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ABSTRACT

HAIR, FECES AND BREATH ISOTOPE FRACTIONATION IN ALPACAS
(Lama pacos), LLAMAS (Lama glama) AND GUANACOS (Lama guanacoe)
FROM BOLIVIA AND CHILE

Lino Constancio Lopez Lopez

Department of Plant and Wildlife Sciences
Master of Science

This study was conducted to determinate carbon and nitrogen isotope
fractionation in Bolivian and Chilean apaca, Ilama and guanaco, hair, breath, plasma and
feces. We also wanted to determine forage selection for these camelids using stable
isotope technology. From the data, niche feeding and diet selection habits will
determinate based on fecal composition. Bolivian sites were |ocated near the high snow
Altiplano Mountains at Tomarapi, Sgjama, and at the Technical University Oruro’s
research center at Condoriri, Bolivia. Chilean samples were collected at INIA’s (Instituto
Nacional de Investigacion Agropecuaria) Kampenaike Research Station, Punta Arenas,
Chile. Bolivian alpacas and Ilamas were 3 to 5 years of age from producer herds and the
Oruro University’s camelid herd. Chilean animals were selected from INIA-
Kampenaike' s camelid herd. The a pacas, |lamas and guanacos were selected based on
heath status: no conformation defects, illness, genetic abnormalities or apparent nutrition
problems. Samples were taken of fiber, feces, and blood from alpacas, |lamas, and
guanacos. Forage samples from pastures and grazing areas were taken. Forage species

that were collected came from the asteraceae, berberidaceae, gramineae, caryophyllaceae,



leguminoseae, plantaginaceae, gentianiaceae and the chenopodaceae families and ranged
from -15.5%o t0 -33.9%0 8°C and -3.0%o t0 6.4%o 5'°N. Isotope values for feces and fiber
were similar for the two Bolivian sites, but the Chilean values were significantly more
depleted. Thiswas attributed to the forage isotopic values being significantly more
depleted than those found in Bolivia. Forage selection, based on fecal and forage isotopic
signatures supported the observation that alpacas, |lamas and guanacos eat different
forages. Thisis dependent on forage source and time of year (dry versus wet season).
Stabl e isotope technology will be a useful tool in determining forage selection and

species competition or interactions in South American Camelids.
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INTRODUCTION

Andean countries of South America are the principle location for South American
Camelidsincluding: alpacas (Lama pacos), llamas (Lama glama), vicufas (Lama
vicugna), and guanacos (Lama guanacoe). These animals have existed since the
discovery of the America’ s as wildlife and domesticated animals. Bolivia has mostly
[lamas and al pacas located in the mountains and bofedal es. Peruvian camelids consist
mainly of apacas and to lesser extent llamas, but there are large herds of wild vicufia
roaming the high plains of both Peru and Bolivia. Chile has the majority of the world’s
guanaco located in the Patagonian region, but do have Ilamas and a pacas |ocated in the
northern Andean region. Guanacos are considered cosmopolitan animals, living on
highland and lowland lands. South American native people have domesticated llamas and

alpacas but guanaco and vicuna are not domesticated.

The South American Camelids (SAC) belong to the family Camelidae of the order
Artiodactyla ungulates and they are separate from other ruminants in the infra-order
Tylopoda (pad footed) because they differ in stomach morphology (three compartments),
absence of horns or antler, and the replacement of hooves with callous pads ending in
claws (Novoa and Wheeler, 1984). Guanacos and vicunas exist only in the wild and can
be sedentary or migratory. Guanacos are located primarily in the valleys of Patagonia
(Chile and Argentina) with lesser numbers occurring in the mountains of Boliviaand

Peru (San Martin et al., 1988).

Grazing systemsin Boliviaand Chile are controlled by landowners and sheep

producers. The llamas have been grazing in dry land hillsides with amagjority of the
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forage being shrubs of Margiricarpus pinnata and Baccharis sp. and al pacas have been
grazing in high Andean bofedales (naturally irrigated meadows and marshes located at
the base of snowcapped mountains). Vicunas graze together with alpacas during the
rainy season. Chilean llamas and a pacas are grazed primarily under pastoral systems,
where grazing is controlled by fencing, versus the system used by Bolivian producers

who use shepherd grazing.

The South American Camelid population in Boliviais about 2.8 million head (2.5
million llamas, 325,000 a pacas, 20,000 vicunas and 2,000 guanacos) in an area of
200,000 Km? at an altitude of 3800 m to 4800 m above sea level. Average temperature is
4 to 8 °C and the annual precipitation is 200 mm to 800 mm/year (Unepca, 2003).
Alzerreca (1978) reported that natural grazing areas encompassed 201,924 km?which is
about 18.4% on Altiplano and high Andean plains. Bolivia has three regions where the
majority of the camelids are located: Oruro, Potosi, and La Paz - Cochabamba. The
camelid population is growing annually at arate of about 2.1% for llamas and 2.7% for

alpacas (Ministerio de Agricultura Ganaderiay Desarrollo Rural MACA 2003).

The guanaco population declined after the introduction of domestic sheep and the
emerging conflicts with sheep producers. Apart from conflicts with sheep ranching,
guanacos have declined due to poaching, legal over-hunting, and lack of sound

management.

Guanaco populations have a different conservation status at country level and is
usually based on population size. Argentina has the largest population (91% of total),
and therefore the species is classified as either not endangered (Reca, Ubeda & Grigera,

1996) or potentially vulnerable (Diaz & Ojeda, 2000). Chile, on the other hand, classifies

14



the guanaco as vulnerable (9% of the total population; Glade, 1993). Finally, Bolivia (<
0.02%), Paraguay (< 0.01%) and Peru (< 0.5%) have classified their population as
endangered, following International Union for Conservation of Nature criteria (IUCN,

1994; Tarifa, 1996).

There are different opinion about the guanaco distribution in southern Chile and
Argentina. Krumbiegel (1944) indicated that the distribution of Lama guanicoe ranges
from Patagonia and Tierradel Fuego up to anorthern limit of the 35°S parallel and
considered the popul ations from Buenos Aires as the northernmost populations of the
Patagonian subspecies. Alternatively, Torres (1992) describes the population habitat as
one, ranging from Chile and Argentinean Patagonia region up to a northern limit of the

38°S parallel.

GENERAL CAMELID CHARACTERISTICS

Physical Characteristics

The four species of South American camelids are llamas, apacas, vicunas and
guanacos. The [lamas and a pacas are domesticated and vicuna and guanaco are wild.
Among alpacas, there are two breeds, huacaya and suri. The huacayais more resistant to
cold weather because they have bulky fiber. The suris need more attention in cold
weather because their fleece isin ringlets and lays flatter to the animal, not providing as
much insulation. The difference between these two isin the fiber and live weight; the
suris have longer fiber and heavier live weight than huacayas. Alpacas (Lama pacos) are
found at elevations of 3700 m to 4800 m and are strictly a selective grazer, preferring the
bottomlands vegetation of meadows and marshes called bofedales. Alpacas are
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characterized by their high quality of fiber production. Alpacas are premier fiber-

producing animals in the Altiplano region of Bolivia, Peru, Argentina, and Chile.

Llamas (Lama glama) are divided into two breeds: thamphulli and k’ara. The
thamphulli breeds have more fiber, coverage of their face and down their legs, whereas
the k’ ara have clean faces and no fiber on their legs (Fowler et al., 1989). The thamphulli
breed has been bred for fiber and meat production, while the k’ ara has been bred for
packing and meat. Llamas are found at moderate elevations of 2300 to 4000 m above sea
level. Llamas are the largest South American Camelid. The llamais a mixed feeder; a
grazer and a browser, preferring to graze on dry tablelands and slopes, feeding on the tall
coarse bunchgrass community dominated by fescue (Festuca dolichophylla), but it also

brows available shrubs and trees.

The guanaco (Lama guanacoe) is a South American Camelid that inhabits nearly
all arid non-tropical habitats south of the Amazon basin. Its range formerly extended
from southern Ecuador south along the Andean mountains into Tierra de Fuego, and east
into all of Patagonia, from sealevel to 4,000 m elevation (Dennler delaTour., 1995).
The guanaco is amixed feeder; agrazer and a browser, inhabiting desert grassland,
savanna, and shrub land; it may even be seen in forests (Fowler et al., 1989). It isfound
in one of the driest deserts of the world, the Atacamain Chile, and in the wet archipelago

region of Tierradel Fuego, where rain falls year round.

The vicuna (Vicugna vicugna) is one of two species of wild lamoids. It inhabits
the high Andes at elevations of 3700 to 4800 m (Murray 1998). Thisisaharsh
environment, with cold temperatures, sparse vegetation, semiarid grassland, and barren

pampas. The vicunais agrazer of forbs and grasses and tends to be a nomadic grazer;
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they do not graze in herds but rather as individuals or in family groups of ten to twenty.
Vicunas are characterized by high quality fiber and unique color. In astudy of vicunas
fiber, Cueto et al., (1985) found 13 to 14 mu diameter with a coefficient of variation

19.3%. Vicuna are the smallest of the South American Camelids.

General Digestive Characteristics

Even though camelids are taxonomically classified as pseudo ruminants, they are
functionally ruminants. They have three compartments; the first, compartment 1 or C1, is
the largest where microbia fermentation occurs; it isalso lined with saccular glands that
secrete bicarbonate to buffer ingesta. The pH is maintained due to the buffer, so these
animals are less prone to bloating as a result. These saccules are also present in the
second compartment (C2) similar to the ruminant omasum. The last compartment is the
true glandular stomach (C3; Solis, 1997) where acid digestion occurs. Camelid digestive
physiology has evolved to be more efficient at utilizing the poor quality forage of the
mountain rangelands and bofedal es ecosystems by slowing digesta passage and recycling

nitrogen (San Martin and Bryant, 1989).

The mean retention time (MRT) for digesta passage in camelidsis longer than
other ruminates (Florez, 1973; San Martin, 1987; Sponheimer et a., 2003). This may
account for the camelid’ s higher digestion efficiency of fiber and more lignified grasses.
Florez (1973) found alonger retention of digestain alpacas (50.3 h) than sheep (43.2 h).
San Martin (1987) reported retention times in [lamas of 63.2 h and sheep of 40.9 h.

Whereas, Sponheimer et a. (2003) comparing [lamas, apacas, goats and horses found
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MRT of 72, 71, 54 and 27 hours, respectively. Heller et al. (1986) showed that retention
time of passage of the fluid phase in guanacos was 36.2 hours, while the passage time of
particles was 52.0 hours. In a comparative study of gastrointestinal transit timein ten
mammalian species, Clemens and Stevens (1980) indicated [lamas retained larger
particles for alonger period of time than cattle or horses. Rubsamen and Engel hardt
(1979) concluded that the camelid forestomach is faster and more efficient in absorbing

solutes than the small intestine of sheep (Table 1).

Table 1. Soluteintestinal absorption for camelids and sheep.

Forestomach-Llama Colon-Sheep
Solute (mmol/h) (mmol/h)
Water 651 330
Na 18.6 50
Cl 16.2 16.8
SCFA 96.6 65
HCO, 45 6

Adapted from Rubsamen and Engelhardt (1979)

GRAZING AND FEEDING HABITS

L ocation

South American Camelids are located in different altitudes and grazing habitats.
UllaUlla-La Paz and Sajama-Oruro Bolivia are the most important locationsin Bolivia
for raising apacas and vicunas because they have bofedal es around the Sgjama and
Anmin Apolobamba snowcapped mountains. The Ilamas are grazed by shepherding on
dry grasslands usually hillsides. The llamas and al pacas are not migratory, because they

are domesticated, and graze on the same bofedales and dry grazing lands year round. The
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vicunas live in high grazing lands, where there are bofedal es with good grass production.
The guanacos migrate from low to higher elevation. This dynamic grazing happens

seasonally driven by food abundance of the grasslands.

Seasonal Affects

During the dry season (May — October) Bolivia's Altiplano has almost no
precipitation and little change in forage growth on the dry grazing lands. At this
elevation, less than 5% of the land is suitable for cultivation (Gilles, 1980). The change of
the seasons can affect camelid production and reproduction, being better when forageis
abundant. During the dry season, there is not enough natural forage for animals, so the
alpaca and Ilama producers must provide additional feeds as barley, afafaand oat hay to

maintain the camelid’ s body weight and to support the animal’ s production.

The Bolivian Altiplano is about 3800 meters above sealevel and experiences
varying seasons. The wet season is December thru May. In this season, forageis
abundant with high nutritional value. Nutrient composition of native and introduced
grasses varies greatly seasonally, altitudinally, and according to soil type. Vicunaand
guanaco gain weight and body condition in this season and burn fat in winter or dry the

Season.

Southern Chile is known for cold winter weather with variant wind direction and
short days. This harsh climate has negative effects on the guanaco’ s body condition. The
Patagonia Summer offers warm, sunny days and cool nights. Patagonia summer days are
long (18 hours). During the winter months the guanaco will lose body condition and

during the summer months, where forage is plentiful, they will gain body condition.
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BOTANICAL COMPOSITION OF GRAZING LANDS

Bolivian Grassands

South America Camelids eat mostly native grasses. The sweet and younger plants
are preferentially selected for during the rainy season. The Altiplano, being situated over
3800 m above sealevel and seasonally low temperature and intense solar radiations (San
Martin and Bryant, 1989), has many kinds of native plants that have adapted to these
harsh conditions are selected by alpacas, vicunas, guanacos, and |lamas. Ten percent of
the Andean grassland is covered with bofedal es, which constitutes the most important
socio-environmental region. The remainder isdry land flat land and hills. In these
grasslands, the most relevant population of botanical plant species are Polylepis
tarapacana (Quefiua), the bushes associated with Stipa spp. population of Parastrephia
lepidophylla (Ovijthola), P. lucida (Khoathola), Baccharis incarum (Nhaca hola), and
yareta (Azorella compacta) (Alzérreca, 1992).

The botanical families of the Bolivian Tomarapi, and Sajama bofeda es were
identified as gramineas (29.4%), compuestas (29.4%), leguminosas (5.9%), solanaceas
and cariophyllaceas (3.9%) and another 13 botanical families representing about 2%

(Table 2; Vargas, 2000).

Chilean Grasslands
Patagonia’ s grassland consists of a canopy of bushes, forbs, trees and shrubs,

grasses and other graminoids. The region is characterized by two distinctive climate
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periods. Summer (December-February) is marked by strong westerly winds, warm
temperature, high precipitation (average =102mm) and the landscape is open with rolling
hills, vegetation rarely >1 m high, and easy observation of animals (Roland et al., 1999).
Grasses (Festuca gracillana, Anarthrophyllum patagonium) and shrubs (Mulinum

spinosum, Senecion patagonicus, and Berberis buxifolia).

Table 2. Botanical families registered in six locations of Central Altiplano

Oruro-Bolivia
No. Botanical Families Number of species %
1 Poaceae 15 294
2 Asteraceae 15 29.4
3 Fabaceae 3 59
4 Solanaceae 2 39
5 Cariophillaceae 2 2.0
6 Cyperaceae 1 2.0
7 Euphorbiaceae 1 2.0
8 Ephedraceae 1 2.0
9 Geraniaceae 1 2.0
10 Malvaceae 1 2.0
11 Chenopodiaceae 1 2.0
12 Rosaceae 1 2.0
13 V erbenaceae 1 2.0
14 L abiataceae 1 2.0
15 Cruciferaceae 1 2.0
16 Oxalidaceae 1 2.0
17 Boraginaceae 1 2.0
18 Caesalpinaceae 1 2.0
19 Brasicaceae 1 2.0
TOTAL 51 100.0
(adapted from Vargas 2000)

The vegetation of arid and semi-arid Patagoniais structured in herbaceous and
shrub steppes (Beeskow et al., 1995). In terms of vegetation composition, the area has

been classified in 2 phytogeological provinces (Leon et a., 1998). Principal species
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represented are the shrubs Chuquiraga avellanedae, Lycium chinense, Mulinum spinosum

and Nassauvia spp.

Botanical composition of diets

Studiesin Peru by Tapia and Lascano (1997) showed that a pacas from bofedales
in Puno, consumed mainly tall grassesin the wet season and short grassesin the dry
season. Preferred species included Festuca dolichophilla, Distichia muscoides, Trifolium
amabile and Bromus unioloides. The frequency of botanical families consumed by
alpacas during the dry and humid season were juncaceae 27.78%, cyperaceae 21.03%,
gramineae 15.02%, rosaceae 12.39% and unbeliferaceae 6.61% (Lopez 2004). Currently
about 80% of al [lamas and a pacas are under the control of traditiona shepherd grazing

in designated territories.

Analysis of fecal material using micro histological components of plant materials,
Bryan and Farfan (1984) found grass consumption was higher during the driest months
with consumption of grass-like speciesinversely related to grassin the diet. Forbsin the
diet increased in the early wet season. Alpacas ate leafier material as the rainy season
progressed. Y earling camelids consumed more grass-like plants, forbs and seeds than
adultsdid. The apacaisthe most adaptable camelid, selecting native plants according to

forage abundance (Bryan and Farfan, 1984; Huisa et a., 1985).

Species composition of a guanaco’s diet indicates a preference for gallery forest
and shrub communities composed mainly of Colletia spinosissima and Mulinum
spinosum, respectively, at an intermediate height on slopes in the area (Bahamonde et al.,
1986). This can change from winter to summer diets, but they consume more shrubs and
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trees in winter time because the lower grasses are covered with snow. The food habitats
of the guanaco elsewhere have been described for mixed forest and grasslands of the
southern Patagoniaregion in Chile (Raedeke, 1980). Guanacos of the northern Chilean
coast have diets consisting mainly of lichensin both the winter and summer samples

(68% and 67% of the diet respectively; Table 3; Raedeke and Simonetti, 1988).

Table 3. Composition of the seasonal diets of guanacos in coastal
northern Chile based on fecal analysis.

Forage Winter Summer
class Percentage SD of Percentage SD of

mean mean
Lichens 68 3.03 67 2.92
Shrubs 17 - 16 -
Forbs 11 0.85 8 0.7
Grasses 4 0.76 <1l 0.12
Thorns - - 5 0.94
Seeds - - 3 0.43
Fruits - - 1 0.15
Total 100 100

(Adapted from Raedeke and Simonetti, 1988)

The composition of the guanaco diet those in the northern Patagoniaregion is
reported to include a greater amount of land material from trees and shrubs (Mulinum
spinosum 23.2% and Colletia spinosissima 18.9%), forbs (Acaena spp. 15.4%) and to a
lesser extent grasses and graminoids (Bahamonde et al., 1986).

Guanacos are known as browsers while vicunas are selectors of high quality
grasses. Guanacos of the Torres Pine Nation Park, Chile prefer gramineae species (Ortga
et a., 1988); preferring to graze the marshy grassland pockets of the mountainous regions

to the hillsides (Figure 1). Bushes were consumed when gramineae was covered by snow
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Figure 1. Guanacos of the Torres del Pine Nation Park in Chile grazing
gramaneae rich marshy pockets.

(Bahamonde et a., 1986). Work with guanacos in Estancia Fortin de Chacabuco,
Argentina (Bahamonde et al., 1986), estimated the selectivity in spring and summer was
towards forbs (44% for spring and 50% for summer), gramineas (32% for spring and

18% for summer), and trees and shrubs (14% for spring and 15% for summer).

GRAZING DYNAMICS

Domesticated Camelids

Llamas and alpacas are controlled by farmers to accomplish even distribution of
grazing lands. LIamas most often graze on hills and dry places with low nutrient quality
in plants. The camelid producer will often own large amounts of grazing lands and have a

shepherd control the grazing of the animals. In Condoriri, Oruro, Bolivian farmers plant
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barley and oat for sheep and cows, and graze a pacas and |lamas after harvesting grain.
Thisisareatively new method of additional grazing for camelids to gain nutrientsin the
dry season. Llamas constantly move during grazing often moving up to 10 miles during

the day.

Alpacas have adifferent grazing dynamic than llamas. As an example, the
Tomarapi, Sgjama, Bolivian community has year round bofedal es because of the water
run-off from the Sajama mountains snow that feeds into the low land bofedales (Figure
2). Alpacas select their food according to palatability on the bofedales. Alpaca producers
do not need to supplement feed their animals because the bofedal es are productive year-

round. In the dry season, the apacas may travel about 5 miles grazing the bofedales. On

the bofedal es, al pacas compete with vicunas for the forage during the wet season.

Figure 2. Bofedales at the base of Mount Sgjamain Tomarapi, Sgjama, Bolivia.
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Wild Camelids
Currently it is suggested that the guanaco is the parent species of the [lama; the
[lama is thought to have been domesticated between 6000 to 7000 years ago, while the

vicunais the parent species to the alpacas (Wheeler 1983).

The family groups of vicunas consist of an adult male and about 16 females with
crias of that year (Figure 3; Franklin 1980). About 75% to 85% of these groups stay in a
permanent territory, while others are in family category groupsin marginal territories or

are migratory family groups (Franklin et al., 1997). The family territory can occupy

Figure 3. Vicunafamily group foraging. Family groups consist of a dominant
male, severa females and their cria.

about 8 to 40 hectares (Koford 1957). The size of a group depends on the quality of the

grazing lands and other resources. The dominant male can establish and keep aterritory
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for about one year (Torres 1992). The groups of juvenile males consist of about 5 to 50
head and are expelled from their family groups by the dominant male or by an adult
female (Hoffman et al., 1989). Groups of vicunas graze among al paca herds on the
bofedalesin the summer and in the winter move to the hills where there is an abundance

of food.

During the spring and summer breeding seasons, guanacos in Torres del Paine
National Park are organized into four principal social groups: family groups, solo males,
mal e groups, and female groups. Family groups contain one territorial male with severa
females and their young (4 to 5 months old), whereas solo males are territoria males that
are seeking or defending aterritory without females. Male groups consist of non-
territorial males of all age classes. Furthermore, there are female groups that are less
common and include females of all ages with or without young (Franklin, 1980, 1997,
Ortegaet al., 1988). During territorial periods, young male guanaco are often forced to

leave the territories they have inhabited (Franklin, 1983; Walther et a., 1986).

ECONOMICAL, SOCIAL AND BIOLOGICAL IMPORTANCE

The production of SAC isunder control of independent producers that are
dependent on their herds for economic income. Most Bolivian camelid producers will
produce fiber and meat from llamas and alpacas. Bolivias camelid industry is mainly
found around the regions of La Paz, Oruro and Potosi because these departments are

located on the high land. The colder weather makes it difficult for sheep and cattle to
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survive. Fernandez et al. (1996) reported that approximately 200,000 families depend on

alpacas and their products for their economic sustenance.

CARBON AND NITROGEN ISOTOPES

I sotope background

Stabl e i sotopes are those isotopes of an element which are stable and that do not
decay through radioactive processes over time. Most elements consist of more than one
stable isotope. For instance, carbon has six radioactive isotopes (°C, *°C, 'C, **C, **C and
18C) of which *C is perhaps the best known because of its utility in dating biological
materials and as atracer in metabolic studies (Ehleringer, and Cerling 2002). The

relative abundance of the stable isotopesis **C 98.89%, and *C 1.11%.

Elemental carbon has six protons, designated by its atomic number of six. Inits
most common form, it also has six neutrons (Krogh 2005), giving it the formula of °C
for its atomic mass. The isotope form *C has six protons and seven neutrons. Atomic
weight is expressed as standard atoms; the isotope of carbon has 6 protons and six
neutronsin its nucleus. If an atom is designated as carbon-12 or *2C, it is arbitrarily
assigned an atomic weight of 12 Daltons (John Dalton %o). The number of protonsin the
atoms nucleus, which isits atomic number, defines each e ement. However, the nuclei of
agiven element may have varying numbers of neutrons. Because neutrons have wei ght

(about the same as that of protons), such atoms differ in atomic weight.
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I sotope Units of Measurement and Their Relationship

The delta (8) notation has been adopted for expressing relative differencesin
stable isotope ratios between samples and standards. The §*°C valueis calculated from
the measured carbon isotope ratios of the sample and standard gases (McKinney et d.,
1950). There are different methods to determine carbon isotopes. The abundance of stable
isotopes is typically presented in delta notation (6), in which the stable isotope abundance
is expressed relative to a standard presented in two equations (Sponheimer et al., 2003),

and reported in thousand or per unit (%o).

R
8=( %mge)*lmm%o
standard

Where Risthe molar ratio of the heavy to light isotopes

By international convention, 6*C values are always expressed relative to a
calcium carbonate standard known as PDB. This standard was a limestone fossil of
Belemnitella americana from the Cretaceous period. Pee Dee assigned a '°C value of
0%o, where it’s absolute **C/*2C ratio (R) has been reported to be 0.0112372 (Craig,

1957).

| sotope Ratio M ass Spectrometry
In order to make use of these small but significant variations, stable carbon

isotope ratios (“*C/*2C) are measured with extremely high precision. The only type of
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instrument currently capable of such high precision measurementsis a dual-inlet gas
isotope ratio mass spectrometer (GIRMS) equipped with two or more ion beam
collectors. Thistype of instrument was first described by Mckinney et a., (1950).
Modern state-of-the-art instruments are of the same basic design. Since 1950, advancesin
electronics, ion optics, and vacuum technology have improved the attainable precision by
approximately tenfold. The high precision afforded by these mass spectrometersis dueto
simultaneous collection of two or three ion beams (masses) of interest and to repeated

measurements of sample and standard gases during a single isotope ratio determination.

Carbon I sotope Fractionation

Carbon isotope fractionation has been used to study various domestic and wildlife
animals around the world (Sponheimer et al., 2003). Ecologists have used nitrogen
isotopes (in tandem with carbon isotopes) to determine the trophic behavior of diverse
faunaon gulls (Thompson et a., 1999), raptors (Harding & Stevens, 2001), bears
(Hobson et a., 2000) and voles (Handing & Stevens, 2001). There are only afew studies
that have used isotope fractionation techniques in South American camelids and these

were in controlled environments (Sponheimer et al., 2003a and b; Ayliffe et a., 2005).

| sotopic signatures can be determined in animal tissues, hair, feces, carbon
dioxide from breath and blood. When compared to feed consumed by the animal, isotope
signatures provide an acute or chronic picture of what foods the animal has actually
assimilated. Animal tissues are built from available nutrients consumed, such as

carbohydrates, proteins, and lipids. The extent to which atissue resembles the different
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dietary components depends on the isotope percent composition of the food as well as the
type of tissue examined (Hobson et a., 1996; MacAvoy et a., 2005; Tieszen et al., 1983;

Tieszen and Farge 1993).

Isotope fractionation in hair protein of mammals reflects the level of animal
nutrition over a given temporal period. Stable isotope ratios have been used as dietary
indicators for prehistoric human populations (Deniro and Epstein, 1977; Schoeninger et
al., 1983; Schoeninger et a., 1998; Farnsworth et al., 1985; Ambrose and De Niro,
1986a; Heaton et al., 1986; Walker and Deniro, 1986). Sponheimer et al. (2003a, 2003b)
and Ayliffe et al., (2005) have shown carbon isotope diet to tissue spacings
(fractionation) for various animal's species on controlled diets. This research provided
fractionation data that can be applied to field studies where varieties of forages are

consumed in this species.

Diet-hair fractionation can range between +2.7%. and +6.1%. for mammals fed
identical diets. Severa researchers have hypothesized that diet-collagen fractionation can
be increased by thermal or nutritional stress (Sponheimer et al., 2003a). West et al.
(2004) demonstrated that hair from horses shows changes in isotopic signature within 6-

hrs of adietary change.

Nitrogen isotope fractionation

Nitrogen isotopes have been used to determine ecological changesin herbivores
grazing habitats. The nitrogen isotope composition of herbivore fecesis consistently
enriched in >N compared to the diet by 0.5%o to 3%o (Steele and Daniel, 1978; Sutoh et

al., 1987, 1993). Nitrogen isotope fractionation is closely related to trophic level of the
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food chain of carnivores and herbivores, even though a portion of herbivore fecal
nitrogen is not of dietary origin, but rather derived from sloughed endogenous tissues and

gut microbial cell walls (Van Soest, 1994).

Breath Carbon Dioxide

Carbon dioxide is agas produced by cellular respiration in animals. Carbon
dioxideis one of the most abundant gases in the atmosphere and plays an important part
invital plant and animal processes such as photosynthesis and respiration. Carbon
dioxide is an end product in organisms that obtains energy from breaking down sugars,
fatty and amino acids with oxidation used in their metabolism. In the lung, internal
respiration is a process by which oxygen is transported to body tissues and carbon
dioxideis carried away from them by exhalation. Carbon dioxide is a guardian of the pH
of the blood, which is essential for survival in high Andean altitudes. COinthe
atmosphere isincreasing in various regions around the world, centered around large
populations and pollutants produced. These changes will be evident in forage carbon

values as the plants utilize the carbon for carbohydrate production.

CONCLUSION

The four species of South American camelids are each managed in different ways
and each have a different feeding strategy. Determining how they interact with other
species, within or beyond the camelid family species, is an important aspect that needs

further research. Stable isotope technology is a non-invasive method that can be used to
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compare dietary and substrate samples, such as hair, feces and breath. This technology
can help elucidate these nutritional ecology questions without disrupting wild camelid

populations or production status of domestic herds.
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Hair, feces and breath isotope Fractionation in alpacas
(Lama pacos), llamas (Lama glama) and guanacos (L ama guanacoe)

from Boliviaand Chile

ABSTRACT

This study was conducted to determinate carbon and nitrogen isotope
fractionation in Bolivian and Chilean apaca, Ilama and guanaco, hair, breath, plasma and
feces. We also wanted to determine forage selection for these camelids using stable
isotope technology. From the data, niche feeding and diet selection habits will
determinate based on fecal composition. Bolivian sites were located near the high snow
Altiplano Mountains a Tomarapi, Sgjama, and at the Technical University Oruro’s
research center at Condoriri, Bolivia. Chilean samples were collected at INIA’s (Instituto
Nacional de Investigacion Agropecuaria) Kampenaike Research Station, Punta Arenas,
Chile. Bolivian alpacas and Ilamas were 3 to 5 years of age from producer herds and the
Oruro University’s camelid herd. Chilean animals were selected from INIA-
Kampenaike' s camelid herd. The a pacas, |lamas and guanacos were selected based on
heath status. no conformation defects, illness, genetic abnormalities or apparent nutrition
problems. Samples were taken of fiber, feces, and blood from alpacas, llamas, and
guanacos. Forage samples from pastures and grazing areas were taken. Forage species
that were collected came from the asteraceae, berberidaceae, gramineae, caryophyllaceae,
leguminoseae, plantaginaceae, gentianiaceae and the chenopodaceae families and ranged

from -15.5% t0 -33.9%0 5°C and -3.0%o to 6.4%o 5*°N. Isotope values for feces and fiber
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were similar for the two Bolivian sites, but the Chilean values were significantly more
depleted. Thiswas attributed to the forage isotopic values being significantly more
depleted than those found in Bolivia. Forage selection, based on fecal and forage i sotopic
signatures supported the observation that alpacas, |lamas and guanacos eat different
forages. Thisis dependent on forage source and time of year (dry versus wet season).
Stabl e i sotope technology will be a useful tool in determining forage selection and

species competition or interactions in South American Camelids.
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INTRODUCTION

Camelids Grazing in southern Chile and the Altiplano of Bolivia are exposed to
constant dietary changes due to season, elevation, and quality of grazing lands. The
literature indicates that camelid digestive efficiency increases at high atitudes (San
Martin and Bryant, 1989; Lopez and Raggi, 1992). Camelids have high digestibility of
lignified plants and bushes with harsh climate changes in the Andes Mountain of Bolivia
and Chile. The apaca, llama, guanaco and vicuna are able to digest poorer quality forage

and produce high quality fiber and meat.

Very little is known about the nutrition and dietary ecology of South American
camelids. What is known about alpaca, |lama, and guanaco nutritional requirementsis
based mainly on research from animals consuming locally grown forages that may not
represent natural forage selection (San Martin and Bryant, 1989). The study by
Huasasquiche (1974) indicated a maintenance digestible N requirement of 0.38 g/W® " or
2.38g crude protein per unit of metabolic weight (kg W°™ for alpacas. Thiswas
attributed to the efficiency phenomenon associated with the difference in atitude. Ina
summary by San Martin and Bryan (1989), it was noted that similar species of camelids
demonstrated higher feed efficiency and improved digestibility at the high altitudes of the

Altiplano compared to sealevel, the reason is yet to be elucidated.

The process of dietary change can be understood with carbon isotope
fractionation. Stable isotope analysisis now frequently use to investigate wildlife

ecology and, in recent years, there has been increasing emphasis on using stable isotopes
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to explore dietary changes within individuals or populations over time. Some studies
have even analyzed several tissue and turnover rates simultaneously to reconstruct dietary
life histories (Sponheimer et al., 2006). Turnover of stable carbon isotopesin muscle,
liver, and breath CO; of apacas indicates the half-lives of carbon in alpaca’s liver and
muscle are about 6 times greater than those in gerbils (Sponheimer et al., 2006). Carbon
isotope analysis on camelid and other mammal substrates been done under controlled
conditions (Robinson et al., 2006; Sponheimer et al., 2003a, 2003b) while very little
research has been conducted in the camelids environmental habitat (Cerling and Harris,
1999). Most mammalian stable isotope studies have used opportunistic sampling
strategies, and thus little is known about the foraging behavior, population dynamics, and

health status of individuals that might result in isotopic heterogeneity (James et a., 2007).

The objectives of this study were to determine carbon isotope fractionation in
alpaca, llama and guanaco, hair, breath, plasma and feces under natural condition in
Boliviaand Chile. We also wanted to determine what forages were selected by the
camelids. From the data, niche feeding will be determined in conjunction with

reconstructing diet selection habits based on fecal outpui.

MATERIALSAND METHODS

L ocation

This research was conducted in Boliviaand Chile. Bolivia sites were located at
4800 m Oruro, Condoriri and 5000 m Sgjama above sea level in the high, snowy
Altiplano Mountains of the Oruro Departments. Bolivian samples were collected in two
different locations: in Tomarapi, Sgjama, and at the Technical University Oruro’s
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research center at Condoriri, Bolivia. Tomarapi, Sgjama, islocated between 17° 39’ and
18° 39’ South and 67° 38' and 68° 45' West at 6,542 m above sealevel. Condoriri, Oruro
islocated 17° 31' 41’ South, 67° 14’ 02"’ West at 4257 m above sealevel with an
average 360 mm annual precipitation and 10.3°C temperature (ABOPA, 2005). The
Chileen samples were collected at INIA’s (Instituto Nacional de Investigacion
Agropecuaria) Kampenaike Research Station, Patagonia-Tierra de Fuego, located 54°12’

South, 68°45’ West at 11 m above sealevel.

Animals

The Bolivian alpacas and [lamas were 3 to 5 years of age. These animals were
chosen from producer herds and the Oruro University’s camelid herd. Chilean animals
were selected from INIA’s Kampenaike camelid herd. The apacas, |lamas and guanacos
were selected based on heath status: no conformation defects, illness, genetic

abnormalities or apparent nutrition problems.

Bolivia Camelids

The alpaca producers were located at the Tomarapi, Sajama, Oruro, location. We
selected 80 a pacas from three neighboring herds grazing the same bofedal region.
Twenty-five a pacas and twenty-five |lamas were selected from the Condoriri herd. The
[lamas and al pacas of the Condoriri herd were grazed on a barley field for four hrs/day,

and then spent the rest of the day grazing on native grass rangeland.
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Chile Camelids

Twenty-five [lamas, twenty-five alpacas, and twenty guanaco were selected from
the INIA-Kampenaike camelid herd. The llamas and a pacas were housed in the same
pasture, which consisted of alowland meadow primarily composed of Festuca

dolicophilla and Poa pretensis and a shrubby hillside.

M ethodology

Resear ch structure

[ Countries ]

| |
Bolivia Chile
| . 1 I
‘ Sgjama ‘ ‘ Condoriri ‘ Punta Arenas
M Alpacas (n=80) ‘ Llamas (n=25) ‘ . Llamas (n=25)
Alpacas (n=25) ‘ ___ Alpacas (n=25)
. Guanacos (n=20)

Plant Botanical Families I dentification
Botanical species by families were identified for the forage samples using the
following plant morphology identification: stem, type of leaf, flowering period and type,
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related species, habitat, plant size, medicina use, root development using Andean
botanical classification reference books. The Bolivian Andean native species were
identified using Flora llustrada Altoandina, Pestallozzi (1998), Plantas altoandinas
Peruanas, Choque et a., (2000). These plant species were grouped in botanical families

by type for each species and location.

Samples
For isotope fractionation, samples were taken of fiber, feces, and blood from
alpacas, llamas, and guanacos. Forage samples were taken from pastures and grazing

areas. The samples were frozen at -5°C for transportation and stored for |ate analysis.

Breath collection and analysis

Breath samples were collected by placing aflexible plastic cup over the camelid’s
muzzle. Attached to the base of the cup was a 60 ml syringe into which a mixture of
respired and atmospheric gas was collected during the exhalation phase of each breath.
The breath sample from the syringe was evacuated into a 6- ml headspace vial that was
then quickly capped with arubber septa (Alltech, Deerfield, IL) held in place with

crimped aluminum seals (Passey et ., 2005).

Forage, feces, hair and blood analysis
Forage and feces were ground through a Wiley Mill with a40um mesh. Carbon
and nitrogen isotope ratios (§*3C and 5™°N, respectively) were determined using a Carlo-
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Erba Elemental Analyzer coupled to a Finnigan Delta-S mass spectrometer, or using a
Costech Elemental Combustion System coupled to a Finninfan MAT 252 mass
spectrometer (Passey et al., 2005). Blood samples were freeze-dried using a Thermo spin-
vac freeze-drier (Thermo) then run through a Carlo-Erba Elemental Analyzer coupled to
aFinnigan Delta-S mass spectrometer. Hair was cleaned using methanol/chloroform at a
ratio of 1:2 then 2:1 followed by five rinses of distilled deionized water and then
analyzed using the Carlo-Erba elementa analyzer couple to the Finnigan Delta-S mass

spectrometer.

RESULTS

Botanical Familiesand Composition
Bofedales in the Tomarapi, Sajama, Bolivian region are diverse in botanical

families (Figure 4). The most dominant botanical families are ciperaceae, gramineae and
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Figure 4. Bofedal region of Tomarapi, Sajama, Bolivia. Thisisthe bofedal that the
alpacas were grazed on.

hidrophyllaceae (Table 4). The mean 5°C was -25.8, -12.9, -25.5, -25.1, -22.9and -
24.8%o for cyperaceae, cactaceae, rosaceae, asteraceae, hydrophyllaceae and gramineae,
respectively. The 8'°N was -1.4, 5.3, 0.7, 4.3, 1.8 and -0.6%o, respectively. Of interest is
the Muhlembergia fastigiata species that exhibits a C4 carbon signature of -13.71. Figure
5 illustrates the isotopic signature each botanical family hasin relationship to the others
found in the grazing area. Thereis a clear separation for each botanical family. The
cactaceae family isa CAM — photosynthetic species and shows the typical §*3C

enrichment (-12.89%o).
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Figure 5. Botanical family §*C: §'°N interaction from the

Tomarapi, Sajama, Bolivia bofedales.
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Table 4. Botanical and isotopic composition by family from the Tomarapi,

Sajama, Bolivia.
Botanical families # of 8N %o 8°C %o
species

Cyperaceae 4 -1.40 -25.78
Hipochoires taracsacoides -1.49 -26.30
Scirpus decerticola -1.92 -2501
Carex sp -1.61 -25.82
Cirpus sp 105 25.76
Cactaceae 1 5.26 -12.89
Opuntia boliviana

Rosaceae 2 0.66 -25.48
Alchemilla diphophylla 2.72 -25.29
Allchemilla pinnata -1.40 -25.67
Asteraceae 1 4.29 -25.08
Parastrephya |lepidophylla

Hidrophyllaceae 4 1.78 -25.45
Ranunculus flagelliformes 0.14 -22.86
Elodea potamogetum 297 -24.29
Hidrocotile sp 1.32 -27.41
Hidrocotile ranuncul oides 3.61 -271.22
Gramineae 7 -0.56 -24.75
Muhlembergia fastigiata 2.60 -13.71
Deyeuxia filifolia -0.55 -26.78
Sipaichu -0.36 -24.67
Festuca orthophylla -3.74 -25.96
Deyeuxia rigescens -0.05 -26.06
Festuca dollichophylla 1.04 -25.75
Wermeria pygmeae 1.79 -26.27

Llamas and alpacas in Oruro, Bolivia, were grazed on a barley field mixed with
some native grass species (Figure 6). LIama and al paca grazing ranges outside of the
barley fields (Figure 7) were composed of eleven species of graminea, one asteraceae,
one leguminoceae and one species of gentianiaceae. 1sotopic signatures by species and

botanical family (Table 5) were: gramineae 2.08 §*°N and -28.69 §*°C, asteraceae 5.54

8N and -25.39 §*3C, leguminoceae -1.05 '°N and -24.77 §**C. Muhlembergia
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fastigiata collected at the Condoriri, Oruro, Bolivia site was similarly enriched in carbon
as those samples collected at the Tomarapi, Sajama, Bolivia site (-15.54%0). Boutelova
simplex was also enriched (5§**C = -16.66%0) when compared to the other gramineae

Species.

Table 5. Botanical composition by family for the Condoriri, Oruro, Bolivia site.

Botanical families | # of species | §°N %o | §°C %o
Gramineae 11 2.08 -28.69
Deyexia filifolia 1.23 -25.71
Muhlembergia fastigiata 1.18 -15.54
Stipaichu 0.99 -25.55
Sipa obtusa 0.45 -26.79
Bromus lanatus 6.09 -25.58
Festuca orthophylla -5.85 -25.64
Hordeumvulgare 4.68 -25.81
Hordeum sp 6.25 -26.43
Avena sativa 1.56 -25.56
Boutel ova simplex -0.65 -16.66
Deyeuxia rigenscens 0.51 -26.13
Asteraceae 1 554 -25.39
Parastrephya lepidophylla
L eguminoceae 1 -1.05 -24.77
Medicago sativa
Gentianiaceae 1 3.40 -27.44
Erodeum cicutarium
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Figure 6. The llamas and alpacas |ocated at the Condoriri, Oruro, Boliviasite
were grazed on barley fields and dry range land. Each day the animals were
allowed to graze on thisfield of barley four hrs/day.

rsemewies.ir T HEENER TS T

Figure 7. Dry rangeland grazed by a pacas and Ilamas at the Condoriri,
Oruro, Boliviasite were grazing.
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The 8*3C: 8N interaction (Figure 8) for each botanical family demonstrates the
niche signature for each. Hordeum vulgare is included because of its predominance in the

[lama and alpaca s daily diet. The signaturesillustrated here for Oruro are similar to those

illustrated for the Sgjama forages.
&
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Figure 8. Botanical composition §'°C: 8N interaction by family from the
Condoriri, Oruro, Boliviasite. These values include all of the botanical specie
means grazed by the alpacas and |lamas.

Guanacos grazing pastures at the INIA-Kampenai ke Research station in Punta
Arena, Chile were composed of the following botanical families. gramineae,
leguminoseae, asteraceae and, to a much lesser extent, other forb plant species (Table 6).
The gramineae species included Deyeuxia emences, Poa gramineae, Poa annua, Poa
asperiflora and Bromus catarticus. Carbon isotope values indicated all gramineae species

were C3 plants, with ratios between -28.69%o to -30.64%o for §*3C and 0.64%o to 1.44%o

for 5'°N. Leguminoceae included Trifolium amabile (-30.64%o 5*3C and -2.63%o 5™°N).
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Table 6. Botanical composition by family for plant species from the Instituto Nacional
de Investigation Agropecuaria (INIA), Kampeniake Research Center, Punta Arenas,

Chile.

Fidds Botanical families # species SN %o §13C %o
Gramineae 3 1.08 -29.66
Bromus sp 0.64 -29.46
Poa sp 1.15 -29.31
Deyeuxia sp 1.44 -30.20

Guanaco L eguminoceae 1 -2.63 -30.64

pasture Trifolium amabile
Aster aceae 1 -1.29 -28.66
Chiliotrichium diffusum
Berberidaceae 1 -2.99 -29.14
Berberis Buxifolia
Aster aceae 3 -0.48 -30.70
Azorella evifurcata -1.01 -29.22
Colobanthus quitens 1.26 -33.94
Chiliotrichium diffiusum -1.29 -28.66
Plantaginaceae 1 0.15 -28.65
Bougueria nubicola
Gramineae 6 0.66 -30.55
Bromus sp 0.64 -29.46
Deyeuxia sp 1.44 -30.20

Llamaand

apacapasture | TEUCA D -1.35 -29.33
Poa sp 1.15 -29.31
Polypogon interuptus -2.02 -31.26
Sipaichu -2.02 -30.20
L eguminoceae 1 -2.63 -30.64
Trifolium amabile
Caryophyllaceae 1 351 -31.07
Cetastium arvensis
Berberidaceae 1 -2.99 -29.07

Berberis buxifolia

48




asteraceae included Chiliotrichium diffusum (-28.66%o 5°C and -1.29%. 5'°N). From
visual observation, we could see that approximately 30% of the pasture was covered with
Chiliotrichium diffusum with some (about 5%) Berberis buxifolia shrubs. The
Chiliotrichium diffusum shrubs were heavily browsed (Figure 9), some almost completely
defoliated. The Berberis buxifolia shrubs showed some defoliation, but to a much lesser

extent.

Figure 9. Shrubs (Chiliotrichium diffusum) located in the pastures where the guanacos
from the INIA-Kampenaike Research Station, Punta Arenas, Chile, were grazed. These
shrubs were heavily browsed on.
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Llama and a paca pastures were predominantly composed of gramineae
(Deyeuxia vicugnarum, Deyeuxia eminens, Sipa ichu, Bromus lanatus, Polypogon
interruptus and Festuca gracillima; mean of 0.66%0 *°N and -30.55%o &*3C),
plantaginaceae (Bougueria nubicola; 0.15%. 5'°N and -28.65%. 5'°C), asteraceae
(Colobanthus quitens, Azorella evifurcata and Chiliotrichium diffusum; average of -
0.48%o 5N and -30.70%. 5'3C), caryophyllaceae (Cetastium arvensis; 3.51%0 5N and -
31.07%0 5'°C), Berberidaceae (Berberis buxifolia; -2.99%o 8*°N and -29.07%. &*°C) and

leguminoceae (Trifolium amabile; -2.63%o 6*°N and -30.64%o 5'°C).
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Figure 10. Botanical family §'°C: "N signatures from the Instituto Nacional
de Investigation Agropecuaria (INIA), Kampenaike Research Center, Punta
Arenas, Chile guanaco pastures.
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Figure 11. Botanical family §'C: *°N signatures from the Instituto
Naciona de Investigation Agropecuaria (INIA), Kampenaike Research
Center, Punta Arenas, Chile, llama and alpaca pastures.

The signature for each botanical family §*3C: §*°*N isindicated for the guanaco
pasture (Figure 11) for the llama and a paca pasture (Figure 11). The signatures between
the two pastures are nearly identical, and both are more depleted than those for the
Tomarapi, Sajama, and Condoriri, Oruro, Bolivia samples. Thus showing an atitudinal

difference for the plant species between the sites.

Blood Metabolites

Blood metabolites were determined in the Tomarapi, Sajama, Bolivia group to
asses nutritional status (Table 7). Creatinine, albumin, and total plasma protein (TPP)
were not different between the three farms. Urea N was different between Farm 2 and
Farms 1 and 3. Glucose was different between Farm 1 compared to Farms 2 and 3, which

were not different. Non-esterified fatty acid concentrations were not different between
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Farms 1 and 2, but were different from Farm 3, while triglycerides were different

between Farm 1 and Farms 2 and 3.

Table 7. Blood plasma metabolites of alpacas from three farms from the Tomarapi,
Sgjama, Boliviavalley grazed on bofedales.

Farm
1 2 3 SEM Reference Vaues”

Urea N, mmol/L 15.4%® 13.9° 17.482 0.7 6.4-24.3
Glucose, mmol/L 6.2 53 5.5° 0.1 4.1-85
Creatinine, pmol/L 142.3 140.6 135.3 5.3 140-320
TPP, g/L 76 67 69 14 51-78
Albumin, mmol/L 3.3 3.2 3.1 0.7 2.1-3.6
Triglycerides, mmol/L  356.7°  413.2°  434.7° 25.0

NEFAZ, mmol/L 2055%  190.4*  3284° 23.3

Total plasmaprotein

“Non-esterified fatty acids

®Mean within row with different superscripts differ at P<0.05
“Values are from Fowler (1998)

| sotope Results

Whole blood and plasma samples were collected from the Sgjama alpacas and the
isotopic signatures are presented in Table 8. Whole blood and plasma across the three
farms were different. Farm 2 had a more enriched §*C (-22.1%o) for whole blood versus
the other farms, and Farm 3 a more depleted §*3C (-22.9 %o) for plasma. On the other
hand, 8"°N was different for whole blood and plasma between the three farms, with Farm
1 being more depleted (2.8%0 and 3.6%. for whole blood and plasma, respectively). Fecal
813C and §"°N were different for Farm 3, where both 5**C and §'°N was more depleted.
No significant differences were noted between the three farms for fiber 5*°C, but the three

farms showed a difference between each other for °N.
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Table 8. Isotope ratios of whole blood, plasma, feces and hair from alpacas at
three farms located at the base of Mount Sgjama, Bolivia and grazed on bofedales.

Farm SEM
1 2 3

8C
Whole blood -22.62 -22.1° -22.82 0.1
Plasma -22.12 -21.82 -22.9° 0.2
Feces -25.0% -24.6% -25.7° 0.1
Fiber -22.3 -22.3 -22.6 0.1
SN
Whole blood 2.8 3.5° 3.3° 0.1
Plasma 3.6% 4.2° 4.8° 0.2
Feces 0.5 0.8? 1.7° 0.2
Fiber 5.0° 6.5° 5.6° 0.2
* expressed as %o

3\ ean within row with different superscripts differ at P<0.05

Sajama grazing land consists of bofedales and dry fields. Figure 12 illustrates a
high preference for cyperaceae and gramineae botanical families by the alpacas. These
values were determined using the 1soSource 1.3 model; using forage and fecal 5°C and
8N to determine the proportion of forage consumed (Phillips and Gregg, 2003).
Hidrophyllaceae, asteraceae and rosaceae botanical families were selected to alesser
extent. Cyperaceae, and gramineae are the dominant species, followed by
hidrophyllaceae because these species are wetlands preferential. Asteraceae,
Margiricarpus pinnata, parastrefia lepidophylla, are shrub species and are adapted to the
dry grazing land. Cactaceae species are found in the region and appear to be consumed at
alow percentage. The dry lands are located on the hilly areas above the bofedales and are
grazed early morning and late afternoon as the al pacas are moved from their nightly

enclosures, located on the hillsides, to the bofedal e pasturelands during the day.
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Carbon and nitrogen isotope results for breath, feces and fiber of alpacas and

[lamas are presented in Table 9. Fiber samples were sent to another |ab, and
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Figure 12. Forage selection of alpacas at the Tomarapi, Sajama, Bolivia site.
Selection is based on §*3C and 5N values from fecal samples. Error bars are
standard deviations provided by the 1soSource 1.3 model (Phillips and Gregg,
2003).
only the alpaca samples were analyzed because the [lama samples were misplaced.
Breath 8*3C for alpacas was -23.0%. and llama -18.7%. with a significant difference of
4.3%o between alpacas and llamas. Isotope fractionation of §**C and "N for feces
analysis showed no differences between alpacas - 25.6%0 and 5.6%o, and llamas - 25.4%o
and 5.0%o for 8°C and 8™°N, respectively.
Condoriri Oruro-Boliviagrazing land is characterized by shrubs (asteraceae) and

grasses (gramineae) botanical families. Because the camelids were grazed on barley

(Hordeum bulgare) fields for four hrs/day, we separated those results from the



Table 9. Carbon and nitrogen isotope ratios of breath, feces and fiber of alpacas
and llamas grazing on pastures and rangelands at the University of Oruro,

Condoriri, Bolivia.!

Camelid Species SEM
Alpaca Llama
Breath
e -23.0° -18.7° 1.4
Feces
e -25.6 -25.4 0.2
SN 5.6 5.0 0.5
Fiber
e 225 - 0.1
SN 6.4 0.5

®Mean within row with different superscripts differ at P<0.05
! Expressed as %o

other gamineae species. The dietary consumption by apacas and [lamas, based on fecal

isotope results, shows similar diet selectetion between the two species (Table 9 and

Figure 13). Asteraceae (Parastrephia lepidophylla) followed by Hordeum vulgare were

the predominant forage species selected for by both species, followed by gentianiaceae,

gramineae and leguminiseae.

Alpacafecal samplesfrom Chile were lost when the freezer they were stored in

malfunctioned. Breath from the three Chilean species showed a significant difference

between the alpacas (more depleted) [lamas, and guanacos (Table 10). Guanaco feces was

significantly more depleted than the Ilama, -32.2%o and -30.8%. &*C, respectively. Fecal

5N was different between llamas and guanacos, 1.3%o and 3.3%o 815N,
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Figure 13. Forage selection of alpacas and |lamas at the Condoriri, Oruro, Bolivia
site. Selection is based on §*3C and 5™°N values from fecal samples. Error bars

are standard deviations provided by the IsoSource 1.3 model.

Table 10. Carbon and nitrogen isotope ratios of breath, feces and fiber of alpacas, |lamas

and guanacos grazing on pastures at INIA-Kampenaike, Punta Arenas, Chile.!
Camelid Species

Alpaca Llama Guanaco SEM
Breath
§°C 2342 21.4° 21.9° 0.2
Feces
@ N/A -30.8° -32.2° 0.6
SN N/A 1.3 3.3° 0.2
Fiber
sBC -25.5 N/A N/A
SN 6.9 N/A N/A
"Expressed as %o

M ean within row with different superscripts differ at P<0.05
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respectively. Fiber isotopic values were only determined from a pacas since the [lama and
guanaco samples were misplaced by another lab where samples were submitted for
analysis.

Figure 14 illustrates the forage selection of at the INIA-Kampenaike station based
on feces and forages collected. The forb family caryophyyaceae is slected for the most,
with the asteraceae, gramineae and |eguminoseae following. Forage selection for the
guanacos was not completed because the guanaco feces was more depleted than any of
the forages from the pasture, so the IsoSource model could not determine the selection

profile.
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Figure 14. Forage selection of [lamas at the INIA-Kampenaike, Chile site. Selectionis
based on §*3C values from fecal samples. Error bars are standard deviations provided by
the IsoSource 1.3 mode!.

Figure 15 illustrates the 8"°N fractionations for alpaca’s fiber from Chile and

Bolivia. The fiber fractionation determined from the three sites indicate that the Sajama
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Figure 15. Analysis of apacafiber 6N comparison between the two research
sitesin Bolivia, Sgjama and Oruro and the Chilean site. ® denote significant
differences at P<0.05.
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Figure 16. Analysis of alpaca fiber 5*C comparison between the two research sitesin
Bolivia, Sgjamaand Oruro and the Chile site. ® denote significant differences between
the three sites at P<0.05.
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alpacas have a significantly more depleted §'°N than the Oruro or the Chilean sites. The

hair 8"°N values were enriched, ranging between 4.0%o to 8.5%.

Analysis of alpacafiber §*3C fractionation between Sgjama, Oruro, and Chile are
present in Figure 16. The Chilean alpaca fiber is significantly more depleted when
compared to the Sajama and Oruro alpacas. Chilean **C values are between -26%o and -

25%o0, while the Bolivian siteswere also similar at -23 to -22%o.

DISCUSSION

Bolivian and Chilean grazing lands have similarities in the botanical families but
with differencesin plant species. The three sites consisted of three variations of grazing
land types. Tomarapi, Sajama was a bofedal grazing land, Condoriri, Oruro, was adry
land grazing type, and the INIA- Kampenaike grazing land was improved pastures.
Though similar plant species were found at all three locations, the animals at each
location on site selected for different niches. Bolivian Altiplano grazing canopies are
predominantly gramineae, cyperaceae, asteraceae and small botanical species such
rosaceae, hidrophyllaceae and leguminoceae, while the Chilean grazing land canopy
sampled was mostly gramineae and asteraceae botanical families. The alpaca and llama
pastures at the INIA-Kampenaike station were designed to have lowland grass and dry
land hillsides. The lowland grass was mainly Festuca sp., Bromus sp. and Deyeuxia sp.,
while the dryland hillsides were composed of Chiliotrichium diffiusum with undercover
of Poa sp., Stipa sp., and Trifolium amabile. The guanaco pasture was a grass pasture

with large sections of Chiliotrichium diffusum and Berberis buxifolia. Chilean apacas,
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Ilamas and guanacos have reduced grass selectivity, based on the selectivity reconstructed
from the fecal to forage comparison, and guanaco observations. This may be caused by
internal and/or external affects. Internal affects could include less palatability of species
found in the pasture due to over grazing. External factor could be low temperature, cold
weather, altitude, and solar radiation. These factors can cause carbon isotope

fractionation values to be depleted.

The §'°C and "N values from Bolivia are the first that we know of; no other
forage isotopic samples have been determined. | sotope determination has been madein
Tierrade Fuego Argentina. Twenty-four grass samples were collected between 1982 and
1998 and averaged -27.6%o + 1.9%0 5"°C (Cerling et al., 1999). Our values are similar to

those determined by Cerling and coworkers.

Blood metabolites were collected to determine the nutritional status of the
Tomarapi, Sgjama, Bolivia, animals. The results are well within reference ranges and
indicate the animals are in good nutritional status. The values are similar to those
reported by Burton et al. (2003) and Robinson et al. (2005). There are differences
between the three farms and thisis due, in part, to the differences in management
between the three producers. The NEFA values are high, but due to the capture and
restraint stress, the values are believed to be within reference range. Variations can also
be attributed to time of day, when the samples were collected (first thing in the morning),

and the fact that they were a single sample not an average over a 24 hours estimate.
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There is evidence that hair 5°C values reflect the carbon-isotope composition of
dietary protein, rather than the composition of the whole diet (Tieszen and Fagre 1993).
West et al. (2004) showed that horses fed a C; grass, then fed a pulsed amount of aC,
grass for two, hours resulted in the C4 signature showing up in the hair 6-hrslater. In our
study, the alpaca fiber 8**C was enriched by ~3%o over the average feed values,
indicating that the Bolivian fiber was more enriched by 3%o over that of the Chilean
alpacas. This difference between the two locations attributed to an altitudinal effect, with
the lower altitude forage in Chile being about 3%. more depleted than those of Bolivia.
The hair to diet fractionation was similar to those reported by Sponheimer et a. (2003).
The carbon isotope composition of carbonate in mammalian bioapatite is related to diet,
is preserved on archaeological and geological time-scales, and iswidely used for
reconstructing dietary preferences and availability of different food resources to
mammals (Koch, 1998). Studies such as these can be need to help to reconstruct herd-
management strategies of ancient pastoralists and seasonal environmentsin which ancient
human lives.

South American Camelid grazing habits are different between the four species.
Alpacas tend to be mixed feeders, preferring the graze gramineae species. Alpacas chose
the lowland grassy areas of the bofedales and also the lowland pasture areas at the INIA-
Kampenaike site. Alpaca diet is based mainly on cyperaceae, asteraceae, gramineae,
hidrophyllaceae in bofedales, and leguminoceae, with secondary selectivity for
berberidaceae, caryophyllaceae, rosaceae, leguminoceae and cactaceae as dternative
species (Lopez, 2004). Lopez (2004) reported a pacas grazing selectivity followed

botanical families: juncaceae 38.67%, cyperaceae 35.67%, and gramineae 19.16%.
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The llamas preferred and spent the majority of their time up on the dry land
hillsides (persona observation and Burton, 2001). Llamas are also mixed feeders, but are
predominantly browsers. Alzérreca, (1992) reported gramineae (Stipa ichu, Festuca sp.,
and Calamagrostis sp) species have low nutritional values in llama pastures and are high
in lignin and cellulose.

Guanacos are similar to llamas in their feeding behavior, except they will browse
on the hillsides during the wet season and move down to the marshy grass lands areas
during the dry season. In Sierra Las Tapias, Kenneth et al. (1988) reported that the
guanaco’ s diet consisted mainly of lichens in both the winter and summer periods (68%
and 67% of the diet, respectively). Raedeke (1980) and Bonino, and Pelliza-Sbriller
(1997) reported guanaco diets consisted of awide variety of forage types with grasses
and forbs composing between 60% to 90% of dietary intake; thisis particularly truein
Tierradel Fuego. When there is an abundance of forage, guanacos select for gramineae
and leguminoceae, and asteraceae is selected as browsing species die. Bahamonde et al.
(1986) reported guanacos spring diet to be Acaena spp. (38.3%), Festuca pallescens
(13.8%), forbs (44.3%), and shrubs (13.8%). We observed that during the late dry season,
when our samples were taken, the guanacos browsed heavily on the Chiliotrichium

diffusum and the tender Poa and Trifolium spp. found under the shrub canopy.

CONCLUSION

From our datait can be concluded that grazing land does play arole in the type of

forages selected for by camelids. Alpacas grazed on bofedal es consume predominantly
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gramineae and cyperaceae species, while alpacas grazed on dry lands will select for
asteraceae species. Lamas selected differently between Chile and Bolivia, where the
Bolivian llamas selected for shrub species and the Chilean Ilamas selected for forbs
species. We were unable to determine what the guanacos foraged on, but did observe that

they graze on the Chiliotrichium diffusum quite heavily.

The data obtained will provide baseline data for future research to characterize at

niche feeding between domestic livestock and wildlife in both Boliviaand Chile.

63



LITERATURE CITED

Abopa 2005. Asociacion Bolivianade Produccion Animal. XV Reunién Nacional de
ABOPA Oruro, Bolivia.

Alzérreca, A. H. 1992. Produccion y utilizacion de los pastizales de la zona andina de
Bolivia. Red de Pastizales Andinos (REPAAN), Instituto Boliviano de Tecnologia
Agropecuaria (IBTA). Imprenta Papiro. La Paz, Bolivia. Pp. 146.

Ambrose DH, De Niro MJ. 1986. The isotope ecology of East African Mammals.
Oecologia 69: 395-406.

Ayliffe, L. K., Cerling, T. E., Robinson, T., West, A. G., Sponheimer, M., Passey, B. H.,
Hammer, J., Roeder, B., Dearing, M. D. & Ehleringer, J. R. 2004. Turnover of carbon
isotopes in tail hair and breath CO, of horses fed an isotopically varied diet.
Oecologia 139: 11-22.

Baca, F. S. 1991. Avancesy Perspectivas del Conocimiento de los Camelidos
Sudamericanos. Organizacion de las Naciones Unidad parala Agriculturay la
Alimentacion Oficina Regional delaFAO para Americalatinay € Caribe. Santiago-
Chile. pp. 230-237.

Bahamonde, N., Martin, S., Shriller, A. P. 1986. Diet of Guanaco and Red Deer in
Neuquén Province, Argentina. Journal of Range Management, VVol. 39, No.1. pp. 22-
24.

Beeskow, A. M., N. 0. Elissaldleand G. M. Rostagno. 1995. Ecosystems changes
associated with grazing intensity on the Punta Ninfas rangelands of Patagonia,
Argentina. Journal of Range Management 48: 517-522.

Burton, S. 2003. Body Condition and Blood Metabolite Characterization of Alpacas
(Lama pacus) Dams three Months Prepartum and Dams and Crias three months
postpartum. Department of Animal and Veterinary Sciences. Brigham Y oung
University. USA — Utah. pp. 2-10.

Bryant, F.C., and Farfan, R.D. 1984. Dry season forage selection by a pacas (lama pacos)
in Southern Peru. J. Range Manage. 37(4):330-33.

Carolina, M. Danidl, A. and Jorge, Z. 2000. Distribucién de abundancias de guanacos
(lama guanicoe) en los distintos ambientes de tierra del fuego, argentina. Consultora
de Estudios Ambientales (CEA). Ayacucho 1053. Buenos Aires.

Casanova-Katny, M. A., Bravo, L.A., Molina-Montenegro, M. Desempefio fotosintético

de Colobanthus quitensis (Kunth) Bartl. (Caryophyllaceae) en los Andes de Chile
central. Rev. chil. hist. nat., Mar. 2006, vol.79, no.1, p.41-53. ISSN 0716-078X.

64



Cerling, T.E., Harris, J.M. 1999. Carbon isotope fractionation between diet and bioapatite
in ungulate mammals and implications for ecological and paleoecological studies
Oecologia 120: 247-363.

Chiri, R. Mollo, J. Sempertegui, G. 2001. Camelidos Sudamericanos. Universidad
Tecnicade Oruro. Facultad de Ciencias Agricolas y Pecuarias. Centro Experimenta
Agropecuario Condoriri. Unidad Ejecutora de Proyecto Camelidos. Revistade
Investigacion Nro 1. Diciembre Oruro-Bolivia. pp. 3.

Choque, L.J. 2000. Manejo de praderas nativas U.C.B.C-U.A.C. Tiahuanaco, Carrerade
ingenieria Zootecnicay Agronomia. La Paz, Bolivia. pp. 44.

Clemens, E. T. and Stevens, C. E. 1980. A comparison of gastrointestinal transit timein
ten species of mammal. J. Agric. Sci. 94. pp. 735-737.

Cueto, L.J,, Ponce, C.F., Cardich, E., Rios, M.A. 1985. Management of vicuna: its
contribution to rural development in the High Andes of Peru. Nature conservation
and land resources. Animal husbandry and development economics and policies no.
11 FAO Rome - Italy. pp. 43.

Cerling, T.E. and Harris, J.M.. 1999. Carbon isotope fractionation between diet and bio
apatite in ungulate mammals and implications for ecological and paleoecol ogical
studies. Oecologia 120:347-363.

Cerling TE, Harris JM, Passey BH. 2002. Diet of east African bovidae based on stable
isotope analysis. J. Mammal 84:456-470.

Craig, H., 1957, "Isotopic Standards for Carbon and Oxygen and Correction Factors for
Mass-Spectrometric Analysis of Carbon Dioxide, ibid” Vol. 12, pp. 133.

David, C. Brian, Fry. 1991. Carbon Isotope Techniques. Department of Entomology
University of Georgia Athens, Georgia and the Ecosystem Center Marine Biological
Laboratory Woods Hole Massachusetts. USA-San Diego, California. pp. 155-158.

Davies, H. L., Robinson, T. F., Roeder, B. L., Sharp, M. E., Johnston, N. P., and
Chistensen, A. P. 2005. Plasma metabolites and nitrogen balance in Lama glama
associated with forage quality at altitude. Department of Integrative Biology,
Brigham Y oung University, 386 WIDB, Provo UT 84604, USA.

Dennler delaTour G. 1995. The guanaco. Oryx 2: 273-279.

DeNiro, M.J., and Epstein, S. 1977. Mechanism of carbon isotope fractionation
associated with lipid synthesis. Science (Wash., D.C.), 197: 261-263.

Diaz, G.B., Ojeda, R.A. 2000. Libro Rojo de Mamiferos Amenazados de la Argentina.
SAREM, Mendoza, Argentina. Society, Mammal Review, 36: 157-178.

65



Ehleringer, J.R., Cerling, T.E., 2002. Cz and C, photosynthesis. In: Munn, R.E. (Ed.)
Encyclopedia of Global Environmental change, vol. 2 Wiley, NY. pp. 186-190.

Farnsworth P., Brady J. E., DeNiro M.J. and MacNeish R. 1985. A re-evaluation of the
isotopic and archaeological reconstructions of diet in the Tehuacan valley. Amer.
Antig. 50: 102-116.

Fernandez, V., A.S. and Novoa, M.C. 1996. Estudio comparativo de la digestibilidad de
los forrajes en ovinos y alpacas. Revista Facultad Medicina Veterinaria, Universidad
Nacional de San Marcos (UNMSM).

Florez, J.A., 1973. Velosidad de pasaje de laingesta y digestibilidad en alpacas y ovinos.
Tesis. Acad. Prog. Med. Vet., Univ. Nac. Mayor de San Marcos, Lima Peru.

Fowler, Murray, E. 1989. Medicine and Surgery of South American Camelids: LIama,
Alpaca, Vicuia, Guanaco. 1st edition. lowa State University PressAmes. USA-lowa.
Pp. 7-19.

Franklin, W. L and Johnson, W.E. 1994. Hand capture of newborn open-habitat
ungulates: The South American guanaco. Wildl. Soc. Bull. 22 (2): 253-59.

Franklin, W. L. 1980. Territorial Marking Behavior by the South American Vicuna. In
Chemical Sgnals. Vertebrates and Aquatic Invertebrates (Muller-Schwarze and R.
M. Silverstein, eds.). Plenum Press. New Y ork-USA. Pp. 455.

Franklin, W.L., Bas, F., Bonacic, C.F., Cunazza, C., Soto, N., 1997. Striving to manage
Patagonia guanacos for sustained use in the grazing agroecosystems of southern
Chile. Wildlife Soc. Bull. 25: 65-73.

Gilles, J. 1980. Andean peasant economic and pastoralism. Small Ruminant CRSP. Dept.
of Rural Sociology. Univ. Missouri. Columbia, MO. Pub. No. 1. Page. 135

Gobierno de Chile Fundation paralalnnovacion Agraria. 2002. Situacion de los
Camelidos Sudamericanos. Bolitin Semestral Nro 1. Santiago-Chile groups in the
Chilean Patagonia. Revista Chilena de Historia Natural 61: pp. 209-216.

Glade, A., ed. 1993. Red List of Chilean Terrestrial Vertebrates, 2nd ed. Chilean Forestry
Service, Santiago, Chile. Mammal Society, Mammal Review, 36: 157-178.

Heaton T.E., Vogel L.G., Von laChevallerie G. and Collett G. 1986. Climatic influence
on the isotopic composition of bone nitrogen. Nature 322: 823-824.

Herchey, W. 1932. Synthetic Atmospheric Mixtures of Carbon Dioxide and Oxygenin
Relation to Animal Life. Transactions of the Kansas Academy of Science, Vol. 35.
Kansas, USA. Pp. 142-143.

66



Heller, R., Cercasov, V., Engelhardt, W.V., 1986. Retention of fluid and particlesin the
digestive tract of the LIama (LIama guanaco f. glama). J. Comp. Biochem. Physiol. 4:
687-691.

Hobson KA, McLellan BN, Woods JG. 2000. Using stable carbon (5*3C) and nitrogen
(8"N) isotopes to infer trophic relationships among black and grizzly bearsin the
upper Columbia River basin, British Columbia. Canadian Journal of Zoology 78:
1332-1339.

Hobson, K.A., Schell, D.M., Renoif, D., and Noseworthy, E. 1996. Stable carbon and
nitrogen isotopic fractionation between diet and tissues of captive seals. Implications
for dietary reconstructions involving marine mammals. Can. J. Fish. Aquat. Sci.
53:525-533.

Hoces, D. 1993. “Informe de Pert”. En: H. Torres (ed) Camélidos Slvestres Sud
Americanos, un plan de accion para su conservacion. Suiza: UICN/CSE.

Hogman, Eric: and Jane C. Wheeler: 1989. Vicuna, Alpaca, Guanaco Teeth. Llamalife
12:29.

Hoffman, R., Otte, K., Ponce, C.F. and Rios, M.A., 1983. El mangjo de lavicuna
silvestre (Wild vicuna management). Sociedad Alemana de Cooperacion Tecnica,
Eschborn, GTZ, Berlin. Vol. 1. pp. 375.

Huasasquiche, A., 1974. Balance del nitrogeno y degestibilidad en apacas y ovinos
(nitrogen balance and digestibility in alpacas and sheep). B.S. Thesis, Prog. Acad.
Med. Vet., Univ. Nac. Mayor de San Marcos, Lima, pp. 49.

HuisaJ.T., San Martin F., Farfan R., Pacheco R. y Rosales A. 1985. Valor nutriciona de
la dieta de al pacas (Lama pacos) en la época seca. Convension International sobre
camelidos Sudamericanos. V Libro de resimenes, Cusco, Peru, IVITA UNMSM.
Estacion principal de altura, La Raya, Cusco, pp. 82.

Harding EK, Stevens E, 2001. Using stable isotopes to assess seasonal patterns of avian
predation across aterrestrial-marine landscape. Oecologia 129:436-444.

IUCN 1994. International Union for the Conservation of Nature. Red List Categories.
IUCN Species Survival Commission, Gland, Switzerland. Mammal Society, Mammal
Review, 36:157-178.

James E. Loudon, Matt, Sponheimer Michelle, L. Sauther, and Frank P. Cuozzo. 2007.
Intraspecific Variation in Hair 83C and "N Values of Ring-Tailed Lemurs (Lemur
catta) with Known Individual Histories, Behavior, and Feeding Ecology. Department
of Anthropology, University of Colorado at Boulder, Boulder, CO 80309-0233. pp.
133-978.

67



Kenneth, J. Raedeke, Javier, A. Simonetti. 1988. Food Habits of Lama guanicoe in the
Atacama Desert of Northern Chile. College of Resources, AR-10. University of
Washington, Seattle. Journal of Mammalogy. Vol. 69, No. USA — Washington. pp.
198-201.

Koford, C. B. 1957. The vicuna and the puna. Ecol. Monogr. No 27. pp. 153-173.

Koch, P.L. 1998. Isotopic Reconstruction of past continental environments, Ann. Rev.
Earth Planet Sci. 26. pp. 573-613

Krogh, D. 2005. Biology. A guide to the natural World. Third edition. pp. 27-29.

Krumbiegel, I. 1944. Die neuweltlichen Tylopoden. Mammal Society, Mammal Review,
36:157-178.

Lopez, A., Raggi. L.A., 1992. Requirimientos Nutritivos de Camelidos Sudamericanos.
llama (Lama glama) y al pacas (Lama pacos). Arch. Med. Vet. 24, 121-130.

Lopez, L. 2004. Composicion boténicay Quimica de la Dieta Seleccionada por Alpacas
(lama pacus) pastoreadas en bofedales de Ulla Ulla. Carrera de Ingenieria
Zootécnica. Universidad Catdlica Boliviana“ San Pablo” Tesis de grado. LaPaz —
Bolivia. pp 7-13.

Leon, R. J. C., D. Bran, M. Collantes, J. M. Paruelo, and Soriano. 1998. Grandes
unidades de vegetacion de la Patagonia Extrandina. Ecologia Austral 8:125-144.

Mann, G., H. Zapfer. Martinez, and G. Melcher. 1953. Colonias de guanacos en €l
desierto septentrional de Chile. Invest. Zool. Chilenas, pp. 11-13.

Mckinney, C. R., J. M. McCrea, S. Epstein, H. A. Allen, and Urey, H. C. 1950.
Improvements in mass spectrometers for the measurement of small differencesin
isotope abundance ratios. Rev. Sci. Instr., 21: pp. 724-730.

Michener, R. and Lajtha K. 2007. Stable Isotope in Ecology and Enviromental Science.
Boston University Stable Isotope Laboratory. Second edition. USA. pp. 22-24.

Ministerio de Agricultura Ganaderiay Desarrollo Rural. 2003. La Paz, Bolivia

Monastersky, R. 1989. Carbon Dioxide: Where Does It All Go? Science News, Vol. 139.
No. 9. pp. 132.

MacAvoy, S. E., C. R. Fisher, R. S. Carney & S. A. Macko. 2005. Nutritional
associations among fauna at hydrocarbon seep communities in the Gulf of Mexico.
Mar. Ecol. Prog. Ser. 292:51-60.

Murray, E. Fowler DVM 1989. Medicine and Surgery of South American Camelids. 1%
edition. University of California. USA.

68



Novoa, C., J. Wheeler. 1984. Llama and alpaca. Evolution of domesticated animals.
Mason, edition. Longman Group Limited. New Y ork USA. pp. 116-128.

Ortega, |. and Franklin, W. L. 1988. Feeding habitat utilization and preference by
guanaco males group in the Chilean Patagonia. Revista Chilena de Historia
Natural 61, 209-216.

Passey, B., Robinson, T., Ayliffe, L., Cerling, T., Sponheimer, M., Dearing, MD.,
Roeder, BL., Ehleringer, JR. 2005. Carbon Isotope fractionation between diet, breath
CO,, and bioapatite in different mammals. J. Archaeol. Sci. 32: 14509.

Pestalozzi, H. U. 1998. Flora llustrada Altoandina. Herbario Nacional de Bolivia
Herbario Forestal Naciona “Martin Cardenas’. Cochabamba, Bolivia. pp. 7-229.

Phillips, DL, Gregg JW. 2003. Source partitioning using stable isotopes. coping with to
many sources. Oecologia 136: 261-269.

Raedeke, K. J. 1980. Food habitat of the guanaco (lama guanacoe) of Tierra de Fuego,
Chile. urrialba, 30: 177-181.

Pelliza-sbriller, A., Willems, P., Nakamatsu, V. and Manero, A.. 1997. Atlas dietario de
herbivoros Patagonicos. PRODESAR-INTA-GTZ. Bariloche, Argentina.

Raedeke, K. J., Simonetti, J.A. 1988. Food Habitat of Lama guanaco in the Atacama
Desert of Northern Chile. Journal of Mammalogy, Vol. 69, No. 1. pp. 198-201.

Reca, A., Ubeda, C. and Grigera, D. 1996. Prioridades de conservacion de los mamiferos
de Argentina. Mastozool ogia Neotropical, Mammal Society, Mammal Review 36,
157-178.

Robinson, T.F., Roeder, B., Schaalje, L., Hammer, B., Burton, S., and Christensen, SM.,
2005. Nitrogen balance and blood metabolites in alpacas fed three forages of
different protein content. Small. Rumin. Res. 58, 123-133.

Robinson, T.F., Sponheimer, M., Roeder, B.L., Passey, B., Cerling, T.E., Dearing, M.D.
and Ehleringer, J.R. 2006. Digestibility and Nitrogen Retention in Llamas and Goats
fed Alfalfa, C3 Grass, and C4 Grass Hays. Small Ruminant Research 64, 162-168.

Roland, J., Sarno. and Franklin, W.L. 1999. Population Density and Annual Variationin
Birth Mass of Guanacos in Southern Chile. Journal of Mammalogy. Vol. 80. No. 4.
pp. 1158-1162.

Rubsamen, K., Engelhardt W., v. 1979. Morphological and functional Peculiarities of the

[lama forestomach. University Stuttgart-Hohenheim, Institute of Zoophysiology, 7000
Stuttgart-70 West Germany. pp. 473-475.

69



San Martin, F. and Bryant, F. C. 1989. Nutrition of Domesticated South American
Llamas and Alpacas. Department of Range and Wildlife Management, Texas Tech
University, Lubbock, TX 79409. pp. 191,195.

San Martin, F., 1997. Comparative forage selectivity and nutrition of South American
camelids and sheep. PhD Dissertation, Texas Tech University, Lubbock, TX. Small
Ruminant Research 73, 1-7.

Schoeninger, M.J., Iwaniec, U.T., and Nash, L.T. 1998. Ecological attributes recorded in
stable isotope ratios of arboreal prosimian hair. Oecologia, 113: 220-230.

Sealy J. C., Van Der Merwe, N.J., Lee-Thorp, JA. and Lanham, J.L. 1987. Nitrogen
isotopic ecology in southern Africa: Implications for environmental and dietary
tracing. Department of Archaeology, University of Cape Town, Rondebosch 7700,
South Africa. 2707-2716.

Salis, R. 1997. Produccion de Camelidos Sudamericanos. Primera edicion. Huancayo
Peru. Pag. 163-204.

Sponheimer, M., Cerling T.E., Robinson, T., Tegland, L., Roeder B.L., Ayliffe, L.,
Dearing, M. D., and Ehleringer, J. R. 2006. Turnover of stable carbon isotopesin the
muscle, liver, and breath CO, of apacas (Lama pacos). Rapid Commun Mass
Spectrom. 20: 1-5.

Sponheimer, M., Lee-Thorp, J.A., DeRuiter, D.J., Smith, JM., Van Der Merwe, N.J.,
Grant, K.R., Ayliffe, L.K., Robinson, T., Heidelberger, C., and Marcus, W. 2003a.
Diet of Southern African Bovidae: Stable Isotope Evidence. Journal of Mammalogy
84(2): 471-479.

Sponheimer, M., Robinson, T., Ayliffe, L., Passey, B., Roeder B., Shipley, L., Lopez, E.,
Cerling, T., Dearing, D., and Ehleringer, J. 2002b An experimental study of carbon-
isotope fractionation between diet, hair and feces of mammalian herbivores. Can J.
Zool Vol. 81: 871-876.

Sponheimer, M., Robinson, T., Roeder B.L., Passey, B.H., Ayliffe, L.K., Cerling, T.E.,
Dearing, M.D. and Ehleringer J.R. 2003c. An experimental study of nitrogen flux in
llamas: is *N preferentiality excreted? Journal of Archaeological Science 30:1649-
1655 .

Steele K.W. and Daniel R.M.J. 1978. Fractionation of nitrogen isotopes by animals: a
further complication to the use of variations in the natural abundance of *°N for tracer
studies. Journal of Agricultural Science 90: 7-9.

Stephen, E., MacAvoy., Lynne, S., Arneson., Ethan, B. 2006. Correlation of metabolism
with tissue carbon and nitrogen turnover rate in small mammals. Oecologia 150:190-
201. pp. 2.

70



Sutoh, M, Koyama, T. and Yoneyama, T. 1987. Variations of natural abundancesin the
tissues and digesta of domestic animals. Radioisotopes 36:74.

Sutoh, M, Obara, Y. and Yoneyama, Y. 1993. The effects of feeding regimen and dietary
sucrose supplementation on natural abundance of **N in some components of ruminal
fluid and plasma of sheep. J. Anim. Sci. 71:226.

Tapia, M. and Lascano, J. L., 1997. Contribucion a conocimiento de la dieta de al pacas
pastoreando (contribution to the knowledge of the diet of grazing alpacas). |.
Convencion Internacional sobre Camelidos Sudamericanos (Abstract). Univ. Nac.
Tec. Altiplano, Puno-Peru.

Tarifa, T. 1996. Mamiferos. In: Libro rojo de los vertebrados de Bolivia (Ed. by P.
Ergueta& C. de Morales), pp. 165-264. Centro de Datos Para la Conservacion,
Bolivia. Mammal Society, Mammal Review, 36, 157-178.

Tieszen, L. L., T. W. Boutton, K.G. Tesdahl, and N.A. Slade. 1983. Fractionation and
turnover of stable carbon isotopes in animals tissues: implications for delta carbon-13
analyses of diet. Oecologia 53: 32-37.

Tieszen, L.L., and Farge, T. 1993. Effect of diet quality and composition on the isotopic
composition, CO,, bone collagen, bioapatite, and soft tissues. In Molecular
archeology of prehistoric human bone. Edited by J. Lambert and G. Groupe. Springer-
Verlag, Berlin. Page. 123-135.

Torres, H. 1992. South American Camelids; An Action Plan for their Conservation.
IUCN/SSC South American Camelids Speciaist Group, Gland, Switzerland.
Mammal Society, Mammal Review, 36, 157-178.

Thompson DR, Lilliendahl K. Solmundsson J, Furness RW, Waldron S, Phillips RA.
1999. Trophic relationship among six species of isolandic seabirds as determined
through stable isotope analysis. The Condor 101: 898-903.

Unepca (2003). Censo Nacional de Llamasy Alpacas (Nacional Llamaand Alpaca
Census) LaPaz, Bolivia. IFAD, FDC, UNEPCA, CAF.

Vallenas, A., Stevens, CH. 1970. Volatile Fatty Acid Concentrations and pH of Llamas
and Guanacos Forestomach Digest. Cornell. Vet. 137. Page. 239-252.

Van Soest, P.J., 1994. Nutritional Ecology of the Ruminants. 2" ed. Page 425-457.

Vargas, R.V. 2000. Estrategia preliminar de desarrollo turistico en el Parque Naciona y
AreaNatural de Mangjo Integrado Cotapata. Tropico, La Paz. 63 pp.

Walker P.L. and DeNiro M.J. 1986. Stable nitrogen and carbon isotope ratios in bone
collagen asindices of prehistoric dietary dependence on marine and terrestrial
resources in southern California. Amer. J. Phys. Anth. 71, 51-61.

71



Wheeler, J. 1983. On the origin and early development of camelid pastoralism in the
Andes. Animals and Archaeologyc (ed. J. Clutton-Brock and C. Grigson) Oxford:
BAR.

West, A. G., Ayliffe, L. K., Cerling, T. E., Robinson, T. F., Karren, B., Dearing, M. D.,

and Ehleringer, J. R. 2004. Short-term diet changes reveal ed using stable carbon
isotopes in horse tail-hair. Functional Ecology 18: 616-624.

72



	Brigham Young University
	BYU ScholarsArchive
	2008-11-21

	Hair, Feces and Breath Isotope Fractionation in Alpacas (Llama pacos), Llamas (Llama glama) and Guanacos (Llama guanacoe) from Bolivia and Chile
	Lino Constancio Lopez Lopez
	BYU ScholarsArchive Citation


	HAIR, FECES AND BREATH ISOTOPE FRACTIONATION IN ALPACAS (Lama pacos), LLAMAS (Lama glama) AND GUANACOS (Lama guanacoe) FROM BOLIVIA AND CHILE
	ABSTRACT
	ACKNOWLEDGEMENTS
	TABLE OF CONTENTS
	TABLE OF TABLES
	TABLE OF FIGURES
	INTRODUCTION
	GENERAL CAMELID CHARACTERISTICS
	Physical Characteristics
	General Digestive Characteristics

	GRAZING AND FEEDING HABITS
	Location
	Seasonal Affects

	BOTANICAL COMPOSITION OF GRAZING LANDS
	Bolivian Grasslands
	Chilean Grasslands

	GRAZING DYNAMICS
	Domesticated Camelids
	Wild Camelids

	ECONOMICAL, SOCIAL AND BIOLOGICAL IMPORTANCE
	CARBON AND NITROGEN ISOTOPES
	Isotope background
	Isotope Units of Measurement and Their Relationship
	Isotope Ratio Mass Spectrometry
	Carbon Isotope Fractionation
	Nitrogen isotope fractionation
	Breath Carbon Dioxide

	CONCLUSION
	Hair, feces and breath isotope Fractionation in alpacas (Lama pacos), llamas (Lama glama) and guanacos (Lama guanacoe) from Bolivia and Chile
	ABSTRACT
	INTRODUCTION
	MATERIALS AND METHODS
	Location
	Animals
	Bolivia Camelids
	Chile Camelids
	Methodology
	Research structure
	Plant Botanical Families Identification
	Samples
	Breath collection and analysis
	Forage, feces, hair and blood analysis

	RESULTS
	Botanical Families and Composition
	Blood Metabolites
	Isotope Results

	DISCUSSION
	CONCLUSION
	LITERATURE CITED

