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ABSTRACT

In this thesis, I study the feeding ecology and distribution of the guanaco (Lama
guanicoe) and the domesticated sheep in the arid-lands of the Argentine Patagonia.
First, I review the animal and environmental factors influencing herbivore foraging
behaviour. Second, I concentrate on the association between guanaco and sheep
densities in relation to food availability. I conducted replicated ground surveys of
guanaco and sheep numbers in nine different sites, during two austral summers and one
spring. Also, I conducted vegetation surveys and collected faeces to assess diet
composition. I found that guanacos are not “browsers” and sheep are not “grazers” but
both are “intermediate” feeders in terms of their foraging strategy. Guanacos and sheep
have similar diets and show similar patterns of plant species selection. Food niche
overlap between guanacos and sheep increased from spring to summer, as forage plants
became scarcer in the environment, suggesting a potential for interspecific competition.
The distribution of guanacos across sites was inversely related to the availability of the
most important plant species in the diet of both guanacos and sheep. In contrast, I found
a positive association between sheep densities and the availability of key plant species
in the diet. Sheep densities were up to an order of magnitude higher than guanaco
densities in sites where both species live sympatrically. Sheep densities accounted for
most of the spatial variation in guanaco densities. Furthermore, within-site variation
between seasons in guanaco densities were negatively related to changes in sheep
densities. Since both herbivores selected a similar diet, the negative correlation between
guanacos and sheep cannot be the result of fundamental differences in preferred food
resources. These results suggest that interspecific competition may be occurring, and
may have played a role in the marked decline of guanaco population during the last 100

years since the introduction of domestic sheep.
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Chapter 1. GENERAL INTRODUCTION

1.1  INTRODUCTION

The distribution of ungulates is the result of interacting animal and
environmental factors (Jarman 1974, Gordon 1989b, 1989¢, 1997). Body size, (Bell
1969, 1970, Jarman 1974, Demment and Van Soest 1985), mouth structure (Gordon and
Ilius 1988, Janis and Erhardt 1988), gut morphology and function (Hofmann 1973,
1989), sex and reproductive state (Clutton-Brock and Harvey 1983, Osborne 1984),
have all been subject of research on the factors influencing foraging behaviour. These
animal factors interacting with environmental (i.e. non-animal) factors, like spatial and
temporal heterogeneity in food availability, affect resource use by ungulates and
therefore their distribution in the environment (Jarman 1974, Owen-Smith 1982, White
1983, McNaughton 1983, Gordon 1989a, 1989b, Owen-Smith 1992, Murray and Brown
1993). In addition, competition and coexistence with other herbivores and predation
have all been claimed to be important in shaping ungulate distribution and abundance
(Sinclair 1979, 1985, Belovsky 1986, Putman 1996).

In this thesis, my principal aim is to investigate the factors affecting the
distribution of guanacos (Lama guanicoe Miiller, Camelidae, Tylopoda) in Patagonia,
southern Argentina, and in particular their interaction with the domestic sheep (Qvis
aries L., Bovidae, Ruminantia) in relation to forage resources. In this chapter, I will set
the context for the study by reviewing the animal factors influencing the foraging
ecology of ruminants, particularly the morphology of the digestive system and the role

of body size and incisor arcade breadth (IAB) in relation to different feeding strategies.
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caapier 1

Also, I will review the environmental factors influencing ungulate distribution. In
particular, I will concentrate on the variation of food resources in space and time, in
terms of forage availability. I will associate this variation in the environment with
resource utilisation in ungulates, reviewing some examples in different ecosystems.
Next, I will look at the role that interspecific interactions, in particular competition, may
play in structuring ungulate communities and how this subject was approached from
different studies. Finally in the last section of this chapter, I will provide the framework
for assessing the role of competition between guanacos and the other large herbivore

sharing their range, the domestic sheep.

1.2 ANIMAL FACTORS

It has been argued that the most important difference separating species of
ruminants is their adaptation to consume different diets (Hofmann 1973, 1989). In their
classification of African ruminants, Hofmann and Stewart (1972) described three
different feeding strategies: (1) bulk and roughage feeders or “grazers” (diet of
primarily monocotyledoneous, grasses and graminoid plants), (2) concentrate selectors
or “browsers” (diet of dicotyledoneous, woody and herbaceous plants) and (3)
intermediate feeders, which include a mixture of monocots and dicots in their diets
(Table 1.1). These adaptations can be related to differences in the properties of the
foliage of monocotyledoneous (monocots) and dicotyledoneous plants (dicots). It is
known that dicotyledoneous plants have higher levels of cell solubles and crude protein
but lower levels of holocelullose than grasses (Demment and Van Soest 1985, Owen-

Smith 1997). Consequently, dicots have higher levels of rapidly fermenting soluble

17



Table 1.1: Summary of morphologic adaptations in the digestive system of ruminants to different diets
and their associated functions, as proposed by Hofmann (1973, 1989). SCFA: short-chain fatty acids.

BULK/ROUGHAGE EATERS
(Grazers)

CONCENTRATE SELECTORS
(Browsers)

INTERMEDIATE
FEEDERS

Stomach structure

(1) large, dorsally attached
ruminureticulum

(2) narrow ostium intraruminale
(3) small ostium

(4) large omasum

(5) small reticulum

(6) uneven rumen papillation, with
unpapillated zones

Associated functions

(1): maximise food retention time
and cellulolytic fermentation

(2) and (3): slow passage of ingesta
within the stomach.

(1) and (5): slow contractions
allowing stratification of rumen
contents

(4): water absorption

(6): slow absorption of SCFA

Hindgut structure

(1) small intestine represents 80-
82% of the hindgut length

(2) short spiral colon

Associated functions

nutrient absorption

Examples

African ruminants
Oryx, Topi, Wildebeest, African
buffalo, Waterbuck

European ruminants
Mouflon, Cattle, Sheep

(1) small, dorsally unattached
ruminureticulum

(2) wide ostium intraruminale

(3) large ostium

(4) small omasum

(5) large reticulum

(6) even, dense rumen papillation

(1): minimise food retention time
and maximise cell content
fermentation.

(2) and (3): rapid passage of ingesta
within the stomach.

(1) and (5): fast and complete
contractions and fast turnover of
ingesta

(4): prevents unchewed leaves to

enter to the abomasum.
(6) fast absorption of SCFA

(1) small intestine represents 65-
73% of the hindgut length
(2) long spiral colon

delay food passage
continuing fermentation and
absorption

Dikdik, Duiker, Kudu, Giraffe

Roe deer, Moose

18

Structure resembles those of
browsers (simple type),
although capacity is variable
across the group, with some
structures of “medium size”

seasonal, partial
calcification of the rumen
papilla

seasonal changes in the
mucosa surface

seasonal adaptations to
changes in the diet in terms
of proportions of monocots
and dicots available

Similar to browsers

Similar to browsers

Impala, Thomson gazelle,
Eland antelope

Reindeer, Red deer, Goat,
Ibex
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components than grasses. However, because of their higher lignin contents in the cell -
wall, the absolute digestibility of browse tends to be lower than grasses (White and
Trudell 1980). Therefore, browsers are thought to have a digestive system adapted for
the rapid excretion of highly lignified parts of the cell wall of dicots. Whereas, grazers
have adaptations in the rumen to slow down the passage of plant material and to
increase the extent of digestion of the less lignified cell wall component of monocots
(Hofmann 1973, 1989).

Hofmann (1973) hypothesised that anatomical adaptations of the alimentary tract
were related to feeding habits, showing that grazers have larger, less subdivided and
more muscular stomach than browsers. He argued that this was an effective strategy for
using the large amount of digestible cell wall in grasses (Table 1.1). Even though there
is a tendency for small species to be browsers and large species to be grazers (Jarman
1974, Case 1979), Hofmann (1989) stressed the importance of digestive adaptations as
the dominant factor affecting feeding habits, independently of body size.

An alternative hypothesis to account for the diversity of ungulate feeding
strategies was proposed by Jarman (1974), based on earlier work by Bell (1969, 1970).
In a classic study of the ecology of the 74 species of African antelope (African
Bovidae), Jarman described five feeding categories based on the dispersion and
availability of forage species, monocotyedoneous and dicotyledoneous plants, in the
environment (Table 1.2). He found a general, inverse relationship between body size
and selectivity, with the animals below 50 kg body weight tending to be highly selective
(browsers) in terms of plant species and parts. In contrast, the largest animals above 200
kg) fed unselectively, primarily on grasses. Between these extremes, Jarman (1974)

found a range of intermediate selectivity, with animals feeding on browse and grass in
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Table 1.2: Summary of the relationships between body weight, feeding style, diet and food quality and

distribution proposed by Jarman (1974) for African antelope species. Body weight ranges are

species. They move
seasonally within a very
large home area.

20

continuous.

approximate.
BODY WEIGHT FEEDING STYLE DIET & DISPERSION OF FOOD Examples
kg) ITEMS

(a) Very selective feedingona  Flowers, twig tips, fruits, seed Duikers,
wide range of plant species, pods, bark. Food items of high Dik-dik,

4-20 using particular plant parts  nutritive value. Grysbok,
only. Browsers. Small Steinbok,
home range. Food items spatially scattered. Suni

(b) Species feeding either Range of grasses or browse. Diet Bohor,
entirely on grass OR show some seasonal variation. Reedbuck,B
entirely on browse plant Food items of high nutritive ushbuck,

20-80 species. Very selective for ~ value. Oribi,
plant parts. One home Gerenuk
range throughout the year.  Dispersion of food items is

intermediate between (a) and (c).

(c) Species feedingonarange  Range of grasses and browse. Waterbuck,
of grass AND browse, Diverse, seasonally changing diet, Gr. Kudu,
rather selectively, on a usually including more grass Impala,
range of vegetation types. during the wet season and more Grant’s and
Large home area. browse during the dry season. Thomson’s

Feeding behaviour typically gazelles,
50-200 flexible. Nyala

Food distribution in space is more

‘continuous’ than that for style a.

(d) Species feeding on grasses,  Grasses. Diet of very low Wildebeest,
more selective for plant diversity. Low nutritive value of Hartebeest,
parts than for plant species.  food items compared with feeding Topi
They may migrate to find styles (a) and (b).
grasses at optimum growth

140 - 220 stage. Poorly defined home  Food distribution is highly
area. contrasting to that of style (a).
Optimum grass growth is
distributed continuously within a
region, but non-synchronised with
other regions.

(e) Species feeding on a large Diverse diets. Food items may be Buffalo,
range of grasses or grass quite low in nutritive value. Eland
and browse. Feeding is non

200 — 700 selective for plant parts or Dispersion of food items is rather



important proportions, associated with an intermediate range of body weight (50-200
kg) (Table 1.2). These findings suggested that small animals need high quality food, in
terms of nutritive value and digestibility, because their energetic requirements are
relatively high compared to large animals.

Since gut capacity scales isometrically with body weight (W' and metabolic
requirements are related to W*”, Bell (1969, 1970) and Jarman (1974) argued that
small animals have higher metabolic requirements per unit body weight than large ones.
Also, this implies that large animals are able to tolerate diets of lower digestibility than
small animals, while the smaller species are constrained to feed selectively on higher
quality diets. This negative relationship between selectivity and body size was
explained by looking at the variation in mouth structure across a body size gradient. By
comparing data on 89 species of ruminants, Gordon and Illius (1988) found that incisor
arcade breadth (IAB) increases with body size (IAB = 6.36 W49, In addition, after
taking into account the different feeding habits of different species, Gordon and Illius
(1988) found that grazers have a significantly wider IAB than browsers (IABgrazers =
8.11 W°'36; IABprowsers = 6.69 W°’36). However, there was considerably overlap in the
IAB of grazers and browsers below 100 kg body weight, which suggested that all
animals below 100 kg are able to be selective to some extent. In contrast, as IAB
increases with body size, then selective pressures on the IAB of browsers would
increase to sustain a selective feeding strategy (Gordon and Illius 1988). Thus, in
practice body size and its associated effects on gut capacity, energetic requirements and
mouth structure should all play a part in determining the feeding strategies of ruminants
(Illius and Gordon 1987, Gordon et al. 1996, Illius 1997).

Both Hofmann’s hypothesis about morphological adaptations of ruminants to

the type of diet and Jarman’s hypothesis about the role of body size in relation to food
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quality and dispersion, have stimulated research on the nutritional ecology of ruminants.
In a study designed to test specific predictions of Hofmann's hypothesis, the data
suggest that there are no significant differences in the digestive function of African
ruminants with different feeding habits, after controlling for allometric effects. By
modelling data on digestion for 21 species of African ruminants, Gordon and Illius
(1994) found no differences in mean retention times in the gut between browsers and
grazers after accounting for variation due to body mass and food type. Instead, rumen
fermentation rate was found to be higher in smaller animals (Gordon and Illius 1994),
and potential digestibility of the diet was negatively correlated with body mass (Gordon
and Illius 1996) in accordance with the implications of Bell (1969, 1970) and Jarman’s
(1974) hypotheses. However, digestibility range was estimated to be remarkably narrow
in terms of variation in cell solubles and digestible cell wall (Gordon and Illius 1996).
Nevertheless, when the rate of energy assimilation is considered, the multiplier effects
of both forage intake and digestion rates results in larger animals achieving the highest
energy assimilation, despite their slightly less digestible diet (White 1983, Illius and
Gordon 1991, Illius and Gordon 1992). In addition to these problems with Hofmann’s
hypothesis, Robbins et al. (1995) have found that the extent of fiber digestion did not
differ between the three feeding categories proposed by Hofmann and Stewart (1972)
but rather, that it was positively related to body size.

In summary, there has been increasing evidence that animal factors such as
mouth morphology, gut capacity and digestive function are all related to body size.
Consequently, body size should be the dominant animal factor influencing the
nutritional ecology and feeding strategies of ruminants (Robbins gt al. 1995, Gordon et

al. 1996, Illius 1997).
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1.3  ENVIRONMENTAL FACTORS

As stated earlier in this chapter (see section 1.1), resource use by ungulates, and
therefore, their distribution in the environment, are the result of interacting animal and
environmental factors. Not surprisingly, the distribution and abundance of food items in
space and time (Jarman 1974, McNaughton 1983, Gordon 1989a, 1989b, Owen-Smith
1992, Murray and Brown 1993) together with interspecific interactions (Sinclair 1979,
1985, Belovsky 1986, Putman 1996) strongly influence resource partitioning within a

given ungulate guild.

1.3.1 Variation in forage availability in space and time

Grass and browse forage shows contrasting patterns in space and time, in terms
of abundance and quality (Owen-Smith 1982, 1992). Grass tends to be more
homogeneously distributed than browse in space, to markedly change its nutritive value
seasonally, and also to be more homogeneous in the food value of their plant parts at a
given time than browse. In contrast, a proportion of “browse” maintains green leaves
over more of the year than grass, and high digestible tissues are restricted to particular
plant parts, usually protected against herbivory by structural or chemical components
(Jarman 1974, Crawley 1997).

Seasonal and spatial changes in vegetation composition are strongly influenced
by climatic variables. For example, in temperate ecosystems temperature influences
seasonal cycles in the abundance of live plant material. On the Isle of Rum, Scotland,
the biochemical properties and potential digestibility of graminoids, forbs and shrubs

eaten by ruminants vary seasonally, with up to eightfold increases in the standing crop
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during the summer (Gordon 1989a). In tropical savanna ecosystems, seasonal changes
in the availability of grass forage are strongly dependent on the seasonal cycle of
rainfall (Northon-Griffiths et al. 1975). As ecosystems become increasingly arid,
biological processes are primarily controlled by water inputs which are infrequent,
discrete and largely unpredictable (Noy-Meir 1973). Some plant life forms, particularly
grasses and forbs, are closely associated with these water inputs and therefore restricted
to developing in periods when water and nutrients are available in the upper soil layer
(Fischer and Turner 1978, Sala et al. 1989). As rainfall regimes vary in space, the
transition from semi-arid to arid condition is associated with changes in vegetation
composition, from herbaceous to shrub-dominated communities (Reynolds et al. 1997).
Even in relatively wet savanna ecosystems like the Serengeti, spatial variation in
composition and structure of different grassland communities is strongly associated

with mean annual rainfall (McNaughton 1983).

1.3.2 Ungulate resource use in relation to forage availability

Environmental heterogeneity in food availability affects ungulate resource use in
space and time and therefore their distribution. Ungulate responses to changes in
vegetation composition and forage availability are well documented in the literature. On
the Isle of Rum, vegetation communities differed in the abundance of dwarf-shrubs,
forbs and graminoids (Gordon 1989a). Accordingly, predominantly grazing species like
cattle, ponies and red deer (Cervus elaphus) selected vegetation communities dominated
by graminoids and forbs while goats, predominantly browsers, selected dwarf-shrub
communities (Gordon 1989b,c). Since the seasonal temperature cycle on Rum results in

a substantial variation in food quality (Gordon 1989a), all ungulate species seasonally
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change vegetation community use. Predominantly grazer species were positively
associated with the available biomass across different grass and forb dominated
communities, while vegetation use by goats was generally associated with the biomass
of heather and forbs (Gordon 1989b). Another strategy to deal with seasonal change is
to migrate. For example, in Norway, some red deer females migrate to a higher altitude
during summer. Albon and Langvatn (1992) have shown that individual females who
migrate have longer access to high quality forage, as winter snow occurs and melt later
and retards plant development and its subsequent decline in quality. In the Serengeti-
Mara ecosystem, wildebeest (Connochaetus taurinus) seasonal migration is related to
the availability of grass, resulting in millions of animals being present in the same place

during the same period of time (Sinclair 1979).

1.3.3 Interspecific interactions: competition and coexistence

In addition to forage availability, it was argued that interspecific competition
affects community structure (Schoener 1983, Tilman 1987, Hairston 1989, Putman
1996). Potentially competing species should have similar preferences for food
resources, they must overlap in habitat use, and food availability must be limited
(Belovsky 1986, Wiens 1989, de Boer and Prins 1990, Putman 1996). Within this
scenario, competition is expected to result in the exclusion of a species or a change in
the pattern of resources used in the presence of another species (Schoener 1974,
Belovsky 1984). In contrast, coexistence results from a fundamental difference in
resources preferred by two or more species (Krebs 1994, Putman 1996), or when food is

not limiting to herbivore populations (Belovsky 1986).

25



Chapter 1

Strong evidence of competition has proved to be difficult to find, as it requires
experimental manipulation (Schoener 1983, Hobbs et al. 1996a, 1996b), something
which is very difficult to undertake with large herbivores (Gordon and Illius 1989,
Putman 1996). Instead, observed patterns of resource use in sympatric and allopatric
conditions have been frequently taken as an approach to the study of interspecific
competition in ungulates (Sinclair 1979, Sinclair and Norton Griffiths 1982, Sinclair
1985, Gordon and Illius 1989, de Boer and Prins 1990). One problem with this approach
is to assess the role of competition when other explanations are plausible (see Wiens
1989). An example of this problem is provided by the long-term studies on the ecology
of the Serengeti-Mara ungulate community. After the annual migration of wildebeest,
Sinclair (1979) observed changes in resource partitioning patterns of Burchell’s zebra
(Equus _burchelli), topi (Damaliscus korrigum), kongoni (Alcelaphus buselaphus),
Thomson's gazelle (Gazella thomsoni), Grant's gazelle (Gazella granti), impala

(Aepyceros melampus), waterbuck (Kobus defassa) and warthog (Phacochaerus

aethiopicus). Sinclair (1979) found that overlap in habitat selection decreased in the dry
season, after five species changed their habitat preferences, as predicted during
competitive interactions. However, predation has also been claimed to be important in
shaping the Serengeti ungulate community. Both gazelle species were at closer
distances to wildebeest than expected and was interpreted as a strategy to decrease the
risk of predation (Sinclair 1985). Subsequently, poaching by humans has been
considered as a major cause in the decline of some populations of the Serengeti-Mara
ungulate guild (Dublin et al. 1990). The Serengeti example illustrates the difficulties of
the comparative approach to detect competition, particularly in complex communities.
In another study in northern Tanzania, de Boer and Prins (1990) tested different

hypotheses about interspecific interactions between African buffalo (Syncerus caffer),
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African elephant (Loxodonta africana), zebra and wildebeest. The small habitat overlap
between buffalo and elephants in preferred vegetation patches supported predictions on
competition, while zebra and wildebeest appear to benefit from “food manipulation
strategy” by large buffalo herds, making periodic returns to preferred grass patches (de
Boer and Prins 1990). It was argued that buffalo can optimise food quality by choosing
the appropriate return time to vegetation patches that have regrown after they were
grazed (Prins 1988). Since herds of zebra and wildebeest were observed grazing
together with larger buffalo herds, de Boer and Prins (1990) hypothesised that zebra and
wildebeest benefited from the association.

On the Isle of Rum, Scotland, grazing species such as red deer, cattle and ponies
decreased in habitat overlap during the winter (Gordon and Illius 1989), when both the
digestibility and abundance of grass species decreased in relation to summer conditions
(Gordon 1989a). In contrast, browsing goats decreased their habitat overlap with the
grazing species during the summer, as availability of new shoots on dwarf shrubs
increased. Although the decrease in habitat overlap of grazing species is consistent with
the hypothesis of competition influencing resource partitioning (Gordon and Illius
1989), grazing facilitation between cattle and red deer was more evident. Gordon (1988)
has found that cattle grazing in winter resulted in higher availability of green tissue for
red deer during spring, and this was associated with an increase in the number of calves
per hind in areas with cattle.

In another study in the western highlands of Scotland, the presence of sheep
reduced the use of preferred swards by red deer hinds (Osborne 1984). Furthermore,
Clutton-Brock and Albon (1989) found a negative relationship between red deer and
sheep across 48 parishes in the Scottish highlands, consistent with the occurrence of

competition for some preferred vegetation communities.
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Stronger evidence on interspecific competition was obtained in a manipulative
study conducted on elk (Cervus elaphus canadensis) and cattle by Hobbs et al. (1996a).
This study demonstrated that the standing crop of perennial grass decreased with
increasing densities in elk, together with a decrease in digestible food intake by cattle.
Moreover, this affected the body mass of cows and their reproductive output leading to
the conclusion that elk reduced cattle production under food limiting conditions (Hobbs

et al. 1996b).

In summary, the influence of animal and environmental factors on foraging
strategies reviewed above, provide the framework for this thesis. The central idea is that
the distribution of ungulates is the result of interacting animal and environmental
factors. Animal adaptations interacting with forage properties influence ungulate
feeding ecology. The variation in food abundance and quality in space and time, and the
presence of potential competitors will affect the way the animals use the resources and

hence the way they are distributed in the environment.

14 THE UNGULATES OF PATAGONIA

Guanacos and introduced sheep are the most numerous ungulates in Patagonia,
particularly in the large steppe region. Cattle are far less common and restricted to
narrow valleys along the main rivers in northern Patagonia. Also, native deer species
like the huemul (Hippocamelus bisculus) and the pudu (Pudu pudu) are now very rare
and their distribution is associated to the subantarctic Andean forest in western

Patagonia.
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