 1991 Spring 1992 Summer 1992
Nardus leaf  green 04 + 022 1.6 + 0.66 08 + 0.24
dead 0.3 + 033 02 + 0.13 0.1 + 007
broad-leaved leaf green 579 + 14.87 528 + 4.82 474 + 50060
grasses dead 13.1 + 5.39 159 + 442 132 + 1.70
Festuca leaf  green 29 + 221 1.5 + 076 02 + 0.22
dead 03 + 025 05 + 0.17 02 + 0.14
Deschampsia leaf green 30 + 138 99 + 240 26 + 1.00
dead 02 + 0.17 1.3 + 0.56 05 + 0.18
grass vegetative stem 6.6 + 008 44 + 054 32 £ 007
grass flowerstem 1.8 + 1.31 53 + 1.00 89 + 0.72
grass seed/flowerhead 6.5 + 0.78 25 + 1.84 224 + 176
Carex all green 0 0 0
dead - 0 0
Luzula flower - 26 + 235 -
leaf  green 0 0 0
. dead 0 0 00 + 005
other monocots.  all green 0 - 0
dead 0 - 0
Galium all green 31 + 272 0 0.1 + 008
dead 02 + 0.7 - 0
Vaccinium all green 0 0 0
dead 0 05 + 052 0
Potentilla all green 28 + 202 0 0
dead 08 + 0.83 0 -
other dicots. all green 0 - -
moss 02 + 241 09 + 236 01 + 535
n=73 n=>5 n=14
0 = recorded in vegetation but not in diet. - = absent from vegetation and diet.
All results expressed as mean percentage  + 8.,

Table 7.4: Composition of the diets consumed by the guanacos on the Nardus
community.
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respectively. ,
The dominant species of grass never accounted for more than 2 per cent of the diet
selected by the guanacos. Instcad the cameclids confined their grazing 1o the inter-
tussock area, and in particular the broad-lcavéd species of grass found there. Green
lamina of these species accounted for approximately 50 per cent of the diet. Dead
lamina of the same grasses also made a consistent contribution of over 13 per cent of the
material selected. Green lamina of the species of fine-leaved grasses found in the intet-
tussock areas made contributions of up to 10 per ceni, yet the amount of decad lamina of
these species consumed was small. There was a dramatic iricreasc (Table 7.5) in the
amount of sced/flowerhead in the dict in summer 1992 resulting in this category

accounting for over a fifth of the material consumed,

Apart from flowers of Luzula spp in the spring dict grass-like monocotylcdonous plants
were practically omitted from the dict.  Similarly, if more cmphasis is given to the 1992
results, because of the fact only one ocsphageal fistulated animal was available in 1991,

then the amount of dicotyledonous plants recorded was also negligible.

The associated Electivity Index values for components identified in the dicts consumed
on each occasion are listed in Table 7.6. Both green and dead lamina of Nardus were
consistently strongly avoided. Likewise lamina of Festuca ovina was avoided. In
contrast there was generally strong selection for both green and dead 1;1min11 ol broad-
leaved species of grass. On balance Deschampsia flexuosa was also sclected but the
response of the guanacos to this species of grass was more variable. In comparison with
the proportion in the sward as a wholc vegetative stem was avoided; but when the amount
in the dict was compared with the availability of this component at the sward surface
selection occurred. The only indication of a scasonal change in sclectivity was a switch

to strong selection for flowersicm during the spring experimental scssion. However,
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o £ o

oW

Summer 1991 v.|Summer 1991 v.| Spring 1992 v.
Vegetation category Spring 1992 Summer 1992 | Summer 1992

Nardus feaf  green ns s ns
dead ns ns ns

broad-leaved leaf green ns ns ns
£rasses dead ns ns ns

Festuca leaf green ns i *
. dead ns ns ns

Deschampsia ~ leaf  green * ns sk
dead ns ns ns

grass vegetative stem ns ns ns
grass flowerstem ns * ns
grass seed/flowerhead ns ok ek

Luzula flower . ns ns *
dead ns ns ns

other monocots.  all green ns ns ns
dead ns ns ns

Galium all green ek ok ok ns
dead ns ns ns
dead LW Ak ns R R

"|Potentilla all green ns ns ns
dead ns ns ns

moss ns ns *

ns = not significant; * = p<0.05; ** = p<0.01; *** = p<0.001
¢ = plot effect
Wy = plot x session interaction
Table 7.5: Summary of statistical analysis comparing the diets selected by the

guanacos from the Nardus community during each experimental sessior
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Summer 1991 | Spring 1992 Summer 1992
Vegetation category Total |Surface| Total |Surface| Total jSurface
Nardus leaf  green -- -- -- -- -- -
dead -- -- -- - -- -
broad-leaved leaf  green | ++ + ++ ++ ++ ++
grasses dead ++ ++ ++ ++ ++ ++
Festuca leaf  green - - -- -- -- --
dead -- + + -- -- -- .-
Deschampsia  leaf  green - o+ e+ + + 0
dead - - - + + + + o+
grass vegetative stem - ++ -- + .- + +
grass flowerstem - -- + + ++ + N
grass seed/flowerhead + - ++ ++ ++ ++
Carex all green -- .- -- -- --
dead -- --
Luzula flower ++ ++
leaf  green -- -- -- -- .- -
dead -- .- -- - .-
other monocots. all  green |  -- ..
' dead —_— .
Galium all grean - + -- -- -- --
' dead . -0 ..
Vaccinium all green -- -- -- .-
dead - - ++ + 4 --
Potentilla all green |+ + -- -- -- ..
dead ++ + -- - -
other dicots. all green -- --
moss -- -- -- .- --
Abbreviations: + + = strong selection; + = weak selection; 0 = indifference; - = weak
avoidance; - - = strong avoidance; blank = absent from vegetation and diel.

Total = relative to proportion in total sward. Surface = rclative to proportion at
sward surface.

Table 7.6: Selectivity indices for guanaco diets from the Nardus comminuty.
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selection for seed/flowerhead did not follow the sume paticm.

With the exception of the flowers of Luzula spp. grass-like monocotyledonous plants
were strongly avoided. In general there was also avoidance of dicotyledonous plants, and

where selection for a particular species did occur it was not consistent.

7.2.3 The Calluna community
The mean proporiions of components in the dict consumed by the guanacos on cach

occasion are tabulated and depicted in Table 7.7 and Figure 7.3 respectively.

Despite Caliuna vulgaris dominating the dwarf-shrub community this species played a
minor role in the diet selected by the camelids. Of the different morphological units
available green shoots made the greatest contribution yet never accounted for more than
12 per cent of the material consumed. The other heath specics available made even less
impact and were all but omitted from the diet. Green and dead leaves ol Vaccinium
myrtillus made a consistent contribution (Table 7.8) vet Vaccinium vitis-idaea leaves

never accounted for more than one per cent,

Despite the low availability of grass specics on the heather community these accounted
for the bulk of the dict selected. In particular over 30 per cent of the material consumed
on each occasion was green lamina of Festuca ovina. Dead lamina of Festuca ovina also
made ‘a substantial, if variable, contribution to the diet scleeted. In contrast both green

and dead lamina of Deschampsia flexuosa were generally avoided.

Although grass-like monocotyledonous plants had been disregarded on the indigenous
grassland, they made a contribution to cach of the dicts sclected from the dwarf-shrub
community reflecting the lack of preferred plant specics. The inclusion of Carex spp.

occurred despite this category never featuring in the vegetation data, nor the dicts of
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Vegetation category Summer 1991 Spring 1992 | Summer 1992
Calluna shoot green 37 + 0.82 8.1 + 3.29 11.6 + 449
dead 1.1 + 0.64 25 + 131 27 + 1.00
wood 06 + 047 06 + 035 23 + 0.56
flower 2.1 + 097 0.1 + 0.07 8.8 + 3.58
Erica shoot green 0 0.2 + 0.20 1.0 + 0.68
dead 0 - 0.0 + 0.04
wood 0 - 0
flower 0 - 0.1 + 0.15
Empetrum 0 0 0
V. myrtillus leaf green 3.3 + 2.07 13.7 + 411 5.1 + 1.33
dead 23 + 096 48 + 1.15 27 + 1.56
V. vitis-idaea leaf green 0 0 0.8 + 0.73
dead 0 03 + 0.34 03 + 0.24
Vaccinium stem  green 22 + 1.39 35 + 1.04 48 + 2.10
dead 0.8 + 0.51 0.1 + 0.07 0.5 + 0.31
Festuca leaf green 31.1 + 1640 342 + 544 338 + 5.06
dead 13.1 + 3.64 51 + 077 18.0 + 3.00
Deschampsia leaf  green 0 00 + 0.03 0.7 + 0.07
dead 0 0.0 + 0.03 0
broad-leaved grass leaf green 150 + 12.64 472 + 1.29 1.9 + 0.80
dead 11.2 + 7.16 1.7 + 0.57 1.7 + 0.48
grass vegelative stem 41 + 4.11 29 + 1.15 09 + 0.32
grass flower stem . 03 + 025 4.7 + 0.69 19 + 1.17
grass seed/flowerhead 0.1 + 0.08 12 + 0.52 -
Juncus green - 9.0 + 5.18 05 + 030
dead - 2.7 + 149 04 + 0.24
Carex green 22 + 222 0.2 + 0.17 -
dead 59 + 591 - -
Galium green 0.2 + 0.08 0.0 + 0.03 0
dead 0.1 + 0.08 0.1 + 007
moss 0.7 + 0.67 0.1 + 0.10 0.0 + 0.03
n=3 n=10 n=9
0 = recorded in vegetation but notin diet. - = absent from vegetation and diet.

All results expressed as mean percentage + s.e.m.

Table 7.7: Composition of the diets consumed by the guanacos on the Calluna
_ community.
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Figure 7.3: Composition of the diets consumed by the guanacos on the Calluna community.
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Summer 1991 v.|Summer 1991 v.| Spring 15992 v.
Vegetation category Spring 1992 | Summer 1992 Summer 1992
Calluna shoot green ns ns ns
dead ns ns ns
wood ns * ok
flower ns ns o
Erica shoot green ns ns ‘ ns
dead ns ns ns
flower ns ns ns
V. myrtillus leaf  green ns ns ns
dead * ns ns U
V. vitis-idaea leaf green ns - ns ns
dead ns ns ns
Vaccinium stem  green ns ns ns
dead * ns * oy
Festuca ~ leaf green ns ns ns yf
dead ns ns Ak
Deschampsia leaf  green ns ns ns
dead ns ns ns
broad-leaved grass leaf  green ns * ns VI
dead * * ns
grass vegetative stem ok ns AR
grass flower stem * ns ' * oy
grass seed/flowerhead ns ns ns
Juncus green ns ns ns
dead ns ns ns
Carex green ok o ns oy
dead ns ns ns
Galium all green ok o ns
dead ns ns ns
moss ns ns ns v

ns = not significant; * = p<0.05; ** = p<0.01; *¥* = p<0.001
¢ = plot effect
y = plot x session interaction

Table 7.8: Summary of statistical analysis comparing the diets sclected by the
guanacos from the Calluna community during each experimental session
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either of the other two species of animal studicd. The contributions of forbs such as

Galium saxatile and moss remaincd small.

The Electivity fndex values for the components in the dicts consumed by the camelids on
the Calluna community are listed in Table 7.9. Overall the responsc of the camelids to
the various vegetation categories was unaffected by scasonal changes in availability. In
general there was strong avoidance of all parts of Calluna vulgaris. 1In contrast the
response to morphological units of Erica spp. was mixed. Green Icaves of Vaccinium
myrtillus were tolerated or v-vcakly avoided yet dead lcaves highly sclected.  Likewise,
selection for dead leaves of Vaccinium vitis-idaea was more consistent than selection of
green leaves. There was relatively consistent weak selection for green Vaccinium spp.
stem while the response 1o dead stem varicd from strong avoidance to weak selection. In
general with the exceplion of lamina of Deschampsia flexuosa \here was strong selection
for morphological units of graminoid specics and grass-like monocolyledonous plants

irrespective of state.

7.3 DIET DIGESTIBILITY

7.3.1 In vitro digestibility

The mean digestibility of the diets selected from cach community by the oesophageal
fistulated animals during cach experimental session are listed in Table 7.10a and plotted
in Figure 7.4a . Summarics of statistically significant diffcrences are given in Table

7.10b and 7.10c.

There were no significant difference between the digestibility of the dict selected on each
occasion from the Lolium sward. On the Nardus grassland the digestibility of the diet
selected in summer 1992 was significantly lower than that selected during the previous
spring session. Similarly the diet selected from the Calluna community during the spring

experimental session had a significantly higher digestibility than that consumed
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Summer 1991 | Spring 1992 | Summer 1992
Vegetation category Tota! |Surface| Total |Surface| Total |Surface
Calluna shoot green -- - - -- -- - --
dead -- - - -- -- -- --
wood -- -- -- -- -- --
flower - - - - -- -- 0 -
Erica shoot green -- 0 + + + +
dead - - ’ 0 ++
wood -- -
flower - - + + + +
Empetrum -- -- -- -- -- .-
V. myrtillus leaf  green 0 0 + + + + +
dead ++ + + ++ + + ++ | ++
flower
V. vitis-idaea leaf  green -- -- -- + + +
dead -- ++ ++ + + ++
Vaccinium stem  green - + + + + +
dead 0 + -- -- - +
Festuca leaf  green | ++ + + ++ ++ + + + +
dead + + + + + + + + ++ + +
Deschampsia leaf  green -- - - -- -- -- -
dead - - -- -- -- -- .-
broad-leaf leaf  green | + + + + ++ + + ++ o
dead ++ + + + + ++ + + + +
vegetative stem - - ++ + ++ 0 + +
flower stem ++ + 4+ + + + + + + ++
seed/flowerhead + + - + + + +
Juncus green ++ ++ + ++
dead ' ++ ++ &+ ++
Carex 4+ + + + + ++
++
Galium green + + + ++ + + --
dead - ++ 0 + +
moss -- - -- -- -- --
Abbreviations: + + = strong selection; + = weak selection; 0 = indifference; - = weak
avoidance; - - = strong avoidance; blank = absent from vegetation and diet.
Total = relative to proportion in total sward. Surface = relative to proportion at
sward surface.

Table 7.9: Selectivity indices for guanaco diets from the Calluna community.
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Vegetation Summer 1991 Spring 1992 Summer 1992
Lolium 0766 + 0.0093 0.801 =+ 0.0079 0.788 + 0.0239
Nardus 0642 + 0.0263 0.694 <+ 0.0111 0.596 + 0.0152
Calluna 0451 + 0.0568 0612 + 0.0178 0508 + 0.0288
Summer 1991 v. Summer 1991 v. Spring 1992 v.

Vegetation Spring 1992 Summer 1992 Summer 1992
Lolium ns ns ns
Nardus ns ns w%
Calluna ook ns ok
Session Lolium v. Nardus Lolium v. Calluna Nardus v, Calluna
Summer 1991 * ok *
Summer 1992 ook ork ok

a. mean  + Ssem.

b. summary of statistical differences between sessions

c. summary of statistical differences between vegetation communitites

Table 7.10: [n vitro digestibility of dicts selected by guanacos.
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Figure 7.4:
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during either of the summer sessions.

Within each experimental session therc were significant differences in digestibility
between the diets selected on each of the three vegetation types. The digestibility of the
diet consumed on the Lolium sward was always higher than that of the dicts selected on
either indigenous community; and the digestibility of the dicts from the indigenous

grassland were consistently higher than those from the dwarf-shrub community.

7.3.2 Digestibility from n-alkanes
Equivalent results and statistical information for dict digestibility as determined using the
n-alkane technique have been plotted and tabulated in Figure 7.4b and Table 7.11a,

7.11b and 7.11c¢ respectively.

The digestibility of the diet sclecicd from the Lolium sward in summer 1991 was
significantly lower than that of the dicts consumed in cither session in 1992. No
differences between sessions were recorded in lhc‘ digestibility of the diets from the
indigenous grassland. In contrast there was a scasonal difference in the dicts selected
from the dwarf-shrub community with the digestibility of that consumed in spring 1992

significantly higher then that of cither summer session.

While the digestibility of the dict selected from the Calluna community was consistently
lower than that from either grassland community, only during the summer 1991
experimental session was therc a difference between the digestibility of the dicts

consumed on the Lolium and Nardus swards, with that of the Nardus diet lower.

7.4 INTAKE
7.4.1 Organic matter intake
The organic matter intakes (OMI) of the guanacos on cach community during each

experimental session are listed in Table 7.12a and plotied in Figure 7.5a.  Statistical
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a. |Vegetation Summer 1991 Spring 1992 Summer 1992
Lolium 0.654 + 00221 | 0820 + 0.0088 0779 £+ 0.0045
Nardus 0.752 =+ 0.0120 0.783 + 0.0055 0.786 + 0.0243
Calluna 0.440 + 0.0326 0546 + 0.0321 0460 =+ 0.0281

b. Summer 1991 v. Summer 1991 v. Spring 1992 v.
Vegetation Spring 1992 Summer 1992 Summer 1592
Lolium * ns ns
Nardus ns ns TS
Calluna R ns *

c. |Session Lolium v. Nardus Lolium v. Calluna Nardus v. Calluna
Summer 1991 ns Aok ok &

Spring 1992 ns Hokr Hek
Summer 1992 ns ek i ok e

a3, mean + s.em.

“b. summary of statistical differences between sessions
c. summary of statistical differences belween vegetalion communitites

Table 7.11: Digestibility of diets selected by guanacos as determined using n-alkanes.
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Table 7.12: Organic matter intake of guanacos (kg/day).

204

Vegetation Summer 1991 Spring 1992 Summer 1992
Lolium 1.137 + 0.0896 2486 + 03047 1.897 + 0.1010
Nardus 1.973 + 0.1976 2617 + 0.1340 2756 + 03750
Calluna 0970 =+ 0.0310 1322 + 00763 | 0820 + 0.0463
Summer 1991 v. Sumimer 1991 v. Spring 1992 v.
Vegetation Spring 1992 Summer 1992 Summer 1992
Lolium o * ns
Nardus ns * ns
| Calluna ns ns ns
Session Lolium v. Nardus Lolium v. Calluna Nardus v. Calluna
Summer 1991 * ns ok
Spring 1992 ns ¥ ok
Summer 1992 * * ek
a. mean + s.em,
b. summary of statistical differences between sessions
¢. summary of statistical differences between vegetation communitites
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differences are summarised in Table 7.12b and 7.12¢. The OMI of lhc‘guanacos on the
Lolium sward was significantly lower during summer 1991 than cither session in 1992,
Likewise the OMI on the Nardus sward was significantly higher in summer 1992 than
summer 1991. There were no differences between sessions in thc amount consumcd on

the dwarf-shrub community.

During the experimental periods in 1991 the OMI of the guanacos was significantly
higher on the Nardus grassland than on either the Lolium or Calluna communities. In
spring 1992 OMI was similar on the grassland communitics but significantly lower on
the dwarf-shrub community. This lower OMI on the Calluna community was maintaincd
during summer 1992 when there was also a significant diffcrence between the Lolium

and Nardus swards, with that on the Nardus sward highest.

7.4.2 Digestible organic matter intake
The digestible organic matter intakes (DOMI) of the guanacos on cach community
during each session arc lisied in Table 7.13a and plotied in Figure 7.5b.  Statistical

differences are summarised in Table 7.13b and 7.13c¢.

The DOMI on the sown sward was significantly higher during the spring scssion than
during ecither summer session, and higher in summer 1992 than summer 1991, In
contrast, no seasonal diffcrcnccs in DOMI were rccorded on cither indigenous
community. However, the DOMI value for summer 1991 on the Nardus community was

significantly lower than that recorded in summer 1992,

During summer 1991 session DOMI was significantly higher on the Nardus sward than
on either the Lolium or Calluna communities. In spring, howcver, DOMI on the
grassland communities was similar, and significantly higher than that on the dwarf-shrub

community. During summer 1992 the higher DOMI on the grassland communities was
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Vegetation

Summer 1991 Spring 1992 Summer 1992
Lolium 0.750 + 0.0785 2038 + 02533 1477 + 00735
Nardus 1490 + 0.1713 2050 '+ 0.1129 2193 + 03324
Calluna 0425 =+ 0.0268 0728 + 0.0739 0381 + 0.0385
Summer 1991 v, Summer 1991 v. Spring 1992 v,
Vegetation Spring 1992 Summer 1992 Summer 1992
Lolium okk * *
Nardus ns * ns
Calluna ns ns ns
Session Lolium v. Nardus Lolium v. Calluna Nardus v. Calluna
Summer 1991 * ' ns o
Spring 1992 ns HEk ok
Summer 1992 * ok ok
a. mean + Ss.em.
b. summary of statistical dilfcrences between scssions
¢. summary of statistical differences between vegetation communitites
Table 7.13: Digestible organic matter intake of guanacos (kg/day).
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maintained, with a significantly higher DOMI on the indigenous sward in comparison

with the sown sward also recorded.

7.5 GRAZING PATTERN

7.5.1 Total grazing time

The total grazing time of the guanacos on cach community during cach cxperimental
session are listed in Table 7.14a and plotted in Figure 7.6. Statistical diffcrences are

summarised in Table 7.14b and 7.14c.

The total grazing time of the guanacos was significantty higher when grazing the Lolium
sward in summer 1992 than it had been during cither of the previous cxperimental
periods. The grazing time on the Nardus community in summer 1992 was significantly
lower than that recorded during summer 1991 or spring 1992, The grazing timcs for

each experimental period on the Caliuna communily were similar.

During the summer 1991 and spring 1992 cxperimental sessions no  significant
differences between grazing times on the three vegelation Lypes were rccorded. However,
in summer 1992 the grazing time on the Lolium sward was significantly higher than that

recorded when the guanacos were grazing on either of the indigenous communities.

7.5.2 Grazing pattern

The grazing pattemn of the guanacos on cach occasion was also discermed from  the
vibracorder data. As the results from all three sessions were similar only summer 1991
has been plotted as an example. Figure 7.7 shows the cumulative results for each
measurement week, and illustrates that grazing was predominately conflined to daylight

hours and that the pattern of grazing was unaffected by vegetation type.
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Vegetation Summer 1991 Spring 1992 Summer 1992
Lolium 542 + 224 592 + 545 698 + 247
Nardus 562 + 24.1 628 + 37.2 492 + 256
Calluna 556 + 132 581 + 3938 528 1+ 383

Summer 1991 v.

Summer 1991 v,

Spring 1992 v,

Vegetation Spring 1992 Summer 1992 Summer 1992
Lolium ns Hokk *
Nardus ns ns ok
Calluna s ns ns
Session Lolium v. Nardus Lolium v. Calluna Nardus v. Calluna
Summer 1991 ns ns ns
Spring 1992 ns ns ns
Summer 1992 HE oAk ns

a. mean + s.em,

b. summary of statistical differences between scssions

¢. summary of statistical differences between vegelalion communitites

Table 7.14: Total grazing time of guanacos (min/day).
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time of guanacos
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7.5.3 Synchronisation of grazing

Table 7.15 gives the kappa cocfficicnts of synchronisation (K) of grazing, not grazing
and overall activity, together with the variance and z statistics for cach K. All K's were
significantly different from zero indicating that synchronisation of activily was greater
than would be expected by chance. On cach occasion the camclids werc lcss
synchronised when grazing, than when not grazing. There was no consistent order within

sessions to the K value for overall activity calculated for cach vegetation type.

7.5.4 Bite rate
The bite rates for the guanacos on each community during cach experimental scssion are
listed in Table 7.16a and plotied in Figure 7.8, Statistical differences are summoarised in

Table 7.16b and 7.16c.

The bite rate of the camelids on the sown sward in summer 1992 was significantly higher
than it had been during either of the two previous sessions on the same sward. The only
other significant difference belween sessions was a lower bite rate on the Nardus sward in

summer 1991 in comparison with spring 1992.

During summer 1991 and spring 1992 the bite ratcs of the guanacos on cach of the three
vegetation communities werc similar.  However, in summer 1992 the bite rate on the
sown sward was recorded as being significantly higher than that on the indigenous

grassland community.

7.6 DISCUSSION

Initially only one oesophageal fistulated guanaco was preparcd as the feasibility of
creating and maintaining surgically-altercd animais of this species was unknown, The
surgical procedure adopted differed in detail Irom the technique in other ruminants duc

to the anatomy of the guanaco neck (Goddard and Frascr, 1994). As complele eversion
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Not grazing

Grazing Total
Session Vegetation K Var (K) 3 K Var (K) 7 K Var (K) -
Summer 1991 |Lolium 0.105 0.0001428 8.80 0.140 0.0005808 5.82 0.372 0.0002081 25.77
Nardus 0.139 0.0006682 5.37 0.167 0.0015815 4.20 0.461 0.0012023 13.28
Calluna 0.190 0.0003054 10.86 0.188 0.0002927 11.00 0.567 0.0000869 60.84
Spring 1992 |Lolium 0.124 0.0002692 7.58 0.158 0.0008445 5.42 0.426 0.0003631 22.35
Nardus (.159 0.0004478 7.51 0.181 0.0008456 6.24 0.512 0.0004235 24.86
Calluna 0.117 0.0001087 11.24 0173 0.0007182 6.45 0.443 0.0003083 25.21
Summer 1992 |Lolium 0.159 0.0002225 10.69 0.209 0.0008228 7.28 0.558 0.0003454 30.00
Nardus 0.140 0.0002592 8.72 0.170 0.0007241 6.45 0.470 0.0002852 28.02
Calluna 0.169 0.0002345 11.03 0.226 0.0009469 7.33 0.598 0.0004285 - 28.87

K = kappa coefficient of synchronisation

Var(K) = variance of K

Table 7.15: Grazing synchronisation of guanacos

z =z statistic for K
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Vegetation Summer 1991 Spring 1992 Summer 1992
Lolium 377 + 334 396 + 381 56.0 + 203
Nardus 331 + 3.05 449 + 185 9.0 + 1.56
Calluna 37.0 + 2.80 361 + 3.21 419 + 150

Summer 1991 v. Summer 1991 v. Spring 1992 v,
Vegetation Spring 1992 Sunmumer 1992 Sumimer 1992
Lolium ns oA ek
Nardus * ns ns
Calluna ns ns ns
Session Lolium v. Nardus Lolium v. Calluna Nardus v. Calluna
Summer 1991 ns ns ns
Spring 1992 ns ns ns
Summer 1992 ok ns ns

a. mean + s.cm.

b. summary of statistical differences between sessions
c. summary of statistical differences between vegetation communitites
ns = not significant; * = p<0.05; **=p<0.01; *** = p<0.001

Table 7.15: Bite rates of guanacos (bites/min).
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Figure 7.8: Effect of season and vegetation type on bite rate
of guanacos.
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of the oesophagecal wall is not possible, healing was found 1o take, longer than in
ruminants. Consequently a recovery period of at least ten weeks is necessary before the
fistula stabilises and extrusa collection is feasible. It was therefore not practicable to

proceed with further preparations in 1991,

As samples were collected from only one animal in 1991 the corresponding  dict
composition and in vitro digestibility data must be considered with care. These samples
were also used to describe the n-atkane content of the dict and hence intake and
digestibility estimated made in 1991 may be biased. However, comparison with the
equivalent data collected in 1992 when five ocsophagcal fistulates were available
indicated that in general the results {rom the first year were similar to thosc obtained in
1992. Thus the inclusion of C3s-alkane contributions derived from analysis of the few
extrusa samples obtained in 1991 is probably preferable 1o using herbage samples and
attempting to predict diet composition on structurally compléx heterogencous

vegetation.

Initially herbage intake from each of the three vegelation types was calculated using the
ratio Ca3:Czo-alkane as described in Chapler Four. Dict digestibility was then
determined using these results and the ratio of faccal and dosed Cag-alkanc. When the
guanacos had been grazing either grassland community this approach produced realistic
intake results together with digestibility coefficicnts consistent with those obtained from
in vitro analysis of the extrusa samples. In contrast, the results for both intakc and dict
digestibility on the dwarf-shrub community were inexplicably low. On all three
occasions intake was calculated as less than 0.8 kgOM/day (summer 1991 = 0.79 +
0.063: spring 1992 = 0.75 # 0.065: summer 1992 = 0.54 + 0.043) with the
corresponding coefficients of organic matter digestibility of less than 0.30 (summer
1991 = 0.294 + 0.0794: spring 1992 = 0.185 + 0.0735: summecr 1992 = 0.174 +

0.0483).
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Subsequent inquiries revealed that even when allowances were made [or the small
amounts of degradation of long-chain alkancs that occur during the digestive process,
the percentage contribution of Cis-alkane 1o the overall alkane concentration was
significantly higher in the extrusa samples than in the facces samples from cither the
oesophageal fistulated or intact grazing animals. Thus, although the long-tcrm diet of
the fistulates was similar to that of the intact grazing animals, during the comparatively
short periods of extrusa collection they were sclecting unrcprcscmativcly high quantitics
of a plant containing high levels of Caz-alkane, i.e. Calluna vulgaris (R.W. Mayes,
unpublished data). Consequently the proportions of Calluna vulgaris recorded during
the microscopic examination of the dicts selected during cach experimental session will

be overestimations of the contribution of this specics to the guanacos’ dict.

In addition to highlighting this disparily between the Css-alkane levels, comparison of
the percentage contribution of each odd-chain alkancs between Cog-ulkane and Cas-
alkane 1o their tolal concentration revealed that the extrusa levels of C3y-alkanc would be
a more representative altemative to Casz-alkane for inclusion in the intake cquation since
the proportions matched those found in the facces samplics.  Unlike Caz-atkanc this
alkane is not found in cxtreme concentrations in any onc of the plant specics rccorded as
present on the Calluna community (R.W. Mayes, unpublished data). Thus intake on the
dwarf-shrub community was recalculated using the ratio of Ca1:C3p-alkane.  This
increased the organic malter intake by up to 0.5 kg/day (spring. 1992) and brought the
diet digestibility coefficients much closer to those cstimated using the in vitro method

and hence, these results are quoted in the results section.
The intake values are higher than those estimated for housed lama x guanaco crossbreds

(Warmington, Wilson and Barry, 1989) and free-ranging Hlamas (Farfan et al., 1986). In

general, intake was higher on the grass swards than on thc dwarf-shrub community.
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Although no difference was recorded between the intake on the sown and indigenous
grassland'during the spring session, during both summer sessions intake was higher on
the indigenous community. This is despite in vitro digestibility of the dicts sclected from
the Lolium sward being significantly higher than thosc consumecd on the Nardus
community. Similar findings for the two domesticated specics of South American
camelid have also been reportcd. For cxample, the intake of llamas under range
conditions has been found to be lower during the rainy scason (Farfan ef al., 1986) yet
diet digestibility was higher during the rainy scason than during thc dry months (Ficrro
et al., 1986). Similarly, organic matter intake of frce-ranging alpacas was found to be
greater during the dry season than the wel scason when the in virro digestibility of the

diet selected was significantly higher (Reiner et al., 1987).

The differences in herbage intake recorded on the three vegetation types did not
correspond to dilfcrences in grazing time. Indeed the total amount of time spent grazing
by the guanacos was relatively constant on all three vegelation communitics.  This
implies that the guanacos responded to the dilfercnt vegetation types by adjusting cither
the amount of material prehended in each bite and/or the proportion ol time spent
selecting the next bite. Thus differences in organic matter intake would appear 1o be the
result of changes in ingestive behaviour rather than a responsc to the nutritive propertics

of the vegetation being consumed.

The vibracorder traces created by the guanacos were different from those generated by
either the goats or the red deer. Irrespective of vegetation type aclivity rcgistered as a
fragmented line of inconsistent intensity instead of the distinct dark band which normally
indicates grazing in other species (Hodgson, 1982b). Obscrvations in the ficld suggest
that the animals were frequently distracled [rom grazing and lended to integrate this and
other behaviours rather than having well-defined grazing bouts. Conscquently further

studies would be more enlightening if jaw-recorders which captured data on a minute by
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minute basis were used in place of vibracorders. Unfortunately characteristic activities
performed by these animals are not conducive to successful cquipment opcration. For
example, during the cmreﬁt study rolling by the guanacos frequently resulied in failure
to obtain a complete vibracorder trace and/or irrcparable damage o whit was considered
a relatively robust mechanism. The diumal pattern of activity cstablished maiches
profiles recorded for llamas in southcrn France (Prud'’hon, 1991) and alpacas in

Germany (Scheibe et al., 1991).

Despite the relative homogcncirty of the cstablished sown sward, the botanical
composition of the diets sclected by the guanacos was markedly different from that of
the herbage on offer. This was primarily related o the camclids strong avoidance of
green leaf of clover and other dicotyledonous plants. This avoidance of dicotyledonous
plants extended to the forbs encountered on the Nardus community. This agrees with
previous work comparing the botanical composition of dicts sclected [rom Andean
rangeland which identified Hamas as consuming small quantitics of herbaccous plants
relative to alpacas and shcep (Plister er al, 1989). Elscwhere guanacos have been
identified as selecting forbs (Racdeke, 1980). However, during Ruedeke's (1980) study
only one particular specics unavailuble on the three vegetation communitics of the

current study was consumed in substantial quantitics.

On the Calluna community the strong and consistent avoidance of the dominant plant
species by the guanacos appears to have precipitated a swilch 1o discrimination between
dicotyledonous plant species, with selection for Vaccinium myrtillus. 1t is intcresting 1o
note that, although the guanacos exhibited an ability to sclect green Vaccinium spp. sicm
while avoiding dead stem, there was stronger selection for dead Vaccinium spp. leaf than
green leaf. This, and the selection for dead clover leal which was also reeorded, may be
“due 1o unattached dead leaves being inadvertently consumed amongst mouthfuls of

grass. Allemnatively, chemical characteristics of these plant parts which made them
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unpalatable to the guanacos when green may be reduced in dead or dying plant parts.

Another example of a change in response 10 the same plant c;iicgory on different
communities is the switch from avoidance of grass-like monocotylcdonous plants on the
Nardus grassland to strong selection for these plants on the Calluna community. Scdges
and reeds have been found to play a variable role in alpaca diets selected from rangeland
depending on scason and availability of grass (Reiner and Bryant, 1986). That grasses
were the principal food even on the dwarf-shrub community concurs with patterns of
forage consumplion among frec-ranging guanacos in their native habitat (Racdcke,

1980).

Although grazing herbivores generally avoid stem, sclection by thc guanacos for
flowerstemn and seed/flowerhead of grasses occurred on all three vegetation types. Free-
ranging alpacas have been identificd as substituting sceds for stem material during the

dry scason when forage availability is low (Bryant and Farfan, 1984).

A conlnmon pattern of avoidance of vegetative stem relative Lo the proportion in the sward
as a whole but selection relative to the sward surface was found on all three vegetation
communities. Thus, although the high proportion of grass sced/flowerhcad of grass in
the diets suggests that the guanacos were confining their sclection to the sward surface,
the proportions of vegetative stem indicate that material from the lower strata was also
consumed. That discrimination between plant catcgories was maintained cven at the base
of the sward is illustrated by avoidance of the moss encountered on both indigenous
swards. Thus there was verlical selection within a sward for particular food items in

addition to horizontal selection for patches of preferred specices.

Clearly the distribution of preferred food items within cach of the communitics will have

influenced the time spent sclecting bites. The relatively homogencous nature of the Sown
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pasture will have resulted in the avoidance of green Trifolium repens 1caf exhibited being
time-consuming.  In contrast, the preferred  specics within the Nardus-dominated
community were located together in the inter-tussock arcas. Selection of the next bite
from a particular patch would require little discrimination making a higher bite rate or
larger bites possible without compromising accuracy of sclection. Consequently the
same herbage intake could be achieved in a shorter time; or altematively if the grazing

time was kept constant as was found intake would be higher.

The species selected by the guanacos from the Calluna communily wcre also patchily
distributed, but the distances between palches were much greater and the patch size much
smaller than on the indigenous grassland. For cxmﬁplc, the Green's Index for Juncus
spp., which accounted for only per cent of the point quadrat hits, indicate that this
vegetation category was-highly clumped, ycl it was strongly sclected by the camclids
during ali three experimenfal session. Thus locating the prel’errcd plant spécics was time
consuming yet the quantity of material available was low. This could rcsult in a low bite
rate, small bite size and low herbage intake (Spalinger, Hanley and Robbins, 1988) unless
grazing time was increased to compensate. Even if the plant parts sclected had been of
high nutritional value, the high expenditure of time requires in sclective feeding
generally means that only small bodiced and small-mouthed animals with limited rumen

capacity can afford to scarch for disperse high-quality food items (Bell, 1970).

7.7 SUMMARY
1. In gencral, the guanacos cxhibited grealer discrimination between plant species than

plant parts or state (live or dead).

2 On the established sown sward the guanacos sclected graminoid specics, while avoiding

clover and other dicotyledonous plants.

3. On the indigenous grassland grazing was confined to the inter-tussock arcas, and the

dominant tussock-grass avoided. Although grass vegetative stem was generally avoided,
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grass flowerstem and grass secd/flowerhcad were sclected.

4. Calluna vulgaris was avoided by the guanacos when grazing on the dwarf-shrub
community. Graminoid species werc instead the main dictary component. Sclection for
other monocotyledonous plants also occurred, despite these minor components within

the sward having a highly clumped distribution.

5. Diet digestibility was primarily dictated by vegctation type. OMI was also influenced
strongly by vegetation type, with the intakes on the dwarf-shrub community consistently
lowest. Within-session differences in DOMI on the three vegetation types followed the
pattern of between-community differences in OMI, indicating that OMI by the guanacos

was more variable than their dict digestibility.

6. The guanacos grazed mainly during daylight hours. Their todal grazing time and bite

rate remained relatively constant irrespective of vegetation type or scason.
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Comparative grazing ecology of goats, red deer and South American camelids

8.1 DIET COMPOSITION
The Spearman's rank coefficients (Table 8.1) indicate that irrespective of vegetation type

the diets consumed by the three species of animal were similar.

8.1.1. The Lolium sward

The overall composition of the diets selected by the three species of animal from the
sown sward was similar irrespective of season or session (Table 8.1), with the correlation
coefficients calculated for the goat/deer comparisons consistently the highest and those

for the goat/camelid comparisons lowest.

The composition of the diets consumed by the goats, red deer and guanacos on the
Lolium sward on each occasion are compared in Figure 8.1. Table 8.2 summarises
between-species differences in the contribution of the various vegetalion categories 10 the
diets consumed on each occasion. During the experimental session in 1991 the diets
‘consumed by the three species were similar. The composition of the diets selected by the
goats and red deer was also similar during both sessions in 1992, However, there were a
number of significant differences between the dict of these two species and that chosen
by the guanacos. In general, on each occasion the guanaco diet contained significantly
more dead lamina, grass vegetative stem and grass flowerstem while during the spring
experimental session it also contained more grass sced/flowerhead. Trrespective of season

the camelids consumed significantly less green clover leal.

8.1.2 The Nardus community.

As was the case for the sown sward, the overall composition of the diets selected by each
species of animal from the indigenous grassland was similar (Table 8.1) on all three
occasions. However, on this type of vegetation the correlation coeflicients of the

deer/guanaco comparisons were highest.
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Vegetation |Session GvD sv(C DvC

Lolium Summer 1991 0.847 0.829 0.837
Spring 1992 0.941 0.755 0811
Summer 1992 0.871 0.790 0.818

Nardus Summer 1991 0.774 0.765 0.866
Spring 1992 0.624 0.648 0.506
Summer 1992 0.854 0.774 0.974

Calluna Summer 1991 0.872 | 0.660 0.645
Spring 1992 0.857 0.721 0.844
Summer 1992 0.893 0.844 0.857

G = goat, D = red deer and C = camelid
p < 0.01 forall

Table 8.1: Spearman's rank coc(ficients for comparisons of the
diets selected by cach specics from cach vegetation type.
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Summer 1991

Spring 1992

Summer 1992

Vegetation category Gv.D|GVv.CIDVv.C|Gv.D[GV.C[Dv.C[Gv.D|Gv.C|DVv.C
broad-leaf grasses leal  green) ns ns ns ns ns ns ns ns ns
dead ns ns ns * wE ns ns ok o
vegetative stem ns ns ns ns oE * ns * o
flowerstem ns * ns ns w* * ns ns *
sced/flowerhead ns ns ns ns wAE o ns ns ns
Trifolium lecal  green| ns ns ng ns HE ok ns * *®
dead ns ns ns ns ns ns ns ns ns
petiole ns ns ns ns ns ns ns ns ns
other dicots leal green| ns ns ns ns ns ns ns ns .
dead ns ns ns ns ns ns ns ns ns
stem ns ns ns ns ns ns ns ns ns
flower ns ns ns ns ns ns ns ns ns
moss ns ns ns ns ns ns ns ns ns

ns = not significant; * = p<0.05; ** = p<0.01; *** = p<0.001

Table 8.2: Summary of statistically significant differences in the contribution of vegetation

categories 10 the diets consumed by goats, red deer and guanacos on the Lolium sward.
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Comparative grazing ecology of goats, red deer and South American camelids

The composition of the diet consumed by each species of animal [rom the Nardus
community on each occasion is depicted in Figure 8.2. The strong sclection by all three
species of animal for broad-leaved graminoids growing in the inter-tussock areas is
clearly illustrated. The avoidance of Nardus stricta, particularly during the summer
experimental sessions highlights the increasing unpalatability of this plant as it matures.
Although all three species strongly avoided Nardus stricta during the summer
experimental sessions the goats consumed significantly less of this grass than the deer on
both occasions and less than the camelids in summer 1992 (Table 8.3). In general goats

also consumed less dead lamina of broad-leaved grasses.

Although statistically significant differences in the proportions of vegetative stem in the
diet were identified between all three species over the course of the three experimental
sessions, the only diet to contain a significantly different level of grass flowerstem and
seed/flowerhead was that of the guanacos in summer 1992. The sclection for grass-like
‘monocotyledonous plants by the goats during the spring session was also reflected in
significant diffcrences in the proportion of this catcgory in the caprine diet compared

with the diets consumed by the red decr and guanacos.

8.1.3 The Calluna community
Once again, the overall composition of the diets sclected by cach species of animal from

the vegetation available was similar (Table 8.1).

That all three species had strongly selected graminoid species is clearly illustrated in
Figure 8.3, with the contribution in each case greatest during the spring experimental
session. Although consumption of flowers of Calluna vulgaris was similar by all three
species, during both summer sessions the red deer consumed more green and dead
shoots of Calluna vulgaris than either the goats or guanacos and more wood of Calluna

vulgaris than the goats (Table 8.4). In spring, however, the only diffcrence was between
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Summer 1991 Spring 1992 Summer 1992
Vegetation category Gv.D|Gv.C|DVv.C|GVv.D|Gv.C|DVv.C|Gv.D|GVv.C|D V. C
Nardus green | *** ns ns ns ns ns ** *k ns
dead ** ns ns ns ns ns ns ns ns
broad-leaved green ns ns ns * ok ns ns ns | REE | ORE
grasses dead ns * * *k ns ns * ** ns
Festuca green ns ns ns ns ns ns ns ns ns
dead ns ns ns ns ns ns ns ns ns
Deschampsia green *kk s ns * *¥ ns * gk ns * &
dead ns ns ns ns ns ns ns ns ns
grass vegetative stem ns o * ns ns ns * ns ns
grass flowerstem ns ns ns ns ns ns ns Wk | dRk
grass seed/flowerhead ns ns ns ns ns ns ns | REE | REE
Carex green ns ns ns ns ns ns ns ns ns
dead ns ns ns ns | ns ns ns ns ns
Luzula flower ns ns ns ns ns ns ns ns ns
green ns ns ns * ok * ns ns ns ns
dead ns ns ns * % * ns ns ns ns
other monocots.  green ns ns ns ns ns ns ns ns ns
dead ns ns | ms ns ns ns ns ns ns
Galium grean ns ns ns ns ns ns ns ns ns
dead ns ns ns ns ns ns ns ns. ns
Vaccinium green ns ns ns ns ns ns ns ns ns
dead ns ns ns | ns ns ns ns ns ns
Potentilla green ns | ms ns ns ns ns ns ns ns
dead ns ns ns ns ns ns ns ns ns
Campanuia green ns ns ns ns ns ns ns | ms ns
other dicots. green ns ns ns ns ns ns ns ns ns
Moss ns ns ns ns ns ns ns ns ns

G = goat; D =red deer; C = guanaco
ns = not significant; * =p < 0.05; ** =p<0.01; ***=p<0.001

Table 8.3: Summary of statistically significant differences in the contribution of

vegetation categories to the diets consumed by goats, red deer and guanacos
on the Nardus community.
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Summer 1991 Spring 1992 Summer 1992
Vegetation category Gv.DIGv.C|Dv.C|GVv.D|Gv.C[DVv.C|Gv.D|GV. C|[Dv.C
Calluna green * ns * * ns ns ook ns Rk
dead h ns * ns ns ns *k ns *
wood * ns ns ns ns ns Rk ns ns
flower ns ns ns * * ns ns ns ns
Erica green ns ns ns ns ns ns * ns ns
dead ns ns ns ns ns ns ns ns ns
wood ns ns ns ns ns ns ns ns s
flower ns ns ns ns ns ns ns ns ns
Empetrum ns ns ns ns ns ns ns ns ns
V. myrtillus green ns ns ns ns ns ns ok ns ns
dead ® ns ns ns ns ns % * ns
flower ns ns ns ns ns ns ns ns ns
V. vitis-idaea green ns ns ns ns ns ns ns ns ns
dead ns ns ns ns ng ns ns ns ns
stem green ns ns ns ns ns ns ok ns *
dead ns ns ns ns ns ns ns ns ns
Festuca green ns ns ns * ns ns ns * *
dead ns ns ns ns ns ns ns * *
Deschmapsia green ns ns . ns ns ns ns ns ns ns
dead ns ns ns ns ns ns ns ns ns
broad-leaf green ns ns ns ** ns ns ns * ns
dead ns ns * o ns ns ns *x *
vegetative stem ns ns ns ns ns ns ns ns ns
flower stem ns ns ns ns ns ns ns ns *
seed/flowerhead ns ns ns ns ns ns ns ns ns
Juncus green ns ns ns ns ns ns ns ns ns
dead ns ns ns ns ns ns ns * ns
Carex green ns * ns * ns ns ns ns, ns
dead ns ® ns * ns ns ns ns ns
Galium green ns Aok ns *E ns ns ns ns ns
dead ns ns ns ns ns ns ns ns ns
other dicot. green ns ns ns ns ns ns ns ns ns
moss ns ns ns ns ns ns ns ns ns

G = goat; D =red decr; C = guanaco
ns = not significant; * =p <0.05; **=p<0.01; k= < (0,001

Table 8.4: Summary of statistically signilicant differcnces in the contribution of vegetation
categories to the diets consumed by goats, red deer and guanacos on the Calluna

community.
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green Calluna vulgaris shoots in the deer and goat dicts. Statistically significant
differences in the consumption of Vaccinium myrtillus, another major component of the

sward, were less consistent.

The significantly greater amounts of Carex spp. and Juncus spp. identified in the

guanaco diet are evident but not consistently significanuy different.

8.2 DIET DIGESTIBILITY

8.2.1 In vitro digestibility

The digestibility coefficients of the diets consumed by the three species of animal on
each occasion as estimated from in vitro digestibility delerminations are depicted in

Figure 8.4,

Irrespective of session or season no differences were found in the digestibilitics of the
diets consumed by the three species of animal when selecting from cither the' sown or
indigenous grassland communities (Table 8.5). Although no significant differences were
recorded for the dwarf-shrub community in summer 1991, during spring 1992 the
coefficient of digestibility of the diets selecled by the guanacos was significantly lower
than that of the dicts selected by the goats and red deer. However in summer 1992 the

digestibility of the guanaco diet was higher than that sclected by the goats.

8.2.2. Diet digestibility as determined using n-atkanes

Figure 8.5 compares the digestibility of the diets consumed by the three species of
animal oﬁ each occasions as determined using the n-alkane technique. A greater number
of significant differences were identified amohg the digestibility coefficients estimated
using the n-alkane technique (Table 8.6). However, there was no consistency between

sessions or seasons in the differences obtained.
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Goats v. Joats v. | Red deer v,
Session Vegetation | Red deer | Camelids Camelids
Summer 1991 [Lolium ns ns ns
Nardus ns ns ns
Cailuna ns ns ns
Spring 1992 Lolium ns ns ns
Nardus ns ns ns
Calluna s i ok
Summer 1992 |Lolium ns ns ns
Nardus ns ns ns
Calluna ns il ns

ns = not significant; *=p<0.05; **=p<0.01; wak = < (0.001

Table 8.5: Summary of statistical diffcrences between species in
diet digestibility, as determined using in vitro analysis.
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Goats v, Goats v. | Red deer v.
Session Vegetation | Red deer | Camelids Camelids
Summer 1991  |Lolium ns ke ke
Nardus ns ns ‘ ns
Calluna Fx ns ok
Spring 1992 Lolium ns ns ns
Nardus ok ns Rk
Calluna ** Aok ns
Summer 1992 |Lolium ns ns ns
Nardus ns *® ns
Calluna ns ns ns

ns = not significant; *=p<0.035 **=p< 0.01; == =p<0.00t
Table 8.6: Summary of statistical diffcrences between specics in

diet digestibility, as determined using the n-alkane
technique.
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The digestibility of the diet consumed by the guanacos in summer 1991 on the Lolium
sward was lower than that of the dicts of the goats and red deer, yet during both sessions
in 1992 there were no differences identificd between any of the dicts sclected. Although
no differences were recorded on the indigenous grassland in summer 1991, the
digestibility of the diet seiccled by the red deer from the Nardus community in spring
1992 was significantly lower than that of ¢ither the goat or guanaco dict, while in the
summer session of the same year the coefficient of digestibility of the guanaco diet was
significantly higher than that of the goat diet. The digestibility of the red deer diet was
significantly lower than either the goat or guanaco dicts on the dwarf-shrub community
in summer 1991. In spring 1992 the material consumed by the goals was significantly
more digestible than that sclected by either red deer or guanacos. However, during the

second summer session the digestibility of the diets of all threc species were similar.

8.3 INTAKE
8.3.1 Organic matter intake
Intakes were converted from kgOM/day 1o gOM/keLWO75 for comparisons between the

three species, and these values arc depicted in Figure 8.6.

There is no consistent pattern to the statistically significant differences in OMI per unft
metabolic weight identified between specics (Table 8.7). During summer 1991 the red
deer consumed significantly more than the guanacos on the grassland communities, and
significantly more than both the goals and guanacos on the Calluna community. In
spring 1992 no differences between species were recorded on the sown sward. However,
on the indigenous grassland the goats consumed significantly more than both the red
deer and guanacos. Their OMI was also significantly higher than that of the guanacos
on the dwarf-shrub community. In contrast, during the summer scssion later the same
year intakes of the three spccies were similar on the indigenous communities, while

significant differences were instead recorded on the sown sward; with the red deer
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Goats v. Goats v. { Red deer v.
Session Vegetation | Red deer | Camelids | Camelids
Summer 1991 |Lolium ns ns o
Nardus ns ns *
Calluna * ns o
Spring 1992 Lolium ns ns ns
Nardus HHE ok ns
Calluna ns o ns
Summer 1992 |Lolium ok ns b
Nardus ns ns ns
Calluna ns ns ns

ns = not significant; * = p < 0.05; **=p<0.01; *** =p <0.001
Table 8.7: Summary of statistical differences between species in

organic matter intake per unit metabolic weight on
different vegetation communities.
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consuming more than either the goats or guanacos.

8.3.2 Digestible organic matter intake
Again comparisons were made on a metabolic weight basis, and these are depicted in

Figure 8.7.

There was no consistent pattern to belween-species comparisons of DOMI (Table 8.8).
During summer 1991 the red deer had significantly higher DOMIs than both the goats
and guanacos when grazing on the sown sward and dwarf-shrub community. In contrast,
during the spring session the DOMI values for the three specics on the sown sward were
similar, while those of the goats were significantly higher on both indigenous
communities. However, during the summer session later the same year DOMI values for
the red deer were again significantly higher than those of the goats or guanacos on the
sown sward. The only difference recorded on the indigenous vegetation types was a

higher DOMI for the guanacos in comparison with the goats on the Nardus community.

8.4 GRAZING PATTERN

8.4.1 Total grazing time

The total grazing times of the three species of animal on each vegelation type on gach
occasion are plotted in Figure 8.8. Irrespective of season, session or vegelation type the
total time spent by the goats grazing each day was significantly less than that of either the

red deer or camelids (Table 8.9).

Of the three sessions on the sown pasture, only during summer 1992 was there a
significant difference in grazing time between the red deer and camclids; with the total
for the latter being significantly higher. On the indigenous grassland, grazing times for
these two species were similar on all occasions. In contrast, on the dwarf-shrub

community the red deer grazed signi‘ﬁcamly longer each day than the camelids during
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Goats v.

Goats v.

Red deer v.

Session Vegetation | Red deer | Camelids | Camelids
Summer 1991 |Lolium * * ok
Nardus ns ns ns
Calluna * ns ok
Spring 1992 Lolium ns ns ns
Nardus ook ok ns
Calluna * * ns
Summer 1992 |Lolium wEH ns ok
Nardus ns * ns
Calluna ns ns ns

ns = not significant; *=p < 0.05; **=p<0.01; ***=p< 0.001

Table 8.8: Summary of statistical differences belween species in
digestible organic matter intake per unit metabolic
weight on different vegetation communities.
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Goats v. Goatsv. | Red deerv.
Session Vegetation | Red deer Camelids | Camelids
Summer 1991 |Lolium ek ek ns
Nardus ook ok ns
Calluna wek ® *
Spring 1992 Lolium ke ok e ns
Nardus Hcw Hokw ns
Calluna ook ok ns
Summer 1992 |Lolium HEE kol Hok
Nardus ok ok ns
Cﬂ”una 4k 3O K £

ns = not significant; * =p < 0.05;

= = p < 0.01; = =p<0.001]

Table 8.9: Summary of statistical differcnces between specics in
total grazing time on different vegetation communities.
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both summer $essions.

8.4.2 Bite rates
The bite rates recorded for each species on each vegetation type are plotied in Figure

8.9.

During summer 1991 and spring 1992 the bite rates of the three specics of animal were
similar, irrespective of vegetation type (Table 8.10). Likewise, no significant differences
were identified between the bite rates of the three species on either the Nardus or Calluna
communities in summer 1992, However, on the sown sward the bite ratc of thé camelids

was significantly higher than that of cither the goats or red deer.

8.5 DISCUSSION

The number of plot effects and plot x session inlcractions identified when statistically
analysing the results for the composition of the goals’ dict (Chapter Five) indicate that
this species exhibited greater variability both between and within individual animals in
the diets selected than either the red deer (Chapter Six) or South Amcrican camelids
(Chapter Seven).. By repeated sampling of the environment an animal accumulates
. information regarding the spatial and temporal variance in food availability (Stephens,
1987). This will be of more benefit to animals of small body size, such as goats, which
are unable to compensale for consumption of dicts of lower nutritional value by
increasing transit time (Demment and Greenwood, 1988) and must instead rely on
selection of high quality items {rom the range available. In a heterogencous
environment this will lead to frequent changes in dict composition to exploit variations in
digestibility of plant species at different stages of maturity or the appearance of

ephemeral plant species.

The relatively homogeneous sown sward offered comparatively litile opportunity for
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Goats v. Goatsv. | Red deer v.
Session Vegetation | Red deer | Camelids | Camelids
Summer 1991  [L.olium ns ns : ns
Nardus ns nsg ns
Calluna ns ns ns
Spring 1552 Lolium ns ns ns
Nardus ns ns ns
Calluna ns ns ns
Summer 1992 |Lolium ns ek Hok
Nardus ns ns ns
Calluna ns ns ns

ns = not significant; * =p < 0.05; **=p<0.0l; ***=p<0.001

Table 8.10: Summary of statistical differences between species in
bite rates on differcnt vegetation communities.
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selective grazing yet all three species of animal consumed material from the various
vegetation categories in different proportions o those present in the sward. Although
green grass lamina was the main dietary'componem for all thrce species on each
occasion, inter-specific differences in the contribution of minor sward components,
including Tr"z:folium repens, to each diet were identified. These diffcrences suggest niche
separation (Gordon and lllius, 1989) belween the specics which could potcntially be

exploited to increase the productivity of grazing systcms, ¢ven on sown swards.

Previous work has found evidence of an increase in clover content of pasture grazed by
goats (Radcliffe and Francis, 1988), and associated gains for sheep {McGregor, 1985;
Radcliffe, Townsend and Baird, 1991). As clover consumption during the current study
was similar for goats and red dcer, the implication is that red deer too could have a
beneficial role in management of sown swards for shecp production. Howéver, the most
dramatic effect could be achieved by prior grazing by camelids. Whercas the goats and
red deer were found to have selected green clover leaf, the camelids consistently avoided
this vegetation category. Accounting for this difference between the species in their
response' to clover is difficult.  Factors previously identificd as influencing the
consumption of this plant, such as its vertical distribution within the sward (Milne et al,
1982) or the clover content of the sward previously grazed (Ncwman, Parsons and
harvey, 1992) can be disregarded in this contexl. The quantities of grass vegetative stem
and flowerstem in the camelid dicts indicate that like the goals and rcd deer they were
consuming material from all strata of the sward; and all three spcci_cs had grazed together
during the 'run-in' period. Instead the avoidance of clover leafl and other dicotyledonous
plant species (Chapter Seven) may be a responsc to the sccondary chemicals that are
employed by piants as defences against herbivory and appear to bc beuer developed in
dicotyledons than in graminoids (Malechek, Balph and Provenza, 1986). As yet there
has been no comparison with conventional runﬁnanls of the susceptibility of South

American camelids to plant secondary compounds. In light of the results of this study
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this is an important topic for further research.

Camelid grazing could also have a beneficial cffect on the grass specics within a
grassflegume sward as the increased consumption of dead lamina and flowerstem will
encourage tillering and vegetative growth (Penning et al.,, 1991). In contrast persistent
avoidance of dicotyledonous plants perceived as weeds has been noted as resulting in
what would generally be regarded as a detrimental increase in the levels of such species

in the sward (M.D. Fraser, pers. obs.).

While the correlation coefficients between the goat and red deer diets were highest on the
sown sward, on the indigenous grassland the dicts of the red deer and guanacos wcre
most similar. Indeed during the spring experimental session no significant differences in
the proportions of the respective diets accounted for by any of the twenty-six vegetation

categories were identified.

Considering the quantity of inter-tussock herbage on offer and the preferences of cattle
and sheep on similar vegetation (Grant et al., 1985, Grant and Hodgson, 1986),
avoidance of the Nardus stricta tussocks by all three speeics of animal was predictable.
The palatability of this species would be lowest during the summer sessions when
characteristic bristle-like hairs are present on mature leaves, and during lhese
experimental periods the goats were more fastidious in their avoidance of this species
than either the red deer or camelids. This, together with the: goats relatively lower
consumption of dead lamina of the main dictary component, Broad-leaved grasses,
suggests that they were more adept at sclecting desired plant species and/or plant parts
from the array available then the other two specics. This ability of the goats to
demonstrate a greater degree of discrimination will also have contributed to the increased
variability in dictary composition of this species noted previously, particularly on the

heterogencous communities.  The goats could be anticipatcd as cxhibiting more
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selectivity than the red deer, since red decr have comparatively broﬁd mouths more akin
to cattle. In comparison, on the evidence of mouth characteristics alone the camelids
would be expected to be equally discriminating as goats. Both goats and guanacos have
relatively narrow incisor arcades allowing discrete food items to bc prehended and
ingested (Grant et al., 1985; Iiius and Gordon, 1987, Gordon and Niius 1988). Instead
it would appear that by virtue of their greater body size thc cameclids like the red deer
could afford to be more tolerant than the goats of poorer quality items (Illius and
Gordon, 1991). However, the difference in selectivity between the goats and the two
larger species was not reflected in the estimates of diet digestibility, presumab{y as a
result of the relative abundance of preferred sward components such as green lamina of
graminoid species. In situations where the animals are restricted by overall herbage
biomass in general, and the availability of preferred sward components in particular, the

differences in selectivity are more likely to translate to diffcrences in dict di gestibility.

On the indigenous grassland community a significantly higher proportion of flowerstem
and sced/flowerhead was recorded in a dict sclected by the camclids. Previously higher
proportions of seedhead have been identificd as a characteristic of goat diets and
complementary grazing with catile and shecep investigated (Russel, 1989). However,
although the diets of sheep and cattle containcd more green leal and less secedhead when
grazed with goats than when grazed on their own the effects were not sufficiently large or
consistent to be reflected in increases in animal production. As yel no similar studies
implementing sequential rather than complementary grazing systems have been carried
out, yet the potential of goats or camelids to improve under-grazed swards for catle or
sheep is worthy of assessment. Certainly sward conditions, such as tall stemmy plants,
high density of inflorescences, and presence of senescent material have been found to
prevent cows from taking large bites with the result that forage intakc was reduced

(Stobbs, 1973).
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In contrast, without careful management red decer may have an opposite effect on
pasture. This species has been reporied as grazing less intensively than domestic stock
(Kay and Staines, 1981). This could reduce the possibility of destructive overgrazing,
but with respect to the annual vegetation cycle may allow carlier maturation of the

grasses and consequently lower sward digestibilily.

There were no differences similar to those identified on the sown sward in the
consumption of dicotyledonous plants by the camelids in comparison with either the
goats or red deer were not cvident on the Nardus sward. However, the contribution of
dicotyledonous plants to the Nardus community was so small that, although the goats and
red deer consumed this category in similar proportions to that available in the sward, the

amounts in the diets were negligible.

In general the same plant species were sclecied by all three species of animal frbm the
Calluna community, and these correspond to thosc previously recorded as preferred by
cattle and sheep '(Grant et al., 1987). While the sward stack-graphs indicate that the
composition of the Calluna community was consistenl between sessions, there were
indications of a seasonal change in the composition of the diets selected by all three
species, with in general grasses and Vaccinium spp accounting for a greater proportion of
the material consumed in spring. This is in keeping with other studies 6f domestic and
semi-domestic herbivores on Callunetum which have identificd a seasonal shifi in
utilisation of heather in response to changes in grass quality. Both goats (Bullock, 1985)
and red deer (Colquhoun, 1971) have been shown to exhibit similar scasonal variations
in diet to those reported for hill sheep (Grant et al., 1976) with grasscs and sedges the
main dietary components in summer and increased use of cricaceous shrubs occurring in
winter. Further studies investigaling grazing behaviour of shecp on heather and
associated arcas of sown grass or Agrostis/Festuca have shown that amount of grass

(height (cm) and weight (kg DM/ha)} is a major determinant of the utilisation of heather
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(Grant and Hodgson, 1986).

Irrespective of season, consumption of the flowers of Calluna v;tlgaris was similar _for all
three species. During the spring experimental scssion the contribution of other
morphological units of Calluna vulgaris 10 the dicts of cach species of animal was also
comparatively similar with only a difference between the levels of green shoots in the red
deer and goat diets identified. In contrast during the summer sessions ,when heather is
growing and most nutritious, the red deer diet contained significantly more Calluna
vulgaris shoots, both live and dcad, than cither the goat or camelid diet; and aléo more
wood than the goat diet. Thus not only was Calluna vulgaris making a greater
contribution to the red deer dict per se, they were utilising more of the plant and grazing
deeper into the heather canopy, although in general still avoiding this plant relative to its
contribution to the sward profile. This agrees with observations that red deer took more
- of the whole heather plant than sheep (Hobson er al, 1976) and corrcsponds 1o resulls
for cattle on similar vegetation (Grant et al., 1987). Thus deer like catlle would be
expected to have a greater impacl on individuat Calluna vulgaris ptants than sheep, goats
or camelids. This increased utilisation of heather will help maintain the stand in a more
juvenile condition (Grant et al., 1978), and could be used to prolong thc useful period
after burning, and increase the time interval between burnings.  However, by removing
more of the shoot length they increase the risk of shoot death and the incidence of

broken or uprooted shoots.

While the response of the goats and guanacos 1o the Calluna community was similar
during the current study, differences in selectivily cxhibiled by these two species implies
their responses to this type of dwarf-shrub community would be different were the
availability of the preferred graminoid species to be reduced. The catholic nature of the
goats' feeding habits during this study, together with results from previous work on this

type of vegetation community (Bullock, 1985; Gordon, 1989b; Gordon, 1989¢) indicates
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that this species would be willing to increase its consumption of Calluna vulgaris. In
contrast, the general avoidance by the guanacos of dicotylcdonous plants, and their
relatively high consumption of dead material, suggest that they would consume a diet of
even lower digestibility and/or reduce their intake further to avoid cating Calluna

vulgaris.

Selective behaviour (Squibb, Provenza and Balph, 1990) and forage intake (Hodgson
and Jamieson, 1981) have been shown to be influcnced by previous exposure to a diet.
While the red deer had spent a large portion of their life prior to this study on
Callunetum, neither the goats nor camelids had grazed this type of sward before.
Although as much time as possible was allocated for adjustment o cach vegelation
community, differences in selectivily depending on previous expericnce of a particular
pasture have been identificd among shcep (Arnold et al., 1964) and slecers (C;irulln,
Lascano and Ward, 1991) which suggest an adaption period of several weeks or cven

months may be required.

For all threc species of animal estimates of dicl digestibility derived from in vitro
determinations were consisiently higher on the Lolium sward than on cither of the
indigenous communitics. This agrees with previous work studying cattle and sheep on
similar pastures (Hodgson et al., 1991), who concluded that variations in the digestibility
of ingested herbage were reflected in variations in herbage intake within and between the
grassy communities. An exception was lower intakes on the ryegrass sward than on the
hill grass community despite the gencrally higher digestibility of herbage caien from the
ryegrass sward. These results were repeated by the goats and camelids during the present
study on similar vegetation communities. Accounting for these differences is not
straightforward (Chapters Five and Seven). One factor involvcd. may have been the
length of the ryegrass pasture. The height of the Lotium sward during the current study

ranged from 9.5cm to 20cm, and Pcnning et al. (1991) found cvidence that tatl swards,
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i.e. those greater than 9cm, deteriorated in structure, Similarly, it has been suggested that
when plant availability is not limiting intake rate will be a function of the ratc at which
the herbivore can process and swallow food (Spalinger, Hanley and Robbins. 1988) and
as a sward becomes taller more jaw movements are associated with chewing (Laca et al.,

1992).

During both summer sessions the diets selected by all three species from the indigenous
grassland were significantly more digestible than those consumed on the dwarf-shrub
communily; again in keeping with results for cattle and sheep (Hodgson et al., 1991).
However, for the goats and red dcer digeélibililics of the dicts selccted from these two
vegetation types were similar during the spring cxperimental session. In each case this
was related to a significant increase in the digestibility of the diet on the Calluna sward in

spring relative to either summer session on the same community.

When the oesophageal fistulated animals were sclecting [rom the sown and indigenous
grassiands, the digestibility of the dicls consumed by the three species of animal was
similar irrespective of season or session. In contrast, differences were identified on the
dwarf-shrub community, although these highlight variability in the camelid diet relative
to the other two species rather than a consistent trend. Due to the relative rarity of the
Juncus spp. and Carex spp. being selected by the camelids the composition and
digestibility of extrusa samples collected by these animals over the comparatively short
sampling period varied. This is reflected in the greater standard crrors for the
digestibility of the diets selected from the dwarf-shrub community by these animals and

will have contributed to the between-species differences identified.
The results of the statistical analysis of the in vitro digestibility determinations do not

correspond to differences in digestibility identified using the n-alkane method. These

disparities cannot be attributed to a particular session or community. For example, using
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the n-alkane technique differences were found during the summer 1991 session on the
sown sward and both sessions in 1992 on the indigcnous grassland. Likewise significant
differences identified during the summer session on the Calluna community conflict with
those obtained from in vitro analysis. Given the circumstances under which the data was
collected it is only possible to speculale on the reasons for thesc differences but a
number of potential sources of bias can be identified. For example, rumen liquor donors
of the same species as the study animals were not available and consequently sheep
inoculum was used. These were maintained on a diet which was dilferent (good quality
hay) to the plant matcrial being assessed and this could also have influcnced the
digestibility estimates derived (Huston et al., 1986), particularly in the case of samples
containing browse (Nastis and Malechek, 1988). Likewisc, the Tilley and Terry (1963)
in vitro procedure does not take into account varialions in rumen rctention time between .
different forages consumed by the same species or among animal species.  Clearly
conventional digestibility trials are urgently required to compare the in vitro and n-
alkane methods of estimating diet digestibility with in vivo digéstibility for a range of

forages.

Since the n-alkane results were derived from the intact core grazing animals comparisons
involve results from different animals. Thus differences in diet composition could be
responsible for differences in diet digestibility. However, comparison of the odd long-
chain alkanes Coyg to Cas in the facces samples ol the grazers zmd ocsophageal fistulated
animals of cach species revealed no consistent diffcrences suggesting the long-term dicts
consumed were broadly similar. This concurs wilh observations which suggest diets
selected by fistulated and non-fistulated animals are similar (Forbes and Beattie, 1987).
Likewise comparisons of the alkane profiles of facces sampies. collected from the
oesophageal fistulated animals and the extrusa samples indicated that with the exception
of the material collected by the camelids during sampling sessions on the Calluna

community (see Chapter Seven) the composition of extrusa samplcs was likely to be
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representative of the long-term diet. However, such comparisons rely on components
within the sward having sufficiently individual alkane profiles to ecnsure that if the
proportions of a plant species and/or plant part significantly dilfcrent between samples
then this is reflected in the overall alkane profile changing. While Trifolium spp. (Dove,
1992) and Calluna vulgaris (R.W. Mayes, pers. com.) have becen shown o have
characteristically different profiles from graminoids, discrimination between grass species

or morphological units of a given plant is more difficult (R.W. Maycs, pers. com).

Examination of oesophaéeal extrusa has been identified as the most accurate of the
methods currently available for detcrmining the dicts of free-roaming herbivores
(Mclnnis, Vavra and Krueger, 1983). However, extrusa samples only reflect the animals'
response 1o the limited amount of experimental vegetation they encounter during a
particular collection period. When fistulated animals arc selecting from a hcierogeneous,
structurally complex sward the likelihood of this vegetation and the associated foraging
opportunities being similar for cach animal or for a given animal of diffcrent occasions
is minimal, even if the animals have been given adequate oppornity o become familiar
with the measurement arca. The only way of overcoming this problem would be to
collect samples over a longer period of time. However, with the conventional system of
fistula creation and maintenance (Cook et al., 1963) prolonged plug removal is not
feasible. In an attempt to overcome these limitations the possibility of incorporating a
radio-controlled valve has been recently investigated (Raats and Clarke, 1992). Such a
system could lead to extrusa samples being made up of boluses collected at regular
intervals during the course of a wholc day rather consisting of all the material consumed
during one thirty minute grazing bout. It would also be advantageous if animals which

are reluctant to sample, such as camelids, are being studicd.

During grazing trials on similar vegetation types it was found that sheep tend to maintain

diet digestibility at the expense of ratc of intake, whereas cattie tended to maintain raie of
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intake at the expense of digestibility (Armstrong and Hodgson, 1986). In the case of the
current research project there was no obvious relationship between the differences in dict
digestibility between species identified by either method and the differences in intake
between the three species Estimates of herbage intake for grazing animals are highly
variable, but those considered most valid in the review of Cordova, Wallace and Pieper
(1978) show a range from 1% to 2.8% of body weight per day. This cdmparcs with
1.3% 1o 4.6% for the goats; 1.3% to 2.4% for the red deer {excluding Lolium summer

1992 - Chapter Six); and 0.8% 10 2.5% for the camelids.

Sudies reviewed by Louca, Antoniou and Hatzipanayioutou (1982) and more rccent
work by Domingue, Dellow and Barry (1991b) conclude that, although dry matter intake
(g/kgLW0-75) for goats tends to be higher than for sheep it is always lower than for catlle.
Since intakes of red deer have been found to be significantly higher than those of sheep
irrespective of season (Milne et al., 1978) higher intakes for the red deer rclative to the
goats during the current study are feasible. In contrast, lower intakes on a metabolic
weight basis have been reported for South American camclids in comparison with sheep
(San Martin and Bryant, 1989) suggcesting intakes for both the goats and red deer could
be expecled to be higher than those for the guanacos. Conscquently differences between
the intakes of the red deer and guanacos could be anticipated. Although a number of
significant differences were identified between species these were not consistent and there
was there no clear patlern to interactions with vegetation type or scason. Indeed, since
the summer 1991 results for the camelids must be treated with caution as a result of the
reliance on extrusa samples from only one ocsophageal fistlate, the only highly
significant differences are associated with an extraordinarily high intake figure for one
of the species (goats on Nardus in spring 1992 and red deer on Lolium in summer 1992)
it would appear to be more appropriate (o stress the similarity of the results. This
similarity seems largely due to the camelid intakes being higher than those previously

recorded (Farfan et al., 1986; San Martin and Bryant, 1989). The high organic matter
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intakes of the goats on the Nardus community in spring 1992 and red decr on the
Lolium sward in summer 1992 have also clearly influenced the between-species

differences in DOMI recorded on thesc occasions,

Irrespective of vegetation type or session, the total time spent grazing by the goats was
significantly less than that of the red decr or guanacos. In contrast, diffcrences in
grazing time between cattle and sheep on similar vegetation types to those grazed during
this study were not significant (Hodgson et al, 1991). While the times spent grazing per
day by the red deer and guanacos are similar to those recorded for the cautle and sheep,
the grazing times for the goats are substantially lower. That grazing times for each of the
three species were relatively insensitive to vegelation type during the current study agrees

with equivalent findings for caitle and sheep (Hodgson ez al, 1991).

The kappa coefficients which were calculated (Chapters Five, Six and Scven) indicate that
*all three species of animal exhibited synchronised grazing activity. Although this
synchronisation is associated with reduced predation, the resulting competition for
availability of forage amoné members of a group could reduce the opportunity for
selective feeding. -Vegeta.tion type did not have a consistent cffect on the synchronisation
of any of the three species of animal. Of the three species studied the camelids had the
highest kappa coefficients for grazing and total activity. These were generated from
distinctive vibracorder traces (Chapter Seven) which implied the animals had grazed
almost continuously during daylight hours. Had the coclficients been calculated from
jaw-recorder data summarised on a minute by minule basis the resulls may have been
markedly different. The kappa coefficients of grazing and total aclivity for the goats are
lower than those for the guanacos and broadly similar to values gencrated for sheep
(Rook and Penning, 1991). The lowest .coel’ﬁciems recorded were for the red deer and

these will have been influenced by their grazing during both day and night.
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With the exception of the higher bite rate of the camelids on Lolium in summer 1992, no
significant differences were recorded between the bite rates of the three species.  In
contrast within-species differences were identified. In the case of the goats and guanacos
these would be expected to account for the diffcrences in intake on different vegetation
types since grazing time was generally similar on each occasion. For example, the
selection by the guanacos of the highly clumped Juncus sbp. (Chapter Four) on the
Calluna community would be expected to correspond to an increase in search time and
decrease in bite rate. That such differcnces were not recorded may be largely due to
observational error during data collection. Particularly on the indigenous communitics
the mouthparts of the grazing animals were obscured by the abundant vegetation. The
topography of the experimental ﬁreas also hindered visibility. As a result records were
made of head jerks which were presumed to accompany bites but which may have bcen
associated with manipulative jaw movements during sclective feeding. I jaw recorders
(Penning, 1983; Penning, Steel and Johnson, 1984) could be adapted 10 cope with the
treatment they would receive [rom scmi-domesticated animals insensitive to equipment
fragility a more detailed interpretation of the entirc grazing process would be possible.
Only then will it be clear whether the perceived dilferences in vegetation breakdown
during chewing were related to‘ between-species differences in chewing or rumination

patterns.

When the potential sources of error in the bite rate results were considered, it became
apparent that it was inappropriate to use this data to derive additional information such as
bite mass. Considering the array of studics which include this type of information, it
would appear that a valuable opportunity for comparisons with data which has influenced
the current understanding of the foraging strategy of hcrbivores has therefore been
missed. However, the limited applicability of results generated during short-term studies
would have had to be taken inio account. Thus, cven if accurale estimates of bite mass

could be calculated for the goats, red deer and guanacos, opportunitics for comparisons
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with equivalent data for other frec-roaming animal specics would have been limited.

Despite the acknowledged problems of extrapolating data collected from short-term
studies, as yet there has been no atiempt 1o apply thc approaches and techniques
developed to more realistic conditions. While the use of artificial swards has providéd an
illuminating perspective on the underlying mechanistic processes involved in
plant/animal interactions (Laca, Ungar and Dcmment, 1994; Parson er al., 1994), more
data from detailed studies is now required to counteract the increasingly reductionist
approach of recent times. With recent devclopments in data-recording equipment
incorporating advances in electronic and computer lechnology (Roberts, Williams and
Last, 1993) to produce comparatively light-weight devices which would require litle
modification for use on long-term studies on free-roaming animals, the opportunities for

detailed research on truly heterogencous vegetation are multiplying.

- Even within the context of the current projcct numerous avenues for lurther research can
be identificd. As the current study was a basclinc experiment an obvious approach for
follow-up work would be to investigate how cach species alters its dicl composition
and/or ingestive behaviour to accommodate reductions in the availability of preferred
plant species and plant parts. In particular, more information is requircd on the effects
of reducing inter-tussock herbage availability and graminoid availability on the
consumption of Nardus stricta and Calluna vulgaris respectively,  Without this
information it is impossible to accurately predict how each animal species will respond to
the changes in vegetation composition and canopy structure brought about by prolonged
grazing, or, conversely, the long-term effects of grazing on the vegetation community.
Alternatively biomass and overall composition could be kept constant and combinations
of different horizontal and vertical distributions of sward components used to investigate

the trade-off between maintaining intake and seleclive feeding.
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Another area requiring clarification is how the grazing ecology of these species would be
affected by co-species grazing. Thus, while a varicty of differences in dict composition
which could be exploited in sequential grazing systems have been identified, the question
of complementary grazing systems must also be addressed, since resource managers are
likely to be interested in mixed species grazing, especially on indigenous communities.
In particular, information will be required on if, and how, these animals modify their diet
composition and ingestive behaviour when grazing alongside traditional livestock

species.

8.6 SUMMARY

1. All three animal species studies are selective feeders. In comparison with the red deer
and guanacos, the composition of the goals' dict was very variable, indicating a flexible
feeding habit. In contrast, a feature of the diet composition of the red deer was

consistency.

2. Guanacos are principally grazers, whereas goats and red deer are intermediate feeders,

consuming browse as well as grass.

3. All three species exhibited greater sclectivity when grazing on the indigenous
communitics than when grazing on the sown sward. However, cven on the comparatively
homogeneous Lolium sward there were significant between-specics differences in diet
composition. These were primarily rclated to the guanacos avoidance of clover and
other dicotylledonous plants encountered within the sward. In contrast, the goats and red

deer consumed green leaf from all plant categorics found at or near the sward surface.

4. On the Nardus grassland all three species avoided the dominant luséock—grass and
instead selected from the species-rich inter-tussock arcas. This resulted in green lamina
of broad-leaved grasses being the main dietary component for all threc animal specics
irrespective of season. Between-species differences in minor components worthy of note

included an increased contribution of non-grass monocotylcdonous plants to the goat

" diet in spring, and a hlghcr proportion of the camelid diet being accounted for by grass

flowerstem and grass seed/flowerhead in summer.

5. The response of the three species of animal to the dwarf-shrub community was also

. broadly similar. In general all had avoided Calluna vulgaris and strongly selected
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graminoid species. Consumption of this lalter plant group was greaicst in spring, then
deceased slightly in summer when grass digestibility is reduced and Calluna vulgaris is at
its most digestible. Although the contribution of Mowers ol"- Calluna vulgaris 1o the diets
of the three animal species was similar, examples of incrcased consumption of green

shoots, dead shoots and wood of Calluna vulgaris by the red decr were identificd.

6. The differences in selectivity identified could be potentially exploited 1o manipulate

the species composition and/or canopy structure of the vegetation resource being grazed.

7. In general diet digestibility was higher on the sown sward than on the indigenous
communities, and higher on the indigenous grassland than on the dwarf-shrub
community. Despite the differences in sclectivity identificd therc wcre no consisient
pattemns to between-species differences for digestibility coelficients estimated by either

the in virro method or n-alkane technigue.

8. When expressed on a metabolic weight basis there was no consistent pattern 10 the
statistically significant differences in OMI identified between specics. Both differences in
OMI and diet digestibility contributed to ‘between-species  differences in DOMI
identified.

9. While the goats and guanacos conlined their grazing mainly to daylight hours, the red
deer grazed during both day and night. Irrespective of season, session or vegetation type
the total time spent by the goats grazing each day was significanty lower than that of
either the red deer or guanacos. However, bite rates for the three species were generally

similar.

10. This study has succeeded in generating data which will provide a scicntific basis for
the uptake of goats, red deer and South American camelids, and dcmonstrated that
careful consideration must be given to the possibility of using novel species for the
implementation of management regimes on a range of vegetation communities of
agricultural or conservation importance in the UK. In addition this project has
pinpointed areas should be given priority when considering further rescarch with these

species.
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